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GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS '

By Pumnre B. Kixg

ABSTRACT

This report deals with an areg of 425 square miles in the
western part of Texas, immediately south of the New Mexico
line. The area comprises the south end of the Guadalupe
Mountains and the adjacent part of the Delaware Mountains;
it includes the highest peaks in the State of Texas. The area
is & segment of a large mountain mass that extends 50 miles or
more northward and southward. The report describes the
geology of the area, that is, the nature of its rocks, tectonies, and
surface features, and the evidence that they give as to the
evolution of the area through geologic time, Incidental reference
is made to the geology of surrcunding regions in order to place
the area in its environment.

Biratigraphy of Permian rocks—The consolidated rocks of the
area are all marine sediments of Permian age, whose total
exposed thickness is about 4,000 feet. Most of the rocks contain
abundant invertebrate fossils, some of which were desecribed by
B. F. Shumard 1n 1838. They were made famous by the classic
study of G. H. Girty in 1908. The rocks consist chiefly of sand-
stones and limestones of various textures and structures, and
are notable for their abrupt change from one rock type into
another within short distances, This charaeteristic is believed
to have been caused by the rocks being laid down on the margin
of the Delaware Basin, a structural feature of Permian time.
The margin lay between the more rapidly subsiding basin and a
less rapidly subsiding shelf area to the northwest,

The lowest exposed formation is the Bone Spring limestone.
Two deep wells indjeate that it is underlain by the Hueca lime-
stone (of Carboniferous or Permian age), and this by rocks of
Pennsylvanlan age. The Bone Spring is predominantly black,

thin-bedded limestone to the southeast, in the basin area, but

to the northwest this facies changes into gray, thicker-bedded
limestone. At the margin of the basin, the formation is raised
along the Bone Spring flexure, which was apparently in move-
ment toward the close of Bone Spring time, as tbe sueceeding
beds overlap the flexed strata.

Overlying tbe Bone Spring limestone to the southeast, in the
basin area, is the Delaware Mountain group, 4 mass 2,700 feet
thick, consisting largely of sandstone, most of which is fine
grained. The group is separable into three formations; in the
lower are many heds of coarse-grained sandstone, and in the
upper two a number of limestone members.

Northwestward, away from the basin, great changes take
.place in the rocks of Delaware Mountain age. The lower for-
mation overlaps the older rocks along the Bone Spring flexure
and is absent beyond. The lower part of the middle formation
perslsts northwestward as a thin sandstone tongue, but the
upper part changes into the Goat Seep limestone. Near its
southeast edge this limestone forms a set of massive beds over
1,000 feet thick, whose form suggests that the limestone beds
grew as reefs along the edge of the basin area, Farther north-
west, the limestone becomes thinner bedded, and contains much
interbedded sandstone,

In the same manner, the npper formation of the Delaware
Mountain group changes northwestward into the thick mass of
the Capitan limestone, which, like the Goat Seep was probably
a reef deposit. The Capltan reaches a thickness of nearly
2.000 feet and forms some of the highest peaks and ridges of the
Guadalupe Mountains. The formation does not persist far to
the northwest, however, and within a few miles is replaced by
the thin-bedded Carlsbad limestone. Still farther north, be-
voud the area studied, these limestones change in turn inte the
anhydrites, sandstones, and red beds of the Chalk Bluft for-
mation. : .

The invertebrate fossils of the Delaware Mountain group and
its eorrelatives exbibit considerable variety hoth laterally and
vertically. The lateral changes are interpreted as regulting
from differences in environment, and the vertical changes not
only to changes in environment, but also te progressive evolu-
tion with the passage of time, Differences in environment are
suggested by the contrasting nature of contemporaneous de-
posits; there were probably alse differences in the chemistry
of the water, its degree of agitation, and its deptb. Available
evidence indicates that the limestone reefs of the Goat Seep and
Capitan formations were laid down in relatively shallow water,
and that the equivalent Delaware Mountain deposits to the
southeast were laid down in deeper water.

Above the Delaware Mountain group in the basin area are the
anhydrites of the Castile formation, also of Permian age, which
were ‘laid down after the waters of the region were shut off
from free access to the sea. No younger consclidated rocks
are exposed in the area, Younger Permian formations are pres-
ent farther east, however, and a greatly dissected ancient ero-
sion surface on the mountain summits is probably the exhumed
surface on which Cretaceous rocks were once deposited,

Tectonic featuresa.—The mountain mass of the Guadnlupe
and Delaware Mountaing is a great uplifted block of the earth’s
crust, Although some earlier movements took place, the move-
ments that raised the block itself took place entirely in Ceno-
zoic time. The structure of the block resembles that of other
monntain blocks of the Basin and Range province, The east
flank is a gently tilted surface which descends toward the
slightly disturbed area of the Pecos valley-and Llano Hstacado
at the east, The west flank is steep and broken by numerous
faults, some of which have displacements of thousands of feet
and serve to outline the west side of the mountains. West of
the mountains downfaulted rocks are exposed here and there
in low foothills, and beyond is & lowland, tbe Salt Basin, in
which the bedrock is greatly depressed and is covered to a
thickness of more than 1,000 feet by uncousoclidated Cenozoic
deposits. .

The faults along the west flank of the mountains in general
trend parallel to the long axis of the uplift and are either ver-
tical or dip steeply toward the downthrow. The rocks are cut
by numerous joints whose dip and trend are similar to those of

1



2 GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINSE, TEXAS

the faults. The fanlts appear to be tensional features, but the
uplift itself wuas eaused by vertically acting movements, whose
ultitnate eause way have been compressional force.

Cenozoic deposits and land forms.—The present land surface
of the Guadalupe and Delaware Mountains closely resembles the
structural form of the uplift, but there are actually consider-
able differences. These differences have resulted from degrada-
tion of the uplifted parts and deposition of sediments on the
depressed parts by subaerial agencies similar to those now at
work in fhe region. The evolution of the Cenozoic deposits and
land forms 1s thus closely related to the upheaval of the mountain
area.

The uplift took place in several stages. After the first uplift,
consequent sireams formed on the sloping surface of the moun-
tain block, and some of their courses are preserved with little
modification today. Material washed from the mountains after
the first uplift was deposited in the nearby lower areas and is

probabliy represented by the oldest unconselidated rocks of the

_Salt Basin and Llano Estacade. These materials are probably
of Pliocene age.

A second period of uplift probably took place in late Pliocene
or early Pleistocene time and raised the mountains nearly to
their present height, This uplift gave rise in places to new

consequent streams, which flowed along fault troughs, It also
" caused renewed degradation in the mountains. The resistant
rocks of the Guadalupe Mountaing were incised by deep can-
yons, and the less resistant rocks of the Delaware Mountains
were worn down to a plain of about the same altitude as the
ptesent canyon bottoms.

In Pleistocene time, perhaps as a result of fluctuation in
climate, a part of this lower eountry was buried nnder a sheet
of gravel. Deposition of coarse-grained deposits took place

west of the mountains also, partly as a result of elimatic change

but mainly in response to the uplift of the adjacent mountains,

During this period the Salt Basin was probably covered by

standing water, for the upper surface of the fine-grained de-

posits that form its floor has a conspicuous levelness, such as -
could not have been caused by streams or subaerial agencies.

Faint beach ridges present in the Salt Basin indicate the exist-

ence of o lake in late Pleistocene time.

In late Pleistocene time, the area was again disturbed. Re-
newed movements of small amount took place along some of
the fauits on the west flank of the mountains, and some of the
previously formed unconsolidated deposits were displaced. The
disturbaace also caused renewed dissection of the land sur-
faces. Erosion and sedimentation that followed this time of
disturbance have shaped the mountains into their present form.

Economic geology.—The main econotnic interest of the area is
indirect. Knowledge of the area is valuable to petroleum geol-
ogists because features exposed at the surface here are analo-
gons to features to the east known only from drilling in the
o0il fields. No oil or gas has been found in the aren itself, but
the area has not been adequately tested by wells. There is a
slizht possibility that oil or gas may be discovered in the deeper
formations,

The other economie respurces of the area are meager. Some
bailding stone, road material, and salt have been produced, In
a few places are small mineral deposits, but no ore has been
mined from them. The resouree most valued by the local resi-
dents is ground water, for the region is generally dry and with-
out permanent streams. Here and there ground water issues
us springs, whose intakes are the higher parts of the area,
where rainfall is greater than jo the lower parts.

INTRODUCTION

THE PERMIAN PROELEM

The Permian system of the southwestern United
States has been until recently one of the intrigning but
little known subjects of Aumerican stratigraphy. In
the latter half of the nineteenth century after the west-
ern United States was settled, the “red bed” sections
of the Permian were studied and reported on by many
geologists, but up to 1920 the existence of a contempora-
neous marine sequence in western Texas and southeast-
ern New Mexico was little appreciated. Since that year
the discovery of extensive oil fields and potash beds
in this region gave an impetus to the study of the Per-
mian rocks, and furnished the geologist with records
of hundreds of drill holes from which to deduce the na-
ture of the strata not exposed at the surface. At the
same time geologists liave studied the rocks in the out-
cropping areas, and have compared them with the
stratn encountered by drilling.

Much remains to be done in order to understand the
history of Permian time in the region. The physical
and chemical conditions that eaused the deposition of
the various and often complexly related deposits neeil
to be hetter understood. More of the fossils of the rich
and interesting marine faunas should be described, and
the relations of the fossils to their environments should
be determined. Further, a satisfactory scheme of cor-
relation is needed, and also a subdivision into series

that will express the contemporaneity of strata in dif-
ferent areas. One useful contribution to the solution
of these problems 1s the detailed study of sequences of
rocks exposed at the surface in the different mountain
ranges of Texas and New Mexico.

This report deals with one such sequence of rocks in
western Texas, the one exposed in the southern Guada-
lupe Mountains (for location, see fig. 1). Here, the
Permian rocks are magnificently exposed, to a thick-
ness of about 4,000 feet (for a typical exposure, see pl.
1). They are all of marine origin, and belong to the
middle part of the system, with the base concealed and
the top absent. Overlying and underlying beds, how-
ever, are found in nearby aveas.

PRESENT INVESTIGATION

¥ield work on which this report is based was carried
out mainly during eight months in 1934 and 1933, dnr-
ing which time T was assisted by H. C. Fountain. Ex-
penses for this work were paid by a grant from the
Penrose bequest of the Geological Society of America.
Some additional field worlk was done in subsequent
years, especially in the spring of 1932, In 1045 and
1946, I studied aseries of vertical aerial photographs
made by the U. 8. Army, covering the southern Guada-
lupe Mountains and surrounding areas. This study
made possible u final revision of the geologic mapping.
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cas fields, and other features. Compiled from various sources, including U. 8. Geplagical Survey's topographic maps of Texns and New
Mexico {1: 300,000), oil and gas map of Texas (1:750,000), and Amecerican Geagraphical Society’s Chihunhua sheet, millionth map of His-

panic America (1:1.000,000).

As a result of the investigations between 1034 and 1916,
an area 235 miles long and 18 miles - wide, covering 425
square miles, has been surveyed geologieally (pl. 3).
Most of the fossils mentioned in this report were col-
lected by H. C. Fountain in 1934 and 1933, to obtain
which he spent many hours of patient labor with the
hammer. The excellence of the specimens that he ob-
tained 1s a testimonvy of his devotion to the work,
The greater part of the fossils collected were studied
by the late G. H. Girty of the Geological Survey, who
also visited our party in the field for three weels. The
fusulinids have been studied by C. O. Dunbar of Yale
University and J. W. Skinner of the Humble Oil Co.,

and the cephalopods by A. K, Miller and W. M. Furnish
of the State University of Iowa., The results of the
work of Dunbar and Skinner,! and of Miller and
Fuarnish,? have been published ; but the information that
was supplied by Girty is published for the first time in
this report, : :

Some thin sections of sandstones from the region
were studied by Ward Smith, thin sections of volcanie

IDunbar, C. 0., and Skinner, J. W,, Permian Fysulinidae of Texas,
in The Geologr of Texas, vol. 8, Texas Univ. Bull. 3701, pp. 510-825,
1937.

2 Miller, A. E., and Furnish, W. M., Permlan ammoncide of the
Guadalupe bdountain region and adjacent areas: Gepl. Soc. America
Sprecial Paper 26, 19440,
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ash were studied by C. S. Ross, and insoluble residues
of limestones by Charles Milton, all of the Geological
Survey. Chemical analyses of limestones, of voleanic
ash, and of other rocks were made by K. J. Murata and
E. T. Erickson in the chemical laboratory of the Geo-
logical Survey. :

The data in the chapters on tectonics and geomor-
phology of the southern Guadalupe Mountains are in-
cidental results of the stratigraphic investigation; I
believe they comprise information of so much interest,
and are so useful a contribution to the knowledge of
the Basin Ranges, that I give them in detail. In pre-
paring these chapters, I have been aided by consultation
with W. H. Bradley, James Gilluly, and W. W. Rubey
of the Geological Survey.

Many of the pictures in the report are based on pencil
drawings which I executed as accurately as possible in
the field. I believe that these drawings bring out many
geological features more accurately than photographs.
Some of the views, especially plates 4 and 5, form a
series of panoramas around the escarpments of the
southern Guadalupe Mountains,

This report was largely written between 1936 and
1938, but was extensively revised in 1940. Publication
of the report by the Geological Survey was postponed
during the period of World War IL " A preliminary
description of the stratigraphic results was included in
a general summary of the Permian of west Texas and
southeasiern New Mexico, published in 1942, and a
preliminary edition of the geologic map was published
in 19442 Because of the fact that a general summary
of the Permian was published in 1942, only incidental
mention is made of regional matters in this report, and
main emphasis is given to descriptions of the local
geology.

Since 1940, only minor revisions have been made in
the present report, and it may be that some geological

publications or discoveries made since that date, which
are pertinent to the subject, have been overlooked.
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PHYSICAL FEATURES OF THE REGION

EL CAPITAN

Bartlett,* in 1830, when journeying by wagon from
San Antonio to El Paso, wrote:

Our road led in a direction nearly west, towards the bold head
of the great Guadalupe Mountain, which had been before us some
eight or ten days. This iz a most remarkable landmark, rising
as it does far above the surrounding plain. The sierra which
ends with it eownes from the northeast., It is a dark, gloomy-
lpoking range, with bold and forbidding sides, consisting of
huge piles of rocks, their debris heaped far above the surround-

3 King, P. B, The Permian of west Texas and southeastern New
Mexico: Am. Assoc. Petroleum Geologists Bull, vwol. 26, pp. 333-763,
1942. King, P. B., and Fountain, H. C., Geologic map of southern
Guadatupe Mountaine, Hudspeth and Culberson Counties, Texas: U. 8.
Geological Survey Oil and Gas Investigations, Preliminary map 18, 1944,

4 Bartlett, J. R., Personal narrative of explorations and incidents in
Texas, New Mexico, California, Senora, and Chihuabua, connected
with the United States and Mexican Boundary Commission, during the
veara 1830, 1831, 1852, and 1853, vol. 1, pp. 117-118, New York,
D. Appleton & Co., 1854.

ing hills. As it approaches its termination the color changes
to a pure white, tinted with buff or light orange, presenting a
begutiful contrast with the other portions of the range, or with
the light blue of the sky beyond, for in this eleyated region the
henvens have a remarkable hrillianey and depth of color.
(Views of the southeast side of the Guadalupe Moun-
tains, appearing much as Bartlett saw them, ave shown
on plate 4).

The “hend of the great Guadalupe Mountain” is still
as impressive an object to the traveler as when Bartlett
first saw it.  Soon after leaving Carlsbad, Van Horn, or
El Paso, the motorist discovers it in view before him, 50
miles or more awny. When at length he draws closer,
his voad, following the course of the old caravan road
that came into existence at the close of the Mexican
War, winds through the hills and canyons of Guadalupe
Pass with the headland rising above it to the north.
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Trom the road, tier after tier of flat-lying sandstone
beds extend upward on barren slopes. On thein, as on a
pedestal, reposes a mon umental crag of white lhimestone,
forming a sheer cliff a thousand feet high (pl. 1). To
the modern traveler, as to the Mexicans of the last
century who dug for salt in the flats west of the head-
land, the crag is truly El Capitan, the leader or
landmark.

The high peaks at the south end of the (Guadalupe
Mountains have been given a number of names at differ-
ent times, the use of which has been indefinite and
conflicting. The terminology followed here, which is
that adopted by the U. 8. Geographic Board, is to call
the lieadland E1 Capitan, and the higher peak a short
Jistance to the north Guadalupe Peak. However,
Richardson (1904) and Girty (1908),in their geological
reports, called the headland Guadalupe Point and used
Tl Capitan for the higher peak to the north. Their
terminology has been followed m most subsequent geo-
logical writings. In addition, the higher peak is com-
monly known to the local residents as Signal Peak, a
term that appears to be of relatively recent origin. Use
of the name El Capitan for the headland rather than
for the higher peak seems to agree better with the
original Spanish meaning of the term.?

GUADALUPE MOUNTAINS

El Capitan lies near the center of the area here
deseribed, and is the southern extremity of the Guada-
lupe Mountains, a limestone upland that expands like
a wedge toward the north (fig. 2). The eastern side of
the upland is the forbidding escarpment with north-
east trend described by Bartlett, and is appropriately
termed the Reef Escarpment.® .

The western side of the wedge, whose trend 1s some-
what west of north, has an even more impressive face
(as shown on plate 5). It is only from this direction,
Shumard * observed
that these mountains can be contemplated in all their grandeur.
Here extends an unbroken line of vertieal precipices from two
to three thousand feet in height, the faces of which are so
smooth as to be accessible only a few hundred feet above the
base. The abrupt faces of these cliffs pursue a general course
parallel to the axis of upheaval of the mountains, which pre-
sent the appearance of having cteft vertically through their
centers and the western halves removed.

Between the two escarpments, the interior of the
wedge is o pine-covered, rolling upland, divided into
many parts by deeply incised canyons. In the southern
end of the wedge, the uplands exceed 8,000 feet in al-
titude above sea level, and culminate in Guadalupe

5For o discussion of geographic terminelogy, see Lang, W. B., The
Permian formations of the Pecos Valler of New Mexico and Texas:
Am. Assoc, Petroleum Geologists Bull., vel. 21, pp. B39-544, 1937,

¢King, P. B., The Permian of west Texas and southeastern New
Mexico : Am. Asspe. Petroleum Geologiste Buoll,, vol. 26, p. 563, 1942,

T Shumard, G. G., Observations on the geclogical formations of the
country between the Rio Pecos and Rio Grande, in New Mexico: St
T.ouls Acad. Sci. Trans., vol. 1, p. 280, 1858.[1860].

Peak, which rises to 8,751 feet. This is the highest point
in the State of Texas. Beyond the Texas-New Mexico
boundary, about 7 miles north of Guadalupe Peak, the
cummits are lower, and at some distance farther north
and northeast the range fades out in the Pecos Valley.

The Guadalupe Mountains form the northern half
of a great, eastward-tilted block of the earth’s crust
more than 100 miles long and about half as wide (fig.
2). The southeast-facing Reef Escarpment, which ex-
tends diagonally across the tilted surface, follows an
ancient tectonic and stratigraphic axis, along which the
limestones of the Guadalupe Mountains come to an
end. To the southeast, where the linestones are absent,
the tilted block forms a lower series of broken sand-
stone plateaus, known as the Delaware Mountains.

On the west side of the tilted block, the mountains
break off in steep escavpments, of which the precipices
described by Shumard are a part. The escarpments
slope toward the Salt Basin, a depression with no out-
let to the sea, whose lower part stands at an altitude a
few feet above 5,600 feet, or nearly a mile below the
summit of Guadalupe Peak not far away. Extending
westward from the lowest benches of the escarpment to-
ward the saline lakes and alkali flats that dot the ‘cen-
tral floor of the basin, is a great alluvial apron composed
of detritus washed down from the mountains. Rising
from the alluvium in places are low rock ridges, such
as the Patterson Hills southwest of El Capitan (pl. 5,
4). The rocks in the ridges are the same as those high
in the mountains to the east, but instead of dipping
gently eastward as in the mountains, they dip more
steeply westward beneath the basin.

The main tectonic feature of the Guadalupe and
Delaware Mountains is thus a great arch whose steepest
dip is on its west flank. The archlike form, however, is
creatly complicated by faulting (as may be seen in the
structure sections of plate 3). The vwest base of the
mountains is followed in most places by one of several
major faults, whose presence 1S shown in part by out-
crops of down-dropped rocks to the west, and in part,
where alluvium buries the down-thrown side, by the
even base line of the mountains. Between the west-
tilted rocks of the Patterson Hills and the east-tilted
rocks in the mountains near El Capitan are fault blocks
in which the strata are more deeply depressed than in
those on either side. The ecrest of the arch has thus
collapsed by the sinking of its keystone. The rocks
within the southern Guadalupe Mountains for several
miles east of the major faults at the west base of the
mountains also are faulted, but still farther eastward,
the only sign of disturbance is the gentle tilting of the
rocks to the east.

The surface configuration of the region, with its
mountains, foothills, and flanking basin on the west, is
thus closely related to the tectonic configuration pro-
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STRATIGRAPHY OF

duced by uplift and faulting. The original tectonic
configuration bas been somewhat modified by erosion
of the higher parts of the area and by deposition i the
Jower parts, but these modlifications have been so small
that they suggest the uplifting and faulting are of rela-
tively recent age. Some of the movements are certainly
of Quaternary age, for unconsolidated deposits of the

STRATIGRAPHY OF
HISTORICAL SEETCH®

SAUMART'S DISCOVERY

The first observations on the geology of the Guad-
alupe Mountains were published during the period of
exploration that accompanied the opening up of the
western country after the Mexican War, and were an
outgrowth of surveys by Army engineers to determine a
practicable route for a railroad to the Pacific coast.
In 1854, the party of Captam John Pope laid out 2
route through Guadalupe Pass.® Inthe following vear,
wlen Pope returned to the region to investigate more
fully the prospects for artesian water near the rounte,
his party included Dr. G. G. Shumard,® a geologist
who had gained experience 1n western explorations as
o member of several previous expeditions.

Like Bartlett's party five years before, that of which
Shumard was a member approached the mountains from
the east. The foot of the Guadalupe Mountalns was
reached at “the canyon known as the Pinery” (Pine
Spring Canyon). This he explored for abont a mite,
collecting fossils from the white limestone “remarkably
rich in organic remains” that formed its rugged sides.
Continuing farther, the party descended into Guadalupe
Pass, and Shumard saw that the white limestone reposed
in heavy beds upon a great thickness of flat-lying sand-
stones. e found that the section contained the follow-
ing members in descending order (pl. 1): %

Feet
1. Upper, or white LDestane aoon fooomom—vommmmmmooes 1, 400
o, Dark-colored thinly lamindted and foliated limestone_ 32-100
3. Yellow quartzose sandstone-———-——-—-———---——- 1, 200-1,500
4. Black thin-hedded limestone o —emmmomemm e 200

Shumard’s notes indicate that in the field he regarded
e fossils collected from the white limestone and under-
lying rocks as of Carboniferous {Pennsylvanian) age,
but his brother, B. F. Shumard® who later examined

3 Under this heading, only the main ideas that have been held in the
past regarding the rocks of the Guadalupe Mountains can be mentioned,
and not all the papers published on the area are cited, A complete list
of papers on the area, with a summary of their conclusions, is given in
the annotated bibliography at the end of this report.

® Pope, John, Report of exploration of route for the Pacifle Railrend
near the 32pd parallel from the Red River to the Rio Grande: U. 8.
Pacific Railrond Exploration, 354 Ceng. 2d gess., 8. Doc. 78, volL 2,
pp. 1-93, 1853,

1 Shymard, G. G., op. ¢it., pp. 27T8-282.

1 Shymard, G. G., op. cit,, p. 280,

2 §humard, B, F.,, Notice of new fozsils from the Permian strata of
Kew Mexico and Texns : St. Louis Acad. Sei, Trans., vol. 1, pp. 280297,
1858 [18G0]; Motice of fossils from the Perminn sirata of Texas and
Wew Mexico: op. cit., pp. 387—403, 1859 [1860].

PEEMIAN ROCKS
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alluvial apron are disturbed and faulted near the base
of the mountains. However, the alluvial apron is com-
pused of fragments wasled from high mountains, and
hese mountains were formed by movements older than
those just noted. How old these earlier movenments ave
i« a matter for conjecture; they may be of later Tertiary

age.
PERMIAN ROCKS

the material, was impressed with its dissimilarity to the
Carboniferous faunas and observed that many of its
brachiopods and other forms closely resembled those of
the Permian system that had been established in Europe
17 years before. Moreover, it included the genus
Awdosteges “that had not been recognized in formations
below the Permian.”

WORK OF GIRTY AND RICHARDSON

Shumard’s interesting discovery received little notice
for many years. There were few vigitors in this region,
which had become isolated in the turbulent days that
followed the Civil War. Except for Tarr i3 of the
Texas Geological Survey, who made a brief trip to the
mountains in 1800, the next geologists to visit and de-
seribe the region were G. H. Girty and G. B. Richard-
son, of the United States Geological Survey, in 1901 and
1903, -

Girts’s collecting trip to the mountains was brief
but wonderfully fruitful. Large amounts of fossil ma-
terial were obtained from the white limestone that
forms the clopes of Guadalupe Peak (member 1 of
Shumard’s section, pl. 1), which was named the
Capitan limestone by Richardson® Numerous fossils
were collected also from the underlying dark limestone
(member 2. The collections were more meager, how-
ever, from the underlying sandstone and basal black
limestone (members 3 and 4), which together were
named the Delaware Mountain formation by Richard-
son®® In his monumental work on the Guadalupian
fauna, Girty * described the fossils obtained during this
cisit and those collected by Richardson and others in
nearby areas. By his workhe expanded Shumard’s orig-
inal assemblage of 54 species to 326 species without, as he
savs, doing full justice to the richness of the fauna.

Vith this more extensive material before him, Girty
was able to confirm Shumard’s original opinion as to
the unusual quality of the fauna. He was impressed

1 Tarr, R. S., Reconnaissance in the Guadalupe Mountaing : Texas
Geol. Suryey Bull. 3, 1892,

1 Richardson, G. B., Report of a reconnaissance in trans-Pecos Texas
north of the Texas and Pacific Raflway : Texas Tuniv. Bull, 23, p. 41,
19004. .

15 Idem., p. 38, The Delaware AMoupntain formation is now ‘clagsed as
a group, but with the basal block limestone geparated from it and placed
in the Bone Spring Iimestone.

16 Girty, G, H., The Guadalupian fauna: T, 8. Geol. Survey Prof.
Paper 58, 1908. The term Guadplupian ag used by Girty embraces ap-
proximaotely the Leonard and Guadalupe series of present terminology.
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with its dissimilarity to any of those in the Carbonifer-
ous of the Mid-continent region, or even elsewhere in
North America. Although he emphasized the “very
individual facies” of the fauna, like Shumard he found
the only closely comparable fossils among those de-
scribed from che Permian of Furope and Asia?

Richardson’s reconnaissance of the northern trans-
Pecos area furnished some evidence on the relations of
the beds containing the Guadalupian fauna. To the
east, they were overlain by unfossiliferous gypsum and
red beds.® To the west, he found an extensive lime-
stone formation, the Hueco.® considered by Girty to be
of Pennsylvanian age, which apparently passed beneath
the base of the Guadalupian succession, although the
actual connection was concealed beneath the unconsol-
idated deposits of the Salt Basin. Some hint of an
extension to the southeast of the beds of the Guadalupe
Mountains was given by small fossil collections made
by R. T. Hill in Glass Mountains, over 2 hundred miles
away (fig. 1).® This was confirmed some years later
by the important researches of Udden = and Bése.2

To the east, however, beyond the Llano Estacado,
red beds and other strata quite unlike those of the
Guadalupe Mountains were being assigned to the Per-
mian by various authors, either on account of scanty
marine faunas as in Kansas, or becanse of vertebrate
remains as in central Texas. The manner in which
these joined or were overlapped by the beds of the
Guadalupe Mountains remained a matter for conjec-
ture. Nearer at hand, in the mountains of New Mexico
northwest of the Guadalupes, the higher Paleozoic rocks
were found to be the red beds and limestones of the
Manzano group.®® Its fossils, although of later Pale-
ozoic age, did Tiot resemble those of the Guadalupe
Mountains, and the physical relations between the two
groups of strata were unknown.

The well-marked lithologic units of the section in the
southern Guadalupe Mountains seemed to offer no ob-
stacles to the tracing of them into the adjoining, prob-
lematical regions, yet many stratigraphic puzzles devel-
oped as soon as the beds were followed for any distance
away from their type sections. Thus, upon the comple-
tion of the Texas work, Richardson * attempted to trace
them northwestward toward the aren of the Manzano
group and found that

T Girty, G. H., op. cit., p. 39.

¥ Richardson, G. B., op. cit., pp. 43-45.

® Richardson, G. B, op. cit., pp. 32-38.

 Girty, G. H,, op. cit., pp. 26-27.

# Udden, J. A, Notes on the geclogy of the Glass Mountaing : Texas
Univ, Rull. 1753, pp. 3-39, 1918,

= Bise, Thnil, The‘ Permo-Carboniferons ammonoids . of the Glass
Mountaing and their stratigraphical significance:; Texas Univ, Bull,
1762, 1919.

# Lee, W. T, and Girty, G, H., The Manzanoe graup of the Rio Grande
valley, New Mexico: U, S. Geol. Survey Bull, 389, 1909,

* Richardson, G, B., Stratigraphy of the upper Carboniferous 1n west
Texas and southeast New Mexico: Am. Jour. Sel., 4th ser., vol. 29, pp.
825-337, 1910. See also, Beede, J. W., The correlation of the Guada-

lupign and Kanses sections : Am. Jour. Sei., 4th ser,, vol. 30, pp. 131-
140, 19149,

the mnssive Capitan limestone merges along the strike into
thin-bedded limestone and sandstone, the limestone element
finally disappearing altogether or being represented by thin,
local beds. * * * Northward from Guadalupe Point, fossilif-
erous horizons become rare in the Capitap, and the eollections
* * % Brought in tend to show that with the change in lithology
the fauna also changes in character, so that practically nothing
of the typical Guadalupian fauna is left.®

As a result of these discoveries, Girty concluded in
1909 that “the evidence is such as to demand considera-
tion, if not adoption, of the hypothesis that the facies of
the Guadalupian fauna is a regional matter, denoting
not time relations, but geographic relations.” *

SEARCH FOR OIL IN THE LLANO ESTACADO

The puzzles that developed in correlating the Permian
rocks of the Guadalupe Mountains, and in explaining
their strange variations in facies, arose in part from
the impossibility of deducing what lay beneath the sur-
face in the extensive areas covered by younger deposits.
Much light was soon shed on this question by drilling.
During the second and third decades of the century,
there was a tremendous expansion in the development of
petroleum resources in the southwestern United States.
The Llano Estacado area, east of the Guadalupe Moun-
tains and west of the previously discovered oil fields of

. central Texas, received its share of wildeat drilling. As

exploration continued oil was found at many places in
beds of Permian age. At about the same time, beds
containing potash minerals were discovered in the
higher parts of the wells,”” and considerable exploration
was begun for this importent resource.

When the first wells were drilled, the Paleozoic rocks
beneath the Mesozoic and Tertinry cover of the plains
were assumed to be warped down in a broad, gentle, and
relatively simple synclinorium.?® Thus, east of the
plains, the Pennsylvanian and Permian strata were seen
to dip westward, and on their western side the Permian
strata rose again toward the Guadalupe Mountains and
other ranges of the trans-Pecos region. The early drill-
ing in the basin disclosed a sequence of red beds, salt,
and anhydrite, which was interbedded below with dolo-
mites. Deeper borings on the east side showed that
these beds were underlain by Pennsylvanian rocks.®
To the west, near the Pecos River, deep wells penetrated
sandstones of the Delaware Mountain group beneath
the salt and anhydrite beds.®

As drilling progressed, it was found that the se-
quences in different parts of the region were unlike in

% Girty, G. H., The Gundnlupiaﬁ fauna and bew stratigtaphic evi-
dence: New York Acad. Scl. Annals, vol, 19, p. 138, 1909,

® Girty, G. H., idem., p. 141,

¥ Udden, J. A., Potash in the Texas Perminan: Texes Univ, Bull. 17,
wl“sll-loors, W. H., Geology of a part of western Texas and southeastern
New DMexico, with special reference to salt and petash: T. §. Geol
Survey Bull. 780, pp. 113-114, pl. 17, 1925,

M Udden, J. A., The deep boring at Spur: Texas Univ, Bull, 363, pp.

74-75, 1914.
3 Hoots, W. H., op. cit,, pl. 16,



STRATIGRAPHY OF PERMIAN ROCKS 9

character, and that the configuration of the synclinori-
um was far from regular. Thus, in 1926, oil was dis-
covered in the Hendrick field, Winkler County (fig. 1),
about 125 miles east of the Guadalupe Mountains,
dolomite that stood high above its anticipated position.
It had previously been assumed that this district lay
near the axis of downwarping.®

A short distance west of the Hendrick oil field, the
oil-bearing dolomites were not encountered by the drill.
Tnstead, after passing through salt and anhydrite, the
sandstones of the Delaware Mountain group were
reached at a much greater depth than the oil-bearing
dolomites. East of the field, much anhydrite was in-
terbedded with the dolomites, and no trace of the Dela-
ware Mountain group could be found. Drilling north
and south of the new field made it even clearer that
the Delaware Mountain sandstones were confined to
a relatively restricted area within the major synelino-
rium, forming a depression now known as the Delaware
Basin (fig. 11).2 The higher-standing zone of dolo-
mites that bounded the formation on the east in Wink-
ler County was found to curve westward toward the
limestones of the Guadalupe Mountains on the north
and the Glass Mountains on the south.

What was the nature of this zone, and what was its
relation to the Delaware Mountain group on the one
side and to the interbedded dolomite and anhydrite
on the other? For answer, the geologists who had been
studying the well records turned to the outcrops in the
Guadalupe Mountains, for here, lying at the surface,
there seemed to be the stratigraphic analog of the oil-
bearing beds in Winkler County and elsewhere.

RECENKT WORE IN THE GUADALUPE MOUNTAINS

Richardson’s later observations on the changes in
lithologic and faunal facies in the Guadalupe Moun-
tains were amplified by the work of Baker® in 1018
and of Darton and Reeside ®* in 1925. Baker discov-
ered that the thick succession of sandstones of the Dela-
ware Mountain group (member 3 of Shumard’s section,
pl. 1), well developed to the south, does not extend far
to the north in the Guadalupe Mountains (pl. 7, 4).
Tustead, its lower part passes out by overlap against a
surface of unconformity that develops abruptly not far
north of El Capitan between it and the underlying
black limestone (member 4). The upper part “passes

s 1¥illis, Robin. Structural development and oil accumulntion in Texas
Permian: Am, Assoc Petroleum Geologlsts Bull, vel. 13, fig. 3, p.
1039, 1929, Ackers, A. L., de Chiceis, R, and Smith, K. H., Hendrick
field, Winkler County, Texas: Am. Assoe. Petroleum Geologists Bull,,
vol. 14, pp. $23-944, 1930.

a Willis, Robin, op. cit., p. 1084. Cartwright, L. D., Transverse sec-
tion of Permian basin, west Texas and sontheast New Mexico: Anm.
Assoc. Petroleum Geoclogists Bull, vol. 14, fig. 1, p. 971, 1930, Origi-
nallr called the Delaware Mountain Basin, but the shorter term seems
preferable, and has come into general use.

8 Bsker, C. L., Contributions to the stratigraphy of eastern New
Mexico: Am. Jour. Sel., 4th per,, vol. 48, pp. 112-117, 1820.

& Darton, N. H,, and Reeside. T, B., Jr., Guadalupe group: Geol. Soc.
America Bult., vol. 37, pp. 413—428, 1926,

to the north into limestone only a little less massive
than the overlying Capitan,”® the Goat Seep lime-
stone of the present paper. Beyond the point where the
sandstone loses both its lower and upper beds, only an
inconsequential stratum of sandstone could be found
in the middle of a succession of limestones.

The work of the geologists who had sought an an-
swer to subsurface problems by studying the outcrops
was directed particularly to the structure of the over-
lying Capitan limestone (member 1 of Shumard’s sec-
tion, pl. 1) and its relation to adjacent beds. It was
found that this formation, like the oil-bearing dolo-
mites to the east, stands at a greater height than do the
upper beds of the Delaware Mountain group to the
southeast. However, along the Reef Escarpment which
bounds the Guadalupe Mountains on the southeast, it
was found that the Capitan comes to an abrupt end,
with its beds sweeping down in great curves to inter-
finger with the lower-lying sandstones (as shown in
sections on plate 17). Northwestward also, within a
few iniles, the massive limestones merge with well-
bedded limestones, now called the Carlsbad limestone.
Farther north, as at Rocky Arroyo in the northeast-
ern Guadalupe Mountains, Baker * and Darton and
Reeside ¥ observed that the well-bedded limestones in-
terfingered in turn with beds of anyhydrite. The Cap-
itan limestone was thus found to oceur only in a nar-
row belt that followed the northeastward trend of the
Reef Escarpment, rising above contemporaneous sand-
stone deposits to the southeast and forming a barrier
between them and the thin-bedded limestones and the
anhydrites to the northiwest.

With these stratigraphic relations in mind, many
resemblances became evident between the Capitan lime- -
stone and the barrier reefs now being built by corals and
other lime-secreting organisms along the coasts of tropi-
cal seas. The interpretation of the Capitan limestone
as a reef deposit was announced by Lloyd * in 1929, and
was followed in papers by Crandall,® and Blanchard
and Davis# later in the same year, as well as by Cart-
wright # in 1930. The reef was assumed to extend as
a curving barrier around the Delaware Basin from the
Gundalupe Mountains through Winkler County to the
(lass Mountains (fig. 1458).

It should be noted that these conclusions although
now generally accepted, and accepted in this report,
were based very largely on the lithologic character of
the beds and on their stratigraphic relations to one an-

% Raker, C. L., op. cit., p. 114,

8 RBaker, G. T, op. cit., p. 115,

7 Darton, N. H., and Reeside, T, B., Ir., op. cit., p. 419,

S Liord, E. R, Capitan limestone and associated formntions: Am.
Asgoe. Petrolenm Geologists Pull,, vol, 18, pp. 645648, 1929,

= Cpapndall, K. H., Permian stratigraphy of sountheastern New Mexico
and adjacent parts of western Texag: Am. ABEOC. Petroleum Geologists
Bull., vol. 12, pp. $36-937, 1929,

4 Blanchard, W. G., and Davis, M. T, Permian stratigraphy and
structure of parts of southeastern New Mexico and sputhwestern Texas
Am. Assoc. Petrolenm Geologists Bull., vel. 13, p- 480, 19289.

a1 Cprtwright, L. D, op. cit., pp. 97T7-978.
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other, and that in the work done hy Lloyd and his con-
temporaries, little study was made of the fossils. The
fossils in the Capitan described by Girty included no
corals such as are abundant in modern reefs, and the
fauna as a whole did not seem to express a particular
specialization to a reef environment. Girty, however,
had described a number of massive, lime-secreting
sponges from the formation, and Ruedemann,”? during
a visit to the region in 1927, had found in it and the as-
socigted Carlsbad limestorne the remains of calcareous
algae. One object of the present investigation was to
obtain further information on these unsettled problems.

GENERAT FEATURES OF STRATIGRAPHY

Previous geologic studies in the Guadalupe Moun-
tains, as summarized in the preceding section, have
indicated that the strata change greatly in character
from southeast to northwest across the region. In the
southeast, resting on the basal limestones (member 4
of Shumard’s section, pl. 1), that are now called the
Bone Spring limestone, is a great thickness of sand-
stone—the Delaware Mountain group. Northwest-
ward, the sandstone thins nearly to disappearance,
partly by overlap of the lower beds on the upraised
surface of the Bone Spring limestone, and partly by
intergradation of the higher beds with different lime-
stone masses, including those of the Capitan limestone.
The Capitan itself has been shown to occupy a zone only
a few miles wide, northwest of which it is replaced by
thinner-bedded limestone, anhydrite, and other rocks.
These relations have suggested that the Capitan lime-
stone is a reef deposit comparable to modern barrier
reef deposits.

The present investigation has confirmed and ampli-
fied these observations. The complex stratigraphy of
the southiern Guadalupe Mountains was studied by de-
tailed mapping, by measuring numerous stratigraphic
sections, and by makiug fossil collections. The strati-
graphic sections were spaced closely enough to trace
the rock units involved through successive sections
across the area. .

The areal relations are shown on the geologic map,
plate 3. The stratigraphic sequences in the northwest
and southeast parts of the area are so different that 1t
is necessary to explain them in two separate columns on
the map. DBasic stratigraphic data are also shown on
the sheet of correlated stratigraphic sections, plate 6.
Other basic datu are presented on the structure sec-
tions through the limestone mass of the Guadalupe
Mountains (pl. 17). On these structure sections only
the rocks that can be seen on escarpments anegd eanyon

42 Ruedemann, Rudelf, cited in King, P. B, and King, A. E., The
Pennsylvanian and Permian stratigraphy of the Glass Mountains:
Texns Univ. Dull. 2301, p. 139, 1923, Ruedemann, Rudelf, Corialline

algne, Guadalupe Mountains: Am, Assoc, Petroleum Greolapists Bull,
vol. 13, pp. 1079-1080, 19210,

walls are shown, and their hypothetical underground
extensions are omitted.

As shown on section K-&, plate 17, the deepest ex-
posures—which also give the most complete idea of the
stratigraphic changes—are those on the escarpments
at the western side of the mountains. The other sec-
tions shown on plate 17 lie farther northeast and show
only parts of the upper beds. The long stratigraphic
sections shown on plate 6 were measured on this western
escarpment, and the shorter sections elsewhere in the
area. .

Tlese basic stratigraphic data are assembled, sum-
marized, and interpreted on plate 7. Plate 7, 4 is a
stratigraphic diagram extending from northwest to
southeast across.the area, on which the structure of
the rocks of the area is shown as it is assumed to have
existed at the close of Permian sedimentation. Plate
7, B is a group of similar diagrams, each for a successive
stage of the Permian, which show the manner in which
the structure of the rocks is assumed to have developed.

The stratigraphic features shown on plate 7, 4 are
in a vertical plane, and therefore are two-dimensional.
A part of the stratigraphic information on the area
must be of this two-dimensional sort, as it is obtainable
only on the west-facing escarpment of the mountains,
For the higher beds, however, exposures in.the canyons
cast of the escarpment, and in downfaulted areas west
of the esearpment, are so numerous that one can express
their stratigraphic features in a horizontal, as well as
a vertical plane. For them, three-dimensional strati-
graphic information is therefore available. This is
summarized in three maps, figures 6, 8, and 10, for suc-
cessive stages of the higher beds. On these maps, the
boundaries of the different facies are shown by lines.
Note that the information is least complete for the
oldest beds (fig. 6) and most complete for the youngest
(fig. 10}).

TERMINOLOGY

The complex stratigraphic relations of the Permian
rocks of the Guadalupe Mountains ave difficult to ex-
press in a workuble scheme of terminology. Such ter-
minology must take into account, not only the rock
units, which interfinger with one another in a complex
manner and ave likely to be of small geographic extent,
but also time units, which from place to place inelude
dissimilar rock units of the same age. The terminology
as now worked out attempts to make use of both time
and rock classifications.

The first subdivision of the section into rock units
was made by Richardson in 1904 and althougl his
original names still remain, later authors have rede-
fined them and have introduced many new ones. The
newly named units are subdivisions of the original rock
units, or are rock units that were not known at the time’
the original classification was made. Some of the more
important changes that have been made since Richard-
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EL CAPITAN FROM SOUTEH.
I'he chiff of I Capitan lies near 1he center, with {Jusdalupe Peak concculed lehiml . Numbers refer 1o originel section by Shwmard, 1, W hite limestone (Capitan): 2, npper durk fimertone {1
yehllow sandnrtone (Delawnre Mountuin); 4, boanl black limestons (Rene Spring),  Leiters refer (o A penternney deposits. o, Oliler alupe deposits; b, younger slopo deposila,  Aerinl photograpl by U5,
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son’s time are indicated in the table below. The pub-
ljeations cited therein are by no means all that have
appeared on the area; they are selected because they
are representative of a particular stage in the geologic
study of the mountains—a task that has been carried on
by many geologists.. Not all of the new names that
appear in each column were proposed by the particular
author cited ; many have originated in contemporaneous
writings of other geologists.

Most of the units listed in the following tables are
of lithologic significance, and have only an incidental
time value. The west Texas Permian, however, is now
divided by Adams and others into the four series shown
in column 5. These units are dominantly of time sig-
nificance, and are applied across the region to beds of
the same age, regardless of their local rock or faunal
facies.

The writer’s terminology in the southern Guadalupe
Mountains, shown in column 4 of the table below, is
given in greater detail in the table on p. 12, and dia-
grammatically in plate 7, 4.

11

In the descriptions of the stratigraphy that follow,
the beds are divided into five local time units. The first
of these units corresponds to the Leonard series, the
next three to the lower, middle, and upper parts of the
Guadalupe series, and the last to the lower part of the
Ochoa series. They ave treated in turn, from oldest to
youngest. The outcrops of each, and the lithologic
changes that take place in them, arve followed across the
area from the southeast to the northwest.

ROCKS NOT EXPOSED

The oldest rocks exposed in the southern Guadalupe
Mountains belong to the Bome Spring limestone, of
Permian age. The rocks beneath it do not come to
view, but they have heen penetrated i two wells that
have been put down in the region. Some deductions as
to the character of the underlying beds can be made from
the data of the wells and also from study of pre-Bone
Spring rocks exposed in nearby mountain ranges.

The two wells are the N. B. Updike, Williams No. 1,
put down with diamond-drill tools in 1921 and 1922 at

History and peneral clasaification of the geologic terms used in the Guadalupe Mouniains

; : . Adams and
Richardson, 19041 I{ing, 1934¢ Lang, 19373 This report othersf 1939 4
Rustier limestone Rustler limestone Rustler formation Rustler formation

Upper N .
member Salado halite Salado formation Ochoa series
: . Castile
Castile gypsum gvpsum
Low . . R .
m e(;':l‘g;r Castile anhydrite Castile formation
. . Capitan Carlshad| Capitan J Carlsbad| Capitan CBel‘l
Capitan limestone i lime- lime- lime- lime- anyor
limestone ; : forma-
= stone stone = ‘gtone stone p
3 | 3 tion -
|2 I =
. = | g | =4
Dark limestone | Dark limestone | & 15 Goat Seep | ;0
z member member = “ limestone | 3
— = = i +
2 = 2 Cherry = | Guadalupe series
g = o= Sandstone Canyon ED .
2 EO 3 tongue of formation
- Dog Canvon | = Cherry 2
= g limestone b2 Canyon g
= Bandstone Sandstone g d4og formation =
=} member member 2 N2 s
g E Z :
rd - . Brushy
et Hiatus Canyon
g Tormation
2
50 Black li
a‘;ne;%i?one Bone Spring limestone | Bone Spring limestone Bone Spring limestone Leonard series
Hueco limestone Hueco limestone Hueeo limestone Hueco limestone Wolfeamp series

1 Richardson, G. B., Report of a reconnaissance in
! King, P. B., Permian stratigraphy of trans-Pecos
2 Lang, W. B., The Permian formations of the Pee

¢ Adams, J. E., and sthers,
T755282— 45— 2

trans-Pecos Texas north of the Texas and Pacific Railway: Texas Univ. Bull. 23, pp. 32-45, 1904.
Texas: Geol. Soo, America Bull., vol. 45, pp. 765-742, 1934.
t os Valley of New Mexico and Texas: Am. Assoc. Petroleum Gealogists Bull,, vol. 21, pp. 857878, 1937,
Standard Permian section of North America: Am, Assoc, Petroleum Geologists Bull., vol. 23, ©p. 1873-1681, 1839,
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Detailed classification of the formations in the Guadalupe Mountains as used in thz's.r report

Northwest part of area Southeast part of area Series
Absent Castile formation Ochoa
Bell Canyon formation:
N ' EEEL 2 Y
Carisbad limestone Lamar limestone member.*
L LS ]
Fla. limestone bed,
ey Aok
. ) Rader limestone member. =
Capitan limestone kb 2
' Pinery limestone member. &
ook 3 ok ‘E o
Hegler limestone member. 3 =
g | 2
. &
Cherry Canyon formation: = =
* kR E &)
Goat. Seep limestone Manzanita limestone member. E
ek o o
South Wells limestone mnember, é-‘
to ok 3 ok
Getaway limestone member.
Sandstone tongue of Cherry Canvon formation Mo
Hiatus; absent by overlap Brushy Canyon formation
Eone Spring limestone: Bone Spring limestone: T
Crtcff skely member, Cutoff shaly member. 2
Vietoric Pezk grav member. Black limestone beds. 2
Flack limestore heds. -
Base concealed Base conecealed

! Unnamed beds.

a point 3 miles.south of Ei Capitan, and the Anderson
and Prichard, Borders No. 1, put down with cable tools
in 193+ and 1935 at a point about 14 miles south of El
Capitan. The first well started at or a little above the
top of the Bone Spring limestone, and was drilled to a
depth of 3400 feet (section 47, pl. 8). The second
started 500 feet below the top of the formation, and was
drilled to a depth of 4,728 feet (section 48, pl. gy

ROCKS OF PENNSYLVANIAN AGE

From a depth of 3,183 to 3400 feet in the Updike
well, and a depth of 3,950 to 4,728 feet in the Anderson
and Prichard well, there are black shales and dark
limestones which are probably of Pennsylvanian age.
That they are of this age is suggested by some frag-
mentary fossil evidence. In the Anderson and Prichard
well, between the depths mentioned, Rynicker has identi-
fied T'riticites. In the Updike well, in cores from an un-

# Information on the N. B, TUpdike well is obtained from the driller's
log, from notes taken by T, W, Beede, who visited the well when it was
being drilled, and from examination by H. C. Fountain and the writer
of the cores themselves, which were lying unmarked on the ground at
the head of the well. Informatlon on the Anderson and Prichard well

is based on microscopic examination of cuftings by Max Littlefield and
Charles Rynicker of the Gypsy Qil Co.

known depth, Fountain has broken out fossils, includ-
ing fusulinids on which Dunbar * comments as follows:

Befora completing the Texas volume [in 1937] we worked
these siall pieces oi the core for all they were worth and got
eleven rather well-oriented sections. * * ® The two species
at Triticites closely resemble two that I have from the Home
Creek limestone of central Texas. - The single specimen of
Dunbarinelle is probably juvenile. The type species of that
genus was described by Thompson from the Deer Creek lime-
stone, which would be up in the middle of the Ciseo. It iz
possible that the large species of Triticites is the form described
by Needham from the upper part of the Mazdalena limestone,
as Triticites ventricosus sacramentoensis, * * * In short,
upen restudying this collection after a lapse of several years,
I am still convineed that it presents a horizonm in the Penn-
sylvanian, though possibly it is a little bigher than the top of
the Canyor,

Brachiopods, pelecypods, and gastropods included
in the same lot (No. 7714) were studied by G. H. Girty,
who reported that “nothing in the fauna definitely
points to a geologic age older than the Bone Spring
limestone, and it has no affinities to the Hueco fauna.”
In view of the fusulinid evidence, this lot evidently con-
tains speeimens broken from cores of different depths,

“ Dunbar, C. 0., letter of July 1945. TFor an earlier stntement, see

Dunbar, C. 0., and Skinner, J. W., Permian Fusulinidae of Texas:
Texas Univ, Bull, 3701, p. 592, 1037.
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The lower strata penetrated by the wells noted are
thus probably of upper Pennsylvanian age. They are
younger than the lower Pennsylvanian rocks which
underlie the Hueco limestone in the northern Sierra
Diablo, not far to the southwest.

WOLFCAMP SERIES OF CAA'RBONIFEROUS OR PERMIAN
GE

Above the depth of 3,183 feet in the Updike well and
the depth of 3,050 feet in the Anderson and Prichard
well, most of the sequence consists of black limestones
and shales like those forming a part of the Bone Spring
limestone at the surface. However, from a depth of
2,912 to 3,183 feet in the first well, and of 3,660 to 3,950
fect in the second, there are clastic beds. In the Up-
dike well these clastic beds consist of conglomerate
composed of rounded limestong pebbles in a limestone
matrix, interbedded with layers of gray limestone and
black shale. In the Anderson and Priclhard well, they
consist of dark limestones, in which are embedded
clastic fragments of quartz and feldspar. At the base
are granite and porphyry pebbles as much as 4 mil-
limeters in ‘diameter. Despite certain dissimilarities,
the clastic beds in the two wells are probably of the
same age. They are probably correlatives of clastic
beds exposed elsewhere in trans-Pecos Texas, which lie
at the base of the Wolfcamp series, on a surface of un-
conformity which cuts across Pennsylvanian and older
rocks.® : ' '

Further evidence that the rocks in this part of the
two wells are of Wolfcamp rather than of Leonard
(Bone Spring) age is afforded by the occurrence n

rocks in the Anderson and Prichard well, as reported -

by Rynicker, of the fusulinid genus Pseudoschwag-
erina. This is a characteristic fossil of the Wolfcamp
series. In the well, it occurs in black shale and dark
limestone identical with the Bone Spring beds above
and of a facies unlike that seen in rocks containing it
in the Sierra Diablo and other ranges to the west. In
those ranges it occurs in the gray thick-bedded Hueco
limestone, the local representative of the Wolfcamp
series. In the Updike well, the limestones for several
hundred feet above the conglomerate are gray and thus
more like the outcrops of the Hueco limestone, but no
diagnostic fossils have been reported from them.

LEONARD SERIES

BONE SPRING LIMESTONE

The Bone Spring limestone is the oldest formation
exposed in the Guadalupe and Delaware Mountains.
It forms a bench of varying height aleng the west-
facing escarpment of the mountains, which is fringed
on the west by alluvial deposits or outcrops of down-
faulted rocks. (For views of typical exposures see pl. 5;
for map relations, pl. 3.) The formation passes be-

4 King, P. B., Permian stratigraphy of trans-Pecos Texnz: Geol, Soc,
Ameriea Bull,, val. 45, pp. T16-717, 1934,

neath the surface in the southern Delaware Mountains,”
south of the aren described, but across the Salt Basin to
the southwest is extensively exposed and forms the up-
per three-fourths of the east-facing escarpment of the
Sierra Diablo.*

The formation was named by Blanchard and Davis,"
but it had previously been recognized by both Shu-
mard # and Girty * as the “basal black limestone” (mem-
ber 4 of Shumard’s section). - The type locality is in
the Jower course of Bone Canyon below Bone Spring,
on the west side of the Guadalupe Mountains 1 mile
northwest of E1 Capitan, where there are characteristic
exposures of several hundred feet of its upper beds.

The formation is several thousand feet thick, as
shown by the sections on plate 8. On the promontory
of the Delaware Mountains 18 miles south of El Capi-
tan, 1,500 feet of beds were measured (section 49y, and
at a point 2 miles north of Bone Spring 1,700 feet, (sec-
tion 7), but at neither place is the base exposed. In the

Sierra Diablo, measured sections show a combined thick-

ness for the Bone Spring and underlying Hueco of
about 3,000 feet (section 45). This agrees closely with
the 8,128 feet recorded in the Updike well near El
Capitan (section 47}, _

In the Delaware Mountains to the south, which in
Permian time were a part of the Delaware Basin, the
formation is evidently much thicker, for in the Ander-
son and Prichard well the combined thickhess of Bone
Spring and Hueco limestones, inchiding the beds ex-
posed above the top of the well, totals 4,540 feet (section
48). According to Adams,” in this part of the section
several faults may have been drilled through, as “chunks
of rocks showing slickensides were bailed from the
hole.” Judgment must be reserved as to whether the
possible faults have materially altered the amount of
thickness, but they should be kept in mind as a possible
source of error.

The Bone Spring is composed almost entirely of lime-
stone beds, as contrasted with the dominantly sandy
strata of the Delaware Mountain group which overlies
it (plate 7, 4). In the Delaware Mountains, and ex-
tending as far north as Bone Canyon, the exposed parts
of the formation are black, cherty limestone in thin
beds, with partings and a few members of shaly lime-
stone and siliceous shale. North of Bone Canyon in the
Guadalupe Mountains, the upper part of the black lime-
stone is replaced by a thick-bedded gray limestone, the
Victorio Peak gray member, which also forms the cap-
" wEKing, P, B, o, cit., pp. 751-755.

" Blanchard, W. G., and Davis, M. J., Permian stratigraphy and struc-
ture of parts of southeastern New Mexico and southwestern Texas : Am.
Assor. Petroleum Geologists Bull., wol. 13, p. 961, 1828, Originnlly
called Bane Springs limestone; the singular form 1s used here to agree
with the geographic term. .

@ ghumard, G. G,, Observations on the geological formationa of the
country between the Rio Pecos and Rio Grande, in New Mexico: St.
Louis Acad, Sci. Trans., vol. 1, p. 281, 1B5B [1BG(].

# Girty, G. H., The Guadalupian fauna: U. B. Geol. Survey Fref.

Poper 58, p. 7, 1908.
80 Adams, J. E., letrer of May 1939.
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ping stratum of the Sierra Diablo. Between the main
mass of limestones and the sandstones of the Dela-
ware Mountain group is a small thickness of inter-
bedded limestone and shale, which forms the Cutoff
shaly member and its probable equivalents.

SEQUENCE IN THE SOUTH
’ OTTCROP .

South of Bone Canyon, the black limestones of the
Bone Spring crop out in a bench along the west bose
of the mountains, forming rounded slopes of a darker
color than those carved from. the sandstones above.
Near United States Highway No. 62 the bench is dis-
continttous and low, but it rises to the north and south.
At the top of the bench in the Delaware Mountains
south of the area studied, two cliff-making members of
black limestone form steep walls, in places unscalable.

Outcrops of the Bone Spring limestone in the south
part of the area are shown on the geologic map, plate
3. A part of the outerop can be seen i the panorama,
plate 5, A, fringing the base of the escarpment below
El Capitan and Pine Top Mountain, Stratigraphic
sections south of Bone C[s)myon appear on the right
halves of plates 6 (numbers 15-44) and 8 (numbers 48
and 49). The two cliffs referred to form the 460-foot
interval in the upper part of the formation in section 49.

BLACK LIMESTONES AND ASBOCIATED BOCKS -

In the southern part of the area studied no more
than the topmost 500 feet of blaclk limestones is ex-
posed, although more beds come to the surface farther
south. These topmost beds are fine-textured, dense,
blacl limestones, in beds a few inches to a foot or more
thick. They are in part straight-bedded and in part

have lumpy or undulatory bedding surfaces. Black,
brown-weathering chert occurs in some of the beds as
long, knobby lenses, nodules, and flat sheets. Chert 1s
also common in the Anderson and Prichard well
for more than 1,000 feet below the surface,™ suggesting
that most of it is original with the deposit. The black
limestones are nearly barren of fossils. The known
fauna has been collected from discontinuous lenses, gen-
erally more granular than the inclosing rock. Am-
monoids in some of the lenses not far north of United
States Highway No. 62 are filled with free oil, which
spills over the rocks when the ammonoids are broken.

‘The black limestone in. most exposures shows no
stratification between the bedding planes, but in some
exposures it is marked by finer laminations. Lime-
stones marked by closely spaced, light and dark laminae
similar to varves are corimon lower down in the forma-
tion (pl. 10, 4) ; they have been observed on the prom-
ontory of the Delaware Mountains 18 miles south of El
Capitan, in the Sierra Diablo, and in the cores from .
the Updike well. Some of the limestone beds are separ-
ated by partings of shaly black limestone. The strata
for several hundred feet beneath the two cliff-making
members south of the arvea studied consist of brown,
platy siliceous shale and shaly limestone.

The following analyses of black limestone from the
Bone Spring limestone were made. These and subse-

«quent analyses of carbonate rocks in this report were

determined by methods described by Hillebrand.** The
only modification was that insoluble residues were
caught on Jena glass filtering crucibles, and the organic
insoluble determined by the Robinson % method.

7 Analyses, in percenl, of black limestone from the Bone Spring limestone

[Analyses by K. I, Murata; notes on insoluble residues by Charles Milton]

Insoluhble O
: :Us
Specimen locality {mostly | CaCQy | MgCQ; | MnCOy [Cag{P0y}s| Total
Inorganie| Organic Fe;0s)
1. Near top of black limestone, 3 miles south-south-
east of El Capitan_ . __________.._ .. .. R 6.11 0. 33 0.20 | 9119 1. 76 None 0. 06 99, 74
2. Several hundred feet below top of black lime-
stone, at narrows of Bone Canyon below Lone
D e 4, 34 . 86 .23 | 9152 3.36 | None . 06 99. 87
3. Middle part of Bone Spring limestone, 3 miles
north of Vietorio Peak, Bierra Diablo; lami-
nated limestone, a thin seetion of whiech is illus- | -~ -
tratedon pl. 10, A________._. e 23. 65 .73 .37 1 7200 2,8 | None| .13 99. T4

Insoluble residues: 1, Dark brownizsh and carbenaceous, consisting of clay with finely divided quartz particles; 2,_similar to No

1; 3, light brown and of fine-grained particles.

At several places, layers as much as 10 feet thick of
platy, fine-grained, caleareous sandstone are inter-
bedded with the black limestones. Two specimens of
the sandstone, one from a point 214 miles south-south-
east of El Capitan and the other from the mouth of
Black Canyon farther south, were studied under the
microscope by Ward Smith. Tle grains have a’ max-

imum diameter of 0.2 millimeter and lie in a calcite
matrix. They consist chiefly of quartz, with some miero-
cline and plagioclase, and a small but noteworthy

s Littlefeld, dax, Personal communication, 1036, |

52 Hillebrand, W. F., The analysis of silicate and carbonate rocks:
©. 8. Geol. Survey Bull. 700, pp. 253264, 1919,

52 Robinson, W. 0., U, 8. Dept. Agr., Jour. Agr. Research, vol. 84,
p. 330, 1927,
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amount of zircon, tourmaline, and apatite. These are
the more stable minerals of igneous and metamorphic
rocks.

A mile south of Bone Canyon, several thin conglom-
erate layers containing black limestone pebbles are
interbedded in the black linestone (sec. 17, pl. 13). One
of these beds loeally attains a thickmess of 4 feet and
contains boulders several feet across of light-gray, fos-
siliferons limestone similar to that of the Victorio Peak
gray member as developed a few miles to the north.
Apparently some erosion of this contemporaneous,
licht-gray limestone was taking place at the time the
black limestones were being deposited.

Near Bone Spring, the upper part of the black lime-
stone contains lenticular masses of poorly bedded, gray,
granular limestone as much as 50 feet thick (secs. 15a
and 16a, pl. 18). One such mass exposed on the escarp-
ment face not far south of the mouth of Bone Canyon
seems to lie in a channel in the underlying black lime-
stone. Other masses have a moundlike upper surface,
against which the suceeeding beds overlap. They con-
tain the heads of massive bryozoans, and also numerous
productids and other brachiopods like those in the Vie-
torio Peak gray member nearby. At least some of these
lenticular masses were small reef deposits.

BTRUCTURAL FEATUREE IN THE BLACK LIMEETONE

The black limestones ave thinly and evenly bedded.
In the vicinity of Bone Canyon and farther south, how-
ever, most of the exposures when viewed as a mass show
a great irregularity of stratification, so much so that
at nearby points the dip is quite different in direction
and amount. This irregularity results from two types
of structural features, described below.

The first type is found in the vicinity of Bone Can-
yon. Iere, the black limestone is divided into numer-
ous wedge-shaped and basin-shaped masses as much as
100 feet thick. The strata within each mass are par-
allel but the masses themselves are separated by sloping
planes of contact from other masses of similar litho-
logic character in which the strata ave differently m-
¢lined.™ In some places, gently dipping strata overlie
more steeply tilted strata, and in other places the over-
lying strata have the steeper dips. The upper beds are
generally parallel to the plane of contact beneath, and
the lower beds ave cleanly truncated. None of the lime-
stones near the planes of contact is contorted, and none
contains any breceia or conglomerate; the overlying
limestones rest directly on the underlying. At one or
two places, however, the smoothness of the contact is

s [First described by Baker, C. L., Contributions to the stratigraphy
of eastern New Mexice: Am. Jour. Sei., 4th ser., vol. 49, pp. 112117,
1020, TLater described by Darton. ¥. H., and Reeside, J. B, Jr., Guada-
lupe group: Geol, Spe, America Bull, vol. 37, p. 423 and pl. 14, 1926;
Lloyd, E. R., Capitan limestone and asgociated formotions: Am. Assoe.
Petroleumn Geclogists Bull., vol, 13, p. £id7, 1820 Blanchard, W. G,
and Davis, M. J., Permian stratigraphy nod structure of parts of south-

enstern Kew Mexico and southwestern Texns: Am, Assoc. Petroleum
Geologists Bull, vol. 13, p. 962, 1929 ; and others.

broken by small pockets in the underlying beds, which
are filled by limestone like that above and below.

A typical exposure of such features is shown in plate
11, 4, in which a pocket like that noted above can be
seen on one of ihe surfaces. The features are shown
also on the sections accompanying plate 9, especially
in the enlarged sketch on the left, and in figures -1 and
B, accompanying plate 13. The area in which they
oceur is shown on plate 7, 4.

These features are strikingly exposed in Bone Can-
yon, and in Shumard Canyon,” the next valley to the
north. They are found also for somewhat more than
a mile south of Bone Canyon, but are absent beyond.
They are absent also north of Shumard Canyon, where
the bedding planes in the black limestone are straight
and parallel,

In Shumard Canyon, the lower part of the overlying
thicker-bedded Victorio Peak gray member contains &
few similar structural features, but the angle of diver-
gence between the overlying and the truncated beds is
less than that in the beds beneath. In this canyon, the
Victorio Peak itself is truncated and overlain by basin-
shaped remnants of the Cutoff shaly member (sec. 0-€",
pl. 9).

The second type of structural feature, a remarkable
contortion of the black limestone beds, is known only
in the area south of El Capitan, where it can be seen
in the upper layers of the black limestone, the oldest
beds exposed in the district. These features have not
been described in previous publications, although they
may have been seen by geologists, and confused with
the features of the other type near Bone Canyon.
A typical exposure of this second type of feature is
shown in plate 11, 2, and the area in which they occur
on plate 7, 4.

In many places the canyons that drain across the
black limestone bench cut through steep to overturned
or recumbent folds, involving 10 to 20 feet of beds.
Accompanying the folds are small thrust faults. In
places the contorted rocks pass into masses of sheared,
wrinkled, and rolled lenses of limestone. The general
trend of the folds and thrusts is between east-north-
gast and west-northwest, but the direction of overturn-
ing is either northward or southward. Numerous fur-
rows and slickensides of the same trend as the folds
oroove the bedding planes, both in the contorted rocks
and in rocks not otherwise conspicuously disturbed.

Wherever they are exposed the strata beneath any
set of contorted beds are little disturbed. Many of the
contorted beds are truncated, apd overlain by gently
dipping strata. Whether the upper strata lie uncon-
formably on the lower or have been thrust over them
cannot be determined with certainty. The contortion

© Name used in this report for the large, hitberte unnamed canyon
Iring between Bone and Shirttail Canyons on the west side of the’
Guadalupe Mountains. The eanyon and Shumard Penk, on whose slopes

{t hends, are named in honor of Dr. G. 3. Bhumard, the first geclogist
to visit the region.
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has not moedified the broader features of the strata, for
toward the south the contorted beds stand in cliff-malk-
ing members that can be traced continuously for long
distances.

Both sets of structural features are relatively an-
cient, for the tilted beds, planes of contact, and thrusts
are in many places cut cleanly through by vertical joints
of probable Tertiary age, some of which are shown on
plate 11, B. The features near Bone Canyon were in-
terpreted by Baker* as thrust slices. Darton and
Reeside ¥ and later geologists, however, have regarded
the truncated surfaces in this neighborhood as local
unconformities, and the whole feature as a sort of gi-
gantic cross-bedding ** formed during the time of de-
position. This latter interpretation seems best to fit
the facts, as the basinlike form of some of the masses
and the pockets along some of the planes of contact
more closely resemble sedimentary than tectonic fea-
tures, Further, similar truncated surfaces higher up,
which separate the Victorio Peak from the Cutoff mem-
ber, seem clearly to be local unconformities. Such nn-
conformities do not necessarily mean emergence of the
sea bottom; they may have been caused by submarine
currents,

The features fartler south are certainly the result of’

some sort of deformation, but I am inclined to believe
that they also were formed during or shortly after the
time of Bone Spring deposition. The intensity of the
contortion and the small thickness of the beds involved
suggests that they were deformed under a relatively
thin overburden, and that the beds retained a certain
plasticity at the time of deformation. They must have
been sufficiently consolidated, Lowever, to have been
grooved and slickensided. The deformation might
have been caused by a sliding of one part of the newly
deposited beds over another, ¢ausing the beds between
to crumple.® Some of the flat-lying beds that truncate
contorted beds may have slid in this manner. (See
p. 27.)
CT7TOFE SHALY MEMBER

South of El Capitan, the black limestone bench is
separated from the first sandstone ledges of the Brushy
Canyon formation above by a slope 50 to 150 feet high,
- carved from shales, sandstones, and thin limestones, of
which a typical exposure is shown on plate 14, B.
These beds are classed as an upper member of the Bone
Spring limestone, and tentatively correlated with the
Cutoff shaly member of the Bone Spring, which is found
in the porthern part of the area studied. Near El
Capitan, however, the beds thin out and disappear. so

s taker, C. L., op. cit., p. 113,

5 Durton, N, H.. and Reeside, J. B., Ir., op. cit., p. 423,

s Llord, B. R., op. cit., p. 657.

% Twenhofel, W. H., Treatize on sedimentation,2d ed., pp, T39—741
(subaqueous gliding), Baltimore, 1232. Jones, 0. T, On the slidlng or

" slumping of submarine sediments in Denbighshire. north Wales, during

the Ludlow period; Geol, Soe, London, Quart, Jour., vol, 43, pp. 241-
283, 1937. .

that the actual connection to the north cannot be traced.
The Cutoff member of the southern ares is well exposed
in Brushy Canyon, not far south of United States High-
way No, 62 (sec. 36, pl. 6). _

The member consists of black, platy, siliceous shale
and shaly sandstone, with o few intercalated sandstone
beds in the upper part, and many thin beds of compact
gray or black [imestone. At some localities, the various
constituents are very irregularly interbedded. In
Brushy Canyon, one of the limestone beds develops
locally into a mass 15 feet thick and contains abundant
brachiopods, mollusks, and other fossils. The thinner
limestones contain little else than fusulinids, and many
are unfossiliferous. In some exposures, the shales con-
tain large, spherical, cannon-ball concretions of
limestone. ' :

In the lower 25 feet of the member, and resting in
places directly on the black limestones beneath, are
lenticular beds of conglomerate a few feet thick, com-
posed of round black limestone pebbles set in a
calcareous ‘matrix. The upper surface of the black
limestones is not channeled, however, and the limestones
interbedded in the shales above the contact are identical
in appearance with those below. The top of the mem-
ber is drawn at the base of the lowest prominent sand-
stone ledge of the Brushy Canyon formation, but this is
not a definite boundary, as some similar sandstone is

interbedded in the shales below, and shales and platy

sandstones are interbedded in the thicker sandstones

above,
SEQUENCE IN THE NORTH

" OUTCROP

Near Bone Canyon the bench of Bone Spring lime-
stone rises to a greater height than farther south.

To the north it stands in an imposing line of cliffs that -

rise 1,000 feet or more above the foothill ridges of
downfaunlted rocks that flank it on the west. About 4
miles north of Bone Canyon, these downfarlted rocks
rise so high that they conceal the Bone Spring beds on
the main escarpment. Toward the northwest, however,
in the lower ridges near Cutoff Mountain, the formation
reappears in piaces. It and the overlving rocks are
much faulted, and some of its limestones form dip slopes
that are inclined steeply westward toward the Salt
Basin. :

Outcrops of the Bone Spring limestone in the north-
ern part of the area are shown on the géologic maps,
plates 3 and 9. The whole outerop in the northern part
of the area also can be seen on the panorams, plate 5,
B. The part of the outerop on the main escarpment
extends from below El Capitan to the right, northward
past points 5738 and 6402 to below the Blue Ridge on
the left, where it comes to an end. The outcrops near
Cutofl Mountain appear farther to the left, and form
the cuestas below point 5443 and elsewhere. Strati-
graphic sections of the formation north of Bone Can-
yon are shown on the left half of plate 6, numbers 1
to 14. '

o
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VICTORIO PEAK GRAY MEMBER

The black limestones are exposed for only a few miles
north’ of Bone Canyon and pass from view beyond.
Most of the exposed part of the formation in this dis-

trict belongs to the Victorio Peak gray member, a suc-.

cossion of thick-bedded, gray limestones 800 feet thick,
which are the northward equivalent of the upper part
of the black limestones.

The member is named for Victorio Peak,’® a high
point on the Sierra Diablo escarpment southwest of
the Guadalupe Mountains. A correlation of the rocks
assigned to the member in the two areas seems assured,
because in addition to a similarity of the faunas, the
member at the northwest end of the Sierra Diablo is
divisible into three parts that are identical with its
three divisions in the Guadalupe Mountains. (Com-
pare secs. 46 and 7, pl. 8.) Here, as in the Guadalupe
Mountains, it rests on black limestone and is overlain
by the Cutoff shaly member.

On the high ridge between Shumard and Shirttail
Canyons,” about o mile north of Bone Spring, two
well-marked divisions in the member are recognized.

(See sec. 10, pl. 6; for structure of the ridge, see sec.
B-B’,pl.9.)

The lower division, resting with gradational contact
on the black limestone, consists of 350 feet of gray-
brown, fine-grained, dolomitic limestone in beds several
feet thick. In Shumard Canyon, many layers of thin-
bedded, hackly limestone are interbedded. Iere ero- -
sion Las carved the limestone of the division into pic-
turesque, serrated walls and pinnacles, which are shown
in the lower left-hand part of plate 12, B. The division
commonly contains widely spaced, large, subspherical
chert nodules, and in many beds fragmental remains
of fossils, In Shirttail Canyon, several layers of light-
brown, fine-grained sandstone are interbedded in the
Jower part,

The upper division of the Victorio Peak member on
the ridge between Shumard and Shirttail Canyons is
a light-gray, nondolomitic, noncherty, thick-hedded
caleitic limestone 160 feet thick, which contains various
productids and other brachiopods.

The following analyses of limestones from the Vic-
torio Peak gray member were made:

Analyses, in percent, of limestones from the Viclorio Peak member

[Analyses by K. J. Murats; notes on insoluble residues by Charles Milton]

Insolible
R.0,
Specimen locality (mo?)tl)y CaC0; | MgCO; | MnCO;s Caz (PO, Total
In- 1 Feg 3,
organie Organic )
1. Lower division, first ridge south of Shumard
Canyon, ot @Qbranee - oo oooooomo oo mmoo 2. 64 0. 24 0. 25 55.54 | 4L 25 0,07 0.10 100. 09
- 2. Upper division, Shumard Canyon 1; mile north-
northeast of Bone Spring._ oo o---- S 74 .33 .25 | 9750 . 69 .02 . 10 99, 63
3. Upper division, 1 mile northwest of Bush Moun- {
BRI o o e cmm e mm e m e mm .92 .04 .20 98 20 . 60 None .10 100. 06

Insoluble residues: 1, Dark brownish, ecarbonaceous, consisting of clay and finely divided guartz, some of which is perhaps

authigenie; 2, dark brown, carbonaceous, with large garnet particles, some of which are well-rounded, and ‘also red tourmaline, quartz,
and chalcedony; 3, brown, with quartz, chaleedony, microcline, and coarse garnet. ’

The two divisions of the Victorio Peak gray member
disappear south of Shumard Canyon. The lower divi-
sion extends as far as a ravine between Shumard and
Bone Canyons, where it intergrades abruptly with black
limestone, as shown in figure 4, plate 13. The npper
division is cut off southward by pre-Brushy Canyon
(Delaware Mountain) erosion. In the mnorthern
braiches of Shumard Canyon its beds are truncated
by a smooth surface, sloping 157 southeast, against
which the sandstones of the Brushy Canyon formation

© King, T'. B., and King, R. E,, Stratigraphy of outcropping Carbon-
iferous and Permian rocks of trans-Fecos Texas: Am. Asgoc. Petroleum
Geologists Bull,, vol. 13, p. 922, 192%. In the Guadalupe Mountaius, the
name supersedes the term ‘‘gray limestone member” of Darton and
Reeside (op. cit., p. 421), which has been used for it in many geologic
reports,

61 gecording to Mr. A, 7T, Williams, Shirttail Canyon was s¢ named
because about 1918 a party of fugitives made the canyon their hiding
place and tied a shirt to a bush near jts entrance ag o signonl to their
confederates.

overlap (sec. B-B’, pl. 9). In the southern branches
the upper division extends as a rapidly thinning wedge,
which is Jocally overlain by basin-shaped remnants of
the Cutoff shaly member.

The black limestone exposed in Bone Canyon is of
tlie same age as the lower division of the Victorio Peak
member a little to the north, and the lenticular masses
of gray, granular limestone which it conlains are con-
sidered as outliers of the Victorio Peak deposits. No
equivalent of the upper division is present here. Crude
tracing of the ledges suggests, however, that black lime-
stone beds younger than any in Bone Canyon coms
in beneath the Brushy Canyon formation to the south,
as indicated dizgrammatically on plate 7, 4. They are
probably equivalent to the upper division of the Vie-
torie Peak member to the north
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North of Shirttail Canyon, the lower division of the
Victorio Peak member, which is not widely exposed, is
separated from the upper division by a middle division
100 feet thick of slope-making, thin-bedded, Light-gray
or white limestone, with much buff, fine-grained, cal-
careous sandstone interbedded. (Shown on secs. 5 and
7, pl. 6.) The upper division is caleitic, light gray,
noncherty, and thick-bedded. (See chemical analysis
No.3,above.) Tts upper layers contain numerous poorly
presérved fusulinids and productid shells,

CUTOFF SHALY MEMBER IN BIIUMARD CANYON

In the southern branches of Shumard Canyon, rest-
ing unconforably on both the lower and upper divi-
sions of the Vicrorio Peak member, and overlain uncon-
formably by the Brushy Canyon formation, are small
remmants of poorly fossiliferous beds which are prob-
ably equivalent to the Cutoff member to the north,

Two divisions are present, separated by an uncon-
formity. The older one, composed of thin-bedded,
black, cherty limestone, is exposed at only one place,
near the head of the south fork of the canyon, It lies
in a steep-sided basin carved in the Victorio Penk lime-
stone, which it fills to a thickness of 50 feef. The
younger division crops out somewhat more widely in
the branches of the canyon, and consists of thin-bedded
black limestone, weathering to ashen-gray, hackly frag-
ments, interbedded with platy siliceous shale. They
closely resemble the limestones and shales of the Cutoff
member as developed farther north, The younger divi-
sion is well exposed on the ridge south of the mouth of
Shumard Canyon, where it reaches o thickness of §0
feet.5?

The outcrops of the two divisions of the Cutoff shaly
nember in Shumard Canyon are shown on the geologic
map, plate 9, and their structure on the accompanying
section €. The basin-shaped remnant of the lower
division stands out prominently on the nearest ridge in
the center of the panorama, plate 12, 2. The lower (ivi-

ston is included in section 12@, and the upper in section
13« of plate 6.

CUTOFF SHALY MEMBER IN NORTH PART OF AREA

In the northern part of the area studied, the Victorio
Peak gray member is overlain, apparently conformably,
by 230 feet of shales and limestones which crop out on
slopes above the limestone cliffs, They form the Cutoff
member, which is named for exposures on the west slope
of Cutoff Mountain about 1,000 feet below its summit
(sec. 1, pl. 6).52

The member consists of thin-bedded, dense limestone
of black, buff, or gray color, weathering to dove-gray

® This exposure wos frst noted by E. R. Llozd, op. eit., p. 657,

® This member SEems ot to have been recognized a8 0 separate entity
In previous Teports. Blanchard and Davig {op. cit., pp. 868-370) have
described some of itg eXpasures in their measured sectipns a short dis-

tance north of the Texas New Mexieo line, They refer tp it s the “top,
gray, hackly member” of the Bone Spring limestone,

UUADALUPE MOUNTAINS, TEXAS

or ashen, hackly, conchoidal fragments. Some of the
lower beds contain irregular masses of black chert. In
the upper part, much platy black siliceous shale, brown
sandy shale, and soft sandstone is interbedded. The
member containg few fossils; some pelecypod imprints
were seen in the upper part west of Cutoff Mountain.
About half a mile north of Shirttail Canyon, the
southeastward extending outcrop of the Cutoff member
comes to anend. At this place an erosion surface slopes
southward across the truncated edges of the Cutoff beds,
with sandstones of the Brushy Canyon formation over-
lapping northward against it, as shown diagrammati-
cally on plate 7, 4. To the south, the Brushy Canyon
beds rest directly on the Victorio Peak member. -
Correlation of the typical Cutoff shaly member of
the north part of the area with the shales and lime-
stones at the top of the Bone Spring limestone farther
south is tentative because only the beds to the south con-
tain fossils in any abundance. The rocks of the dif-
ferent areas are similar lithologically, however, and all
are included in the Cutoff shaly member in this report.

STRATIGRAPHIC RELATIONS
BHONE SPRING FLEXURE

A study of the region south of El Capitan reveals no
unusual features near the Bone Spring-Brushy Can-
Yon contact. The black limestones, which project as a
low bench at the base of the mountains, are overlain
without apparent break by the interbedded shales, lime-
stones, and sandstones of the Cutoff member, They
are followed in turn by the sandstone ledges of the
Brushy Canyon formation of the Delaware Mountain
group. as in section 36, plate 6. A view to the north
along'the western side of the mountains, however, shows
that the limestone bench rises to a much greater height
In this direction, without a similar rise in the overly-
ing sandstone ledges (as shown in pl. 5, 4).

At the Bone Spring-Brushy Canyon contact in Bone
Canyon a few miles to the north, in the area of higher-
standing limestone, the Cutoff member is not found.
Instead, the upper surface of the bluck limestone is
channeled and is overlain by coarse conglomerate,
which contains fragments derived from the lime-
stone.” Desides these fragments the conglomerate con-
tains cobbles and boulders of gray limestone unlike any
rock exposed here or to the south. The conglomerute
grades upward into typical sandstones of the Brushy
Canyon formation, as shown in section 15, plate 13.

A view of the relations farther north can be had
from the crest of the succeeding ridge (pl. 12, B).
Looking down into Shumard Canyon, the next large
drainage beyond Bone Canyon, one can see the contact

H First described by Boker (Baker, €. L., Cortributtons to the strati-
graphy of eastern New Xexicg : Am. Jour, Sei., 4th ser., vol. 49, p. 114,
10203 and later by Darton and Reesidas (Darton, N. H., and Reeside,
J. B, Jr., Guadalupe group : Geol, Sor, Amerien Bull,, vol. 37, pp. 421—
423, 1028} and others.
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of the limestone and sandstone on the walls of the
tributary gorges; it rises from a position beneath the
observer to one several hundred feet above him on the
farther wall. On the farther wall the black limestones
are overlain by gray limestones which stand in a high
projecting bench. These gray himestones constitute the
Victorio Peak member and are the source of the boulders
to tlhe soutl.®

Brown sandstone ledges of the succeeding Brushy
Canvon formation can be traced along the slope.::, above
{he limestone, rising less steeply northward than the
limestone-sandstone contact. One group of them in
middle distance, in the north fork of Shumard Canyon,
is seen to overlap abruptly against the sloping surface.

Near the point-where the sandstones overlap, one can
find innumerable ripple marks on their bedding sur-
faces, snggesting that the sandstones were laid down
near a shore. The shore itself, the sloping surface of
the gray limestones, is a smooth face, cut across the
edees of gently tilted beds. The sandstones contiin
no embedded detritus derived from the shore as they
de at Bone Canyon to the south. Perhaps this area
stood higher on the sea bottom so that the detritus was
swept away, and deposited lower down the slope, as at
Bone Canvon.

North of It]l Capitan the Bone Spring limestone is
thus flexed into a position much higher than to the
south. On the north side of Shumard Canyon the lime-
stone stands 2,000 feet higher than it does south of El
Capitan, and 1,000 feet higher than it does in Bone
Canvon nemby. This vplift is only mildly sharved by
the overlying sandstones, and seems to have been largely
completed before they were laid down. The upraised
limestones were being eroded in early Delaware Moun-
tain time, and the Brushy Canyon formation of that
grou]p overlaps their sloping surface. The overlap is so
great that 1,000 feet of beds, the entire Brushy Canyon
formation, is cut ont between Bone Canyon aid a point
2 miles to the north. The fold produced by this pre-
Delaware Mountain uplift is known as the Bone Spring
flexure, '

The feature was named by Blanchard and Davis,®
who called it the Bone Springs arch. Tt wounld seem
from their paper that they considered the feature to
be anticlinal, and to have a similar, opposing flank to
the north. This view was contested at the time by De
Ford.™ My work has failed to disclose a north fiank
to the feature and the term flexure is therefore used in-
stead of arch.

A good general view of the flexure can be seen in the

panorama, plate 5, B, which shows the Bone Spring
limestone rising from a low position below Tl Capitan

® As first pointed out by Darton nnd Reeside (ideml.

% Blanchard, W. G,, and Daris, N J,, Permian stratigraphy and strue-
ture of parts of southenstern New Mexicoe and southwestern Texas:
Am. Assoc. Petroleum Geologists Bull, vol. 18, p. 904, 1029,

 De Ford. R. K., dicenssion, Am, Assoc. Petroleum Geplogists Buli.,
vol, 13, p. 1031, 1829,

" 1n section 15, plate 13.
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to a high poesition below Shumard Pealk, beyond which
the beds flatten out northward. The structure of the
beds shown in this view is given in section A-K", plate
17. A closer view of the exposures in Shumard Canyon
is shown on plate 12, B. The relations of the over-
Iving and underlying beds to the flexure is shown on
the map and sections of plate 9, and structure contours
on the upraised surface of the Bone Spring limestone
on the inset of figure 6.

SO0ME DETAILS NEAR BOWNE CANYON

The broader stratigraphic relations of the DBone
Spring limestone and Delaware Mountain group are
clear, but near Bone and Shumard Canyons local com-
plexities tend to obscure them and deserve further ex-
planation,

The peculiar, cross-bedded structure of the black
Hmestones, and the basing cut into the Vietorio Peak
gray member and filled by the Cutoff shaly member
have already been described. To produce them, uplift
and erosion must have taken place on the flexure before
Bone Spring time came to an end. The conglomerates
interbedded in the black limestone south of Bone Can-
von, which are similar to those in the overlying Brushy
Canyon formation, lend support to this idea, for they
contain fragments not only of black, but also of gray
limestone, and thus weve not derived entirely from the
break-up of the beds next beneath them. Along the
unconformity below the Cutoff member, the Vietorio
Peak member is deeply ervoded, and the break seems
more important than those in the black limestones be-
low. In places along Shumard Canyon, this uncon-
formity is move prominently exposed than that between
the Cutoff and the standstones above. This instance is
local, however, and the general relations indicate that
the younger unconformity is the major one.

The apparent trend of the Bone Spring flexure is
east and west, at right angles to the northward trending
outcrops, for most of the observable uplift and overlap
take place in a northward directiown, along the outerop.
Closer scrutiny of the rather narrow belt of outcrop,
however, indicates that the actual trend of the flexure
is north-northeast. The limestones on each west-pro-
jecting ridge rise higher than they do in the leads
of the canyous to the east (inset, fig. 6), and a westward
overlap of the overlying sandstones and conglomerates
can be observed on the walls of Bone and other canyons
(pl. 18, fie. B).

Orverlying the conglomerates near Bone Spring is a
bed of gray-brown, dolomitic limestone which closely
resembles tlie limestones of the lower division of the
Victorio Pealk member, which lies at about the same
altitude to the north. This forms the 28-foot interval
It might be mistaken for a
tongue of the lower division projecting into and inter-
erading with the sandstones of the Brushy Canyon
formation were it not that on the south side of the
next ravine north of Bone Canyon it can be found over-



lapping the similar, older, gray-brown limestones (as
shown at point 14b, pl. 9, and on fig. 4, pl. 13) with
the unconformable contact clearly exposed. Moreover,
beneath the limestone bed in Bone Canyon, the con-
glomerate contains fragments of the upper division of
the Victorio Peak member as well as of the lower divi-
ston, thus proving that the bed is much younger than
the lower division. .

Lloyd ® considers that “the lovwer part of the sand-
stone series [ Brushy Canyon] merges laterally with the
gray limestone [Victorio Pealt] just as the upper part
- merges into the lower part of the Capitan,” His
interpretation is based chiefly on the apparent relations
of the limestone bed here referred to. This interpreta-
tion is not accepted in this report.

RELATIONS NORTH AND SOUTE OF FLEXURE

South of the Bone Spring flexure there appears to
be a continuous, gradational sequence from the black
limestones of the Bone Spring, through the shales of the
Cutoff member, into the sandstones of the Brushy Can-
yon formation. Deposition probably was nearly con-
tinuous from one formation to the other in this region.
The gray limestones of the Victorio Peak member are
not present between the black limestones and the Cut-
off member, but they are not believed to be missing on
account of erosion; instead, during Victorio Peak time,
black limestone was probably being deposited south of
the flexure while the gray limestone was being de-
posited north of it.

North of the flexure, the unconformity between the
Bone Spring limestone and the Delaware Mountain
group is not evident, and the strata of the two units

lie parallel. The beds next beneath the contact be-

long to the Cutoff shaly member of the Bone Spring,
and those next above the contact to the sundstone
tongue of the Cherry Canyon formation. Near the
north edge of the flexure, however, the Cutoff member
below has been eroded away. Also, on the flexure, a
great thickness of beds older than the sandstone tongue
wedge in below the Cherry Canyon formation, and con-
stitute the Brushy Canyon formation (pl. 7, A). The
absence of the latter north of the flexure indicates that
4 great, but nonevident bregk separates the DBone
Spring limestone and Delaware Mountain aroup in that
region.-
FOSSILS

Invertebrate fossils occur in various degrees of abun.

dance in all the members of the Boue Spring limestone,
Iu general, the faunas of all the members are similar,
but there are some differences which appear to be re-
lated to differences in lithologic facies of the enclos-
ing rocks. Considered as a whole, the fauna is closely
related to that in the overlylng Guadalupe series, al-

®Lloyd, B. R, Capitan limestone and assaciated formations @ Am,
Assoc. Petroleum Geologists Bull., vol. 13, pp. 850657, 1929,
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though of slightly more primitive character. It has
few resemblances to that of the underlying Hueco, and
still fewer resemblances to that of the Pennsylvanian
beneath the Hueco. '

Some of the fossils from the. black limestone beds of
the formation were described by Girty * in 1908, and
the general aspect of the fauna of the Victorio Peak -
member was reviewed by him in 1926 Some bra-
chiopods from the formation in the Delaware Moun-
tains and the Sierra Diablo were described by King™
in 1931, The present investigation has furnished much
additional information on the fauna, which is sum-
marized below, : .

In this and succeeding discussions of the fossils of
the Guadalupe Mountains section, information on the
fusulinids is based on the work of Dunbar and Skinner,™
and that on the cephalopods on the work of Miller and
Furnish.™ These studies, which to a great extent were
based on collections made during the present survey,
have already been published. Information on the
other groups of fossils, particularly on the brachiopods,
gastropods, and pelecypods, is based on the wark of the
late G. H. Girty, who was able to complete in manu-
script a rather long summary of the collections shortly
before his death in 1939, This summary, quoted in this
report, is of particular value because it links the pale-
ontologieal and stratigraphic ideas of his earlier worl,
in 1908, with the ideas obtained by other geologists
from more detailed subsequent field work and collecting.
Throughout his summary, Girty makes frequent com-
parisons between the faunas as he knew and deseribed
them in 1908 and faunas as they are revealed by the
present larger collections.

Because of the fact that this report is primarily a
description of the physical stratigraphy of the-southern
Guadalupe Mountains, because of the large size of the
available collections, and because of the preliminary
nature of the ideas on many of the fossil groups, it does
not seem desirable at this place to include the customary
fossil lists. Instead, in the summary written by Dr.
Girty, the important features of each fauna are dis-
cussed, and only incidental reference is made to specific
localities. A similar plan is followed in summarizing
the results of Dunbar and Skinner and of Miller and
Furnish, although the actual localities of their collec-
tions have been given in their publications. Although
this meihod of presentation has some disadvantages, it
is believed to have advantages for immediate purposes

. Girty, G. H.', rThe Guadalupian faonn; U. S. Geol. Survey Prof.
Paper 38, p. 22, 1608,

“ Quoterd by Darton, ¥, IL., and Reeside, J. B., Jr., Guadalupe group :
Geol, Soc. Americn Buli., vol. 37, pp. 421-423, 1024.

™ King, R. E., The geologr of the Glass Mountains, part 2: Texas
Univ. Bull. 3042, p. 11, 1921,

2 Dunbar, C. 0., aod Skinner, I W., Permian Iusulinidae of Taxas:
Texas Tniv. Bull, 3701, pp. 592-596, 726-731, 1037,

= Miller, A. .. and Furnish, W. M., Permian ammonolds of the

Guadalupe Mountain reglon and adjacent arena: Geol. Soc. America
Special Paper 24, pp. 9-12, 1940, :
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that outweigh the disadvantages, It is hoped that stra-
tigraphers and paleontologists will find use for the
aterial as it is given.

Although the summary by Dr. Girty quoted Lerein
«cas completed shortly before his death, he was unable
to edit the manuscript in the manner he had contem-
p]ated; in its original state it was essentially a rough
draft. Inorder to prepare it for publication, therefore,
it was edited by P. B. King and J. 5. Williams, King
condensed and rearranged certain parts, so that as here
given they are not exactly as written by Girty, although
the original meaning and style are retained. Williams
reviewed the terminology of the genera and species,
which were not everywhere consistent in the several

‘parts of the manuscript. Where discrepancies were

found an attempt was made to determmine the usage
actually preferred by Girty at the time of writing.
Most of his preferences could be determined from state-
ments in the manuseript itself, but supplementary evi-
dence was ohtained by examination of other notes and
manuseripts written by Girty that were avallable to
Williams. -

Throughout the sununary by Girty, the generic as-
signments given by him ‘are retained, and no attempt
has been made to incorporate generic changes that have
appeared since Girty's death in 1939, In connection
with the generic terminology as used, Girty comments
as follows on that of the brachiopods.

I am using the generic naie Producius in the broad sense and
as trpified s it has been for a century by P. semlireticulatus
Martin, In my opinion, the subdivisions of Productus to which
distinctive names have been applied, such as Pustule, Cancri-
rella, and so oo up to 50 or more, are not of generic rank, as
genera are recognized in other types of brachiopoeds. I am
employing some of these names as subgeners, but I do net know
that I have employed them consistently or shall continue to
aply them at all, XN cospirifer seems even less nseful as a sub-
genus of Spirifer.

The generic names used for the fusulinids ave those
emploved by Dunbar and Skinner in their publication
of 1937, and those for the ammonoids are those em-
ploved by Miller and Furnish in their publication of
1940 '

BLACE LIMESTONE BEDS

In most of the black limestone beds fossils are scarce,
Jeing represented by only occasional specimens. In a
few lavers, which are generally lenticular or noduiar,
and somewhat more granular than the rest of the rock,
they are more abundant, and from these layers most of
the known fauna has been obtained. Slight differences
exist hetween the fossil assemblages in the different beds.
In some, brachiopods predominate, in others gastro-
pods, pelecypods, and cephalopods. According to Dr.
Girty, the differences between the assemblages are not
fundarnental.

One of the most striking features of the black lime-
stone fauna is the abundance of ammonoids at numer-

ous localities. Nearly all the collections that have been
studied, however, came from exposures near or a short
distance north of the crossing of the outcrop by United
States Highway No. 62 {localities 2020, 2967, 7413,
7691, 7720, and $596). These ammonoids belong mainly
to three species: Paraceltites elegans Girty, Texoceras
tewanum (Girty), and Peritrochia erebus Girty. At
one locality (7720) there is also Agafhiceras cf. A,
girtyi Bose, and at another (T701), Perrinites hilli
tardus Miller and Furnish.* The genus Perrinites,
although rare in the Guadalupe Mountains, is an abun-
dant and characteristic fossil of the type Leonard series
in the Glass Mountains, with which the Bone Spring
Hmestone is correlated. According to Miller, a striking
feature of the ammonoid specimens collected from tlie
black limestone is that nearly all retain the living cham-
ber, a fragile structure that is usually missing from
specimens from other beds and other areas. This sug-
gests that the shells were deposited in unusually quiet
water.

Associated with the ammonoids are occasional nau-
tiloids, which were represented in Girty’s original col-
Jections by Metacoceras shumardianum (Girty). In
the later collections Miller and Furnish ™ have iden-
tified the same species, and in addition, Titenooeras sp.,
“Orthoceras” sp., and Stearoceras? sp.

By contrast with the ammonoids, fusulinids are
nearly absent from the black limestone, although they
are abundant in the gray Victorio Peak limestone to
the north, where ammonoids are absent (compare fig.
11). Their rarity in the black limestone contrasts with
their abundance in most other beds of the Guadalupe
Vountains section. Within the area studied they have
so far been observed at only one locality in the black
limestone (7923)—in a canyon a mile south of Bone
Canyon. Here the black limestone contains Schwager-
ina sefum Dunbar and Skinner, which is also found m
the probably contemporanecus Victorio Peak lime-
stones not far to the north.” At the point of the Dela-
ware Mountains, 18 miles south of El Capitan, R. J.
King in 1928 collected the genus Parafusulina from the
black limestone.

Regarding the remaining, much greater part of the
fauna, Dr. Girty reports as follows:

When the fauna of the “basal black limestone” was described
in 1908, only two collections were available to me, and 4s they
showed considerable difference in lacies, it seemed probable
that the fauna as a whole would prove to be a varied one.
Although the two orizinal collections made up 2 rather long
composite faunal list, many of the gpecies were so poorly rep-
resented that they were not identified gpecifically. To a num-
ber of these, King ™ later gave specific names, although in some

instances the species were based upon specimens from other
avens, and their identification in rocks of the Guadalupe Moun-

s Miller, A. K., and Furnish, W. M., op. clt., pp. 9-10, 1340
w Miller, A. K., and Fornish, W. M., memornudum, Moy 1938.
7 Dunbar, C. 0., and Skinner, J. W., op. cit,, p. T28, 1937,

" King, R. E., op. cit., 1831,
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tains was not always made by comparison with specimens from
that region.

In the original collections, the more primitive zoological
groups were almost unorepresented. The fusulinids were es-
pecinlly noteworthy for their absence in view of their abun-
dance in the Hueco limestone below, and in the Guadalupe series
above, Dy reason of variety and especlally number of in-
dividuals, this might be called a brachiopod fauna ; the pelecypods
and gastropods seemed to promise considerable variety also, but

for the most part they were represented by so few and poor’

specimens that only generic identifleations were practicable, and
not ali of these were very sound.

The later collections do not greatly amplify the knowledge
of the more primitive zoological groups. TFusulinids have been
found at only ome locality [as noted abovel, <Corals and
bryozoans are scatteringly represented, but offer no features
of interest.

Much additional information, however, is now available on
the other groups, and tbey prove to be more varied than the
original descriptions would indicate, At the same time, the
faung now appears to be miore closely bound to those of the
hizher Guadalupe series than it appeared when the earlier work
was done. Most of the species found in the original collections
persist throughout, but new ones also appear, as indicated in
the discussion below,

Among the brachiopods, n species of Enfeleies ocenrred in
both the original collections, but as the specimens were poorly
preserved, it was merely designated as Enfeletes sp. ¢ The
specific name liwmbonus was subsequently given to it by King,
and F. liwmbonus King occurs in many of the later colleetions,
and in most of them it is abundant.

In both the earlier and later collections, the Orthotetinae are
mainly eonfined to the genus MHeekells. In the earlier collec-
tions two species were recognized, M. atfienuwate Girty, and
M. multilirata Girty; these are not so readlly distingnishable
in the later collections, although they are present in many of
them and form a rather distinctive element of the fauna. In
addition, two new speeles of the same genus may possibly be
present, R

In the original collections, Cionetes was representad by a
gingle unidentified species, and the genus is neither common
nor agbundant in the later ones. Most of the specimens in the
later collections can provisionally be identified with . subli-
ralus Girty.

One of the notable features of the fauna as originally known
was the scarcity of Produetl, only one species, e¢ited as Pro-
ductug letidorsatus Girty var., having been fonnd. Richtho-
feria {(now Prorichthofenia) permigne (Shumard)y was, how-
ever, present in the colleetion, together with two speeies of
Aulosteges, neither of them identified specifically,

In marked contrast to the earlier collections, productids
prove to be abundant and varied in the Infer ones, but only the
more common of the more conspicuouns forms will be mentioned
here, Productus occidenialis Newberry, or variants of it, are
common ; also Productus (Pustula) subhorridus dMeek. These
two species, with P. guadalupensis Girty, ave perhaps the most
abundant Producti in this fauna, The Iarge and striking species
commonly identified as P. {vesi Newberry is present in a num-
ber of collections, and is abundant in several. P. (Pustuln?)
leonardensis King, or a species closely related to it, occurs in
a number of collections. Rarer, but more or less noteworthy,
are Productus (Cancrinclla?) phosphaticns Girty, P. (Cam
erinella) meckanus Girty, P. (Marginifera?) waagenionus
Girty, P. {Waagenoconchn) montpelierensis Qirty, and P.
{Striatifera) pinnaformis Girty., Productus (Marginifere?)
sulblevis IKing, Anlosteges magnicostatus Girty, and 4. subeosta-
tus King? are not rare. Prorichthofenia permiene (Shum-
ard) is rather persistently present. The Prorichthofenia and

two unidentified species of Auwlosieges, it will be recalied, were
found in the original collections.

Camerophoria venusta Girty, which was not one of the orig-
inal memhers of the fauna, proves to be rather persistently
present in the new collections, and more or less abundant,

The early collections furnished rhynchonellid shells in con-
siderable abundance and variety, and a few of the later col-
lections are notable for the same feature, The species orig-
inally recognized were described as Pugnar nitids Girty, P.
osagensrs Swallow, P. bidentate Girty, P.? pusille Girty, and
Rhynchonelle? longaeve Girty. Most of these species are found
in the later collections. Rhynchopora was not found in 1908,
but R. taylori Girty oceurs in one of the later collections. Three
or four other species, apparently undescribed, may also be
present. :

Subseguently to 1008, Weller proposed the genus Pupnoides
for shells of the general character of those in the fanna which
were oviginally assigned to Pugrez, and King referred P.
bidentate and P. osagensis to that genus, As the genus TWel-
terelle has still more recently been erected for similar shells,
with the Pennsylvanian species W. fetrefedras Dunbar and
Condra as the genotype, Wellerelle will tentatively be substi-
tuted for Pugnoides in this account, though the characteristics
that would place these species under FPugnrax, Pugnoides, or
Wellerelia are, broadly speaking, unknoewn. King did not treat
of Pugnag nitide or Rhynchonelle longeeva. He believes P.
eceagensis to be Shumard's P. ferxanas, and he refers P. pusilic
to the genus Hustedia. I [Girty] congider this erroneous. F.
pwsille i3 a rhynchionellid, but its generic status is uncertain.
The possibility that the form originally identified as P. osagensis
might be Shumard’s Rhynchonella terane was originally con-
sidered by me, and dismissed. At best, it is no more than 2
guess. However, it is almost certainly not Wellerella osegensis,
a5 that species is now understood, so I shall use Shumard's
name for the species until its relations can be detetrmined.

The terebratuloids, which were nnrepresented in the earlier
collections, are rare in the later omes. They comprise only
Dieclgsma? scutulatim Girty, found at two localitles, and Xofo-
thyris n. sp, found at one.

The Bpiriferidae were represented in the early collections
by only one species, cited as Spirifer sp. b, while Spirifering was
not found at all. In the later collections, Spirifer proves to be
rather abundant, but most of the specimens are much exfoliated
and broken. TUnder these disadvantages, I hesitate to give them
specific names, One form appears to be Spirifer cosielle King,
and another which is larger and more coarsely plicated ean be
citedl at present only as Spirifer aff. §. friplicatus Hall. Of
course, both species belong in the psendogenus Neospirifer.
From one of the newer collections I now have a Spiriferina, or
Pynctogpirifer, resembling §. billingsi (Shumard).

Sguamularie and Martinia, two genera that were absent from
the two early collections, are present in many of those recently
acghired, and in some are abundant. Sound specifie distinctions
in these genera are diffieult to make. Some of the Squamularias
may belong to 8. gradalupensiz (8bumard), and a few possibly
to new species. JMurtinie is less abundant than Sguamulariu;
the gpecies appears to be undeserihed. A thlrd spiriferid genus,
Ambocoeliv (A, arexete Branson), is introduced into the fauna
by the new collections.

The never-failing Cemposite was present in the early col-
Iectinns'(c. mericanae guadalupensis Girty), and of course is
present in most of the later ones. None of the forms in either
the old ot new collections are novel, interesting, or significant in
any way. 2AMuch the same can be said for Husiedin, of which
the priginal collections contnined H. meckena (Shumard} and
H. papillate (Shumard)? Shells of this genus run through
most of the recent collections, forming a constant but relatively
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pnimportant element in the fauna. Most of them are referable
to I, meckana.

The notable genus Leptodus, which was not found in the orig-
inal cellections, occurs in two of the later ones. The species is
probabl¥ L. americanus Girty,

[n the original coilections the pelecypads, though showing
considerable differentiation, were represented by speciens S0
poor and so few that no specific identifications were made, and
some of the generic identifications were more or less nneertain.
The same conditions prevail in the recent eollections, though
some of tlie genera are surer, and the relation of some of the
species 1more definite. 1t iz somewbat retnarkable that there
does not appear to be a cloger agrectuent in generic representa-
tion between the early colleetions and tlie later ones. Dasides
a gumber of forms that are identified only geherically, muntion
may be made of BEdmiondia aff. E. gibbose (AMecCoy), Purallcl-
odon aff. P. politus Girty, I aff, P. sangemonensc {Worthen),
Solenemya 1. Sh, Anthaconcile n. sp., Avicwlopecten 0. 8D,
Plagiostomae  deltoldewm  Girty, and Cleidophorus pailasi
delawarensis Girty. I should note here that the diversified
representation among the pelecypods is due mainly to their
abundance in a few collections and that in those collections the
prachiopod representation is small, especially among the IPro-
dueti, which in other collectivns show much variety, This re-
lation is much less true of the gastropods, whose features are
noted below.

The gastropods of the original collection were represented
v better material tban the peleeypods, and the following forms
were recognized: Plewrotomarief arenaria monilifera Girty,
P, strigiliata Girty, Straparollus sulcifer {(Girty) Naticopsis sp.,
Lozonema? inconspicwuwm Girty, and Aacrocheilina? modesta
@irty. Since the name P. strigiliata hag later proved to be pre-
ocenpied, I have proposed P. psendostrigillate a8 a substitute.
I. B. Knight's recent studies among the gasfropods have neces-
gitated a great many changes in nomenclature. No finnl revision
of the species deseribed in 1908 or adjustment to these cbanges
can be made until the new material is glven descriptive treat-
ment. Consequently wmany of the gastropods cited below are
given under generic names originally used, although it is rec-
ognized that they are subject to change,

The later collections contain most of the gastropod species
cited above, and also wany not previously konown., Dellero-
phontids are rather numerous, but few of them are generically
identifisble. Bclierophon 8. s, Ducanoepsis, and Euphemites are
probably represented. although not by identifiable species, A
species of Omphalotrochus, n species of Botrochus, and ong or
two species of Buliniorphe can he added to the list.

Tywo trilobites were distinguished in the fauna as originally

described, Anfsopyge perenntleia (Shumard) and AP enti-
qua Girir. In the later collections the first species cited
oceurs rather persistently, and the second rather sparingly.—
Girty manuseript.

VICTORIO PEAK GRAY MEMBER

Fossils are abundant in many beds of the Victorio
Peak gray member, but are not always easy to collect,
hecause of the hardness of the rock, and, in places,
because of subsequent dolomitization or silicification.
The material obtained during the present investigation
therefore consists of a relatively small number of col-
lections. Dr. Girty states that many of the specimens
in these collections are so fragmentary that they can
be identified only by careful comparisons, if at all.

According to Dr. Girty, the faunas of the member
closely resemble those of the black limestone beds, and

ave distinguished more by the absence of forms that
are present in the black limestone, than by the intro-
duetion of novel or instructive elements. Many of the
collections consist entirely -of brachiopods, and espe-
cially of the larger productids and spiriferoids. The
fauna differs notably from that of the black limestone
beils in the almost complete absence of cephalopods.
No ammonoids have been found, and only one nautiloid
(a Tainoceras according to A. K. Miller). The fauna
differs from that of the black limestone also in the
rather great abundance of fusulinids in certain beds in
the upper division (fig. 11, 4). They helong to Lwo’
species, Schwagering sctum Dunbar and Skinner, and
Parafusulina fountaini Dunbar and Skinner.

The lower division of the Vietorio Peak member 1s
represented by only one collection, made on the south
bank of Shumard Cauvon at its entrance (locahty
7725). For it Dr. Girty gives the following provisional
list, with several indeterminate forms omitted.

Lophoplyllum? sp.

Eanteletes Humbonus King

Meckella attenuate Girty

Choncles subliratus Girty var.

Chonctes .

Producfus ivcsé Newberry

Productus occidentalis Newberry

Productis guadalupensis Girty?,

Productus aff, P. whitei

Productus Ieonardensis King

Productus (Pustula) sudhorridus Meek
Productus (Cancrincllaf) phosphaticus Girty
Cmmncrophoriu venusta Girty

Wellerella f ferana (Shumard}

Rhynchopora taylori Girty

Spirifer aff. S. tripticains Hall

Squamularia guadalipensis (Shumard) var.
Edmondia? sp.

The upper division of the Victorio Peak gray member
is somewhat better represented by collections. T he
material from each locality is rather scanty, however,
and the specific representations are mostly confined to
two or three specimens. The largest collections were
obtained on the crest of the ridge between Shumard and
Shirttail Canyons, whose summit stands at 6,402 feet
(locality 7690). Regarding the faunn of the upper
division, Dr. Girty writes:

The more primitive zoolegical groups, with the exception of
fusulinids, are hardly represented at all. Among the brachio-
pods, Enteletes liwmbonus King is present but is apparently
searce. AMcckella (M. atiennatn Girty) is fairly persistent.
The Producti include Productus jwesi Newberry, which is gen-
erally persistent, and at station 7600 is ahundant. Also worthy
of note are P. { WWaagenoconcha) monipclicrensis Girty, P. (Mar-
ginifera?) eucharie Girty, and Produciug (Linoproductus) cora
D'Orbigny var., which is abundant at station 7690. A variety
of Camerophorie venusie Girty {possibly o mnew species) is
abundant at station T630. Bhbynchonellids, which were plentiful
and varied in the black limestone are almost absent.

Spirifer aff. S. triplicatus Hall occurs in several of the
collections from this zone, and is abundant at station T630.
As nlready remarked, it has seemed inexpedient to make a
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close identification of the spirifers on the material present,
although a satisfactory classification may be possible with in-
tensive study. A species of Bquamularia (possibly new) is
present in three of the collections. Pelecypods and gastropods,
although present, are rare, and afford nothing worthy of note.—
Girty manuscript.

CUTOFF SHALY MEMEER

As will be recalled, the name Cutoff shaly member is
given to discontinuous sets of beds at the top of the
Bone Spring limestone, which are exposed in three
general districts: the northwest part of the area, from
‘which the name is derived; in Shumard Canyon, not
far from Bone Spring, where it is separable into two
divisions; rnd along the base of the Delaware Moun-
tains in the southern part of the area. In all of these
districts, the member contains some fossils, but the col-
lections which have been made so far are too scanty
to furnish much information on the correlation of the
beds in the different districts, ’

Fossils are least abundant in the northwestern ex-
posures, from which the member is named, and in the
main part of the member only a poorly preserved im-
print of a pelecypod was seen (locality 7650). Some
of the black limestone beds near the base, however, con-
tain many small brachiopod shells, but they have not
been collected or studied. . Several miles north of the
New Mexico line, the member contains rather abundant
specimens of (honetes (locality 7727).

Only one collection was made in the member in the
Shumard Canyon area. This collection was obtained
from a lens of massive limestone interhedded in the
black limestones of the lower division of the member
on the south side of the south fork of Shumard Canyon
(locality T675). Regarding it, Dr. Girty writes:

The collection ecotnprigses only 10 species, few of twhich are
represented by more than one specimen. Conszequently, the
fauna, compared with the more varied ones which preceded it,
is distinguished more by what is absent than by what is present,
I do not find here either Enteletes Liumbonusg King, or Productus
ivesi Newberry, or the numerous and varied rhynchonellids,
hut on the other hand, we do have Meekella attenuate Qirty,
Productus, occidentaliy Newberry, Prorichtiofenia DErmiene
(Shumard), and a species of Spirifer related to &. triplicetus
Haill. —Girty manuseript.

Fossils are more numerous in the Cutoff shaly mem-
ber in the southern part of the area, west of the Dela-
ware Mountains, Here, many of the thin limestone
beds contain fusulinids, which belong to an undeter-
mined species of Parafusuling, and some contain
brachiopods. The largest collection was made on the
north side of Brushy Canyon in its lower course, from
a limestone bed in the lower part of the metnber, which
has here thickened to the rather unusual amount of
15 feet (locality 7666). On this collection, Dr, Girty
reports as follows:

The eollection is large, and the fanna is aceordingly varied,
cotiprising over #) species. It contains a few bryozoans and a
few pelecypods which afford nothing worthy of note, and the

fauna is essentially a brachiopod fauna. Enieletes liumbonus
King, which heretofore has been rather persistent and sometimes
abundant, bas not been found. Meekelle is represented hy A.
attenuate Girty, and possibly by two new species. The Producti
are highly diversified although, except for an abundant species
that may provisionally be identified as Producius occideniclis
Newberry, most of the forms are represented by only a few
specimens. Species more or less closely allied to P. ocoidentalis
occur in the Bone Spring faunas already passed in review,
although they have not always been mentioned. Among the
less abundant Producti, the most noteworthy dre P. guadalu-
pensis Girty, P, (Marginifere?) weagenicnus Girty, P. (Woage-
noconcha) montpelierensis Gicty, P. (Pustula) subhorride Meek
var., besides which are .Aulosteges Rhispidus Branson {not
hitherto recognized in the Bone Spring fauna), 4. guadelupensis
Shumard, and 4. magnicosteie Girty, a species that has occurred
sporadically in the Bone Spring faunas already reviewed. Here
also belong Provichthofenric permigne (Shumard), and a species
of Teguliferina? that has not been encountered heretofore.

Cameroploria venuste Girty again makeg its appearance and
the Rhynchonellidae, though few in number, are varied. They
include several species that may be provisionally referred to
Wellerelln, such as W. bidentata {Girty) and W.F indentate
(Shutnard}.

The Bpiriferidae, which are rather abundant, are represented
by at least two species, one of which may be tentatively identified
as Spirifer costelic King, the other as 8. aff. $. triplicatus Hall.
Present alzo is Martinia rhombotdalis Girty, a species which is
fairly abundant and is hardly distinguishahie from the typical
form that oceurs in the Capitan limestone. 'We also have a
species of Squamularie, a nondeseript Composiie, and the per-
slstent Hustedia meekana (Shumard). Leptodus americanug
Girty occurs here as it does at lower and higher horizons. The
absence from this fauna of two species that have been founid
more or less persistently in the Bone Spring faunas previously
reviewed is noteworthy., XNeither Entelétes Humbonus King nor
Productus ivesi Newberry have been recognized in the Cutoff
shaly member.—Girty manuseript,

CONDITIONS OF DEFPOSITION
GENERAL RELATIONS

The Permian rocks exposed in the Guadalupe and
Delaware Mountains, and the Sierra Diablo, were laid
down during a well-marked depositional cycle which
formed the closing stages of the Paleozoic eran. This
cycle commenced with the Wolfeamp epoch of Carboni-
ferous or Permian age. By the beginning of Wolfcamp
time, the localized mountain-making and the still more
widespread crustal unrest that had characterized the
preceding Pennsylvanian time in the sonthwestern
United States had largely ceased. Readjustments then
began which brought into existence the depositional
provinces of Permian time (shown on figure 3). These
provinces appear to have been broad, persistent tectonic
features, that had a marked influence on sedimentation.

At the opening of the Wolfcamp epoch, deposition
began in an advancing sea which spread over a deformed
and eroded surface of Pennsylvanian and older rocks.
From this epoch to the end of the Permian, a distinctive
and characteristic set of deposits was laid down in the
west Texas region, and sedimentation was interrupted
by only minor pulsations which serve to divide one
epoch from the next. In this report, Permian geologic
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history in west Texas is summarized at the end of the
stratigraphic discussion, and on the maps of figures 13
and 14. Under the present heading, only those features
that were directly related to the Guadalupe Mountains
region are discussed.

In the Guadalupe Mountains region, the deposits of
Wolfeamp and Leonard age ave not completely revealed
by exposures. Additional information is afforded,
however, by the two wells already mentioned, and by
exposures in the nearby Sierra Diablo. Judging by the
thickness of sediments laid down (as snggested by plate
7, B), the Wolfcamp and Leonard epochs were fully as
long and as important as the succeeding Guadalupe
epoch, whose rocks are more completely exposed in the
area of this report.

FACIES AND PROVINCES

During Leonard time (as represented by the Bone
Spring limestone), and probably during Wolfcamp
time (as represented by the Hueco limestone-and other

Beds), two unlike facies were deposited in the Guada-
lupe Mountains region. Deposits of the one are black,
petroliferous, shaly limestone, and of the other are
light-gray, thick-bedded to massive limestone. . The
two facies tended to persist in separate areas, which cor-
respond closely to the provinces of Permian time shown
on fizures 3 and 16, 4. Thus, the black limestone facies
characterizes the southeast part of the Guadalupe
Mountains region, or Delaware Basin of figure 16, 4,
and the gray Jimestone facles characterizes the north-
west part, or Northwestern Shelf Area of that figure,
The basin appears to have been a negative feature, with
a marked tendency toward subsidence; the shelf was
more positive, and either remained stable or did not
cubside as much. During Leonard time, the bouud-
ary between the provinces lay along the Bone Spring
flexure of the Guadalupe Mountains which, it will be
recalled, is bent down sontheastward toward the basin
areq.



26
'BLACK LIMESTONE FACIES

In the Delaware Basin conditions throughout the
whole of Leonard time were nearly uniform and the
black limestones were laid down in successive beds with-
out the admixture of much other material.

Deposits representing this facies consist mainly of
calcium carbonate, impregnated with bituminous ma-
terial which imparts to them thejr characteristic color.
There is also some argillaceous matter and a small
amount of primary silica. Parts of the deposit are
thinly laminated by light and dark bands in such a
manner as to suggest that the amount of organic mat-
ter in the sea water fluctuated from seasonal or other
causes, and that the water was sufficiently quiet for the
material to be laid down in successive layers on the
bottom. :

Evidently the sea bottom during the time of deposi-
tion was not favorable to life, as great thicknesses of
strata are nearly unfossiliferous. In many of the fos-
siliferous lenses, ammonoids are the chiet fossils, and
these animals were probably free-swimming organisms
whose shells dropped to the bottom after death. The
assoctated brachiopods and mollusks, which were cer-
tainly bottom-dwellers, are of a relatively few species,
and fusulinids are absent, This general iImpoverish-
ment, however, is not absolute, for some collections
within the black limestone contain specimens of pro-
ductids, spiriferoids, and other brachiopods that are
abundant in the gray limestone facies, F urther, the
trilobites that have been found are not specialized forms
but belong to the same species as those found elsewhere
in the region in quite different types of deposits. Per-
haps the less-specialized animals were occasicual mi-
grants into an environment that on the whole was not
favorable to them.

The black limestones were evidently laid down in
quiet water. The bituminous material with which they
were impregnated could not lhave been breserved un-
less there was little circulation of the water and sueh
a lack of oxygen near the bottom that organic matter
was deposited faster than it decayed. These assumed
conditions are confirmed by the general poverty of
bottom-dwelling organisms in the fauna, and the rela-
tive nbundance of ammonoids, which swam nearer tle
surface. Quiet water conditions near the bottom are
further indicated by the presence in the ammonoid
specimens of the fragile living chamber, which would
have been destroyed if the shells had accumulated in
agitated water. The conditions Just outlined closely re-
semble those under whith the black shales of earlier
Paleozoic systems presumably formed,™

Quiet-water conditions during deposition of black
shale and limestone deposits do not necessarily indicate
the depth of water under which the beds accumulated.

™ Twenrhofel, W, H., Treatisze on sedimentation, 2d ed., pp, 250-243,
Baltimoera, 1039. .
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There is, however, some evidence to indicate that the
beds in the Bone Spring limestone were deposited in
deep water. Relations at the Bone Spring flexure, out-
lined below, suggest that the water was deeper to the
southeast, in the black limestone area, than to the north-
west, in the gray limestone area. Moreover, the gray
limestone deposits seem to have accumulated in agitated
water, and it is difficult to see how such differences of
deposition could have existed unless there had been also
a difference in depth. Further, the Delaware Basin or
area of black limestone deposits, received a oreater
thickness of sediments during Leonard time than the
shelf area or area of gray limestone deposits. This
greater thickvess indicates that the basin area subsided
more than the shelf area, and thereby entrapped more
sediments. Tt is possible that subsidence was so rapid
that sedimentation did not entirely keep pace with it,
and the sea floor stood lower in the basin than on the
shelf (sec. g, pl. 7, B).

The black limestone deposits are notably peor in
sand and other, conrser, clastics. The few thin, inter-
bedded saudstone layers are very fine grained and con-
sist of the more resistant minerals of igneous and meta-
morphie rocks. Evidently these sands were transported
from a distant source. In its lack of conrser clastic
material the black limestone contrasts markedly with
the deposits of the Guadalupe series (Delaware Moun-
tain group) that succeeded them, and also with con-
temporaneous deposits of the Leonard series in the
Glass Mountains,™ on the southeast side of the Dela-
ware Basin (fig. 13, B and ). In the Glass Moun-
tains, the deposits include sandstones and conglomer-
ates derived from the erosion of older Paleozoic rocks
of the newly uplifted Marathon folded belt, Evidently
they were not spread far northwestward into the basin,
The few sandstoue beds in the black limestone might
have been devived from this source, but ithe fact that
similar sandstones are interbedded in the gray lime=
stone toward the northwest sugzests that at least some
of the sand also probably came from the opposite
direction.

MARGINAL AREA

In the marginal area, between.the Delaware Basin
and the northwestern shelf area, deposits of the black
limestone and gray limestone facies interfinger. Dur-
ing the last half of Leonard (Bone Spring) time, the
gray Victorio Peak member was spread out on the shelf
area, extending as far southeastward as the edge of
the Delaware Basin, where it apparently intergraded
with black limestone, During the first half of Leonard
time, black limestones extended for several miles fa1-
ther northwestward toward the shelf, underneath the
gray Victorio Peals Leds. In the Guadalupe Moun-
tains, exposures of the black limestone do not extend

" King, P. B, Geology of the Glass Mountains, part 1: Taxas Tniv.
Bull. 3038, pp. 63-69, 1931,
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deeply enough to indicate their relations to the shelf
aren. In the Sierra Diablo, however, they are replaced
pear the shelf by limestone reefs—a part of the gray
limestone facies. They overlap shelfwards on a surface
of unconformity that separates the Leonard from the
underlying Wolfeamp series,

In the Guadalupe Mountains, the southeastern edge
of the gray Victorio Peak Inmestones follows the upper
part of the Bone Spring flexure. This relation of
depositional facies to a tectonic feature is probably
more than accidental, and implies that the flexure was
in existence at the time of deposition. The uncon-
formities ir the Bone Spring limestone in Bone and
Shumard Canyons suggest contemporaneous move-
ments on the flexure. DTossibly alzo, the small-scale
contortion in the black limestone farther southeast
was caused by subaqueons gliding of the newly de-

posited sediments away from the upraised surface of

the flexure.

On the Bone Spring {lexure, the nnconformity at the
top of the Bone Spring limestone {between it and the
Delaware Mountain group) is clearly much greater
than the local unconformities within the Bone Spring.
This condition might bLe taken to indieate that the
main mavement on the flexure came at the end of Leon-
ard (Bone Spring) time, were 1t not for opposing evi-
dence. During Leonard time, the water in the basin
southeast of the fesure was deep, Further movement
on the flexure would either deepen the water in the basin
still more. or cause a marked uplift in the shelf area.
Neither of these events took place. Actually, as sum-
marized in a later part of this report, the water in the
basin during the first part of Guadalupe {Brushy Can-
von) time, was probably much shallower than during
Leonard time. Also, the shaly, poorly resistant Cutoft
member, the last deposit of the Bone Spring limestone,

underwent almost no pre-Guadalupe erosion in the shelf

area, and its beds lie parallel to those of the succeeding
series. These conditions suggest that no uplift took
place in the shelf area. :

The marked unconformity at the top of the Bone
Spring limestone on the flexure thus probably resulted
not so much from accentuation of tectonic movements
along the edge of the Delaware Basin at the end of
Leonard time as from some more widespread plienom-
enon, such as a general lowering of sea level in the basin,
by regional uplift, eustatic change, or other causes.

The Bone Spring flexure, although exposed 1n only
a amall area in the Guadalupe Mountains, probably
had a wide extent along the northwest edge of the Dela-
ware Basin (fig. 18, 4). During late Leonard and
early Guadalupe time, it certainly extended southwest-
ward for some distance, as indicated by certain rela-
tions at the north end of the Sierra Diablo. Here out-
liers of the Cherry Canyon, or middle formation of the
Delaware Mountain group lie directly on the Bome

T33282—48—3

Spring limestone, just as they do northwest of the flex-
wre in the Guadalupe Mountains (pl. 7, 4). The flex-
ure is probably buried under the Salt Basin deposits
east of the outliers, for farther east, in the Delaware
Mountains, the Cherry Canyon 1s separated from the
Bone Spring limestone by the full thickness of the
Brushy Canyon or lower formation of the Delaware
Mountaln group.

GRAY LIMESTONE FACIEB

The gray limestone deposits (Victorio Peak gray
member) north of the Bone Spring flexure were prob-
ably laid down ju shallower, cleaver, betier acrated wa-
ter than the hlack Lmestones. Their moderately thick
beds include lavers, traceabie for relatively long dis-
tunces, that were spread out in broad sheets. They arc
thue unlike the irregularly bedded, massive Jimestone
deposits higher in the section, which have the form
of reefs. The Victorio Pealk ceposits are better desig-
nated as limestone banks than as limestone reetfs.

Tie area of gray limestone deposition was a more
favorable envirenment for life than the black limestone
area. The many Jarge, thick-shelled productids, spiri-
feroids, and other brachiopods found in the gray lime-
«tone probably found favorable living conditions n
clear, shallow waters. The abundance of fusulinids in
the gray limestones contrasts with their absence in the
black limestones. Conversely, anumonoids which are
abundant in the biack facies are absent in the gray
{(fig. 11). Tt is possible that ammonotds originally lived
in both areas, and in the gray limestone area their shells
were largely destroyed in the agitated water and were
Lot embedded in the sediments. Support for this sug-
cestion is found in the fact that the nautiloids, whose
life Labits were similar to those of ammonoids but
wlose shells were stronger, arve represented in the cnl-
lections from both aveas.

LOWER PART OF GUADALUPE SERIES
TERMINOLOGY OF DELAWARE MOUNTAiN GROUP

The great body of sandstone that forms the surface
of the Delaware Mountains and parts of the slopes of
the Guadalupe Mountains was noted during the first
geological exploration of the region. In 1804, Richard-
son®® mamed it the Delaware Mountain formation.
Richardson’s type section was at the south end of the
Guadalupe Mountains, where the sandstones are limited
above by the Capitan limestone. He included in the
ormation all the sandstones of the Delaware Moun-
tains, the highest part of which is now known to be
younger than the highest standstones of the type section.
As oviginally defined the unit included the part of the
Bone Spring limestone that is exposed at the base of the

s Richardson, G. B., Report of a recannaissance in trans-Pecos Texas
north of the Texas and Pacifie Railroad : Texas Urniv. Bull. 23, p. a3,
1904, :
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mountains. At about the same time Girty © proposed
the broader term Guadalupe or Guadalupian series
(later classed as o group by the Survey), which included
all the exposed fossiliferous rocks of the Guadalupe
Mountains.

Subsequent work has resulted in some modifications
in usage. The Bone Spring limestone was found to be
such a well-marked entity, so different from the beds
above, that it has been excluded in redefinitions of both
Delaware Mountain * and Guadalupe® In the Dela-
ware Mountains, Beede * demonstrated that the Dela-
ware Mountain beds above the Bone Spring limestone
were divisible into three distinet and nearly equal parts,
which later were considered of formation rank. These
parts are now tetmed the Brushy Canyon, Cherry
Canyon, and Bell Canvon formations of the Delaware
Mountain group.®

In the Delaware Mountains, according to the new
definitions, the Delaware Mountain group and the
Guadalupe series have the same limits in the sequence,
but each term has a different connotation. The name
Delaware Mountain is applied to a distinctive facies of
dominantly sandy rocks, which projects as tongues, be-
tween other units of different facies but in part of the
same age. The name Guadalupe, on thie other hand, is
nsed for a time unit, applied over the whole of the west,

-Texas region to rocks of the same age.

SUBDIVISIONS OF GUADALUPE SERIES

From: the standpoint of physical and faunal history,
the Guadalupe series can conveniently be divided into
three subordinate time units, whose limits correspond
to those of the three formations of the Delaware Moun-
tain group. The Guadalupe series is limited below and
above by unconformities and abrupt changes in sedi-
mentation, and the three subordinate units are parts of
a continnous sequence of sedinments lying between. They
express more or less perfectly the gradual changes in
sedimentation and faunas that took place, by virtue of
the passage of time, within a single. cyele of
sedimentation.

In this report, it is convenient to consider the three
subordinate units under separate headings—lower,
middle, and upper parts of Guadalupe series—and to
deseribe in turn the various features of each., As a
result of this arrangement, it will be noted that the
parts of the Delaware Mountain group are separately
deseribed under three successive headings, along with
the formations with which each is correlative.
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“ Adums, J. E.. and others, Standard Permian scetion of North Amer-
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. Beede, J.WV., Report on the oil and gas possibilities of the T niversity
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¥ King, P, I, The Permian of west Texas and southeastern New
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BRUSHY CANYON FORMATION

In the Delaware Mountains, the Delaware Moun-
tain group is a mass 2,700 to 3,475 feet thick, whose
component formations divide it into approximately
equal thirds. The lowest formation was described by
Beede as consisting of “thick, yellowish standstones
with rather distant shale partings™; it mainfains this
character over wide areas. Iis present name iz de-
rived from Brushy Canyon, which drains westward
across the Delaware Mouuntain escarpment a short dis-
tance soutl of United States Highway No. 62 (pl. 3);
along its course the whole thickness of the formation is
exposed. The Brushy Canyon formation rests on the
Cutoff shaly member of the Bone Spring lintestone, and
its top iy formed by a persistent, nassive sandstone
ledge that is neavly continuous throughout the area
(pl. 7, 4). The ledge is prominently developed on the
slopes below EI Capitan, where it forms a flat project-
ing bench about halfway up the slope from the black
limestone bench to the limestone cliff aubove (pl. 1).

The Brushy Canyon formation crops out in a broad
belt on the west side of the Delaware Mountains, and
extends northward along the west slope of the Guada-
lupe Mountains. North of Bene Canyon. it thins by
overlap on the Bone Spring limestone, and its outcrop
comes to an end a few miles to the north. The fovma-
tion is exposed also at many places west of the Delaware
Mountains, where it has been downdropped by fault-
ing. In the Delaware Mountains, its outcrop has been
cut by muany strike faults, so that its full rhickness
cannot be determined. Below El Capitan, it is about
1,000 feet thick (sec. 18, pl. 6), and in the Niehaus et
al.,, Caldwell No. 1 well, 83 miles east-southeast of El
Capitan, it 1s 1,152 feet thick (pl. 6).

The formation consists largely of sandstone, a part
of which, coarser grained than the vest, stands out in
massive, yellow or brown ledges or forms the caps of
flat-topped mesas (pl. 14, ). Great. rectangular
blocks of this sandstone are strewn on the slopes be-
low the ledges. DBetween the muassive sandstones are
fine-grained, thin-bedded, or even shaly sandstones,
which crop out on slopes.

The formation is easily recognizable on air photo-

. graphs by its strong ledges, which contrast with the

smoothly rounded slopes of the overlying Cherry Can-
von formation ; and by the abundance on it of ceclar and
other trees, which give its outcrop a speckled appear-
ance in the photographs. :

MASSIVE SANDSTONE BEDS

The massive beds that form the most conspicuons
parts of the formafion consist of buff or yellowish,
medinni-grained, friable sandstone, which on some
weathered surfaces is coated with a brown erust. Many
of the layers contain widely spaced, parallel lamiuae,
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and some are cross-bedded. Many of the bedding sur-
faces are ripple-marked, particularly north of Bone
Canyon on the Bone Spring flexure, where the heds
overla e curface of the Bone Spring limestone,  Here
{he general trend is northeastward. parallel to the cdge
of the flexure, and tlie same frend is alse common far-
(her south (fig. 6). Many of the massive sandstones
est an an undulatory. channeled surface of the thin-
pedded =andstones next beneath.

The massive sandstone beds form members from a
few fecl to more than a hundred feet thick, which alter-
pate with thinmer-bedded sandstones. Inthe south part
of the area the beds are thick and closely spaced. but
pelow El Capitan there ave only four o five such beds,
and for about a mile along the outcrop near Bone
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FIGURE 4.—Seetions showing lenticular nature of massive sandstones of
the Brushy Canyon formatien, and of limestones of Getawsy member
of Clherrr Conyon formation. 4, Toast wide of Guadalupe Canyon south
of Guadalupe Iags; 5. West slope of Ei Capitan; ¢, Delaware Moun-
tain eseprpiacnt near Guadslupe Summit radio station.

Canyon they are absent entirely (secs. 14 and 13, pl. 6).
The massive beds thicken aud thin rapidly along the
ctrike. On the south slope of El Capitan they are re-
placed laterally by layers of hard, shaly sandstone. At
some localities, lenses of massive sandstone are arranged
en echelon, as though a single chanmel or basin had
migrated upward and laterally as sedimentation went
on {fie. 4, 4 and B). A few of the beds are persistent;
that at the top of the formation can be traced across
nearly the entire area, and some others lower down per-
sist for several miles.

Four specimens of sandstone from the massive beds
were studied under the microscope by Ward Smith.
The chief minerals are gquartz, microcline, and plagio-
clase: they have a maximum grain size of 0.5 millimeter,
and are set in a calcareous matrix, Small amounts of
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zircon and a few other accessovy niinerals are present.
The gran size is notably coavser than that of other
candstones of the Delaware Mountain group or Bone
Spring limestone, 1n which the maximum diameter ig
0.1 to 02 millimeter. The only comparable sandstones
ave in the Goat Seep and Carlsbad formations, in the
vounger part of the Gruadalupe series in the northwest
part of the area. In the massive sandstones of the
Brushy Canyon formation the accessory minerals ave
Jess abundant and varied than in the finer-grained sand-
stones of the Bone Spring limestone and Delaware
Alountain group.
OTHER ROCKS

Many of the massive sandstones contain seattered
ealearcous tests of fusulinids, and n some lenticular
beds these tests are S0 NNMETous and the sandstone
mairix so scant that the rock 1s more properly called a
Limestone. Several of the larger of these beds in the
Delaware Monntains ave separately shown on the geo-
logic may. plate 3. Qome of the valeaveous lenses con-
tain abraded crinoid stems and brachiopod shells. The -
fuenlinid tests tend in each layer to have a common
orientation in some one direction, as shown on plate 19,
B.but the direction may differ in different layers. Very
commonly the trend 1s between north and west (fig. 6).
or nearly at right angles to the prevailing trend of
ripple marks in nearby beds.

The thin-bedded sandstones that lie between the
massive beds ave generally buff and fine-grained, and are
marked by closely set, light and dark laminations, sug-
gestive of varves. In places there are thin, interbedded
layvers of black, hard. platy, shaly sandstone.

At two localities in Guadalupe Canyon, 250 feet below
the top of the formation, there are thin beds of green
siliceons shale or chert (in secs. 24 and 27, pl. 6). They
may consist of altered voleanic ash like similar rocks in
the Manzanita limestone member of the overlying
Cherry Canyon formation, but no verification is avail-
able becanse no thin sections were examined.
RELATIONS OF BRUSHY CANYON FORMATION IN BONE CANYOW

AND NORTHWARD

In Bone Canyon, at the lower end of tlie Bone Spring .
flexure, the basal 100 feet of the Brushy Canyon forma-
tion consists of conglomerate, limestone, aud medium-
grained, thin- to thick-bedded sandstone (as shown on
pl. 18},

The conglomerates in the canyon form several beds.
as much as 10 feet thick, interbedded with sandstone
and composed of pebbies, cobbles, or even boulders up
to 4 feet in diameter.®® The smaller fragments are of
black limestone like that in the underlying Bone Spring
limestone, but many of the cobbles and boulders are of

® Goker, . T., Contributions {6 the stratigraphy of eastern New
Mexico : Am. Jour. Sci., 4th ser, vel, 49, p, 114, 1920. Darton, N. H,
und Reeside, J. B., Gundalupe group: Geol. Soc. Amerien Bull, vol. 37,
po. 421423, 1026,
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gray limestone or dolomitic limestone, and a few are of
calearcous sandstone. The latter can be matched with
rocks scen in place in the Victorio Peak gray member
of the Bone Spring limestone not far to the north (see
PP 18-19) and contain similar fossils. The conglomer-
ates have o lenticular development along the outcrop for
L4 miles to the south, and boulders of gray limestone
oceur fora mile south of the canyon. North of the can-
you, lighier on the flexure, the sandstones of the Brushy
Canyon formation rest on the Bone Spring with no in-
tervening conglomerate.

In the vicinity of Bone Canyon, a layer of fine-
gmiuml, i part sandy, gray limestone as much as 30
feel thick overlies the basal conglomerates and sand-
stones.  (This forms the 28-foot interval shown in
see. 13, pl. 13.} It overlaps on the Bone Spring lime-
stone in the next ravine north of the canyon {pl. 13, fig.
1), Southward it thins out and disappears in the sand-
slones. Neav the point of its disappearance, a mile
south ot the canyon, another similar limestone bed oc-
L i the sandstones beneath. (This forms the 13-
foot interval shown in sec. 5, pl. 13.)

In Shumard Canyen, north of Bone Canyon, beds
of the Brushy Canyon formation that are younger than
the conglomerate and limestone just described rest on
the Bone Spring limestone. These beds include mas-
sive, medium-grained, brown sandstone beds, two
groups of which form prominent ledges (sees, 11,12, and
13, pl. 6). The lower passes out by overlap in the
north branch of the canyon, where it has an original
dip away from the limestone surface of more than 10
degrees, The upper, at the top of the formation, econ-
tinues some miles farther but passes out by overlap
against the Cutoff shaly member half a mile north
ol Shirttail Canyon. Apparently no beds of the Brushy
Canyon formation were laid down any farther north.
In this vegion, the Bone Spring limestone is overlain
directly by higher beds of the Delaware MMountain
group—the sandstone tongue of the Cherry Canyon
tormation (pl. 7, 4).

STRATIGRAPHIC RELATIONS

After the hiatus that infervenes in places hetween
the Leonard and Guadalupe series, deposition appar-
ently went on with little interruption throughout Guad-
alupe time. At most places the first deposits of the se-
ries, the Brushy Canyon formation, extend without
breals into the succeeding Cherry Canyon formation.
Locally, however, the uppermost beds of the Brushy
Canyon formation have been cut by channels. One of
theso channels, shown in figure 4, €, is ocenpied by
fusulinid limestones belonging to the basal Cherry Can-
yon. These channels scem to be of no more importance
than others in the sandstones above and below; they
were probably caused by submarine erosion,

FOSSILS

Except for fusulinids, fossils are not abundant in
the Brushy Canyon formation, perhaps because the
sandy facies of the deposits was not favorable for life,
or because conditions were not favorable for the pres-
ervation of shells, The latter possibility is suggested
by the fact that most of the fossils that have been col-
lected are fragmentary and water-worn. The thousand
feet of beds in the formation eonstitutes a conspicuous
break in the paleontological sequence.

The great abundance of fusulinid tests in many of the

~sandstone beds of the formation has been noted in de-

seriptions of the stratigraphy (p. 29, see also fig. 11,
A), and was first observed by Shumard.* The fu-
sulini<ls all belong to the genus Parafusulinag, which
oceurs also in the Bone Spring limestone below and the
Cherry Canyon formation above. The species in the
Brushy Canyon are charvacteristically larger and more
highly developed than those in the Bone Spring. They
inelude P. rothi Dunbar and Skinner, P. sellardsi Dun-
bar and Skinner, £. maleyi Dunbar and Skinner, and
P. lineate Dunbar and Skinner.®® The first three of
these species have been identified also in the lower part
of the succeeding Cherry Canyon formation.

The other fossil groups are found only in occastonal
lenticular caleareous beds, and though considerable ma-
terial has been obtained from some of the localities, Dr.
Girty observes that “the preservation of the specimens
is, in every instance, so poor as to hamper close identi-
fication.” The largest collection was obtained on the
southeast side of a gravel-capped butte 3 miles south-
southeast of El Capitan and half a mile southwest of
Lench mark 4733 (locality 7656). A collection contain-
ing many of the sume species and from nenrly the same
place {locality 2919) was described by Girty *° 1n 1908.

Most of the identifiable material from this and other
localities consists of brachiopods, although the pres-
ence of other groups is suggested by occasional speci-
mens. (irty’s original collection contains the bryozoan
Fistulipora grandis guadalupensis Girty. The more
recent collections fromn station 7656 include some frag-
mentary cephalopod shells, mostly unidentifiable, but
acording to A. K. Miller probably including the nauti-
loid Coloceras. In addition, H. C. Fountain has noted
the presence of abundant crinoid stems, and poorly pre-
served cup corals, pelecypods, and gastropods. Dr.
Girty comments as follows on the brachiopod assem-
blage:

Enteletes is a recurrent fenus, but the specitic relation of the
few poor specimens is uncertain. eekelle (M, atienuate Girty}

57 Shumard, G. G., Observations on the geology of the country between
the Rio Pecos and Rie Grande, In New Mexico: St. Louis Acad. Sci.
Trans, vol, 1, p- 250, 1858 [1860]7.

® Dupgbar, C. O, and Skinner, T. Y., Perminn Fusulinidae of Texas:
Texas Univ. Bull. 3701, pp. 593 and 726, 1937, .

® Girty, G. H., The Guadaluopian fauna: 0. & Geol, Survey Prof.
Paper 58, p- 21, 1908,



{5 better represented. Chonctes {C. sublirafus Girty 7) is for the
first e rather abundant.

The productids are all gmall (which implies the absence of
productits jvesi Newberry}, execept for three poor specilbens
grom station 7656, which ure tentatively identified as P fndicus
King (nou Waagen). Among the smalier species, P guadaly-
pengis Girty is rather abundant, Also preseut are P (Mar-
gr‘ni'ft""”??' awaagenignns Girty, P (Marginifera?) cwordensis
(I{jng). P. indentatus Givty, P. geniculutus Girey, and a BrHRCien
or two resembling . popei opimus Girty. Prorichthofenia con-
tinues to be present,

A distiuer cliange ig chus indicated in the productid repre-
gentation. bt it may not be as marked as it first appears to
he, for some of the forms which, becanse of abundance and
good preservation are mentioned in this faunual assemblage,
mav have been passed over in others Ly reason of scarcity and
fragmentary condition, a cirenstance whiel can defeat even
cucl tentarive identifications as are here recorded. In this
place, I mayv note also that the productid representatives of
these lots from the DBrushy Canyon formation huve little in
common among themselves,

Spirifers related to Spirifer tripticatus Hall occur in all three
coltections, Squamularia is present in cme cellection, buat is
not determinable specifically.  dAmbococlia, Spirvifering, Com-
posita, and fustedia arc all prasent but represented by speci-
mens too poor for consideration. On the whole, the fauna of
the Brushy Canyon formation, althbough its ideuntifiention suf-
fers from the poor preservation of the specimensg, presents many
departures from the fuuna of the Cutoff shaly member below it—
Girty manugcript, :

COXDITIONS OF DEPOSITION
REGIONAL RELATIONB

After the close of Leonard time, at the beginning of
Guadalupe time, a marked change in sedimentation
took place in the Guadalupe Mountains region. The
preceding deposits were spread across the whole area,
wlereas those of the Brushy Canyon formation were
restricted to the southeastern part, or Delaware Basin.
The preceding deposits were limestones or very fine
chastics, whereas the early Guadalupe {Brushy Can-
yon) deposits were dominantly saudstone, . part
moderately coarse grained. The preceding deposits
in the Delaware Buasin (black limestone facies) show
evidence of having been deposited in quiet and perhaps
deep water, whereas many beds of the sueceeding
Brushy Canyon formation in the same area were laid
down in agitated water, and the whole formation 1s
probably a shallow-water deposit.

Some of the canses of 1his change in sedimentation
have already heen considered (p. 27). It was con-
cluded that at the beginning of Guadalupe time the
Delaware Basin became an avea of shallow water, anl
the adjecent shelf aveas were emergent, but did not
stand high.

Because of this condition, sediments could be washed
into the basin from almost any direction, and trans-
portation of coarse material to it was prohably less
impeded than at any other time in the Perminn. The
occurrence of relatively coarse-grained sandstone in the
Brushy Canyon deposits of the Delaware Basin thus
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does not necessarily indicate renewed uplift in the lands
that supplied sediments to the region.

The coarser sands continue to the top of the Brushy
Canyon formation, where tley come to an end in a
single, persistent Jayer ; in the Delaware Basin no simi-
lar beds are seen in the higher Permian beds. Sands
equally coarse, however, are found northwest of the
basin in the vounger Goat Seep and Carlsbad forma-
tions. These relations suggest that the source of the
sands lay somewhere to {he northwest, and that erosion
of the source area continued after the close of Jower
Guadalupe time. Later on, southeastward transporta-
tion of the material into the basin was probably hin-
dered by the development of limestone-reef barriers of
middle and upper Guadalupe age (Gont Seep and Capi-
{an limestones) and coarser sands could be laid down
only in the shelf area northwest of the basin.

DETAILED FEATURES

The different types of sediment in the Brushy Cauyon
formation alternate in rude cycles, as shown on section
33, figure 5. Each massive sandstone wenerally rests on
a channeled surface which records a time of maximum
current action. They themselves contain ripple marks,
cross beds, and oriented fusulinids, which indicate that
they were laid down rapidly in agitated water, within
reach of effective wave action. The massive beds are
succeeded by thin-bedded, fine-grained sandstone, with
varvelike laminae, which record slower, quieter depost-
tion. Toward the top of each eycle are intercalations of
dark, shaly sandstone, probably with a considerable
bituminous content, which suggest an approach to the
stagnant bottom conditions of the older black-limestone
deposition. Each cyele is brought to an end by another
period of chamneling and deposition of coarser sand-
stone.

These rude eyclical units cannot be traced far along
the outcrops, and it is questionable whether any one is
of more than local extent. They indicate, however, a
regulay fluctuation in conditions of sedimentation from
agitated to quiet water but probably with no aecom-
panying changes in depth.

The ripple marks in the massive sandstones have
nearlv ithe same northeastward trend as the Bone
Spring flexure, which formed the shore in lower Guad-
alupe time (fig. 6). They were evidently shaped by
movements of the water oriented at right angles to the
dhore. These movements might have been undertow
currents, caused by the return along the bottom of water
that had previously been piled up on the shore by the
waves. Or they might have been the to-and-fro oscil-
lation of water within the waves themselves. Move-
ments of the first sort would form current ripples, and
of the second sort oscillation ripples.® The marks in

® [indle, BE. M., and Bucker, W. H., Ripple mark and its interpreta-
tion, in Twenhofel, W. H., nngd others, Trentize on sedimentation, 2d ed..
pp. 644—G53, Baltimore, 1932,
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Numbers of sec-

tions correspotul te sections shown on plate G.

the Brushy Canyon formation appear to have a symn-
metrical cross section, which indieates they are oscil-
lation rather than cunent ripple marks. HoweveL no
secondary crests arve found, such as ceeur in many oseil-
Iation ripples. Current movements are indicated by
the channeling of the associated deposits.

The fusuhmd tests, which are commonly strung out
in a northwestward divection, at right angles to the
trend of the vipples, were probably placed in this posi-
tion by the same osciilation movements of the water
that produced the ripples. After the deatly of the ani-
mals, their many-chambered tests probably had con-
siderable buoyaney, and were easily turned in the direc-
tion of least vesistance tu water motion; that is, elongate

parallel to the movement.

The sea bottomn during lower Guadalupe time was
probably inhospitable to many forms of life, because of
its sandy surface, and the probable agitation and tur-
bidity of the overlying water. Shells of whatever bot-
tom fauna existed were largely Lroken u)» betore they
could be fossilized. Whatever the conditions of life
for most of the fanna, the lower Guadalupe sea wwas
definitely favorable to the existence ot fusulinids and
the preservation of their tests as indicated by the enou-
mous numbers of the tests that were enclosed in the sedi-
ments.

MIDDLE PART OF GUADALUPE SERIES

Beds of middle Guadalupe age form an assemblage
considerably more varted than that of any of the units
that preceded them (pl. 7, ). Toward the southeast,
they consist of the Cherry Canyon formation. about
1,000 feet thick, which is a suecession of fine-grained
and generally thin-bedded sandstones, with a number
of persistent linestone beds some of whlch are (listin-
guished as named members. Towarcd the northwest,
the limestone members thicken abruptly and form a
continuous succession of limestones, the Goat Seep,
which iz equivalent to the upper three-fourths of the
wirit to the south. The lower fourth of the Cherry
Canyon formation persists northward as a sandstone
tongue a few hundred feet thick. Near the southeast
edge of the (Goar Seep limestone, the middle Gnadalupe
Leds have a thickness of about 1,500 feet, but farther
northwest they dwindle to 750 feet.

In the Delaware Mountains, the middle part of the
Guadalupe series, or Cherry Canyon formation, crops
out along the crest of the range in a belt 8 or 10 miles
wide. Northward, the Cherry Canyon extends along

~ the west face of the Guadalupe Mountains past El Capi-

fan (pl. 3). Farther north, the Goat Seep limestone
is extensively exposed along the lower slopes of escarp-
ments and canyon walis that are capped by the younger
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Capitan and Carlsbad limestones. The Cherry Canyon
and Goat Seep formations are expozed also at many
places in the downfaulted avea west of the high moun-

fnins.
CHERRY CANYON FORMATION

The Cherry Canvon formation, as liere distinguished.
corresponds approximately to that part of the Dela-
ware Mountain gronp recognized by Beede™ as con-
sisting of “brownish, rather bituminous ghales, with
limestones and some sandstones”. Its name is taken
from Cherry Canyon, which drams enstward across the
cummit of the Delaware Mountains for about 9
miles, from Pine Spring to a point 3 miled east of the
D Ranch Headguarters where it joins Lamar Canyon.
The course of Cherry Canvon crosses most of the out-
crop of the formation; some paris of the formation
near the canvon ave covered by Quaternary gravels.

On the outerop, the Cherry Canyon formation has
a nearly constant thickness of 1,000 feet, but this thick-

n Heede, J. W4 Neport on the oil and gas possibilities of the University
Block 44 in Culhersen County @ Texas Tniv, Bull, 2idd, po 14, 1924,

ness increases to 1,283 feet in the Niehaus et al., Cald- -
well No. 1 well, 35 miles east-southeast ot E1 Capitan,
In the broad belt along the crest of the Delaware Moun-
fains. it dips at angles of a few degrees to the east-
northeast, but toward the west it is considerably broken
by strike faults of small displacement, ast of the
ensternmost fanlt, which crosses the west end of Get-
away Gap, the limestone wembers of the division stand
in low, west-facing, frayed-out cuestas, whose eastern,
hack slopes are cut on the surfaces of resistant beds.
The most conspicnous of them is Long Point, capped
by limestones of the Manzanita member.

Outcrops of the Cherry Canyon formation are shown
on the geologic map. plate 5. Note that to the south,
as near section D—7#, the helt of outerop is wide because
of the gentle dips and low topographic relief; whereas
to the north, as near section B—B", the belt of outerops is
narrow, not becanse of steeper dips, but becanse of
greater topographic velief. Views of this part of the
outcrop, forming smooth slopes between the ledges of
the Brushy Canvon formation and the cliffs of the Capi-
fan limestone, are shown in plate 1, plate 5, 4, and
plate 12.
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Sections of the Cherry Canyon formation can be seen
on the right-hand half of plate 6. Note that in the
area of flat topography to the southeast, only incom-
plete sections are shown, or complete sections that have
been pieced together from measurements in different
places, as in sections 37 and 42. In this region, the
record of the Niehaus well, also shown on the plate,

rovides a useful check on the surface mensurements.

he continuous sections farther to the left (secs. 12-18)
are measured on the steep slopes at the south end of
the Guadalupe Mountains, For general stratigraphic
‘relations of the formation, see plate 7, 4.

SANDSTONE BEDS

The standstones of the Cherry Canyon formation lie
in beds o few inches thick, with occasional thicker lay-
ers and layers of hard, platy, shaly sandstone. The
thinner beds are all marked by light and dark laminae,
Possibly varves, of which there are commonly 10 or
20 to the inch; there are occastonal zones where they
are more closely or more widely spaced. The sand
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FiGuRE T.—Reetions showing ebammeling and lenticular deposition of
sandstones in lower part of Cherry Canyon formation, 4 and B, in
Cherry Canyon, 2 to 3 miles sputheast of Frijole Post Office. ¢ aund
D, in Glover Canyon, 215 miles south of Frijole Post Office.

grains are so fine that they cannot ordinarily be dis-
tinguished by the unaided eye. A single speciinen of
the sandstones was examined under the nicroscope by
Ward Smith. It came from beds between the South
Wells and Manzanita members ut the base of the slope
near Pine Spring, and is megascoplcally similar to the
sandstones in other exposures of tlhie formation, It con-
sists of angular grains of quartz and some feldspar,
with a maximum diameter of 0.13 millimeter, closely
packed in a noncaleareous, argilliceous matrix. There
are also a few grains of zircon and tourmaline.

The bedding surfaces in many of the sandstones are
stralght and smootly, but some are covered by shallow
ripple marks, measuring several inches fron crest to
crest, which trend in a general northeasterly direetion

(fig. 8). In some exposures, individual beds can be
traced for long distances. In others, the bedding is
less regular, and the sandstones are cut by channels
several feet deep, which are filled by more massive,
more shaly, or more caleareous strata than those be-
neath (fig. 7). The material filling the channels is very
wregularly bedded, but almost nowlere contains any
conglomerate. Channeling of the sandstones is miost
common in the lower two-thirds of the formation.

At some localities the sandstone contains spherical
or oval nodules, lenses, and thin beds of fine-grained,
gray, sandy linlestone or caleareous sandstone, but else-
where great thicknesses of strata contain no caleareous
beds. In some exposures, as on the south side of Get-
away Gap, the various vock types appear in rude cycli-
cal order through intervals of 10 or 20 feet of beds.
Shaly sandstones below are followed by thin-bedded
sandstones, and then by limestone lenses or nodules,
after which the succession is repeated (see sec. 44,
fig. 5).

LIMESTONE MEMEEERS

The limestone beds in most of the Cherry Canyon
formation are lenticular, consisting in places of solid
limestone members 100 feet ov more thick, and in places
of thin limestone beds interbedded with thicker layers
of sandstone, as shown diagrammatically on plate 7,
4. They exhibit considerable variety in lithologic
character from place to place. The two members dis-
tinguished in the lower part of the formation, the Get-
away and South Wells limestones, change in this man-
ner, and between them other thinner, less continuous
limestone beds ave locally prominent. The upper mem-
ber of the formation, the Manzanita limestone, is move
persistent than the lower members in lithologic char-
acter and thickness over wide areas.

The pesition and extent of the limestone members
in this part of the succession has not been deseribed
hitherto altheugh varieus authors have noted the oc-
currelice of limestone interbedded in the sandstones of
the Delaware Mountains. The lack of previous obser-
vations on the limestone members is partly becanse the
members are poorly developed on the slopes below El
Capitan, where most previous stratigraphic sections
were measured.

GETAWAY LIMESTONE MEMBER

The Getaway limestone member is a group of lime-
stone beds in the lower part of the Cherry Canyon for-
mation that are widely exposed in the Delaware Moun-
tains (pl. 8). The member caps the rim of the west-
facing escarpment of the Delaware Mountains for
many miles south of El Capitan, and is the first abun-
dantiy fossiliferous layer encountered in the section on
passing upward from the Bone Spring limestone,
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The member 18 numed for Getaway Gap,”* 6 miles
southeast of El Capitan, on whose north and south sides
j¢ 35 well ¢xposed. At the gap, the member has a thick-
pess of 207 feet, aud is separated from the uppermost
piassive sandstones of the Brushy Canyon formation
by 162 fect of thin-hedded sandstone {scc. 40, pl. 6).

“The member is well exposed also along Glover Canyon
2 miles north of the gap (sec. 37a), on the gonth side of
Guadalupe P’ass overlooking Guadalupe Canyon (sec.
7). and on the Delaware Mountains escarpment below
Guadalupe Summit rudio station (sec. 83). At these
places, a8 much as 200 feet of nearly continuous 13me-
srone Deds is present, but near the middle several layers
of sandstone are generally interbedded. In other purts
of the area, even at points close to these localities (as
shown in fig. 4, 4 and €, the member thins to 30 feet
or Jess. At some places, as on the slopes below El Capi-
tan (sec. 18, pl. 6), the member nearly disappears, and
in the interval where it s expected only a few limestone
Lods less than a foot thick ave present. {Aveas in which
(he member is thin or wanting are shown on fig. 8.)

The Getaway member consists largely of fine-textured
black or dark-gray limestone, which weathiers to mouse-
aray or ashen-gray surfaces. Most of the beds are a
Tew inches to a foot thick, but some parts are thinly
laminated or platy. The more arapular beds contain
small, irregular chert nodules. Many of the bedding
surfuces are straight and smooth, but others are nodular,
wavy, and hummocky, with straighter-bedded layers
deposited over the uneven qurface. In exposures 2o 3
miles east of El Capitan, some of the bedding surfaces
are striated and futed in the same MANDEL AS in the
black limestones of the Done Spring. DBetween some
of the limestone beds are thin-bedded or platy sand-
stone layers and rave partings of marl.

Interbedded with the dark, thin-bedded limestones
are some Jenses of light-gray, more granular limestone,
in places dolomitic, In massive beds 2 to 10 feet thiek,
which extend 25 to 100 feet along the outcrop. Some
of them contain small, vounded limestone pebbles.

The following analyses of limestone from the Get-
away limestone member were made:

Anglyscs, in pereent, of limestone from 1he Getaway lincstone member

[Analyses by K. J. Murate; notes on insoluble residues by Charles Milton]

: - :
| i
\ Inszcluble % .0 ‘ ! :
3 L. : SRS L
Specimen locality e Em— (mostly[ CaCO; | MgCO; | MnCO; | Cag(POJ,| Total
| N 1
!Inorganic“ Organice 1 Fe:0s) \ | ' .
-
1. Lower part of member, east bank of Glover ! l l\ 1 ! h ‘
Canyon at seetion 37 a, 3 miles southeast of ! = . : i ! .
Ping Spring CAMP_ . oooaooooooo oo 1L 88 \l 0.63 | 0.44 85000 1.83. 003 017 99. 54
Upper part of member, same locality as No. 1.__ 8 38 ; 45! .32 I 88. 70 . 1.26 ! 04 ‘ .33 99. 54
" o5 feet below top of member, rim of Delaware | i | 1 f :
Aountains at section 33, at Guadalupe Suw- . : i l . i | [
_ mit radio station; granular phase_ - ... ____ .- 13. 71 ¢ L10 ! .75 g1.27 2570 08 | 1.00 | 94.00
4. Same loeality and horizon as No. 3; compact ! ‘ ! ! i i
T et o iel-t S ol o 10.66 | .08 J19 | 8762 11T . 06 | . 06 t 99. 84
5. Near Lone Cone, west of Delaware Mountains; : : ! i ! i
granular, sandy lnestone, exfoliated hy ' : l | | |
Y 1 SRS P 11. 06 S24 .30 | BG.92: .92 . Q3 ‘ Trace i 99. 49
: ‘ i |

Insoluble residues: 1, Dark brownish. with fine quartz, feldspar, and muscovite particles and much clayey material: 2, datk
brownish, with large chert particles, quartz, feldspar, and occasional zircon; 3, gray, with very little clay, subrounded detrital quartz,

feldspar, and oecasional semall zireon prains; 4, gra
and sowe spherulitie apgregates, possibly feldspar
zircon grains,

Fossils are sbundant in parts of the Getaway lime-
stone member, and include a great diversity of types.
They are particularly numerous and well preserved in
ihe granular limestones, where they tend to be concen-
ivated in lenses in the more barren rock. The bivalved
chiells 3 such Dbeds are commonly joined together, as
though they had not been greatly disturbed atter the
deaili of the animal. Some of the fossils are silicified on
the weathered surface of the rock, but most of them can
be discovered only by breaking the rock. Fuzulinids

™ According to Mr, Walter Glover, in the early days of ranching in the
country wild horses were frequently rounded up and eaptured in the

basin west of the gap. Now and then, however, they made a dash for
freedom, and “got away’ through the gap.

-ery little clay, mostly cryptoerystalline quartz or chalcedony, some feldspar,
light gray, subrounded detrital quariz grains and feldspor, with a few gmall

are abundant in the denser limestones, and tend to be
sriented in a general northwestward direction (fig. 8),.
in the same manner as in the sandstones of the under-
lving Brushy Canyon formntion. -

Where the limestone beds of the meniber thin out,
their place is taken hy platy, shaly sandstones that crop
out in ragged ledges. These shaly sandstones contain
zones of limestone nodules, which are probably the
equivalent of continuous beds elsewhere. In places the
nodules appear to be broken and rolled fragments,
resulting from the destruction by wave action of a con-
tinmous limestone bed, after deposition and before
burial.
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BEDS ADJACENT TO GETAWAY LIMESTONE MEMBER

In the sandstones that underlie and overlie the Get-
away limestone member are occasional limestone beds
that are toe thin or discontinuous to be mapped or
named.

Beneath the Getaway member, in the 100 or 200 feet
of beds that separate it from the top of the Brushy
Canyon formation, are occasional Ienses and channel
fillings of clastic or sandy limestone, containing broken
fragments of shells. The fossils collected from these
beds are referred to below (pp. 41-42) as constituting
the sub-Getaway fossil zone.

The interval between the Getaway limestone member
and the succeeding South Wells limestone member con-
sists largely of sandstone, but southeast of Getaway
Gap a number of thin limestone beds occur (sec. 42,
pl. 6). Inplaces they contain fossils, but no collections
have been made from them. The limestone beds give
Pplace along the outerop to thin layers of slabby, reddish
quartzite, which form resistant ledges that are widely
traceable in the field and on nerial photographs. Some
of these quartzite ledges are indicated on the geologic

map {pl. 3).
SOUTH WELLS LIMESTONE MEMBER

About 200 feet above the Getaway member is an-
other, less prominent, less continuous group of lime-
stone ledges, which is named the South Wells limestone
member. The type locality is at the South Wells of
the D Ranch, 11 miles southeast of Kl Capitan (pl
3).# The member here consists of several limestone
beds as mueh as 20 feet thick, interbedded with sand-
stone, and locally replaced by massive sandstone beds.

In the southeast part of the area, near South Wells,
the limestones are gray, fine-grained, and nondolomitic,
and form beds a few inches to several feet thick,
with some lenses and thin beds of dense, black lime-
stone. The black beds coutain numerons well-preserved
ammonoids and a few species of brachiopods. The
lighter beds have a more diversified brachiopod fauna.
In places the limestone beds are replaced laterally by
slabby, reddish quartzites. The sandstones beneath
some of the limestone ledges are thick-bedded and erop
ont in bare, rounded slopes. . :

Farther norvth, in the southeastern foothills of the
Guadalupe Mountains, black limestone beds disap-
pear from the South Wells member., Fhe member here
contains beds as much as 10 feet thick of buff, or drab,
fine-grained, dolomitic limestone, in part sandy, which
weanther into large slabs or blocks. Some of these beds
contain seams of flat sandstone and limestone pebbles,
and in places, irregular segregations of brown chert.
Various fossils can be seen in the vock, but they are
preserved only as easts or molds.  Overlying each mas-

" The northern of Beede's twn scetiong includes beds exposed at this
locality (op. eit., . 6).

sive bed is a few feet of slabby, compact, dolomitic lime-
stone. The limestones are associated with thick beds
of brown, calcareous sandstone of a slightly coarser
grain than the sandstones above and below. " At some
places, as in Cherry Canyon 3 miles east of Frijole Post
Office, the linestone beds pinch out, and only the thick
sandstone beds remain to indicate the position of the
menihet. :

The following aualysis was made of a specimen of
drab dolomitic limestone from the South Wells lime-

~ stone member collected at the south base of Ruder Ridge

due north of Nipple Hill:

Analysis of dolomitic linestone from the Sowith Wells
limestone member

[Analysis by K. J. Muvata ; note on inspluble residue by Charles 3llton]

Pereend
Inorganie ingeluble___ . 21.83

Cas{ PO e oo e None

99. 24

Insoluble residue: Clayey, light gray, with guartz and alkalic
feldspars, oceasional green tourmaline, and other detrital min-
erals,

MANZANITA LIMESTONE MEMBER

Several hundred feet above the South Wells lime-
stone member, near the top of the Cherry Canyon for-
mation, are the persistent calcareous layers of the Man-
zanita limestone member (right-hand half of pl. 6).
This member is named for Manzanita Spring, three-
quarters of a mile east of Frijole Post Office; the type
section 1s on Nipple Hill, a contcal batte carved from
the member, which rises from the plain near the spring
(vight-hand end of pl. 3, B). The member crops out as
a thin band on the slopes below the limestone cliffs of
the Guadalupe Mountains (pl. 9), and extends south-
ward as a broad Dbelt into the Delaware Mountaing
(pl. 3). '

The member has a thickness of 75 to 150 feet, and con-
sists of straight-bedded ledges a few inches to a foot
thick, of dense, greenish-gray, earthy limestone, which
wenther to a striking orange-brown or yellow color,
Under the microscope the limestones are seen to con-
tain seattered detrital quartz grains, Some of the lay-
ers contain irregular cavities and pockets, part of which
are geodes lined with caleite crystals. Some of the
geodes were originally. the molds of fossil shells. Fos-
sils, however, are all poorly presevved, and none was
collected by Fountain or me. Qccasionally inprints of
ammonoids and erinoid stems can be seen on the bed-
ding surfaces.

The following analyses of linestone from the Man-
zanita limestone member were made:

AN S ot i
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Analyses, in percent, of limestone from the Manzanila l{mestone mewher

-

[Anzatvses by K. J. Murala: notes on insoluble vesidues by Charles Milwon]

_ [ —
i ! 1 |

|
o . 11 Tuzoluble l R0, « ! [
Specimen loeality ‘ ‘;(mostly | CaCOy 1 Mgl WMnCO;  Cag(PO: Total
l Inorganic'l Qrganic ! FexO) ~ | i §
o L L
1. Side ravine draiving into Tamar Canyon {rom ‘ [ 1 ' ‘ ~
soutly, 3; mile cast of benel mark 4923 __. 68, 29 | 0. Q5 " 274 14 gl |+ 12 538 . 0.07 i .10 | 00, 74
3. South cide of Ttader Ridge, due north of Nipple i | 1 i ? 1 ‘
1 ET I 1. 7¢ i 11 |‘ 1. 56 l 44,09 | 3L 62 ! 12 None | 99. 20

Tnzoluble residues:

1, Light gray, many graing of cubrounded guariz and feldspar, soi¢ muscovite of detrital origing 2, light

gra¥, clayey, with quariz and feldspar, some rourmaline, and other detrital minerals,

The limestone beds are generally separated by pairt-
ings and thin heds of soft. fine-grained, greenish sand-
stone.  Southeast of Nipple Hill, as near the D Ranch
Teadquarters in Clerry Canyon, the limestones are di-
vided in the middle by a 50-foot bed of massive, fine-
grained. areenisl-gray sandstone, which erops out n
rounded Jedges. Similar sandstones 50 to 100 feet thick
underlie the wember.

The most distinctive feature of the Manzanita mem-
per is its intercalated beds of altered voleanic ash. These
beds appear generally us pale, apple-green siliceous
<liales or cherts, but in places they are waxy, green, ben-
tonitic clavs. The cherts, because of their vegistance, are
widely distributed in the slope-wash deposits ancl
stream gravels of the region, where they attract notice
becanse of their unusual color. The voleanic ash forms
beds as much as 2 teet thick that ocewr at varions posi-

tions within the member.  The beds ave shown by 2
special symbol on the sections of plate 6.

Ash beds in the Delaware Mountain section, perhaps
belonging to the Alanzanita member, were noted by
Crandall® who speaks of “some thin layers of a pe-
culiny hard, green avgillite £ 400 to 500 feet be-
Jow the top of the [Delaware Mountain] formation.”

Five thin-sections of the ash from different parts of
thye avea liave been examined by C. 3. Ross of the Geo-
He states that ash structures are gemn-
recognizable under the weroscope,
although somewhat obscured by silicifieation, as well as
by devitrifieation, which bas produced elay minerals
and secondary quartz. Some of the softer beds have
been so altered to clay minerals that the ash structure,
if originally present, is no longer evident.

logical Survey.
erally clearly

Analyses, in percent, of hentonitic clay from the Man zanita limestone member

{Analyses by E. T Frickson]

r_,_A_"A—#—-A__'____@__,__——-—-——ﬁ__,Q
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Specimen localities i

I ————

1. Side ravine draining into Tamar

1 Canvon from |
south, 3 mile-cast of bench mark 4923; shows i

l
ash structures under microscope. - - ------s--- ' 60, B8 |
9. South bank of Clerry Canyon on road leading ‘, l
south from D Ranch headquarters: does not | |
chow recognizable ash structures under miero- |
ECOPE .- - i 5346
i

1

Claracreristically, the volcanic ash beds in the Man-
zanita member are well developed far outside the local
outcrop in the southern Guadalupe Monntains; they
liave been identified 11 nunerous wells drilled in the
Delaware Basin area down the dip to the east. They
appear. tor example, in the Niehaus et al., Caldwell No.
1 well, 35 miles east _southenst of Tl Capitan, whose log
is shown on plare 6. They have boew found also in the
Getty Oil Co.. Dooley No. 1 well in the Getty oil field,
east of Carlsbad, N. Mes. (for lacation see fig. 2), and
also in other wells farther east and southeast.

South of Delaware Creek, the orange-brown,
straight-bedded limestones of the member change nto

sio, |
|
|

e

- i 1
T
(mostly | ¥gO | CaQ | Na.Q K,0 N L0 Total
iy | o | @0 0 B0
I
‘L i ! 1
ol
w06 | 272 Ls] T8 o | 492 o084
| | 1_ l
| % :
284 | .60 179 .50 a0z 1092 \ 99, 92
1 i i

dark-gray, lumpy limestones containing poorly pre-
served ammonoids and separated by crumbly greenish
marl which contains small lmestone lumps. (This
facies is separately mapped on pl. 51 see also sec, 2, pl
6.) Thelatter beds losely resemble those of the Hegler
limestone member of the Bell Canyoun formation along
the southeast base of the Guadalupe Mountains, as dle-
scribed later in this report. Green chert (voleanic ash)
is rave in this facies but was observed in a few places.
The lunpy limestones cap many mesas and enestas m

e

o Orandall, K. Ho Cermian stratigeauhy of southeastern New Mexico
and adjacent parts of western Texas: AL Assor. Tetrolenm Geolagists
Bull., vol. 13, > a51. 1929
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the southeast part of the area, of which the most con-
spicuous is Long Point. At Long Point (sec. 42},
the most prominent part of the member is the lower
caleareous division, below the medial sandstone. The
upper division is represented by similar beds a few feet
thick.

Between Bone and Shirttail Canyons on the west side
of the Guadalupe Mountains, the Manzanita member
thins out northward and disappears between the Hegler
and Capitan limestones above, and the Goat Seep lime-
stone beneatl (between secs. 9 and 13, pl 6).

CHERRY CANYQN FORMATION IN AERIAL PHOTOGRAPHS

In aerial photographs, the Cherry Canyon formation
is recognized as that belt of outerop between the promi-
nent sandstone ledges of the Brushy Canyon formation
below and to the west, and the top of the Manzanita
limestone cuesta above and to the east. As such, it can
be traced through the Delaware Mountains for more
than 30 miles south of the area studied.

The part below the South Wells member forms a
topography of smooth, rounded ridges and hills, mi-
nutely dissected by valleys and ravines. Many of the
valleys and ravines appear to follow faults or joints,
some of which are traceable for many miles fromn one
drainage area to the nest. The Getaway limestone
member does not make distinctive ledges and is not
traceable on the photographs.

In the photographs, the upper part of the formation
differs from the lower in having n well-marked cuesia
topography, each cuesta consisting of an abrupt west-
facing scarp, indented by each stream that drains across
1t, and of a broad back-slope descending eastward with
about the same inclination as the dip of the beds. Two
Cuestas are more prominent than the rest, a lower west-
ward one corresponding to the South Wells member,
and a higher eastward one corresponding to the Man-
zanita member. The latter may be traced continuously
trom Long Point southward for nearly 20 miles beyond
the area mapped, until it is lost in the faulted area of the
southern Delaware Mountains.

SANDSTONE TONGUE OF CHERRY CANYON
FORMATION

North of Shirttail Canyon, on the west side of the
Guadalupe Mountains, the lower formation of the
Delaware Mountain group (Brushy Canyon) is missing
by overlap on the Bone Spring limestone, and the upper
three-fourths of the succeeding formation (Cherry
Canyon) interfingers with the Goat Seep limestone.
The lower fourth of the Cherry Canyon formation, how-
ever, persists as a layer of sandstone 200 or 300 feet
thick. Itsoutcrop extendsnorthward past Cutoff Moun-
tain into New Mexico, and forms a weak, sandy break in
an otherwise continuous succession of limestone.” Ac-

% Flrat described by Daker, C. L., Contributions to the stratizraphy
of eastern New Mexico: Am, Jaur. Sci., 4th ser., vol. 49, p. 114, 1920 ;

cording to Crandall,* the sandstone pinches out entirely
not far to the north in southern New Mexico.

For outcrops of the sandstone tongue, see the geologic
map, plate 3. The slope on which it is exposed stands
out prominently below Shumard Peak and Bush Moun-
tain on the panorama, plate 3, B. The structure of the
rocks appearing in a part of this view is shown on sec-
tion A-A”, plate 17, Sections of the sandstone tongue
appear on the left-hand third of plate 6, Nos. 1 to 9.

The sandstones are buff or pink, soft, and very fine-
grained. In the upper part are some interbedded
brown, sandy, cherty limestones that contain numerous
silicified brachiopods. The sandstone grades into the
overlying Goat Seep limestone, and the two types of
rock ave interbedded at the contact (as in sec. 7, pl. 6},

GOAT SEEP LIMESTONE
DEFINITION

The name Goat Seep limestone is here given to mas-
sive or thick-bedded limestones similar to the Capitan
limestone, but of pre-Capitan (middle Guadalupe) age,
which crop out in the Guadalupe Mountains (pl. 7, 4).
The name is taken from Goat Seep,”” on the west slope
of the mountains 115 miles northwest of Guadalupe
Peak (for location, see pls. 3 and 9), The limestones of
the formation, in their southeastern, marginal facies,
are exposed up the slope from the seep, which issues
from sandstones of the underlying Delaware Moun-
tain group. "Complete, well-exposed sections of the
formation are found on the west-facing escarpment of
the Guadalupe Mountains for several miles north of
the type locality.

In previous reports, the formation has been given
various names. Crandall ® termed it the “Chupadera
limestone,” a name imported from the central New
Mexico sequence. The unit, however, does not include
all of the type + Chupadera, and there is a strong prob-
ability that it is younger than any of the t Chupadera,
For beds of approximately the same age in Do_ Cau-
you, in the northern Guadalupe Mountains, Lang
proposed the name Dog Canyon limestone, and extended
the term to include the beds here ealled Goat Seep
In the southern Guadalupe Mountains. Petroleum Ze-
ologists, engaged in regional stratigraphic studies, have
found the name Dog Canyon confusing because of its
sinilarity to the term Dog Creel shale, used in Okla-
homa for beds of about the same age. The term is
therefore abandoned, and in this report the name Goat
later described Ly Darton, N, IL, and Reeside, T. B. Jr., Guadalupe group ;
Geol. Boe. America Bull, vol, 37, p. 423, 1926, and others. Darton amd
Reeside ascribed the northiward thinning of the Delaware Mountain
group entirely to overlap of the lower beds,

® Crandal], K. H., op. cit., p. 933.

T Shown s "Goat Spring” on the Guadalupe Peak topographic sheet
of the Gueologieal Survey, but Goat Seep is the form generally used by
thie inhabitants of the area.

% Crandall, K. H., op. cit., p. 933,

® Lang, W. B., The Permian formatlons of the Pecos valley of New

Mexico and Texas: Am. Assge. Petroleum Geolngists Bull,, val, 21, p. 858,
1937,
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Seeps Lased on expOsUres within the area studied, is
:ub_qtituted for it.

" The true stratigraphic relations of the Goat Seep
jpestone were cleatly recognized by Buker,' and later
on by Crandall? but in most of the other reports writ-
ten at that time it was confused with the similar but
vounger Capitan limestone. Darton and Reeside * er-
Joneously identified the Gout Seep beds near the Texas-
vew Mexico State Jine as “upper davk limestone” (Pin-
:\1-\- limestone member of Bell Canvon formation) and
C;,pimn Yimestone, Blanchard and Davis*® recognized
(he gradation of samddstones below the Capitan into
jymestones at Goat Scep, but considered it a local fea-
ure: they correlated all the limstones farther north
with the Capitan.

Ii

GENERAL RELATIONS

The development of the Goat Seep Tinestone ont of
eandstones of the Cherry Canyon formation ean Le
obzerved to good advantage from the crest of the ridge
petween: Bone and Shamard Canvons (pl. 12, B)., The
Capitan limestone vises to the east in a sheer wall, stand-
ing on the Jedges of the “upper dark limestone™ (Heg-
Jor and Pinery members of Bell Canvon formation).
1elow. long smooth slopes, broken here and there by
Jimestone ledges (Getaway and South TWells members
of Cherry Canyon formation) extend down toward the
ohserver across the sandstones of the Delaware Moun-
inin group. On the nortl side of Shumard Canyou.,
liowever, on the high spur that rises above the Victorio
Peak limestone bench, thick limestone ledges are inter-
bedded with the sandstones. At the same positicn on
the next spur to the north, above Goat Seep and beyond
Shirttail Canxorn, the sandstone beds have disappeared
and the limestones have merged into a single group of
cliffs. They form the Goat Seep Hmestone, of which
this is the type section. The two spurs are snrmounted
by the higher, steeper chiffs of the Capitan limestone,
{rom which the Goat Seep cliffs are separated by ledges
of the “upper dark limestone.” This relationship indi-
“cates the Goat Seep limestone is of pre-Capitan age.
The view described above s shown on plate 12, 2.
The two spurs on which the Goat Seep limestone fivst
appears He below Shumard Peak near the middle of the
view. The structure of the beds on the two spurs 1s
chown on sections A—1’ and B-B’ of plate 9. The
sequence on the two spurs is shown in sections 11 and
9, plate 6. Note how, in sections farther to the right
on this plate, the Goat Seep limestones are traceable
into the Getaway and South Wells limestone members.
To see the continnation of the Goat Seep toward the
north, one must go several miles westward into the Salt
Basin, where the whole west face of the mountains can

the

1 Baker, C. L.. op. c¢it,, p. 114,

* Crandall, XK. H,, op. cit., p. 9383.

*arton, K. H., and Reeside, J. B., op. cit., D. 422, 82, 4.

t Dlanchard, W. G., and Davis, M. J.,, Permian stratigrapby 2nd
Btructure of parts of southeastern New Mexico and southwestern Texas:
Am. Assoe, Petrolenm Geologists Bull, vol. 13, pl, 11, p. 988, 1929.
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be observed in panorama (pl. 3, B). The Goat Scep
leds can there be traced northward along the mountain
fnce from the two spurs near Shumard Canyon, rising
and thickening, with the line of separation from the
Capitan visible as a distinct, softer parting which rises
diagonally ncross the liffs until it reaches the mountain
cnmunit,  Here thie Goat Seep clifls vise as high and
stand as steeply as do the Capitan cliffs farther south,
maling it easy for the two units to be confused with
ench other. Nearer ilie observer, and fringing 1lic Lase
of the high mountains, are rugeed Jower limestone
ridges which in another setting would be mountains in
their awn right. Closer examination shows that they
are composed of downfaulted rocks, of which the
most conspicrous constituent 1s again the Goat Seep
Timestene,

This view is seen in the panorama of plate 3, B, the
structure of a part of which is shown on section K- of
plate 17. Theline of separation between the Goat See)
and Capitan appears Jow down on the cliff below sum-
mit 8336 (to jeft of Shumard Peak), and rises north-
ward along it to the summit, which it reaches on the
north slope of Bartlett Peak. Notiee that between
Shwmard Peals and Bush Mountain the formation is
massive and stands in sheer cliffs, but that farther
north, near Blue Ridge, it 1s bedded and forms ledges.

SOUTHERY EXFOSURES

On the west side of the Guadalupe Mountains, the
Goat Seep limestone thus malkes its appearance above
Groat Seep In Shirttail Canyon, or several miles north of
the south edge of the Capitan limestone at El Capitan.
Tt is formed by the northward thickening of the lime-
stone beds of the Getaway and South Wells members
(as shown on pl, 6). Like the Bone Spring flexure, the
Tine of tfransition beiween it and the Cherry Canyon
formation trends northeastward at an acute sngle to
the trend of the escarpment (fig. 8). Near Shumard
and Shirttail Canvons more limestone is thus present
on the points of the projecting spurs than in the can-
yons that are cut farther to the east.

The deposits, on the southeast marein of the Goat
Seep, exposed on the ridge between Shumard and Shirt-
tail Canyous {sec. 11, pl. 6}, consist of massive lentic-
ular, gray, dolomitic limestones in beds as much as 10
feet thick, many of which rest on channeled surfaces of
the underlying sandstones or slabby limestones. The
nassive beds commenly contain angular limestone peb-
bies and fragments of fossils. Nearly all the interca-
lated sandstones pinch out a little farther north (sec.
9, pl. 6), but a layer at the top, in the position of the
Manzanita member, persists for several miles, forming
the parting of soft beds between the (Goat Seep and
Capitan which may be recognized on the cliffs from &
distance. -

North of Shirttail Canyon, the formation thickens
rapidiy to 1,200 feet at Bush Mountain, a prominent
point on the escarpment 114 miles beyond (sec. 6, pl.
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6). The lower half of the formation in this vicinity
consists of light gray, dolomitic limestone, weathering
to dirty-gray, jagged surfaces, in beds 10 to 30 feet
thick, interbedded with some buff, caleareous, medinm-
grained sandstone. Some of the limestones are crowded
with the remains of fnsulinids, now preserved only as
molds, and henre unidentifiable,

The upper half of the formation, below Bush Moun-
tain, stands as a single, massive bed of limestone, with-
out trace of bedding planes. Its upper part, wheve
stuclied on the mountain crest a shiort distance south of
Bush Mountain, is a sandy, buff, dolomitic limestone,
containing casts of brachiopods, pelecypods, and fusuli-
nids. Upper beds of the formation of similar character
are exposed also on the slopes of the northern Patterson
Hills to the southwest, and of the head branches of
Pine Spring Canyon and North McKittrick Canvon to
the novtheast (pl. 3). The line of separation between
them and the Capitan is not as clear as on the cliffs near
Bush Mountain. They differ from the Capitan in being
thick bedded, rather than whelly massive, as well as
being more dolonitie, and in places somewhat saluly.

The following analysis was made of a white dolomite
trom the lower part of the Goat Seep limestone colleeted
on oue of the foothill ridges 214 miles northwest of
Bone Canyon:

Anelypsiz of white dotonrite frain e lowsr part of the Goat Seep
limestone
[Analysis by K. J. Murata ; nate on insoluble residue by Charles AMilton]

Percent
1, 85

43,07
None

09. 50

Inxotuble residue: Lighr reddishgray. with  subronoded

quartz amd feldspuy grains, ccensional nugite, and el arbid
clay.
NORTHERN EXFOSURES

The GGoat Seep forms a thick. homogeneous Timestone
mass only in the vicinity of Bush Mountain. Novthward
as well as southwad. it thins and containg more inter-
bedded sandstones.

At Cutoff Monntain (sec. 1. pl. 6}, in the northiwest
part of the area, it is 560 feet thick. ITere, most of tle
lower half of the formation is thick-bedded, butl, cal-
aveous sandstone, with a few interbedded limestone
layers, Thesandstones, like those in the Brushy Canyon
formation to the south, contain fusidinid molds, are
cross-bedded, and are moderately coarse-grained. A
specimen of one of the sandstones, studied under the
microseope by Ward Sinith, consists of well-rounded
quartz grams as much as .3 millimeter in diameter,

many calcite grains of clastic origin, and some grains of
zircon, all set in a calearveous matrix.

In the upper half of the formation. the sandstones are
finer-grained and form thinner members. Between are
many thin- to thick-bedded, light-gray limestone layers,
The limestones are similar to those in the overlying
Carlsbad limestone (equivalent to the Capitan farther
south}, but ave not as thinly laminated, have a darker
weathered surface, and do not contain the calcareous
pisolites that are characteristic of the Carlsbad. East
of Cutoff Mountain, on the east side of West Dog
Canyon a mile north of Lost Peak (sec. 2. pl. 6). there
is near the top of the formation a bed of dense, gray,
petrolifevons, caleitic limestone. which containg brach-
iopods and pelecypods (locality 7603).

Rocks similar to those on Cutoff Mountain are ex-
posed sime miles to the east on the lower slopes of the
escarpment on the east side of Dog Canvon. This is
the area in which the name Dog Canyon limestone was -
applied by Lang.® Thelr exposures are shown in the
panorama, plate 14, ol, where they form the lower
ledues on the distant escarpmnent, that are delimited
above by slopes formed on the basal sandstone beds of
the Carlshad. As showu in the panorama, the rocks
extend northward along the escarpment into New Mex-
ico, beyond the avea studied. They extend also into
the head of North MeKittrick Canyon. which appears
in the distance on the panorama, In that eanvon, as.
sliown on plate 3 and on section F-E7, plate 17, they
dip southeastward beneath the Capitan limestone,

STRATIGRAPHIC RELATIOXNS

In all parts of the area, there was probably continu-
ous deposition from middle Guadalupe into upper
Guadalupe time, with only slight changes in sedimenta-
tion and faunas. .

In field mapping, an attempt was mude to draw the
upper bonndary of formations assigned to the middle
part of the Guadalupe series at horizons that could be
successtully traced. Thns, in the Delaware Mountains
to the southeast, the top of the Cherry Canyon forma-
tion is drawn at the base of the Hegler limestone mem-.
ber of the Bell Canyon formation. This 1z the base
of the lowest bed that grades into the Capitan lime-
stone o the northwest. In the northwest pact of the
area. the top of the Goat Seep limestone is drawn at
the base of the prominent sandstone that forms the -
[owest bed of the Carlsbad linmestone. '

In the infervening aren. however, beds of both middle
and upper Guadalupe age are of reef facies, and mas-

sive Goat Seep limestone is overlain by massive Capl- -3 &

tan limestone, Here, the boundary s not easy to trace. !
although 1t is believed that the contact iz most places
has been located with a fair degree of certainty.

FLang, W. B, op, vit, p. §58,
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FOSSILS

The middle part-of the Guadalupe series in the area
gindied contaims Abundant and inferesting faunas. very
few of which were known prior to this investigatior.
Girty,t in s ariginal work on the Guadalupian Tauna
described two lots of fossils (loealities 2005 and 2931)
from beds now known to Lelong to the lower patt of
he Cherry Canyon formation, but the main fossilif-
prous zones higher wp had not then been discovered.
However, his collections from beds higher and Jower
{han the middle part of the Guadalupe series and Trom
he southern Delaware Vowntains included many of the
species NOW Lknown to ocemr in the middle part.
Brachiopmd species characteristic of the middle part
of the Guadalupe series have been described by Kmg”
from equivalent strata in the Glass Mountains. Am-
monoids from the Cherry Canyon formation were vol-
lecied by J. W. Beede the early 1920%s, and were
afterwards described by Plummer and Scott?

T the southeast part of the area studied, three main
fossiliferous hovizons are represented in the new col-
lections.  The lowest, ealied for vonvenience in this
report the sub-Getaway fossil zove. lies between the
Getaway Himestone memmber of the Cherry Canyon fov-
mnation and the uppermost massive sandstones of the
Brushy Canyon formation. The next lies in the (et-
away limestone member, and the highest in the South
Wells limestone member. Poorly preserved fossils oo
cnr also in thin hmestone heds between the Getaway
and South Wells limestone memshers. and in the over-
lying Manzanita Timestone member, but none has Treen
collected by Fountain or me. The interval between the
Zouth Wells member and the Hegler member at the
base of the sncceeding Bell Canyon formation. amount-
ing to several hundred feet of beds, is thus poorly
known pateontologically.

It the northwest part of the area. fossils oceur gpo-
radieally in both the candstone tongue of the Cherry
Canyon formation and the Goat Seep limestone. These
fossils were unknown prior to the present investigation,
aitd even now are vepresented by only small collections.

CHERRY CANYON FORMATION
SUD-GETAWATY FUSSIL ZOXNLE

The 100 to 200 feet of beds that separate the top of
the Brushy Canyon formation from the base of the
Getaway limestone mewmber of the Chersy Canyon for-
mation are mostly thin-bedded sandstone, but here and
there oceur lenses and channel fillings of gandy lime-
stone in which fossils are abundant. The two lots of
fossils (Nos. 2003 and 2031) from Guadalupe Canyon,

¢ Girty, G. H., The Guadalopian fauna : . %, Geol. Surver Trof. Paper
58, p. 21, 1008,

"King, R. B, The zeology of the Glass Mountains, part 2. Texas
TUniv. Boll. 3042, 1931,

s plammer, F. B, and Scotf, Garle, Upper Paleozoic ammonites in
Texag: Texas Univ, Bull. 3701, p. 27, 1037,
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described by Girty in 1908, apparently came from these
beds. Included in these collections was the ammonoid
Pscudogastrioeeras serratuin (Girty). Fusulinids are
abundant in the sub-Getaway beds, but none has been
collected or identified. The species that occur above
and Lelow the zone are the same, so it 1s unlikely that
{hose in the zone between have any novel features. Dr.
Girty reporis as follows on the remainder of the rve-
cent collections:

Tuis unit proves to be hizhly fossiliferous and the following
SUNILELTY  COVers five large collections which. taken together,
present a rich and diversified Tauna. one of the collections
(No. 7128) appears to have been made at neariy the siune 10-
cality and Lorizon as one of wy origiual collections (N0 2931y,
which may be taken a8 a glandard of comparigon.

Fusulinids -that were present in the original collection are
present 150 in flie Jater ones Corils and bryozeans are B ar-
ingly repregented it the lafer collections, and not ot all in the
original one. The corals helong to a single species of Lopho-
phipluin, or o geons of gimilar construction. The Dryoezodns
also have but @ limited representation, fhe Most COMIMON FENUs
being Fistulipord, yut with Steuopoerd, Balostomclia, Septopora,
and Acauthoclodin also present.

Ameong the prachiopods, the orthoidg are all bat ahsent ; they
were entirely so in the original collection. A single specimel
of Enicletes (F. dunblel Girty?) was found in one collection,
and an indeterminable specimen of the same Seuuls in another.
Ueckelle continnes o De present aund is abundant in several
collections, It seems to pe confined to n single species which
may previsionally be jdentified as 1L attenuafa Girty. Mlention
showld also be made of a large and singularly marked dorsalt
valve which undaubtedly belongs to & new species, but the
conns 18 uncertain as between Derbya and Grthotetes.  The
Qrthotetinae were not represented at all in the original col-
lection.

Chonctes, which has been rather gparingly present in the
lower beds, oceurs in all five collections. All vut a few speci-
mens belong to one species which appears te he a large form
of €. sublivatus Girty. The genus was tound in the original
collection, bt the apecies was not determined.

The Producti are oxtremely abundant and varied, They are
especially so at station 7471, and rother rare at station THTO.
1 proposc to mentgion only the strongly haracterized and in-
teresting types, put there are many others whose relations ave
uncertain,  The original collection containg species identified
as Productus guedalirpensis Girty, P. mechanus Girty, P. signa-
tua Givty, I’ gignatug Girty varl, P.osp.oe, I subliorridws
rugatulus Giety, and I aaleoftianis Girty. 'Lhe later col-
Jections centain P g1u.1¢1aiﬂpc11s-fs Girty with several varieties,
P, ((Tancr'i-nc'lm) signains Girty, P. (Pustule) subhorridus
yleek var,, and . qralepi tianng Girly. In addition, they col-
tain the following species that had not previonsly been re-
ported: I comaucheains Girty, P teranus Givty, P. aft. P
popci Shumard, P. afl. P longus Meels, P. aff. P mnlfigtriatus
Meek, P. (Wuagmmccmcha} monipeticrensis Givty, P. (Cau-
erieliu) aff, P cancriniformis Tschernyschew, and . (Mar-
giniferaf) cucharis Girty. They also contain Aulosteges guada-
Tupengis Slumard, whicli was not found in the originnl col-
lection, and Provichthofenia pern jane (Shumard), which was.

Camerophorie (€. connstg Girty} occurs Leve, -as in the
lower heds., Rhynchonellids are apundant, especially Welleralla
terana {(Shumard}), with several varieties, Among the novelties
are tW0 new species of TWelterella and Leiorhynclhas woecksi vaT.
nobilis (Girty), while Rhynchopora taylori Girty appears in
every collection save one. =one of these were represented in



the original collection except Wellerells tezanc (Zhumard),
which was assigned to Pugnaz esagensiz Swallow?.

Terebratuloids are almost absent, and they were entirely go
in the original collection. Aside from three or four fragmen-
tary specimens, there is one that appears to belong to Dielasma
cordaium Girty. The original collection contained no repre-
sentation of the genng Spiri}‘er, but they are abundant in the
later ones. S. suleifer Shumard appears for the fivst time, and
8, pseudocameratus Girty appears in several collections. This
specles has not been recognized in lower horizons, altbongh at
least some of the impertfect specimens cited as §. aff, 8. tripli-
catus Hall may belong to it. Spériferive is rather sparingly
represented, but I recognize three species, 8. angrlete King,
(probably a synonym of 8. hacrmani Haaek) 8. laza Givty,
and 8. hilli Girty? The original collection contained onlv
one species, provisionally referred to as 8. bitlingsi (Shumard).
Ambococlia (A. arcuete Girty} is falely abundant, hut Composiin
is unusnally rare, Most of the specimens seem to be referable to
C. emarginate afinis Girty, but €. angusic King is also
present.  Hustedia is fairly abundant and persistent,  Aside
trom the ubiquitous H. meekang (Shumard), I have identified
M. bipartite Girty in one eollection, Neither Ambocoelia, Com-
posite, nor Hustedia were found in the original collection, but
Leptodus americanus Girty occurs in both the original and Iater
ONCE,

The original collection from thid general horizon contained
4 varied pelecypod fauna, and it is closely reproduced in the
later ones with, of course, some mdditions. In fact, the pelecy-
pods for the the first time occur in guffizient numbers and gual-
ity to invite comment. It seems to he true of the collections
that where the brachiopods are abundant and varied the pelecy-
pods are few, and vice versa,

The original colleetion contained an unidentifiabie speciez of
Edmondie and g small specimen identified as Edmondia? bel-
lula Girty, which was described from the Capitan limestone.
The new ecollections contain a large, subcireular species (pos-
sibly Edmoudie sp. £ of Professional Paper 58), which reseni-
bles E. circiluris Waleott, but is probahly new. Nwcula, repre-
sented In the original colleetion by an unidentified speeles, is
not rare. It may be provisionally designated as Nuenle aff, .
bdeyrichi von Schauroth,

Parallelodon was, in the original ecllection, represented by
P, multistn‘atns_ Girty and P. politus Girty, both deseribed from
the Capitan limestone, In the recent collectiong, the genus is
almndant and varied, In addition to the two species just named,
there are two new ones. One is large and marked by very
coarse and strong radial costne. It recalls P, sangamoncnse
(Worthen), but is clearly distinet. The other is remarkable
for an extremely prominent umbangl ridge.

Sefizoduy was not present in the original collections, but it
appears to be rather abundant, and is represented by two
species, S. ferrieri Girty, and Schizodus aff. S, rossicus de Ver-
nenil.  Three aviculoid shells were recognized in the original
collection, identified as Bakewelligf s8p., Pleria richardsoni
Girty %, and Pteria sp. P, richardsoni has also been recognized
in one of the later epllections. The original collection contained
a species of Myaling, cited as 1f. permiona Swallow?, and the
sSame species occurs in several newer eollections, althongh as to
ldentification, we know Swallow's species only by the grace of
Meek and Hayden, and even 30, only as a probability.

The Pectens, in the broad sense, seetu rather more varied in
the original collection, where they were represented by forms
identified as Campionectes? pepillatus Girty, Aviculopecten
deigirarensis Girty, Acanthopecten aff. A, carboniferus Stevens,
and Pernopect_en obliguus Girty. The more recent collections
contain Avieulopecien detawarensis Girty (which should prob-
ably be removed to Deltopecten), witb two additional species,

D. vanvieeti Beede and D. coreyanus White, Camptonectes
papilletus Girty is also present, and likewise a new species,
apparently of the same genus, as well as Pernopecten? obliguus
Girty. In this connection, mention may be made of two unde-
termined species which apparently belong to Branson’'s genus
Cyrtorostra, although that name seems to cover about the same
sort of shells that European writers, including Waagen, refer to
Oxytoma. 'Yhese forms were not found in the original collec-
tions, nor were any representatives of Psewdomonectis, which
are present In the later ones. Two species can be distinguished :
one is related to P. hewni Meek and Hayden, but is probably
new; the other, also probably new, is distinguished by its very
large size, but is too poorly represented to be identified or
degcribed,

Astartclle nasuta Girty, which was deseribed from the Glass
Mouniains. is present in both the original collection and the later
ones.  Pleyrailoruys was representedd in the eariy collection by
P. delnwarensis Girty, and by the possibly related Cleidophorus
palltast delwwarensis Givty, the type specimens of hoth species
having been found at this hovizon. Doth species occur in the
collections of yecent date, besides severnl other species of
Plenroplierus, one related to P. occidentalis Meek and Hayden,
the others new or undetermined,

A geaphopod, identifizd as Plugioglypte canna White?, was
found in the first collection, and in the new ones as well.

The gastropod vepresentation in the early collection was no
less varied than the pelecypod representation. It included eight
specles of Flewrotomaria, that term baing emploved in a hrond
sense. These ave P. multilineata Givty, P. sp. d, P. cuglyphea
Girty, P. pscudostrigillate Girty? (the oviginals being from the
Tone Spring liinestone), P. arcnarea Girty, P.7 plunulote Girtr,
P.7 delnwarensis Givty, and P.? carinifera Girty,

In the more recent collections also, the gaziropods are well
represented, but they are practically confined to one eollection
(locality 7729). The eight species of Plewrotomaric all ocour
in the later collections, besides one or two new ones. Details
here would have little point, ingsmuch as the new species can-
not be cited without further study.

Among the bellerophontids, the original list included ouly
Bucanopsis sp. and Wuarthiz americane Givtr. The new col-
lections do but little better, They give us Wurthia americena,
two indeterminnble species of Bucgnopsis, and an indetermina-
ble species of BEuphenvites, resembling B, carbonarius (Cox) on
a large seale.

The residue of the gastropods in the original list cohsisted
of Naticopsis sp., Pseudomelania sp. a, RBulimorpha chrysalis
delaicarensiz Girty, and fecrocheiling? sp. a. In the new col-
lections, we have Nuticopsis sp., Pseudomelaniq 5p. 4, and Buli-
morpha chrysalis delwicorensis Givty, but in addition are a

‘species of Troehus ¥, an indeterminable species of Omphalotro-

chus, and Tanthinepsis n. sp., which seems to be rather abundant,
The trilobite Anisopyge perannulufe (Shumard) occurs in
the old collection and in the uew ones, & survival from the Bone
Spring limestone. Tt continues, in faect, into the bighest fos-
siliferous beds of the Guadaiupe gectlon—Girty manuseript.

GETAWAY LIMESTONE MEMRBER

In the Getaway limestone member, which lies o short
distance above the beds containing the above described
fauna, fossils are still more abundant and have been
collected at numerous localities, of which 13 are herein
reported by Dr. Girty. All the collections came from
the western part of the Delaware Mountains in an area
extending some eight miles south of Pine Spring and El
Capitan, and include material from Getaway Gap
(7621), Guadalupe Summit radio station (7483, T474,
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7615), near Guadalupe Pass (7422, 7463, 7475), and
the hills south of Pine Spring Camp (7406, 7470, T641)
(pl. 2). The member was apparently not represented
by collections in the original work on the Guadalupian
fauna.

The Getaway member contalns numerous fusulinids
pelonging to the genus Parafusuling. Of them, the fol-
Jowing species have been identified by Dunbar and Skin-
per:® P. maleyi Dunbar and Skinner, P. maleyi
peferta Dunbar and Skinner, P. rothi Dunbar and
gkinner, and P. sellardsi Dunbar and Skinner?. It will
pe recalled that these same species occur also in the un-
derlying Brushy Canyon formation. They have not
peen found above the Getaway member. In addition,
Needham ** hags identified P. dunbari Needham from
beds 700 feet below the Capitan lhnestone on the south
clope of E1 Capitan. This horizon is probably in the
Getaway member. Dunbar and Skinner ® consider his
gpecies a synonym of their P. rothi.

Among the cephalopods, the nautiloids are repre-
septed by varied material, although only 2 few speci-
mens are present in any one cotlection. In this group,
Aliller ® has recognized the following: “Orthoceras™
sp., Titonoceras sp.. Metacoceras shumardianum (Gir-
ty), Tainoceras sp., and Stenopoceras? sp. The ammo-
noids are less well represented, only a few specimens
having Leen found and these belonging to genera that
are not of great value for zonation and correlation.
From the member Miller and Furnish ** have identified
Pscudogastrioceras roadense (Bose) ?, Pseudogastrio-
ceras sp., Medlicottia burekhardti Bose, and Paracel-
tites ornatus Miller and Furnish?.

Regarding the remainder of the fauna, Dr. Girty
reports as follows:

The sponges, which are a really remarkable feature of the
Guadalupian fauna but herctofore have not figured to any extent,
now appear in some force. Stable geueric identifications must
necessarily await more careful study than it has heen possible
to devore to this dificult group, but for present purposes record
may be made of two new species of Amblusiphoicila, a specimen
of Guadelupia zitfcliang Girty? (described from the Capitan
limestone), and Anihracosyeon ficus Girty?. The latter species,
with apother unnamed species of the same geuus, was found
in one of the original collections from the Bone Spring lime-
stone, and these two are about the only representatives of this

group that have been observed below the Getaway lhnestone
member.

Corals continue to be poor in numbers and variety. They are
exceptionally so when one congiders the abundance and diversity
of other forms in these collections. The cup corals appear in
only six collections, mostly a single specimen in eacl, As pro-

» punbar, C. O, and Skinner, J. W., Permian Tusulinidae of Texas:
Texas Uuiv. Bull, 3701, p. 598, 726-727, 729, 1987. Horizon cited as
“limestone in lower part of middle division.”

10 Needham, C. E., Some New Mexice Fusulinidne : New Mexico Bchool
Mines Bull. 14, p, 13, 1937,

u Tiynbar, C. 0., and §kinner, J- W., personal communieation, 1038,

2 Aliller, A. K., memorandnm, May 1639,

13 filler, 4. K., and Furnish, W. M., Permian ammonoids of the Guada-
lupe Mountain region and adjacent areas: Gepl, Soc, America Special
Taper 26, pp. 11-12, 1940. ’
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visionally identifled, they represent but a single species, and it
appears to be the sume as that found in the preceding fauna,
which was cited as Lophophyllum? sp. Tlie columelia in these
corals is more complicated tban it is in the more simple and
typical forms of Lophophyltum, and more complicated than it is
in some of the forms that pass as L. proliferum in the Carbon-
iferous faunas of the Mid-continent area. Here for almost the
first time appears the delicate compound coral Cladopora spinu-
late Girty, which was first described from the “upper dark lime-
stone” (Pinery member of Bell Canyon formation).

Many bryozeans can be identified, even generically, only by
means of thin-sectioms, so noe mwore than a tentative outline
can he given of those in the Getaway limestone. " Pistulipord,
represented by P. grendis guadalupensis Girty, and possibly o
new species, is rather abundant, and also Acanthocledia guada-
lupensis Girty. Aside from these, however, the bryozoans, al-
though varied, have a gmall and scattered represeutation. The
following forms, many sublect to reidentification, have been
encountered: Asisofrypaf sn, Leioclema? sp., Butestomellaf
gp., Fencstella sev. 8D, Rhombopore sn., Coclocontd? sp., Riund-
domeson? sp., Cystedictye sp., and Domoporg terminalis Girty.
e series of forms tentatively referred to as Domopore arve
much more abundant at higher horizons, and notally in the
Pinery member,

ThLe brachioped genus Eniclefes, which is so abundant in some
of the older faunas, is absent from the Getaway limestone, as
are the related genera Rhipidomella and Schizophoria, which
accur here and there in lower herizons.

Of the Orthotetinae, Aleekcfle continues to be by far ihe
dominating type. AL aftennatg Girty or M. multilirate Girty,
or sometimes both, occur in mast of the collections. We also
liave Derbya n. sp., a large and remarkable form, which was
noted in the underlying fauna, hut not ideniified because of
the absence of the ventral valve, There ave a few other rarer’
forms that do not belong to any of the three specics mentioned,
but whose generic statug cannot be determined, as they are
represented mostly by dorsal valves One of these may be
Streptorhyichus pyremidale King.

Chonetes accurs in almost every collection, and is generally
abundant, We seem to have here both €. subliratus Girty,
which was degcribed from the Pinery limestone, and €. hill-
anus Girty, which was described from the Capitan limestone.
Apparently the latter Iz Wore commodn, but the {wo species are
diffienlt to distinguish.

The produclids are exceedingly numercus and varied, almost
thirty different forms having been discriminated, inciuding
n number of varieties and geveral new species, The follow-
ing are the most noteworthy: Productus popei Shumard (in
the sense of King, rather than Girty), P. popel minor King,
P. puadalupensis Girty, P. walcottianus Girty, P. walcottionus
costatus (Kiug), Productus aff. P. lowgus Meek, P. off. P.
geniculetus Girty P. oceidentalis Newberry, P. tcranus Girty,
P. cepitancusis Girty, P. (Pustule) subhorridus Girty aud one
or two varieties, P. (Pustula?) pilcolus Shumard, P. {Waagen-
oconche) montpelierensis Girty, P. (Cancrinclld) gignatug
Girty, and a number of varieties, P. (Cancrinellaf) phosphoti-
cus Girty, P. (Marginiferal) wordensis (Kingd, P. (Margini-
fera?) sublevis Xing, and P. (Avomia) n. sp.

Some of thege specles, for instance P. capitancnsis Girty and
P. (Pustula?) pileolus Shuwnard, which were described from
the Capitan limestone, have not been found in beds below the
Getaway, and some of the gpecies found in the underlring
heds, for instance P. comanecheanus Girty, P. aff. P, mullistriatus
Meek and others, have not been found in the Getaway lime-
stone. There is, however, such a general homogeneity in the
productid repregentation that it is doubtful whether these
jtems of disagreement have much impeortance,
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A rather noteworthy change comes in at this horizon in the
genus Aulvsteges. In the black limestone beds of the Bone
Spring 4. magnicostetus Girty is abundant and also a Species
identified as 4. subcostatus King. The genus was not present
in the Victorio Peak gray member, but it reappears in the Cut-
off shaly member, which contains the first-named species and
also 4. hispidus Branson and 4. guadalupensis Girty?. In the
Brushy Canyon formation I found n single specimen of doubtful
aflinities which was not entioned in the swmmary of that
fauna. In the Getaway, the genus occurs in nearly every col-
lection and in abundabee, The prevailing species resembles A,
yradalupensis Shumard, but is varietally, if not specifienlly dis-
tinet, and is also distinct from species of the genus in under-
Iying faunas. With it occurs a different and 1much rarer Species,
possibly related to 4. wolfeampensis King, represented by only
three specimens.

Provichthofenie oecurs in every collection save one, and is
abundant in most, The species seems to be that of the preced-
ing faunas, P. permiana (Shumard). Leptodus is fnirly persis-
tent in the collections, but is abundant in only one of them. In
others, it is represented only by a specimen or two. Most ov all
of the specimens belong to L. americanus Girty.

Cameropharig continues to be represeuted by ¢. venusta Girty,
but it is accompanied by a smailer species provisionally re-
ferred to €. deloi King, and a third form which may be only a
variety of C. venusie.

The rhynchorellids are abundant and highly diversified.
Many changes are noted from the rhynechonelliag repregentation
of the heds below, In aeueral, these shells show u closer agree-
ment with the rhynchonelliq faunas higher in the section, A
noteworthy feature of this element in the Getaway fauna is the
introduction for the first tlme, and also at some localities in
abundanee, of the large shells cited uuder the genns Liorhynehus.
- More specifically, I recognize Wellerella? swallpiciana {Shum-
mard), W.f# swallowiane var, W.7 pinguis (Girty), Wellerella aff,
W.? indentate {Shumard), Camarotochea? longaeve (Girty), .
n. 8p., Rhynchopora faylori Girty, R, illincisensis (Worthen),
Leiorftynchus  weeksi nobitis  (Girty), and L. Gisuleatum
(Shumard), :

The terebratuloids are rather namerous and varied, I rec-
ognize Diclasmea spatulatiom Girty, D. prolongatum Girvty, Diel-
asmine? n, sp, Heterclagma? p, Sp., and Cryplocanthia n, sp.

Spirifer is représented by two species, o large form which is
conunon, aud which is provisionally referred to &. latus King
(his Spirifer (Neospirifer) snericanus letus}, and a much
rarer form which may be §. suteifer Shumard, if one may as-
sume that Shumard’s figure is poor {which is probable). Spiri-
ferina is present in most collections, but-the specimens are so
few and so poor that st of chem cannot safely be identified,
Some, however, appear to belong to 8. hilli polypleurus Girty,
sonle to 8. leze Girty, and some to o species related to 8. weller]
Girty, but probably new. Ambocoeliy iz present in a2 number
ol collections aud is abundant in sonle of them. It is a re-
markably large species and the ventral valve Iooks like n
rather small, gibbous Sqrunularie. The species is new.

Composita, as would be expected, is present in most of the
collections, sometimes in abandance. There are at least two
distingnishable species, One, which is exceptionally large, may
be cited as C. emarginata affinis Girty. The other i a rather
small forw, but apparently mature, it one may judge by its
strong convexity and well-developed fald and sinus, It closely
resembles €. mexicang (Hally.

Hustedie also is represented in almost every collection, and
io some abundantly, Most of the specitmens are here identified
a3 H. meekans (Shumard), although H. bipartite Glrey and a
variety of it are also present, The specimens of H. meckana,
some of which are exceptionaily large, show considerable

variety, and under careful study may hbe susceptible of minor
subdivision.

In general, the pelecyped fauna of the Getawny limestone,
while showing some departures from that of the sub-Getaway
zone, does not show as many as might be expected, in view of
the fact that pelecypods are abundant ot only two localities in
the sub-Getavway.

Solenomya is represented by two more or less doubtful species,
one of which appears to be-related to §. radiafa Meek and
Worthen.

Edmondio is represented by several species, but most of the
specimens are so poor that the generic identifications are hypo-
thetical, Of the uncertain forms, one is a large subeircular
species related to E. girenlaris Walcott, ani not improbabiy the
same species that was mentioned in the sub-Getaway fauna.
The other is a much smaller form related to E. gibbosa Swaliow,
However, Edmondie and Astartells have a close superficial re-
semblanee and are difficult to distinguish in poorly preserved
material; the specimen may therefore be o VeIr'y robust species
of the latter.

Nucule and Ledq, as in the preceding fauna, are almost un-
represented, The collection contning u gingle unideniifinble
spevimen of the one, and a single speeimen of the other, related
to the common ¥, bellistriete {Stevens).

Paralielodon has much the same representation as in the pre-
ceding fauna, although the preservation of the material leaves
much to be desired. It comprises a large and very coarsely
costate species which {s undeseribed, and anotber species with-
out costae, which may be identical with P, politus Girty, and a
third species which may be identified with P wultistriatus
Girty,

Pleria (besides several doubtful speciez) 15 represented by
a remarkable form resembling P, longa (Geinitz), but very much
larger, nearly 80 millimeters long obliquely. This is probably
the species figured in Professional Paper 38 as Pleria S

Myaling is moderately abundant o one colleetion but is rep-
resented by a single species in the others. 3ost of the speci-
mens are in a poor state of preservation, and all may be referred
to provisionally as M. permiiana Swallow?, which was also
identifled in the sub-Getaway fauna.

Sehizodus, which was scanty in the szub-Getaway fauna,
and’ represented by small species related to S rossives de
Verneuil, is lere fairly abundant and represented by a large
species. The specimens vary mote or less in shape, some
being similar to the Pennsylvanian species S. afinis Herrick,
others to such species as 8. hared Miller, and 8. wlrichi Worthen,
The possibility eannot be dismissed that this is 5. phosphori-
anns Branson, for his type specimens appear to be fragwent-
ary and preserved in a Qifferent manner from mine, whirh -
have been macerated.

The Pectenidae are numerous and diversified. Some of the
gpecies are uncommonly large. Many of the generic relerences

are provisional, as are some of the specific identifications,

Many of the speeimens are not of the best. and obviously fail
to show churacters of Importance. Besides a number of in-
determinate forins, I recognize Acanthopecien n. sp., 4. colorad-
ensis (Newherry), Girtupecten sublaqueatus - Girty, Delto-
pecten aff. D. providencensis (Cox), D. delawarcnsis (Girty),
D, guadalupensis (Girty), D. vanviceti Beede, and D. eoreyanus
White. The two species Inst mentioned are interpreted in
the same manner as in my report on the founa of the Man-
zano group. TFernopecten? obliquus Girty, which is rather rare,
and Cemploncctes n, sp. alsg belong here. The latter aceurs
sparingly in many eollections, but is extremely abundant at
station 7424, On the whole, this type of shell is more abundant
and Qiversified than it was in the lower horizons. On the
other hand, the interesting forms belonging to Cyrtorostra or
Ozytomg have not been found. There is, however, an un-
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certain specimen that looks much like Cyrtorostra serradicle
Branson, if, indeed, his species is congeneric with the others.

Of Lima 1 have only one specimen, a large, finely striated
form, which probably represents a new gpecies, although the
gpecimen ig hardly suitable for use as a type.

The pleurophorids, although numerous and varied in the
Getaway member, are diffcult to identify generically or spe-
cifically. Some are broken, others have indefinite outlines.
gome are internal molds or show no surface characters, and gome
may be compressed and have 2 different aspect from better
'preserved gpecimens that are probally of the same gpecies.
Becanse of their defects, many specimens cannot be distributed
gatisfactorily petween the geuera 3 yoconcha, Plewrophorus, and
Cleidophorus, They suggest gradation between the genera,
and becloud identification of species.

As in the preceding sub-Getaway fauna, the Getaway con-
tains good representations of Myoconcha costaldta delaacarensis
Girty, Plenrophorus delqiparensis Girty, and Cleidophorus pol-
lasi delawarensis Girty. The second species is represented by
g few specimens of normal size and possibly by an extremely
large internal mold of similar shape but nearly three times
the size of tle holotrpe. 1 have no misconception regarding
the form cailed Cleidophorus pallusi delawarensis. It prob-
ably does mot belong to the genus Cleidopliorus, and may be
a Pleurophorus. The formula adopted was for the purpose of
poting a resemblance to the European gpecies which has passed
as Cleidophorus pallasi de Verneuil. The internal ridge or
plate which has passed 2s characteristic of this geous, and a
gemblance of which has been found in my specimen also, is
veally the poundary of the anterior muscle scar.

In addition to fhese, the Getaway contains a shell that re-
cembles Myoconcha costulafe delawarensis in o geperal way.
It is much larger than the holotrpe, and. one of the specimens
shows that the surface is marked by very fine radial striae,
whereas the holotype 18 suppesed to be ywithout scnlpture, There
is also o Very large fragmentary specimen which probably rep-
resents a new species of Myoconchae, hut it conld not be made
the basis of a description,

Apother smaller and sti)l more refractory group of specimens
are more the type of Pleyrophorus as it i8 generally identified.
It js doubtful whether the most careful work would resolve these
shells satisfactorily into genera and species. Specimens of
Parailelodon may be among them, especially representing such
forms as are without radinl striae or have only very fine ones.
There may be also specimens of Allorisma--not Alorismae of
the type 4. terminale Hall, but of other t¥pes that have Leen
referred to that genus. The absence of typical epecies of this

.genus (such as A, terminelc Hall and A. capaz Newherry) s a
noteworthy feature of the founn.

The gastropods of the Getaway limestone are fairly numerous
and varied, and add copsiderahly to the Guadalupian fauna.
The information which they afford, however, is in many cases
rendered indefinite because specimens have lost the surface
characters, so that identification is rendered hazardous or im-
possible. This loss iz even more detrimental in the case of the
gastropods than it iz with the pelecypods.

The bellerophontids are mainly in the form of molds and such
specimens are beyond the pale of scientific classification. All
belong to small species. Among those that are susceptible ta
some sort of classification there is one specimen that appears to
be specifically jdentical with the form from the sputhern Dela-
ware Mountains that I figured as Bellerophon crassus Meek and
Worthen, an identificafion which I now propose fo abandon.
There are also two indeterminable species of Bucanopsis, Tep-
resented by fragmengs, and a species of Euphemites which
might be described as a large, glender form of E. cerbonorius
(Cox).
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The pleurotomarolds, like the bellerophontids, are mostly in-
determinable by reason of exfoliation, which hag deprived them
of their sculpture, upon which the specific and even the generic
clasgification depends. There is a rather diversified pleuro-
tomaroid fauna in the bed below ihe Getaway and some of the
species will undoubted]ly appear among the identifiable speci-
mens from the Getaway itself. At present, 1 am prepared to
identify Pleurctomeria cuglyphea Girty, and P. n. sp.

Qeveral poorly preserved specimens apparently belong to
Straparotius sulcifer (Girty), descrihed from the “ypper dark
limestone” {Pinery member), and the related genus Omphalo-
trochus is represeuted by a new species.

Naticopsis is represented by several species, although their
relations to one another and {o gpecies in the literature are not
readily determinable because of their eondition. ©QoDe species
(it is an internal mold or partly macerated) which appears to
belong to this genus {s remarkable for its Jarge gize. Otlhers, on
the contrary, are very small. An undetermined species of Neli-
copsis was found in one of the original collections from the gub-

“Getaway zone, and it is quite likely that the same gpeties ceeurs

in the Getaway fauna. The peculiar shell tbat for tbe time
being can be designated as Ianthinopsis n. Sp, OCCUTS in several
collections. 1t has already been woted in the founa preceding
this one.

The clharacters on which rest the distinction between Buli-
morpha, cekospira, and Sirobeus are rarely ohserved. With
this qualification as to generic identifleation, the fauna of the
Getaway limestone contains twe species of Bulimarpha, one of
them uncommonly large and both new. It is posgible, however,
that B. chrysalis delaicarenais Girty, which was deseribed from
the sub-Getaway zane, was based on 4n immature specimen of
one of them, There is alsc a small, globose species of Sirobous
very similar to 8. littonanus (Hall) of the Spergen limestone,
which is also new. I might remark that the searcity of shells of
this gepus in the Guadalupian fauna, 08 compared with a num-
ber of faunas of Pennsylvanian age, is a noteworthy feature.

The Platyceras tribe is met with for the first time in the sec-
tion in the Getaway fauna. With full recognition {that not only
gpecific but generic distinetions in these shells are in dispute, it
would appear that the {hree gpecimens in these collections
probably represent two new species, one of Platyeeras, and the
other of Orthonychia.

Lagtly, among the gastropods, we have two poor specimens
which belong to a species that was briefly described in Profes-
sional Paper 58 as Pseudomelania sp. a. If not the same species,
this is a closely related one, and it is remarkable for its numerous
flat-sided whorls that make up the spire which appears to be
more cylindrical than conical in shape. Unfo:jtuuately, the
specimens are decorticated and no better generic reference than
the one originally made can be suggested. '

Of the crustaceans, the representation is all but restricted to
the trilobite Anisopyge perannulaia {Bhumard), which is present
in most of the collections. Ostracodes are a rare feature of the
(Guadalupian faunas, and they have not been mentioned in
descriptions of the underlying faunas. In the Getaway lime-
stone, they are also absent from all collections but one. In this
one there is a small slab that is fairly packed with them.—
Girty manuscript.

80UTH WELLS LIMESTORE MEMBER

The South Wells limestone member is represented
by collections from only the southeastern part of the
area studied as: near Long Point (No. 7641), 2 miles
southeast of the D Ranch South Wells (No. 7649), and
in the Pinyor Hills (Nos. 7658, 7664, and 7665) (pl- 2).
Most of the fauna was unknown pefore the time of
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the present Investigation, although ammonoids were
collected from it near the South Wells in the early
1920°’s by J. W, Beede, and were afterwards described
by Plummer and- Scott.* The sandy and dolomitic
limestones of the member northwest of the localities
mentioned, as in the foothills of the Guadalupe Moun-
tains, contain Poorly preserved fossils, but none has
been collected and thejr character is unknown.

The fossil-bearing beds in tha southeast part of the
area have yielded collections that are relatively small
compared with those from the underlying Getaway
member; also the fauna appears to lack the diversity
of the older one. Two more or less distinct facies
are present: One is gray, granular Limestone which con-
tains fusulinids, productid and spiriferoid brachio-

pods, bryozoans, and some pelecypods; the other is:

black, dense limestone, reminiscent of the black lime-
stones of the Boue Spring, and like them containing
great numbers of ammonoids, Associated with the
ammonoids are abundant rhynchonellid brachiopods,
particularly of the genus Leiorkynchus., The gray
limestone. facies is dominant at the Pinyon Hills lo-
calities; the hlack limestone facies is dominant at
Long Point and near South Wells, although here also
some of the gray limestone facies is interbedded.

In comparison with the Getaway fauna, fusnlinids
are considerably reduced in numbers, They have been
seen in the foothills of the Guadnlupe Mountains, but
are too poorly preserved there to be collected or iden-
tified. Some have been collected in the Pinyon Hills,
from which Dunbar and Skinner ** have identified
Leélly fragitis Dunbar and Skinner, and Parofusulina
. sp. This is the highest zone in the area at which
the latter genus has been certainly identified. The
hext zone above from which fusulinids were collected
during the present mvestigation is several hundred
feet higher in the Hegler limestone member, Here the
dominant genus is not Parafusuling but the related
and younger genus Polydiezodina. Tn the southern
Delaware Mountains, Skinnep 1 reports that he has
collected Pargfusuling and Polydiewoding within 75
feet of each other in the section but has never seen
them in association.

The ammonoids, which form an abundant and strik-
ing feature of colleetions made near Long Point and
Scuth. Wells, have been described by Plummer and
Scott on the basis of Beede’s collections, and by Miller
and Furnish ™ on the basis of collections made during
the present study. From this area, the Iatter have

# Pluntmer, F. B. and Scofy, Garle, Upper Paleozoic ammonites in
Texas: Texas Univ. Bull. 3701, p. 27, 1937,

¥ Dunbar, C. 0., ang Skinner, J. W., Perminn Fusullnidae of Texas:
Texas Univ. Bull, 3701, pp. 593 ana TET, 1837. Horlzon referred to as
“limestone in middle of middle division,"

* Skinner, J. W, personal communication, August 1938,

7 Miller, A, K., and Furnish, 1, M., Permizn ammongids of the
Guadalupe Mountain region and adjacent areas: Geol. Soe. Ameriea
Special Paper 26, pp. 10-11, 10440, .

m,_\.w.

identified Medlicottia burchhards Bése, Paraceltites
ornatus Miller and Furnish, P, sellardsi Miller and
Furnish, Pseudogustrioceras beedes (Plummer and
Scott), P. roadense (Bose), Waagenoceras guadalup-
ense Girty, and W. dienert richardsoni Plummer and
Scott. A few similar forms have been obtained also in
the Pinyon Hiils. With the ammonoids ave few nauti-
loids, which A. K. Miller has identified as Metacoceras
sp. and “Orthoceras” sp.

Regarding the remainder of the fauna, Dr. Girty
reports as follows;

The more lowly organic t¥pes are poorly represented. Fusn-
linids are present, hut not abufidant, and the sponges are
apparently absent altogether. The corals are represented by
two Specimens, apparently belonging to the same species that
hag been cited in the faunas already reviewed as Lophophiytlum
sp.

The ‘Dryozoans are poorly represented. Fiatulipora (P,
grandis guadalupensis Girty?) continues to he the most abun-
dant type. There are probably two species of Tadylipora.
Domopora, which is so characteristic of the Pinery fauna, is
represented by D. ocellate Girty. The absence of Fenestella,
Polypora, deanthoeiadia and other genera iz more or less note-
worthy.

Turning to the brachiopods: Enfelefes angd related genera
are absent entirely. Meekefla ig present, but is representad by
a few poor specimens, provisionally identified ag AL, attenuaia
Girty, Chonetes is present at one locality. It is difficult to
tell whether the specimens helong to €. subliratus Girty or .
hillanus Girty, or both.

Produetids are reduced in numbers and variety, as eompared
with those of the Getaway limestone, Many of the speecies are
the same, but the specimens are fewer and poorer. The fol-
lowing provisional identifications have been made: Productus
popei Shumard (as interpreted by King), P. (Marginifera?)
wordensis {King), Productus sp. {possibly Avosia signate s
interpreted by King, P. (Waagenoconche) monipelierensis
Girty, P. (Cancrinelln) signatus Girty with o variety or two,
P, (Canerinella?) pliosphaticys Girty, and P (Marginiferat)
n. sp,

Anlosteges i5 present at one locality. The species seems to
be the same as that whieh occurs in the Getawny limestofe,
where it was cited as A. guadalupensis Shumard var. Prorichi-
hofenia perminna (Shumard) persists, and at one locality is
relatively abundant. Camerophoria is represented by onty a
fragmentary specimen, prohably . venusta Girty.

The South Wells fauna is remarkable for the abundance and
diversity of its rhivuchonellid shells, and this fact is especially
noteworthy in view of its paucity of other types. Some of the
species are of large size, angd they are especially abundant.
Some of them resembie the species that were described by we
as Pugnax disuleata (Shumard), P. weeksi Girty and P. weeksi
nobilis Girty, They appear to ba the same species, wholly or
in part, that King figures as Leiorhyncluce bisuleatum (Shum-
ard) and L. weeksi nobilis (Glrey)d, but I am satisfied that my
hew specimens eannot be identifed with the originals of the
species just named in spite of g general resemblance to them,
The shells of the present colleetion differ from the species named
in size, and in number, strength, and distribution of the pli-
cations, so that if one wished, ten or a dozen species or varieties
could he Qistinguished, all of them new. The bhest way to
classify these protean shells must await more careful consid-
eration than has yet been possible to give. The preceding Get-
away fauna also was notable for the abundance gnd variety of
its rhynchoneliid shells, but in the South Wells fauna we seem
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to have a new dispensation. Jany of the forms ihat accur in
(e South Wells faunga seem not to occur in tbe Getawuy, and
yiee vCTSL Thoze forms that are similar or possibly the same
are represeited~by few specimens.  Among these forms men-
tion MAay pe made of Wellerella Lidentata {Girty), Welleircling
and Wellerelln afit. W.2 indentatu {8humard),
ail of which are scarce.

The terebratuloids are represented by Diclesma cordatum
Girty, Diclosniing guadalupensis Girty, and probably by w0 Spé-
cies of ¢ruptocantiia (this generie reference subject to revi-
gion], one of them being a survival from ihe Getaway Jimestone,
rhese shells are rather abundant and ferm a noteworthy feature
of the fauna, Their large <ize ig in striking contrast lo the
pennS)'lx'allinll species of the genus and, as they huve a septum
in the dorsal valve, it is likely that they will yrove to be gencr-
ieally new.

Spirifer is reprezented by one specimen which appears to he
3. swleifer Shumard as interpreted heretofore, and by fragments
of what appenr to be several other species, one of them ralated
to &, triplicatis Hall, &pirijrring is in like manner represented
by a few fragmeniary specilnens, Two specieg cam e distin-
guished, oue of which ean provisionally be identified as 8. luzd
Girty. Squenalerie is donbifilly represented by a zinole speci-
men. :

Composita is represented by nmmerons specinens,  and <an
be divided into two more or less jnterlocking species, One is
. emarginata ofinis Giriy; the ather is very close to €. sub-
pitita (Hall). Hustedio continues to b2 present 48 H. mechand
(Shnmard).

In consematce with rhe restricted reprezentation of other
groups, the peleeypods of the South Wells fauna are eonfined
to the genus Parelictodon, to the Peetenidae, and o ithe genns
AUpelina, They are so poorly vepresented that they could hardly
demonstrate any ¢lose affinity, or lack of it, with the pelecypod
fauna of the Getaway lhimestone,

Farallclodon is represented by a small, fragmentary, and
doubtfu)ly identifiable specimen. It certainly does not belong
to P. politus Girty, but might possibly be an immature speci-
men of P. multistriafus Girtr. Myaline i doubtfully repre-
gented by n fragmentary specinen,

Among the Iectenidae, a fraguentary specimen of Delto-
pecten appears to he related to D. guadalupensis (Girty). - A
poor specimen of Pernopectin probably belongs to P.? obliquue

(Girty). Finally, there iz a peenliar farm which suggests the
species described as dviculopecten m onipelierensis Girvty, a type
of shell which has someiimes been referred to the genus
Streblopterie.  The Guadalupian form may not be congeneric
with 4. monfpelicrensis, and its generic relafions are uncertain
from the materinl at hand, :

The gastropods are still less distinctive in thelr relationships
than the pelecypods. They inelude a probable new species of
Capuius, a doulbtfn species of Plewrofomaeria, an imperfect

specimen that probably belongs to Bulimerphda, an indetermi--

nate species of Ewomphalusg, and an jmperfect specimen that
probably represents o new species of Omphalofrochus,

Anisopyge pergunulate {Shumard), which has occurred in
all the underlring faunas, and is encountered in those above,
does not appear in the collections from the South Wells mem-
ber.—Girty manuseript.

MANEZANITA LIMESTONE MEMDER

During field work both Fountain and T observed at
many plaees in the orange-brown, earthy limestones
of the Manzanita member the molds of ammonoids,
erinoid stems, fusulinids, and other fossils, but were
mmable to collect identifiable material. Since then,
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Clifton ** has collected and identified fossils from the
member at Long Point, apparently from the lumpy,
slabby facies of the member. According to Clifton,
the member here contains the following ammonolds:
Medlicottia sp., Paraceltites ornatus Miller and TFur-
nigh, Cidolites uddeni Plummer and Scott, Pseudogas-
triveeras altudense (Bose), P. roadense {Bose}, P. bee-
dei (Plummer and Scott), P. ef. P, tezanum {lifton,
Aqgathiceras girtyi Bose, Waagenoceras guadalupense
Girty, W. dieneri Bise, W. richardsons Plummer and
Scott, and Timorites? sp. Associated with the ammo-
noids are brachiopods, pelecypods, sponges, a gastro-
pod, a crinoid, and an echinoid. Clifton also notes
that he and his associates have collected fusulinids
from the member on Nipple Hill, but the identity of
the species is not stated.

HANDSTONE TONGUE OF CHERRY CANYON FORMATION

Tlhe four preceding faunas {sub-Getaway, Getaway.
South Wells, and Manzanita) all oecur in the Cherry
Canyon formation in the southeast part of the avea,
and lie one above the other in normal stratigraphic
order. The nest two faunas (sandstone tongue of
Cherry Canyon and Goat Seep) lie in the northwest
part of the area, in beds of approsimately the same age
as the preceding four, but of different facies. As will
be scen from the descriptions, these difierences in facies
are reflected in the composition of the faunas of the
two areas. The two faunas to the northwest resemble
each other more than they do any of the four faunas to
the southeast.

Tn the upper part of the sandstone tongue of the
Clerry Canyon formation are calcareous layers that
contain poorly preserved fossils, most of which are €o
silicified that their internal structure is destroyed ;
many remain only as molds. Collections were made at
four localities; three of them (Nos. 7634, 7651, and
7728, pl. 2) were in the outcrops hetween (Goat Seep
and Cutoff Mountain, and one (No. 7647) was north-
west of Cutoff Mountain and about 8 miles north of
the New Mexico line.

The last named collection contains large fusulinids,
superficially similar to the species of Parafusuling in
the Brushy Canyon and Getaway faunas to the south-
east. The specimens are so completely silicified, how-
ever, that their internal structure is destroyed, and
they are apparently not cven cenerieally identifiable.
No ammonoids have been found in the sandstone
tongue.

The greater part of the fauna consists of brachio-
pods, but a few bryozoans, pelecypods, and gastropods
have been collected. Regarding these groups, Dr.
Girty reports as follows:

B Cliften, R. L., Ammonelds from upper Cherry Canyon formation
of Delaware Mountain group in Texas: Am, Assoc. Petroleum Geologists
Dull, vol. 28, pp. 1644-16565, 1944,
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Bryozoans are repfesented by a single specimen, prof)ubly
belonging to the genus Sepioporae.

Enteleles is apparently represented by four species which -

may provisionally be identified as E. liumbonus King, E. engu-
latus Girty, a third unecommonly large form which may prove to
be new, and a fourth distinguished by being maorked with
numerous -fine plications. The specimens are, however, few
and poorly preserved, adding difficulty to the discrimination
of specles in a genus in which discriminations are always
difficult. The preservation of these specimens is poor but one
or two may belong to the genus Meekella. This is espeeinlly
true of the fourth species mentioned, which is represented by
only internal molds of dorsal valves. These strongly suggest
dorsal valves of Meekella (such as M, skenoides Girty), but the
specimens seem to have a well-marked cardinal area and a
cardinal process like that of Fnfeletes,

Chonetes is represented by an indeterminable specimen in the
form of an internal mold. .

Productids are fairly abundant and varied, relative to the
other forms, but they almost defy classification. Most of the
specimens are in the form of molds, so the identifieations adopted
indicate what the specimens might be if they were well pre-
served, rather than the presence of distinctive characters-that
can be definitely recognized, Besides several forms that are
wholly unidentifiable, the following species may be cited as
present: Productus guadalupensis Givty, P. teranus Girty, Pro-
ductus sp. a (of Professional Paper 38}, P. ( Cancrinella} aif. P,
meekanus Girty, and P. (Marginifera?) weagenianus Girty,

The rhynchoanellids are represented by a sicgle specimen
which is very similar to Weallerella? swallowienez {Shumard).
The terebratuloids are apparently abseut. Poorly preserved
speclmens of Lepfodus are present, apparvently belonging to Lep-
todus americanus Girty. -

Spiriferoids ave fairly abundant. Three species of Spirifer
can be distinguished, but tbey are move easily differentiated than
identified. One which hag fine fasciculate costae may be 8.
costellg King. A second species which has coarse costae strongly
grouped in bundles of three may be the species identified by King
ng §. pseudocameraing Girty, while a third form (a single poorly
preserved specimen) may be the speeies he identified as Spirifer
suleifer Shumard.

To Spirifering are attributed two specimens, although neither
of them can be certainly distinguished from Spirifer. One may
be cited tentatively as a large variety of Spirifering nilli Girty.
The otber is more likely 8. hilli polyplewrus Girty. Squa-
mularia is abundant in one collection. The specimens probably
represent a new species related to 8. guadalupensis {Shumard),
but with a high cardinal area and fairly strong sinus in the
ventral valve, .

Of Composite there may be two species, One is very similar
to C. subtilita (Hall), although reaching a rather large size in
specimens. The other species is small, and is maore compar-
able to . mericane (Hall). Hustedisg persists in the ecommon
species H, meckang (Shumard).

The mollusks are all but missing. One peleeypod probahly
. belongs to Parallelodon multistriatus Girty; another is an in-
determinable species of Aviculopecten; and o third is a some-
what doubtful specimen of Astartella {apparently not A. nasuta
Girty). A gastropod, apparently a species of Strobdeus, com-
pletes the tale of the mollusks, and indeed of the entire fauna
of this zope—Girty manuscript.

From field relations, the sandstone tongue of the
Cherry Canyon formation appears to be equivalent to
beds between the base of the Cherry Canyon formation
and the base of the Getaway limestone member toward
the southeast. Its fauna should, therefore, be of about

' the same age as the sub-Getaway fauna, and should be
“a little older than the Getaway fauna. Dr. Girty, how-

ever, points out a number of marked differences between
its fauna and that of the other two members, These

differences nre, perhaps, the result of differences in.

facies.

In the sandstone tongue, many genera and groups of
brachiopods are absent or poorly represented, although
they are well represented in the two faunas to the
southeast. These faunas include the rhynchonellids
and terebratuloids, and the genera Meekella, Chonetes,
and A mbocoelia. Pelecypods and gastropods are like-
wise absent or poorly represented in the sandstone
tongue, and are abundant to the southeast. Only one
group of brachiopods—the orthoids—show any compen-
sating increase in numbers; the genus Enfeletes is com-
mon here, but is entirely missing to the southeast. Dif-
ferences are not as striking among the productids and
spiriferoids, so far as can be judged from the material
collected ; those of the sandstone tongue are found also
to the southeast. The genus Zeptodus also occurs in the
sanie form in both areas.

GOAT SEEF LIMESTONE

Up to the time of the present investigation, no fos-
sils had been described from the Goat Seep limestone
of the southern Guadalupe Mountains. Some collec-
tions made by Darton and Reeside * from Last Chance
Canyon in the northern Guadalupe Mountains (fig. 2)
had been identified by G. H. Girty.. They are now
known to be from beds of approximately the same age
and facies as the Gont Seep.

Even on the basis of the collections of the present
investigation the fauna of the Goat Seep limestone
is relatively poorly known. Fossils appear to be
abundant in places, but are nearly all badly preserved

on account of the prevailing dolomitization of the

rock. Collections that have been made to date are
therefore so few and widely scattered that they may
not be representative of the fauua as a whole. The
following report is based on six collections. Three
are from the upper part, in the massive limestone

~ facies, and were made on the summit of the range near
Bartlett Peak (No. 7404) and in the northern Patter-

son Hills (Nos. 7482 and 7627) (pl. 2). Two others
came from the basal beds on the west slope of the
range {Nos. 7628 and 7646), and a third from the
fossiliferous lens a mile north of Lost Peak on the
east side of West Dog Canyon (No. 7603).

Nearly everywhere in the southern Guadalupe Moun-
tains there are beds in the Goat Seep limestone that
are crowded with fusulinids. Unfortunately, nearly
all of these fusulinids are so dolomitized that the tests

¥ Darten, N. H., and Reeside, J. B., Ir., Gnadalupe group: Geol. Soc.
America Bull, vol. 37, p. 428, 1925. "Fossliy from above the wocon-
formity.”
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qre preserved only ag molds and
nostic characters, such as internal structure, that they
cannot be identified. Im the Last Chance Canyon area
of the northern Guadalupe Mountains, from beds prob-
ably of the same age and facies, Skinner = has iden-
tified Parajusuling rothi Dunbar and Skinner and re-
Jated species which oceur also in the lower part of the
pquivalent Cherry Canvon formation in the southeast
part of the area. From the Last Chance Canyon area
Needhan ** has identified Parafusuling dunbari Need-
ham, which Dunbar and Skinner consider to be o
synonym of their £. rothi (see ]. 13).

Yo cephalopods are known from the Goat Seep lime-
stone, except some fragmentary specimens of “Ortho-
ceras.”

Dr. Girty’s report on the remainder of the fama
is given below. This report gives no information on
the occurrence of the forms cited at the individual
Joealities, which is regrettable in view of the possible
heterogeneity of the collections.

show =o few diag-

The collections include two sponges, one probably Guadalupic
sitteliana Girty, the other of doubtful affinifies, possibly a
gpecies of Amblysiphonella. Of corals, there are none, and
of brrozoans, n doubtful species of Pistulipora.

Enteletes is present in one collection, and is not exnctly
rare. It probably belongs to E. lumbonus King, Svme of the
gmalier bui appavently mafure specimens may be varjetally
distinect.

The Ovthotetinae are fairly abundant and diverzilied, al-
though the specimens ihemselves leave much to e desirved.
One species apparently belongs to Orthotetes distorfus Girty.
At ope locality an uncommonly robust species of Aecielia
is abundantly represented by incomplete dorsal valves. It is
identified as M, globosa Ring. A smaller form is identified as
M. skenoides Girty, aud a single specimen which apparently
belangs to tlis genus muel resembles some of Wing's fizures of
M, irregularis terane King.

Chonctes is rvepresented only by mwolds, which are so poor
that they cannot Le identified specifically.

Productids are fairly numerous, but are not varied, They
ocenr mostly as molds or impressions, few of which are goeod,
g0 the group is possilly more differentiated Than it appears to
be. With some reservations, 1 will cite: Producius guadulu-
pensis Girty, . (Cancrinella) n, sp. (apparently Avonia gignefa
(Girty) as identified by King}, a finely marked variefy or
possibly a distinet species related to the same, P, walcoftianus
Girty, P. popci Shumard% and P (Waeagenoconchy)
pelierongis Girty.

A species of Awlosteges is nbundant in one collection, and i
the same as that which has already been cited several times s
4. puadalupensis Shumard var. Prorichthofenia permighe
(Shumard) is represented by a single specimen in one collec-
tion, and Tegulifering? sp. (which is possibly an immafure
Prorichthofeniay in another,

Ruiynchonellids are scarce, and only two species Lave heen
recognized. Omne is Rhyuchopore taplori Girty, of which tbere
is a single specimen. The other is g species that may be cited
as ellerella? swallowiana (Shumard)? and is rather abun-
dant at one locality., Of the terebratuloids, I have a single un-

mont-

20 Skinner, J. W., letter, 1939,

2t Needham, C. E., Some New Mexico Fusulinidae : New Mexico School
Mines Bull. 14, p. 13, 1937.
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jdentifinble specimen of Diclasme, and the generic position of
that is open to quéstion,

&pirifer ocours in but two collections, a large form with strong
plications conspicuously grouped in fascicles of three, which
may well be the species that King refers Lo as Spirifer pseudo-
comeraiug Girty. A singie specimen of Spiri}‘crina zeems to be
identical with 8. bitlingsi Shumard.

Composite can be classed in two gpecies, one C. emarginate
affinis Girty, the other C. subtilita (Hall), or if not that species,
at least one very close o it. A fragmentary specimen probably
belongs 1o Hustedia, and if so to H, meckang (Shumard).

Pulecypods are few, and for the moast part poorly preserved.
A large, subcirenlar Edmondis resembles E. circwlaris Walcott,
and is probably the same species as one that is mentioned in the
sub-Getaway faunn. Nucele is. represented by a small, in-
determinable specimen, A coarsely costate Parallelodon may
be an imperfect and lmmature specimen of the new species men-
tioned several timneg in preceding faunas.

Pectenidae nre beiter represented in numbers and variety
than any otber group of pelecypads, but most of the specimens
are indeterminate or belong to undescribed species. One large
and fuirly well-preserved specimen appears to be a left valve of
the species that wag referred to Deltapecten van riccti Beede in
the fauna of the Manzano group. Another left valve Appears
to be a species of dcanthepecten, possibly new, A small right
valve may belong with one of.the Guadalupian species of Camp-
fonecics, DBesides these specimens of more distipguishable
species there are several too imperfect to be worth eiting. An
imperfect specimen of Ifypatine may well be M, permiane Swal-
low.

Of thie scaphopods, a single specimen probably belongs to the
species that I have been accustomed to identify as Plagioglyple
canne White.

The gastropods ean barely be identified generically, for the
most part. The bellerophontids are represented by o few amall
specimens, but as they are internal molds it is impossible to tell
the genus to which they lLelong. Tlie pleurotomarocids are not
represented at ail

A fragmentary internal meld probably represents a medinm
sized species of Naticopsis. Another specimen in a similar con-
Qition evidently belonus to a many-whorled, high-spired shell,
possibiy a species of Orthonenma. Btill another specimen must
originally bave had a spreading conical shape like Ompheloiro-
chus or Buconospira.

The trilobites are represented by the persistent Anisopyge
perannulefa (Shumard) —Girty manuscript.

Comparisons with other faunas of middle Guada-
lupe age are made difficult by the scantiness of the col-
lections from the Goat Seep limestone. On the whole,
the Goat Seep fauna resembles that of the underlying
sandstone tongue nore than it does the Cherry Canyon
faunas to the southeast. _

Like the fauna in the sandstone tongue, this one con-
tains few or no brachiopods of the genera Choncées and
Ambococlia, or of the groups of terebratuloids and
rhynchonelloids. All these brachiopods are present in
the faunas to the southeast, and in some they are abun-
dant. The last named group is common in the Getaway
fauna, and is markedly developed in the South Wells
fauna. Like the fauna of the sandstone tongue, and
unlike the faunas to the southeast, Enfeletes is present.
The Goat Seep fauna, however, differs from that of
the sandstone tongue and resembles those to the south-
east in the abundance and fairly diverse character of the
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Orthotetinae (Orthotetes and Meeckella). In the
faunas both to the northwest and southeast, productids
and spiriferoids are comimon, and appear to belong to
the same general types, but collections from the Goat
Seep and the sandstone tongue are too small to afford
extensive comparisons with the faunas to the southeast.

Pelecypods and gastropods are better represented in
the Goat Seep limestone than in the sandstone tongue,
but are not as common as in the sub-Getaway and (et-
away faunas. According to Girty:

Each fauna contains a number of genera and of speeies that
are net known in some of the othiers, but many of the species
are new, and mere detailed study is needed hefare an accurate
delimitation of genera and species can be presented. The pelecy-
pod and gastropod fannas of the Goat Scep are evidently exten-
sive, and many of the differences between its fauna and the
athers can doubtless be charged to the accidents of collecting—
Girty manuseript.

Comparison of the deseription of the Goat Scep
fauna with descriptions of the Capitan and Carlsbad
faunas that are given on later pages suggests that there
are considerable differences between them. This fact
is of interest because the two limestone formations of
upper Guadalupe age overlie the Goat Seep and are of
such similar rock facies that it is difficult to distinguish
the ong from the other two in the field.

CONDITIONS OF DEFOSITION
REGIONAL RELATIONS

During middie Guadalupe time, deposits were laid
down not only in the Delaware Basin, but also in the
shelf area beyond. As compared with lower Guada-
lnpe time, the area of deposition was greatly increased
(sec. ¢, pl. 7, B). 'The deposits both in and beyond the
Delaware Bacin were of marine origin. If the region
outside the basin was land during lower Guadalupe
time, there was a readvance of the sea during middle
Guadalupe time. At first, the marine sediments laid
down in both the basin and the shelf were sandstones,
but before long the limestones of the Goat Seep began

- to be built up along the margin of the basin. Sandstone

continued to be the dominant deposit in the basin, and-

was also laid down between limestone layers of the Goat
Seep northwest of its margin.

In the Delawure Basin, deposits of middle (ruadalupe
age have a nearly constant thickness of 1,000 feet,
whereas beyond the basin to the northwest their thick-
ness is only 750 feet. Along the margin of the basin,
they reaclh 1,500 feet, the increased thickness being
mostly in the limestone layers of the Goat Seep (pl. 7,
4).

Tt 1s not easy to restore the structure of the sea bottom
on which these deposits of various thicknesses, and the
similar ones of upper Guadalupe age, were lnid down.
The lay of the beds has since been modified, especially
by the tilting and faulting that accompanied the uplift
of the mountains during Cenozoic time. Reconstruc-

tions (such as those of pl. 7, &) have been made in part
on the basis of the beds exposed on escarpments and
canyon walls (some of which are shown on pl. 17),
where the effects of later deformation are evident or
unimportant. Further data on the reconstruction has
been obtained from the thickness of the unit in different
parts of the area, and from the nature of the beds found
there. ,

The exposures shown in section A-£", plate 17, sug-
gest that the great thickness of middle Guadalupe beds
along the margin of the Delaware Basin was not accom-
panied by any local subsidence of the beds beneath, but
rather that the thick deposits were laid down on a sur-
face that sloped southeastward toward the basin. The
section shonws that the southeastward slope of the beds is
steeper at the top than at the base of the unit, as though
it had been accentuated during the pericd by greater
deposition in the marginal area than in the basin. Less
conclusive evidence from the exposures siiggests, how-
ever, that there was no corresponding slope from the
thick deposits of the marginal arca towards the thinner
deposits to the northwest; instead, the beds of the two
areas appear to have joined in o nearly horizontal posi-
tion (pl. 7, B).

These relations are explained by assuming that the
Delaware Basin during middle Guadalupe time was
a region of greater subsidence than the area outside
it, and that the marginal area was consequently flexed
down townrd the basin in the same manner as it was
during the formation of the older Bone Spring flex-
ure but to a lesser degree. Under this assumption,
sedimentation in the shelf and marginal areas kept
pace more or less with subsidence, so where subsidence
was moderate the deposits were thin, and where it was
great the deposits were thick. The deposits are
thinner within the basin itself than in the marginal
area becaunse sedimentation tock plice more slowly
and thus did not keep pace with subsidence.

DEPOSITS OF THE DELAWARE BASIN

The source of the fine-grained sandstones of the
Cherry Canyon formation is uncertain, Perhaps
some of the material was derived from the south side
of the basin, but here the equivalent beds, the Word
formation of the Glass Mountains,?? contain mucl 1ess
clastic material than the formations that precede.d
them (fig. 14. 4). Apparently the land that had prevl-
ously contributed clastics to the south part of the lasin
was now contributing little sediment.

On the other hand, sandstone does not appeir to
have moved freely inte the basin from the northwest.
The margin of the basin on this side was covered. by
limestone deposits of the Goat Seep, considerable thick-
nesses of which do not contain much sand. Howevels

. . c ir.
= King, P. B., Geology of the Glass Mountains, part 1: Texas Un
Bull, 3038, pp. 60-73, 1031,
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the limestones of the Goat Seep formation farther
povthyvest are interbedded with sand that is coarser than
any in the basin, and more like that which filled the
basin in lower Guadalupe (Brushy Canyon) time.
This coarser material was probably trapped behind the
limestone barrier, and the finer material was able to
male its way into the basin, either directly across the
parrier, or through such openings in it as may have
existed.  This infilt srion may have gone on slowly.
At any rate, the possibility is sucgested that sedimen-
tation in the basin was so slow that it faited to Lkeep
pace with the subsidence taking place there. This
condition was probably caused by the Goat Seep
bharrier. :

The voleanic ash of the Manzanita limestone mem-
ber, hear the top of ihe Clerry Canyon formation,
Lhad a different source from the rest of the clastics
and was no doubt the wind-borne product of distant
evuptions.  The eruptions probably were to the south.
for near Lasz Delicias, Coahuila, a thick sequence of
voleanic rocks is exposed, whose fossils indicate them
(o be of Leonard and Guadalupe age.r* Further evi-
dence that the source of the ash beds was to the south
ig given by Adams?* who states, on the basis of sub-
surface work, that in the region farther east bentomite
layers in equivalent beds thicken southward. As there
ave sorie less-continuous ash beds both above and
possibly below the Manzanita member, the voleanic
activity in the distant region was probably long con-
tinued. Assuming that cenditions of transportation
and preservation were the same throughout Guadalupe
time, the ash falls in AManzanita time were caused by
an ernption more violent than the rest.

Some of the sandstones of the Cherry Canyon for-
mation were laid down in agitated water. In the Jower
half of the formation, many of them are cut by chan-
nels or marked by ripples. Channels are conspicuous
along the southeast margin of the Goat Seep luncstone
mass.

The ripple marks in the sandstones, like those in
the Brushy Canyon formation, have a general north-
eastward trend (fig. 8). Inthe Brushy Canyon forma-
tion, these ripple marks were explained as the result of
wave motion or undertow currents oriented at right
angles to the Bone Spring flexure, which was the shore
at the time. In the Cherry Canyon formation, the
shore lay much farther northwestward, but the Goat
Seep limestone, whose southeast edge had a northeast
trend similar to that of the flexure (fig. 8), apparently
formed an area of shoals that probably had a similar
influence on movements of the water. The channeling
along the southeastern margin of the Goat Seep lime-
stone is further evidence that it formed an obstruction

= King, . E,, The Permian of sputhwestern Coahuila, Mexico: Am.
Jour. Sci., 5th ser., vol. 27, ppr. 98-112, 1994,

x4 pdams, J. E., TUpher Permian stratigraphy of west Texas Perminn
basin: Am. Assoe. Petroieum Geologists Bull, vol. 19, p. 1016, 1954,
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to the waves, Most of the ripple marks in the Cherry
Canyon formation are symmetrical, and were therefore
formed directly by oscillation of the waves. A few
asyinmetrical ripples Lave been observed, however,
wlose steepest sides are to the southeast. These ripples
were probably formed by undertow currents, moving
away from the shoal water to the northwest.

Some of the limestone beds also appear to have been
1aid down in agitated water. Parts of the Getaway
member contain pebbles eroded from the beds next be-
neath, and other parts contain fusulinids lying in paral-
lel orientation, generally at right angles to the trends
of ripples in adjacent beds. An environment of shal-
low, agitated water is suggested also by the rich and
diversified bottom-dwelling fauna of the member.
Similar pebble beds and oriented fusulinids are found
in the grav, dolomitic limestones of the South Wells
nember along the northnest edge of the Delaware
Basin. The irregular, lentieular development of the
Getaway and South Wells limestoie mempers suggest
that they were laid down under disturbed conditions.

Some of the other beds of tlie Cherry Canyon forma-
tion were laid down in quieter water. The thin-bedded
sandstones which form a large part of the sequence,
with their thin, varvelike laminations, could not have
been spread so evenly if the water had been much dis-
turbed. Moreover, in the Getaway member, many of
the bivalved shells are preserved entire, indicating that
they had not been moved very far after the death of the
animal. In fact, the bivalves may have been buried
hefore the dead animal had decayed. Some of the beds
are strongly bituminous, suggesting that from time to
time the water was quiet enough to be fouled by de-
caying organic matter. ‘

Bituminous limestones form a prominent part of
¢he South Wells member in the southeast part of the
area, away from the edge of the Delaware Basin. The
fossils that they contain are less diverse than those in
the Getaway member. The dominant group is the am-
monoids, which were probably free-swimming organ-
isms, whose shells settled into the fouled bottom water
ofter death. The bottom-dwelling fauna is greatly re-
duced by comparison with that in the Getaway, except
for rhynchonellid brachiopods. These brachiopods
were prohably more suited to inhospitable bottom con-
ditions than other groups of animals. The Manzanita
menther also appears to have been laid down in quiet
water, for its beds, including the volcanic ash layers,
retain the same character and thiekness over wide areas.

Indications of agitated water appear to be most com-
mon in the lower part of the Cherry Canyon formation,
and of quiet water in the upper part. The channeling
and ripple marking of the sandstones is found chiefly
in the lower part. Likewise, the limestone beds in the
upper part appear to have been laid down under quieter
conditions than the limestone beds in the lower part.
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This change probably resulted from progressive deep-
ening of the water during middle Guadalupe time.

In parts of the Cherry Canyon formation, the beds
tend to be repeated in cyclical order. The repetition of
the eycle of shaly sandstone, sandstone, and nodular
limestone below the Getaway member at one Iocality has
already been noted (scc. 40, fig. 5). Higher up, each
limestone bed or member is commonly - underlain by
massive sandstone and is succeeded by thin-bedded
sandstone ; this succession is repeated several times up-
ward in the section (sec. 42b, fig. 5).

DEPOSITS OF MARGINAL AREA (REEF ZONE)

During the time when the Cherry Canyon formation
was being deposited in the Delaware Basin, the lime-
stones of the Goat Seep were being built up in the maxr-
ginal area. As exposed in cross-section on the west
face of the mountains, the limestone forms g solid mass
only a few miles wide and interfingers northwestward
as well as southeastward with sandstone, Although
- the mass is not widely exposed on either side of the
mountain face, the evidence there suggests that it had

the form of a reef that lay in & narrow belt trending
northeastward (line B, fig. 8).

The bedding planes of the limestone indicate that at
first the reef grew slowly as a series of broad, low lenses,
Later on, when it formed massive beds, it grew more
rapidly and became thicker than the deposits to the
northwest or southeast. During the latter part of its
growth as it was laid down on a southeastward sloping
foundation it rose several hundred feet above the floor
of the Delaware Basin to the southeast, During this
time, as already indicated, the deposits in the basin were
laid down in less agitated (and perhaps deeper) water
than the earlier deposits.

Like the other limestones along the margin of the
Delasware Basin the Goat Seep limestone is quite gen-
erally dolomitized, with the result that many of the de-
tails of its original structure are now lost. Not many
reef-building organisms have been collected from it
No corals have been found, but Dr. Girty reports the
presence of sponges. It is not possible, therefore, to
determine whether the Goat Seep reef was buiit by or-
ganie or by inorganic growth. By analogy with the




5 suc;_-eeding similar Capitan limestone, organisms prob-
by aided maierially in its construction.

The margin of the Delaware Basin, where the bot-
tom sloped down'fl‘om th'e Q.mllow shelf area _into the
deeper, MOTE rapidly subsiding avea of the basin, must
" pave been @ favorable place for such organisms to grow
and tO build v masses of limestone. The margin
would be favorable also for direct precipitation of cal-
cinm carhonate, for water that moved into the warm,
ngit{[t,ed shallows from th.e deeper, quieter, .and Perhaps
cooler waters of the basin probably lost 1ts dissolved
carbon dioxide and thus became supersaturated with
calcivm carbonate.

UPPER PART OF GUADALUPE SERIES

The upper part of the Guadalupe series contains
the last Permian deposits laid down under normal
marine conditions in the region, and the greatest devel-
opment of limestone reef deposits. Like the middle
part of the series, the upper part consists of three
Jissimilar but contemporaneous facies cofiposed of
varions sorts of limestone and sandstone (pl. T, 4)-
It is succeeded by beds of anhydrite and other evaporite
deposits. ‘

In the southeast part of the area stndied, beds of
upper Guadalupe age are classed as the Bell Canyon
formation of the Delaware Mountain group. This
formation is 670 to 1,040 feet thick and is composed
of sandstone, with some thin, dark-gray limestone
beds. Tarther northwest, in the Guadalupe Moun-
tains, the Bell Canyon changes into the whiie, massive
Capitan limestone, «hich forms a reef mass. Here,
the unit is 1.500 to 2,000 feet thick, or more than twice
{lie thickness of the equivalent beds to the southeast.
The Capitan does not extend far to the northwest, for
within a few miles its massive limestones change into
the thinner-bedded Carlsbad limestone. Tongues of
the highest Carlsbad overlap the Capitan to the south-
east and form flat benches on the summits of the
Guadalupe Mountains. .
The Bell Canyon formation crops out in a belt §
to 10 miles wide on the east slope of the Delaware
Mountains (pl. 8). TFarther northwest, the Capitan
and Carlsbad limestones spread as a plate over the
Guadalupe Mountains and constitute its highest peaks
and ridges. The lumestones are exposed also in the
downfaulted area west of the high mountaius, where
they form the Patterson Hills.

BELL CANYON FORMATION

The Bell Canyon formation, as here distinguished,
is roughly equivalent to the highest part of the Dela-
ware Mountain group described by Beede # as col-
sisting of “very thick sandstones, alternating with less

P —
3 Beede, J. W., Report on the oil and gas possibilities of the Univer-
sity block 46 in Culberson County: Texas Univ. Bull, 2346, p, 14, 1924,
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thick limestones, and rather hard shales.” The forma- .
tion is named for Bell Canyon, which lies in the north-
east part of the area sindied (pl. 3), beading on the
Reef Escarpment of the Guadalupe Bountains and
draining eastward Do miles to the old route of United
States Ilighway No. G2, where it joins Lamar Canyon.
In its course the canyon Crosses only the lower part of
ihe formation. The upper part is well exposed in the
hills dirvectly northeast of the canyon and is crossed
by United States Highway No. 62.

The unit is classed as the uppermost formation of
the Delaware Mountain group. Recent work indi-
cates that it is nearly all younger than the typical
Delaware Monntain, as defined by Richardson,™ at the
south end of the Guadalupe Mountains near El Capi-
tan., It was mapped by Richardson, howerver, as part
of the Delaware Mountain in his reconnaissance of the
Delapware Mountains, and this practice has been fol-
lowed in all subsequent geological reports.

In its outcrop on the east slope of the Delaware
Mountains, the Bell Canyon formation forms a belt
of rolling country 5 or 10 miles wide, in which the
beds dip east-northeast or northeast at angles of a few
degrees. Oceasional mesas or lines of cuestas rise
above their surroundings, and are capped by limestone
members. Along the southeast base of the Guadalupe
Mountains, large tracts underlain by the formation
are covered by Quaternary gravel deposits. A short
distance east of United States Highway No. 62, the
formation has a measured thickness of 670 feet (sec. 34,
pl. 6), but In the Niehaus et al., Caldwell No. 1 well,
35 miles east-southeast of El Capitan, the thickness has
incrensed to 1,038 feet.

In the Guadalupe Mountains, the formation inter-
grades with the reef mass of the Capitan limestone, the

“change taking place farther southeast in the upper

than in the lower part. The lower members thus extend
northwestward for several miles beneath the Capitan
limestone. They form ledges along the bases of the
Capitan cliffs on the southeast and west sides of the
mountains.

The outerop of the Bell Canyon formation is shown
on the geologic map, plate 3. Some of its outcrops in
fhe Delaware Mountains appear in the northeastern
sart of the map, interrupted by patches of gravel.

arger areas of outcrop, not show, lie beyond the map
area o the east. Outerops in the Guadalupe Mountains
appear as a Narrow band along their southeastern and
western sides. The structure of the formation in the
Guadalupe Mountains is shown on the sections of plate
17.

Views of the ontcrops of the Bell Canyon formation
on the southeast side of the Guadalupe Mountalns ap-
pear in the panoramas of plate 4. In plate 4, A, 1ts
limestone members cun be seen standing in benches,

» Richardson, G. B., Report of o reconnaissance in trans-Pecos Texas
north of the Texas apd Pacific Railway: Texas Univ. Bull, 28, p. 38,
1904.
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mesas, and cuestas along the base of the Guadalupe
Mountains escarpment; the highest member, the La-
mar, appears at the extreme right. In the district
shown on plate 4, B, erosion has advanced farther, and
the members have been worn back to the base of the
escarpment, where they project in ledges. The lower
members can be seen again in the views of the western

side of the mountains, as on plate 12, where they stand

in ledges at the bases of the cliffs. )
Stratigraphic sections of the formation are shown
on the right-hand half of plate 6. Further strati-

raphic details for the area along the southeast base of ‘ ‘ -
- mterfinger with the Capitan above the Rader member,

the Guadalupe Mountains are shown on plate 1.
S4ANDSTONE BEDS

The sandstone beds of the Bell Canyon formation,
like those of the Cherry Canyon, are buff colored and
extremely fine grained. Three thin sections of typical
specimens were studied under the microscope by Ward
Smith, one from the lower part from just above the
Pinery member at El Capitan (sec. 18, pl. 6), and the
other two from the upper. part below and above the
Lamar member at its type locality, 15 miles to the east
{sec. 38, pl. 6). Their maximiumn grain size ranges
from 0.1 to 0.2 millimeter in diameter. The dominant
grains are quartz, microcline, and plagioclase, but in all
three specimens-the accessory minerals are diverse and
fairly abundant, and include biotite, chlorite, tourma-
line, zircon, apatite, and staurolite. A fresh surface
of the specimen from the lower part shows a faint
greenish color which is probably caused by the chlorite
grains. In the specimen from above the Lamar mem-
ber, the grains are finer in some laminae than others,
and this structure, with an increase in the amount of
clay in the same laminae gives the rock a platy layering.
The matrix of the sandstone tends to be caleaveous.

Aside from the occasional, persistent limestone menz-
bers, the sandstones contain few or no caleareous beds
or lenses, and there are no interbedded black, shaly lay-
ers of the sort found m the Cherry Canyon formation
beneath. Some of the sandstones are in layers a few
inches thick, some are thinner bedded or even platy,
and some are thicker bedded or massive. Most of the
beds show faint, closely spaced, light and dark lami-
nations, but these laminations are absent in some of
the massive beds, Each of the limestone members is
underlain by 50 or 100 feet of very nassive sandstone
that crops out in prominent ledges bare of vegetation,
or in rocky buttes. Most of them are overlain by platy
sandstones (sec. 34, fig. 5). Thus, a tendency toward
cyclical deposition is indicated.

In the Delaware Mountains, the bedding surfaces of
most of the sandstones are straight and smooth. The
sandstones contain no channeling or irregular bedding
of the sort found at many places in the Cherry Canyon
formation, and only a few ripple marks (fig. 11). Rip-
ble marks are found occasionally as high in the nnit as
the Rader member, but are nearly absent above. Thus,

" comes

In the extensive exposure of the sandstones extending.

100 feet or so below the Lamar member, 114 miles north-
east of the junction of Bell and Lamar Canyons, a carve-
ful search showed only one bedding surface with ripple
marks, and these marks were faint and shallow. All
the other numerous exposed surfaces at this locality
were smooth and featureless. .

Along the Reef Escarpment of the Guadalupe Moun-
tains, and nearer the Capitan reef, the sandstones have
a somewhat different character. In the tongues that

the sandstones are coarser grained than to the south-

east, and contain lenses and tongues of sandy dolomite’

extending out from the Capitan. A specimen of sand-
stone from one of the sandstone tongues near the head
of Rader Ridge was examined under the microscope
by Ward Smith. Its grains are coarser than those in
the sandstones to the southeast, reaching a diameter of
0.4 mm., but like them consist of quartz, microcline, and
plagioclase, with rather abundant accessory minerals,
such as tourmaline and zircon. The matrix is caleite.
The sandstones between the Lamar and Rader members
at the mouth of McXittrick Canyon are cut by channels
at one or two places, and many of the beds ave ripple-
marked,
LIMESTONE MEMBERS

Fonr limestone members are distingnished in the Bell
Canyon formation. The Hegler, Pinery, and Rader
members are closely spaced in the lower fonrth of the
unit, and are separated by several hundred feet of
sandstone from the Lamar member which lies near its
top (pl. 7, 4). In addition, a thin limestone bed about
halfway between the Rader and Lamar members has
been mapped but has not been named, being designated
merely as “flaggy limestone bed.”

The limestone members are thinner, but more per-
sistent, than those in the Cherry Canyon formation,
and are separated by sandstones containing few cal-
cerous beds. In the Delaware Mountains, the mem-
bers are each 10 or 23 feet thick, dark gray to black,
fine grained, and mostly thin bedded. They contain
few fossils, in contrast to the Getaway member of
the Cherry Canyon formation lower in the section
with its abundant and diversified faunas. Toward
the northwest, nearer the Capitan limestone reef, each
limestone member thickens to 50 or 100 feet, and be-
Lighter gray, thicker bedded, and more
fossiliferous.

HEGLER LIMESTONE MEMBER

The Hegler limestone member, which forms the basal
bed of the Bell Canyon formation, is named for the
Hegler Ranch at the east end of Rader Ridge; on the
hillsides near the ranch its thin ledges ars well exposed
(pl. 3).

In the southeast part of the area, it consists of 30
or 40 feet of dark-gray, fine-grained limestone in beds
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iy few inches to a foot thick, interbedded with platy
(as shown in sec. 34, pl. 6). The more
oranular layers contain small chert nodules, and some
F ammonoids, and brachiopods. Near the

the caps of small lknolls on the surface of
mesas and cuestas of the Manzanita member of the
Cherry Canyon formation. Northeast of the ranch
pear Lamar Canyon, the bedding sur-
are hummocky and there are some irregular dips
of the same character as those

In this district, at the
Canyons, seams of white
clay less than an inclt thick are interbedded in the
Jimestone. C. 5. Ross states that these seams consist
of voleanic tuff, showing good ash structures but
partly altered to clay minerals.

At the type locality, and elsewhere along the south-
castern edge of the Guadalupe Mountains, the limestones
of the wember are different, although they lie in the
same position, that is, 25 feet or so above the Man-
zanita member of the Cherry Canyon formation (as
down in sec. 23, pl 15}. They consist of dark-
fine-grained limestone, made up of closely spaced
Jumps an inch ar so thick. In most places these lime-
<tones stand in two groups of ledges with a total
ihickness of 12 to 25 feet, separated by a break of
sand or marl. The limestones contain poorly pre-
served ammonoids, and some of the bedding surfaces
are crossed by small tracks and trails. In some locali-
ties, as at Nipple Tl and on the northeast side of
Guadalupe Canyon (sec. 19, pl. 6), the member dis-
appears, and the first limestone above the Manzanita
member is the Pinery member.

The following analysis of limestone from the Hegler
limestone member was made. The limestone is of
Jumpy . facies, characteristic of the member along the
southeast side of the Guadalupe Mountains, and was
collected on the south side of Rader Ridge north of
Nipple Hill.

faces
and small folds, perhaps
:n the Bone Spring limestone.

Uy,

Analysis of limesione from the Hegler Umestone member

{Analysis by K. 1. AMurata ; note on insolnble residue by Charles Ailton]

Fereont

Tnorganic inseluble o oo ooooommmooommommem oo 11. 93
Organiie insoluble - —oomoomrommmmm oo mmm oo e .94
B-0: (mostly FeOs) ooomommmm oo [ — 1. 00
Foril iy ¢ MRS Ll Lt S =53, ™
MECOs_ ool o m o mmm TS I 1.57
MnCO e = .09
Cos{ PO pimmmccm oo e mm e None
99.10

Insoluble residue: Light gray, clayey, with quartz and felds-
par_and minute zircon and tourmaline partieles.

The Hegler
northwestward beneath the Capitan limestone.

Jimestone member extends several miles

On the
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west face of the Guadalupe Mountains below Guada-
Jupe Peak, the lumpy, slabby limestone ledges can be
traced northward into light-gray, thick-bedded,
sparingly fossiliferous limestones more than 100 feet
thick (as between secs. 14 and 15, pl. 6). Still farther
north, near the head of Shirttail Canyon, these lime-
stones grade into the Capitan limestone {sec. 9, pl. 6}.
Similar limestones crop out as inliers in the bed of Pine
Spring Canyon near Devils Hall, and along South
McKittrick Canyon between the Pratt and Grisham-
Ifunter Lodges (secs. E-E”, F— *,and -1, pl. 17}. At
Devils Hall, the member is a dark-gray, hummocky
limestone in beds a few inches to a foot thick (sec. 58,
ph 15}, and nearby there ave interbedded lenses of mas-
cive limestone (sec. 60, pl. 15, and fig. 9, (). Near the
Pratt and Grisham-Hunter Lodges, the member 1s
dense, light-gray, sparingly fossiliferous, thin-bedded
limestone, with some interbedded massive layers in the
upper part.
PINERY LIMESTONE MEMBER

The Pinery limestone member includes the main part
of the dark-gray, bedded limestone, called the “upper
dark limestone” by Girty,” which erops out beneath the
Capitan limestone at the south end of the Guadalupe
Mountains. This limestone formed member 2 of Shu-
mard’s section.”® The name is taken from The Pin-
ery,® the old stage station on the Butterfield Trail at
the mouth of Pine Spring Canyon. The type section
is on the hillside above Pine 8pring, a short distance to
the north (sec. 21, pls. 6 and 15). The greater part of
Girty’s “upper dark limestone” fauna was obtained
from the lower part of the member at this locality.

In the southeast part of the area, the Pinery member
consists of 25 feet of thin-bedded, dark-gray, fine-
grained limestone, with a few sparingly fossiliferons,
more granular, thicker beds, and much interbedded
platy sandstone. It lies about 75 feet above the Hegler
limestone, and crops out less prominently than that
ember. Its ledges are exposed on the north bank of
Lamar Canyon for several miles southeast of its junc-
tion with Bell Canyon (sec. 34, pl. 6).

Farther northwest along the base of the Reef Escarp-
ment on the southeast side of the Guadalupe Moun-
tains, the member passes beneatl: the Capitan lime-
stone, and forms prominent ledges on the slopes below
the ragged Capitan cliffs; these ledges are well exposed

= Giryy, G. FL., The Guadalupinn fauna: T.
Paper 45, pp. 17-19, 1908.

s Shumard, G. G., Observations on the geologieal formations eof the
country between the Rio Pecos and the Rip Grande, in New Mexico :
gt. Louis Aend. Seci. Trans., vol, 1, pp. 273-289, 1858 [1860].

=0 ffhe names Pine Spring and “nery date from the first visits to the
region by Americans and are mentioned in the earliest publications on it.
The hames Were npplied because of the pine trees growing on the finor
of Pine Spring Copyon jn its lower coOurse. According to loenl tradi-
tion, these trees were murlh more numerous at the time of the first
visits than they are oW, Shumard (idem, D. 2g0Y) refers to Pine
Spring Conyon os The Pinery.

8. Geol. Survey Prof.
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between Pine Spring and Frijole and are illustrated in
the panorama, plate 4, B. Good exposures are found
at Pine Spring (the type section), at Soldiers Lookout
near Frijole (sec. 63, pl. 15), and on Rader Ridge to
the northeast (sec. 23, pl. 15). ‘

Along the base of the Reef Escarpment, the member
reaches 150 feet in thickness, and consists of gray, fine-
garined limestone in beds a few inches to a foot thick,
containing small nodules and sheets of brown chert,
many fusulinids, and a few crushed brachipod shells.
Interbedded with the thinner-bedded limestones are
lighter-gray, quite granular, thick-bedded to massive
layers 5 to 10 feet thick. At Pine Spring, the most
prominent massive layers are at the base, but there are
several massive layers higher. The lower massive beds

NE. \ ' SW.

G
25 t?o Faet

FratrE 9.—8ections showing lenticular, reeflike features in limesfone
members of Bell Canyon formation adjucent to Capitan reef mass.
4, Lamar limestone member, south bank of draw half a mile sautheast
of enirance to McKittrick Canyon; B, Pinery limestone member,
southeast bank of McKittrick Canyon, a quarter of a mile east of
Pratt Lodge; €, Hegler limestone member, northeast bank of Pine
Spring Canyen southwest of Pinnacle.

are crowded with the silicified remains of bryozoans
(such as Domopora), fusulinids, cup corals, small bra-
chiopods, and occasional calyces of small echinoderms
(such as ('venooystisy. The member is separated from
the Capitan above by about 100 feet of interbedded
“sandstone and limestone,

The following analysis of limestone from the Pinery
limestone member was made. The limestone is gray
and granular, and is of a facies that is characteristic of
the member on the southeast edge of the Guadalupe
Mountains. Tt was collected on the south side of Rader
Ridge north of Nipple Hill.

GE_OLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

Analpsis of limestone from the Pinery limestone member

[Analysis by K. J, Murata ; note on insoluble residue by Charles Milton]

Percent

Inorganic insoluble et e 439
Organic insoluble..__________ e ——— a2
Ra0; (mostly Fes) oe o __ ———— — 45
CaCO; e 92.95
MgCO:_ _— _— e 164
MnCQ,_ - — [, 07
Caz(PO)a___ - e 06
99.88

~ Insoluble residue; Gray, consisting of clay and organic mat-
ter, with guartz and feldspar particles and occagional green
tourmaline, . i

Farther northwest, in Pine Spring Canyon, the mem-
ber changes to lighter gray, the chert disappears, and
the sandstones between the member and the Capitan
give place to limestones like those below (as shown in
sec. 61, pl. 153). The beds of massive limestone increase
in number and the thinner-bedded limestones contain
lenticular bodies of massive limestone (as shown in fig-
ure 9, B). Similar beds are exposed on the west side
of the Guadalupe Mountains as far north as Guadalupe
Peak, and in McKittrick Canyon, half a mile east of the
Pratt Lodge (secs. E-£” and K-X’, pl. 17.) Farther
northwest, the member is replaced by a part of the
Capitan limestone.

RADER LIMESTONE MEMBER

The Rader limestone member is named for Rader

. Ridge,” a series of benches and mesas that project south-

eastward from the Guadalnpe Mountains northeast of
Frijole Post Office.. They are capped by outliers of the
member (sec. -G, pl. 1T). .

In the southeast part of the area, as at the junction of
Bell and Lamar Canyons, the member is 15 feet thick
and lies 30 or 40 feet above the Pinery member (sec. 34,
pl. 6. Tt consists of several layers, as much as 3 feet
thicl, of gray, granular limestone, with numerous
rounded pebbles, fragments of bryozoans, cup corals,
and fusulinids, and of interbedded, thinner, darker-gray
limestone. At several places in this region it contains
a bed as much as 2 feet thick of apple-green, silicified
voleanic ash. One specimen, from 1 mile east of the
junction of Cherry and Lamar Canyons, was studied
under the microscope by C. S. Ross, who states that it
contains well-preserved ash structures and primary
fragments of euhedral - orthoclase, plagioclase, and
quartz. The original glass has been completely altered
to secondary quartz, and perhaps to kaolin. A speci~
men from another locality, similar megascopically, is
said by Ross to contain no grains that are definitely of
voleanic origin.

3 According to Mr. J, T. Smith, the ridge was named for the Rader
family ; they were early settlers and had a raneh near ft,




To the northwest, on Rader Ridge and elsewhere
pear the Reef Escarpment, the member is 30 to 100 feet

thick (sec. 23, pl. 15), and consists of rounded ledges of
very massive, granular or dense, light gray or white
Jimestone, much like the Capitan limestone in appear-
A1CE: Some of the beds contain angular limestone
cobbles. Fossils are common, consisting mostly of
Capitan species, but including numerous bryozoans, a
group not common in the Capitan. Occasional lenses
of sandstone and dark gray, slabby limestone are found
sn depressions on the undulatory upper surfaces of the
massive beds. '

The following analysis of limestone from the Rader
Limestone member was made. The limestone is light
gray and of a facies characteristic of the member on
the southeast edge of the Guadalupe Mountains. The
gpecimen was collected from one of the massive beds
near the head of Rader Ridge, north of Nipple HilL

Analpsie of Timestone from the Rader limestone member

[Analysis br K. T Mtl:"ataj note on ingoluble residue by Charles Milton]

Pereent
Jporganic msoluble o —eoe-omommmmmmorommmo oo 111
Organic 10SOluble_n ooooo-emmmmm s mmmm o m s 03
BO: (mostly Fedde) oo oo omommmmm oS oo 24

97.66

. 100.84
Insoluble residue: Light gray, with detrital quartz ang feld-

gpar and euhedral,
authigenic origin.

doubly terminated quartz, possibly of

In the vicinity of Rader Ridge, the Rader limestone
member 1s separated from the Capitan limestone by
several hundred feet of sandstone and thin-bedded
Limestone. When traced to the southwest along the
escarpment, the intervening beds are replaced by the
Capitan limestone, and about a mile west of Frijole the
member itself merges with the Capitan. (These vela-
tions can be traced out on the ridges to the left of Smith
Canyon illustrated in the panorawma, pl. 4, B.)

FLAGGY LIMESTONE BED

About 100 feet above the Rader member in the Dela-
ware Mountains is a 10-foot layer of straight-bedded,
fine-grained, gray linestone, in part sandy, forming
flaggv beds a few inches ¢hick (as in secs. 32 and 34, pl.
6). The flags have been quarried on the McCombs
Raneh and farther southeast, and have been used locally
for building purposes. The same bed is present also
in the esposures of downfaulted rocks west of the Dela-
ware Mouutains.

LAMAR LIMESTONE MEMBER

The Lamar limestone member is a bed of dark lime-
stone lying near the top of the Bell Canyon forma-
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tion. Tt cropsout in a belt of northeast-sloping cuestas
that extend southeastward from the mouth of Mec-

. Kittrick Canyon into the Delaware Mountains. It

has been named for Lamar Cauyon,” and its type
locality is on the escarpment northeast of the El Paso
Natural Gas Company’s road across the canyon, about
15 miles east of El Capitan and east of the area shown
on plate 3. The name Frijole limestone has previously
been used for the member,* but this name is abandoned
because the member does not crop out mear Frijole
Post Office, and the dark limestones there are of Hegler
and Pinery age (see sec. 63, pl. 15).

The confusion in terminology has perhaps arisen
from difficulties encountered by previous geologists in
tracing the linestones exposed below ihe Capitan near
Frijole northeastward along the Guadalupe Mountain
escarpment toward McKittrick Canyon, where the
Lamar member is exposed.  Blanchard and Davis, and
Darton and Reeside * considered the beds at the two
places to be the same.

Year the type locality, and elsewhere in the south-
east part of the area, the member consists of 13 to 30
feet of gray, dark gray, or black, fine-grained lime-
stone, weathering brown and rough-surfaced, and
forming beds a few inches thick, with some lenticular,
thicker beds (secs. 54 and 38, pl. 6). Some of the
vock is thinly laminated and contains small chert
nodules. Near the crossing of United States Highway
No. 62 over its outcrop, & few feet of platy sandstone
is interbedded in the middle. In most of the Dela-
ware Mountains the member is unfossiliferous, but to
the northwest, within a few mijes of the edge of the
Guadalupe Mountains, some ledges contain brachio-
pods and other fossils.

Tn the vicinity of United States Highway No. 62,
the limestones of the Lamar member are somewhat
contorted, 111 & manner that vesembles the contortion
of the black limestones of the Bone Spring limestone.
Bedding surfaces ave undulatory, and some of the
less competent beds ave twisted and rolled into lenses.
Some of the bedding surfaces are fluted and striated
in a general north-south direction. These marks are
perhaps the “ripple marks” reported by Crandall® .
from this vicinity. T did not see the features that he
suggested might be mud cracks when I visited the
locality.

a Lang, W. B, The Permian formations of the Pecos Valley of New
exico and Texas: Am. Assoe, Petroleum Geologiste Bull, vol- 21,
pr. 874-8735, 1037,

1 Blanchard, W. G., and Davis, M. J. Perminn stratigraphy and
structure of parts of southeastern Kew Mexlco and southwestern Texas:
Am. Assoc. I'etroleum Geologists Bull, vol. 13, p. 973, 1828

# Dgrton, X. H., and Reeside, J. B., Guadalupe group: Geol. Soc.
America Bull., vol. 37, i 423-424, 1926,

3 Opandall, K. H., Permian stratigraphy of goutheastern New Mexico
and adjacent paris of western Texns: Am. Assoc, Petroleum Geologists
Bull, vol. 13, p. 933, 1929.
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Farther northwest along the base of the Reef Escarp-
ment on the southeast side of the Guadalupe Mountains,
as at the mouth of McKittrick Canyon,® the member
thickens to 150 feet or more, and is Lighter gray, more
granular, and more fossiliferous (sec. 28, pl. 8). The

. fossils are strewn abundantly over the bedding surfaces,
and many of them are silicified. The shells are closely
packed, and the valves of most of the brachiopods are
separated, or at least twisted, in a manner suggesting
some transportation before burial. By far the most
common fossil is a large Squamularie, but there are
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other brachiopods, mostly of Capitan type, and also
some gastropods, pelecypods, bryozoans, and trilobites.
Fusulinids and ammeonoids are absent. About a mile
southwest of the entrance to the canyon on the south
side of the stream, the Lamar member contains mound-
like, massive limestone lenses up to 10 feet in thickness,
which interfinger laterally with thinner-bedded lime-
stones (fig. 9, 4).

The following analyses of limestone from the Lamar
limestone member were made:

Analyses, in percent, of limestone from the Lamar limesione member

[Analyses by K. F. Murata; notes an insolubie residues by Charles Milton]

Insoluble Ra0s
Specimen loeality {mostly { CaCO; | MgCO; | MnCO; [Cas(POs), [ Total
. . FEZO;) -
Inorganic; Organie

1. Mliddle part of member, north side of U. 8. High- .

way No. 62, 3 mile west of bench mark 4720__ 1. 81 0.13 0.23 | 96 02 1. 02 0:06 | Nome 99. 27
2. Highest beds of member, south side of U. 8, High-

way No. 62 about a mile northeast of No. 1;

this specimen and No. 1 are typical of the facies | E .

of the member in the southeastern exposures__ 1. 86 .19 .26 04, 67 2. 61 Nome | 0. 13 100. 72
3. Fine-grained, gray limestone [rom middle of i

member, south side of McKittrick Canyon at

entrance, These beds grade into Capitan lime-

stone a few hundrec% vards to northwest.

Analyses of the latter rock are given as Nos. 3 ‘ - :

and 4 under Capitan limestone__.. ...~ 2. 96 . 13 .17 94,56 L 77 | None .03 68. 62

Insoluble residues: 1, Brown, crzanically colored, with much chert and little detrital material; 2, dark brewn, similar to XNo.1;

3, hrown, similar to Ne. 1.

Northeast of McKittrick Canyon toward Big Can-
yon, the Lamar member spreads out in a broad area at
the base of the mountains (pl. 3}, forming low, dark-
colored hills, covered by a growth of lechuguilla.
Southwest of the canyon for several miles the member
forms the cap of benches that project along the base
of the Reef Escarpinent (as shown on the left side of
pl. 18). DBeyond, at the head of Rader Ridge (sec. 23,
'pl. 13, and sec. L-L/, pl. 17) and on the ridge northeast
of Guadalupe Canyon (sec. /-J’, pl. 17}, only small
remnants of the member are preserved projecting as
tongues into the Capitan limestone. They consist of
white, platy limestone, containing crushed brachiopod
shells.

HIGHEST HEDS OF BELL CANYON FORMATION

Some miles southeast of the Capitan limestone on the
Reef Escarpment, well out in the area of the Delaware
Basin, the limestones of the Lamar member are over-
Inin directly by thinly laminated limestones and an-
hydrites that are the basal beds of the Castile formation.
This relation of Lamar to Castile was observed also on
the outcrops in the downfaulted area west of the Dela-
ware Mountaing, at the south edge. of the area studied

3 The member at thiz place hag been described previously by N. H.

Darton and J. B, Reeside, Je. (op, clt, p. 424), and by K. H. Crandall
(op. cit., p. 033).

(pl. 3). It is reported also in wells drilled east of the
outcrops, as in the Niebaus et al,, Caldwell No. 1 well,
35 miles east-southeast of El Capitan (pl. 6}.

Farther northwest, within several miles of the Reet
Escarpment, the Lamar member is separated from the
Castile formation by a small thickness of younger Bell
Canyon beds. In the exposures in the Delaware Moun-
tains southeast of United States Highway No. 62, these
beds consist of 20 feet of very fine grained sandstone
(secs. 34 and 38, pl. 6), whose petrographic character
has already heen noted -(p. 54). The rock is thinly
laminated, its bedding surfaces are flat and smooth, and
it breaks out in thin, flat plates. The beds are well ex-
posed a short distance southeast of the highway, on the
north bank of a creek, half & mile northeast of bench
mark 4720 (pl. 3), where their relations to the Lamar
below and Castile above can be observed.

Northwest of the highway, and nearer the Reef
Escarpment, the beds are thicker, and include some
limestone. Between McKittrick and Big Canyon
Draws, they are preserved as scattered outliers, which
form light-colored Inolls on the tops of the darker-
colored hills of Lamnar limestone. Some of these beds
are less than a mile from the base of the Reef Escarp-
ment. The best exposure is on the north side of Big
Canyon Draw near the State line, and three-quarters
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of 2 mile northwest of the Gray Ranch (pl._?;). Here
the Lamar is overlain by 20 feet of ﬁne-granl]ed sand-
tone, and this by 15 feet of light-gray or white slabby
iimestone, containing crushed brachiopod shells. This
;s topped DY the basal laminated liniestones of the Cas-
gile. In other exposures near the Reef Escarpment, the
sqndstones are thinper, and most of the beds above the
Lamar are slabby Iimestone.

Af the base of the Reef Escarpment itself, at Me-
Kittrick Canyon and clsewhere, the Lamar member 1s
overlain by a small thickness of massive dolomitic Cap-
;tan Hmestone. This limestone is evidently cquivalent
{o the sandstones and slabby limestones not far to the
southeast, but the actual conuection between them has
peen removed by erosion, so that the change cannot be
traced from one outcrop to the other.

EELL CANYON FORMATION IN AERIAL PHOTOGRAFHS

In aerial photographs the Bell Canyon formation can
be recognized as that belt of outcrop between the back
slope of the cuesta of the Manzanita limestone member
of the Cherry Canyon formation on the west, and the
Jow, light-colored outcrops of the Castile formation on
the east. The outerops of the Bell Canyon formation
form an eastward continuation of the cuesta topography
qlready described as characterizing the upper part of
the Cherry Canyon formation.

Cuestas are poorly developed in the lower part of
the formation, although the photographs indicate the
(races of numerons ledges that belong to the Hegler and
Pinery limestone members. The first strong cuesta east
of and above those of the Manzanita limestone member
iz formed by the Rader limestone member. Seill far-
{her east is a low but prominent cuesta formed by the
flaggy limestone bed. It hias a persistent development
southeast and south of the area studied, and indicates
(hat this limestone is a continuous and persistent unit.
still fariher east is the high and prominent cuesta of
the Lamar limestone member. It has a steep west-
facing scarp, frayed by erosion into numerous promon-
tories, outliers, and indentations. The sandstones cver-
Jying the Lamar can be recognized as far south as Dela-
ware Creck but arc indistinguishable beyond. The
dark-colored back slope of this cuesta is bordered on
the eust by lighter-colored outerops of the anliydrites
of the Castile formation.

The Lamar limestone cuesta can be traced 30 miles
or more south of the area studied, along the east slope
of the Delaware Mountains, or nearly to Seven Heart
Gap at the north edge of the Apache Mountains. How-
ever, about 20 miles south of the arca studied, the ledges
and cuestas of the underlying members merge mto &
nearly continuous succession of ledges, evidently a
nearly solid limestone body. This limestone body con-
tinues southward to the Apache Mountains.

T553282—48 i
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CAPITAN LIMESTOXNE

DEFINITION

The Capitan limestone was named by Richardson,®
its type locality being on Guadalupe Peak, about a mile
north of the summit here called E1 Capitan®  The ex-
posures in the vicinity of the two peaks were first
studied by Shumard,® who set off the white limestone
of the formation as member 1 of his section (pl. 1).
According to present usage,® the formation ineludes
the thick-bedded or massive white limestones of reef
facies and upper Guadalupe age, that crop out in the
Guadalupe Mountains (pl. 7, 4).

RELATIONS TO BELL CANYON FORMATION

Near the top of the Cherry Canyon formation is the
Manzanita limestone member, whose outcrop extends
across the Delaware Mountains and into the southern
Guadalupe Mountains. Its orange-brown ledges and
its interealated seams of voleanic ash retain the same
character over wide areas, and form an unmistakable
liorizon marker (pl. 6}.

The sequence above the Manzanita member in the
Delaware Mountains, however, is profoundly different
from that in the Guadalupe Mountains (as may be scen
by comparing secs. 34 and 14, pl. 6). In the Delaware
Mountains, as along United States Highway No. 62, the
member is overlain by several hundred feet of saud-
stones and thin limestones, forming the Bell Canyon
formation, and these in turn by the anhydrites of the
Castile formation. The Bell Canyon formation crops
out northeast of, and down the dip from the Manzanita
mentber in low hills (such as those shown in the center
and right foreground of pl. 4, 4). In the southeast
part of the Guadalupe Mountains, the member is over-
lain by a few hundred feet of thin-hedded limestones,
the Hegler and Pinery members, and these by several
thousand feet of massive Capitan limestone. Tlere, the
Manzanita member forms ledges that fringe the bases
of lofty cliffs. '

Looking northwest from the low hills of the Delaware
A\ountains near United States Highway No. 62, one can
see n steep escarpment that rises in jagged spurs and
irregular cliffs 2,000 feet or more above the observer
( forming the backgrouud of pl. 4, 4). Thisis the Reef
Escarpment, which forms the southeastern edge of the
Guadalupe Mountains and is composed largely of Capi-
tan limestone. DBehind it, the Capitan crops out on
rugged canyon walls (some of which are shown on pl
18). Southeast of it, in the Delaware Mountains, no

2 Richardson, G. B., Report of & reconnaissonce in trans-Pecos, Texng,
north of the Texas and Pacific Rallway: Texas Univ. Bull. 25, p. 41,
1904

3 For a discusslon of the geographic terminclogy see Lang, W. B,
op. cit., pp. §39-844.

= ghumard, G. G., Observations on the geology of the country between
the Rio Pecos and Rio Grande, in New Mexico: St. T.ouls Acad. 8cl
Trans., vol. 1, p. 280, 1858 [1860].

® Lang, W. B, op. cit., p. 183.
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remnants of the Capitan gre Dresent, if indeed they ever
existed,

The. Lamar limestone member, near the top of the
Bell Canyon formation in the Delaware Mountains can
be traced northwestward along a line of cuestas to the
base of the Reef Escarpment at the mouth of McIitt-
rick Canyon. Viewed from 2 distance (as shown on pL
4, 4), the member seems to extend beneath the Capitan
limestone at the canyon, for the Capitan rises 1,500 feet
above the cuestas to the flat benches of Carlsbad lime-
stone which form the rim of the escarpmenit.

That this is not the true relation is at once evident,
however, when one climbs a little distance up the spurs
on either side of the canyon mouth (pl. 16, 4). Viewed
oW in cross section, the Capitan limestone is seen to be
made up of thick beds which dip to the southeast at an
angle of 20°, or at about the Same angle as the slope of
the escarpment itself. The Lamar member, forming
benches of well-beddeq limestone at the mouth of the
canyon, changes northwestward into thick beds, indis-
tinguishable from the rest of the Capitan, which can be
traced up the surface of the €scarpment until they lie

_directly beneath the ledges of Carlshad limestone on its

vim. The greater bart of the Capitan limestone which
Lies beneath these beds is thus clearly older than the
Lamar member. These relations have been described by
Lloyd “ and other authors. They are wel] illustrated in
a diagram by Cartwright.=

The structure of the beds shown ip the panorama of
plate 16, 4, is given on the right-hand end of section
£-E", plate 17.” For a more general view, which shows
that the same relation exists on nearby spurs of the
escarpment, see the aerial Photograph, plate 13,

Beneath the Lamar member at the mouth of McKitt-
rick Canyon, several hundred feet of sandstones and
some thin, interbedded limestones are exposed (sec, 28,
Pl 6). These limestones also crop out here and there
along the edge of the escarpment to the southwest. Sev-
eral miles southwest of McKittrick Canyon, near the
head of Rader Ridge, where the beds stand higher and
erosion has cut deeper, the sandstones are seen to be
underlain by the Rader limestone member (sec. 23, pl.
6). Here, on the point of each spur is a slope carved
from the sandstone, but in the ravines between, cut baclk
a little farther into the escarpment, there are no sund-
stone beds. Instead, limestone tongues appear betsween
the sandstone on the sides of the spurs, and thicken into
a continuous succession of massive. Capitan limestone
along the bed of each ravine, The Rader limestone
member itself can be seen to merge with the Capitan
limestone a mile or so southwest of Rader Ridge.

- The mountain spurs above Rader Ridge can be seen
below point 8078 at the right-hand end of the panorama,

* Lloyd, B, R., Capitan limestone apd
Mexico and Texas:
649, 1928,

4 Cartwright, L. D,
Petroleum Geologlzts

associnted formntiong of New
Am. Assoe, Petrolenm Geologists Bull., vol. 13, p.

Transverse section of Permian basin: Am, Apsoce,
Bull, vol. 14, fig. 3, p, 978, 1930,
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plate 4, B. Note the manner in which
stone ledges dip down the spurs, to be suc-
ceeded at the ends by slopes cut on sandstone,
structure of the spursis shown on section &—& and in
greater detail on section L—L’, of plate 17. The merg-
Ing of the Rader member with the Capitan can be seen
on plate 4, B. Note how, when tracedp

Smith Canyon, the slope between it and the Capitan dis-
appears, and in the next canyon be ond, the member is
the lowest of a continuous seres of ledges. .

The intergradation of Bel] Canyon beds and Capitan
limestone, between the Rader and Lamar members is
shown also by the stratigraphic sections on plate 6 (be-
tween numbers 21 and 32), and in greater detail on
plate 13 (right-hand half). The distance in which the
change takes Place is not as great as that which separates
the sections, for the sections show only the sequences on
the points of the spurs, and not the very different se-
quences exposed in the nearby ravines,

At the point where the Rader member merges with
the Capitan limestone southwest of Rader Ridge, it is
underlain by two other limestone beds belonging to the
Bell Canyon formation, the Pinery and Hegler mem-
bers. These limestones stand in ledges at the base of the
escarpment (pl, 4, B). They can be traced southwest-
ward across Pine Spring and Guadalupe Canyons to
L1 Capitan, where they form the pedestal on which the
great cliff of Capitan limestone rests, This cliff extends
northwestward from K] Capitan along the west side of
the mountains.

Viewed from below near Bone Canyon (pl. 12, 4), the
ledges of the Pinery and Hegler members can be traced
northwestward along the bases of the cliffs, but near the
head of Shirttail Canyon (below sunmit 8356) they are
absent, and the Capitan cliff stands directly on ledges
of the Goat Seep limestone. The two members do not
pinch out northwestward ; instead, as each of their thin
dark-colored beds is traced from El Capitan, it becomes
lighter colored and thicker, and extends upward along
the cliff, merging with the massive Capitan limestone.
In this manner, all the Pinery member disappears into
Capitan below Guadalupe Peak, and all the Hegler
member at the head of Shirttai] Canyon. The north-
westward thickening and increase in dip of each bed is
So great that the stratum equivalent to the top of the
Pinery member rises to the summit of the cliff on the
north slope of Guadalupe Peak. The Capitan lime-
stone as developed farther northwest is therefore wholly
of Pinery and Hegler age.

The structure of the Panorama, plate 12, 4, is shown
on section A-X", plate 17. The change from the Pinery
and Hegler members into the Capitan limestone is also
shown by the stratigraghic_ sections on plate 6 ( between
numbers 9 and 18). Similar relations, worked out in
greater detail in Pine Spring Canyon to the northeast,
are shown on the left-hand half o plate 15,

These observations show that the Capitan limestone
consists, at different places, of beds equivalent to various
parts of the Bell Canyon formation (pl.7,4). Toward
the northwest, it is chiefly of Hegler and Pinery age, but




3 gorther goutheast there are youngel, similar limestones
K f Rader to Lamar age.
£ 1 the highest Capitan and Carlshad limestones, overlying
- ghe Lamar equivalent McKittrick Canyon, cannot be
i} traced directly into beds of the Bell Canyon formation,
¥ | ccause their southeastward extensions have been eroded
oway- As already indicated (pp. 58-39), these several
pundred feet are probably equivalent to the slabby lime-
stones and sandstones above the Lamar member south-
past of the Reef Escarpment.

The lunestone members of the Bell Canyon formation
change nto the Capitan limestone by an increase n

texture. As the change takes place, the intervening
sandstone beds disappear, partly by interfingering with
IeTous Jimestone tongues and partly by a change into
sandy limestone and thence into pure limestone.

QUTCROF

The Capitan limestone extends northwestward into
the Guadalupe Mountains for about 4 niiles northwest
of its edge along the Reef Escarpment. Farther north-
west, 1ts place is taken by thin-bedded limestones of the
Carlsbad. Toward the northeast, along the trend of
ie Reef Escarpment, it extent is much greater. Its
outcrop extends for mauy miles Into New Mexico, and
it has been recognized 1 wells farther northeastward.
To the southwest, along the same trend, it crops out 1n
the Patterson Hills.

The northwestern and southeastern limits of the Capl-

tan within the area studied are shown by lines B andp E
on figure 10, and its outerops are shown on the geologic
map, plate 3. The probable regional extent of the belt
of Capitan limestone is suggested on figure 14. B.
_ view of the outcrops of the Patterson Hills can be seen
on the left half of the panorama of plate 5, 4. Note
the contrast in height betiween the outcrops here and
those in the mountains on the right half of the pano-
rama. Lhe styuctural relations between the two areas
are shown on sections B-B' and 0-C’ accompanying
plate 3.

Along the canyons and ridges of the Guadalupe
Mountains, the formation crops out as lines of irregular

of forest in protected places (pl. 18). Along the north
side of Pine Spring Canyon, erosion along joints has
carved the rock into closely spaced, steep-sided pinna-
cles; elsewhere it weathers to rounded, bouldery muasses.
On the west side of the mountains, near Guadalupe Peak
ond El Capitan, the formation stands in a cliff, 1,000 feet
or more high. The form of the cliff is controlled by
jolnts, many of which can be seen traversing it from top
to base. Its steepness has been maintained by under-
cutting of the weaker beds below.

THICKMESS

Within the area studied, the Capitan limestone has a
variable thickness, nowhere less than 1,000 feet and
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Only several hundred feet of -

thickness of each layer, and by a change in color and’

cliffs or as steep, Tocky slopes which support a growth
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nowhere greater than 2,000 feet. On the west face of
Guadalupe Peak, where it is underlain by the Hegler
member and overlain by the Carlsbad limestone, it is
about 1,350 feet thick (sec. 14, pl. 6). At severnl places
in McKittrick Canyon {as in sections E-E’ and F-F’,
pl. 17) there are exposures 1,500 to 2,000 feet high.

The Capitan limestone is, however, & facies that ex-
tends irregularly through the upper part of the Guada-
lupe series, and its top and base are therefore not of the
same age at all places. YVithin the area studied it 1s
everywhere underlain by some beds of the Bell Canyon
formation and overlain by some beds of the Carlsbad
Jimestone, the first tending to replace it to the southeast,
and the second to the northwest (pl.7,4). Atmo place
within the area does the Capitan limestone facies extend
continuously from the base to the top of the upper part
of the Guadalupe series.

Outside the area studied, the Capitan is reported to
have a much greater thickness. In the Getty Oil Co-y
Dooley No. 7 well, in the Getty oil field east of Carls-
bad, N. Mex. (for location, see fig. 2), the interval
from the base of the Ochoa series downward to the
top of the bentonites of the Manzanita member of the
Cherry Canyon formation is more than 2,700 feet.”?
Most of this interval is occupied by 2 single mass of
white limestone, probably of Capitan facies, although
some thinner-bedded, or darker, or sandy limestones
are present at the top and base. A similar thickness is
present in the Ohio 0il Co., Tracey No. 1 well, drilled
o few miles west of the town of Carlsbad.® It is
likely that in the neighborhood of these wells there
are more beds in the upper part of the Guadalupe
series belonging to the Capitan facies than in a single
section at any polnt on the outcrop.

LITHOLOGIC FEATUTRES

The Capitan limestone consists in part of comapact,
light-gray, cream-colored, or white calcitic limestone,
which breaks under the hammer into splinters and
conchoidal chips. Some beds contain NUMETOUS, beauti-
fully preserved fossil shells. At one locality Mr. H. C.
Fountain broke from the limestone several gastropod
chells on which the original colar markings are still
preserved. The calcitic limestones crop out in bouldery
masses OT smooth-surfaced ledges, and in places stand
in smooth, light-gray cliffs.

Associated with the calcitic limestones are dolomitie
limestones. They are gray or buff, finely crystalline,
and contain occasional tiny cavities, which suggest that
the process of dolomitization has changed the volume
of the rock. Seattered crystals of calcite are embedded
here and there, and also irregular bodies of crystalline

< King, P. B., The Permian of weat Texas and southeastern ¥ew Mex-
jeo @ Am. AsSgoc- FPetroleum Geologlsts Bull, -ol. 26, fig- T, p- 585, 1942,

© Byhee, H. B., and others, Detailed cross sectlon from Yates aren,

Pecos County. Texas, into goutheastern New Mexico; Am. A8SS0C.
Petroleum Geologiste Bull., vol. 15, pl. 1, D 1988, 1981,
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calcite as much as 6 inches across. The dolomitic
limestones contain fossils similar to those in the cal-
citic limestones, but the shells have been so greatly
recrystallized that they remain only as “ghosts”, The

TEXASB

dolomitic rocks weather to dirty gray, pitted or jagged
surfaces, which in many places show a rude exfoliation.

The following analyses of Capitan limestone were
made:

Analyses, in percent, of Capitan limesione

[Analyses by E, T, Murats; notes on Insoluble residues by Charles Milton]

Insoluble R.0y
Specimen loeality (ﬂog:]y CalCoz | MgCoy | MnCoy |Caz(POy),| Total
H
Inorganic| Organic :

1. Compact, light-groy, ealeitic limestone, on trail

lending north out of Pine Spring Canyon_____ 0.21 0. 06 0.08 | 9206 7.23 None None 99. 64
2. Compact, splintery, white, translucent caleitic

limestone, typical of fossiliferous beds of for- ’

mation; from another point on same trail_____ .13 .03 | XNone | 98 33 .62 | None None 99. 63
3. Light gray, granular, dolomitic limestone, strati-

graphically equivalent to limestones of Lamar

member to southeast; south bank of McKit~

trick Canvon atits mouth__________________ . 36 .05 .28 0 T 47 27. 84 None None 100. 00
4. Compaet, ealcitic limestone from adjacent bed at

same locality as No. 8. ________________ ___ .27 .03 171 9880 .80 [ None None 99. 87

Insoluble residues: 1, Light gray,

with abundant euhedral, doubly terminated guartz crystals and occasional green tourmaline;

2, dark brown, with abundant euhedral quartz, nlso detrital angular grains, and brown biotite, zireon, and microeline; 3, brown,
very fine-grained, occasional chert fragments and extremely small green tourmaline; 4, dark brown, similar to No. 3.

Both the calcitic limestones and dolomitic limestones
are irregularly distributed throngh the formation, The
dolomitic type is somewhat more abundant ihan the
calcitic; it 1s found at all places, whereas the calcitic
limestones disappear in places. On Guadalupe Peak
and near the mouth of McKittrick Canyon, the young-
est beds of the Capitan, of Lamar or younger age, are
mostly caleitic limestone, and are underlain by dolomitic
limestone. In the older parts of the formation, the two
types are interbedded. Thus, on the trail up the west
wall of South MecKittrick Canyon near the Grisham-
Hunter Lodge, there are two 400-foot members of calei-
tic limestone, separated by a 700-foot member of dolo-
mitic limestone. Here, the Helger limestone member
lies below and the Carlsbad limestone above. Near the
Grisham-Hunter Camp, 3 miles to the southwest, richly
fossiliferous, calcitic limestones lie at the base of the
Capitan and are probably of Hegler age. They are
overlain by dolomitic limestones,

In the main mass of the Capitan limestone, none of
the beds are sandy, and there is no interbedded sand-
stone. Along its southeastern edge, a few streaks of
sandstone extend back for about half a mile into the
limestone from the thicker beds of sandstone of the Bell
Canyon formation. '

A rich and abundant fauna has been collected from
some of the nondolomitized parts of the Capitan,* the
most abundant groups being brachiopods, gastropads,
pelecypods, nautiloids, and trilohites. Rather exten-
sive collecting by H. C. Fountain and me has convinced
us that these fossils occur only in relatively thin, len-

“ Girty, G. H., The Guadaluplan fauna: U. §. Geol. Survey Prof,
Paper 58, pp. 15-17, 1808,

ticular strata, not differing greatly in lithologic char-
acter from the inclosing rock. According to our ob-
servations, the greater mass of the formation contains
little else than the abundant remains of sponges, a few
crinoid stems, and some calcareous masses that may be
of algal origin. The dolomitic limestones, which were
probably altered from an original calcitic limestone,
seem also to contain both the brachiopod-gastropod,
ete., assemblage and the sponge-crinoid, ete., assem-
blage.
BEDDING

The Capitan limestone consists of beds 15 to more
than 100 feet thick, separated by indistinet bedding
planes, and with very few iuterbedded, thinner layers.
The bedding planes are well exposed in the cliffs on the
west side of the mountains (pl. 12, 4), but on the
gentler slopes to the northeast they are not as clearly

~evident (pl. 16).

In the McKittrick Canyon region there are some
prominent, quite massive members 100 to 300 feet thick.
One of them, approximately of Lamar age, lies just
under the Carlsbad limestone along the top of the
escarpment near the mouth of the Canyon. Farther
northwest are several older members, one of which
rises in lines of cliffs along the north and south branches
of the canyon. DBecause it lies above the inliers of the
Pinery member in the canyon, and dips downstreainl
beneath the Lamar member, it is approzimately of
Rader age. Each massive bed grades northwestward
within a short distance into the thin-bedded Carlsbad
limestone and tends to change southeastward into more
steeply inclined, thick-bedded limestone.
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massive member that is approximately of Lamar

can e seell forming a ciff just below point 7058 on
g8 = | orama, plate 16, 4. Cliffs formed by the mem-
the It)fl,,t is approximately of Rader age appear on the
r that e of MeKittrick Canyon in the aerial view,

farther gl Lo Y "
jate 18. The manner 1 which the massive 1_1_1cn3})§rs
7 in the Carlsbad limestone farther northwest, in North

\ [cKittrick Canyon, 18 SUg ested by the panorama, plate

. 5. The massive members are separately indicated
cm, {he geologic map, plate 3, and on sections E-E’' and
F-F’ plate 17.

Both on the Reef Escarpment and within the moun-
tains, the bedding planes in the Capitan limestone dip
southeast.ward at angles of 10° to 30° (as shown on the
sections of pl. 17). To a large degree, this dip is not
ghared by the beds beneath. Thus, the summit of El
(lapitan consists of a number of southeast-sloping sur-
faces cut on the inclined bedding planes of the lime-
«tone, and other inclined beds can be seen on the cliffs
pelow. However, the beds in the lower part of the eliff
are less inclined, and the dark limestones of the Pinery
and Hegler at the base are nearly horizontal. The
underlying bedded limestones at some of the inliers
within the mountains have dips of more than 10° (as
:n South McKittrick Canyon, shown in sec. F-F', pl.
17). Because these beds were deposited near the edge
of the Capitan limestone mass, their inclination may
have been original. :

The inclination of the bedding was caused by the
greater amount of deposition in the Capitan area than
in the area to the southeast, where the Bell Canyon for-
mation was deposited. Thus, as each bed of the Bell
Canyon formation changes into Capitan facies, it swells
to several times its previous thickness, and acquires &
dip to the southeast, partly from the slope of its own
surface and partly from the slope of the overthickened
beds on which it was deposited. The face of the Reef
Escarpment on the southeast side of the Capitan mass
is approximately the surface of the last of the inclined
Leds deposited, somewhat modified by erosion (fig.
20, B).

The dips were probably accentuated by slight tilting
of the rocks at various times after Capitan deposition.
The much later Cenozoic uplift of the mountains im-
parted to all the Permian rocks an east-nortlieast com-
ponent of dip. There seems to have been also a pre-
Cenozoic southeastward tilting, perhaps of later Per-
mian, post-Guadalupe age, as there is a shight south-
eastward dip of the well-bedded limestones associated
with the Capitan. Thus, the Hegler member at inliers
within the mountains lies 1,000 feet higher than on the
points of Rader Ridge, 4 miles to the southeast (com-
pare secs. /-I” and G-@, pl. 17}, and the Carlsbad
limestone on the mountain summits dips southeastward
at angles of 3° to §° (as in secs. E-E' and H-H',
pl, 17). The tilted Carlsbad beds are truncated by the
upland surface of the mountains, which is probably a
peneplain formed before the Cenozoic uplift of the
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range. At least a part of the dip of the Carlsbad is
therefore pre-Cenozoic.

According to Johnson ¢ the Capitan linestone in
outerops pear Carlsbad and Carlsbad Cavern can be
divided into 1, a reef face, or rough slope along the sea
cide of the veef, composed of massive, inclined beds of
dolomitic limestone; 2, a reef crest, forming a low, nar-
row ridge at the top of the reef face and rising slightly
higher than the veef platform behind; and 3, a reef
flat a few hundred to 1,800 feet wide, composed of
poorly hedded dolomitic limestones. The reef flat
grades in turn into lagoonal deposits of the Car'sbad
limestone. No details based on specific localities are
oiven. While these subdivisions correspond in a gen-
eral way with features observed during the present
work, one wonders whether the observations are wholly
objective, or are unduly influenced by COMPATISONS
with modern reef deposits, some of which may not be
justified.

BRECCIA PHASE OF CAPITAN LIMESTOXE

At three places in the mountains the normal Capitan
limestone is replaced by a dolomitie, sandy breccia.
Exposures are found in South McKittrick Canyon near
the Grisham-Hunter Lodge, in Pine Spring Canyon
near Devils Hall, and on the nearly inaccessible chffs
on the west side of the mountains north of Guadalupe
Peak. At each place the breccin lies on the Hegler
limestone member, apparently with unconformable con-
tact, and it seems to have been deposited in deep pock-
ets and on knobs and sharp pinnacles of the underlying
Iimestone. So far as the Capitan beds above the breccia
can be traced, they seem to be equivalent to the Pinery
member. The breccia somewhat resembles caliche-
cemented talus of Quaternary age which in places lies
on the Capitan. It is actually distinet and is a part of
the Capitan and of Permian age. N

The breccia consists of cavernous, sandy, light-buff
or pink dolomitic limestone, of tufalike appearance,
with irregularly developed, rude bedding. It standsin
irrepular cliffs and crags, with numerous small caves,
and is Jess jointed than the limestones above and below.
Embedded in the sandy dolomitic matrix are tumbled
and disordered Jimestone blocks from six inches to sev-
ernl feet in diameter. Near the Grisham-Hunter
Lodge the matrix contains imprints of fossils. The
breccia contains lenses of fine-grained, well-bedded,
caleareous sandstone, and toward the top it i1s inter-
bedded with dolomitic limestone. Tt apparently
grades both upward and laterally into the more normal
Capitan deposits. The greatest thickness observed is
880 feet.

For general stratigraphic relations of the breccia, see
plate 7, 4. TIts structure in Pine Spring Canyon is

# Johnson, J. H., Permian time-secreting algne from the Guadalupe
Aouniains, New Mexleo: Geol, Soc. America Bnll, vol. 38, pp. 216-217,
1942,
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shown on section /—/’ and on the west face of the moun-

tains on section K—K" of plate 17. A stratigraphic sec- -

tion of the breccia in Pine Spring Canyon is given on
plate 15 (No. 58), and on the west side of the mountains

on plate 6 (Nos. 12 and 13). Note the manner in which .

it overlies the Hegler limestone member, and is appar-
entl}vlr traceable beneath the Pinery limestone member
in the sections to the southeast.

CARLSBAD LIMESTONE

DEFINITION

The name Carlsbad limestone was given by members
of the Geological Survey ** in 1926 to beds exposed in
the vicinity of Carlsbad, N. Mex. Thin-bedded lime-
stones of the Carlshad facies had been described pre-
viously by Tarr,* Richardson* and Baker.** The
rocks at the type locality are thin-bedded limestones
of late Capitan age and are of a facies that is exten-
sively developed in the Guadalupe Mountains.

The name Carlsbad has been nsed by some geologists
for a tongue of the thin-bedded limestone which in New
- Mexico projects northward into red beds and evaporite
deposits,”™ now called the Azotea tongue, and by others
for both thin-bedded and massive limestones which
correspond to the upper part of the Capitan limestone
at its type locality.® It seems more proper, howerver,
to apply the name to all the thin-bedded limestones
equivalent to the massive Capitan limestone,® and this
usage 13 followed in the present report. '

RELATION TQ CAPITAN LIMESTONE

The relations between the Carlsbad limestone and
the Capitan limestone are best exposed on the northeast
wall of North McKittrick Canyon, which cuts trans-
versely through the upper part of the Capitan lime-
stone mass (pl. 8).

Toward the southeast, at the mouth of Mel{ittrick
Canyon, the rim of the northeast wall is formed by a

4 Darton, N. H., and Reeslde, J. B, Jr,, Guadalupe group: Geel. Soc.
Americn Bull, vol. 37, p. 419, 1826. Meinzer, 0. E,, Renick, B. C., and
Bryoan, Kirk, Geology of number 3 reservoir site of the Carlsbhad irriga-
tien project, New Mexico: T. 8. Geol. Survey Water-Supply Paper 550,
p. 12, 1926. .

4T Tare, R. 8, Reconnaissance of the Guadalupe Mountnins.: Texas
Geol. Survey Bull, 3, pp. 29-30, 1892,

¥ Richardson, G, B., Stratigruphy of the upper Carboniferous in west
Texas and seuthenst New Mexico : Am, Jour. Sel., 4th ser., vol. 22, p. 336,
1910.

@ Baker, C. L., Contributions te the stratizeaphy of eastern New
Mexico: Am. Jour. Sci., 4th ser., vol. 49, p. 1135, 1920.

50 Fiedler, A. G., and Nye, S. 5., Geology and ground-water resources
of the Roswell artesian basin, New Mexico: U, 8. Geol. Survey Water-
Supply Puper 639, pp. $3-53, 1933. ’

51 Darton, N. H,, “Red Beds” and associdted formations in New Alex-
fco: U, 8. Geol. Survey Dull, 794, p, 224, 1928. Blanchard, W. G., and
Darvis, M. J., Perminn stratigraphy ond structare of parts of south-
eastern New Mexico and southwestern Texas: Am. Assoe, Petroleum
Geologiats Bnll, vol, 13, pp, D83-985, 1929,

82 Crandall, K. H., Permian steatigvaphy of southeastern New Mexico
and adjacent parts of western Texns: Am, Assoc. Petroleum Geologist
Bull.,, vol. 13, p. 938, 1929, Lang, W. B., The Permian formations
of the Pecos vailey of New Mexico nnd Texas: Am. Assoc. Petroleum
Geologista Bull, vol. 21, p. 868, 1937,
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small thickness of thin-bedded, flat-lying Carlsbad
limestone, slightly younger in age than the Lamar
limestone member of the Bell Canyon formation (pl.
16, 4). The flat-lying Carlsbad limestone rests on
southeastward-sloping, thick-bedded or massive layers’
of Capitan limestone. At first view, the difference in
dip between the two formations is so striking that they
appear to be separated by an unconformity. However,
when the Capitan layers are traced up the canyon wall
to the northwest, they lose their inclination and change
within a short distance into flat-lying, thin-bedded
limestones similar to but older than those which form
the rim at the mouth of the canyon. These limestones
continue northwestward into the mountains, either in a
horizontal position or with a low dip to the southeast.

As each bed of the Capitan is traced to the northwest
along the wall of North McKittrick Canyon, it changes
in this manner into Carlsbad limestone (pl. 16, ).
Finally, at the head of North McKittrick Canyon, at
the pass which leads down into Dog Canyon near El
Paso Gap Post Office (pl. 3), the thin-bedded Carlsbad
limestone and its basal sandstone member rest directly
on the Goat Seep limestone of pre-Capitan age (pl
14, A). The ledges of white, thin-bedded limestone
that form the walls of Dog and West Dog Canyons be-
yond contrast greatly with the ragged cliffs of massive
or thick-bedded limestone of the same age that form
the walls of McKittrick Canyon and its branches a few
miles to the southeast.

The two panoramas in McKittrick Canyon, plate
16, 4, and B, give a nearly complete cross section
through the Capitan and Carlsbad limestones. They
join each other at their ends, so that point 7044 on the
rim of the canyon appears in both views. In addition,
the relations farther northwest are shown on plate 14, A,
Note that point 7378 near the head of North McKittrick
Canyon, sﬁown at the left end of plate 16, B, appears
also in the right-hand part of plate 14, 4. The contrast
in the appearance of the mountain slopes to the north-
west with those to the southeast, both carved from rocks
of the same age, can be seen by comparing plate 14, 4
with plate 18, B, :

The structure of the beds shown in the three pano-
ramas is assembled on section £-E”, plate 17. On tlus
plate, note the similar transition northwestward from
Capitan into Carlsbad limestone shown on sections
F-F', H-H’, and I-I’. The transition from Capitan
into Carlsbad is not represented on section A—K’, plate
17, or on the stratigraphic sections of plate 6 because
on the west side of the mountains, where the sections
were measured, the beds of upper Guadalupe age have
been eroded away in the critical area at the head of
Pine Spring Canyon between Bush Mountain and
Bartlett Peak.

As shown on the walls of North McKittrick Canyon,
the southeastern edge of the oldest beds of Carlsbad
facies lies northwest of the youngest beds of Carlsbad
facies. (The southeast edge of the oldest beds is shown




g line B, fig. 10.) The southeastward advance of the

(}arleﬂd limestone, however, does not take place bed
bed. Instead, there js a tendency for groups of beds
to several hundred feet In thickness to change
southeast,ward into the Capitan at the saine place. In
section E-E' of plate 17, which gives the mnost com-
Jete section through the transition zone, there are 7
cpch groups of beds. Similar groups of beds, which
;re possibly equivalent to some of these, are shown on
the other sections of plate 17.

THICKNESE

The Curlsbad limestone on the walls of North Me-
Eiitrick Canyon dips southeastward at angles of a few
degrees. Each thin-bedded layer which comes out of
the Capitan mass, when traced northwestward is cut
off in a few miles by erosion, so that the upland surface
of the mountains hevels the geutly dipping beds (sec.
E-E', pl. 17). Here and elsewhere in the southern
Guadalupe Mountains this surface, which is probably
an uplifted peneplain of post-Permian and pre-Cre-
taceous age, cuts off the beds in such a manner that no
complete section of the Carlsbad limestone exists.
Where the lower part of the formation 1s exposed, its
top is eroded, and where its top 1s exposed, most of the
lower part has changed into rocks of Capitan facies
(pl. 7, 4).

The greatest thickness measured in the area, 787 feet,
is found on the slopes of Lost Peak between Dog Canyon
and West Dog Canyon (sec. 3, pl. ), where the forma-
tion rests on the Goat Seep limestone. In the upper
course of North McKittrick Canyon 2s much as 1,000
feet of Carlsbad limestone appears to be present above
the Goat Seep limestone. According to Lang® and
others familiar with the region in New Mezxico to the
north the total thickness of the Carlsbad and the assocl-
ated Chalk Blufl formation of that area is about 1,000
feet. This amount is about the same as the maximuin
thickness observed in the area of this report.

LIMESTORE OF SOUTHEASTERN EXFPOSURES

TVhere the Carlsbad overlies the Capitan in the south-
east part of the area, it consists of thin-bedded, white or
gray dolomitic limestone. The straight, smooth bed-
ding planes are a few inches to a foot apart, and some
beds are thinly laminated. Many of the layers are
crowded with pisolites. These pisolites have been con-
sidered by some paleontologists to be of algal origin.
They have been deseribed and figured by Ruedemann,™

———
© Lang, W. B, o ¢it., p. 520, and personal communication, 1927,

s Ruedemonn, wudolf, Coralline algae, Guadalupe Afountains : Am.
Ass0C. Petroleum Geologists Dull, vol. 13, Dp. 1079-1080, 1929,

5 ickers, A. L., and others, Hendrick field, Winkler County, Texas:
Am. Assoe. Petroleum Geologists Bull., vol. 14, pp. 932 (figs. 9, 103,
940, 1950

% Lapz, W. B, 0p. cit.. p- 809,
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Ackers and others,™ Lang/® and Johnson®” They are
concentrie, subspherical, calcareous bodies ranging in
size from that of a pea to that of a ball more than an
inely across (pl. 18, 4). The pisolites are discussed fur-
ther on pp. 79-80. Other beds are crowded with fusu-
linids which are commonly orlented in a northwestward
direction, perhaps by waves or currents (fg. 10), The
parallel orientation was noted by Girty ® on the summit
of Guadalupe Peak. The fusulinids and pisolites are
found in the same exposures of the formation, but com-
monly occupy distinet beds. Some of the interbedded
layers are barrew.

In many of the dolomitic }imestones, cross sections of
other fossils can be seen, but the rock is so hard and
prittle that it generally breaks across them. In occa-
sional calcareous beds a considerable fauna, somewhat
resembling that of the Capitan, has been collected. This
fauna includes several speeies of brachiopods; the gas-
tropods outnumber all other groups. Many of the
gastropods and fusulinids ure coated with a coneentric,
caleareous growth, possibly made by the same encrust-
ing ageut that formed the pisolites. A similar descrip-
tion of these rocks as exposed in New Mexico has been
given by J ohnson.™

LIMESTONE OF NOBRTHWEBTERN EXPOSURES

In the northwestern part of the area. where the Carls-
bad lies directly on beds older than the Capitan, its
dolomitic limestones are more compact, thinner-bedded,
and with a greater variety of colors than in the south-
eastern exposures. Fusnlinids, pisolites, and ali traces
of other fossils are absent. The change from one type of
rock to the other takes place along a fairly definite line,
which passes a short distance north of Lost Peak (line
4, fig. 10).

About 460 feet of such beds overlie the Goat Seep
limestone a mile north of Lost Peak (sec. 2,pl. 6). They
include promninent ledges, consisting of compact, dolo-
mitic limestones, which are separated by slabby, brown,
piuk, or reddish dolomitic limestone, and some platy
sandstone. Some of the slabby limestones are full of
round holes up to an inch in diameter, possibly caused
by solution of soluble minerals. A layer of brick-red,
sandy shale lies 300 feet above the base. The same layer
is also recognizable on MADY of the hillsides between
Dog and West Dog Canyons.

The following analyses of limestone from the Carls-
bad-of the southeastern and northwestern exposures
were made: '

¢ Johnson, J. H., Permian 1ime-secreting algBe {from the Gundalupe
wfountains, ¥ew Mexico : Geol, Soe America Bull., vol. 53, pl. 6, P. 225,
1942, .

w Girty, G. H., oP. cit., p. 15.

s Johnson, J. H., oD- cit., p. 217.



Analyses, in percent, of Carlsbad Hmestone

{Analyses by X. T, Murata; notes an insoluble residues by Charles Milton]

Tnsoluble ! R,0;
Specimen locality ——————— (mostly | CaC0; | MgCO, MnCO; (Caz (PO4)s Total
. . FE'.‘OJ)
Inorganie | Organic '
1. White, fine-grained, dolomitie limestone, char-
acteristic of southeastern facies of formation;
head of trail on north side of Pine Spring
Canyon______________ “77 7 " PPEmE 1. 36 0. 06 0.17 . 60.96 | 27.02 ! None None 99. 57
2. Bufl, dense, dolomitic limestone, characteristi '
of northwestern facies of formation; ridge be- .
tween Lost Peak and Dog Canyon__ __._ .46 .06 .44 ‘ 54.61 | 43.98 | 0,02 Nomne 99. 57

Inzoluble residues: 1, Light gray, with many euhedral, six-sided plates of muscovite, prismatic doubly terminated quartz, and
occasional green tourmaline; 2, light gray, mainly very small imperfectly erystallized stubby quartz grains,

SANDETONE OF SOUTHEASTERN EXPOSTRES

Interbedded with the limestones of both the south-
eastern and northwestern exposules are many sandstone
beds. They are thickest and most prominent toward
the northwest.

Along the southeast edge of the Guadalupe Moun-
tains, the sandstones form occasional beds up to a foot
in thickness, which are difficult to trace because of the
heavy cover of forest and brush. One member in the
upper part, more prominent than the rest, caps the
ridges between North ayd South McIittriek Canyons,
and those near the headwaters of Dog Canyon, It has
a thickness of about 30 feet, and contains relatively
few, thin, interbedded limestones. This member and
a few other beds are szparately mapped on plate 3. It
may be equivalent to the Yates sandstone,® which has
been traced widely in subsurface work in the area east
of the Guadalupe Mountaine,

The sandstones of the southeastern exncsures are
brown, fine-grained, in part calcareons, and form slabby
beds or rounded ledges. Many of them weather re-dish
brown, thus giving the false Impression that they are
red-bed layers. Three specimens of the sandstone, from
the region between Pine Spring Canyon and the Gris-
ham-Hunter Cabin, were studied under the microscope
by Ward Smith. The maximum grain size vavies in the
different specimens from 0.15 to 0.50 millimeters in
diameter; in the coarsest-grained specimens the spaces
between the Iarge grains are filled by finer detrital grains
and clay. The principal mineral Is quartz. Some of
the quartz in one of the spectmens shows lines of inclu.
sions and is clearly of igueous origin. Sume other
grains are microcrystalline. There are nlso grains of
feldspar, zircon, tourmaline, and chlorite. At one
locality, o sandstone contuining small chert pebbles was
ncted, but no material gy coarse as this was found in
other pluaces.

* Gester, G. C., and Mawley, H. J., Yates fleld, Peeos County, Texas,
Structure of typical Ameriean oil fields, vol. 2, pp. 480-4089, Tulsa, 1929,

SANDSTONE OF NORTHWESTERN EXPOSURES

In the northwestern part of the area, the sandstone
beds in the Carlsbad limestone are thicker and more
humercus, and form persistent members 5 to more than
50 feet thick. At Lost Peak the 787 feet of section
contains 9 snch members; the thickest is at the base
(sec. 3, pl. 6).

This basal sandstone member, which lies on the Goat
Seep limestone, appears to be g widely traceable hori-
zon. On the escarpments on the east sides of Dog and
West Dog Canyons, it is buff, fine-grained, and some-
what caleareous, with some cross-bedding, and ocea-
sional limonite nodules. It trops ont in prominent,
brown-colored ledges as much as 10 feet thick. South-
ward on the two escarpments, and on Cutoff Mountain,
the sundstone becomes more thinly bedded, and is of buff
or reddish color. In this vicinity it contains much
interbedded, platy, white or pink dolomite. A speci-
men of sandstone from the mem Jer, collected near Cut-
cif Mowntain and studied under the microscope by Ward
Smith, consists of quartz and feldspar grains, with a few
grains of zircon and clastic caleite, all loosely packed in
a caleite matrix.  The maximum diameter of the grains
15 0.2 millimeter,

When traced toward the southeast along several lines
of outcrop the basal sandstone member of the Carlsbad
limestone appears to extend either into the basal beds
of the Capitan limestone or into beds just beneath it.
One line of outcrop is along the west edge of the moun-
taine. Fere the thinned equivalent of the sandstone
seelns to be traceable, near Bush Mountain, into the
sandstone break that separates the Gont Seep and Capi-
tan [Imestones (as suggested by correlation lines between
secs. 4 and 11, pl. 6). Another line of outcrop extends
from Dog Canyon, near El Paso Gap Post Office, into
North MeKittrick Canyon. Here also the sandstone
thins southeastward, and its equivalent appears to lie
near the boundary between the Goat Seep and Capitan
(see. E~E”, pl. 17, and pl. 3).
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The basal sandstone member of the Carlsbad lime-
stone also is traceable northward along the east side
of Dog Canyon into New Mezico. It was studied from
- gistant views, such as that shown on plate 14, 4. In
this Jdirection the bed seems to rise toward the top
of the escarpment and finally to spread over the moun-
tain crest in the vicinity of Queen Mesa (for location,
see fig. 2). It therefore may be the same as the Queen
sandstone member of the Chatk BIuff formation, which
was described in that area by Blanchard and Davis ®
and by Lang ®

1f the correlations just ontlined are correct, the
Queen sandstone is of early upper Guadalupe age, and
is equivalent to beds at the base of the Carlsbad and
Capitan limestones. In some earlier reports it has been
carrelated with much higher parts of the Capitan
Jimestone. Thus, Blanchard and Davis® state that
they have traced the Queen southwestward to within
o mile northeast of Guadalupe Peak, and that it lies
stratigraphically within 300 feet of the top beds of
the peak. According to observations made during the
present work, there are many thin sandstone beds at
Jifferent levels in the Carlsbad limestone near the peak,
but no continuous traceable layer. These sandstone
beds are here interpreted as lying much higher strati-
graphically than the Queen and associated sandstones
farther north.

NORTHERN GUADALUFPE MOUNTAINS

In the northern Gnadalupe Mountains, which lie in
New Mesico, outside the area studied, the Carlshad
limestone interfingers with rocks of another facles,
conposed of anhydrites and other evaporites, thin dolo-
mites, red beds, and sandstones. These rocks form the
Chalk Bluff formation of Lang,® and are of the same
age and facies as the Whitehorse group, as that term
is used by geologists engaged in subsurface work east
of the Guadalupe Mountains.® The beds in the
northern Guadalupe Mountains were laid down farther
away from the Delaware Basin, and farther within the
shelf area, than any beds within the area of this report.

The beds in question ave exposed east of the central
ridge of the Guadalupe Mountains toward the Pecos
River, where they form the Seven Rivers Embayment
and the northeastern prong of the mountains (fig. 2).
In the embayment and prong aren, the Carlsbad and

[,

& Blanchard, W. G. and Davis, M. J., Permian stratigraphyr and
structure of parts of southeastern New Mexico and southwestern Texas:
Am. Aszoe. Petroleum Geelogists Bull., vol. 13, p. 872, 1929

e Lang, W. B, op. cit,, p. 859,

« Blapchard, W. G-, and Davis, M. T, idem, p. 972,

% Lang, W. B, The Permian formations of the Pecos Valler of New
Mexico ond Texas: Am. Assoc. Petroleum Geologists Bull., vol. 21, pp.
855-857, 859-R63, 1937,

® D¢ Ford, R. K., and Llerd, E. R., Editorlal infroduction {to west
Texas Perminan sympesium] @ Am. A3soC, T'etroleum Geologists Bull, vol.
24, pp. §-9, 1940

Chalk Bluff formations interpenetrate as a series of
tongues. At the base is the Queen sandstone member
of the Chalk Bluff, which extends up over parts of the
central ridge (as on Queen Mesa}, where 1t overlies
the Goat Seep limestone or its equivalents. Above it
is the Seven Rivers gypsiferous member of the Chalk
Bluff, consisting mainly of anhydrite and red beds.
This member is poorly resistant to erosion, and has
been carved into the Seven Rivers Embayment, a low-
lving plain, down the dip from and cast of the central
ridge, and between the ridge and the northeastern
prong of the mountains. The embayment is wedge-
shaped, with its point to the south, where the central
ridge and the prong come together (fig. 2). This topo-
oraphic relation is a reflection of the southward disap-
pearance of the Seven Rivers meniber along the out-
crop, by intergradation with the more resistant and
topographically more prominent Carlshad limestone.

The northeastern prong of the Guadalupe Moun-
tains, down dip to the east of the embayment, is capped
by a sheet of Carlsbad limestone that forms the Azotea
tongue of Lang. It partly overlies the Seven Rivers
member, but intergrades with it toward the northwest,
a5 exhibited in excellent exposures along Rocky Arroyo,
in the gorge cut by it through the prong.® The outerop
of the tongue crosses the Pecos River northwest of Ava-
lon Lake, where the tongue forms a rapidly thinning
wedge enclosed above and helow by beds of the Chalk
Bluff formation.”

Overlying the Azotea tongue of the Carlsbad lime-
stone in the north part of the northeastern prong is a
higher tongue of the Chalk Bluff formation, called the
Three Twins member by Lang. This tongue inter-
grades with the Carlsbad limestone a short distance
novthwest of Carlsbad. According to De Ford and
Riggs,® it includes the Yates sandstone of subsurface
nomenclature, and an overlying unit, which they call
the Tansill formation. As shown by drilling east of
the outerop, the Three Twins member is overlain by
the basal beds of the Salado formation, a part of the
QOchoa series,

North of the area covered by figure 2, the tongues of
Carlsbad limestone wedge out entirely, and all the beds
of upper Guadalupe age are of Chalk Bluff type. Still

o First described by C. L. Baker, Contributiens to the stratigraphy
of eastern New Mexico: Am. Jour. Se,, 4Eh ger,, vol 49, P 115, 1920.
For detailed description see Dates, ®. L., Lateral grudation in the
Sevon Livers formation, Rocky Arroyo, Eddy Countr, New Mexico:
Am, Assoc, Petroleum Geologists Bull.,, vol. 26, pp. 80-99, 1942,

&7 Lxposures of the tongue at this locality were described by O. B.
#einzer, B. C. Renick, and Kirk Brran, Geology of number 3 reserynir
gite of the Carlsbad jrrigation project, New Mexico : U. 8. Geol. Burvey
water-Supply Paper 530, pin 12-13, 1926. The overlying beds, which
they termed Castile formation, are mow known to belong to the Three
Twins member of the Chalk Elufl formation.

& De Ford, R, K., Riggs, G. I, Tansill formation, west Texas and
southeastern Xew Mexico: Am. Asgoc. Petroleum Geologists Bull., vol.
23, pp. 17131728, 1041.
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farther north, limestones of middle Guadalupe age,
equivalent to the Goat Seep limestone, also disappear,
their place being taken by rocks of Chalk Bluff type.
In its northern exposures, the Chalk Bluff formation
is thus partly of upper Guadalupe age and partly of
middle Guadalupe age.

The description of the relations of the beds of middle
and upper Guadalupe age in the northern Guadalupe
Mountains, as given in this report, is based on nomen-
clature adopted by the Geological Survey, which em-
_phasizes lithologic units. A different system has been
used by petroleum geologists, both in subsurface cor-
relations and surface mapping, which emphasizes time
units, regardless of their lithologic variations from
place to place. By the latter system, the beds here dis-
cussed are termed the Whitehorse group, which is di-
vided from below upward into the Grayburg, Seven
Rivers, Yates, and Tansill formations. These forma-
tions are delimited and traced in both the Chalk Bluff
and Carlsbad facies of present usage. Both systems of
terminology have merit and originated for specific
needs. The lithologic units are of value for reconnais-
sance surface mapping, and the time units are of value

the recognition of subsurface structural features.

STRATIGRAPHIC RELATIONS
FIELD RELATIONS
In the Delaware Mountains, the Bell Canyon for-

mation, at the top of the Guadalupe series, is overlain -

by the Castile formation. In the Guadalupe Moun-
tains, no beds younger than the Guadalupe series are
present. The highest beds of that area are the Carlsbad
and Capitan limestones of Guadalupe age, which have
been deeply eroded. The top of the Bell Canyon for-
mation of the Delaware Mountains lies at a much lower
altitude than the Carlsbad and Capitan limestones of
the Guadalupe Mountains, with the overlying Castile
extending up to the base of the Reef Escarpment. Near
the Gray Ranch in Big Canyon Draw (northeast cor-
ner of pl. 3) the Castile crops out within & mile of the
Reef Escarpment and stands more than 1,000 feet be-
low the crest of the escarpment.

The contact between the Bell Canyon and the Castile
in the Delaware Mountains appears to be conformable.
The highest sandstones of the Bell Canyon give place
nbruptly to thinly laminated limestone of the Castile,
which grades upward in turn into laminated anhydrite.
There is no sign of erosion at the contact.

ALTERNATIVE INTERPRETATIONS

The features just outlined would seem to require some
special explanation; they have puzzled geologists since
the time of the first work in the region., Three prin-
cipal explanations have been offered :

1. The Capitan limestone could have been laid down
across the Delaware Blountain area but was eroded en-

" the escarpment.
. although most of the Capitan limestone is equivalent
_ to the Bell Canyon formation the highest beds at Me-
- Kittrick Canyon are contemporaneous with the Castile

tirely away before deposition of the Castile, so the
Castile wag deposited on beds older than the Capitan,®
2, the Castile anhydrites could be the southeastward
equivalent of the Capitan limestone, the two deposits
grading into each other near the present Reef Escarp-
ment;™® and 3, the Capitan limestone could be older
than the Castile formation and pass laterally into the
Bell Canyon formation, the difference in altitude
between the two being the result of irregularities in the
original depositional surface.

The present field work indicates that the thlrd ex-
planation is the correct one, and demonstrates that the
greater part of the Capitan limestone is of the same
age as the Lamar and underlying members of the Bell
Canyon fermation..

Although the greater part of the Capitan limestone
can be traced along the outcrop into the Bell Canyon
formation, a few hundred feet of Capitan and Carlsbad
limestones that are younger than the Lamar member
and form the top and face of the escarpment at Me-

Kittrick Canyon cannot be traced southeastward be-
‘cause they are cut off by erosion.
- with the Bell Canyon formation of the Delaware Moun-
for subsurface work, such as well-log correlations and .

Their correlation

tains i3 thus somewhat uncertain. To the northeast,
in New Mexico, greater thicknesses of Carlsbad lime-
stone than at McKittrick Canyon extend to the edge of
Some geologists have suggested that

formation, and that the thick Carlsbad limestones to

“the northeast include strata that are younger than those

at the canyon.™

The youngest Capitan and Carlsbad limestones at
MeKittriek Canyon and farther northeast are identical
in character with those of the older parts of the same
formations elsewhere in the mountains. If they were
laid down at the same time as the Castile formation, the
conditions of their deposition would have been very
different from those of the older beds. It seems prob-

‘a.ble therefore, that they are equivalent to the 20 to 35
ifeet of thin sandstOne and limestone beds that lie be-
‘tween the Lamar member and the Castile formation

southeast of the Reef Escarpment. These beds are
much thinner than the limestones on the escarpment,
but ile older sandstone and limestone members of the
Bell Canyon formation are likewise thinner than that
part of the Capitan limestone which has been proved
to be equivalent to them.

® Richardson, G. B., Reconnalssance in trans-Pecos Texas north of
the Texas and Pacific Railway: Texas Univ. Bull. 23, pp. 43-44, 1904,
Darton, N¥. H., and Reeslde, J. B., Guadatupe group : Geol, So¢, America
Bull,, vol. 37, pp. 420421, 1926.

™ Baker, C. L., op. eit., pp. 116-117. This view was widely held by
other geologists about 1923, but npparently none of them published
their conclusions.

%1 Blanehard, W. G., and Davia, M. J., Permian stratizraphy and
atructure of parts of sputheastern New Mexico and southwestern Texas !
Am, Assoe, Petroleum Geologists Bull, vol. 13, p. 985, 1929,




Whether any limestones younger than those at AMe-
I{ittl‘iCk Canyon come in to the northeast remains to be
oved. In view of the widespread and often abrupt
J,eplacenlent of the Capitan by the Carlsbad limestones,
it i probable that the limestones of the two areas are

of nbout the sane age.

INFERRED STRATIGRAFHIC RELATIORS

The Castile formation may have been deposited on
the highest sandstones of the Bell Canyon formation
«ith little or no break in deposition. The sandstones,
it is true, record a time of clastic deposition in a body
of water connected with the ocean, whereas the anhy-
drites indicate deposition cansed by concentration of
calts in a partly inclosed body of sea water. Both, how-
ever, seem to have been deposited slowly in quiet water,
and the change In character of the sediments probably
resulted from events outside the area, such as the growth
of a barrier across the entrance of the Delaware Basin
(as suggested in fig. 14, 0).

Towsard the margins of the basin the stratigraphic
relations are probably different. If all the Capitan
and Carlsbad limestones are older than the Castile, they
$ormed s mass that projected above the sea bottom of
the Delaware Basin in somewhat the manner as the Reef
Escarpment now Tises above the plains to the southeast
of it. Deposits laid down in the Delaware Basin in
post-Capitan time probably overlapped the more ele-
vated Capitan deposits. The nonresistant Castile for-
mation has now been entirely eroded from the face of
ihe escarpment, so this relation cannot be proved in the
area studied. Farther east, however, where the Capi-
tan and Castile formations pass beneath the surface,
the evidence of drill records is interpreted by many
geologists to indicate that the Castile does overlap un-
conformably on the surface of the Capitan at the edge
of the Delaware Basin (as suggested in sec. ¢, pl. 7, B)."

FOSSILS

The upper part of the Guadalupe series contains
abundant fossils at many places. Its faunas were, in
fact, the ones best known in the Guadalupe Mountains
before the present investigation, because they furnished
a large part of the material previously described by
Girty ™ in his Guadalupian fauna. In addition, collec-
tions of this fauna made later by Darton and Reeside,™
have been reviewed by Girty.

Tn the discussion that follows, as in that on the
faunas previously discussed, the information on the
fossils is largely based on the work of Dunbar and

= Cartwright, L. D., Transverse section of Permiaa basin: Am.
Asgoe. Petrolenm Geologists Bull., vol. 14, pp. 979-880, 1930. EKroen-
lein, A. A., Salt potash and anbydrite in the Castlle formation of south-
east New Mexico: Am, Assoc. Petroleum Geologists Bull, vol. 23, figs.
2 and 3, pp. 1685 and 1887, 19349,

n Girty, G. H., The Guadnlupian fauna: U. 5. Geol. Survey Prof.
Paper 58, pp. 15-20, 1006, -

™ Darton, N. H., and Reeslde, J. B., Jr., Guadalupe group: Geol. Soe.
America Bull., vol. 37, pp. 414-416, 424, 427428, 1926,
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Skinner,® Miller, and Furnish,* and G. H. Girty. In
addition, some information ijs taken from the recent
work of Pia® and Johnson ™ on algae, of Edwin Kirk
on erinoids, of L. G. Henbest on Foraminifera, and of
N. D. Newell # on pelecypods.

In the upper part of the Guadalupe series, fossils
oceur in varying abundance. They are very common
in the reef mass of the Capitan limestone and in imme-
diately adjacent parts of the Bell Canyon formation
and Carlsbad limestone. Inthe Bell Canyon formation
farther southeast and in the Carlsbad limestone farther
northwest they are less common, and in many beds are
absent entirely. Like the rocks that contain them, the
faunas differ markedly in facies from one part of the
area to another, even in conteniporalieous beds. The
first group of faunas, described below from the limestone
members of the Bell Canyon formation, lie in a normal,
ascending stratigraphic sequence. The next group of
faunas, described from the Capitan and Carlsbad lime-
stones, are from beds of the same age as part or all of
the members of the Bell Canyon formation. The fossils
from each of these two formations are considered as
units and no separate zones have been distinguished in
them.

BELL CANYON FORMATION

HEGLER LIMESTOKE LIEIIB.ER

The Hegler Jimestone member at the base of the Bell
Canyon formation contains fossils at numerous places,
but they are never abundant or varied, and many are so
poorly preserved that collections made from it are small.
According to Girty, “The member has a rather extensive
fauna, but most of the species are represented only by
a specimen or two in the collections in which they occur.
The collections occur in rocks of several distinet litho-
logic types, but the faunal characters are much the same
and the differences do not seem to be significant.”

Collections were made from the thin-bedded, granu-
lar facies of the member in the Delaware Mountains in
the southeast part of the area, and in the downfaulted
aven to the west. They were made also from the lumpy
facies along the Reef Escarpment, on tle southeast side
of the Guadalupe Mountains, and from the light-gray,
bedded facies in McKittrick Canyon.

% Dunbar, C. 0., and Skinner, T. W., Permian Fusulinldae of Texas:
Texag Univ. Bull. 3701, pD. %04-5806, T27-731, 1037,

7 priller, A. 1., and Furnish, W. M., Perminn ammonoids of the Guad-
stupe Mountains region and adjacent nreas: Geol. Soc. Amerien Speclal
Paper 26, pp- 11-12, 1040,

n pia, J. Y., Die wichtigsien kalkalgen des TJTunzpalaozoikume and
ihre geclogische bedeutung: Compte rendu du deuxi?me conEress pour
ravancement des &tudes Carbonifére, PR 813-837, Heerlen, 1937;
Torldufize iibersicht der kalkaigen des Perms von wordamerika : Akad.
Wiss., Wien, Math.-Katuurwiss, K1., Anz. 0, preprint, June 13, 1940.

7 Johnson, J. H., Cajcareous algae from the Carlsbad limestone of
Mew Mexico [abstract] : Geol. Soc. ‘America Bull, vol. 48, p. 1889, 1038 ;
Beologie distribution of lime-gecreting algae of the Perminn Carlsbad
reef, Guadnlupe Mountains, N. Mex. [alLstract]: Geol. Soe. Americt
Tall.,, vol. 50, p. 1915, 1939 ; Permian lime-secreting algae from the
Guadalupe Mouutains, N. Mex., : Geol. Soc. Ameriea Bull., vol. 53, PD.
1052206, 1942,

w Newell, K. D., Invertebrate fauna of the late Permian Whitehorse
sandstone : Geol. Soc. America Bull., vol. &1, pp. 279-280, 1839.
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Fusulinids are rare in the Hegler member, but at a
few localities, as at 7622 in McKittrick Canyon, there
are specimens of Polydiexoding shumardi Dunbar and
Skinner. The genus has not been found below this
member in the Guadalupe section,

The cephalopods are represented by ammeonoids only,
no nautiloids having been found. Collections from the
Hegler member have furnished a greater number and
variety of ammonoids than were found in any other
member of the Bell Canyon formation. Ammonoids
are especially common in the thin-bedded, granular
facies in the southeast part of the area, but they are
found also in the lumpy facies to the northwest, where
they are seldom well preserved. From the Hegler mem-
ber, Miller and Furnish have identified Afedlicottia
girtyi Miller and Furnish, Paraceltites altudensis
{Bise), Pseudogastrioceras altudense (Bése), P. beeded
{Plummer and Scott), Xenaspis skinners Miller and
Furnish, C(ibolites uddeni Plummer and Scott, Waags-
noceras guadalupense Girty, and Timorites schuchert
Miller and Furnish.

By far the most abundant type is the W. aagenoceras,
which oceurs in great numbers at ail collection localities.
Considerably less abundant, but still eommon, is the
genus Pscudogastrioceras. The Timorites occurs at
only a single locadity (7694), but,is of some significance,
because Miller and Furnish ® have uszed it to name the
Permian ammonoid zone next above the zonme of
Waagenoceras. Ilere and elsewhere, however, Timor-
ttes and Waagenoceras ocenr in association in the lower
part of the zone of Timorites. That the Hegler member
is of later Permian age is suggested by Yenaspis which
occurs high in the Permian sequences of the island of
Timor (Netherlands East Indies), and of the Sali
Range of India.

Regarding the remainder of the fauna, Dr. (Firty re-
ports:

The corals are somewhat more diversified than is common
in the Guadalupian faunas, although they cannot at this time
he safely identifiedl even generieally. A few speciviens may be-
long to the form cited in the coliections from lower beds as
Lophophylium sp. There seems to be a second species con-
stracted along similar lines, but forming long, slender coralites
resembling Amplezus, Cyothazonia appears to be present in ane
collection, and in another the small compound coral described as
Cludopora spinulete Girty is not rare.

Bryozoans are fairly well represented and abnndant in one
collection, but net in the others. In this one collection {No.
T622) Fistulipore is as usual the most abundant genus, The
specimens have the form of rather slender eylindrical stems and
belong fo the species described as F. grandis guadalupensis Girty.
A few slender branches are provisionally referred to Batosio-
melly, but a more definite assignment must await study by menns
of thin sections. Some coarsely silicified fronds helong to
Fenestelle or Polypore, or both. Acanthecladia puadalicpensis
Girty is fnirly abundant, as are some slender stems belonging to
the species deseribed as Domopera ovellu iy Girty.

*Aer. A, K., and Furnish, W. AL, op. cil., p. 210

Turning now to the brachiopods, we find that the orthoids are
distinguished by their absence. The Orthotetinae are repre
sented by a few small and poor specimens whose identification
would hardly be profitable. Only one is a ventral valve: It
probably belongs to the genus Orthotefes. Chonetes is repre-
sented by two species, . subliratus Girty, and C. permianus
Shumard, which is here encountered for the first time.

The productids are much reduced in numbers and variety, and
half the specles are represented by but a single specimen. Aside
from several species that, in the present state of my investign-
tions, are indeterminable, we have here Productus cepitancnsis
Girty, P. popei opimus Girty, Productus aff, P. occidentalis New-
berry, and two species which in Professional Paper 58 were dis-
tinguished as Productus sp. o and Productus sp. d, and Gnally I
would judge, the species that King deseribed as Awonia walcot-
tiana costata.

0Of Awlosteges, there are apparently two species, exch repre-
sented by a single specimen. One of them, which is froginen-
tary, may belong to A. guedalupensis Shumard. The other be-
gins with an ornamentation of large, elongated nodes, which
farther forward develop into coarse, irregutar costae; the
specles is apparently new.

Prorichthofenie is present at two localities and is fairly abun-
dant at one of them. Pending detailed study, the spevies may be
included under P. permiang (Shumard). Camarophoria is rep-
resented, if at all, by a mere fragment. It might belong to €.
venusta Girty.

The rhynchonellids of the Hegler limestone are rather abun-
dant and diversified, always remembering that this meniber is not
highly fossiliferous. I recognize Leiorhynchus? bisulcatum
(Shumard), L.? bisuleatum seminuloides (Girty), Leéorhynchual?
n, sp.,, Wellerella? shymardiane (Girty), Wellerella? swalloei-
ang (Shumard), and Wellerella? indentefe (Shumard).

Only two terebratuloids are present, one an indeterminable
species of Dielasma, the other Dielusming guadalupensiy Girty.

The spiriferoids are represented by rather numerous species,
but by few individuals. I may name Spirifer mezicanus Slluf-
mard, 8. suleifer Sbumard?, 8. suleifer var., Spirifer o, sp.. SP”’f‘
ferine billingsi Shuward, &nd Spiriferinag pyramidalis Girty™
This group seems to show marked Capitan affinities. _

Compozita is numerous at one locality, but few of the spevl-
mens are well preserved. Two species can be distinglﬂ!‘h“d:
which may be called Composita att. . aubtitita (Hall) and C.
emarginete afinis Girty. Some of the lotter ave very large.
Hustedie iy represenred by few specimens, but they appeur o
belong to three species, H. meekana (Sbhomard), Husfedid aff.
H. mormoni (Mareou), and Husfedia aff, H. bipertite Gil‘fl‘- -

The pelecypoeds, following the general paucity of fossils in this
unit, are scantily represented, and many ot the specimer..ls are
not identifiable. Theve is a doubttul speries of Sedgitickid aed
a doubtful species ot Parallcliodon. As in the faunas already
dizcuszed, the pectenoids are more plentifnl and varied th:l}l ﬂ-‘:’
other groups, I may reeord Permipecten? obliquus GIrt¥=
Girtypecten aublagueatus (Givty) ?, Deltopecten p. Sp. Camplo-
neetey senlptilis Girty ?, and Cumptonites? n. sp.

01 the gastropods, the collections afford a single fragment
specimen, which might belong either to Euomphalus or Ontpha-
Intinehus,  Lastly, the trilobites are represented by 2 f':“;
frazments, probably belonging to Anisgpyge peranwulolt
(Shumurd ) —Girty manuseript.

ary

In comparison with the fauna of the preceding Sout‘h
Wells member, Dr. Girty notes the reappeu%'u_nce 13
the Hegler member of bryozoans and spirlferold
brachiopods, which were absent in the South Wells anf
common in still lower hovizons; the absence in both ©




seletess plthough it was present in the Goat Seep
T tone; and the absence in the Hegler of & eckella
o ESC.,. P{,ocanthia, which were present in the South

d S " Chonetes permianiss Shumard, which occurs
_W o Hegler, has not been found at lower horizons.
”n 6 productids seem to differ considerably from those
Ththe older faunas. Both they and the spiriferoids
ogselv resemble those of the Capitan limestone.
cicco];dillg to Girty, “like the South Wells fauna, the
Hegler faund chows an abundance and diversity of
rh‘-nchollellidS, but the specific representation is d?f—
{erent. The South Wells fauna is conspicuous for its
jarge forms, such as Liorhynchus weeksi (G_lrty), and
L. wecksi nobilis (Girty), neither of which occurs

PINERY LIMESTOKRE MEMBER

The Pinery member contains the assemblage de-
«cribed bY Shumard and Girty as the “upper dark
Jimestone” fauna. Most of the material on which the
carlier descriptions were based came from the hillside
above Pine Spring, the type gsection of the member
(Girt}"s locality 2030). Subsequent eollections were
made at the same locality by Darton and Reeside ™
(No. 5813) and during the present investigation (Nos.
=130, 7477, and 7703). (See pl. 2.)

Collections made here and elsewhere along the base
of the Reef Escarpment reveal abundant and diverse
fossils, constituting a fauna of relatively constant
character. Similar fossils, but with a considerable
admixture of Capitan species, oceur in the lighter-
colored limestones of the member farther northwest
{as at locality 7412), where the member begins to
change over into the Capitan facies. Southeast of the
Reef Escarpment, in the Delaware Mountains, how-
ever, large numbers of the characteristic elements of the
fauna disappear. A collection from thig last named
region (locality T643) contained abundant fusulinids,
ammonoids, and rhynchonellid brachiopods, a few
productids and pelecypods, and nothing else.

F}lsulinids occur in mearly all exposures of the
member, regardless of facies. According to Duubar

and Skinner, they belong to the large species Polydi-

ewodina shumard: Dunbar and Skinner and P. capitan-
ensis Dunbar and Skinner, and to the small species
Lilla bellulg Dunbar and Skinner and Codonofusiclla
paradoxica Dunbar and Skinner.

Ammonoids are represented by fewer collections than
those from the underlying Hegler member, but belong
to the same species. From the Pinery, Miller and
Furnish have identified Waagenoceras guadalupense
Girty, Xenaspis shinnert Miller and Furnish, and
Pseudogustrioceras sp.  No nautiloids have been found,
either in recent or earlier collections.

At several localities along the base of the Reef
Escarpment, as at Pine Spring, several minute crinoids

& Darton, N. H., and Reeside, I. B, Jr., op. cit., p. 416.
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have been collected. They may possibly prove to be
index fossils of the horizon, for they have been found
at mo other bed in the section. According to Edwin
Kirk, they include Coenoeystis richardsoni Girty and
Allegecrinus sp. The genus Coenocystis and its species
were established by Girty ® on the basis of material
from a locality in the southern Delaware Mountains
(No. 2069). The stratigraphic position of this collec-
tion is unknown, but it 1s probably of the same age as
the Pinery member. According to Girty, the Pinery
member of the Guadalupe Mountains also contains
spines and plates of the echinoid Archaeocidaris.

Dr. Girty writes as follows on the remainder of the
fauna, the theme of his report heing a comparison be-
tween his original collection at locality 2930, and the
later collections from the same and nearby localities:

The original collections contained two sponges { Polysiphon
mirabilis Girty and Steinmannie amcricana Girty), neither of
which has been recognized in the new collections.

Of the corals, five are listed from station 2030, Lindstroeniia
permiana Girty, L. permiona var., L. cylindrice Girty, Lind-
sirocmnic sp., and Cladopore spinuleta Girty. The four species
referred under Lindstroemia have, in a general way, the struc-
tural features of Lophophyllum, and the forms loosely cited in
these reports as Lophophylluni? sp. will, when studied, closely
represent the same gpecies as the above. They may prove to
belong to neither Lophphyllum nor Lindstroemia. In the recent
coltertions I recognize, besides Lophophylwm? 8., Lot Clado-
pora spinulata Girty and €. tabulate Girty.

Among the Dbryozoans, station 2930 furnished a long list,
containing no less than 15 gpecies under the geuera Domopora,
Tistulipore, Stenoporda {now Tabulipora), Fenestella, Poly-
pora, and Apanthocladia. The same genera, and probably the
same species, 0CCUl AmMOngSL the bryozoans in the recent collec-
tions, although for obvicus reasons I have not gone into the
matter of specifie differentiation.

Among the Lbrachiopods, the original list contained Cranic
sp., Derbya sp., and three species of Chonetes (C. permianus
8humsard, ¢. hillanus Girty, and O, subliratus Girty). The new
collections are Imore varied. Cronia is unrepresented, but in
the Orthotetinae I find Derbya nasute Girty var., Derbya n. €p,
Derbye? n. sp, and Streptorhynchus? sp. Chonetes is represented
by the same three species as in the original list.

The early collection contained 8 sbecies of Productus, as
well as Aulosteges guadelupensls Shumard and Prorichthofenin
permiena (Shnmard). The productids eomprised the follow-
ing specles: Productus copitanensis Girty, P. popei Shumard,
P. popei opimus GIrty, P. indentatus Girty, P. gecidentaliz New-
berry, P. pilcalus Slumard, P. limbatus Girty, and Prorichiho-
fenie sp. 4 The newer collections contain most of these
(P. limhatue being ihe most notable absentee), together with
P. leonardensis King?, and Productus (Marginifera?) subleris
(Kiug). The species of Awulosteges and Prorichihofenia are
likewise present.

The original list included Leiorhgnchus? bisuleatum (Shu-
mard), together with its varieties L.7 b. seminuloides {Girty)
and L.f b, gratiosa (Girty), Wellerella? swallmwiana (Shu-
mard) ?, W. lerane (Bhumard), W. bidenlata (Girty) %, Ww.¢
pinguis (Girty), Wellerello sp. a8, and W.F indentata (Shu-
mard), This list is practically duplicated jn the new ecollec-
tions, which contain also a few Camerophoria venusia Girty.

s Girty, G. H., The CGundalupian fauna: 1. 8. Geol. Survey Prof.
Paper 58, pp. 106-109, 1908,
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Terebratuloids in the original collection were limited to three
species: Dielesma spetulatum Girty, Dielasmina guadalupensis
Girty, and Netothyris schuchertensiz ovata Girty?. The zame
assemblige occurs in the new collections, except for the species
last named.

The spiriferoids in the eollection from station 2030 comprized
Spirifer mezicanus Shumard var, Spirifer sp, a, Spiriferina
billingsi Shumard, S. lazq Girty, 8. Rrilli polypleura Girty, and
8, telleri Girty. This group is more generously represented in
the recent collections, I provisionally identify Spirifer sulcifer
Shumard, 8. pseudocameratus Girty, 8. mewicanus lotus King
(which probably covers S. mezicanus var., Spirifer sp. a, and
possihly 8. mexicanus of the old collection), besides Spirifering
hilli Girty, 8. billingsi Shumard, S, loze Girty, Spiriferina o, sp.,
and Squamularie sp.

The original eollection contained only one Cgmposita, which
was ldentified as C. emarginate Girty, The recent pnes contain
a large species, apparently the one King fgures as ¢. emarginaie
affinis Girty.

The brachiopods of the original list included also Hustedia
meekana (Shumard), H. meekana trigonalis Girty, H. papiliata
Shumard, and . bipartita Girty, The new collections contain
the same assemblage, except for the variety trigonalis. Lep-
todus, not recorded at this horizon before, continues its upward
range, :

Among the pelecypods, the original eollection from station
2930 contained Myalina squemosa Sowerby?, Deltopecten guada-
lupensis (Girty), and Deltopecten sp. 2. The more recent eol-
lections have » much better representation of this group, and
contain BEdmondia aff, E. oveta Meek and Worthen, Parallelo-
don multistriatus Girty, P. politus Girty?, Parallelodon n, sp.?,
& small Myeline having the configuration usually ascribed to
M. permione Swallow, some imperfect gpecimens of Avicula-
pecten that are provisionally identified as . quadalupensis
Girty and A. guadelupensis var., Myoconche epstulato Girty,
and Pseudomonotisf n. gp.

The gastropods in the original list are represented only by
Straparollus sulcifer (Girty) and S. sulcifer angulatus {Girty).
In addition to these, the new collections contain o species of
Platyceras, one of Omphalotrochus, and o number of indeter-
minable speclmens of Euphemites, besides a miscellaneous lot
of indeterminable bellerophontid shells.

Both the old and new collections contain the long-ranging
trilobite Anisopyge perannulate ( Shumard ) —Girty manuseript.

In summarizing the collections, Dr. Girty notes the
close resemblance between the Pinery fauns and the
underlying Hegler fauna, the main difference being the
greater abundance and diversity of the Pinery fauna.
In his original work Girty® made the following com-
parison between the Pinery and Capitan faunas. Some
of the differences mentioned have been removed by
subsequent collecting, but most of them persist.

The Capitan fauna, as exemplified by the ¢ollections obtained
in its middle portion at station 2926, and the fauna of the “dark
limestone” show well-marked differences. * * * Some of the
more distiuguishing characteristics of the “dark limestone”
fauna are the abundance of Fusuline elongata * * * the
greater abundance of cup corals, the presence of Cladopora
spinulata, the greater abundance of the Domoporas and other
Bryozoa, the presence of Chonetes permianus and 4, subliraius,
the sbundance of small Producti of the semireticulgius group,
such as P. popei, P. indentatus, ete., the presence of Aunlosieges
guadalupensis and Spirifering laza, the abundance of the group
of Pugnax bisulcazta, the presence of Aviculopecten guadalup-

* Girty, G. H., op. cit,, p. 19.
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ensts, and of Euomphalus sulcifer® and its variety angulatus,
and the abundance of Anisopyge perannulata. An equal num-
ber of distinctive forms might be bamed on the part of the
Capitan fauna.

BADER LIMEBTONE MEMBER

The Rader limestone member is represented by fewer
collections than the underlying Pinery member, and is
apparently not as fossiliferous. The largest collections
came from the. vicinity of Rader Ridge (Nos. 7480,
7600, 7668, and 7693, pl. 2), from light-gray, massive
limestone resembling the Capitan facies, or from dark-
gray, bedded limestone resembling the Pinery facies.
Smaller collections were made farther southeast; one
of them from east of the area mapped on the south side
of Lamar Canyon contains only ammonoids {No. T7654) ;
another contains only fusulinids (No. 7921); and two
others contain only smaller Foraminifera.

The fusulinids, represented in two collections (Nos.
7480 and 7921), have been identified by Dunbar and
Skinner as Polydiexodina capifanensis Dunbar and
Skinner, and P. shumardi Dunbar and Skinner. This
genus is characteristic of the beds of upper Guadalupe
age. Smaller Foraminifera were obtained by H. C.
Fountain from two localities in the eastern part of the
area. They were found in thin marl layers interbedded
with the limestone and were separated from their
matrix by washing. According to Henbest® the fol-
lowing forms are present:

Foraminifera from Lamar Canyon

Localitsy
1 2
Textularia spo______ . _o_._____.. x X
Deckerella laheet Cushman and Waters.________|______ *
Climacammine 8p________.__.____.____.______l__.___ >
Tetrataxis aff, T. conice Ehrenberg. . _._._____|. _..._ bt
Globivalvuling n, 8p___ _______.______________._ X X
Polytazis, 2 $Puc oo e b G
Ruditaxis Spo— . ... __ b S O
(einitzine ciscoensis Cushman and Waters__.___|___.__ WX
Geinttatne N, 8P ______.______________ x b4
Monogenering sp_____.__ e * g
Spandelinasp. . ... _________________._ * x
Spandelinoides aff. S. strigtelle Cushman and
Warers? . . . p N PR,
Ozawainella delowarensis Dunbar and Skinner?..| X | ¥
Steffella sp_______ . __________________|___._. X
N. gen. aff. Ozawainella______ e X X
Juvenaria of fusiform fusulindds________________ = %
Crinoid columnals_ . _________________________._ b S
Spicule of siliceous sponge (with bulbous termini) .| % |____._

L. In Lemar Canyon 1} miles east-southeast of its junction
with Cherry Canyon.

2. On northeast bank of Lamar Canyon, three-quarters of a
mile northwest of its junction with Cherry Canyon, in the gully
east of the windmill,

% Equivalent to Straparoliua gulcifer of Girty manuseript just above.
%t Henbest, L. G., memorandum, May 1938,
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Ammonoids from locality 7654 have been identified
Miller and Furnish as Xenaspis skhinneri Miller and
Furnish, and Waagenoceras guadalupense Girty. The
frst gemus and species does not range below the upper

art of the Guadalupe series, and the second does not
range pelow the middie part. Except for a few frag-
ments, 10 nautiloids have been collected.

Regarding {he remainder of the fauna. most of which
«as obtained from the localities near Rader Ridge, Dr.
Girty writes:

The corals comprise the following : Cladopord spinulata Girty,
G. tabulate Girty?, ladochonus sp. (frngment), Lophophyllum?
P and Amplexus? sD.

The DIFOZCATS appeas to be well diversified but, a8 mahy of
them require study b¥ thin sections, this group muet at present
pe treated in 2 cursory mannper. The identifieations made are
subject to revision. Fistuliporo ig fairly abundant and appar-
entl¥y pelongs 10 a single species, F. grandig guadaiupensis Girty.
The gingular series of forms provisionully referred to the genus
pomoporad iz plentiful and diversified. i recognize D. gectlala
Girty, D- terminalis GUrty, and D. vittate Girty. Besides these,
we have Batostomella? 8D Leiociema? sp. Fencatella (frag-
ment), Acanthocladia guadalupensis Girty, and Rigmboporaf
£D-

Among the prachiopeds the orthoids, as i upsual in the higher
Guadampian faunas, are unrepresented, and the Qrthotetinae
gre Vvery scarce. There are only a few poor specimens of the
gepus Derbypa, which might be o gmall variety of D. nasuts
girty. The absence of Chonetes is 2 noteworthy feature of the
fauDnd.

The productids, together with the related genera Aulosteges,
Prorich.thofcni.a, and Seacchinetla, are diversified but by no
means pountiful in individuals, and the iudividuals are mostly
pootly preserved. They comprise Productus capitanensis Girty,
P. popei shumard, P. popet oplmus Girty, P (Buwtonia?) s,
and the peculiaT P. (Pustulo 7) pileolus Shumard. A number of
gpecimens are more or less closely related to another peculiar
form, described as Productus limbatus Girty, and the question
again arises ,without being answered, 45 to whether this species
35 not actually an Aulosteges. To the 1atter genus belong A.
guadahtpensis ghumard, and possibly a Very gmall, smooth form
of doubtful affinities. Prorichthofenic permiana (Shumard)
oceurs in several collections, and a single small specimen is
doubtfully referred to Scacchinelld.

Camarophoria continues to he represented, although scantily,
by O. venusts Girty, and there is another form, unfortunately
not generically determinable, which resembles O, venusie except
{hat it has notably finer and more NUMETOUS costae.

The rhynchonellids are diversified and fairly abundant. The
outstanding species are T.eiorhynchus? pigulcatum (Shumard)
and L.? bisulcotum seminuloides (Girty)- Wetlerella? inden-
faia (Shumard) is also present, with oue or two varijeties or
related species.

The representation of the terebratuloids holds closely to t¥pe.
I recognize Dielagmd spatutalum Girty, D. cordatum Girty,
Dielasming guadalu.perisis Girty, and o new species of the same
genus 0T possibly 2 diminutive variety of the same species,

The spiriferoids are represented only by the generd Spirifer
and Spiriferindg. They include 8pirifer meTicants Shumard,
another species which may be 8. sulcifer Sphumard, Spirifering
billingsi ghumard, 8- angulote King and K. leza Girty.

0Of Composita, there are severil species represented by se-
lected specimens. Besides C. emargingte Girty, we have the
variety affinis Girty, 2 form very similar to O. subtilita (Hall)
and ancther related to C. mezicona (Ball).
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The pelecypods are few in number and poor in preservation.
Only the following have been recognized : Holenomyae? sD., Avi-
culopecten SP. Fusciculiconcehd 8D, Pernopectin obliguus Girty,
Campltonectes seulptilis GiTt¥, and Myaling permiand Swallow?
Gastropoeds are all but absent. The only forms noted are Bu-
canopsis sP. together with a few indeterminahle pellerophontid
shells and Tygehydomia? SD- Finally comes the ever-present
Anisopyge permmuwta (Shumard}, and gome undetermined 05-
tracods.—Girty manuscript.

According to Girty, the Rader fauna is similar to that
of the Pinery, but {as can be expected from the smaller
collections) is much less varied. Among the brachio-
pods, the fewer Orthotetinae and ilie absence of Cho-
netes are notable. Other groups, such as productids,
rhynchonelloids, terebratuloids, spiriferoids, and the
genera ¢/ amarophoria, U omposita, ustedia, and Lepto-
Jus are about the same i both faunas.

LIMESTONE BEDS BETWEEN RADER AND LAMAR MEMBERS

In the Delaware Mountains, the several hundred feet
of beds between the Rader and Lamar members are all
sandstone, except oue flaggy limestone bed, and no fossils
have been observed in any of them. Along the Reef
Fscarpment, the interval contains 2 number of fossilif-
erous limestone beds which are, in fact, tongues of the
Capitan limestone. These beds are represented by three
collections, two from the mouth of McKittrick Canyon
(Nos. 7608 and 7 708), and one from the head of Bader
Ridge (No. 7360). :

The latter, obtained from beds a few feet above the
Rader member, contains fusulinids. They have been
identified by Dunbar and Skinner as O zawainella dela-
warensis Dunbar and Skinner, and Polydiczodina shu-
snardi Dunbar and Skinner. No cephalopods have been
found in the interval.

Regarding the vemainder of the fauna, Dr. Girty re-
ports as follows:

Sponges are represented by a specimen of Amblysz'phaneua? B
another species of doubtful pature, and C’ysltathalaawir.rr no-
dulifera Girty? '

The corals are represented by 2 single specimen helonging
to the species described in Professional Paper 58 as Lind-
giroemit cylindrica Girty. Qimilar corals have been cited as
Lophophyuum? sp. 1in diseussions of underlying faunas. A
quite novel type is Chaetetes? SP- which grew upon, but appar-
ently did not form a part of, the sponge cited as Amblysipho-
nella? sp. It is of doubtful nature, and differs from Chactetes
in tbat the glender cells de not seem to be closed by tabulae.
However, many gilicified specimens of Chactetes £ail to show
the tabulae that they originally possessed. o

The following bryozoans are each represented by a single
specimen: Fistulipore sp., Domopord terminalis GITLY, D. voellatla
Girty, Septoporaf =P, Phyltopora? Sp. and Acanthocledit guade-
Iupensiz Girty.

The brachiopod Broup of Orthotetinag, which have been abun-
dant and diversified ln some of the faunas previpusly discussed,
are represented by o few gpecimens identified as Orthoteles
guadaelupensis Girty. Chonetes is absent.

The productids are well represented, put in oniy one of the
three collections under consideration (No. 7608), and the specific
representation is not large. It ig as follows: Productus capi-



tenensis Girty, P. (Marginifera?) waagenienus Girty, P. popei
Shumard, P. popei var., Productus off. P. (Pustula?} lotidor-
satus Girty, P. (Strigtifera) pinniformia Girty, Aulosteges
guadalupensis Shumard, Prorichthofenia permiagna {Shumard),
and Scaechinellaf sp, The generic relations of P. pinniformis,
which is rather abundant, are uncertain. Some of my specimens
give evidence of having been attached by cementation, and the
general configuration suggests that of Aulosteges, but 1 have been
unahle to ascertain that a cardinal area is present. Altogether,
the productid fauna of this horizon is reminiscent of that of the
Capitan limestone,

Camerophoria continues to be represented, although very
scantily, by C. venusta Girty.

The rhynchonellid fauna is considerably diversified, but each
collection seems to have its own set of sprecies, and most of the
species are represented by single speeimens, These shells are
classified as Wellerelle? swallowiona (Shumard), W.7 shumard-
fanm (GHrty), W.? pinguis (Girty), W.F indentgte (Shumard) 7,
and Letorhynchus? bisulcatum seminuloides (Girty) 2,

Terebratuloids are feehly represented by a single small speci-
men of Dielzsma cordatum Girty, and several indeterminate
specimens,

The spiriferoids include a single specimen of Spirifer, possibly
8. suleifer Shumard ag identified by King (whick 1s doubtfully
the authentic 8. sulcifer). Spiriferina is represented by 8.
welleri Girty, 8. billingsi Shumard, and §. ever Girty?. The
group also includes Martinia shumardiana Girty and Squamu-
leria gundalupensis {Shumard).

Composite, although by no means searce, is so poorly preserved
that little that is definite can be said about it. € emarginata
Girty iy definitely present, and some Specitoens suggest ¢, sub-
tilite (Hall), and ¢. mezicanae (Hall), Of Hustedia, the col-
lections contain only two specimens, one referable to . meekana
{8humard), and the other to K. papiliete (Shumard). Leptodus
americanus Girty is present in two collections, with one specimen
in each.

The few peleeypods present beleng mostly to the pectenoids,
and few of the forins can be identificd. I cite only Aviculopeeten
n. sp., Fasciculiconcha 5p., and Adcanthopecten coloradocnsis
(Newberry)?. Mention should he made here also, but with
great reserve, of a fairly large specimen referred provisionally
to Psewdomonotis. Only the anterior half ig present, and even
that is for the most part an internal mold, It is marked by
fairly strong plications which are very irregular in size, spacing,
and even in direction. Aside from the species cited, there re-
meing only an imperfect specinen provisionally referred to the
genus Myoconcha,

The gastropods eomprise only a few bellerophontid shelis
which cannot be determined generically, and Worthenia? n, gp.
No trilobites are present.—Girty manuseript,

In summary, Dr. Girty notes that the fauna of this
interval is closely related to the underlying fauna. The
main differences lie in the closer similarity of the fauna
of this interval to that of the Capitan, a fact to be
expected in view of the similarity of the facies of the
containing beds to that of the Capitan, their close
proximity to the Capitan, and their gradational rela-
tions with it. Among the Capitan affinities of the
fauna is the presence of Calcispongia, of #artinia and
Sguamularia, and of the productid species Productus
(Pustula?) latidorsatus Girty, P. (Strictifera) pinni-
formis (iirty, and P. (Marginifera?) waagenianus
Girty, none of which were found in the Rader fauna.
By contrast, rhynchonellids of the type Lelorhynchus

bisulcatum (Shumard), and also Spirifer and Spiri-
ferina, which were common in the Rader fauna, are
absent here.

LAMAR LIMESTOXKE MEMBER

The Lamar limestone member contains abundant
fossils along the Reef Escarpment, near the Capitan
reef mass, but they are nearly or completely absent
farther southeast. Althongh they occur in gray or
dark-gray, bedded limestcne, very different from the
Capitan limestone in appearance, Dr. Grirty notes that,
“taken as 2 whole, the fauna of the Lamar member is
a typical Capitan fauna.”

Collections obtained from the member by Darton and
Reeside * had been identified by Girty prior to the
present investigation. These collections came from the
mouth of Big Canyon, in New Mexico. Darton and
Reeside erroneously suggested a correlation of the mem-
ber with the “npper dark limestone” (Pinery). Dur-
ing the present investigation a large collection was made -
at the mouth of McKittrick Canyon (No. 7401), not
far southwest of Big Canyon, and others were obtained
in the downfaulted area west of the Delaware Moun-
tains (Nos. 7630, 7647, and 7663, pl. 2).

No fusulinids have been collected from the member
on the outcrop, but some have been obtained from the
uppermost limestones of the Bell Canyon formation
{probably Lamar) in wells drilled east and southeast
of the outcrops. In the Ohio Qil Company, Popham
No. 1 well, in southern Reeves County, 90 miles south-
east of the Guadalupe Mountains. Skinner ¥ has iden-
tified Ozawainella, Leella, and Codonofusiella from
this horizon.

The member contains a few nautiloids, one of which
was identified by A. K. Miller as Metacoceras sp. Amn-
monoids oceur at a single locality west of the Delaware
Mouutains {(No. 7663}, which has vielded three speci-
mens. Acecording to Miller and Furnish, 3@

All these represent only one species, Strigogonictites foun-
taini Miller and Furnish. The genus Strigogoniniites has not
been found eclsewhere in Texas, but in Coahuila [Las Deliciag
area, Mexico] a rather primitive representative of it oceurs in
the Capitan horizon. An advanced representative of the genus
is known from Timor [Netherlands East Imlies], probhably from
the Amaragsi horizon. 8. feuntazini is the youngest Permian
ammonoid known from the TUnited States, but it may be older
than Citolites? sp. of the Las Delicias beds of Coahuila.

Regarding the remainder of the fauna, Dr. Girty
writes:

Of the siinpler classes of invertehrate life, this fauna con-
tains an unidentified sponge, the corals Lephophyllum? sp., and

Cladopora spinnlate Girty, crinoid plates, and the spines, jaws,
and interambulaeral plates of several species of echinoids.

® Darton, N. H., and Reeside, J. B, Guadalupe group: Geol. Soe.
America Bufl, vol. 37, p. 424, 1926, .

¥ Skinner, J. W., personal communication, Fanuary 1039,

& Miller, A, K., and Furnish, W. M., Permian ammonoeids of the
Guadalupe Mountaing region and adjacent areas: Geol. Soc., America
Speclal Paper 26, p. 12, 1940.



The bryozoans have been less intensively studied than most
other groups. 1 recognize Fistulipora sp., Domopore termi-
aalis Girty, . occliate Girty, Batistomella? sp., Fenestella sp.,
and Acanthocladia guadalypensis Girty.

Among the brachiiopods, the Orthotetinae are varied, com-

rising Orthotetcs guadalupensis Girty (abundant}, Strepto-
pynchus gregarium Girty, Geyerella? sp, and Derbya  sp.
choneles ig apundant and all but one Small specimen have been
referred to C. Lillanuws Girty; it is possible, howerver, that C.
gubliratus Giriy may also be present.

The productids are rather restricted in numbers and variety.
[ recoguize anly the following: Produetus capifenensis GIirty,
P. (Pustula?) latidorsatus Girty, P. popei opimus Girty, and
P. (Marginifcral) sp. Tesides these there are several gpecies
pelonging to a small, attached genus that would comnmonly be
ealled Strophalosie. The persistent Prorichthofenie permiend
(shumard) is alzo present.

camerophoeria iz fairly gbundant, and for the present all
speclinens are referred to C. venustg Girty, although they show
g0 much diversity that further distinctions may be practicable
on closer studr.

Rhynchouellids are fairly abundant, but many of the speci-
mens are crushed or otherwise in poor condition. All geem to
be of the geperal type of Wellerclla osagensis {8wallow) and
may provistonally be referred to that genus, Ther contain no
striking types and are only enfiiciently diversified to be aif-
grult to classify. For present purpeses they Lave been identi-
fed as Wellerellaf shumardiane (Girty), W.7 shumardiana var.,
1.¢ swallowigae {Shumard), and one or two indeterminate
forms.

Terebratuloids are only fairly abundant, but they ghow con-
siderable diversity. I identify pielasma sulcatum Girty, to-
gether with two undetermined species of the sime genus,
Heterelasmae shwmardianum Girty, Heterelasma? sp. Notothyris
schuchertensis Girty, and N. schuchertensis var.

The spiriferoids are represented by the genera Spirifer,
Spiriferina, Martinia, and Ambococlia. Bpirifer jitgelf shows
1ittle diversity, I recognize ouly S. mepicenus Shumard, and
the variety compacta Girty. Spiriferine is much more diversi-
fied, being represented by S.‘billingsi shumard, §. sulcala Girty,
8. welleri Girty, and Spirifering aff. §. hilli polyplenra Girty.
Squamularia is abundant, but confned to a single species, s.
guadelupensis ( Shumard}. Mortinia is less abundant than
Rgquamularig, but is not rare, Like Squamularia, it is repre-
gented by a single species, Af. rhomboidalis Girty, Ambocoelie
iz fairly abundant in one Jocality, but here again only one
species is present, A. plenoconvera guadalupensis Girty.

Composita, as usual, is fairly abundant but the species are
pootly characterized. They may be identified as . emarginate
Girty? and €. emdrginate affinis Girty. Some of the latter
might pass as 0. subtilite (Hall).

One of the colleetions containg several species of Clelothyrida,
g small form resembling the common Pennsylvania species C,
orbicularis (MecChesner), with which it is provisionally jdenti-
fied. The occurrence is interesting, not only on this aceount,
but also because the genus has Dot heretofore been recognized
jn’ the Guadalupian faunas. It was nat known when Profes-
gional Paper 58 was published (1908}, and it has nat been
found in any of the faunas so far diseussed.

Anotber genus that is not rare, but affords only & single
species is Hustedia, represented by H. meekane (Sbumard).
Leptodus americanus Girty is fairly abundant, and affords ma-
terial for further studs.

The pelecrpods are rare compared with the brachiepods, and
they are distributed ameng the genera Parallelodon, Schizedus,
Aviculopecten, Girtypeelen, Streblopteria, Ptlerid, Myoconcha,
Myeling, and Cleidophorus.
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These collections furnish anly three specimens of Paralielodon
two indeterminable and one identified as P. multistrictus Girty.
Sehizodus is represented by a single poor specimen, of which
more can hardly De said than that it does not belong to 8.
sectrus {Shumard)?, the only one that was recognized in
Professional Paper 5S.

The pectenoids include Agiculopecten bellatulus Newell, Avi-
culopecten 5D Girtypeeten sublagqueatus (Givty), and Rtreb-
iochondria¥ &D.

Pterie is represented by a single indetermipable specimeil.
Of Myoconcha, I have three forms which are generically doubt-
ful and specifically undeterminable. Finally, we have a doubt-
jul and indeterminable specimen of Mpyaline and a small form
identified as Cleidoplioris pallasi delawerensis Girty.

A large, straight scapliopod, provisionally referred to Plagio-
glyple cainng White, is rather abundant.

The gastropods are few and poorly preserved. The bellero-
phontids are vepresented by two indeterminable species. The
pleurotomariids have as vet not been studied critically. Proba-
hly three species can be distinguished, but their preservation is
guch that they may not be identifiable. There are also a larze
Boirochus? (possibly FPuronpspira), a doubtfully identifiable
species of Actaeonina?, Bulimorpha sp. Omphalotrochus n. sp.,
and an indeterminable species of Noticopsis.

The charaeteristic Guadalupian trilobite Anisopyge peran-
sulets (Shumard) persists in moderate abundauce.—Girty man-
uscript.

CAPITAN LIMESTONE

The fauna of the Capitan limestone was described
considerable detail in Girty’s original publication,® for
the material at his disposal was extensive. Most of it
was obtained at various points on the east slope of
Guadalupe Peak (as at localities 2926 and 2966, pl. 2).
The collections made during the present investigation
have ndded somewhat to the details of the fauna as
originally deseribed but have not materially changed 1ts
broader features. Some of the collections (such as
7405) were made in the vicinity of the older localities,
but one of the largest (No. 7417) came from a new area,
along the channel of South McKittrick Canyon near the
Grishamn-Hunter Camp. This collection is probably
from an older part of the Capitan than the previous
ones, being perhaps of Hegler age, whereas the others
are perhaps of Rader or younger age.

The manner of occurrence of fossils in the Capitan
limestone, and the faunal facies represented, have been
discussed on page 62.

The Capitan limestone apparently contains consider-
alle numbers of lime-secreting algae, but few. observa-
tions were made on them during the present investiga-
tion. Aleae were reported from the Capitan by Ruede-
mann.® The specimen figured, however, consists of
pisolites of the sort common in the Carlshad limestone.
Subsequent observatious have failed to confirm the pres-
ence in the Capitan of concentric structures of the size

JE—

®» Girtr, G. H.,, The Guadalepion faunn: U. 8 Geol. Survey Prof.
Paper 58, pp. 1518, 1808,

% Ryuedemann, Rudalf, cited in Eing, P. B., and Eing, R. E.
Pennsylvanian and Permian stratigrapby of the Glass Monntains : Texas
Tniyv. Bull. 2801, p. 138, 1928 ; Ruedemann, Rudolf. Coralline algzae,
Guadalupe Mountaing: Am. Aagsor, Petrolenm Geologiste Lull., vol. 13,
pp. 10791080, 19529,
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and abundance reported by Ruedemann, Some of the
algae described by Pia and Johnson from the Guadalupe
Mountains may have come from the Capitan limestone.
The following species described by Johnsen appear,
from the localities cited by him, to oceur in the Capitan:

Solenopora centurionis Pig,

Solenopora ep.

Mizzin velebitang Schubert

Mizzia yabei (Karpinsky)

Diplopora? sp.

Pin suggests that some of the forms described from
the Capitan by Girty as the sponge Guadalupia are ac-
tually the alga Mizzig.

According to Johnson ® that part of the Capitan in-
terpreted by him as the reef face (p. 63) contains
“filamentous green and possibly blue-green algae with
red algae becoming abundant near the crest,” The reef
erest of his interpretation “ig composed almost entirely
of encrusting algal materia) (green and red) with
colomies of Solenopore locally abundant on the inner
slope. Fragments of Dusycladacae occur.” The reef
flat of his interpretation contains “encrusting and fila-
mentous algne [and] colonies of Solenopora. * * =«
Algal pisolites oceur.”

Fusulinids are fairly common in the Capitan lime-
stome, although not as abundant as in the adjacent parts
of the Bell Canyon and Carlsbad formations. ¥rom
the Capitan, Dunbar and Skinner have identified Poly-
diezodina capitanensis Dunbar and Skinner and P.
shumardi Dunbar and Skinner.

Cephalopods occur at a number of Places. Of them,
the nautiloids are most abundant. According to obser-
vations of Girty and Miller, they generally belong to
Metacoceras shumardianuwm (Girty), but Miller has
identified a T%tanceeras and Girty an “Orthoceras”.
According to Girty, the collections also contain frag-
ments that probably represent three or four other
species. In addition, n few ammonoids have been col-
lected, especially at locality 7417, According to Miller
and Furnish, they all belong to the single species
Waagenoceras guadalupense Girty.

Regarding the remainder of the fauna, Dr. Girty
makes the following comparisons between the original
and the later collections:

The Capitan faung is noteworthy for the vaviety of its sponges,
In Professional Paper B8, they were elussified as Anthracosycon
ficus capitanense Girty, Virgule neptunia Girty, V. rigida Girty,
V. rigida constricta Girty, Pseudovirgnlo tenuis Girty, Guada-
lupin zittclilana Girty, G. zitteliana var, G. cylindrica Girty, .
cylindrice coneretq Girty, @. digitete Girty, @. fuvosa Girty,
Custothalmia nodulifera Girty, Cystothalamin? 8p., Steinmannia
americara Girty, Sollasiqf sp., and Amblysiphonella guddalupen-
#is Girty, I now feel that some of the forms listed were too
hnperfectly known to have deserved naming. Sponges are also
abundant in the new collections, which contain Guadalupia zif-

" Johngon, J, H., Permian lime-secreting algne from the Guadalupe
Mountuins, New Mexieo: Geol, Soc. Americn Bull., vol. 53, pp. 216-217,
1942,

GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

teliena Girty, @, eylindrice Glrty, Anthracosyeon ficus guadalup-
ensis Girty, Ambilysiphonella Juadaiupensis Girty, Amlﬁysi-
phonella sp., Amblysiphonella? n. sp., besides the usnal indeter-
ninata. These determinations are provigional and the original
material, which was relatively scanty, is in need of revigion.

In the two original collections I recognized but two species of
corals, Lindstroemin permiang Girty and Campophylium tez-
anum Shumard? In the new collections, eorals are also poorly
represented. I find Cempophyilum teranum and probably the
form that was deseribed as Lindstroemia cylindricag Girty.
These new specimens, however, show a structure suggesting
Chonophyllum, but with a much simpler central zoune, in the
midst of which is a styliform colymella 1 only the columella and
the gepta showed in the sllicified holotype., Definite relation-
ships eannot be established until these two forms have been
closely studied by means of thin sections.

Among the bryozoans, the original collections contained
Fistulipora grandis puadalupensis Girty, F. guadalupae Girty,
Domopora ocellate Girty?, D, terminalis Girty, Taduliporu poly-
apinosa richerdsoni (Giriy), Leioclema shumard: Girty?, Pene-
stella spinulose Condru?, F. capitanensis Girty, Acanthocladia
gruadalupensis Girty, Acanthocladia sp., and Gonlocladia ameri-
cang Girty., The bryozoan fauna of the new eollections is much
smaller, Ifind only Fistnlipora grandis guadalupensis Girty, F,
guadalipae GIrty, Tebulipora 8p., Leicclema shumardi Girty?,
and a few poorly preserved specimens of Fenestellg. I will re-
peat that identifications of bryezoans made without the study of
thin sections are extremely provisional,

Turning to the brachiopods, a species of Cranie found in the

original collections has no representative in the ones recently
made.
--Of the Orthotetinae, Streptorhynchus gregarivm Girty, Derbya
§D. 8, Derbye sp. b, Orthotetes gundaiupensis Girty, O. declivig
Girty, O. distortus Girty, 0. distorfus campanulatus Qirty,
Geyerella americana Girty, and Grthoteting 3p. were originally
distingnished. The new collections contain only Grthotetes sp.,
0. distortus Girty?, Derbya sp. a, Plicatoderbya? n. sp., and
Meekelle n. sp. The differences in this group betwesn the old
and new are truoly noteworthy. Orthoteles, which there was
abundant is here scarce, but on the other hand we have here
Plicetoderbye? and Meekellu, two genera that did not appear in
the original collections at all. Afeekellz is particularly interest-
ing, because it is abundaat in the older faunas of the section,
but is missing from the Bell Canyon formation,

Only one species of Chonetes was recognized in the original
collections and the same species, ©, hillanus Girty, is found in
those recently made,

The productids, as originaliy listed, comsisted of Proguetys
(Uarginiferaf) waagenianus Girty, P, rcapitanensis Girty, P,
oceidentalls Newberry, P. (Pustulab) latidorsatus Girty, P,
(Striatifera) pinnaformis Girty, P. (Pustula?) pileolus
Shumard, Aulosteges medlicottianus americanug Girty, and
Prorichthofenin permiana (Shomard). Only a few of these
species have been reeognized in the new collections which, on
the other hand, eontain a number of forms rhat are at least
allied to some that oecur in the Pinery limestene, Under th_is
head I would include Productus popei Shumard?, P. popes
opintus Girty?, Productus aff. P. Limbutits Girvty, nnd Aulosteges
guadelupensis Shumard. OF the species listed from the orig-
tnal collections, the new ecollections contain Productus capi-
tanensis Girty (abundunt), P. (Pustula?) latidorsatus Girty,
and Prorichthofenia permiang (Shumard). Besides the species
entioned, there are a few not found in either the Capitan or
Picery faunas as previously described : Productug {dvonig?) n.
sp., P. (Pustulg) n. sp., and Teguliferina? sp.

Products (Avonia?) n. sp., which is abundant at one local-
ity, may be the form that King identified as dvonina signata
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(Girtl‘)- P. {(Pysiula) n. sp. moay be the form that he ';denti-
fied a5 Atvonia mcekamna (Girty). The anthentic meeckana be-
longs to the subgenus ¢Cancrinelle. The form cited as Pro-
Juotus aft. P. limbutus Girty is not as well preserved as could
be wished, aud I am unable to state its relaticns. This inter-
esting form has features which suggest Avlosicyos magnicostatis
Girty, bat it is certainly not the same species, and probably does
got belong to the same genus. Teguliferinaf £p. is problemat-
jenl; it is apparently rolated to, or derived from Productus or
Tcguliﬂ’i"i?la. but is apparently constructed somewnhat after the
gashion of Proboseidella. 1t can hardly belong to the latter
genns, however, and is apparently new. As already intimated,
the productid fauna of the new eollections is perbaps niore
elosel¥ related to the fauna of the Pinery limestone member
than fo that of the Capitan limestone as originally deseribed.
At all events, it is in part a combination of species from each
faunil.

The only pentameroid from the fauna of fthe Guadalupe
Mountnius, Camerophorid, 1% represented by the eommon €.
penusta Girty in both the old and the new collections.

The rh}'uchonellids in the original collections jneluded Leio-
shymehus? bigulcatum seminuloides {Girty), Wellerella? 8wl
totciand (Shumard}, .? elegansg (Girty ), W.p shumardiang
(GIrty). Ww.¢ indentata (Shumard). and Camarofocehia? lon-
gacve {Girty1. This group has much the same representation
in the 1new collections, except that the first-named species is
absent. Trellercliad indenfafa and .7 swallowigng are re-
versed in peint of abundance, the former being relatively
abundant in the new collections and the lafter relatively rare-
and represented by pooT, doubtful specirmens. In the new col-
lections there are aiso several doubtful forms, possibly helong-
ing to mew species. ‘

Among the terchratnleids, the old collections coniained Die-
fasma spafulatum Girty, D, cordatum Girty, D. suleatim Girty,
D.7 scutulabum Girty., Diclasmina guadalupeﬁse‘s Girty, Noto-
fhysis sehnchertensis Girty, N, schuchertensts gvata Girty, He-
terelasma sh wmardianum Girty, and I, venustelum Girty. The
pew collections are less diversified, and contain only Dielasme
cordatum, D. spatulutian, p. prolongatum Girty, Dielasming
guadalupensis, and fActerelasma penustulun., .

The spiriferoids were represented in the old collections by
nulaerous species of Spirifer, Spirifering, Squommularia, Mar-
tinig, and Anthocoelia, 'The same genera occur in the new
callections, but the specific representation ig smaller. TUnder
Spirifer itgelf, I originally recognized S. mogicanus Shumard
and the variety compactus GIrty. In the new eollections, 1
fnd K. mecicanus, the varieties compactas and lafas King,
and alse 8. sufcifer Shumard?. Under Spiriferina, 1 originally
recognized S. welleri Girty, 8. pramidalis Girty, S. biltingst
Shumard, & bitlingsi retusa Girty, 8. eva? Girty, and &. sul-
ecta Girty. The new collections contain the first three species
pamed. and also S, lara Girty (described from the Pinery),
and gpirifering D. 8P,

Tnder Squamularia, I originally recoguizad 8. guada-hrpcnsis
{Shumard), with the varieties 8. ¢- su-bqua:fmi.a. Girty and
8. g. eralis Girty, put I now think the 1ast two hardly deserved
varietal names. Only one of the new collections containg shells
of this gepus, ang I am referring all of them to 8. gzmd’ahrbcn—
iz, Under the genus Martinia, 1 originally described two
species, M. rlomboidalis Girty and . shumardianag Girty. In
the new collections, the gemnus occurs at only one locality.
Pending more careful study, 1 am referring all the specimens
to . rhomboidalis Ambococlia planiconveda gua.dahrpeﬂsis
Girty oceurs in both the old and new collections, and is the
only representative of this genus.

Composita, in the old collections, Was represented only
by €. emarginaie Girty and the variety afinis Girty. In the
new collections, the genns is abundant and decidedly more di-
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versified. Most striking is o very large gpecies which is pro-
visionally compared with C. piganiee Branson. There is also
present a species which may be cited as Composita aff. C.
subtilita (Hall). C. cmarginata is doubtfully identified, save
jn one collection. Bpecimens have also been referred to its
variety C. e. affinis, and to C. mire (Girty)?

Hustedia, in the old collections, Wwas represented by H. meek-
ang (Shumard) and the variet¥ H. . trigonalis Girty. The
new collections contain only a few specimens of this genus, all
of which are provisionally veferred to H. meekand.

Leptedus is present in the new collections, 08 in the odd. It
ig rather abundant, and some of the specimens are of large
gize. All, however, are for the present referrved to L- amoeri-
canus Girty.

The pelecypod fauna, as originally described, was diversified,
aithough but few of the gpecies were represented by more than
a specimen or tWo. They were classified under Edmondie, Par-
gliclodon, Pteria, Myalina, Sehizodus, Camptonectcs, Aviculi-
pecten, Euchondria, Pernopecton, Plagiostoma, Limatulina, Myo-
concha, and Cypricardinid. Mosgt of the salne generd are rep-
vecented in the Dew collections, but some of the species are not
the same. This suggests that the pelecypod fauna is highly dl-
versified, but poor in individuals, I might add that more than
half the pelecypods considered in the foliowing paragraphs occur
in a single collectivn (No. 7417, from older part of formation
penr Grisham-Hunter Camp).

Allorigma, 4 genus not found in the old collections, is repre-
sented by @ gingle doubtful specimen. It is a frogment of 2
large sheil marked by cancentric lirae and fairly strong con-
centric corrugations. The lirae are covered with small, rounded
tubercules set close together.

The old collections contained a smali form deseribed ag Ed-
mondie? bellula girty. The new collections contaln a species
equally doubhtful as to genevric position, but of large size, It does
not belong to the strongly corrugated section of the genus. buat
is apparenty almost smooth and i related to a mumber of smooth,
transverse shells reterred to Edmondia, espectally to the Misgsis-
sippian species E. fountainensis Weller. My specimens are few
and in poor condition.

Paraliclodon bad two gpecies in the old collections, P. politus
Girty and P. apailtistriatus Girty, neither of which iz notable
for its size. This is not true of the specimens recently collected,
P. politus bas not peen definitely sdentified among them, but
there is a finely striated species which may pelong to F. malti-
strigtus, although some of the gpecimens are very much larger
than the type. There s another large species (n. &P b), marked
by coarse, Strong costae whieh were apparentiy crogsed by Strong
concentric Jamellae. A third specics (0. 8pP. a) is repregented by
a single specimen of enormous sizg, ghowing at the anterior end
(where alone the sheil is present) only strong, flaring lamellae
which interrupt a few subdeed, moderately coalrse costae. A
fourth specimen of doubiful relations represents the median part
of a still larger specimen. The surface is wurked bF fine, radial
strine and rather fine, concentric lirae, together with varices of
growth of different size and intensity. In ploces, especially to-
ward the veutral border, the striae appear to be interrupted and
to have the form of pustules, but by their linear grrangement’
to waintain the appearance of radigl costae. To sowme extent,
tlien, this fragment recalls the one cited as Aflerisma? sp., and
it iz not impossible (although nt present it seems jmprobable),
that both may belong fo the same Spécies put represent different
parts of the shell. One very conspicucus difference is that in this
form the ornamentation (including the pustules) is conspicu-
ously radial, and in the other it is conspicuously concentric.

Pteria, represented in the old cotlections by P. _r;mar?a?upensis
Girty, has not peen recognized in the new ONes. Ayaling
FQUAINOEL Sowerby ¥ was included in the original fauna, put the
gonug is represented in tlie new collections by onty two doubt-
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Tul specimens, neither of which ig the Same as the species cited,
Schizodus wag represented in the origina] collections by a rather
small form identified ag 8. securus Shumard?. In the new
collections, the cohgenerie speeies ig large, and more comparable
to 8. saymmetrica Calvig than to any other of our later Puleozoic
sipecies. Three species were described under Camptonectes?
in the original collections, Q. ¢ Gaperatug Qirty, ¢, ¢ papillatus
Girty, and ¢. » sculptilis Qirty, The specimens in the new
collections seem tg belong to the first two of the species named.
Under the genug Am’culipecten, the old collections had three
Species, described ynder the names A. infeliz Girty, 4. laguentys
Girty, and 4. sublequeatus Girty. A recent revision of our
upper Pa_Ieozoic pectenoids redistributes these specimens ge-
nerically. They thug become Streblochongrigp infeliz Girty),
deanthopecten lagueatys (Girty), and Girtypecten sublagqueatus
(Girty). The new collections contain Girtypecten sublequentus
and Acanthopectens n. 8p. hesides two indeterminable species
of Aviculopecten, Stin among the Pectenoids, the old eollee-
tions contain Buchondrig? SB. and Pernopecten obliguua Girty.
The new collections contain the latter species, and also g re-

may belong to that genus Bo far as the facts are known, It ig
somewhat imperfeet and the sreater part of the shell is missing,
Al fAirst glance the Specimen looks like a Jeft valve of a fair-
sized Myalina, of the type in which the anterior outline is
Strengly conecave. On closer examination, howeaver, one sees
au incomplete anterior auricle and also a few fine radial costae
on the anterior side of the umho, which is the only part where

by which the greater part of the specimen i3 represented sng-
gests the presence of a few coarse, weak costre. 1 would he
dislnclined to place this form under Pseudom-omtis, which is
Suggested by the surface characters, because of the configuration,
especially becanse it is g0 strongly Drosogyrate, The shape,
on the other hand, correspondsg remarkably to that of the ventral
valve of Obliguipecten,

To Pseudmnoﬂotia, 4 genus not represented in the early collec-
tions, I am referring three Species from the new coliections,
All are decortieated and probably not of use In describing the
new species which they apparently represent, Qpe s a large
form which ig nearly flat, and is smooth except for 5 few large,
loose, marginal Plications. It bas the geoneral aprearance of
P, spinosa Sayre, but of course little ar nothing is known about
the surface characters, The second form is much smaller, swith
Iarge, strong, irregular blications. A mmuch smaller portion of
the umbonal region is relatively smooth, Here again, finer de-
tails of the gurfnee are unknown, A third Species, represented
by a single Specimen, is small, harrow, and highly convex. Part
nf the shel] ig Preserved. showing very strong, rather fine, radial
castae, alternating in size and closely arranged, No large ir-
regularities of surface are developed,

The Limidae were represented by two species in the old col-
lections, Plagiostomae deltoidenm Girty and Limatuling striati.
coslote Girty. Gnly the latter ig present in the new collections.

The genus Pinna, not represented in the old material from the
Guadalupe Mountains, is represented in the new collections by
1 single specimen, It is smooth-surfaced, and if the sculpture
Dossessed by most species of Avieulopinng i characteristic of that
genus, the specimen ip question docs not belong to it. On the
other hand, it certainly does not belong to Pinng peracuta
Shumard, for it is mueh smaller, and has much more rapidly
diverging outlines,

The old collections Contain a species described ag Myoconcha
costulata Girty. The Rew ones contain g similar, but apparently
distinet species. They also contain two other specleg that are

_ Perhaps congenerie, One is small, hut considerably larger than
A. costuleia, and is disinguished from it by being entirely smooth.

The third form is large, and represented by a considerable num-
ber of specimens, Nevertheless, all of them are more or less
imperfect and more study is required before obe can recom-
struet the original characters. Thig form may noct be congenerie
with M, costulata, but wherever it belongs, it is a specles new to
the fauna. .

The o0ld collections contain a species of Cypricardinig ({244
contracta Girty), but nething of the sort has been foungd in the
new ones. On the other bhand, Plewrophorus Wwas not repre-
sented in the old collections, whereas one, and possibly two
Species are found in the new ones. One species is o smali and
elegant form related to P, occidentalis Meek and Hayden, as
usually interpreted. The other is an uncommonly large shell of
doubtful affinities. It may prove not to belong to the genus at
all

Before leaving the pelecypods, mention should be made of a
remarkable genus which, so far as I know, is new to our Ameri-
can later Paleozoic faunas, if not to science, The shell ig
fairly large, the vaives elongated, oblique, and extremely con-
¥ex, lending back to an umbo which js compressed and strongly
prosogyrate. In fact, the valves, taken separately, resemble
one of those platyceroid shells that make only part of a turn
and are narrowly rounded acrossg the anterfor surface. The
only specimen in my collection, however, retains the valves in
articulation and half open, Furthermore, the sarface is mmarked
by fine, faint, regnlar radial lirae,

The scaphopods, which are not found in the old collections,
Occur in one of the new ones in moderate abundance. Cnly
ole specles ig recognized, which attains g rather large size. Tt
is elongated, straight, and gently tapering. ‘The surface seems
to he smooth, or at most marked only by incremental lines. 8o
far as the characters are shown, this might be the species that
I customarily identify as Plagioglypte canna White. Mention
should be made of one remarkable slab in which three of these
specimens occur almost in contact, and directed to g Common
center. Whether they lived in that relation, or were so arranged
by current action, is uncertain,

The fanna as originally described containg the fellowing gas-
tropods: Patelln capitanensis Girty, Pleurotomaria mica Girty,
P. discoidea Girty, P, neglecte Girty, Buconospira obsoleta
Girty, Trochus? 5p., and Zygoplewrq swallowdang (Shurmard),
The absence from this list of any of the hellerophontias is note-
worthy, A few Lellerophontids oceur in the collections recently

.made, but thejr preservation is such that definite generic

assignments are impracticahle,

The pleurptomaroids are mostly small sheils, and their clag-
sification requires more careful study and deliberate considera-
tion than it has been possible to devote to them. Withont
going into details, I may predict that some of the species cited
in Professional Paper 58 do not occur in the new collections,
but that the new collections contain a number ¢f species not
there cited. One specles of this family, however, Euconoapirg
obsoleta Girty, is fairly common, ang may prove to be the type
of 8 new genus. Some of the specimens of it in the new epl-
lections are remarkable for the fact that eolor mazkings are
still preserved on the surface,

The only other gastropods cited from the Capitan in Pro-
fossional Paper 53 are 4 sminall, indeterminable shell, and
Zygopleura swallowiang (Shummrad), a species which was de-
scribed by Skumard, but which T @id not recognize in my ecol-
lections.  No species of Zyyopleyra has been recognized in the
new collections, but they contain a number of genera not heve-
tofore known in this fauna, At one locality, fragments that
belong to Naticopsis, or some closely relateqd genug, belong to
one or more species of relatively huge proportions. Another
collection has furnished one, and possibly two species of
Naticopsia of more moderate size, provideg they are not young
specimens of the larger species. A fragmentary specimen from
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another locality represents an elongate, decply embracing shell,
prohably belonging to the penus Meckospire, and the same 10-
cality has furnished two imperfect specimens of a form that at
first Suggests 4 Very larze, spreading species of Zypoplewra,
whose flat, sloping sides bear coarse, transverse plications. The
pasal surface. however, is flat or even concave, nod the columella
appears to be perforate. The generic position of this eurious
species is uncertain for the shell is in large weasure destroyed.

The trilabites eontinue to be represented by the character-
jstic species -Anisopyge perennulgia (Shumard), which ranges
practically throughout the Guadalupe Mountains section.—
Girty manuseript.

CARLSBAD LIMESTONE

The fauna of the Carlsbad limestone was largely un-
Jnown before the present investigation. One of Girty’s
original collections (No. 2005) may belong to the forma-
tion, but is hardly typical of its fauna as now known.
Another callection, made later by Darton and Reeside *
from near Carlsbad Cave and reported on by Girty, 18
more nearly like the assemblages observed during the
present work, The report that follows is based primar-
ily on three rather large collections made by I, C. Foun-
tain (Nos. 7413, 7416, and 7427, pl. 2), all of which came
from the summits of the Guadalupe Mountains north-
aust of Guadalupe Peak. The manner of preservation
of the fauna has already beeu noted (p. 63).

The Carlsbad fauna has some resemblances to the
Capitan fauna, but the collections reveal marked differ-
ences between them. These differences are more start-
ling because collections from the two formations are
from rocks of approximately the same age, that lie only
o few miles from each other, In particular, as indicated
by Dr. Girty’s report, a number of characteristic later
Paleozoic brachiopod groups and genera are not present,
although they oceur in all the other rocks of the Guada.-
Inpe Mountains section.

Near the Capitan reef, the Carlsbad limestone con-
tains numerous lime-secreting algae, some of which have
been identified by Pia and Johnson. Some of the spe-
cies cited below may have come from the Capitan rather
than the Carlsbad limestone, and Johnson cites a num-
ber that occur in both formations. From collections
near Carlsbad Cavern by G. A. Kreenlein and J. E.
Adams, and from my collections in the southern Guada-
lupe Mountains, Pia lists:

AMizria velebitana Schubert

Maeroporella verticillate Fia
Al caleipore Pia

Solenopora centurionis Pia
Solenapora Sp.
Gymnocodium n, 8.

From collections between Carlshad Cavern and Carls-
bad, Jolmson lists:

Solenopora cenlurionis Pla
Solenopore sp.

Mizzia minute Johnson and Dorr
Mizzia pabei (Karpinsky)
Macroporella sp.7?

Anthracoporella sp,?
Diplopora sp.?
GFirvanclle sp.
Colenclla guadalup-
ensgis Johnson

® Darton, N. H., and Reeside, J. B, Jr., Guadalupe group: Geol. Boe.
Ameriea Bull, vol. 37, pp. 427428, 1926,

79

The pisolites which ocenr abundantly in the Carlsbad
Iiniestone have been mentioned on page 65, and are con-
sidered by some paleontologists to be of algal origin.
They are described as follows by Johnson ; %

As typically developed the “pisolites” are spherical or suab-
spherical with flattened base and top. The average size is
from 0.6 to 1.1 centimeter, and in many deposits they are sur-
prisingly uniform. In very rare cases they grow wuch larger,
and smaller oues also occur. They are formed of thin layers
of material more or less concentrically arranged around 2
puclens. In small “pisolites” and in the central portions of
larger oncs the layers are concentrie, completely enveloping
{loge beneath. As the object becowes larger, however, the
lnyers tend ta envelop the mass only partially, and the “piso-
lites” become flattened and rudely elliptical in cross gection.
The individual layers are seldmmn of uniform thickness. The
irregularity becomes nore pronounced in the outer layers where
they thin out toward the margins. The nucleus may be a small
gustropod, foraminifer, 2 segment of n Dasvcladacae, or a frag-
ment of some other fossil; only rarely is the nuclens of inor-
ganic material.

Microscopie examination shows the layers to be composed of
very Bue particles of caleium earbonate in most cases. Some
gshow a definitely crrstailine siructure. This is considered as
probably secondary since it is best develaped in the outer layers.
Even under bigh magnification no cellular structure could he
definitely observed although vague suggesiions of a Teltlike
mat of Blaments were oceasionally found. A few Girvanelle
tubes were observed in some of the “pisolites”” However,
these were also obgerved in about the same abundance in most
of the other objects studied, go their presence is considered
more or less accidental. ’

In some localities small “pisolites” occdr which show a
structure of fine radiating needle-like crystais with concentric
layers absent or poorly developed. Except for size these are
like the small obilites present in many of the specimens. These
are interpreted as of inorganic -origin.

The pisolites have been variously interpreted. John-
son congiders them of organic origin, whereas Pia be-
lieves they are inorganic. Johnson * states:

The writer believes that the majority of the "pisclites” are
of algal origin, representing caleareous material deposited around
the onter (growing) layers of colonies of low types of blue-green
algae and fine silt and organic debris caught in the puter growing
layers of such colonies. The siructure suggests growth layers
which start as a coating about a small object and grow con-
centrically until the colony becomes large enough to cut off the
light from the basal portion, which, as the mass becomes larger,
is more and more likely to be partly buried in the fne debris.
of the lagoon bottom. It may be that from time to time they
were rolled over hy tides or storm waves or other causes, and.
growth continued on the upper surfaces.

Pia s states:

Johnson (1038) states that he has observed the genus Girve-
aelia in the Carlsbad limestone. I have not seen anything of the-
sort in my material. It seems probable that Johnson has con-
gidered certain pisolites to he Girvanclle, perhaps the snme ones.
that Ruedemann called “‘coralline algae.” The commonest of

% Johnson, J. H., Permian lime-secreting glgae from the Guadalupe-
Mountains, New Mexico : Geol. Soe. America Bull,, vol. 53, p. 213, 1942.

8 Johnson, T. H., op. ¢it, p. 213,

® Pia, J. V., Vorliufige iibersicht der kalkalgen des Perms von
Nordamerikn: Akad. Wiss. Wien, Math-Nateorwiss. KI., Anz., 9.
preprint, June 13, 1940, Traoslation by John Rodgers.
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Camerophorie, which has ranged throughout the many units
of the section, is unrepresented.

Rhynchoneltids still persist, but are reduced in numbers and

variety. 1 recoghize two species, Wellerelln? swallowiane
{Shumard} var. and Cemarotoechia? longgeva {Girty). The
first type is distinguished from ¢ypical Wellerclia? swallowiong
by having two instesd of three plications on the fold, and all
the specimens in the new collections are of this character.
&imilar forms have also been observed in the Capitan limestone.
The second type is identified on the basis of a single, immature
specimen.

Terebrutuloids are uncommonly abundant and diversified.
The following species are tentatively distinguished: Dielazgmalt
soutulatum Girty?, Dielasme sp., Dielasming guadelupensis
Girty, Dielasmina n, sp. ?, Cryptocanthie n. sp., Notothyris? sp.

The entire family of the spiriferoids is nnrepresented.

Composita is represented by two species, or by what one might
tegard as a small-sized and large-sized variety of the same
species, The large form resembles . ovate Mather, as figured’
by Dunbar and Condra,” and may be so identified, The small
form bas the characters of €. mericane (Hall), where the fold
and sinus are strong, and of . argentea (Shepard) (as lden-
tified by Dunbar and Condra), where the fold and sinus are
relatively weak. These shells were found at two localities
and all of those from one locality are of the small species,
and all of those from the other locality of the large species.

Hustedie and Leptodus, both of which have ranged through-
out the section, ond oceur in the Capitan limestone, have not
been recognized in the collections from the Carlsbad.

Among the pelecypods, the genus Parallelodon is represented
by at least two very distinet species. One is large and marked
by very coarse radial eostae, cancellated by strong concentric

lamellae. 'This species is clearly allied to the one designated

as Parollelodon sp. b of the Capitan fauna, if not identieal with
it. The other is smaller and much more finely marked. It
may be identified as P. multistriotus Girty, which was also
found in the Capitan limestone.

The pectenoids, insofar ns hinge structnre is concerned, are
not determinable generieally, and as none is complete as to
outline and few retain more than patches of the shell, they
cannot in some instances be distinguished specifically. For this
reason, there is some doubt whether any of the species in this
fauha are present in the Capitan limestone. On the other hand,
it is certain that some of the Capitan species are not found
here. Again, although none of the specles is sufficiently well
preserved for description, several show enough characteristies
to indicate tbhat they have not yet been described.

In this group, I recognize the following: dcenthopecten n, sp.
(this is not the same as Acanthopecten? sp. of the Capitan fauna,
but is more nearly related to 4. earboniferus Stevens; Fascicu-
loconchu n. sp. (a large form with large costae, which occur in
groups ot three subceostae, a large one in the middie and a small
one on each side, with a still smaller one in the grooves between
the costae) ; dviculopecten sp. a (a large form with moderately
coarse costae, rising abruptly from somewhat narrow striae.
The costae are flat on top, with a somewhat faint median groove,
and all are crossed by fine, strong, regular, closely spaceidd
crenulations). Besides these three sharply defined species,
there are o number of specimens that suggest still other species,
but are toe poorly preserved for their relations to be de-
terminad,

Other pelecypods have been classed as Cempionectes sculp-
tilis Girty, Streblochondria? sp., Pernopecten obtiquus Girty,
Afyaling aff. M. peratienuota dleek and Hayden, Conccardium

® Dypbar, ¢. 0., and Cendra, G. E., Brachicpoda of the Pennsylvanian
system in Nebraska: Nebraska Geol. Burvey Bull. 5, 2d ser., pl. 43,
fig. 14, 1932,
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1. €D Pscudomonotis? sp., Myoconcha sp. a, Myoconcha sp. b,
meophorﬂs aff. . tropideophorus Meek, Cypricardinia aff.
carbaﬂ-ﬂﬂ'“ Aleek, Some of these species have been recognized
in the Capitan fauna ( Pernopecicn obliquus, Myaconche sp.
p and p). Others belong to the salne genera but are different
speciﬁr_'alls’ {Camptonectes and Pleurophorus). Comments
up two of these species may not be out of place. The
Gmmcardium is a rother small form with a very bigh, stout
caring 00 the umbonal swelling. Pseudomonotisf sp. is used for
a single rather small specimen which is nearly flat aud marked
only bY concentric lines and varices of growth. Similar shells
pave sometimes been referred to Placunopsis.

Scaplhopods seem to be rather abundant, but of course are
{ragentary, and mmost of the specimens are internal molds.
They are long, straight, gently tapering shells and where any
surface characters are shown at all they congist only of ob-
gcure, transverse strine. So far as cau be determined this is
the same species that occurs in the Capitan fauna, and that one
I have identifled as Plugioglypte canna 1Vhite.

The gastropods show a wide differentiation, and are uncom-
monly nUMerous, .

Belleroplontid shells are nUMErous, in faect much wore s0
than in the Capitan limestone, but most of them are S0 exfoliated
that their generic relations can only be guessed, Many of them
are of large size, and one may be cited as Bellerophon aff, B.
giganteus worthen, although neither Worthen's type nor the
Guadalupian shell ean be definitely referred to Rcllerophon s 8.
Bucanopsis and Buphemites can be recognized generically, put
the specific relations of the specimens so referved are uncertain,
gave that they prohably belong to gpecies as yet undescribed,

As already mentioned, most of the Guadalupian pleuroio-
maroids are small ghells with fine sculpture. For the detailed
study required to classify them intelligently, I have not yet had
tme. For the most part, therefore, only general'remarks can
gafely be made. Shells of this family are extremely alundant
and, as already poted, mostly small. Many specimens are too
poor for classification. Pleurotomaria richardsoni Girty, and
forms related to it, far outnumber all the other types put to-
gether., Desides P. richerdsoni there are Cwo or three closely
related forms which ean he recognized as disiinet varieties.
Aside from This group there are a considerable wvmber of dis-
tinzuishable species, all probably new, but many of them repre-
sented by material too poor for descriptive purposes. The only
large species, the one that was described in Irofessionat Faper
58 ag Buconospirg obsolcia Girty, is fairly abundant. lts oe-
eurrence in the Capitan fauna bas aireads been noted.

One of the outstanding features of the present fauna is the
development of naticeid shells. One foris which way be desig-
pated as Naticopsis n. sp. &, is notable for it gize. Even Nati-
copsis altonensis gigantea Meek and Worthen looks small beside
it. Nor, indeed, does it belong to the altunensgis group at ail,
as it has regularly rounded whorls and is marked only by fine
incremental lines, The spire is moderately high and the suture
recessed. It resembles somewhat N. mudisenensis Worthen, but
iz more spherical in shape. Another species may be cited as
Naticopsis aff. N. taylorigne Girty. This species is very abund-
ant at one locality and a fow unusually large speeihmens have
been referred to it from apotlier. 1t hag the generai conligura-
tion of N. fayloriana hat is three or four times ag large, foT the
species named is a rather (iminurive shell. The species, how-
ever, is very much smaller than Naticopsis n. sp. n. The foliow-
ing also belong in this group : Naticepsis aff. &, gractllis Bransen
(a shell of moderate size with 4 very low spire}, Naticopsis off.
N. hartii Bell (a rather small, elongated shell, consisting of a few
volutions, of which the last one comprises most of the height),
Naticopsis aff. N, permidng Beede (a species with rather numer-
pus, rounded volutions and a moderately high spire. It is of
the same generhl configuration as Beede's gpecies but differs in
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its surface characters. Al the Guadalngan shiels are withowt
surface markings, except for increentul lines}y. Most, if not all,
of these species are probably uew aund several at least are suf-
ficiently well known for deseription. .

Prachydomie is represented by five gpecies, all probubly new.
Ope is related to T. wheeleri (Swallow), 7. owenii Enight, and
similar forms, but is small, slender, and bigh-spired. Yor au-
other, T know of no closely compurable species. The tlhird way
possibly belong to the genus Turbonifelln, Two may prove to
represent an updescribed genus.  These shells are large and
extramely ornate, with nodes of Jifferent sizes, and in addition
the surface is crossed by fine, sharp, transverse lirae, which
have a very irregular course that follows the nodes decorating
the surface. I have nevel seen any species similar to these
in our Carboniferous faunas, Tlis type ig fairly abundang, but
pecause of its exceedingly rough surface the siell temds to peel
off and leave only internal melds “When ihe specimens have
been sufliciently cleaned from the matrix for close study, it is
not unlikely that they will be classified into more than the two
species here roeorded. -

In addition to the forms already discussed, there are various
other gastropod types in {he Carlsbad. Some of these have not
vet heen dccurately placed as to genera and maay of the species
appear {0 e New | some are represented by gpecimens too poor
fur a description. At present, they may be listed as follows:
Zupopleura of twa or three species, Helicostylus sp., Bulimorpha
et psutis delawarensis Girty, another long and slender specles
of the swue genus, Strobeus? sp., Trachus? 8p., Eotrochusf sp.,
Actisina? sp.. Orthoncma? sp., and Streptacig? of three species.
This List naune is employed for slender, high-spired shells with
rounded. smooth. and slightly embracing volutions, In no in-
stunce has the peculinr ehuracter distinetive of the genus been
ohserved ; in faet, most of the gpecimens are in a poor state
of preservation.

The cephalopods are represented oaly by a fragmentary
“grtheceras,” possibly “0. gnadalupense Girty, and a very
small and doubtful ammenoid. The trilobite, Anisopuge
perminulaie {Shyruard)}, continues to be present, and in one
collection is abundant—Givty manunseript.

I considering the Carlsbad fauna as 2 wlole, and
in comparing it with other faunas of the Guadalupe
Mountains, Dr. Girty makes the following summary :

The tuuna of the Carlsbad limestone offers many contrasts
to that of the Capitan limestone, hut none are more notable
than in the brachiopods. As against neatly G species in the
Capitan, the Carlsbad eontaing but 14, What is more rewnark-
able. the two great groups of later Paleozoie brachiopeds, the
productits and gpiriferoids, are nurepresented. Bloreover, the
geneva Jeekella. ‘honefes, Awlosteges, camerophoria, Hustedie,
and Leptodus are no lenger present, and the rhynchonellids
are reduced in humber. The torms chiefly present helong to
the Orthotetinge and the Terehrntulidae, but Provichihofenia
continues to be fairly abuudant, as it was in the other faunas.

Pelecypods are well represented in both faunas a5 regards va-
rieiy, but they are much more unmerous in the Capiton which
has afforded almoest twice as many species as the Carlsbad.
Some of the species are held in common by the two faunas, but
a number of genera are different, and where the genera are the
same the specics are sometimes different. For instance, under
Camptonectes the Capitan fauna has ¢. asperetus Girty and
C. papillafus Girty, whereas the Carlsbad fauna has O. sculptilie
Girty. Again, in Picurophorus, the Capitan fauna has a species
related to P. occidentalis Meek and Hayden, whereas the Carls-
bad fauna has o species related to P. tropidophorus Meck., As
pur knowledge of the two faunas, which at present is but scat-



tering, becomes more complete, it is not unlikely that some of
these differences will disappear,

If the Capitan fauna has the most pelecypods, the Carlsbad
fauna has the most gastropods, the ratio probably being nearly
two to one. It would not be safe to go into details in this mat-
ter, for the recognition of genera and specles amoeng Paleozole
gastropods requires such rlose study that any details given now
would probably require numerous corrections after the descrip-
tive work was done. It is safe to say that the gastropod fauna
of the Carlsbad is much richer in individuals than the Capitan,
and also is more varied, and that g marked difference in the
pleurctomaroids will be found, and also in the naticoid shells,
especially in the large and beautiful shells at present included
under T'rachydomio.

Neither fauna has any cephalopods to boast of, and the trilo-
bite representation is the same in both.

One more difference between the Carlsbad and Capitan faunas
should not be passed over. The calcisponges, which were diverse
and abundant in the Capitan, are reduced to a single species in
the Carlsbad.—Girty manuseript,

Considerably to the north of the avea treated in this
report, in the Seven Rivers Hills (fig. 2), the Azotea
tongue of the Carlsbad limestone contains o few fos-
sils at localities first discovered by Beede.”” This aren
lay much farther northwest of the Delaware Basin and
Capitan reef zone than any part of the area of this
report, and most of the rocks of tlhe vicinity, belonging
to the Carlsbad and Chalk Bluf formations, are un-
fossiliferous. The fossils that occur are impoverished
in number and variety, and so far as known are not
like those in the Carlsbad limestone farther south.

From a locality on the north side of the Seven Rivers
Hills, 6 miles southwest of Lakewood, N. Mex., which
_ Was originally discovered by Beede, Newel] ** has col-
lected and identified the pelecypods Dozierella gouldis
(Beede) and Plewrophorus albequus Beede. Accord-
ing to Beede, minute gastropods and casts of ostracods
occur at the same place. Beede mentions another lo-
cality 13 miles west of Carlsbad and 5 miles west of
McKittrick Spring, where similar fossils were col-
lected.

This northern fauna of the Carlsbad is of interest
because it closely resembles that of the fossiliferous
beds in the lower part of the Whitehorse group in cen-
tral Texas and southwestern Oklahoma. This relation-
ship was first noted by Beede, and is confirmed by the
two species identified by Newell, which also occur in
the Whitehorse. The correlation suggested by the fos-
sils has been verified by physical methods, on the basis
of subsurface information.

CONDITIONS OF DEPOSITION
EEGIONAL RELATIONS

During upper Guadalupe time strats of three con-
trasting facies were deposited in different parts of the

" Beede, J. W., The correlation of the Guadalupian asnd Kansas
sectiona: Am. Jour. Sci., 4th ser., vol. 30, pp. 135-1386, 1910,

@ Newell, N. D., Invertibrate fauna of the late Permian ‘Whitehorse
sandstone : Geol, Soc. America Bull,, vol. 51, locality 11, pp. 2792180,
1539,

southern Guadalupe Mountainsarea. To the southeast,
in what is now the Delaware Mountains, the Delaware
Basin received deposits of sandstone with a few thin
limestone beds; farther northwest, on the southeast edge
of what is now the Guadalupe Mountains, massive lime-
stone deposits of the Capitan accumulated along the
margin of the basin; a few miles farther northwest,
these gave place to thin-bedded limestones and associ-
ated sandstones of the Carlsbad which wers gpread ex-
tensively over the shelf area (pl. 7, 4).

The boundaries of the three facies, marked by the
places at which the Capitan limestone changes on the
one hand into the Bell Canyon deposits and on the other
hand into the Carlshad deposits, extend in a north-
northeast direction across the area (lines B and £ , fig.
10). Minor, and seemingly unrelated changes have the
same trend so far as they have been traced. Thus, the
change from the fusulinid and pisolite-bearing Carlsbad
limestone into the unfossiliferous, varicolored north-
western facies (line 4 ), and also the changes in the tex-
ture and color of the limestone members of the Bell
Canyon formation (lines F and @) , all take place along
north-northeast-trending lines.

The rocks of the three facies, ench representing ap-
proximately the same interval of time, have very dif-
ferent thicknesses. The Bell Canyon formation is 600
or 700 feet thick, the Capitan limestone and associated
deposits are 1,500 to 2,000 feet thick, and the Carlshad
limestone and associated deposits are 800 to 1,000 feet
thick. The deposits along the margin of the Delaware
Basin were thus much thicker than those on either side,
and the deposits outside the basin were somewhat
thicker than those within it.

In reconstructing the form of these deposits of vari-
ous thicknesses, the same methods have been used as for
the similar deposits of the middle part of the Guadalupe
series. Observations have been made on the structure
of the deposits exposed along escarpments aud canyon
walls where the effects of later deformation can be ac-
counted for, and deductions have been made, from the
nature of the deposits themselves, as to the environ-
ments in which they were laid down.

The present structure of the deposits of the upper
part of the Guadalupe series is shown by the sections on
Plate 17, of which E—E” and K-K’ are particularly in-
structive, because they provide long, continuous views of
the rocks of the unit, the first covering its upper half,
and the second its lower half, Less continuous, but
similar views are shown on the other sections, which
suggest that the relations are the same in the interven-
ing areas. The observations thus obtained are sum-
marized on plate 7, A, which shows the probable ar-
rangement of the rocks as they existed at the close of

ermian time. The probable form of the deposits at
the close of Guadalupe time are shown in section d, plate

B

» B.
The surface of the deposits at the time of deposition
probably consisted of : a broad, shallow sea bottom in




{he chelf area, where the Carlsbad deposits were laid
: downs steep, southeastward slope across the mar-
B .1 area, where the Capitan reef was laid down; and
b Jeep-lying, more or less level floor in the basin itself,
where the Bell Canyon formation was deposited.
B Tye form assumed by the deposits was probably con-
| rolled by the differential subsidence of the area, which
& Jiereby brought about a set of contrasting environments
b of sedimentation. As during the preceding stages, the
b Delaware Basin continued to subside to a greater extent
g .nd more rapidly than the surrounding areas. Sedi-
g entation outside the basin and aloug its margin kept
ace with the subsidence, so that its approximate meas-
ure i3 given by the thickness of the beds laid down there.
© yvithin the basin. where the deposits ave thinner, the
. spflus of sediments was probably slow and the sea floor
g was ot built up to the same Licight as in the surround-
ing areas. At the margin of the Delaware Basin, be-
pween the aveas of greater vl Jess subsidence, the beds
were probably flexed down to the southeast in a similar
manner; but to a less degree, than the beds were during
an earlier period along the Bone Spring flexure.

SANDS OF THE DELAWARE BABIN

The sands in the Bell Canyon formation, which were
laid down in the Delaware Basin, are very fine grained,
with abundant accessory minerals derived from igneous
and metamorphic rocks. The mmaterial must have en-
tered the basin very slowly, as only a small thickness of

greater thickness of contemporaneous deposits outside
the basin, The basin was at this time nearly encircled
by higher-standing, more continuous, purer limestone
deposits than before (fig. 14, B), which probably acted
a5 o barrier and hindered material from being washed
in from the sides. Shorewards from the barrier, how-
ever, some sands were being deposited in the Carlsbad
limestone which are coarser than those in the basin. At
the end of Guadalupe time, deposition of sandstone
ended abruptly; the great thicknesses of the succeeding
Oclioa series contain no embedded clastic material.

The occurrence of coarse sandstones interbedded with
the Carlsbad limestone indicates that clastic material
was being washed into the region from the north, and
it may be that some of this sand was able to reach the
basin through small openings in the surrounding lime-
stone barriers. Where could such openings exist?
The Capitan reef is best known along the outcrops in
the Guadalupe, Apache, and Glass Mountains, and in
the subsurface on the east side of the Delaware Basin
(fig. 3). Here the reef is thick and contains no inter-
bedded sandstone. In these areas, it trends in nearly
straight lines in several directions (fig. 14, B). These
directions may have been controlled by lines of weak-
" ness in the underlying rocks that served to outline the
edges of the basin. Between these straight stretches,
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deposit was laid down there, in comparison with the
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the veef apparently curved from one trend to the other,
with little or no structural control. Such places prob-
ably exist beneath the Salt Basin southwest of the
Guadalupe Mountains, at the entrance to the Sheffield
Channel northeast of the Glass Mountains, and in south-
enstern New Mexico, but their existence cannot be
proved because the reef is comparatively little known in
these areas. Intheareasbetween the straight stretches,
the Capitan deposit may lave been less pure, less con-
tinuous, or dispersed over a wider area. If so, it is at
such places that small openings in the reef existed,
through which sands coming from the north were able
to veach the basin. Tt has been suggested by Adams®
that the sand in the basin is of such fine texture that
it could have been carried there by the wind.

Other possibilities are suggested by the absence of
clastic material in the overlying Ochoa series. Accord-
ing to the interpretation here adopted, limestone bar-
Fers were 1o longer growing around the edge of the
basin during early Ochoa (Castile) time (fig. 14, C),
and any clastic material being washed toward the basin
from the north was free to enter it. As very little
clastic material did enter the basin in Ochoa time, the
Jands to the north from which it was derived In Guada-
lupe time had probably been peneplaned or buried.

The Ochoa series, beginning with the Custile forma-
tion at the base, is dominantly of evaporite facies, and
was probably deposited in water that was partly shut
off from free access to the sea. This closing off prob-
ably resulted from the growth of a barrier across the
conthwestern entrance of the Delaware Basin at the
heginning of Ochoa time (fig. 14, €). If any consid-
erable part of the sands laid down in the basin in
Guadalupe time had come from this direction rather
than from the north, the barrier would have prevented
them from entering during Ochoa time. The same bar-
rier that brought about the deposition of evaporites in
{lie Delaware Basin may, therefore, have caused the end-
ing of sandstone deposition in the same area.

The two discontinuous volcanic ash layers in the
Hegler and Rader members of the Bell Canyon forma-
tion probably had the same source as the more extensive
ash beds in the preceding Manzanita member. This
source was probably in the voleanic area to the south,
in Mexico. The two ash beds in the Bell Canyon indi-
cate less violent eruptions in that area than those of
Manzanita time. . .

Most of the sandstones of the Bell Canyon formation
were deposited in quiet water. They are thinly
laminated, and their bedding surfaces are flat and
cmootl. No channeling is found as in the Cherry
Canyon formation. Shallow ripple marks are seen

# pdams, J. E., 0il pool of open reservOIF typet Am, ASSOC. Petrolenm
Geologists Bull, Tol. 20, p. TEQ, 1936,



occasionally in the lower part of the formation, and
indicate a slight movement of the water, but they are
missing higher up. Somewhat more disturbed condi-
tions existed at the margins of the basin, along the edge
of the Capitan reef mass. Here, the sandstones be-
tween the Rader and Lamar members are somewhat
channeled, and ripple marks are fairly abundant. Pos-
sibly these markings were caused by waves breaking
against the face of the higher-standing Capitan reef,
and by undertow moving down the surface. There was,

’

LIMESTONES OF DELAWARE BASIN

The limestone merbers of the Bell Canyon forma-
tion record times when calcareous material spread
southeastward from the edge of the Capitan mass over
the floor of the Delaware Basin. The members are
tongue-like projections from the Capitan limestone
(pl. 7, 4), but their lithologic character is not like that
of the Capitan. They were probably laid down in a
very different environment,

Near the southeast margin of the Capitan' aren, the

therefore, some movement of water at the bottom near limestones are better bedded than the Capitan. They
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the margin of the Delaware Basin, even though the
water was fairly deep. The ripple marks Liave a north-
eastward trend (fig. 10), indicating that the water
movements that caused them were probab]y alined at
right angles to the face of the northeast-trending Capi-
tan mass, The sands near the edge of the Capitan are
distinetly coarser than those farther southeast, and the
finer matertal was probably picked up near the edge
and carried farther out into the basin by the
undertow.

are of grayer color because they contain small amounts
of bituminous material. Small, lenticular bodies of
massive limestone found in them (fiz. 9) indicate the
occaslonal existence of Capitan-like conditions. Thick
layers of granular limestone that are interbedded seem
to have had a clastic origin, and originally may have
been caleareous sands spread along the lower edgze of the
Capitan reef. Some of the clastic, caleareous material
may have been derived by wave erosion from the face
of the reef itself. The angular pebbles which are com-
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in the Rader member seem to have had such an

- gin. The fossil shells found in the granular lime-
0:01185 are abraded, indicating they lLiad been transported
E

fore they were deposited, and some of them may have

carried in from the Capitan area. This was espe-
aally likely during Lamar time, for shells found in this
ember are nearly all of Capitan species. The Rader
d Pinery members, however, contain & fauna similar

pryoEoans; which are uncommeon in the Capitan itself.
m jndigenous fauna tlius clearly existed at the foot of
-the reet and along the edge of the basin, at least in the
earlier part of Bell Canyon time. The fauna was
qdapted to an environment of fairly deep but perhaps
clear and agitated water along the outer edge of the
higher-standing reef mass.

Qeveral miles southeast of the edge of the Capitan
reef, the light-gray, thick-bedded, granular, abun-
gantly fossiliferous beds disappear from the limestone
members; their place is entirely taken by thin-bedded,
fne-textured, bituminous limestones, of dark gray or
plack color. The boundary between the two faciezs m
Pinery and Lamar time is indicated by lines F and &
in figure 10. The environment in which these lime-
stones were deposited was not as favorable to life as
that to the northwest, and most of the fossil groups
except rhynchonellid brachiopods, fusulinids, and
ammonoids are missing. The ammonolds were prob-
ably free-swimming, rather than bottom-dwelling
forms. Probably the limestones of this area were laid
down in quiet water, a condition which would have
allowed their thin layers to be spread widely and
evenly and wouwd have allowed organic matter to ac-
cumulate faster than it could decay or be destroved by
bacteria. They record brief repetitions of the condi-
tions that prevailed during the deposition of the black
limestone of the Bone Spring.

In the Bell Canyon formation the sandstones and
limestones tend to be repeated in cyclical order. The
eycles resemble those in the upper part of the Cherry
Canyon formation (1. 52). Limestone members are
generally underlain by massive sandstones and overlain
by thin-bedded sandstones (sec. 34, fig. 5). In the sec-
tion near United States Highway No. 62 (sec. 34, pl. 6),
there are b such cycles in the 670-foot thickness of the
formation.

DEPTH OF WATER IN DELAWARE BASIN

During upper Guadalupe time, the sediments of the
Delaware Basin were, on the whole, laid down in quiet
water. This fact suggests that the water may have
been deep, and this inference is confirmed by the rela-
tions of the sediments in the basin to those of the Capi-
tan reef along its margin.

Bedding planes in the Capitan limestone slope south-
eastward toward the deposits of the Delaware Basin

to, bt distiuct from the Capitan, including numerous -
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at angles of 10 to 30 degrees. This slope must have
been largely original in the deposit, because the Capi-
tan is underlain and overlain by well-bedded lime-
stones which either dip at a much lower angle or lie
horizontally. The upper surface of the sloping Capi-
tan beds probably rose nearly to sea level, so that, aside
from the effects of later tilting, the height of their
upper ends above their lower ends, where they merge
witly the deposits of the Delaware Basin, would be the
approximate measure of the depth of water in the
basin at the time of deposition (as snggested on sec-
tiond of pl. 7, B).

The upper surface of the Capitan deposits thus rose
above the deposits of the Delaware Basin much as the
Reef Escarpiment rises above the plains of the Delaware
Mountain area at the present time. Conditions were
not exactly comparable, however, for altlongh the pres-
enit scarp is the exlumed face of the Capitan deposits,
it hias been considerably modified by evosion (fig. 20, B}.
As shown by the dip of the overlying Carlsbad beds (sec-
tions E—E" and I-I’, pl. 17), there has been some soutli-
eastward tilting toward the basin after Capitan time.
The erosion and tiltiug male the present scarp higher
than the aneient Capitan depositional surface.

Estimates of the original difference in altitude be-
tween the upper surface of the Capitan reef and the
sea bottom in the Delaware Basin can be made by trac-
ing some single bedding plane through the Capitan lime-
stone and into the Bell Canyon deposits on such profiles
as sections E—E and K-E’ of plate 17. Correction for
later tilting can be made approximately by asswming
that the overlying, southeast-dipping Carlsbad beds
were Lorizontal at the time of deposition. Such esti-
mates indicate that the Capitan reef gtood 1,000 feet
above the basiu floor in Lamar time (as shown on sec. d,
pl. 7, B). Less conclusive estimates suggest a slightly
smaller figure for early Capitan time. Adams® states
This belief that “in the center of the basin, the bottom
was between 1,500 and 2,400 feet below the level of the
Permian sea” at the end of Guadalupe time. . This be-
lief may be correct, although evidence is not stated.
Under this condition the sea floor in the center of the
basin would have been much deeper than along the
margin, near the base of the Capitan reef.

FORM OF CAPITAN REEF

As shown by its outerops (pl. 3), the Capitan lime- -
stone mass is only a few miles wide, yet it extends north- -
east-southwest in a beit for many miles following the
margin of the Delaware Basin. Southeastward the
mass sloped down steeply toward the equivalent deposits
of the Bell Canyon formation. There was, however, no
corresponding slope toward the northwest. In this
direction, where the Capitan grades iuto the Carlsbad

1 Adams, J. B., 0il peol of open regervolir type:! Am, Assoc. Petrolenm
Geolagists Bull,, vol. 20, p. 789, 1836.
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© deposits, bedding planes extend 2lmost horizontally
from one to the other. The Capitan deposits thus
formed a high-standing, shelf-like limestone reef along
the edge of the Delawnre Basin.2

The southeastward sleping Capitan beds rest on o
foundation ot older rocks that dip at angles of a few
degrees in the same directions. A part of this dip is
of post-Capitan age, because it is shared by the Carlsbad
limestone which overlies the Capitan. A part of it,
however, such as the surface of the (Goat Seep limestone,
probably existed at the beginning of Capitan time. It
was on this southeastward slope of the Goat Seep lime-
stone that the first Capitan deposits were laid down,
evidently because this was g favorable place for the
building up of limestone deposits.

Atany particular time, the surface that received Cap~
itan deposits was narrower than the final width of the
whole mass, as younger parts of both the Capitan and
Carlsbad were deposited farther southeast than the
older parts (pl.7, 4). The width of the mass in Hegler
time is the distarice between the northwest edge of the
well-bedded Hegler limestone, and the southeast edge of
the oldest Carlsbad limestone (lines B and €, figure 10).
This width ranges from 1 to 2 miles. The deposits dur-
ing Lamar time, as seen in McKittrick Canyon, seem to
have had a similar width, but the width cannot be deter-
mined as easily for the intervening stages between Heg-
ler and Lamar time.

The forward growth of the reef is illustrated by the
lines ¢, D, and E on figure 10, which represent its south-
eastern edge during successive stages. Because of its
Torward growth, the edge by Lamar time had advanced
3-miles southeastward from the edge at the beginning
of Capitan deposition, in Hegler time. During the ear-
lier stages (from Hegler to Rader time) the advance
was rapid, but during the later stages (irom Rader
to Lamar time), the edge of the mass remained in about
the same position, and growth was more in an upward
than a forward dirvection. These two directions of
growth, forward and upward, appear to be related to the
rate of subsidence of the area. In order to maintain it-
self, the growing part of the reef had to remain at a
relatively constant depth., Without subsidence, such
depths conld be maintained only by forward growth,
With subsidence, upward growth would be necessary.
The observed relations suggest that the rate of subsi-
dence was less in early Capitan time than in later Capi-
tan time,

In the McKittrick Canyon region, the Capitan con-
tains a number of very massive limestone bodies several
hundred feet thick. . Toward the northwest each one
grades into thin-bedded Carlsbad limestone, and to the
southeast each splits into a number of rudely bedded
layers that slope down to the deposits of the Delaware

?Lloyd, B, R., Capitan lmestone and associated formations: Am,
Assoe, Petroleum Geologists Bull,, vol. 13, pp. 646, 648, 1929, .
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Basin. Each massive body lies farther southeast than

- the one that preceded it, as a result of the forward

growth of the deposit as & whole. The massive bodies
seem to have been accumuletions of rapidly growing
caleareous material. They protected the area to the
northwest of them so well from wave attack that thip.
bedded deposits could be laid down, as in the lagoon of
a modern reef. The sloping beds to the southeast prob-
ably were sheets of detrital limestone spread out in
front of the growing material.

The breccia found at several Pplaces in the Capitan
was probably derived from the breaking up of the slop-
ing face of the deposit. The angular form of the
fragments, their lack of sorting, and the Iack of bedding
in the matrix suggest that the deposit was a submarine
landslip. The irregular surfaces of the bedded lime-
stones on which they rest may have resulted from the
ploughing up of the still unconsolidated sea-bottom
deposits at the foot of the slope by the moving material.
Such landslips probably resuited from the deposition of

limestone on the slope until it reached the angle of rest’

of the material, and a loosening of the material either
by its own weight, or by the force of a great storm or an
earthquake. Because all the occurrences of the brecela
are in beds of about the same age, storms or earthquakes

are the most probable agents because they would affect

the whole region at about the same time.
NATURE AND ORIGIN OF CAPITAN DEFOSITS

Why and how was the Capitan limestone deposited ?
A precise answer cannot be given, because there are a
number of possible causes, one or several of which may
have dominated. Field evidence so far obtained is not
conclusive, and the original structure of the rock in a
large part of the formation has been destroyed by sub-
sequent dolomitization. I assume, Lowever, that the
dolomitized parts of the formation were originally about
the same as the parts that still remain as calcitic lime-
stone.

lime-secreting organisms contributed to the formation
of the rock. Brachiopods, various mollusks, and some
other groups are very abundant in certain beds. These
organisms, however, do not show any special adaptation
to a reef environment, There is not, for example, a
noteworthy abundance of thick-shelled forms that
would thrive in strong currents and pounding waves of
the exposed parts of a reef and would, therefore, con-
tribute a considerable smount of limestone to the de-
posit; instead, the assemblage seems to be n normal
neritic fauna, such as would grow in any region of clear,
shallow water.

I have already noted the observation by H. C. Foun-

tain and me that these fossils occur only in occasional

Ienses and are uot uniformly distributed throughout the
formation. The greater part of the mass of rock con-

From a study of the caleitic limestone, it is clear that
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s little else than the remaing of caleareous sponges,
hich constitute a group that is likely to build up
Jonies i agitated water and malke important contribu-
C?Dns of limestone to the deposit. It may be that the
ore varied assemblages of fossils grew in sheltered

o ressions between the masses of growing sponges.

Other reef-building organisms may have grown with
{he spOnZes; but their nature is not as well known. Ap-

qrently algae were common, for their remains have
been Jescribed by several observers, Moreover, a coll-
siderable amonnt of the fine-textured, featureless mat-
rix of the sponge rock was probably a calcareous mud,
derived from precipitated algal remains that were later
broken up by the waves. Crinoids also may have been
abundant, for their stem segments are scattered through

arts of the sponge rock. Neither corals nor bryozoans,
Jiowever, seem to have been very common.

A1l these different organisms thrive in shallow, agi-
tated water, and therefore, would be likely to find foot-
hold in the shoals on the margins of the Delaware Basin,
such as those formed by the older Goat Seep reef mass.
Tu the basin to the southeast, the sea bottom was too deep
for their growth. In the area to the northwest, the sea
hottom was shallow, but the water was also less dis-
turbed, and probably contained too great a coucentra-
tion of dissolved salts, as is suggested by the change
northwestward of the Carlsbad limestone into the evap-

orites of the Chalk Bluff formation.

The shoals along the margin of the Delaware Basin
werc probably also favorable places for the growth of
Jime-secreting organisms because the waters here were
more nearly saturated with calcium carbonate than
those to the southeast. The waters to the southeast
were deeper, quieter, and perhaps cooler. Those on the
shoals were warm and agitated, and therefore would
cause the amount of dissolved carbon dioxide to be re-
duced, thereby diminishing the solubility of calcium
carbonate Warm water may actually contain less cal-
cium carbonate than cold water. One should not, hos-
ever, confuse concentration of a solution with its degree
of saturation. With increased warmth of the water,
the degree of saturation of caleium carbonate ncreases,
without any increase in concentration. This is largely
determined by the fact that the amount of dissolved
carbon dioxide tends to decrease in warm water. The
concentration of calcium carbonate was probably being
increased by the evaporation of sea water in the area to
the northwest, Under such conditions, the organisms
would find an abundant supply of lime available for
building their skeletons, and the saturation of the water

wonld prevent the skeletons from being leached after
deatl:; thus there would be an abundance of calcareons

remains incorporated in the deposit.

s Twenhofel, W. H., Treatise on sedimentation, p. 321, 2d ed,, Baltl-
more, 1932,
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Sucl conditions would favor the direct precipitation
of caleium carbonate without the aid of organisms. To
what extent this took place is difficult to determine, but
probably part of the mass of the Capitan reef was
built up by inorganic processes.

The dolomitization of large parts of the Capitan
Jimestone probably took place shortly after the sedi-
ments were deposited, in the same manner as it has
taken place in modern reef deposits. That it did not
take place in later times is suggested by the lack of
relation between dolomitic limestones and faults, igne-
ous intrusions, and the present land surface. Chemical
analyses indicate that the amount of magnesium car-
benate does not excced 28 percent—far less than that
contained in the mineral dolomite. The process of
dolomitization thus appears never to have been carried
to completion.

Dolomitization of the limestones of the Capitan
shortly after deposition implies that the chemistry of

-the sea water at the time was such that caleium car-

Lonate was a less stable precipitate than calelum-mag-
nesinm carbonate, This may have resulted from a
saturation of magnesium carbonate in the sea water by
proper conditions of atmospheric temperature and
pressure, or by a concentration of magnesium carbonate
in the water as a result of excessive evaporation.

Johmnson * notes that:

Algae were probably responsible for much if not all the mag-
nesium carbonate present in the dolomite as magnesium is an
eszential constituent in chlorophyll, that green pigment charac-
teristie of plants. * * * The writer believes that the im-
portance of these plants in relation to the origin of dolomite
has not been appreeciated by geologists,

Dolomitization of the limestones shortly after depo-

sition implies that they remained unbaried, or within
reach of the sea water o sufficiently long time for the
caleium carbonate to be converted into the more stable
caleiwn-magmesium carbonate. According to Twen-
hofel.’
it is possible that enrichment in magnesinm e¢zrbonate way be
conneeted with the relation that deposited sediments had to
the base-level of deposition. Calelmu carbonate deposits built
up to this level would be subjected to leaching snd replacement
for a long time, provitded the wuters were not already high in
caleinin earbonate.  This might lead to the formation of a Mag
nesium-rock larer at the top of each layer of sediment.
This relation may explain the irregular interbedding
of dolomitic limestone and calcitic linestone in the Cap-
itan. - The dolomitic beds probably represent deposits
that stood for long periods near the base-level of depo-
sition, at times when subsidence was slow or absent.
The caleitic limestones ave probably deposits laid down
during times of more rapid subsidence, when sediments
were more quickly buried.

R
+ Yohnson, J. H., Permian lime-secreting algae from the Guadalape
Mountalns, New AMexico: Geol. Soc America Bull, vol. 58, p- 213, 1042,
s Twenhofel, W. H., op. cit,, D. 348,
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DEFOSITS OF THE SHELF ARFEA

The shelf area, outside the Delaware Basin and north-

west of the Capitan reef, was apparently a shallow sea,
because layers of the Carlsbad limestone seem to have
been deposited in a lagoonal area at about the same al-
titude as the top of the Capitan reef.- The waters were
apparently quiet because the limestones formed thin,
widely spread layers; perhaps the area was protected
from the force of the waves and currents by the reef
barrier to the southeast. Some movement of the water,
however, is indicated by the parallel orientation of the
fusulinids that occur in many beds. Their dominant
trend is northwestward (fiz. 10). If they acquired
this position by wave motion, the waves must have
trended northeastward, parallel to the edge of the
reef,

The limestone deposits of the shelf aren are generally
dolomitic and apparently of two sorts. Toward the
southeast, near the Capitan reef, they have a granular
texture and contain fossils in moderate abundance;
farther northwest they are dense, lithographic lime-
stones, with no traces of life. Those of the first sort
were probably deposited originally as limestones and
were afterwards diagenetically altered. Those of the
second sort were probably direct chemical precipitates
of dolomite, formed as a result of extreme evaporation
of the sea water, a condition that is proved by the pass-
ing of the deposits into evaporites a short distance
farther northwest. Chemical analyses indicate that
the magnesiun content is higher in this second type than
in the merely diagenetically altered limnestones of either
the Carlsbad or the Capitan. The chemical composi-
tion of the second type approaches that of the mineral
dolomite.

The area extending some miles behind the Capitan
reef was apparently favorable to the existence of some
forms of life. Fusulinids and algae were abundant,
gastropods were common, and some {families of peleey-
pods and brachiopods were present. There is, however,
a notable absence of some groups and families of in-
vertebrates that arve common elsewlere in the rocks of
the mountains, suggesting that they could not exist in
the Carlsbad environment. Farther northwest, the
concentration of dissolved salts in the sea water result-
ing from evaporation was probably =o great that little
o1 no life could exist.

COMPARISON WITH MODERN LIMESTONE REEFS

The Capitan limestone reef, and other reefs in the
west Texas Permian have many resemblances to those
that were built up in tropical seas during the Cenczoic
time, and in part ave still growing in modern tropieal
geas® In these seas, as in those of west Texas during
Capitan time, there are thick acenmulations of lime-
m been deseribed in numerous puldications,  See, for ex-

ample, Davis, W. 3L, The coral reefl problem : Am. Gepg, Sece. Special
Pub. 9, 14928,
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stone, parts of which are elongate reef masses, con-
structed by colonies of corals, calcareous algae, and nu-
merous other lime-secreting organisms. The reefs gen-
erally slope abruptly seaward into deep water and
merge landward into flat-lying lagoonal deposits.

The differences between the modern features and their
ancient Permian counterparts seem to result chiefly
from their respective geographic settings. The modern
features lie mainly along continental margins or on the
slopes of oceanic islands. In nearly all of them the
sea bottom descends to oceanic depths in front, and the
ground surface rises to hilly or mcuntainous heights
behind. In contrast, the Permian features were formed
in a nearly land-locked embayment of the sea, bordered
in part by a low-lying continental surface. One result
is that in the modern examples the lagoonal areas are
relatively narrow, whereas in the Permian examples the
areas corresponding to the lagoons were very broad.
Modern lagoonal deposits are thus deminantly marine,
whereas the Permian deposits include broad sheets of
evaporites and terrigenous clastic sediments.

Possibly the closest modern analog to the Permian
deposits exists in the Bahama Islands, southeast of the
United States” In this region are numerous broad,
flat-topped banks, covered by shallow water and rising
here and there in low islands. These banks slope
abriptly imto tongues, sounds, and channels of water
many thousands of feet deep and are separated by them.
The known surfaces of the banks consist of calcareous
deposits, including limestone reefs, and similar rock
may extend to great depths. A particularly suggestive
comparison can be made between the cul-de-sac of the
Tongue of the Ocean, between Andros and New Provi-
dence Islands, and the Delaware Basin in west Texas.
Unlike west Texas, however, the Bahamas lie a consid-
erahle distance from any marginal lands, and their
deposits probably include little or no clastic terrigenous
sediments,

OCHOA SERIES

Overlying the Guadalupe series is a thick mass of
strata, consisting largely of evaporites, which forms the
Ochoa series® This series 1s exposed in the Gypsum
Plain and Rustler Hills east of the Delaware and Gua-
dalape Mountains (fig. 2}, and only a small thickness of
its basal beds is present in the aren of this report.
{pl. 3). - _

Outcrops of the series were first described by Richard-
son,” who divided the rocks of the series as now known

T Hess, H. 1L, Interpretation of geslogical and geophysical observa-
tiens, The Nuvy-I'rineeton Gravity Expedition te the West Indies in
1932 : U. 8 Hydrogruphic Office, pp. 38-54, 1933.  Schuchert, Charles,
Historleal geology of the Antillean-Caribbean rvegion, pp. §28-540,
New Tovk, 1935,

8 sdams, J. E., and others, Standard Permian section ot North
America : Am. Assoc. Petroloum Geologists Bull,, vol, 23, pp. 1676-1677,
1939.

8 Richatdson, G. B., Report of a reconnaissance in teans-Pecos Texas
nortl of the Texus and Pacific Rallway: Texas Univ, Bull. 23; pp.
4348, 1004,



210 the Cnsti-le aypsum, the Rustler limestone; and a
{her :ndefinite unjt that he termed “the red beds of the
003 vallev.”  The rocks of most of the series tend
0 preak down readily on weathering. Because of this
. qendency and other circumstances, the exposures are less
instmctive th:m_the, records of wells that have been
ri]led through it. Since 1925 many wells have been
drilled down the dip and east of the outcrops. Study
of the Tecords has given a much more complete idea of
(he ceries and its relations than was hitherto availalile
On the basig of this later work, the Ochoa series is now
divided, in ascending ovder, into the Castile, Salado,
Rustler, and Dewey Lake formations. The first unit
is composed mainly of anhydrite, the second contains
Jarge amounts of salt, the third has many limestone beds,
and the fourth consists of red beds. In the Pinal Dome
0il Co., Means No. 1 well, Loving County, 160 miles east
of the Guadalupe Mountains, the serjes is 4,200 feet
thick., Over considerable areas, the Rustler forma-
tion is unconformable on the Salado. Adams™ inter-
rets the relations of the Castile and Salado as uncon-
formable. The series thus comprises two or more sub-
cycles of sedimentation. DBecause of the unconformity
petween the Salado and Rustler, most of the Salado is
missing from the outerop in the Gypsum Plain and
Rustler Hills.

CASTILE FORMATION

DEFINITION

The Castile formation was named by Richardson ™ for
Castile Spring, which issues from the Gypsum Plain
cast of the area studied (fig. 2). On the outcrop, the
formation consists largely of gypsum, an alteration
product of an original deposit of anhydrite. As origi-
nally defined it was bounded above by limestones of the
Rustler formation, but subsequent drilling has indicated
that a great thickness of beds wedge m east of the out-
crop, between the Rustler and the highest exposed
underlying beds of the Castile. These upper beds, few
or none of which crop out, are of evaporite facies like
those beneath, but unlike them, consist dominantly of
salt rather than of anhydrite. '

For a time the upper beds were classed as a member
of the Castile formation* but later the name Salado

1 Lang, W. B., Upper Permian formations of the Delaware Basin of
Texus and Xew Mexico: Am. Assoe. Petroleum Geologists Bull., vol. 19,
pp. 262-270. 1635, Adaws, I. B, 0il pool of gpen reservoir type: Am.
Assoc. Petroleum Geologists Bull., vol, 20, pp. 780-796, 1936. Eroenlein,
G. E., Balt. potash, nnd anhydrite in Castile formatipn of southeast
Wew Mexico: Am. Assec. FPetroleum Geologists Bull, vol. 23, pp.
1682-1692, 1938, Adams, J. E, Upper Permian Ochoa series of Dela-
ware Basin. west Texas and sontheastern New Mexieo: Am. Assoc.
Petroleun Geologists Bull., vol. 28, pp. 1506-1625, 1944,

1 \dams. J. E., Upper Permian Cchoa series of Delaware Basin, west
Texag and southeastern New Mexice: Am. Assoc. Petroleum Geologlists
Bull.. vol. 28, p. 1612, 1944,

» Richurdson, G. B., op. cit, p. 43.

¥ Cartwright, L. D., Transverse gection of Permian basin in west
Texag and sourheast Xew Mexiro: Am. Assoe, Petrolewin Gealogists
Bull, vol. 14, p. 879, 1830.
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formation was proposed for them by Lang* As now
defined, the Castile incindes those beds in the lower part
of the Ochoa series that are confined in their extent to
the Delawure Basin and overlap the sloping surface of
the Capitan limestone along its margins. The Salado
includes higher beds, which oceur both in the basin and
beyond its margins (compare fig. 14, ¢’ and D). As
tlius defined. the Castile is dominantly anhydrite-bear-
ing and the Salado is dominantly salt-bearing, but these
distinctions are not absolute. In places, the Castile
contains beds of salt, and toward the south the salt of
the Salado tends to give place to anhydrite.?

CHARACTER

The Custile formation consists largely of anhydrite,
which js marked thronghout by thin, light and dark
laminae that may be varves® These laminae are best
geen in well cores, but appear also in all reasonably
frosh exposures of the formation, even where the rock
has altered ta gypsum. The light-colored Jaminae are
relutively pure anhydrite; the darker are strongly bi-
tuminous and in many places calcareous. The cal-
careous content increases downward, so that the basal
few feet, while still characteristically laminated, con-
sist more of calcitic limestone than of anhydrite.
Limestone beds a few inches thick are interbedded at
wide intervals higher up. Drill records indicate that
near the center of the Delaware asin the formation
has 2 maximum thickness of between 1,500 and 2,000

feet.
CASTILE OF AREA OF THIS REPORT

Within the area studied, the Castile formation crops
out in small patches, and only the basal beds are pres-
ent (pl. 3). Some small outerops are found in the
northeast part of the area, down the dip from the Bell
Canyon formation, and the formation probably under-
lies wide areas elsewhere that are mantled by Quater-
nary gravels. Omne exposure appears a chort distance
southeast of United States Highway No. 62, on the
north bank of a creek half a mile northeast of bench
marl 4729; two others occur near Big Canyon Draw,
south and northwest of the Gray Ranch. The last
named locality is less than a mile from the base of the
Reef Escarpment.

The formation is exposed also m severil patchies west
of the Delaware Mountains, near the south edge of the
area studied, where it has been downdropped by fault-
ing (sec. D-D’, pl. 3). It iz absent in the Guadalupe
Mountains. :

At all these localities, 25 to 50 feet of the basal beds
of the formation lie on the nppermost beds of the Bell

1 Lang, W. B., op, cit.. DD. 265-267 ; Salndo formation of the Permian
pasin; Am. Assoc. Petroleum Geologists Bull, vol 23, Pp- 1569-1572,
1839 -

15 Kroentein, G. A., ol ¢it., fig. 3, P- 1687.

i 7dden, J. A, Laminated anhydrite in Texas: Geel. Soc. America
Bull., vol. 23, pp. 347-354, 1924,
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Cnnyon formation. At the base are a few feet of dark-
Ky, bituminous, very thinly laminated, calcitic lime-
“one, which emits a strong petroliferous odor when
Several more beds of limestons occur higher
"% whers they are interbedded with laminated gypsum,
I"obubly altered from sn original anhydrite. Some
by |..-c itre contorted into parallel, ripplelike corruzations
“hneh across from erest to crest,

L places, the laminated rock gives place to cavernous,
Boullery masses several feet thick, of rotten, gypsifer-
Ol Iimuslnne, containing angular fragments of lami-

nnh-;l gypsum.  This rock is probably a weathering
I'roduct, ’

Al ek,

esls wore made on a specimen of laminated, gypsif-
“rons, ealeitic limestone from the basal beds of the Cas-
.l |‘Iu formation at the locality northeast of B. M. 4729,
Phe chemical analysis follows:

Anatysis of timestune from the basal beds of the Castile
formation

P\ nalyatn by %, g, Murata ; note on insoluble residue by Charles Milton]

— ' Percent
sl nsoleble. o . 1.25
tesante dnsotable..___________ T 17
Ly, (mestly 1e,08) ______ - __ 13

[NTIRSY ) T o
B e 06, 6
Matwr, . 1 13

Moo, TR e e )
___________ e one
WSOy N 47
oy, — . - ?\:;Jne
95. 84

Lasnlnlite vesidue: Dark lrown, with cherty particles, and
MM etz perhaps of detvital origin,

CASTILE OF GYPSUM PLAIN

”_“' vrups of the Castile formation are much more ex-
|l‘.ns| ve ast of the area mapped. They constitute most
‘1‘: ““‘7 { ;.\‘ljsllm Plain, a broad belt that lies between the

“laware Mountains on the west and the Rustler Hills
"0 the cast (fig. 2). According to Adams,'? some out-
Yops of the overlying Salado formation are present at
the enstorn edge of the plain. “The only Salado out-
CRObsave * % * - diseontinuous, poorly exposed
Patelies of nnbanded gypsum along the main drainage
leuos west of the Rustler Hills, = * = Along
My ot the divides, tongues of the Rustler still lap
Mt eronta the beveled edges of the Castile.” Northwest
*Uthe Gypsum Plain, in the drainage of Black River,
Hear the Reot Escarpment that forms the southeast side
ol the Guadalupe Mountains, the Castile formation is
nu'\st v covered with Quaternary gravels,

. Uhe Gypsum Plain consists of wide, grassy plains
' which vise broad, domelike hills and ridges coated
with vrumbly, white, impure gypsum or gypsite

¥ , . o b -

\Reeves ehalk of soil reports}, which support a scanty
e —
YN, T,

E.. Upper Permian Ochoa series of Delaware DBasin,
Wkt Poaygg

elagtsty 11 And southeastern New Mexieo: Am. Asspe. DPetroleum
sty gl vl 28, p. 1608, 1944.

- the plain in a nearly east-west direction.
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growth of grass®® On aerial photographs, these areas
appear lighter colored than the adjacent outerops of the
Delaware Mountain group and Rustler formation, and
show no bedrock structure,

Drainage in the gypsite hills is generally along shal-
low swales, thinly floored by alluviom. Some of the
larger streams in the plain are entrenched as narrow,
shallow canyons. For some miles on either side of these
canyons, the tributaries are likewise entrenched as steep-
sided arroyos. In parts of the plain, but not every-
where, the surface is dotted with sink hcles, the smallest
covering only a few acres, the largest a square mile or
more. Some of the larger sinks contain intermittem
lakes and receive the drainage of many square miles of
surrounding area,

Rising above the plain are steep-sided gypsum buttes.
Here and there are the features termed “castiles” by
Adams®® They are low mounds, haystack buttes, and
castellate peaks which have a core, a few square feet
to many acres in extent, of limestone and banded cal-
cite. Adams interprets the core as resulting from local-
ized secondary replacement of the original anhydrite
and gypsum. The castiles are prominent features
on the aerial photographs and are widely distributed
over tr~ Gypsum Plain, either singly or in clusters.

One of the most remarkable peculiarities of the Gyp-
sum Plain, as seen in aerial photographs, is a series of
linear features, or long white streaks, extending across
They are
Inown only from the photographs, and have not been
examined by me on the ground. Many of the linear
features seem to be merely lines of coloration, without
much surface relief, but many others form low, straight,
distinet scarps, which offset the drainage, and across
which roads are detoured. In places, pairs of scarps
a quarter or half a mile apart face each other, the lower
ground between being floored with alluvium. Where
the linear features are most numerous and closely
spaced, they tmpart a trellis pattern to the drainage.

The linear features begin on the west at the base of the
formation or top of the Bell Canyon formation, but do
not extend into the Bell Canyon formation (pl. 21).
They extend eastward about halfway across the Gypsum
Plain and fade out in the outerops df the npper part of
the Castile formation before the outcrops of the Rustler
formation are reached. Most single features are two or
three miles long, but some are 10 miles or more long.

These superficial linear features probably resulted
from differential erosion of cemented east-west frac-
tures that have developed in the anhydrites of the Cas-
tile formation. The origin of the fractures is unknown,

* Porch, E. L., The Rustler 8prings sulphur deposits: Texas Univ.
Bull. 1722, pp. 24-25, 1918. Carter, W. T., and others, Seil survey
(reconnaissance) of the trans-Pecos arca, Texns: U, S. Dept., Agr,, ser,
1928, ¥o. 33, p. 30, 1928,

W Adiins, J. E., op. cit.. pp. 1606, 1622,
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4t they seem to be confined to the lower part of the
Gastﬂe formation. )

During the present investigation, outcrops in the

peum Plain were studied in two places outside of the
ares mapped, one along the county road to the Nine K
Ranch, about 4 iles southeast of United States High-
oy No. 62, and the other along the highway not far
portheast of the Texns-New Mexico line, on the south-
west side of the Yeso Hills (fig. 2). The beds in this
region are bhigher in the section than those within the
area studied, and probably lie several hundred feet
above the base of the formation.

A specimen typical of these higher beds was collected
ot the first locality, from the banks of an arroyo just
west of the county road (pl. 10, B). According to R. C.
1¥ells, of the Geological Survey, it consists entirely of
gypsun; not anhydrite; nevertheless, its original strati-
feation is still well preserved. It consists of alternat-
ing light-gray gypsum bands and dark-gray, bitumi-
nous, slightly caleareous bands, cach a few millimeters
ihick. The dark, calcareous bands stand out in low re-
Jief on weathered surfaces. Most of the laminations are
straight and paralle], but in some there is a minute
crenulation not shared by beds above and below. Scat-
tered through the rock are occasional white gypsum
Jmots as much as a quarter of an inch across, around
which the laminae are bent. In describing a well core
Lang * points out similar knots, which he interprets as
“initial points of alteration of anhydrite into gypsum.”
Because of the complete alteration of anhydrite into
gypsum in the outerop specimens, this suggestion cannot
be verified,

At the second locality, the highway, in descending
southwestward from the Yeso Hills, has been cut deeply
into the original surface, so there are road cuts as much
as 40 feet high. In these road cuts the Castile forma-
tion is wonderfully exposed. Most of the rock consists
of thinly laminated gypsum, similar to that just de-
scribed, but at one place there is an interbedded, dense,
gray limestone 6 inches thick. An interesting feature
of this locality is the contortion of the beds, which 1s on
a much larger scale than the crenulations noted at pre-
vious localities, and invalves masses 10 to 50 feet across.
Most of ithe beds lie horizontally or dip gently, but
places they are sharply folded, and here and there they
ave vertical. This contortion may be related to the
linear features described above, as aerial photographs
indicate that some of the linear features extend through
the locality.

HIGHER FORMATIONS OF OCHOA SERIES

The formations overlying the Castile formation are
not, exposed in the area studied, but their character is

2 Tang, W. B, Upper Permian formations of the Delaware Basin of
Texas and New Mexico: Am. Assoc. Petrolenm Geologists Bull., vel. 19,
g 5, p. 267, 1935.
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summarized here, on the basis of published descriptions
of outerops and of drill records farther east.

SALADO FORMATIOR

The Salado may be exposed here and there in the
Gypsum Plain, near the west base of the Rustler Hills,
but most of it is cut out in this region by the uncon-
formity at the base of the Rustler formation. The
Salado exhibits its full thickness east of the outcrops.

The formation contains the thickest beds of salt in the
west Texzas Permian section. They have been referred
to as the “upper” or “main” salt in many of the older
reports on the region. It contains numerous potash
beds, some of which are being mined east of Carlsbad,
X, Mex. (fig. 132 There are some interbedded layers
of anhydrite, and thin ones of dolomitic limestone and
red beds. Scme lamination is present, which is per-
haps comparable to that in the underlying anhydrite of
the Castile, but there are no bituminous layers. Asin-
dicated by the records of wells drilled east of the out-
crops, the maximum thickness of the formation in the
Delaware Basin iz somewhat more than 2,000 feet. In
the shelf areas, north and east of the basin, it is 1,000
feet or less.

RUSTLER FORMATION

Overlying the Salado formation, in places uncon-
formably, is the Rustler formation, which crops out
in the low Rustler Hills (fig. 2). On the outerop, it
consists of dolomitic limestones, containing a few poorly
preserved fossils, underlain by sandstone and chert peb-
ble conglomerate. Eastward beneath the surface, the
dolomitic limestone is overlain by anhydrite, red beds,
and salt, whieh constitute an upper member of the for-
mation. Here, jts maximum thickness is nearly 400
feet. The Rustler formation contains the uppermost
evaporites in the Permian section. Like the Salado,
it was deposited in both the Delaware Basin and the
shelf areas beyond.

DEWEY LAKE RED BEDS

Overlying the Rustler formation east of its outcrop
ave u few hundred feet of red beds, part of which are
classed as of Permian and part of Triassic age. Accord-
ing to Adams ¥ “most of the red beds of the Delaware
Basin previously classed as Permian belong in the
Triassic Pierce Canyon formation. Uppermost Per-
mian red beds, present in a few localities, are assigned
to the Dewey Lake formation.”

The Dewey Lake red beds were named by Page and
Adams * and have their type section in the Midland

21 Mansfield, G. R., and Lang, W. B, The Texas-New Mexzico potast
deposits ; Texus Univ. Bull. 3401, pp. 641-632, 1935,

2 Adams, J. E., op. cit., p- 1601,

2 page, L. R, and Adams, J. E., Stratigraphy, eastern Midland Basin,
Texas; Am. Assoc. Petroleum Geologists Bull,, vel. 24, 1D, §2-03, 1040
Adams, J. B, Upper Permian (chon series of Delaware Basin, west
Texns; Am. Assoc. Petroleum Geologists Bull, vol, 24, pp. 62-83, 1940,
Bull, vol. 28, pp. 1601, 1615-1618, 1944,
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Basin (fig. 3). The Dewey Lake consists of unfossilif-
erous fine-grained, orange-red sandstones and silts,
many of which are cemented by anhydrite. They have
o thickness of 250 to 350 feet and “are separated by an
unconformity that is commonly marked by a zone of
bleaching.” In the Delaware Basin, according to
Adams* “the formation is limited to the structurally
low areas along the east and south edges * * ¥,
and no outcrops are known, Apparently pre-Triassic
erosion stripped the unconsolidated red beds from the
surface of all the higher exposed areas, leaving a Rustler
pavement.”

In southeastern New Mexico, east of the Pecos River,
are many outerops of red beds that overlie the Rustler
formation. They have been penetrated in nearby wells.
The beds are termed the Plerce Canyon formation by
Lang.®® They occupy the same stratigraplic position
as the Dewey Lake red beds and have been correlated
with it by some geologists. Lang, however, considers
the Pierce Canyon to be unconformable on the under-
lying Rustler and conformable with the main mass of
the Dockum group above, and hence of Triassic age, an
interpretation with which Adams ?® agrees,

STRATIGRAPHIC RELATIONS

Within the area of this report, and in the Guadalupe
Mountains in general, Permian rocks belonging to the
Guadalupe and Oclhion series are overlain by Quaternary
gravel deposits, and no intervening formations are
known. On pages 104-105 and 140 it is deduced that
the Permian rocks of the region were at one time
peneplaned, and then covered unconformably by Creta-
ceous rocks, All trace of these Cretaceous rocks has
since been removed by erosion in the Guadalupe Moun-

"tains, but remnants of the Cretaceous still lie on the
Permian farther south in the Rustler Hills and the
"Apache Mountains (for location, see fig. 1).

East of the Pecos River, older Mesozoic deposits in-
tervene between the Permian and the Cretaceous. They
form the Dockum group, of which the Pierce Canyon
red beds are classed as the basal unit. The group con-
tains terrestrial fossils in places ™ and is classed as of
Upper (?) Triassic age by the Geological Survey. As
indicated by the work of Page and Adams,® the Dockum
apparently lies unconformably on the Dewey Lake red
beds.

FOSSILS AND AGE

The Qchoa series is nearly unfossiliferous, probably
because the waters in which it was deposited were so
saturated with dissolved salts that little or no life could
exist in them.

 Adnms, J. E., op. ¢it., p. 1615,

*#* Lang, W. B., The Permian formations of the Pecos valley of New
Mexico and Texas: Am, Assoc. Petroleum Geologists Dull, vol. 21, p.
B78, 1937.

# Adame, J. E., op. cit,, p. 1601.

1 Adiins, W. 8., Mesozoic systems, ia The geology of Texas, vol. 1:
Texas Univ. Bull, 3232, pp. 246247, 1933.

® Pape, L. R., and Adams, J. B, op. ¢it., pD. 82-83.
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The Castile formation contains no fossils, but there
is evidence that life existed somewlere in the vicinity
during its deposition. The calcareous laminge, inter-
calated with its anhydrite laminae, are bituminous and
this material was doubtless derived from marine plants
or animals. They were perhaps forms that swam or
flonted near the surface of the body of water in which
the Castile was deposited, where the concentration of
dissolved salts was less than at the bottom; or, the
bituminous material may have been swept in from areas
of marine water farther south which were poorly con-
nected with the area of Castile deposition.

In the Rustler formation, higher in the section, a few
pelecypods and plants were collected by Richardson*®
They are too poorly preserved to afford much evidence
as to their age, and paleontologists who have studied
them express indecision as to whether they are Paleozoic
or Mesozoic forms.

Because of the lack of fossils, there is no paleontologi-
el evidence as to the age of the Ochoa series. It is of
post-Guadalupe (later Permian} and pre-Dockum (Up-
per () Triassic) age, and may therefore be either late
Permian or Lower to Middle Triassic. A Lower Trias-
sic age has been suggested for it by Roth,® but most
geologists consider it to be of late Permian age, and it
is so classed by the Geological Survey.

This conclusion is based mainly on physical relations,
which suggest that the series is more closely hound to
the underlying than to the overlying beds. In places,
but not everywhere, it is separated from the underlying
Guadalupe series by an unconformity, but the greatest
unconformity appears to be at its top, Leneath the
Dockum group. Moreover, the evaporites, dolomites,
and red beds of the series are very similar to the sedi-
ments of the Guadalupe and older Permian series in the
shelf arens. The deposits in both the Ochoa and older
series were apparently laid down under water, in areas
that were intermittently connected with the sea. The
Dockum group above is likewise of red-bed facies, but
it seems to be entirely a terrestrial deposit, laid down
on river flood plains and in lakes. No evaporites like
those in the underlying rocks are known in it.

CONDITIONS OF DEPOSITION

During the Ochoa epocli, the west Texas region was
dominantly an area of evaporite deposition, although
marine conditions probably persisted farther gouth.
The thickest and most extensive evaporite deposits of
the west Texas Permian were laid down at this time.
Conditions of deposition during the epoch, especially
those concerned with the origin of the evaporites, have

2 Richardson, G. B., Report of a reconnaissance in trans-Pecos Texas,
nocth of the Texas and Paciflc Railway: Texas Univ. Bull, 23, pp- 44-43,

1904,
% Roth, Rebert, Evidence Indicating the limits of Trlassic in Kansas,

Oklahomn, and Texas : Jour. Geology, vol. 20, p. 709, 1843,
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peetl discussed in a number of previous publications.®
Details of the discussions in these papers need not be
repeated here, but a description of some of the broader

aleogeographic features of the epoch, which were not
adequately treated in some of the papers cited is worth
while. Especial attention is given to fentures of the
environment under which the first formation, the Cas-
tile, was deposited.

BEGINNING OF GCHOA TIME

Tn the Delaware Basin, the sandstones of the Bell
Canyon formation, of Guadalupe age, are succeeded
by the anhydrites of the Castile formation, of QOchoa
The change in sedimentation from ihe one to the
other is one of the most abrupt and striking in the west
Texas region, and takes place in an apparently con-
formable sequence, within a few jnches of beds. Marine
condlitions in the basin then came to an end, and with
them, the abundant invertebrate life of the adjacent
Capitan reef.

This change has been discussed by Troentein® who
states that “continued excess of evaporation lowered the
surface water level and associated reef environment to
a point where the accumnlated brine killed life on the
reef. This cansed the death of the reef and closed Cap-
itan time. Further excess of evaporation over marine
inflow resulted in concentration sufficient to deposit
anhydrite and marks the beginning of Castile depo-
sition.”

Tt seems unlikely, however, that conditions described
by Kroenlein could have brought sbout the change in
sedimentation without the aid of other factors. The
effects of Kroenlein’s conditions would have been grad-
ual, whereas the change is actually abrupt.  Moreover,
{hese conditions would not have ended the deposition
of sandstone in the basin, whereas deposition of sand-
stone did end with the beginning of evaporite
deposition.

It is therefore probable that the change in sedimenta-
tion resulted not only from an excess of evaporation over
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inflow, but also fron a shutting off of the sea from free
access to the water of the area, presumably by the
growth of a barrier across the southwestern entrance to
the Delaware Basin (fig. 14, € and 2). South of this
barrier, marine conditions probably continued, and over
it water still flowed gradnally or periodically into the
basin, where 1t evaporated and supplied the great quan-
tity of anhydrite and other evaporites laid down during
Castile time.

The nature and location of this barrier is uncertain.
According to Adams® 4y sand dune ridge, perhaps
made np of caleareous sands and protected by organic
reefs, would be a logical type of barrier to shut off
migration [of sea water] through such channels.
Breaches could be prodneed by storm waves and sealed
off by normal wind action.” The writer * has suggested
that the barrier lay near the south end of the basin, In
the vicinity of Hovey, not far northiwest of the present
Glass Mountains. Adams®* notes that the Castile in
the Seven Heart Gap area of the -southern Delaware
Mountains contains a greater quantity of limestone than
elsewhere, and suggests that an entrance to the basin
may have existed in that vieinity.

GENERAL ENVIRONMENT OF GASTILE TIME

The primary relief on the sea floor during Castile
time was inherited from Guadalupe time, when the Cap-
itan reef was built high above the bottom of the nearby
Delaware Basin, This velief may have been accentu-
ated by still farther subsidence in the basin area during
Castile time. The Carlsbad lumestone in the southern
Guadalupe Mountains dips southeast, probably as a
result of tilting toward the basin in late Permian time
(pp- §5-86) ; similar tilting is reported near Carlsbad
Cavern.®® Published cross sections of the Ochoa series
in the Delaware Basin * indicate that the Castile and
Salado formations as a whole, and each of their indi-
vidual members, increase in thickness tovward the center
of the basin, This increase may in part have been
Lrought about by continued subsidence of the basin area.

The Castile deposits are chemical precipitates, which
could be derived only from water whose concentration
of dissolved salts was greater than that in the open sea.
The concentration was probably caused by evaporation
of water which was prevented from free communication
with the sea by a barrier. Adams® outlined the con-
ditions of deposition of the Castile as follows:

Evaporation of sea water in a restricted container, such ax &
begker, produces a regnlar sequence of precipitares mixed with
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or superposed one upon- the other. In larger, natural, barred
basins, tens or hundreds of miles across, with a single con-
tinuous marine connection, equal evaporation per unit of area
would enuse an inward slope across the evaporating pan and
a consequent continuous migration of the brine from the entrance
to the innermost end of the basin, Iucreasing concentration
during this journey would cause successive precipitation of the
least soluble constitueats in a lateral rather than a vertical
sequence, The normal order of the geologically important evap-
orite sediments is limestone, dolomite, nphydrite, salt, and rare
bitterns, Intermittent marine connections in a sizable basin
should produce deposits similar in distribution to those of the
laboratory experiments. During closed periods evaporation
would lower the surface of the water in the barred basin below
that of the adjacent sea. Upon the breaking down of the bar-
rier great quantities of sea water would rush in to fill the
basin up to sea level. The water would spread over the whole
area and only after it became practically stationary would
evaporation produce any appreciable decrease in volume or
increase in concentration.

The Castile formation seems to fulflll the requirements for
iutermittent marine connections while almost all the other
Permian evaporites appear to have been deposited in barred
basing with nearly continuous marine connections. The Castile
is fairly eonzistent lithologically from boettom to top and from
one end of the basin to the other. It seems that the minor
differences can he most readily explained if we assume, in addi-
tion to the Intermittent matine connections, that the beds were
deposited in waters of greater than normal depth and in a
relatively restricted basin. * * *

Recurrent closing and opening of the barrier would allow
the waters in the basin to he lowered by evaporation or to be
raised by freshening floods. Initially the waters of the Castile
sea were fairly uniform in composition, and because they were
derived from the open sea, salt concentrations would be those
normal to the waters of the Permian oceans, which probably
closely approached those of the present sea. Waters drawn
across the bar would be of the same character and would carry
a normal planktonic fauna. As soon as a solid barrier shut
oft the marine ioflow, evaporation would start decreasing the
volume of the relict waters and this would cause precipitation
of the salts in the reverse order of their solubilities. Increased
concentration would eventually cause the death of most of the
organisms in the barred basin waters.

ORIGIN OF LAMINATIONG

The laminated structure of the Castile formation is
of much interest, and has been discussed by Udden * and
various subsequent authors. The laminae are struec-
tures original in the deposit. In the succeeding Salado
formation there is evidence of extensive replacement
and reconstitution of the originally deposited minerals,
so that much of the original structure of the beds has
been destroyed.® If such processes acted on the Castile
deposits, they were not extensive enough to destroy the
lamination. )

Adams # suggests the following process for the for-
mation of the laminations:

The calcium carbonate precipitated from the surface walers

would be mixed with considerable organic material. On con-
golidation this would produce the hrown caleite laminae so
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typical of the Castile. During the colder season of the year
evaporation would be very slow compared with summer losses,
and the coolness of the atmosphere would tend to cool the water
and increase its power to hold COs in solution. It is, therefore,
probable that the calcite laminae each represent the deposits of
a summer or a portion thereof.

Further evaporation and concentration would cause the pre-
cipitation of gypsum. Upon conseclidation under pressure the
gypsum would be dehydrated to anhydrite. Ordinarily by the
time a fraction of an inch of gypsum had been precipitated, there
would be a new incursion of the sea and the process would be
repeated. This would explain the regular alternation of calcite
and anhydrite laminae. Aa extensive, uninterrupted period of
evaporation would result in the formation of a thick anhydrite.
The next inecursion of the sea would find the surface of the hrine
a greater distance than normal below sea level, and the filling
of the basin would result in a much thicker layer of new water,
most of whieh must be evaporated before £ renewal of gypsum
precipitation could take place.

Studies made by Udden and his associates suggest
that the laminations may be grouped into several still-
greater cycles, possibly related to sunspot cycles, but
the grouping is not perfect, and no very definite results
have been obtained.®’

LATER PARTS OF OCHOA TIME

By the end of Castile time, the deep depression of the
Delaware Basin had been largely filled by deposits, and
the succeeding Salado formation was probably de-
posited in shallower water#® With the filling of the
basin, the area of deposition began to spread beyond
the basin into the surrounding areas (fig. 14, D). This
general spread was partly because of the general sub-
mergence of the region. However, Kroenlein * states
that the Salado deposits pass into a near-shore facies
near the Pecos River, considerably east of the west edge
of the Delaware Basin. He concludes that the area of
deposition was tilted eastward near the beginning of
Salado time, causing the eastern edge of the area to
spread farther east beyond the margin of the Delaware
Basin.

Salado time closed with a period of movement, by
which the formation was tilted, uplifted, and eroded.
In places along the thinned edge of the deposit, erosion
cut deeply enough to remove the whole formation and
lay bare the Castile or other pre-Salado beds. After
this the Rustler and Dewey Lake formations were laid
down. Rustler and Dewey Lake time was probably
shorter than preceding Castile and Salado time, for it
is not represented by ns great a thickness of deposits.

The Rustler formation, which overlapped the eroded
surface of the older beds, is also dominantly of evaporite
facies, and its deposits were laid down over much the

© Udden, J. A., Study of the laminated structure of certain drifl cores
obtained from the Permian rocks of Texas: Carnegie Imst. Washington
Year Dook, vol. 27, p- 363, 1928, .

2 Adams, J. E., Oil pool of open reservoir type: Am, Assoc, Petroleum
Geologists Bull., vol, 20, p. 789, 1936,

4 Kreenlein, G. A., Salt, potash, and anhydrite in Castile formation
of southeast New Mexico: Am. Assoc. Petroleum Geologiata Bull., vol.
23, pp. 1686-1638, 1D35.
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+. g area as those of the Salado. During Rustler time
i arts of the area were covered by dolomitic limestones.

They formed under conditions that permitted the ex-
"ist-ellce of an impoverished pelecypod fauna. The
“aters in which they were laid down were probably of
more normal salinity than elsewhere. Conditions were

ot favorable enough for a rich invertebrate life, like

that of Guadalupe time, to return to the region.

At the end of Rustler time, the supersaline waters in
which the formation as deposited disappeared from
the west Texas region, and whatever access there had
peen to the basin from the open sea came to an end.
The fine-grained red clastics of the Dewey Lake red-
peds were then spread over the preceding evaporite de-
posits. They were probably waslied in from the sur-
rounding marginal lands, most of which by this time
had been worn down to low relief. Dewey Lake time
was relatively brief, and when deposition ceased, the
Ochoa epoch came to an end, and with it the Permian
period.

BROADER FEATURES OF PERMIAN STRATIGRAPHY
STUMMARY OF THE SECTION
THICKNESS

The rocks exposed in and near the southern Guada-
lupe Mountains coustitute a great sequence of Permian
strata, thicker by far than most other Permian sections
in North America. No single set of outcrops, and no
single well, extends through the whole system, but its
approximate measure is indicated by combining incom-
plete sections. Thus, the Wolfeamp (Carboniferous or
Permian) and Leonard series in the Anderson and
Prichard, Borders No. 1 well in the Delaware Mountains
are about 4,500 feet thick (pl.8). The Guadalupe series
in the Niehaus et al., Caldwell No. 1 well, down dip to
the east of the Delaware Mountains, is about 3,500 feet
thick (pl. 6). The Ochon series in the Pinal Dome Oil
Co., Means No. 1 well in Loving County east of the
Pecos River, is about 4,200 feet thick.* Taken to-
gether, these figures indicate & thickness for the Per-
mian system (if the Wolfcamp is included) of more than
12,000 feet. The three wells were drilled in the Dela-
ware Basin area, in which maximum thicknesses are ex-
pected. 1Inthe shelf area to the northwest, outcrop and
well sections ¢ suggest a thickness of 7,000 feet or less.

CHARACTER

The rocks comprising this thickness of 7,000 to 12,000
feet include a great number of facies, deposited in va-
ried environments, with the different facies giving place
to one another both vertically and horizontally. Most

= Lang, W. B, Upper Pertnian formations of the Delavware Basin of
Texns and New Mexico: Am, ASs0C. Petroleum Geolopists Buil,’ vol.
19, pp. 2642690, 1935,

# Brbee, H. P, and others, Detailed cross section from Tates area,
Pecos County, Texas, into aputhenstern New Mexico: Am. Assoe, Petro-
leum Geologists Bull, vol, 15, pl. 2, p. 1038, 1821,
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of the section consists of sedimentary rocks of marine
origin. These rocks are mainly limestones and sand-
stones, but include minor amounts of shale, conglomer-
ate, and chert. Many of them contain abundant inver-
tebrate fossils. In the upper part of the section evap-
orite beds make their appearance, indicating that the
area at that time began to be shut off from free access
to the sea, perhaps because of the general retreat of
the seas from tle continent that characterized Permian
time. The first evaporites in the Guadalupe Mountains
region are found in the (Guadalupe series, where they
oceur only in the shelf areas. In the succeeding Ochoa
series they spread over the entire region.

SUBDIVISIONE

Despite the complexity of the local details of the
stratigraphy, and the interfingering of numerous facies,
certain broad groupings of the Permian rocks are evi-
dent. They are expressed by the subdivision of the se-
quence into the Wolfcamp, Leonard, Gmadalupe, and
Ochoa series. These groupings are of both lithologic
and faunal significance, and represent distinct cycles
of sedimentation.

In the vicinity of the Guadalupe Mountains the four
series just named are separated from one another by
well-marked changes in sedimentation, and in places
by unconformities. A major structural unconformity
separates the Wolfcamp series from the beds below, and
a minor one, perhaps involving some deformation, lies
between the Wolfcamp and Leonard series. Other un-
conformities are present between the Leonard and
(Guadalupe series, and between the Guadalupe and
Ochon series. The last two unconformities seem to have
been caused not so much by deformation as by wide-
spread withdrawals and readvances of the sea. The
unconformities that separate the series are usually
poorly marked or absent in the Delaware Basin area,
but increase in distinctness in the shelf areas, where the
beds above and below are separated by considerable
time gaps. Both the structural unconformities and the
unconformities caused by withdrawals and readvances
of the sea are of more than local significance and are,
therefore, of aid in correlating the Guadalupe Moun-
tains section with sections in adjacent parts of the Mid-
continent and Cordilleran provinces.

Between some of the series, and at the same levels as
the unconformities, there are rather strikking changes
in sedimentation. They are usually most pronounced
in the Delaware Basin area, and less so in the shelf
arens where rocks of similar facies were deposited
through most of the period. One change in sedimenta-
tion took place at the beginning of Guadalupe time,
when the basal sands of the Delaware Mountain group
spread over the black limestones of the Bone Spring.
Another took place at the top of the same series, when
deposition of sandstones of the Delaware Mountain
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group was followed abruptly by deposition of evapo-
rites of the Ochoa series.

TIME SPAN OF GUADALUPE MOUNTAINS SECTION

The thickness of the Permian rocks in the vicinity of
the Guadalupe Mountains is impressive, and suggests
the possibility that Permian time is more or less com-
pletely represented by deposits. Proof of this sugges-
tion, however, must be obtained not from the physical
relations, but from the fossils, and especially from those
fossil groups whose genera have relatively narrow strat-
igraphic ranges and are widely distributed throughout
the world. In this connection, recent studies of ammo-
noids and fusulinids ave of interest, for they permit
comparison of the Guadalnpe Mountains section, not
only with other parts of North America, but also with
the well-known Permian marine sections of Jurope and
Asia. Such comparisons have vecently been made by
Miller,:” Dunbar,* and Miller and Furnish.*

These compavisons suggest that the Guadalupe Moun-
tains section contains a more or less uninterrupted se-
quence upward from the Pennsylvanian, comparable to
that in Russia and other old-world sections. The age
of the highest beds is somewhat uncertain, however,
because of the general absence of fossils in the Ochoa
series, The beds next beneath, in the upper part of
the Guadalupe series, contain the zones of Polydiewo-
dina and 7'¥merites, which are evidently of upper Per-
mian age. No fusulinid zones younger than that of
Polydiexodina are known elsewhere, but an ammonoid
zone, that of ('yelolobus, is considered to be younger
than the zone of Timorites. This genus occurs in the
highest Permian beds of the Salt Range of India, and
also in the Himalayas and Madagascar. Miller and
Furnish suggest that the Ochoa series may be equiva-
lent to the beds containing C'yelolobus. If so, the top
of the Ochoa series reaches nearly, if not quite, to the
top of the Permian as defined.

FAUNAL SUMMARY

GENERAL CHARACTER OF FAUNAS

Tle Leonard and Guadalupe series of the Guadalupe
Mountains contain numerous invertebrvate fossils.
These fossils have considerable diversity from zoue to
zone and facies to facies, but enough genera and species
extend through the whole to give the faunas of the two
series a similar aspect. .

The fiunas of the two series were collectively referred
to us the “Guadaluptan fauna” by Girty ® in his mono-

11 Miller, A. K., Comparison of Permian ammonoid zones of Soviet
_Ruesia with those of North america: Am. Assoe. Petroleam Geologists
Bull,, vol. 22, pp. 1014-1010. 1938,

# Dunbar, C. 0., The type Permian ; ita classifeation and correlation:
Am. Assoe. Petroleum Geologists Bull., vol, 24, pp. 265-273, 1040,

®© Miller, A. K., and Furnish, W. 3. Permian ammonelds of the
Cuadalupe Meuntain regiom nnd adjneent areas: Geol. Soe. Ameriea
Special Paper 26, pp. 24-30, 1940,

% Girty, G. H.,, The Guadalupian fauna: U. 8. Geol. Survey Prof.
Paper 58, 1008,

graplic report and various shorter papers. This term
is not used here because of differences between faunas
of the various zones and because of possible confusion
between the term and the name Guadalupe series, which
is now restricted to a pavt of the section in the Gnada-
Iupe Mountains.

The faunas of the Leonard and Guadalupe series are
definitely of later Paleozoic type, and are not like any
known Triassic fauna. Here, as in the Mississippian
and Pennsylvanion, one finds brachiopods, mollusks,
brvozoans, crinoids, and corals belonging to well-known
later Paleozoic groups. Among the brachiopods, pro-
duetids and spiriferoids abound, and the cephalopods
belong to the same families us those found in the beds
below. As in the Pennsylvaninn the most abundant
Foraminifera are the fusulinids. The faunas compare
favorably with those of the Mississippian and Pennsyl-
vanhian rocks in numerical abundance, in the number of
invertcbrate groups represented, and in the number of
genera and species. In these respects they form a no-
table exception to the general rule that Permian faunas
ave impoverished and marked by the absence of numer-
ous later Iuleozoic families and genera.

Despite the broader resemblances of the Leonard and
Guadalupe faunas to other Paleozoic faunas, in detail
they differ notably from those elsewhere In North
America, either older or contemporaneous. Many
genera extend up from the underlying Pennsylvanian,
and other genera seem to have developed from Pennsyl-
vanian types, but there are few or no species in common.
Some fossils, not clearly related to those below, are prob-
ably migrants from other regions. Among the dis-
tinctive features of the fauna are fusulinids and am-
monoids of larger size and niore complex internal struc-
ture than those of the Pennsylvanian (such as Parafusu-
lina, Polydiexodina, Perrinites, and Medlicotiia). The
brachiopods include specialized genera with high cardi-
nal areas (sucl as Geyerella, Scacehinella, and Prorich-
thofenia), or with other unusual modifications {such as
Leptodus).

RELATION TO OLDER FAUNAS

The change from the Pennsylvanian fauna to the
Leonard fauna begins to be evident in the intervening
Wolfcamp series, or below the level of the rocks ex-
posed in the Guadalupe Mountains. In the Wolfcamp
series, as exposed in trans-Pecos Texas, some of the
Leonard and Guadalupe genera and species (sucl as
Squamularia guadalupensis and Camerophoria ven-
usta) make their first appearance in faunas that are
dominantly of Pennsylvanian aspect. The Wolfcamp
series contains also a distinetive assemblage of fusu-
linids, including the genus Pseudoschwagerina. Many
of the Pennsylvanian genera and most of the species
come to an end at the top of the Wolfeamp series, and
only a few generalized types (such as various species of
Composita) persist. In the succeeding Leonard and

b
;
|



BROADER FEATURES OF PERMIAN STRATIGRAPHY 97

Guadalupe beds, many of the genera and most of the
Species are lew.

B}:LATION TO OTHER PERMIAN FAUNAS OF NORTH AMERICA

Compared with other Permian faunas of the conti-
nent, those of the Leonard and Guadalupe serles are
gistinguished by their diversity and novelty. Many
of the faunas in other areas contain more species allied
to those in the beds helow, and some of them differ from
those below by the disappearance of certain fossil
eroups, and the greater abundance of other groups,
;u-obably as a result of environmental changes. Most
of the faunas in the other areas contain fewer groups
(han are found in the Leonard and Guadalupe faunas,
pl-obably because they were laid down i environnents
that were less favorable to the majority of inverfebrate
eroups.  Thus, faunas in the Cordilleran region (such
s the Kaibab and Phosphoria) contain species of bra-
chiopods that are similar to or identical with those in
the Leonard and Guadalupe series, and the faunas of
the Mid-continent area include ammonocids like those
in the Leonard series. Yet many other fossil groups

associated with these forms in the Guadalupe Moun-

tains fail to exiend into the other two provinces.

Evidenily a marine environment persisted in the
Guadalupe Mountains region that was as congenial to
life as were the seas in other parts of the continent dur-
ing preceding periods. Life continued lere as before,
developing into new forms that impart a distinetive
aspect to the fauna. Elsewhere n the continent more
rigorous conditions set in and species, genera, and even
whole groups disappeaved, leaving behind only those
forms that were able to withstand the new environment.
DISTRIBUTION OF THE TAUNAS OQUTSBIDE TEHE GUADALUPE

MOUNTAINS

The faunas of the Leonard and Guadalupe series have
been recognized in several mountain areas of the trans-
Pecos region south of the Guadalupe Mountains. They
can be traced southward through the Delaware and

Apache Mountains, which form the topographic con- -

tinuation of the Guadalupe Mountains on the south
(fig. 1). and are found again in the Sierra Diablo across
the Salt Basin to the west. . Farther southeast, in the
Glass Mountains, where the Permian rocks rise again
from beneath the Mesozoic and Cenozoic rocks, fossils of
the Leonard and Guadalupe faunas occur abundantly.
Occasional fossils of the same type have been recovered
from well cores farther east. All these occurrences are
in or closely adjacent to the Delaware Basin (fig. 3},
which was a structural and depositional feature extend-
ing across part of the west Texas region during Permian
time. The basin appears to have constituted the head
of an embayment extending northward into the conti-
nent from the open sea.

ZONE FOSSILS

The faunss of the Leonard and Guadalupe series
show both vertical and lateral changes in character,
which have been pointed out in the discussion of the
individual faunas. Many of these changes are cansed
by differences in facies from place to place and time
to time. Some of the vertical differences, however, ap-
pear to result from gradual evolutionary changes in the
character of the organisms with the passage of time.
In all the fossil groups, one finds a record of the appear-
ance, development, and disappearaice of genera and
species in successive beds. Further, guch groups as
the ammonoids and fusulinids seem to have more com-
plex shells in the higher beds than the lower ones,

Some of these features are illustrated by figure 11, 1n
which the lmown occurrences of some fusulinid and
ammonoid genera are plotted on stratigraphic dia-
grams. Equally interesting diagrams no doubt could
e prepared for other invertebrate groups were suffi-
cient data available.

Ammonoids appear to be strongly influenced by the
facies and, except for a few occurrences in the Capitan
limestone, are confined to the Delaware Basin area
(right half of fig. 11, B}. By contrast, the fusulinids
seem to be fairly common in all types of rock (fig. 11,
4).

Many of the genera selected have been interpreted as
closely related to one another, and some of the younger
ones are thought to have developed from the older ones.
Thus, Dunbar and Skinner * suggest that Parafusuling
developed from Schwegering and gave rise in turn to
Polydiewodina. Also, Miller and Furnish * suggest
that Timorites developed from Waagenoceras. The
ranges of some of these genera overlap. Thus,
Schwagerina and Parafusulina both occur in the upper.
part of the Bone Spring limestone (fig. 11, 4), and
Waagenoceras and Timerites both occur in the Bell
Canyon formation (fig. 11, B). By contrast, so far as
known, Parafusuling and Polydiesodina nowhere oceur
together; one is common in the Cherry Canyon forma-
tion, the other in the overlying Bell Canyon
formation.

The lowest fossil zone of the Guadalupe Mountains
cection is in the upper part of the Bone Spring lime-
stone of the Leonard series. Its characteristic fossils
include the fusulinid genus Schwagerina, which first
appears in the nnderlying Wolfcamp series, and does
Lot extend into the overlying Guadalupe series. With
it are older species of Parafusuling, which are smaller
and less highly developed than species of the same
genus in the Guadalupe series above. Amimonoids are
represented by a characteristic group of gpecies of the

& Dyunbar, C. 0., and Skinper, J. W., Permian TMusulinidae of Texas’
Texas Univ. Bull, 3701, p. 581, 1837.

& 3jller, A. K., and Furaish, W. M., Permian ammonotds of the Gua-
dalupe Mountain region and adjacent ateas: Geol, Soc. Americn Bpecial
Peper 26, pp. 28, 174-17%, 1640,
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Frerverp 11.—Stratigraphic diagrams of exposed Parmian rocks of southern Guadalupe Mountains, showing known distribution of two fossil

groups. 4, Fusulinids (note their occurrence in all types

genera Peritrochia, Texoceras, and Paraceltites; and by
the genus Perrinites. The latter is rare in the Guada-
lupe Mountains, but very common in other west Texas
sections; neither here nor elsewhere does it oceur in
beds younger than the Leonard. The brachiopods in-
clude a number of species not found in lower or higher
beds, such as Productus svesi Newberry, P. leonardensis
King, and Knfeletes liumbonus King. The collections
suggest that many of the characteristic brachiopods
disappear in the highest part of the zcne, or Cutoff
shuly member,

The second fossil zone lies in the lower part of the
Guadalupe series, or Brushy Canyon formation. The
information yielded by this unit is disappointing be-
cause many invertebrate groups are poorly represented
or ahsent. Little is therefore known of the nature of
the transition from the Leonard fauna to the Guadalupe
fauna. So far as is known, however, the fauna of this
zone more closely resembles those of higher rather than
of lower zones. Thus, the fusulinids are all large,
highly developed species of the genus Parafusulina,
quite distinct from those in the Leonard series but iden-
tical with those in the lower part of the middle of the

of rocks) ; B, Ammonoids {(note their relation to rvork facies),

(uadalupe series. Also, the small brachioped fauna
contains none of the characteristic Leonard forins but
contains instead such species as Chonetes subliratus
Girty, Productus capitanensis Girty, P. wordensis King,
P. indentatus Girty, and P. popei opimus Girty, that
characterize the higher parts of the Guadalupe series.

The third fossil zone occupies the middle part of the
(Guadalupe series, or the Cherry Canyon and Goat Seep
formations and associated beds, Here facies are so well
differentiated that faunas in the different members of
the Cherry Canyon formation differ notably from one
another and also from the fauna of the Goat Seep lime-
stone. HMowever, all the faunas taken together consti-
tute a relatively well characterized assemblage that dif-
fers notably from that of the Leonard series, and has
many differences from that of the upper part of the
Guadalupe series.

The Cherry Canyon formation contains the youngest
representatives of the fusulinid Parafusuling, the
species in the lower part being the same as those in the
underlying Brushy Canyon formation. It contains
ammonoids at several horizons, but only the South
Wells limestone member in the upper part contains




 part of the Guadalupe series.
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diagnostic genera, such as Waagenoceras. The Get-
gway limestone member and Goat Seep limestone con-
gain considerable numbers of sponges, -which fore-
ghadow their stil] greater development in the overlying
Capitan limestone.

The brachiopods, although similar to the few that are
|nown iR the underlying Brushy Canyon formation, are
notably different from those in the Leonard series be-
peath but have many resemblances to those in the upper
There are, for example,
species of Productus, Aulosteges, and Spirifer that are
qbsent from lower horizons ( Productus pileolus Shum-
ard, I popei Shumard, Aulosteges guadalupensis
ghumard, Spirifer suleifer Shumard, S. pseudocam=

. eratus Girty and Spirifering billingsi Shumard). Simi-

Jar velations are found in the rhynchonellid group.
The greater abundance and diversity of the terchratu-
loids foreshadows the conditions of later Guadalupe
time. An cxception to the general rule is the genus
Enteletes, which is an abundant and characteristic genus
in the underlying Leonard, Wolfcamp, and older
faunas. It occurs in the Goat Seep limestone but is
apparently near the upper limit of its range, for it is
absent from the higher beds. Tn his report on the faunas

- of the middle part of the Guadalupe series, Dr. Girty

compares many of the brachiopod aud mollusk species
with speeies in Permian formations of the Cordilleran
Tegion.

The fourth fossil zone in the Guadalupe Mountains
section occupies the upper part of the Guadalupe series,
or Bell Canyon, Capitan, and Carlsbad formations.
Here, as in the third fossil zone, faunal facles are
marked, but here again, the sum of the faunas is a dis-
tinctive and characteristic assemblage.

The faunas of the zone all contain the complex, highly
developed fusulinid genus Polydiexodina, and are thus
readily distinguishable from those of the middle part of
the Guadalupe series, which contain Parafusuling.
The ammonoids are less distinctive. The most abund-
ant genus is Waagenoceras, which ig also characteristic
of the underlying South Wells fauna. With it, how-
ever, at oue locality,is 7’ smorites,a genus that s believed
to have developed out of Waagenoceras. Xenaspis is
encountered for the first time, and is of interest because
it also occurs high in the Permian sections in Asia.

The brachiopods inelude many species in common
with those in the middle part of the Guadalupe series,
but some are more abundant here than below. There
are, however, some new species, such as Chonetes per-
mianus Shumard, Productus latidorsutus Girty, P.
pileolus Shumard, and P. limbatus Girty. Terebratu-
loids arve very common, especially in the Capitan and
Carlsbad formations, but Enteletes is no longer present.
Tt may be significant that in his reports on the faunas
of the zone Dr. Girty makes no comparisons with specles
of other regions, as he did for the middle Guadalupe
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faunas. The upper Guadalupe faunas may be younger
than the Permian faunas of other regions, or there may
have been no longer any marine connection between
them,

With the upper Guadalupe faunas, the definite fossil
record of the Permian of the area comes toanend. The
fow fossils and evidences of life in the overlying Ochoa
series are too meager to permit one to trace the develop-
ment of invertebrate life through them.

PACIES FOSBILS

Faunal facies are a marked feature of the Permian
faunas of the Guadalupe Mountains. The most im-
portant differentiations in facies depend on the posi-
tion of the faunas in relation to the Delaware Basin.
Faunas in the basin differ from those in the reef deposits .
on the margin. In upper Guadalupe time, a third
facies may be recognized in the back-reef Carlsbad beds
deposited in the shelf area. Another type of facles
Qifferentiation is found 1n successive beds in the Dela-
ware Basin sequence and probably depends on changes
in the depth of water that took place there from time to
time.

Differences 1n facies are expressed mainly by varia-
tions in the abundance of certain groups, genera, and
species. Some groups are exceedingly abundant in one
facies, and entirely absent in others. By contrast, a
few groups, such as the fusulinids, appear to continue
unchanged in number through nearly all types of de-
posits in the area.

The facies that developed in the Delaware Basin, 1n
its extreme form, is characterized by an abundance of
ammonoids and rhynchonellid prachiopods, and by the
bsence of most other groups. Some of the forms were
bottom-dwellers that were able to persist in an environ-
ment of deep, stagnant water; others were swimmers oT
floaters whose shells sank to the bottom after death.
Faunas of this type characterize the Delaware Basin
area during Leonard time, during part of middle Guad-
alupe time (South Wells member), and during upper
Guadalupe time. During lower Guadalupe time, and
part of middle Guadalupe time, however, the facies are
comewhat different, owing perhiaps to decrease in depth
and increase in agitation of the water in the basin area.
During this interval, the fpunas are much more diversi-
fied in the basin ; there is a great increase in the numbers
of pelecypods and gastropods; and many more groups
of brachiopods are represented.

The reef or marginal facies is characterized by a gen-
eral abundance of brachiopods, pelecypods, gnd gastro-
pods, of a sort that thrive in clear, shallow waters. In
this respect it resembles the normal neritic facies of
other later Paleozoic systems. This condition appears
to be the cause of the occurrence of Enteletes in the Goat
Seep limestone, but not in the contemporaneous Cherry
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Canyon formation; ®* and of Meeckella in the Capitan
limestone but not in the contemporaneons Bell Canyon
formation. The same condition applies to the produe-
tids and spirifers that are numerically so much more
abundant in the Victorio Peak gray member of the Bone
Spring limestone than in the equivalent black limestone,
and to the spiriferoids Martinia and Squamularia that
are common in the Capitan. In addition to these fea-
tures, some of the deposits (especially the Capitan)
contain true reef-building forms, such as sponges and
algae. TIn the field, their numerical abundance is far
more inpressive than is the diversity of genera and
species, :

In the upper part of the Guadalupe series, a more or
less distinct subfacies may be recognized in the lime-
stone members of the Bell Canyon formation along the
base of the Capitan reef. This subfacies differs
markedly from the facies in the Delaware Basin that
characterizes the same limestone membevs farther
southeast and is much more lile the Capitan reef facies,
It differs from the Capitan reef facies, however, in the
greater abundance of bryozoans, in the presence of
brachiopod and mollusk species not found in the Capi-
tan, in its lack of sponges, and in the absence of some
Capitan species belonging to other groups.

One of the most striking changes in faunal facies in
the area takes place between the Capitan reef and the
back-reef or Carlsbad deposits. In the back-reef facies
gastropods greatly increase in numbers, but sponges
nearly disappear and brachiopods are greatly reduced
in numbers. Moreover, numerous important brachio-
pod families and genera (such as the productids and
spiriferoids) that characterize most otler later Paleo-
zoie faunas are abseut from the Carlsbad, although they
occur in the Capitan deposits only a few miles away.

CORRELATION OF GUADALUPE MOUNTAINS SECTION
WITH PERMIAN ROCKS OF OTHER REGIONS

Correlation of the Permian rocks of the Guadalupe
Mountains section with the Permian rocks of other re-
gions involves many difficulties because of the extreme
variations in lithologic features and faunas in the Per-
mian rocks. Correlation of the Guadalupe Mountains
section with other sections in the Delaware and Marfa
Basins is more successful than with sections in other
regions because fossils of the same general facies are
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abundant throughout the two basins, and because the
physical histories of the different parts were similar.

Correlation of the Guadalupe Mountains section, and
others in the Delaware and Marfa Basins, with sections
to the northwest and northeast is more difficult, because
many fossil groups drop out, and many changes in lith-
ologic character take place in these directions. For
such purposes, however, the Guadalupe Mountains sec-
tion is strategically located. Toward the northeast
the formations of the Guadalupe Mountains pass be-
neath the surface but can be recognized in many wells.
From snch wells, their correlatives can be traced north-
eastward by subsurface methods into the outerops of
the Mid-continent area. Toward the northwest, beds
can be traced on the surface into the central New Mexico
sequernce.

Questions of correlation have been discussed in some
detail in another paper * and need not be repeated here.
The conclusions given in that paper are summarized on
the correlation chart, figure 12. It should be recognized
that any correlation chart of the Permian prepared at
this stage can be only tentative, and can represent only
one of a number of possible interpretations. This
chart is no exception. Various other correlations have
been proposed, both recently and in the past.** To the
writer, the correlations given on the chart appear to be
the most satisfactory, but they are subject to modifica-
tion as new evidence is obtained,

PALEOGEOGRAFHY

The geologic history of Permian time in the southern
Guadalupe Mountains has been described and inter-
preted in earlier parts of the text (pp. 24-95). The
geologic record in this area is probably of more than
local significance, and may resemble that of considerable
areas in the Delaware Basin and its margins. How-
ever, in other parts of the region of Permian deposition
in the southwestern United States different conditions
prevailed. The general paleogeography of this large
region of Permian deposition has been discussed in
other papers,” and is not repeated here. It is sum-
marized in the paleogeographic maps on figures 13 and
14, which illustrate the relations during Permian time
of the southern Guadalupe Mountains area to the
larger region of which it formed a part.

MESOQZOIC ERA

No record of Mesozoic time now remains in the rocks
of the southern Guadalupe Mountains, although at one
time the aren was probably covered at least by Cre-
taceous sediments. Some deductions regarding Meso-
zole time, however, can be made from tectonic features
and land forms in the southern Guadalupe Mountains

# Compare King, P. B., Limestone reefs in the Leonard and Hess
formations of trans-Pecos Texas: Am., Jour. Sei., Oth ser., wol. 24, pp,
350-351, 1932,

and from the Mesozoic rocks in nearby arveas. They
are mentioned in other places in this paper, and illus-
trated by some of the figures.

 Hing, P. B, Permiah of west Texas and southeastern New Mexico !
Am. Assoc. Petroleum Geologists Bull, vol. 28, pp. 664-711, pl. 2, 1942,

“For a notahly different recent interpretation gee Skinner, J. W.,
Correlation of Permian of west Texzs and southeast Xew Mexico: Am.
Assoc. Petrolenm Geologists Bull., wol. 30, pp. 1857-15874, 1946

% Hing, P. B., op. cit,, pp. T11-T43. Hills, J, M., Rhythm of Permian
seas, a paleogrographic study: Am. Asspc, Petroleum Geologists Hull,
vol. 2§, pp. 217245, 1542,
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The relations of the Mesozoic rocks of the Guadalupe Mountains, which may be the now exhumed surface on
Mountains region to the Permian rocks are discussed which the Cretaceous sediments were once deposited,

on pages 105-108 and are illustrated in figure 15, B, isdescribed and interpreted on pp. 139-140, and is illus-
An ancient peneplain on the summits of the Guadalupe trated on plates 18 and 22.
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TERTIARY IGNEOUS ROCKS

The trans-Pecos mountain area was the scene of much Both the lavas and sedimentary rocks are penetrated
igneous activity during early Tertiary time. Great by a host of small to large intrusive masses, some of
sheets of lava were spread over the Davis Mountains which are far removed from the Davis Mountains vol-
and adjacent areas, across a surface of Cretaceous and  canic field. In the Guadalupe Mountains region, how- -
older rocks (for location of Davis Mountains, see fig. 1). ever, little record remains of these events, and very




TERTIARY IGNEOUS ROCKS

103

AREA COUERED]
BY THIS REPORT 4

AREA COVERED
&Y THIS REFORT

LOWER OCHOA TIME o

MIDDLE OCHOA TIME

200 Miles

Limestone, thick- to thin-bedded,

1 n Sandstone, fine- to coarse-grained,
caicitic of delomitic

including some conglomerate

Low lands, or areas of
unknown character

Boundaries between facies: dashed

dotted where indefinite or poorly
determined

Fi¢URE 14 —Paleogeographic maps of western Texas during Permian time.

EXPLANATION

Red beds, in part shaly,
in part sandy :

whare definite or well determined;

Salt, mainly halite, some patash
salts and anhydrite

|

Flexures in rocks dealt with;
in part refated to deposition,
triangles on down-dip side

Anhydrite, including some limestane,
5

ait, and red beds

Limestone reefs; triangle
on fore-reef side

4, Middle Guadalupe time; B, upper Guaddlupe time ; O, lower

Ochoa (Castile) time; D), middle Ochoa (Salado} time.

little igneous activity took place there. One small in-
trusive plug was found within the area studied, and
only a few have been found glsewhere in the mountains.

This plug, discovered by H. C. Fountain, is situated
in the Delaware Mountains, in 2 small ravine half a
mile north of Lamar Canyon and 134 miles east of the
junction of Cherry and Lamar Canyons (pl. 3). It
forms a Jow ridge several hundred feet long, and cuts
sandstones not far above the level of the Rader limestone
member of the Bell Canyon formation, The sandstones
have been tilted, baked, and silicified for about 10 feet
“from the edge of the plug. The rock itself is light gray
and aphanitic and is probably a trachyte.

There is possibly another, still buried intrusive in the
Guadalupe Mountains beneath the northeast slope of
Lost Peak (pl. 3). Here, at the prospect known as
the Calumet and Texas Mine, the Carlsbad limestone

‘has been replaced by copper, lead, zinc, and iron min-

erals, which probably emanated from an igneous source
beneath, '

Northeast of the area studied, in the northeast part
of T. 26 S., R. 24 E., Eddy County, New Mexico, a dike
of igneous rock cuts the anhydrites of the Castile for-
mation. I have not visited this locality, and know
nothing of the character of the rock.
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TECTONICS

Guadalupe Peak, the highest summit of the (uada-
lupe Mountains, lies at the crest of their wedge-shaped
southern end (fig. 2). From its top, one may on clear
days look out over a large section of the trans-Pecos
region of Texas and New Mexico, to a horizon 100 miles
or more away. One’s most lasting memory of the view
from the peak is the contrast that it reveals between the
country to the east and to the west. .

Eastward the mountains descend in a long slope to
the Pecos River, 50 miles away, whose valley may be
seen as a dark band in the distance. On the sky line
beyond the river is the white rim of the Llano Estacado;
there are no more mountains in this direction (fig. 1).
As the eye scans the land on the neaver side of the river,
diverse elements in the sloping surface of the mountains
become evident, which may be distinguished by their
form, color, and height. To the south are tle flat-
topped, brown, desolate ridges of the Delaware Moun-
tains, standing several thousand feet lower than the
peak. East of them, down the slope, are the gray,
rounded hills of the Gypsun Plain (fig. 2). XNorth-
eastward -are the much higher, sharper ridges of the
Guadalupe Mountains, with white limestone ledges here
and there, interspersed with darker patches of forest.

Erosion has left its mark over the whole sloping sur-
face. The Dzlaware Mountains and Gypsum Plain
are penetrated by an intricate network of water courses,
and the Guadalupe Mountains are trenched by steep-
sided canyons. The dip of the rocks on the sloping sur-
face appears to be gentle and wnbroken. In the Dela-
ware Mountains, one can distinguish thin, straight,
bedding planes, inclined at a Tow angle to the east.

Toward the west, the observer finds a Iand of entirely
different aspect. He is standing on the edge of a preci-
pice, of which the peak is the highest point, and looks
out, not over plains and plateaus, but over an expanse of
varied, irregularly placed mountain ranges and inter-
vening desert basins. The effects of erosion are not as
impressive as toward the east. The mountain sides are
gashed by many short, steep water courses, but the eye
fails to distinguish any canyons penetrating deeply into
the mountains. In the desert basins, instead of long
drainage lines and a network of tributaries, one sees o
host of alkaline flats and ephemeral lakes, whose white
crusts gleam in the sun.  One notes also the steep-sided,
rectilinear edges of the mountain ranges, and the oc-
castonal outerops of tilted strata. One infers that the
land to the west may derive its form more from the
raising and lowering of blocks of the earth’s erust than
from the wearing down of the basins between the
mountains.

Toward the west, the gently sloping surface of the
Guadalupe and Delaware Mountains breaks off
abruptly in a west-facing escarpment. The precipice
on the west side of Guadalupe Peak forms the local

rim of the escarpment. Below it, the declivity con-
tinues across steep rock slopes, and then over more
gently sloping alluvial aprons, which extend out into
the Salt Basin, the desert basin that flanks the escarp-
ment on the west. The precipice ends a short distance
south of the peak in the monolithic rock of El Capitan,
but the steep slopes below continue southward along the
same trend in a steplike escarpment that forms the
western edge of the Delaware Mountains. The outer
ends of the rock spurs of the escarpment meet the al-
Iuvial apron along an even base line, as though they
had been outlined by faults.

Projecting from the alluvial apron, between the base
of the escarpment and the floor of the Salt Basin, are
occasional low ridges, whose conspicuous ledges indi-
cate that they are islands of bedrock, not quite engulfed
by alluvium. The color and texture of the outerops
leads one to suspect that the ridges are composed of
essentially the same rocks as those in the Guadalupe
and Delaware Mountains. Many of the ridges are
cuestas whose steep faces are toward the east, indjeat-
ing that the strata dip more steeply here than in the
mountains, and that the dip is in a reverse direction,
or westward toward the basin.

Viewed from the peak, the Guadalupe and Delaware
Mountains are thus seen to be a great asymmetrical
block of the earth’s crust, elongated north and south,
with a gentle slope on the east and a steep escarpment
on the west. Apparently the block has been uplifted,
the uplift having been sufficiently recent for the sur-
face form to reflect rather well the underlying struc-
ture. It is therefore probably of Cenozoic age. The
uplift appears to lave tilted the east side of the block
but to have faulted off its western side, leaving a nar-
row, downthrown flank, remnants of which project here
and there from the alluvial apron to the west. Bast of
the Guadalupe and Delaware Mountains, the rocks flat-
ten out beneath the Llano Estacado, but to the west,
to judge from the ranges in view from the peak, are
other, similar, faulted uplifts, '

TECTONIC FEATURES OLDER THAN THE UPLIFT OF
THE MOUNTAINS

The strata of the Guadalupe and Delaware Moun-
tains ave tilted eastward, away from the crest of the
mountain uplift with a dip sufficiently low to produce
plateaulike and cuestalike land forms. The faults that
fringe the base of the west-facing escarpment of the
mountains lie parallel to the north-south elongation of
the uplift. These relations suggest that the tilting and
faulting of the rocks are features related to the uplift
of the mountain area and that the uplifted rocks had
hitherto been little disturbed.

Detailed study of the Guadalupe Mountains and ad-
jacent ranges, however, indicates that the region was
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_ disturbed several times, in various degrees of intensity,
~ pefore the mountains were uplifted in their present
form. The effects of three of these earlier disturbances

(during the late Carboniferous, during the Permian,

and during the early Mesozoic) are suggested by figures
15 and 16.

FEATURES OF PRE-PERMIAN AGE

The oldest known tectonic features near the Guada-
lupe Mountains are displayed in the pre-Cambrian
rocks exposed in the south part of the Sierra Diablo
(shown by special patterns on figure 15, 4, and plate
21). These fealures have been summarized in another
paper; " their strikes are suggested on plate 21. The
pre-Cambrian rocks ave exposed over too small an area
for much to be learned about their regional pattern
or their relation to later tectonic features.

The nexst important tectonic features are of late Penn-
sylvanian, pre-Wolfcamp age. They are widely ex-
posed in the Sierra Diablo, and some evidence regard-
ing them can be obtained from wells drilled near the
Guadalupe Mountains. The nature of the features is
suggested by figure 16, B, which.is a paleogeologic map
of the surface on which the Wolfcamp series was depos-
ited. As indicated by this map, the Sierra Diablo area
was uplifted, faulted, and deeply eroded before Wolf-
camp time, but the Guadalupe Mountains area was lit-
tle disturbed. Of special interest are the west-north-
westward trending faults and belts of outcrop in the
Sierra Diablo, which lie parallel to younger tectonic
features described below.

FEATCRES OF PERMIAN AGE

The Permian rocks of the Guadalupe Mountains, the

Sierra Diablo, and nearby ranges contain a number of

features, partly of depositional and partly of tectonic

origin, that are apparently of Permian age. The fea-
tures in the southern Guadalupe Mountains have been
described in the chapter on Permian stratigraphy (pp-
18-86) and ave illustrated in the sections on plate 17.
Their regional relations are summarized in figure 186,
4, which is a map showing the positions of monoclinal
flexures and reef zones i the Permian rocks and their
relation to the northwest part of the Delaware Basin.
One of the features, the Bone Spring flexure, is ex-
posed in the southern Guadalupe Mountains, and is
overlain by the Goat Seep and Capitan reefs, of Guada-
lupe age, which form zones with the same northeast-
ward trend. Two other features, the Babb and Victorio
flexures, are exposed in the Sierra Diablo and trend
west-northwest. Through parts of their courses, these
floxures are followed by reefs of Leonard age. To the
east, in the Apache Mountains, a reef zone is formed by
the Capitan limestone which likewise trends west-

¥ King, P. B, Older rocks of the Van Horn region, Texas: Am. Assoc.
Petrolenm Geologlsts Bull., vol. 24, pp. 145151, 1940.
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northwest. On the Victorio flexure exposures extend
into the basement rocks, and these basement beds are

- flexed downward in the same manper as the younger

beds.

All threc flexures appear to have been in existence
during the deposition of the Permian rocks that now
cover them. Not only are they followed by Permian
reef zones of the same trend, but the deposits on the
lower sides, seem to have been laid down in deeper water
than those on the upper sides. Moreover, on the Bone
Spring flexure, the Delaware Mountain group overlaps
the Bone Spring limestone; near the Babb flexure the
Bone Spring overlaps the Hueco limestone ; and on the
Victorio flexure the Bone Spring contains conglom-
erates apparently derived from the Hueco. The flex-
ures apparently outlined the margins of the northwest
part of the Delaware Basin, which was an area of sub-
sidence in Permian time. Perhaps they were caused by
deformation along local lines of wealkness during the
sinking of the crust in the basin area. |

The flexures and reef zones of Termian age are
crossed by the dominant later tectonic trends; those 1n
the Guadalupe Mountains are eut cleanly by the younger
north-northwestward trending faults and are unrelated
to them or other tectonic features. Those in the Sierra
Diablo, however, ave parallel to prominent sets of west-
northwestward trending faults and joints, as shown on
plate 21.  As indicated by figure 16, B, this trend was
already in existence during the late Pennsylvanian, pre-
Wolfeamp disturbance.

FEATURES OF EARLY MESQZOIC AGE

Further disturbances probably took place in post-
Permian and pre-Cretaceous time. At any rate, the
Cretaceous rocks that uve extensively exposed south of
the Gnadalupe Mountains lie on variety of Permian
formations, and in the southern Sierra Diablo they over-
lap onto the pre-Cambrian formations. These relations
are shown on figure 15, B, which s s paleogeologic map
of the surface on which the Cretaceous rocks were de-
posited. The map is partly hypothetical, in that the
Cretaceous s now missing entirely in some areas, such
as the Guadalupe Mountains. It was assumed thot the
summit peneplain that bevels the rocks of the Guadalupe
Mountains was approximately the surface on which the
Cretaceous sediments were once deposited.

The features shown on figure 15, B, are largely a ve-
flection of those of Permian time, as may be seen by
comparison with figure 16, 4. The semicircular outline
of the Delaware Basin is still evident, and also the posi-
tive area of the southern Sierra Diablo. This persist-
ence raises a question as to what extent the features
shown on figure 15, B, were merely formed by pene-
planation of Permian and older Faleozoic features.
Positive areas of Paleozoic time were covered by
thinner sequences of deposits than the negative areas,
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hence early Mesozoic erosion penetrated the older rocks
more readily in those places than in others. Most of
the features shown on figure 16, B, could therefore have
been formed by erosion of Paleozoic structural features
during the early Mesozoic, without the aid of any early
Mesozoic movement. Some movement during early
Mesozoic time, however, is suggested by the fault indi-
cated on the north side of the pre-Cambrian inlier in
the southern Sierra Diablo.

Whatever their cause, the early Mesozoic features
have had an important influence on the aspect of the
modern mountain ranges. As indicated by the west-
ward overlap of the Cretaceous, which lies on the Ochoa
series to the east and in places on the pre-Cambrian to
the west, the dip away from the east flank of the Guada-
lupe and Delaware Mountains uplift is in part of pre-
Cretaceous age. Further, the Guadalupe Mountains
now stand several thousand feet higher than the Sierra
Diablo, yet they expose only later Permian rocks, where-
as the latter exposes older Permian, older Paleczoic,
and pre-Cambrian rocks. Structure contours drawn on
the top of the pre-Cambrian indicate that the pre-Cam-
brian * in the south part of the Sierra Diablo stands
higher than in any other ares in trans-Pecos Texas.
Most of this uplift resulted from the greater structural
height of the Sierra Diablo in early Mesozoic time, for
the range was not uplifted as much as the Guadalupe
Mountains in Cenozoic time. Similar conclusions were
reached by Adams.®®

FEATURES OF EARLY CENOZOIC AGE

The Permian rocks now exposed in the Guadalupe
Mountains had a broadly warped structure by Creta-
ceous time. A fterwards, as shown on figure 15, 4, and
plate 21, they were broken into tilted fault blocks, The
close relation of the fault blocks to the present topogra-
phy suggests that most of the post-Cretaceouns disturb-
ance took place in later Cenozoic time, which implies
that the region was little deformed during early Ceno-
zoie time.

Some movements probably took place in early Ceno-
zoic time, however, for alsewhere in the Cordilleran
province, even nearby in trans-Pecos Texas, there were
important disturbances during this period. Cretaceous
rocks that were closely folded and overthrust during
the early Cenozoic crop out, for example, in Devil Ridge,
about 70 miles southwest of the Guadalupe Mountains,
(shown in the southwest corner of pl. 21).* These
rocks are a part of a larger area of deformed rocks

® Moss, R. G., Buried pre-Cambrian surfase in the United States:
Geol. Soc, America Buil, vol. 47, pl, 4, p, 948, and p. 959, 19%4.

® Adams, J. E., Highest structural peint In Texas: Am. Asso. Petro-
leum Geologists Bull, vol. 28, pp, 562-564, 1944,

® 8mith, J. F., Stratigraphy and structure of the Devi] Ridge aren,
Texas: Geol. Soc. Americn Bull, vol. 51, pp. 620-638, 1940,

that includes the Malone, Quitman, and Eagle Moun-
tains (fig. 1).%

In southern trans-Pecos Texas, there appear to have
been at least two early Cenozoic movements, one older
and the other younger than such volcanic rocks as are
found in the Davis Mountains area. The volcanics
have been shown by plant and vertebrate fossils to be
of Eocena and Qligocene age.”® The older movement
therefore took place in late Cretaceous or early Tertiary
time, and corresponds to the Laramide movements of
other parts of the Cordilleran province. The younger
movement took place in post-Oligocene time, and per-
haps in the mid-Tertiary, because the folded rocks are
cut by normal faults that are presumably of late Ter-
tiary age.’

1f disturbances took place in the Guadalupe Moun-
tains during these epochs, they were of small magnitude.
Broadly considered, the total result of all the Cenozoic
movements in the area studied is not great. If most of
the movements are of later Cenozoic age, those of early
Cenozoic age were only a small fraction of the whole.

TRECTONIC FEATURES RELATED T0 THE UPLIFT OF
THE MOUNTAINS

FORM OF THE UPLIFT
GENERAL RELATIONS

The area studied is a typical part of the uplifted block

of the Guadalupe and Delaware Mountains, whose

broader features have already been noted in the view
from Guadalupe Peak. It includes a segment of the
crest of the uplift ebout 18 miles long, and extends 12
miles east and 7 miles west from the crest.

The bronder tectonic features of the area are sug-
gested by the topography, for the higher paits of the
area are those which have been uplifted, and the lower
parts are those which have been depressed. The origi-
nal form of the uplift, however, has been considerably
modified by surface agencies. The higher parts have
been worn away by erosion, and the lower parts have
been more or less filled by alluvial deposits.

The tectonic features are shown by the four sections
on plate 3, and by the contour lines on the tectonic map
(pl. 20). The contours have been drawn on the base of

o Baker, C. L., Explotatory geclogy of a part of southwestern trans-
Pecoa Texas: Texas Univ. Ball. 2743, pp. 4447, 1927 Baler, C. L.,
Struetura) geology of trans-Pecos Texas, in the geolegy of Texas, vol. 2:
Texas Univ. Bull. 3401, pp. 201203, 1935. Albritton, C. C., Strati-
graphy and structure of the Malone Mountaing, Texas @ Geol, Soc. Amer-
ica Bull., vol. 49, pp, 1801-1804, 1938, Huffingten, R. M, Geology of
the northern Quitman Mountains, trans-Pecod Texns: Geol. Soc, Amer-
ica Bull, vol 54, pp. 937~1048, 1943.

@ Berry, E. W., An Bocene flora from trang-Pecos Texas: U. 5. Geol.
Survey Prof. Paper 125, pp. 1-9, 1921. Sellards, H. H.,.Adkins, W, 8,
and Plummner, F. B., The gecology of Texas, vol. 1, stratigraphy : Texns
Univ. Bull. 3232, p. 805, 1933.

@ King, P. B., Outline of structural development of trans-Pecos
Texas : Am. Assae. Petroleum Geologists Bull,, vol. 19, pp. 251-252, 1934,

P Rl

i




the middle part of the Guadalupe series—that is, on the
contact between the Cherry Canyon and Brushy Canyon
formations of the Delaware Mountain group to the
southeast and on the contact between the sandstone
tongue of the Cherry Canyon formation and the Bone
Spring limestone to the northwest. This key horizon
Jies near the middle of the exposed section, or above the
prominently flexed lower beds and below the irvegular
reef deposits of the younger beds. Contours drawn on
it thus show mainly the warping and faulting associ-
ated with the uplift of the mountains. Most of the
features of Permian age are eliminated, except possibly
the mild flexing of the latter part of the period.

As shown by the contours, the strata rise from a low
position at the east and west edges of the area studied
to a high position near the center. The altitude of the
base of the middle part of the Guadalupe series at the
enst edge of the aren is 3,000 feet above sea level, and
near the west edge is 2,000 feet. Near the center of the
area, not far north of Guadalupe Peak, it rises to more
than 6,750 feet above sea level. The crest of the uplift
extends north and south from this place along the es-
carpment at the west edge of the Guadalupe and Dela-
ware Mountains.

The simple, archlike form suggested by these figures
is greatly complicated by faulting. The rocks along
the crest and western flank of the uplift in a belt about
10 miles wide, are broken by numerous faults whose
general trend is parallel to that of the crest. East of
the belt, as shown by wide exposures, the rocks are not
faulted. The west edge of the fault belt is not known,
as the bedrock on this side is overlapped by the alluvial
deposits of the Salt Basin. From the latitude of
Guadalupe Peak southward, the crest of the uplift is
fanked by one of several faults, here called the Border
fault zone because the faults serve to outline the western
border of the mountains. In a narrow belt on the west,
or downthrown side of the zone, the key horizon sinks
to 2,500 feet above sea level, or to about its altitude at
the east and west edges of the area mapped.

CREST AND EASTERN FLAKK

Within the area studied, the crest of the Guadalupe
and Delaware Mountain uplift lies at the western edge
of the mountains, and along the east side of the Border
fault zone, Its highest point is a short distance north
of Guadalupe Peak, where the altitude of the key hori-
zon is more than 6,750 feet above sea level (pl. 20).
Here the rocks are bent into a half dome, convex to the
east. Northward and southward along the crest the
altitude of the key horizon sinks to a little more than
5,000 feet,

The halt dome may have its origin n movements
older than the faulting, for its crest lies near the upper
end of the Bonme Spring flexure, of Permian age.
Other, less-definite, much-faulted, high-standing areas
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to the northeast and southwest may lie on the extension
of the same older tectonic trend. There is alzo a vague
suggestion of northeast-trending cross-folds to the
south. This, the low point on one fault block is likely
to be adjacent to the low point on the next block, al-
though it has a different structural height. Further,
on the unfaulted eastern flank of the uplift, local varia-
tions may be observed in the angle of dip and direction
of strike. Most of them are too small to influence the
trend and spacing of the contour lines, but in the vi-
cinity of Frijole Post (ffice there is more pronounced
warping, which apparently has a northeast trend.

East of the crest of the uplift the strata dip at an
angle of 2° or 3° east-northeast, or at the rate of about
050 feet per mile. (Some of these tilted strata appear
in the foreground of plate 4, A.) The continuity of the
slope is much disturbed by faults for about 4 miles east
of the Border fault zone, but farther east it extends un-
broken past the edge of the area studied, and far beyond
to the eastern base of the uplift along the Pecos River
(pl. 21).

The faults that disturb the strata in the 4-mile belt
east of the Border fault zone have straight or gently
curved traces which trend generally north-northwest,
parallel to the crest of the uplift (pl. 20). Most of
them are of small displacement, and many are down-
thrown westward. Through most of the area studied,
the easternmost faults of the group are a part of the
feature here called the Lost Peak fault zone, which pur-
sues a remarkably straight, north-northwestward course
across the area, and makes a sharp separation between
the faulted tract to the west and the undisturbed tract to
the east (as shown in section D-D, pl. 3).

Within the faulted belt one large tract in which there
are no faults stands out prominently. It ishere named
the Guadalupe Peak horst, from the peak that lies near
its center. The horst is about 9 miles long and 2 to 3
miles wide, and is elongate north-northwestward.
Within it is the half dome that is the highest part of
the uplift. It includes the highest mountains of the
area, carved from the Capitan limestone and associated
formations. ‘The horst is bounded on the west by the
Border fault zone and on the north and east by smaller
faults, all of which are downthrown away from it. To
the southeast, it is not bounded by 2 single fault, but
is penetrated by numerous, small, north-northwestward
trending minor faults that die out northwards in the
horst. ' .

The areal relations of the Guadelupe Peak horst may
be seen on the two geologic maps, plates 3 and 20. On
the latter, note the greater structural height of the horst
than its surroundings, as indicated by the contours.
An idea of the structure of the horst may be gained
from section B-B’, plate 3, although this seetion crosses
its southern end where the continuity of the strata is

interrupted in the middle by a pair of minor_faults.
The topographic features o the horst, including the
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lofty cliffs and peaks of limestone, can be seen on plates
1 and 5, 4 (as viewed from the south) and plate 5, B
(as viewed from the west).

Between the Guadalupe Peak horst and the Lost Peak
fault zone at the eastern edge of the faulted belt is a
graben, or strip of downfaulted rocks, as much as 135
miles wide and cut by several minor faults. North of
the horst the graben is followed by the north-draining
depression of West Dog Canyon. South of the horst
it forms the Getaway graben. Near Getaway Gap,
from which the graben is named, the downfaulted rocks
have been carved into a prominent, longitudinal topo-
graphic depression.

The areal relations of the graben are shown on plates
3 and 20. On the former, note the outliers of the Bell
Canyon formation slong it in the south part of the area,
far to the west of their normal position on the east
flank of the mountains. On the latter, note how its
structurally low position in relation to its surronndings
is indicatec}{ by the contours. For the structure of the
graben, see sections A-A’ and D-D’, plate 3, in each of
which it appears to the left of the Lost Peak fault zone.

Near the north edge of the area studied, a large fault
appears east of the Lost Peak fault zone, and continues
northward into New Mexico along the east side of Dog
Cunyon. The fault trends north-northeast in this area,
but to the north, in New Mexico, it curves to a northerly,
or even o north-niorthwesterly course (pl. 21). In New
Mexico it and the associated faults, here called the Dog
Canyon fault zone, form the eastern brundary of the
faulted belt; the crest of the uplift lies along their
eastern side. To the west, in the depression drained
by Dog Canyon and in the somewhat higher Brokeoft
Mountains beyond, the rocks are structurally lower, and
are faulted into many narrow slices. Some of the fault
slices of the Brokeoff Mountains extend southward, west
of the Lost Peak fault zone, into the area studied. In
this direction, the strata rise toward the Guadalupe
Peak horst, which bounds the fault slices on the south.

The Dog Canyon fanlt zone extends for only a few
miles into the area covered by the two geologle maps,
plates 3 and 20, Its structure in this segment is shown
on section 4-A’, plate 3. For its extension northward
into New Mexico, see the regional tectonic map, plate
91. Compare this with the topographic relations
sliown on figure 2, where the position of the zone is sug-
gested by a west-facing escarpment that extends north-
ward from El Paso Gap. For a view of the region
crossed by the Dog Canyon fault zone, see the panorama,
plate 14, A, where the escarpment above noted stands
out prominently in the middle distance. On figure 2,

note also the topography of the Brokeofl Mountains,
which reflects the structure to o large degree.

BORDER FAULT ZONE

Beginning somewhat north of the latitude of Guada-
lupe Peak, and extending southward, the crest of the
Guadalupe and Delaware Mountains uplift is broken
off on the west by the Border fault zone. The faults

of the zone drop the strata westward from 2,000 to ~

4,000 feet. In places, as west of Guadalupe Peak, the
fault separates the uplifted bedrock on the east from
alluvial deposits that cover the depressed rocks on the
west ; in places the alluvium covers the trace of the fault
itself; elsewhere, as in the Delaware Mountains, the
fault separates uplifted rocks from downfaulted, much
disturbed rocks, which crop out in low hills to the west.

The displacement on the zone is especially well re-
vealed for several miles northwest of the point where
it is crossed by United States Highway No. 62. Here,
one may stand on ledges of downfaulted rocks near the

fault and, looking northward, see the same beds project-.

ing from the slopes of Guadalupe Peak and El Capitan,
2,000 feet higher.

The areal relations of the Border fault zone are shown
on the two geologic maps, plates 3 and 20. On the for-
mer, the displacement on the zone is suggested by the
relatively young Permian rocks which project through
the alluvium to the west of it, as compared with the
relatively old rocks on its east side. The displacement
is more strikingly shown on the accompanying struc-
ture sections B_B’, -C’, and D-D’, and by means of
structure contours on plate 20. For a view of an ex-
posure of one of the faults in the zone, see plate 14, B,
wlere the Bone Spring limestone is upfaulted against
older Quaternary gravel deposits. The displacement

~ of the gravel in this vicinity 1s relatively slight, as com-

pared with that in the underlying bedrock, as is shown
on figure 17, B.

The exposures north of United States Highway No.
62 may be seen on plate 5, 4. ‘Those of the downfaulted
rocks, ineluding formatious of the Delaware Mountain
group, {ringe the outer bench of the escarEment below
Pine Top Mountain, and the same beds in the upfaulted
block form the slopes below El Capitan, a little to the
left.

At most places the large displacement of the rocks
along the zone takes place along o single fault. None
of these single faults is continuous along the entire
course of the zone, and the greatest break lies now to the
east and now to the west of its general north-northwest-
ward course, Unlike the smaller faults to the east, the
faults of the Border zone trend in highly varying direc-
tions. Some are straight, others curved, some trend
north-northwest, and others east of north. Some of the
offset parts of the zone are connected by west-northwest
trending faults. The zone bends to the west around the
Guadalupe Peak horst, whose western side projects as
2 blunt salient into the downfaulted area beyond.

CUTOFF MOUNTAIN AREA

A mile or so north of the latitude of Guadalupe Peak,
the Border fault zone passes into the interior of the
mountains, and near the north end of the Guadalupe
Peak horst splits into several branches, no one of which
has a large displacement. The Ligh escarpment that
rises east of the Border fault persists northward to the
northwest corner of the horst, but fades out beyond.

e AR T

s



TECTONICS

The bedrock west of the zone in the latitude of Guada-
lupe Peak is mostly covered by alluvium, but it rises
northward into low mountains that fringe the western
base of the high escarpment. here the high escarp-
ment fades out, the low mountains themselves form the
edge of the Guadalupe range. They are a part of the
Brokeoff Mountains, which are better developed to the
north, in New Mexico. Their highest summit within
the area studied is Cutoffi Mountain.

These relations can be seen on the panorama, plate 3,
B, a view of the Guadalupe Mountains from the west,
but the features shown on it should be compared with
their appearance on the two maps, plates 3 and 20. On
plate 5, B, note the high escarpment that rises east of the
Border fault, which extends north from El Capitan to
the Blue Ridge, beyond which it disappears. Below
and in front of it, note the foothills of downfaulted
rock, which to the south (as near point 4909) are low
and discontinuous, but to the north (as near points 5284
and 6305} stand in high ridges. The Cutofl Mountain
section is to the north (left) of the Blue Ridge. To see
the difference in structure between this segment of the
escarpment and that farther south, compare sections

A~A" and B-5’, plate 3.

Near Cutoff Mountain, and elsewhere in this area, the
rocks bend over from a mearly horizontal position on
the rim of the mountains to an inclined position on the
face of the escarpment, and at the base dip beneath the
alluvial deposits of the Salt Basin. The beds on the
face of the escarpment dip as steeply as 45°, and many
of the resistant layers are carved into dip slopes (such
as those below point 5443, pl. 5, B). The inclined beds
are crossed diagonally by interlacing, northwest-trend-
ing faults of small displacement, many of which are
downthrown to the northeast in the opposite direction
to the dip of the beds. Each fault originates to the
southeast as a branch of the Border zone and disappears
to the northwest by passing under the alluvial deposits
beyond the escarpment. The escarpment in this area
is thus bordered by no single fault, and has been out-
lined more by flexing than by faulting.

WESTERN FOOTHILL AREA

South of the latitude of Guadalupe Peak and west of
the Border fault zone the bed rock projects in many low
foothill ridges. The ridges are surrounded and sep-
arated by alluvial deposits, and the structure is less
easy to decipher than in the mountains to the east where
the exposures are continuous. Some of the alluvial
cover is thin, but in places it has apparently been de-
posited to a considerable thickness in deeply depressed
fault blocks. The highest foothills are southwest of
Guadalupe Peak, where the Capitan and associated
limestones form the steep-sided ridges of the Patierson
Hills, Southeast of the Patterson Hills the foothillsare
lower, but more beeause they are composed of poorly
resistant sandstones (Delaware Mountain group) than
because of any diminution in their structural height.

~fault zone.
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The rocks of the foothill area are the same as those
that form the mountaing to the east, but they have been
depressed to a much lower position. They dip gen-
erally west-southwest at an angle of about 15°, but in
some places they dip at angles as low as 5° or as high as
45°. In general, the older rocks of the succession lie
to the east and the younger rocks to the west, in harmony
with the prevailing dip. Along United States High-
way No. 62 the first rocks seen west of the Border fault
zone are thus the prominently exposed, massive sand-
stones of the Brushy Canyon formation, tilted west-
ward, away from the mountains. Farther west the
higher rocks of the succession are encountered, such as
the Capitan limestone, end are seen to dip in the same
direction until they pass beneath the alluvial deposits of
the Salt Basin beyond. One thus receives the impres-
sion at first that the rocks of the Delaware and Guada-
lupe Mountains bend over to the west as a great fold,
with little or no faulting,® but this iinpression is modi-
fied by further study. Older rocks are found in the
foothills considerably west of their anticipated posi-
tions, and younger rocks are found clese to the Border
Closely adjacent exposures are discovered
that cousist of rocks many hundreds of feet apart
stratigraphically. It is thus clear that the structure
of the foothill area is greatly complicated by faulting.

For the areal relations of the foothill zone, see the
two geologic maps, plates 3 and 20. Note ou the former
the disconnected nature of the exposures of Permian
rocks, and the extensive areas of alluvium. Note also
that the same beds are exposed in the area as in the
mountains to the east, but in more confused, less regular
order. On plate 20, the structure contours show that
the beds stand at a much lower height than in the moun-
tains. :

The panorama, plate 3, 4, shows the rocks of the foot-
hill area that are exposed near United States Highway
No. 62. The Border fault zone follows the bench at
the foot of the mountains in the middle distance, in the
center and right-hand parts of the view. Note that the
rocks beyond it are either horizontal or dip gently to
the east (right), whereas those on the nearer side, pro-
jecting in oecasional hills, dip more steeply to the west
(left). The apparent anticlinal structure is sug-
gested by the outerops designated by letter symbols on
the view, such as those of the Brushy Canyon formation
near the Border faoult and of the Capitan limestone far-
ther west, in the Patterson Hills. Note, however, that
one outcrop of Bell Canyon formation is indicated close
to the Border fault, which suggests that the relations are -
more complicated. The true strueture of the nearby
hills is shown in section ¢—C”, plate 3, and of the more
distant hills in section B-&’.

The faults of the foothill area are not easy to map,
as their traces are widely covered by alluvium. So far

as they have been worked out, their general trend is

8 Ag represented, for example, in Richardson, G. B., Report of a
reconnpissance jn trans-Pecos Texas north of the Texag and Pacifie
Railway ¢ Texas Univ. Bull, 23, pp. 53-55, 1904 Darton, N. H. and
Reeside, J. B., Jr., Guadalupe group: Geol, Soc, Amer, Bull, vol. 37,

-section 5, fig. 2, p. 417, 1828
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north-northwest, but there are some of west-northwest
and some of north-northeast trend. Most of them are
downthrown to the east, opposite to the direction of dip
and in the opposite direction from the faults of the
Border zone. The fault blocks immediately west of the
Border zone thus stand much lower than those on either
side of them, somewhat after the fashion of a sunken
keystone (asin section -0, pl. 3).

The sunken tract west of the Border zone is expressed
‘prominently in the topography west and southwest of
‘Guadalupe Peak. Here, a stroight-sided trench 4 miles
long and 1 mile wide lies between the even base of the
Guadalupe Mountain escarpment on the east and the
straight front of the eastern ridge of the Patterson Hills
on the west. It is shown just west of Shumard Peak
on plate 5, 4. The trench is floored by coarse fanglom-
erate washed down from the Guadalupe Mountains,
which probably fills it to a great thickness, and the bed-
rock beneath may be deeply depressed (as suggested in
see. 5~87, pl. 8). At the south end of the trench, bed-
rock crops out in patches in the space between the
Guadalupe Mountains and the Patterson Hills, and the
graben beneath the trench apparently ends against
higher-standing fault blocks.

On one of the higher-standing blocks south of the end
of the trench and close to the Border zone, the N. B.
Updike, Williams No. 1 well reached the Bone Spring
limestone within less than 100 feet of the surface (sec.
47, pl. 8), or less than 500 feet below its position on the
Guadalupe Peak horst to the east (sec. -7, pl. 3).
Between this block and the horst, however, are & num-
ber of deeply depressed, narrow wedges, which lie in
the angle formed by the Border zone where it turns
westward around the blunt salient of the Guadalupe
Peak horst. The wedges stand at unlike structural
heights, some nearly level with the rocks to the east and
west, and others as much as 2,000 feet lower (as indi-
cated by the structure contours on the structure map,
pl. 20). '

West of the Delaware Mountains, the sunken tract on
the west side of the Border fault zone is again well de-
fined. Between the Border fault and another a mile
and a half to the west, the surface rocks are much
younger than those on either side and include the Cas-
tile formation, or highest member of the bedrock suc-
cession preserved in the area (sec. D-D’, pl. 3). The
rocks of the tract are broken by numerous branching
and intersecting faults of various trends. Its east side,
next to the Border fault zone, is more deeply depressed
than the rest, and forms a graben less than half a mile
wide. :

FAULTS

" FAULT PATTERN
As already suggested, and as indicated on the tectonic

map, plate 20, the faults of the area lie in a belt about
10 miles wide which follows the crest and west flank of

GUADALUPE MOUNTAINS, TEXAS

the Guadalupe and Delaware Mountains uplift. To the
east, the rocks are not faulted, and to the west the struc-
ture of the bedrock is concealed by the alluvial deposits
of the Salt Basin.

Most of the faults trend north-northwest, parallel to

_ the axis of uplift of the mountains and to the trend of

the fault belt as a whole. Faults of this trend east of
the Border zone are remarkably straight and parallel
for long distances, and depart from the general course
only in gentle curves. Those of the Border zone and
the foothill area west of it are somewhat less regular,
with many curves and soine sharply bent offsets. Parts
of the more strongly curved faults trend north or east
of north. The larger curved faults, such as those in the
Dog Canyon and Border zones, are concave toward the
downthrow. Some short faults in the Border zone and
foothill area trend west-northwest, north-northeast,
and east-northeast. In the Cutoff Mountain section the
faults that extend diagonally across the escorpment
have more of a northwestward than a north-northwest-
ward course.

The faults of the belt are spaced, on the average,
about three-quarters of a mile apart, but the belt ex-
tends around the large, unfaulied tract of the Guada-
lupe Peak horst, and inclndes some intensely shattered
tracts where there are 6 or more faults to the mile (pl
20j. None of the faults continues across the whole
length of the area, Some are only a few miles long,
others extend 10 miles or more without a break. The
discontinuity of the faults is caused partly by a dying
out of the displacement at their ends, and partly by
branching. Branching faults are more commeon in and
west of the Border zone than east of it. In places, asin
the Cutoff Mountain section, the branching and rejoin-
ing of the faults gives them an interlacing pattern.
The zones of displacement that form the Dog Canyon,
Lost Peak, and Border fault zones are longer than the
faults that constitute them. When one fault dies out,
another with similar displacement makesits appearance,
lying en echelon with it. There are, however, no sys-
tematically arranged belts of echelon faults in the area.

DISPLACEMENT ALONG FAULTS

A large number of the faults in the area are down-
thrown in a direction opposite to the dip of the strata,
and toward the axis of the uplift. They have moved,
therefore, in opposition to the general uplift of the
mountain area.®® Most of the faults west of the Border
zone are thus downthrown to the east, and many of those
east of it are downthirown to the west. The faults of
the Border zone itself, by contrast, have moved in har-
‘mony with the general uplift. East of the Border zone

# Balk, Rebert, Structure etements of domes: Am. Assoc. Petroleum
Geologists Bull,, vol. 20, pp, 33-61, 1936; Structural behavior of lgne-
oug rocks: (Geol. Soc, America Memoir 5, p. 29, 1837. Such faults bave
been termed antithetic by geologists of the Cloos scbool. For the oppe-

site kind, the faults that have moved in harmony with the general uplift,
the term synthetic has been used.
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the faults downthrown te the west alternate with those
~ downthrown to the ¢ east, thereby producing a horst and
- graben structure (as shown in sec. D-D’, pl. 3). The
displacements along the faults range from a few hun-
dred to several thousand feet. The largest displace-
ments are along faults of the Border zone, which are
Jownthrown to the west as much as 4,000 feet.

Movements on the faults appear Lo have been largely
down the dip as suggested by nearly vertical slicken-
sides observed on the occasional exposures of the fault
curfaces. Baker ® reports that an cxposure of the sur-
sace of the Border fault not far southwest of El Capitan
displays well-developed slickensides inclined slightly to
_ the vertical. Any large amount of horizontal move-
ment on the Border faults or others in the area is un-
likely. Not only are there no consistent, well-developed
belts of echelon faults, but the angular offsets in the
trace of the Border zone would prevent the blocks on
either side from moving past one another horizontally
for any appreciable distance. Moreover, the facies
boundaries in the Permian rocks, and especially the
southeast edge of the Capitan limestone (lines €, D, and
E, figure 10), are not offset by the fault belt, but extend
in straight lines across the area.

DIPS OF FATLTS

The planes of most of the faults in the area either dip
steeply in the direction of downthrow or stand vertical.
This attitude is indicated both by occasional outcrops
of the fault surfaces and by the straightness of the fault
traces, even where the faults extend through moun-
tainous country. The observations that have been made
suggest that the fault planes tend to lie nearly perpen-
dicular to the bedding planes, and that where the beds
are most steeply tilted, the faults dip at the lowest
angles,

Steep dips may be inferred if not proved for most of
the faults east of the Border zone; in fact, the plane of
the fault on the east side of the Getaway graben which
has been observed at many places near Getaway Gap and
to the north, stands vertical in each exposure. Also, the
two faults that bound a narrow graben near the head
of Guadalupe Canyon (shown just east of Guadalupe
reak in sec. B-B’, pl. 8), extend through country with
2,000 feet of relief, and yet their traces are no closer in
tne lower places than in the higher suggesting nearly
vertical dips of the fault planes. An exception to the
generalization of steep dips is the Dog Canyon fault,
the trace of whose outcrop indicates that it dips 60°
toward the downthrown side. _

The planes of the faults of the Border zone are ex-
posed in many of the canyons and ravines that cross it,
as shown in plate 14, B, and dip at angles of T0° or more
toward the downthrown side.

% Baker, C. L., Structural geologr of trane-Pecos Texas; Texas Univ.
Bull. 3401, p. 159, 1935.
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In the area west of the Border fault zone, the dips of
the fault planes may be less than farther east. Here,
the beds are more steeply tilted than east of the zone,
and the joints of the region are mostly perpendicular to
the bedding. Possibly the fault planes are parallel to
the joint planes. Inthe Cutoff Mountain section, where
the fault traces are well exposed on the mountain sides,
many of the faults appear {0 dip at angles of 60° or less
toward the downthrown side. In the foothill area
farther south, the fault planes are mostly covered by
alluvial deposits and no observations have been made
regarding their dips.

MINOE DEFORMATIONAL FEATURES

No crumpling has been observed near the faults of the
area and very little dragging of the beds. On the down-
thrown sides of some of the faults, the beds dip out-
ward at a low angle, and in some Darrow fault blocks
the beds are much more steeply tilted. On the up-
thrown sides, the beds generally extend horizontally
oven to the fault lines; for example, the black limestones
of the Bone Spring, which form the upthrown sides of
the faults of the Border zone, are undisturbed even at
the planes of the faults themselves. Near most of the
faults the joints parallel to them are very abundant and
closely spaced.

Vein deposits and breccias are common along the
faults. At many exposures of the faults of the Border
zone the fault surface of the upthrown block, cut on
black limestones of the Bone Spring, is covered by a
straight-sided mass of calcite 5 or 10 feet thick, in which
angular fragments of black limestone are embedded.
Similar ealcite veins and masses have been seen on other
faults in the area, especially on the oue that bounds the
east side of the Getaway graben. It is mot known
shether the veins are lenticular or continuous bodies.

RELATION TO QUATERNARY DEPOSITS AND TOPOGRAFPHIC

FEATURES

Some faults within a few miles west of the Border
fault zone have displaced Quaternary gravels and fan-
glomerates. For instance, 2 miles southwest of El
Capitan, older fanglomerate deposits project in low
hills whose eastern edges are straight, north-northwest-
ward trending scarps 25 to 50 feet high which stand out
prominently on aerial photographs. These scarps are
probably fault scarps. Farther south, west of the Dela-
ware Mountains, Quaternary gravels laid down on an
old pediment surface stand at different heights in
adjacent fault blocks. These differences are results of
faulting, and the actual planes along which the gravels
have moved are exposed in places (fig. 17, A). Thedis-
placement of the gravels, however, is only about a tenth
as great as the displacement of the bedrock beneath (as
shown on figure 17, B). These faults, therefore, under-
went at least two Inovements, the first of which was the
larger. Faults that appear to have offset the Quater-
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nary deposits are shown by a different color than the
rest on the map of Cenozoic deposite and land forms
(pl. 22}.

There may have been movements at the same time
along the faults of the Border zone. The older fan-
glomerates and gravel deposits west of it, whose dis-
Placement along faults has been described above, con-
sist of fragments of rocks derived only from the upper
part of the escarpment to the east, and contain none
from its lower, outer bench. Later fanglomerates of
the same type contain rocks from the lower bench
abundantly. In places the older deposits lie in fault
contact with the rocks of the outer bench along the
Border zone (asshownin plate 14, B). The outer bench
ends along an even, little-dented base line, which fol-
lows the trace of the Border zone. It seems to be less
eroded than the upper part of the scarp, as though it had
been only recently raised. On the upper part of the
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scarp near Guadalupe Peak are remnants of an old, well-
rounded topography, now deeply dissected, which prob-
ably was carved at the time when the older fanglomer-
ates to the west were being laid down and before the
last faulting. The possible history of the Border zone
and the fanlts to the west of it is shown diagrammati-
cally on figure 22, B, -

The favlts farther east and west of the Border zone
are generally followed on their upthrown sides by es-
carpments. Some of these escarpments, such as those
along the Getaway graben, are resequent fault-line
scarps; that is, they were formed by the more rapid ero-
~sion of the rocks on the downthrown side than those on
the upthrown (pl.22). Thescarpsare younger than any
movements along the faults because the Quaternary
gravel deposits in places cross the traces of the faults
without displacement. Other scarps along faults east
and vest of the Border zone are of less certain origin.
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The scarps in the Guadalupe Mountains are approxi-
mately of the same helght as the throw of the faults
along which they lie. They may be old, greatly eroded
fault scarps, or they may be resequent fault-line scarps
from whose faces weak beds have been carried away by
erosion. Whatever their origin, their character sug-
gests that no recent displacements have taken place
along the faults that fringe their bases.

TOINTS

At nearly every exposure in the area, the rocks are
cut by joints, which arein part closely and in part widely
spaced, and which generally trend in two or more direc-
tions. Observations were made on them during the
field work because of the possible information they
might furnish as to the origin of the larger tectonic
features.

FIELD OBSERVATIONS

Observations made on the joints were incidental to
other field work and are therefore incomplete. In some
areas many observations were made, in other areas none
were made, although joints were present in the rocks,
Stations at which observations were made are shown
by black circles on plate 20. At these stations, only
qualitative information was obtained on the relative
abundance and perfection of the different sets of joints,
and on their dip, It was assumed that their most im-
portant feature was their trend, and measurements of
the trends of the different sets therefore constitute the
bulk of the information obtained on them, The notes
on the joints contain 1,141 such measurements, made at
407 stations,

CHARACTER

Most of the joints are straight and smooth in all sorts
of reck, though some in the sandstones of the Delaware
Mountain group are curved and some poorly developed
joints are jagged and irregular. The surfaces of the
straight joints are sinooth, even where tley cut through
irregularly bedded rocks, or alternations of hard and
sofc ,layers. No slickensides have been observed on
them. At the surface, many of the joints are open
fissures, some are narrow cracks, and a few are filled
by vein calcite. The open fissures were probably
formed by weathering, and give little indication of the
nature of the joints at depth.

Single joints commonly extend across the entire
length of 'any exposure, although some close and come
to an end. The joints have a great vertical as well as
a great lateral extent. Individual joints can be traced
from the tops to the bases of the liiestone cliffs near
Guadalupe Pedk and El Capitan, or through a distance
of 1,000 feet or more. '

Where several sets of joints are present, they com-
monly cross one another without deflection, although
in places subordinate sets may either end against or
branch from the dominant sets. The observations made




on the interseetions of the joint sets are not sufficient
to show whether some are of different ages than others.
guch differences might be revealed by closer scrutiny.

SPACING

The spacing of the joints (which is only imperfectly
suggested by those plotted on the tectonic map, pl. 20)
is quite variable. It depends to 2 certain extent on the
nature of the rocks, for thin-bedded, brittle rocks are
likely to be more jointed than massive rocks. To a
larger extent it depends on the tectonic relations, for
the joints of one area tend to be more abundant in all
types of rock than those of another area.

Tn the eastern part of the area, where the rocks are
not faulted, the joints are for the most part widely
spaced. In many exposures in this area, only two sets

of joints are present, in some ouly one, and 1n & few

broad esposures there are none.

In the faulted area to the west, between the Lost Peak
and Border fault zones, joints are much more NUMErous
than elsewhere. In nearly every exposure two or more
seis are present, and they are generally spaced only 2
fow feet apart. At most places one set is more closely
gpaced than the others, and this is likely to be one that
is widely distributed through the region. Near faults
the joints parallel to them are more closely sp aced than
elsewhere, and the other sete of joints are poorly devel-
oped. In the Guadalupe Peak horst, the unfaulted
tract that lies in the middle of the faulted belt, both
£old observations and air photographs indicate that
joints are as nUINETOUS 88 in the faulted areas nearby.

Joints are numerous also in the area west of the
Border fault zone, and tend to be closely spaced. The
pumber of sets present is greater than to the east, and
3 or more are likely to be found at most exposures.

DIPE OF JOINTS

East of the Border fault zone, the joints commonly
stand nearly vertically. This relation is best shown
near Guadalupe Peak and Fl Capitan, where the joints
can be traced down through the limestone cliffs for long
Jistances. 'The rocks east of the Border fault zone are
horizontal or gently tilted, so that these vertical joints
stand nearly normal to most of the bedding planes. In
come of the formations, however, the bedding planes
have an original depositional slope, as in the Capitan
limestone, or are tilted and contorted as a Tesult of
Permian movements, as in the Bone Spring limestone.
The joints cut through these rocks without deflection
¢rom their vertical position, as chown on plate 11, B. A
few joints dipping at angles of 60° or less were noted
in the Capitan limestone, but they are minor features.
No horizontal or gently dipping joints were observed,
cither in well-bedded strata or in the massive Capitan
limestone.

VWest of the Border fault zone, both in the Cutoff
Mountain section and in the foothill area to the south,
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the dips of the joints are less than to the east. The
rocks of this region dip at angles up to 45°, and so far
as observations have been made the sloping joints stand
approximately normal-to the bedding. Joints trending
in the direction of dip are thus vertical, but those par-
allel to the strike depart from the vertical by the amount
of dip of the strata. This relation is barely perceptible
in rocks tilted at angles of 10° or less, but is a striking
feature in rocks tilted at angles approaching 46°.

JOINT TREWDS

On the accompanying maps, plates 20 and 21, observa-
tions of the trends of the joints have been summarized
hy several methods of plotting. On plate 20, the ob-
gerved joint trends at each station are indicated by radi-
ating lines of equal length. As the joints are shown
only where observed, such plotting does not show the
actnal abundance of the joints of different trends on the
ground.

The observations made, however, are sufficiently rep-
resentative to give a fair sample of the number of joints
of each set actually present. The observations can thus
be summarized statistically. The nrea shown on plate
90 is therefore divided into 10 unit areas, and the rela-
tive abundance of different joint sets in each unit 1s
plotted as “roses” (Note that the north-south bound-
aries of the unit areas follow structure lines, and that
the east-west boundaries are chosen arbitrarily.) On
the regional tectonic map, plate 21, the area of plate 20
as been divided into two large it areas, one east of
the Border fault zone (constituting areas 2, 3, 4, 6, and
10 of pl. 20) and the other west of 1t (constituting areas
5,8,and 9). For each of these areas, a Iore generalized
rose has been prepared.

Each rose shows the relative abundance of joints
in every 5° of arc, expressed in percentage of the
total number observed. Five-degree units were chogen
because 5° is the approximate limit of error in the
observations, and is the amount of variation which
joint sets, or even individual joints show in gingle expo-
sures. As originally worked out, wide variations were
found between percentages at some of the ndjacent
points on the arcs, which apparently resulted from a
personal equation in making the observations. The
percentages were therefore evened by means of sliding
averages. RFach figure used in plotting the roses iz
thus the average of the original percentage for the point
shown and the percentage of the two points lying 5° on
each side of it.

Some of tlie roses, such as those for areas 1, 5, 8, and
9 of plate 20, contain a possible error in that observa-
tions were made in part on inclined joints, which are
normal to the planes of tilted beds. If such joints were
rotated to vertical positions, those in the directions of
tlie dip and strike of the beds would have the same trend
as before, but those at intermediate positions would be



116

deflected, and would thus have a new relation to the
strike and dip joints. In beds dipping 45° (the maxi-
mum observed in the area) joints diverging at an angle
of 45° from the strike would, when rotated to vertical,
diverge about 53° from the strike—a deflection of about
10°. Few observations were made, however, on beds so
steeply tilted. More than 90 percent in each unit area
were made where the beds dip 10° or less, for which the
deflection would be about 1°. This is well within the
limits of error for the observations.

The type of rose selected for plotting has the advan-
tage of showing clearly the dominant joint sets for the
areas. As the trends plotted extend radially from the
center of the rose, the minor joint sets tend to be crowded
more closely than the dominant ones. The latter are
thereby exaggerated. Some of the minor trends are
actually more important than their insignificant appear-
ance on the roses suggests.

As shown by this statistical method, by far the most
abundant joints in the area studied trend north-north-
west. This set is especially abundant in the region east
of the Border fault zone (roses 2, 3, 4, 6, 7, and 10, pl.
20), Airphotographs of the region northeast of Guada-
lupe Peak show innumerable north-northwesterly joints
traversing the Capitan limestone on the mountain sides.
On the ground, the joints of this set commonly appear
as long, parallel, open fractures, and are more prom-
inent than any of the other joints. The set trends in
about the same direction nearly everywhere, although
near McKittrick Canyon in the northeast part of the
area (area 4), joints that may belong to the same system
lLiave a northwestward course. The north-northwesterly
set is present also, though less abundantly, in the foot-
hill area west of the Border fault zone (roses 5, 8, and
9), and less conspicuously in the Cutoff Mountain sec-
tion farther north (rose 1).

Associated with the north-northwesterly joint set at
most exposures, and particularly east of the Border
fault zone, is another at nearly right angles, or with
east-northeasterly trend (roses 2, 3, 4, 6,7, 9, and 10).
In places in the eastern part of the area the north-
northwesterly and east-northeasterly sets are the only
two present. There is a tendency for the second set to
trend more nearly eastward in the southeast part of the
area than in the northeast part, as may be seen by com-
paring roses 4 and 10. The set is generally represented
by fewer and less-open fractures than the north-
northwesterly set. Inthe extreme northeast part of the
area (rose 4), however, its numbers equal or exceed
those of the north-northwesterly set. 1In the field, the
east-northeasterly set appears to trend parallel to the
face of the Reef Escarpment, but plotting of numerous
observations suggests that its members actually diverge
from the trend of the escarpment at an acute angle.

The third abundant joint set in the area trends north-
northeast, forming an angle of about 50° with the dom-
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inant north-northwesterly set. It is most abundant
in the foothill area west of the Border fault zone (roses
5 and 8). In the northwestern Patterson Hills it 1s the
dominant fracture in many of the exposures. Traces of
it are detected in parts of the area east of the Border
zone (roses 6, 7, and especially 10). At many places it
is associated' with another fairly abundant set, lying
nearly at right angles, or trending west-northwest.

In the Cutoff Mountain area observations, which are
unfortunately inadequate, suggest that the dominant
joints trend northwest, parallel to the faults of the dis-
trict (rose 1). In addition to the sets described, there
are some joints of other trends unrelated to the four
dominant ones. These joints occur in various parts of
the area, and particularly west of the Border fault zone.
In some places there are well-marked north-south and
east-west joints. None of these other sets is very
commeon.

There is thus a distinct difference between the joint
sets in the east and west parts of the area, the line of
demarcation being approximately along the Border
fault zone (pl. 20). To the east, the north-northwest-
erly and east-northeasterly sets are dominant, almost to
the exclusion of the others, To the west, the north-
northeasterly and west-northwesterly sets are promi-
nent, although the two other sets are present, but less
abundantly developed.

RELATION OF JOINTS TO OTHER TECTORIC FEATURES

As shown by the preceding descriptions, the joints
seem to be younger than the tectonic features of
Permian age in the mountains. They are much more
closely related to the younger tectonic features, formed
during the uplift of the Guadalupe and Delaware
Mountains, Thus, the dominant north-northwesterly
joint set is parallel to the dominant north-northwest-
erly fault system, and its members are much more
closely spaced near the faults. The west-northwesterly
and north-northeasterly joint sets are likewise followed
by some faults, especially west of the Border fault zone,
where such joints are abundant. There are, however, no
faults parallel to the east-northeasterly set. The three
joint sets first named therefore may be of the same age
as the faults; or they may be somewhat older and have
prepared the way for the later faulting. The absence
of faults of east-northeasterly trend may indicate that
the joints of this set are of a different age, or that they
were tighter than the other sets and hence gave less en-
couragement to movement along them, '

The joints are related also to the form of the Gua-
dalupe and Delaware Mountains as a whole. The domi-
nant, north-northwesterly set trends parallel to the
longer axis of the mountains and the east-northeasterly
set, trends at right angles to it. The other two are dia-
gonal to the axis but are more abundant west of the axis
than to the east of it, indicating that they are somehow
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related to the uplift. The fact that the Joint sets

= gxtend without deflection across local changes in the dip
¢ and strike of the beds indicates that they have origi-

nated from regional, rather than from loeal forces.
The dips of the joints are related in some manner to

the tilting of the strata. Where the strata are hori-
. gontal the joints are nearly vertical, but where the

ctrata aTe tilted the joints remain normal to the bed-
ding planes. This condition is most evident west of
the Border fault zone, where the tilting has resulted
from rotation of the beds during block faulting. The
joints may have formed during or after the tilting of
the strata, in which case stresses were transmitted along
the beds in the same manner as if they had been hori-
zontal. The joints, however, may have been formed
before the tilting; if so, they were subsequently rotated
to their present positions. The latter interpretation
has been adopted by Melton for similar joints normal
to tilted beds in Oklahoma.®

The age relations of the different joint sets to one
another have not been determined, although evidence
on the question might be obtainable by detailed study
of their intersections. The close relation of the four
dominant joint sets to the Guadalupe and Delaware
Mountains uplift and associated features suggests that
they were all formed at zbout the same time. Some of
the minor sets that have no clear relation to the uplift
were possibly formed at another time, perhaps during
the period after the deposition of the Permian and be-
fore the mountains were uplifted. It is difficult to be-
lieve that jointing of some sort did not take place in
the region during this long and probably eventful time
interval.

REGIONAL RELATIONS OF THE YOUNGER TECTONIC
FEATURES

GUADALUPE AND DELAWARE MOUNTAINS

The Guadalupe and Delaware Mountains, of which
the area studied is a part, constitute an uplifted block
of the earth’s crust more than 100 miles long in a north-
northwesterly direction and about 50 miles wide (fig.
1). Bothinthearea studied and elsewhere the uplifted
biock is asymmetrical. The broad eastern flank dips
gently, without folding or faulting, toward the Pecos
Valley and the Llano Estacado; the narrow western
fank dips steeply toward the Salt Basin. At its south
end, in the Apache Mountains, the uplift flattens out
and pitches southward toward the lava plateaus of the
Davis Mountains; at its north end it fades out on the
east slope of the Sacramento Mountains. The Sacra-
mento Mountains form a similar broad uplifted block,
but their crest lies west of the crest of the Guadalupe
Mountains and en echelon with it.

—_—

© Melton, F. A., A reconnaissance of the joint systems in the Quachita
Mountains ond central plains of Oklahoma : Jour. Geology, wol. 37, pp.
784735, T36-741, 1829.
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Both in the area studied and outside the crest and
west. flank of the uplifted block are much broken by
faults, most of which have a north-northwest trend
parallel to the axis (fig. 15, 4,and pl. 21). Extending
irregularly through the faulted belt, but generally
flanking the mountain crest on the west, are several
major faults, on which the strata are downthrown west-
ward. Within the area studied and southward in the
Delaware Mountains they form the Border fault zone.
Farther north, in the Guadalupe Mountains of New
Mexico, they form the Dog Canyon fault zone, which
Jies en echelon to the Border zone and about 3 miles

oast of it. In New Mexico the space between the

Border and Dog Canyon fault zones is occupied by the
Brokeoff Mountains, which are Jower than the crest of
the mountains east of Dog Canyon (fig. 2). The minor
faults east and west of the major faults are downthrown
in such a mauner as to somewhat counteract the effects
of uplift caused by the major faulting and tilting of the
strata.

In parts of the Guadalupe and Delaware Mountains
uplift are faults trending in other directions than north-
northwest. About 10 miles south of the aren studied is
a prominent system that trends northeast (pl.21). In-
dividual members are discontinuous, but the system as
a whole extends from the Border fault zone on the west
to the outcrops of the Castile formation on the east.
These northeasterly faults are prominent features on
aerial photographs, and are indicated not only by off-
sets of the beds, but by numerous straight valleys. Ap-
parently the northeasterly fault system is accompanied
by strong jointing, likewise indicated by drainage.
They may be related to the east-northeasterly joints
within the area studied.

Farther south, in the south part of the Guadalupe
and Delaware Mountains uplift, is another system of
faults that trends west-northwest. The most promi-
nent members of the system bound the north side of the
Apache Mountains, but others are found to the north
and south.

The faults on the north side of the Apache Moun-
tains extend diagonally across the south end of the
Guadalupe and Delaware Mountains uplift, and raise
{he strata to the south, contrary to its southward pitch.
They cross the belt of north-northwesterly faults near
Seven Heart Gap.® Both systems of faults are appar-
ently of later Cenozoic age, but the west-northwesterly
system has the same trend as the reef zone in the Per-
mian rocks of the Apache Mountains, This relation
suggests that it was formed by renewed movement on an
older tectonic trend (figs. 15, 4, and 16, 4).

& Richardson, G. B., U. §. Geol. Survey Geel. Atlas, Van Horn follo
(No. 194}, p. 7 and areal geology cheet, 1814,
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SIERRA DIARLQ @

West of the Apache Mountains across the Salt Basin
is the Sierra Diablo (fig. 1), Like the Guadalupe and
Delaware Mountains, it is a broad, asymmetrical up-
lift, but its fanlted flank is on the east and its tilted
flank on the west. Toward the soutly, its east flank con-
sists of several blocks of gently dipping strata, such as
the Baylor Mountains. The blocks stand lower than the
main uplift and descend in steps toward the basin,
Toward the north, thick alluvial deposits extend up to
the mam fault at the edge of the uplift, and few rem-
nants of the depressed eastern flank are exposed.

. The main faults of the Sierra Diablo have an average
northerly trend, but the trend of individual faults is
more variable than in the Guadalupe and Delaware
Mountains (pl. 21). The group that outlineg the east
side of the uplift includes a north-northeasterly fault,
and a fault made up of several curves, whose average
trend is northward. These faults have had much the
same history as those of the Border zone in the Guada-
lupe Mountains. The rims of their escarpments have
receded some distance from the fault traces, and are
indented by several large canyons, as though the first
faulting took place some time ago. Later movements
are suggested by the manner in which the bases of the
escarpments follow the fault lines, by the well-developed

-alluvial fans on their downthrown sides, by scarps in
the alluvial deposits, and by uplifted terraces in the
mountains,

Extending diagonally across the Sierra Diablo in the
same manner as in the Apache Mountains is a set of
west-northwesterly faults. Most of them are of smaller
displacement than the northward trending faults along
the eastern border. Larger faults of west-northwesterly
trend bound the north and south sides of the uplift.
Several of the west-northwesterly faults stand nearly in
line with faults of the same trend near Seven Heart Gap
in the Apache Mountains and may be continnous be-
neath the alluvial deposits of the Salt Bagin. '

The age relations between the northerly and the west-
northwesterly fault systems are complex. The last
movements on the west-northwesterly faults are older
than the last on the northerly faults, for tleir Scarps
have been much eroded and show none of the evidences
of recent movement seen on the others. They nay have
formed at about the same time as the older movements on
the other set, however, because faults of either trend are
likely to terminate against those of the other. Ancient
movements, some dating back to Paleozoic time, took
place along, or on the same trend as, the west-north-
westerly faults (figs. 15, 4 and 16, 4 and B). The west-
northwesterly faults therefore may have resulted from
Cenozoic movements along old trend iines at o time

® Richardson, G. B., op. cit., p, 7 and arenl geology sheet, King, P, B.,
and Kunigkt, J. B, Sierra Diable region, Culberson and Hudspeth Coun-

ties, Texas: U. §. Geol. Survey Qil and Gas Investigations, Preliminary
map 2, 1044,

when the forces were such as to produce dominant,
northward trending tectonic features,

BALT BASIN

The Salt Basin, which lies between the Sierra Diablo
on the west and the Guadalupe and Deolaware Moun-
tains on the east, is a great depression 5 to 15 miles wide
and of about the same length as the mountain ranges
themselves (fig. 1), Except for outcrops of bedrock
along its margins, it is floored entirely by unconsoli-
dated Cenozoic deposits. Well records show that these
deposits are hundreds or even thousands of feet thick.”

The basin is a sunken block of the earth’s crust. Out-
crops along its borders consist of rocks that lie high on
the mountains to the east and west, and have been
warped down or faulted down to their present positions.
At the north and south ends, known as Crow Flat and
Ryan Flat, respectively, the basin appears to be a down-
warp, but in the longer central section, faulting domi-
nated. Thestructure of the bedrock beneath the uncon-
solidated deposits of the basin is unknown but is
assumed to be complex.

The high points on the opposite sides of the basin do
not correspond in height. The high point on the east
side, near Guadalupe Peuls, lies opposite a low-lying
section of the Diablo Plateau to the west. The high
point on the west side, in the Sierra Diablo, lies 30 miles
or more to the south, opposite the lower Apache and
southern Delaware Mountains,

BABIN AND RANGE PROVINCE IN TEXAS AND NEW MEXICO

The Guadalupe, Delaware, and Apache Mountains,
and the Sierra Diablo constitute a small part of the
Basin and Range province, which extends far to the
west and northwest.® Nearby parts of the province re-
semble the area studied in tectonic and geomorphic fea-
tures. These parts, which include nerthern trans-Pecos
Texas, and that part of New Mexico between the Pecos
River and the Rio Grande, are known as the Sacra-
mento section.™ Tectonically, this section could be
classed as a fracture belt of low mobility.” It resembles
many other block-faulted regions of the earth, includ-
ing the rift-valley area of East Africa.™ It differs from
the latter mainly in the smaller scale of its features.

The Sacramento section consists of alternating block
mountains and desert basins with a general northward
alinement (fig. 1). Most of the mountains have a steep
escarpment on one side, outlined by faults, and a gentle
slope on the other which follows the dip of the beds.
The mountains are made up of a plate of Paleozoic and

™ Richardson, G. B., op. cit., p- 8. Baker, C. L., Structural geology of
trans-Pecos Texas: Texas Univ. Bull. 3401, p. 171, 1934,

" Fenneman, N. M., Physiegraphic divistons of the United States:
Assoe, Am, Geographers Annals, vol. 6, pp. 85-93, 1917.

"™ Fenneman, N. M., idem., p. 93. Physjography of the western
United States, pp. 392-395, New York, 10931 .

 Bucher, W. H.,, The geformation of the earth’s crust, p. 325, Prince-

ton, 1933,
™ Baker, C, L., op. cit., p, 169, 1935,




© Mesozoic sedimentary rocks several thousand feet thick,
and of an underlying basement of pre-Cambrian crys-
talline rocks. The sedimentary rocks are little dis-
turbed except by the uplift of the ranges themselves,
which were raised in Cenozoic time. They appear to
have been only lightly affected by earlier movements,
guch as those of older Cenozoic time. There are, how-
ever, some large masses of intrusive igueous rock in the
western part of the Sacramento section that are of post-
Cretaceous age though probably older than the faulting.
In some of the desert basins, thin sheets of basaltic lava
are interbedded with or are spread over the surface of
the basin deposits. These sheets of lava are mostly
younger than the faulting but may be related to it.

Superficially there is an apparent gradation in the
Sacramento section from block mountains into fold
mountains. The Sierra Diablo, for example, is de-
cidedly blocklike, and any tilting of the strata is the
direct result of faulting. The Guadalupe and Dela-
ware Mountains, however, are more archlike, but with
the arch greatly modified by faults. The Sacramento
and Sandia Mountains farther north have the form of
broad domes or arches, faulted on one side and pitch-
ing down at their north and south ends.™ The Sangre
de Cristo Monntains, which lie next north of the Sandia
Mountains, are true folded ranges, and are the south-
ernmost prongs of the Rocky Mountains. Along their
axes, a core of pre-Cambrian rocks is exposed, and their
sides are broken in places by thrust faults.™

This northward gradation from one sort of tectonic
feature into ancther is more apparent than real, as the
folding and block faulting took place at different times.
Tlhe folding of the southern Rocky Mountains is mainly
of lnte Cretaceous and early Tertiary (Laramide) age,
and the block faulting farther south is mainly of later
Cenozoic age. Whatever folding there is in the moun-
tains to the south may have been inherited from a de-
formation that was contemporaneous with the folding
of the mountains to the north, At the time of the block
faulting of the mountains to the south, the mountains
to the north were not ouly broadly uplifted but locally
broken by normal faults such as those that lie between
the west side of the Sangre de Cristo Mountains and the
Rio Grande depression.”” A similar interpretation for
the Sacramento section has been made by Bryan ™ and

= Darton, N. H., Tectonics of Arizona and New Mexico [abstract]:
Geal, 3oc. America Bull, vol. 89, p. 182, 1928, “Red beds” and asso-
Ciaotéd formations of Kew Mexico: U.. S. Geol. Survey Bull. 784, p. 89,
19’-“ ii'-urbank, W, S., and Goddard, E. N., Throsting in Huerfano Park
and related problems of orogeny im the Samngre de Cristo Mountains:
Geol. Soc. Ameriea Bull, val. 48, pp. 931-978, 1987.

w Cabot, E. C., Fault border of tbe Sangre de Cristo Mountaing north
of Santa Fe, New Mexlco: Jour. Geol, vol. 46, pp. 97-104, 1938. Bur-
bank, W. 5., and Goddard, E. N, op, cit., pp. 985-966.

™ Bryan, Kirk, Geology and ground.-water conditions of the Rip Grande
depression in Colorado and New Mexico, in Rid Grande Jolnt Investi-

gatlon ; Nat. Resources Comm., Reglonal Planning, part 6, pp. 204-215,
1038, -
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for the Great Basin of Utah, Nevada, and California
by Nolan.™
REGIONAL RELATIONS OF JOINTS

Some observations have been made on the regional
arrangement and distribution of joints in the area sur-
rounding the southern Guadalupe Mountains. In
addition to the field observations in the area studied,
extensive field observations have been made by me in
the Sierra Diablo.# Recently I have also studied aerial
photographs of the region embracing the (fuadalupe
and Delaware Mountains and the Sierra Diablo, and
from them have obtained information on the regional
relations of the joints. The regional relations as now
known are summarized on plate 21; on this plate,
field observations on joints in the southern Guadalupe
Mountains and the Sierra Diablo are summarized on
roses.

North-northwesterly joints are probably dominant
the entire length of the crest of the Guadalupe and
Delaware Mountains uplift, as are the faults of the
same trend. They are dominant near the crest in the
area studied, and aerial photographs indicate that they
are also dominant farther south: KEast-northeasterly
(or northeasterly) joints are not prominently expressed
in the aerial photographs except in the region imme-
diately south of the area studied, or about midway
along the Jength of the Guadalupe und Delaware
Mountains uplift. They may be present elsewhere, but
have little topographic expression. As indicated be-
low (p. 124), these two joint sets are probably closely
related to the Cenozoic uplift of the mountaius.

Fariler east and northeast, on the long, gently tilted
east slope of the uplift, other fractures seem to domi-
nate. The east-west Jinear features (probably fracture
zones) in the Castile formation of the Gypsum Flain
have already been noted {pp. 90-91). They seem to have
formed by readjustments within the Castile which do
not influence the overlying and underlying formations.
North of the Gypsum Plain, at Carlsbad Cavern (in the
Capitan and Carlsbad limestones of the Reef Escarp-
ment), cave openings have been carved along two major
joint sets, the dominant one trending east-northeast to
east, with the other nearly at right angles.** Near the
Reef Escarpment in this vicinity, as shown on aerial
mosaics and the new topographic map of the Carlsbad
Cavern quadrangle, ridges and valleys in the limestone
have the same east-northeast to east trend, but they
pursue a sinuous course, parallel to the curves in the
Reef Escarpment and the Capitan reef. This indicates
that the joints in this vicinity are more closely related
to Permian structural features than to Cenozoic struc-

® Nolan, T. B, Basio and Range province in Utah, Nevada, and Cali-
fornin: U. S. Geol, Survey Prof. Paper 197-D, pp. 183186, 1843.

® King, P. B, and Knight, J. B, op. cit., inset structure map, 1944,

B For map of the cavern, see Lee, W, T., New discoveries in Carlabad
Cavern : Nat. Geog. Mag., Tol. 48, p. 302, 1925, Unfortunately, the map
is incorrectly oriented, for its edges trend N, 15° W,
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tural features formed during the uplift of the moun-
tains.

Near the south end of the Guadalupe and Delaware
Mountains uplift, the north-northwesterly joints are
crossed by another set of west-northwest trend, parallel
to the fanlts along the north side of the Apache Moun-
tains. In aerial photographs they are prominently dis-
played in Permian limestones along the crest of the
Apache Mountains, and also in the Cretaceous rocks
along the same trend to the southeast. In the Sierra
Diable, across the Salt Basin to the west, similar joints
prevail. They are indicated by field observations sum-
marized by the roses on plate 21, and are also promi-
nently displayed on aerial photographs. They are
parallel to one of the prominent systems of faults in
the Sierra Diablo. Few joints in the Sierra Diablo are
parallel to the northerly faults that bound its eastern
side.

The west-northwesterly set of joints in the Apache
Mountains and the Sierra Diablo is probably related
to structural features older than the uplift of the
Guadalupe and Delaware Mountains, in part perhaps
of Paleozoic age.

Only fragmentary information on the trends of joints
is available away from the immediate vicinity of the
Guadnlupe and Delaware Mountains. To the east,
Melton * has noted joints in the cap rock of the Llano
Estacado that trend mainly west-ncrthwest., They are
probably unrelated to any of the systems just described
in the Guadalupe and Delaware Mountains. To the
west, joints have been noted by Richardson * and Dun-
ham # in the Franklin and Organ Mountains. The
structure here is more complicated than farther east,
and there are extensive igneous intrusions. The joints
of these mountains therefore may be more of local than
regional significance.

HISTORY OF GUADALUPE AND DELAWARE MOUNTAINS
UPLIFT :

In order to understand the Guadalupe and Delawave
Mountains uplift, the time relations as well as the physi-
cal features and space relations must be known. Some-
thing of its history can be deduced from the features
already described, and more can be obtained from the
Cenozoic deposits and land forms that are described
later. In addition, parts of the history of which there
1s little record in the mountaing themselves can be in-
ferred by comparison with adjacent, similar regions
where the record is better known. These lines of evi-
dence and the inferences to be drawn from them are
summarized here.

& Melton, . A., Practure syetems in central Texas : Texas Univ. Bull.
3401, p. 123, 1935, .

8 Richardson, G. B, U. 5. Geol. Survey Geol. Atlas, El Paso falio
(¥o.166), p. 8, 1908,

B Dynham, B, C.,, The geology of the Organ Mountaing : New Mexico
Bchoal of Mines Buyll, 11, p. 144, 1935,
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FEATURES OLDER THAN THE UELIFT

The Guadalupe and Delaware Mountains uplift is
of post-Cretaceous age. Evidence from adjacent parts
of trans-Pecos Texas and New Mexico indicates that
Cretaceous seas covered the entire region. They spread
over p nearly level surface, or peneplain, that was
formed in older Mesozoic time. The peneplain is now
exposed at many places in the region, and the summit
peneplain of the Guadalupe Mountains is probably a
part of it, although now stripped of its postulated
Cretaceous cover. The peneplain bevels Paleozoic fea-
tures, such as those shown on figure 15, B, and is tilted
and faulted by the movements that produced the present
ranges. It is, therefore, a convenient datum plane for
separating older and younger tectonic features.

Farther south in trans-Pecos Texas there are exten-
sive masses of voleanic rocks of early Cenozoic age.
They lie unconformably on deformed Cretaceous rocks,
and are themselves folded and faulted. In this area,
therefore, movements took place in late Cretaceous or
early Tertiary (Laramide) time and after the volcanie
epoch, perhaps in Oligocene or Miocene time (p. 108).
These movements probably also affected the Guadalupe
Mountains area,

EARLY PHASES

The early phases of the uplift of the Guadalupe and
Delaware Mountains are imperfectly recorded in the
region. The initial uplift, however, may have talken
place at the same time as that farther northwest in the
Sacramento section, where deposits, land forms, and
tectonic features related to it are well exposed and have
been studied by Kirk Bryan and his students.® Accord-
ing to Bryan, the initial uplifts here took place before
the deposition of the Santa Fe formation, and hence
were probably of Miocene or early Pliocene age. They
thus correspond approximately to the post-voleanic de-
formation in trans-Pecos Texas.

East and west of the Guadalupe Mountains, deposits

of about the same age as the Santa Fe formation were .

formed as a result of erosion that followed the initial
uplifts. To the east they form the cap of the Llano
Ystacado and are a part of the Ogallala formation. To
the west, they probably form the main mass of the thick,
unconsolidated deposits of the Salt Basin. The nature
of the latter deposits is little known, however, because
they are everywhere covered by Quaternary deposits.

In the mountains themselves, some mdication of the
nature of the initial uplift is given by the present
stream patterns in the limestone uplands (fig. 19).
Some of the streams seem to be unrelated, and hence
antecedent, to the fault blocks that they cross; thus, the
stream in South McKittrick Canyon crosses from the
downthrown to the upthrown side of the Lost Peak fault
zone with little or no deflection (pl. 22). Other streams,

# Their regults have appeared in numercus papers. For a summary,

see Bryan, Kirk, op. cit., pp. 197-225.
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cuch as those in the upper courses of Dog and West Dog
Canyons, follow depressed fault blocks, and appear to
pelong to a later generation. In the parts of the moun-
tains where no faulting has taken place, the two genera-
tions of streams cannot be differentiated. It seems

lausible, however, that most of them were consequent
on the surface of the original uplift, and that in the
limestone areas their courses became relatively fixed by
incision into the resistant rock. .

As indicated by the stream pattern, the initial uplift
was a broad arch, not broken by as many faults as at

present. The crest of the arch was probably near the

present summits of the southern Guadalupe Mountains,
for the supposedly consequent streams radiate north-
eastward, northward, and northwestward from it (fig.
19). The slopes of the arch seem to have been more
gentle than the present slopes of the mountains, and its
crest may not have stood as high. The incised streams
of the limestone areas have distinetive, meandering
courses, and join one another at wide angles, forming an
open, dendritic pattern, as though they originally flowed
down a gentle slope. This pattern, shown in the stippled
areas of figure 19, is unlike that shown in the southeast
part of figure 19, where the rocks are less resistant, and
where the streams could adjust their courses to the
steeper gradients of later periods.

Part of the jointing of the rocks of the Guadalupe
and Delaware Mountains probably took place during
the initial uplift. Fracturing of the rocks near the sur-
face is likely to take place, even under the application
of stresses too gentle to produce faults. If the rocks
were jointed during the early phases of the uplift, the
faults that came into existence later followed the pre-
existing fractures.

If it could be proved that the joints normal to tilted
beds in the western part of the area were originally
formed in a vertical position,and had been rotated along
with the beds at the time of block faulting, the suggested
conclusion that the joints were older than the faults
would be confirmed. It is equally possible, however,
that the joints originated in their present attitudes,
after the beds had been tilted.

MATY PHASE

In the northwest part of the Sacramento section, ac-
cording to Bryan,® the main block faulting, by which
the present basins and mountain ranges were outlined,
took place after Santa Fe deposition, and hence in late
Pliocene or early Pleistocene time. According to
Bryan:

Most of the existing mountains and highland areas were algo
mountains in Santa Fe time. They were reduced in Fliocene
time and were rejuvenated to form the present ranges. Other

mountains appeat to have been mew-horn * * %, So far as
present information goes, all the ranges, With [a few exceptions]

= Bryan, Kirk, op. cit.. pp. 200-215.
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= = * awe their present positions to the post-Santa Fe

uplift.

These post-Santa Fe movements appear to be of the
same age as the main phase of the uplift of the Guada-
lupe and Delaware Mountains. . :

During this phase the mountains wers raised nearly
to their present height and were given nearly their
present form and outlines. The probable archlike form
of the initial uplift was at this time broken into many
fault blocks, especially near its crest. These blocks
gave rise to the second generation of consequent streams,
such as those in Dog and West Dog Canyons. The
faulting did not result from the collapse of the initial
arch, for it is deduced that the arch was not raised as
high during the initial phase as it was afterwards, dur-
ing the main phase. The main phase of the uplifc
probably resulted from continued application of
stresses like those which caused the initial uplift, but
of sufficient intensity to cause the mounfain area to
be further uplifted and to be broken into fault blocks.

Most of the faults in the area probably date from the
main phase of the uplift. The scarps that follow faults
east and west of the Border zone are eroded to the
same degree where they are cut on the same sort of
rocks, such as the Capitan limestone. Moreover, the
scarp along the Border zone exhibits remnants of a
topography equally mature, although most of the pres-
ent features of the scarp indicate modification by re-
newed erosion resulting from subsequent movements.

LATER FHASE

Younger movements in the Guadalupe and Delaware
Mountains are indicated by the faulting of deposits of
probable older Pleistocene age. The movements took
place after an extended period of quiescence, for some
of the deposits that are now faulted were laid down on
a pediment carved from the disturbed Permian rocks.

Movements appear to have taken place only along
faults that were already in existence, and to have re-
sulted in displacements in the same direction ns during
the main phase. The displacements, however, were
only about a tenth as great as the older ones, amounting
at most to several hundred feet (p. 113). Movement
took place along the faults of the Border zone and
those immediately west of it, or in a much narrower belt
than during the main phase. Faults to the east and
west were undisturbed.

No definite evidence is available as to whether or not
the faulting of the later phase was accompanied by
further uplift of the mountain area. An increase in
the relief of the mountains with respect to the floor of
the Salt Basin is indicated not only by the displacements
on the faults themselves but also by the dissection of
the older, probably early Pleistocene deposits, which
was caused by the accelerated activity of streams re-
sulting from a change in base level. This dissection,

-
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however, may have been caused by o subsidence of the
basin, rather than by an uplift of the mountains. The
dissection of similar older deposits on the east flank of
the mountains by streams draining into the Pecos River
may have resulted in part from actual uplift of the
mountains, although it was undoubtedly inflzenced by
other factors. '

The later phase of the uplift is younger than the
deposits of probable early Pleistocene age and older
than deposits of Recent and perhaps later Pleistocene
age, which are undisturbed by it. It is, therefore, per-
haps of later Fleistocene age. No evidence for any still
younger movements has been found in the Guadalupe
and Delaware Mountains.

THEORETICAL PROBLEMS
NATURE OF STRUCTURE BENEATH THE SURFACE

Most of the available information on the tectonics
of the Guadalupe Mountains and their surroundings
relates to features at or near the surface, and very little
is known of the structure of the deeper-lying rocks. A
little information on the subsurface structure is afforded
by wells. Some in the Salt Basin have been drilled in
the unconsolidated Cenozoic deposits, and two in the
Guadalupe and Delaware Mountains have been drilled
through the Permian into the underlying rocks. No
geopliysical studies have been made in ‘the region.

Some idea of the nature of the structure at depth
can be obtained by projecting downward the features
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seen at the surface. On figure 18 the four structure
sections of plate 3 have been redrawn and expanded
downward to the top of the basement rocks. The top
of the basement is assumed to lie 8,000 feet below the
top of the Bone Spring limestone, and faults are as-
sumed to have plane surfaces, dipping at the same angle
underground as on the outcrop.

The actual details of the features shown on the ex-
panded sections may be modified by changes in the
structure with depth, The conditions assumed in draw-
ing them are obviously too idealized, and may be even
unnatural. Thus, the depths to the basement rocks,
although based on thicknesses at the nearest outcrops,
may not be the true figures for the area, and the depth
may change from place to place across the area. Also,
the faults may die out with depth or change their dip.

Dying out of the major faults with depth seems un-
likely, however, because it would imply a mass of in-
competent rocks below the surface, whereas, so far as
known from nearby outcrops, the beds between the
Bone Spring and the basement rocks are competent
limestones and sandstones. Moreover, in nearby moun-
tain ranges, such as the Sierra Diablo and the Sacra-
mento and San Andres Mountains (fig. 1), the base-
ment rocks are broken by faults of the same sort as
those in the overlying rocks and as those in the
Guadalupe Mountains,

Little can be said as to possible changes in dip of
the faults at depth. Within the limits of observation,

EXPLANATION

Quaiernary rocks

Guodalupe series

Walicamp oad
Leonard series

Gambrian to Pann-
sylvanion rocks
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FI1aURE 18 —Cross sections, the same as those on plate 3, but expanded downward to the top of the basement rocks.
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even where the faults cross areas of high relief, they
seem to have plane surfaces. However, some of the
major faults have curved traces, concave toward the
Jownthrow, and this may indicate a similar curvature
in vertical section. Further, some of the fault blocks
west of the Border zone have been rotated, and it has
been suggested that “a tilted block can only rotate
against a curved surface.” *

As shown on the sections of figure 18, the amount
of vertical displacement by faulting and tilting 1s
small when compared with the width of the belt of
uplifted rocks or the thickness of the sedimentary shell.
There appears to be a tendency toward simplification
of the structure downward by the joining of closely
spaced faults, so that, at the top of the basement rocks,
the faulting is concenirated along several large breaks,
rather than dispersed along smaller breaks. Details
of these conclusions may
just discussed. Thus, if the faults are concave o their
downthrown sides, they must intersect at shallower
depths than shown on figure 18.

RELATIVE vERSUS ACTUAL MOVEMENT

In deseribing the structure of the region, the Guada-
lupe and Delaware Mountains were said to have been
uplifted, and the Salt Basin to have been depressed.
These are relative termns. So far as one can tell from
the present relations between the fault blocks, their
situations raight have resulted from differential uplift
of the entire area, from differentia] subsidence, or from
a combination of the two. :

EVIDENCE FOR ACTUAL DPLIFT

Fvidence as to the actual nature of the movements

in the Guadalupe and Delaware Mountains is clearer
than in the ranges farther west which are surrounded
by complex tectonic features. The east flank of the
Guadalupe and Delaware Mountains is hinged on the
gently dipping rocks of the Pecos Valley and Llano
Estacado, which stand at 2 much lower altitude and
remained rvelatively stable during the late Cenozoic
movements. The difference in altitude between the
mountains and the Llano Estacado thus furnishes some
measure of the actual uplift which hLas taken place in
the mountains, :

Before the uplift, which took place after Creta-
ceous time, the region probebly lay near sea level.
The present height of the mountains has resulted from
uplift above this position, partly by epeirogenic move-
ments which also raised the plains to the east, and partly
by more localized disturbances which occurred in sev-
eral stages. During the first stage, as suggested by the
stream patterns, the mountain area did not rise to its
present height. A much greater elevation evidently
took place during the second stage. TFurther uplift dur-

PN

o washburne, C. W., Curvature of
America Bull, vol. 33, D 176, 1028,
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ing the third stage is possible but not proved. Appar-
ently the mountains never stood much higher than they
stand today¥.

EVIDENCE FOR ACTUAL DEFRESSION

The actual movements that have taken place in the
Salt Basin are less certain than those in the mountains.
The basin has been deeply filled with unconsolidated
deposits, but this deep filling is due more to the absence
of through-flowing drainage than to any actual eleva-
tion or depression. The basin may have subsided while
e mountains were being pplifted, it may have been
raised to a slighter extent than its surroundings, or it
may have remained at about its original position, while
ithe mountains were raised around it.

The depth of the rock floor below the surface of the
unconsolidated deposits of the Salt Basin is uncertain,
as even the deepest wells drilled in the basin have failed
to reach bedrock. One well, drilled near the southwest
corner of the area studied, Was still in unconsolidated
deposits at a depth of 1,620 feet 1% hence the underlying
rock floor lies 2,000 feet or Jess above sea level. This
level is lower than the surface of the Llano Estacado
enst of the momntains, but it may still be higher than
the altitude of the region before Cenozoic disturbances.

In nearby basins, scanty well records indicate that in
places the rock floor beneath the unconsolidated deposits
lies considerably above sea level, and in other places lies
at or below sea level.® These relations suggest that the
intermontane basins on the whole were raised above
their original positions, but by smaller amounts than
the adjacent mountains, and that actual subsidence took
place only in a few areas.

ORIGIN OF LATER TECTONIC FEATUORES

By what means did the luter tectonic features of the
Guadalupe and Delaware Mountains come info exist-
ence? The features are much simpler than those in
regions where folding and overthrusting prevail, yet
their origin is elusive because of their very simplicity.
In folded and overthrust regions, lateral compression
of the crust is an obvious, dominant force. Here, the
offects of such compression are not clearly evident, yet
the crust has been raised and lowered into mountains
and basins, and has been fractured by faults and joints.
Ts this another manifestation of lateral compression, or
have the tectonic features arisen from some other set
of forces?

ORIGIN OF JOINTS

The faults and joints that have fractured the rocks
of the region are closely related to the formation of the
mountains and basins. The manner in which they are

I

& Baker, C. L, Structural geotogy of trans-Pecos Texas: Texas Univ.
Bull. 8401, p. 171, 1935. Loeality given 88 410 or 12 miles morth of
Figure Two Ranch.”

= gayre, A, N, and Livingston, Penn, Ground-water resources of
El Paso area, Texad: . §. Geol. Survey Water-supply Fapetr 919, pp-
23-85, 1945,



124

arranged may furnish tangible clues to the orientation
of the stresses that deformed the region. The joints
are more widely distributed and are possibly older
than the faults, hence their origin will be considered
first.

Final interpretation of the joints probably cannot be
made from the study of a small area alone, for there are
likely to be significant regional variations in their pat-
terns that can be determined only by a study of a wider
area. Such variations are suggested for example, by
comparing the observatlons in the southern Guadalupe
Mountains with those in the Sierra Diablo (pl. 21).
In view of the present lack of detailed kmowledge of
these regionu.l variations, conclusions based on joint
studies in the area of thls report must be regarded as
tentative. ‘

An explanation of the joints in the area must recog-
nize the large number of joint sets present, the parallel
and transverse relations of the most abundant pair to
the axis of uplift, and the greater development of the
next most abundant pair on one side of the axis than on
the other. It must recognize also the common habit of
joint sets to lie at right angles to one another, the
absence of inclined joints except in tilted heds, and the
lack of horizontal shift of one part of the area relative
to another.

The effects of deformation have been pictured dia-
grammatically by the figure known as the strain ellips-
01d.” When this figure is compressed, fracturing mny
take place normal to its long axis (parallel to its short
axis) as a result of tension, or diagonally to the axes as
a result of shearing. Most joints of regional extent are
probably either tension joints or shear joints. In the
Guadalupe Mountains, where the joints are dominantly
vertical, the long and short axes of an ellipsoid would
lie horizontally, and the forces causing the jointing
would be directed in a horizontal plane.

The dominant joint sef in the area, the one that trends
north-northwest parallel to the axis of uplift, is prob-
ably of tensional origin, and results from a stretching
of the rocks east-northeastward and west-southwest-
ward. This origin is suggested by the great number
of faults parallel to it, which implies that it was the
most open of all the sets of fracture, and therefore the
most subject to movement.®* The pair of joint sets
diagonal to the dominant set, trending north-northeast
and west-northwest, may be the result of shear. They

® Leith, C. K, Structural geology, revised ed., pp. 21-27, 1023,

W In most textbooks of structural geology, tension jolnts are described
ag characteristically open and gaping, with irregular, unmeven courses,
and rough parting surfaces. (Leith, C. K., op. cit, pp. 47-58; Willis,

Dailey, and Willls, Robin, Geologic structures, 3rd ed., p. 118, 1934;
Nevin. C. M., Principles of structural geology, 2nd ed., p. 153, 1926).

These features de not geem to be valid criteria in nature, as shown by °

the work of Cloos and his associates on plutonic lgneous rocks, where the
direction of gstresses can be worked out more clearly than in other
types of rock. (Balk, Robert. Structural behavior of igneous rocks:
Geol, Soe, Amerien Memolr 5, pp. 27-33, 19373
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are less open than the first, and they are followed by
fewer faults.

The origin of the east-northeasterly joints at right
angles to the dominant set is less easy to explain. If
formed at the same time as the others, they should lie
normal to the direction of greatest compression, or along
planes on which fracturing is not expected to oeccur.
Some difference between them and the others must exist,
as they are not followed by any faults. Moreover, they
seem to be distributed differently than the dominant
set. The latter, and the faults of the szme trend, are
found in greatest abundance close to the axis of uplift,
as shown on plate 21, and apparently are less prominent
eastward, away from the axis. The east-northeasterly
joints are not only common near the axis, but. seem to
prevail about halfway between the north and south
ends of the uplift (not far south of the area studied, pl.
21), and to extend for some distance east of the axis.

The east-northeasterly joints may be older, more fun-
damental features than the other joints, formed as a re-
sult of tension like the dominant set, as a byproduct of
compression at right angles to the axis of uplift, before
it was raised to great height. Their abundance about
halfway between the north and south ends of the uplift
is in harmony with this interpretation. If the east-
northeasterly joints are older, they may have originated
during the early phase of the uplift of the mountains,
of mid-Tertiary and older age (pp. 108 and 120).

Under this explanation, the dominant, north-north-
westerly younger joints resulted from a reversal of
forces. During the main phase of the uplift of the
mountains, compression continued at right angles to the
axis of uplift but was transmitted into the superficial
rocks in the form of vertically acting movements. As
a result of these vertical movements, tension developed
in an east-northeast and west-southwest direction, caus-
ing the formation of the dominant north-northwest
joints along the axis of uplift. This may have taken
place at the same time as, or slightly before, the faulting.

ORIGIN OF FAULTS

The faulting of the area may have taken place after
the jointing as a result of movements along the frac-
tures thus formed. If of different age, the faults arose
from n set of stresseg different from that which caused
the joints, and merely followed the lines of weakness al-
ready created. More probably, they resulted from sim-
ilar stresses, acting on the rocks with greater force th'm
before.

The faults seem to be tensional features. Wherever
observed, their planes dip toward the downthrow, in
the usual manner of normal faults in other regions.
Study of the siructure sections as drawn suggests that
some extension of the crust resulted from the faulting
(fig. 18). Moreover, the narrow and in part deeply de-
pressed grabens found in many places could result only
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from an extension of the outer crust. The faults of the
Border zome, following a zigzag course across the
faulted tract (ph 21), give the impression of a major
tensional break whose trace was determined by already
existing lines of weakness. Near the faults there is no
crumpling or folding, such as one expects from compres-
sion. Further, the faults are in many places filled by
veins, which suggests that they were under tension
rather than compression.

ORIGIN OF UPLIFT

The uplift of the mountains and the displacement of
its rocks by faults are closely related movements, yet
they result to a certain extent from opposing {orces.
Tensional faulting can lower sections of the earth’s
crust in the direction of gravity; it cannot raise them.
Nevertheless, the mountains have been progressively
raised against gravity,and from the known geologic his-
tory, it would seem that the raising of the mountains
went hand in hand with the faulting. The opposition
of the two forces isillustrated by sections B—B’ and 0-0
of figure 18. lithenow disrupted beds in these sections
were reconnected by moving each fault block back to
its original position, the uplift would be much higher
than it now is.

Apparently the uplift and the downfaulting were
not caused by isostatic readjustment, . resulting from
loading of the depressed areas by the deposition of basin
deposits, and from unloading of the elevated areas by
erosion. This factor has been analysed by Gilluly.*
As he points out, 1sostasy would not explain the forma-
tion of the initial uplifts and basins. From computa-
tions based on an area similar to the Guadalupe and
Delaware Mountains region, he finds that “local eom-
pensation could theoretically account for perhaps one-
third to one-half of the observed displacement.” He
concludes, however, that the factor of isostasy is sub-
ordinate and “that the ultimate cause of the first fault-
ing has likewise been the prime factor in continuing
the movement.”

Tectonic features, such as those in the Guadalupe and
Delaware Mountains, whieh include both normal faults
‘and uplifted areas, have been explained by Bucher * as
resulting from alternations of rather brief, severe times
of compression, and of longer periods of relaxation and
tension, both of which are of wide areal extent. “Re-
gional tension created the basins and furrows * * K
while the epochs of compression forced up the positive
units” This implies that the faulting, which is of
tensional origin, took place during long intervals be-
tween brief times of uplift of the mountains.

This theory explains many features of the region, but
it also raises many difficulties. There is no evidence

[

® Gillulr, James, Basin range faults along the Oquirrh Range, Utah:
Geol. Soc. Americn Bull., vol. 39, Dp. 1128-1130, 1928, .

= Bucher, W. H., The deformation of the sartl’s crust, pp. 323, 326,
Princeton, 1823,

that the times of uplift were distinet from the times of
faulting; instead, the two seem to have gone hand in
hand. There is also no evidence that the times of uplift
were of shorter duration than the times of faulting.
The last period of faulting, which displaced the older
unconsolidated deposits seems, in fact, to have been rela-
tively brief, and to have been preceded and followed by
times of quiescence during which pediment cutting and
other erosion processes acted for a long period without
interruption.

Moreover, considering the region in its relation to
other parts of the southwestern United States it is diffi-
cult, by any means of correlation that we now possess,
to separate the times of uplift and faulting in such
ranges as the Guadalupe and Delnware Mountains from
times of compressive deformation elsewhere. Thus,
the first uplift suggested for the mountains, possibly of
pre-Pliocene age, corresponds closely n time to the
period of post-Oligocene folding that is manifested
elsewhere in trans-Pecos Texas. The second uplift and
faulting, of late Pliocene and early Pleistocene age, took
place at about the same time as the broad uplift of the
San Juan Mountains in Colorado * and the strong fold-
ing of the Coast Ranges in California.’s This correla-
tion suggests thata single epoch of deformation resulted
in one place in block faulting, in another in epirogeny,
and in a third in orogeny.

As suggested when interpreting the joints (p. 124)
the Guadalupe and Delaware Mountains may have
arisen as a result of deep-seated compression, mani-
fested at the surface by essentially vertical uplift, which
put the surface rocks under tension, thereby producing
along the crest of the uplifted region an extensive sys-
tem of tension joints and normal faults.

This interpretation closely resembles the early sug-
gestion by Gilbert v
that in the case of the Appalachians the primary phenomena
are superfieial; and in that of the Basin Ranges they are deep-
geated, the superficial peing secondary ; That such a force as has
erowded together the strata of the Appalachiang * * * has
acted in the Ranges on some portion of the earth's crust below
the immediate surface; and the upper strata, by continaaliy
adapting themselves, ander gravity, to the inequalities of the
lower, have assumed the forms we See. Such a hypothesis.
[implies] * *+ + that a ridge created below, and slowly
upheaving the superposed strata, would find them at one point
coherent and flexible, and there produces an anticlinal; at
another hard and rigid, and there uplifts a fractured monoclinal ;

and at a third, seamed and incoherent, aud there produces a
pseudo-anticlinal.

—

® ptwood, W. W., and Mather, K. F., Physiography and Quaternary
geology of the Sen Juan Mountains, Colorado: U. 8. Geol. Survey Prof.
DPaper 166, pp. 25-26, 1982,

® Reed, R, D., and Hollister, J. 8., Structnral evolution of southern
California : Am. Assoc. Petrolenm Geologista Bull., vol. 20, p. 1985, 1936.

we Gilbert, G- K., Report upon the geology of portions of Nevada, Utah,
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Gzeog. and Gepl. Surveys w. 100tk Mer. {Wheeler sorver), vol. 3, p. 82,
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CENOZOIC DEPOSITS AND LAND FORMS

THE RECORD OF CENOZOIC HISTORY -

The present section of this report desls with the
Cenczoic history of the southern Guadalupe Mountains
and their surroundings. Here, a different method must
be adopted from that used in interpreting Permian his-
‘tory. For Permian time, a relatively complete record is
contained in the rocks which form the present moun-
tains, and this record can be dealt with, step by step, by
following the stratigraphic sequence upward. For
Cenozoic time, the stratigraphic record is incomplete
and scattered, being represented in the southern Guada-
lupe Mountains by various unconsolidated deposits.
Gaps in the record must be filled in by interpreting the
land forms, the sequence of tectonic events, and the
stratigraphic record in nearby regions.

Spreading over the consoliduted rocks of the southern
Guadalupe Mountains are unconsolidated deposits of
Tater Cenozoic age (shown on plate 22), They are gen-
erally found in the lower places where they form either

a thin veneer over previously graded rock-cut surfaces
~ (pediments), or a thick fill in areas of decided tectonic
relief where the bedrock lies far beneath the surface
(bajadas). The unconsolidated deposits, which have an
obvious source in the present mountains, consist of frag-
ments washed in from the higher parts of the area that
were being eroded while the deposits were forming.

Although these deposits were laid down after the
mountains had attained nearly their present form, the
aspect of the mountains is still relatively youthful.
Their escarpments are high and straight and the can-
yons that trench them are deep and V-shaped. The
plains that surround them are generally bajadas, char-
acteristic of the early phases of degradation of » moun-
tain area. Pediments, which are characteristic of more
stable conditions, occupy only small areas, Moreover,
some of the older unconsolidated deposits are faulted
and tilted, indicating that the mountains continued to
be uplifted after the deposits began to be spread over
the region.

The unconsolidated deposits are doubtless all of later
Cenozoic age. Deposits that lie near the present streams
are obviously of Recent age; others, which are now dis-
sected and disturbed, must be as old as the Pleistocene.
Still other deposits, perhaps of Pliocene age, may lie
beneath the surface of the Salt Basin west of the moun-
tains, for deposits of that age are known in the more-
dissected desert basins nearby. In the Salt Basin, how-
ever, they are wholly concealed from view, as the
younger deposits that cover the floor of the basin have
been penetrated very little by erosion.

The higher-standing parts of the area have been
undergoing erosion ever since the mountains were up-
lifted, and have not been covered by deposits. Although
their slopes are still being worn back. certain relic fea-

tures persist, inherited from earlier periods. Some of
those in the mountains are probably older than any un-
consolidated deposits now visible in the plaing, and may
date from the early phases of the uplift of the area, or
even before. '

RELATION BETWEEN PRESENT AND PAST

Some of the surface features of the Guadalupe Moun- '

tains region are of modern origin, but most of them have
been in growth throughout a long span of Cenozoic
time. During most of this time the surface features
were shaped by processes conditioned by an arid climate.
The extensive mountain areas composed of Iimestone
and the widespread interior drainage system could not
have persisted as well in a humid climate, nor would the
mountain ridges have retained their present harsh out-
lines or be so poorly mantled by soil. The deposits of
the old debris aprons (bajadas), like those forming to-
day, consist of slightly decayed rock fragments, and the
subsoeil on both young and old land surfaces is impreg-
nated by caliche, a product of soil formation that exists
only in regions of scanty rainfall.

A few of the surface features of the region seem to
be relics of processes no longer at work, Such processes
existed in part during interludes of more humid climate
in Pleistocene time; in general, however, the interludes
were too brief to have left much of o mark on the land-
scape.

Because of the fact that present and past conditions
are closely related, I feel it desirable, before taking up
the Cenozoic history, to consider the modern landscape
and processes at work on it. The landscape and the
processes are probably similar to those of the past and
their understanding will aid in the interpretation of
Cenozoic history.

THE MODERN LANDSCAPE AND PROCESSES AT WORK
ON IT
CONTROLLING FACTORS
CLIMATE

The southwestern arid region of the United States,
lying south of the middle of the temperate zone, has
short, mild winters, and relatively high temperatures
during most of the year.®” Inthe Guadalupe Mountains,
periods of freezing weather are of short duration, and
frost action is much less effective than at higher lati-
tudes.

To judge from the record of nearby stations, the rain-
fall of the Guadalupe Mountain region varies from 10

" inches on the plains to nearly 14 inches on the mountain

o Thornthwalte, C. W., The Climates of North America according to a
new classifeation : Geog. Rev,, vol, 21, pp. 833-805, pl. 3, 1931,
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summits,® the increase in rainfall with altitude being
clearly reflected by the upward increase in the density
of the vegetation. Like other high-standing desert
ranges, the mountains are a gathering ground for
clouds, and they are likely to capture much rainfall
that otherwise would never reach the ground.

More than half the normal year’s rainfall comes in
July, August, and September, and is of the convectional,
thunderstorm type. “The individual afternoon thun-
derstorm does not cover much territory. Clouds gather
over a mountain range, where the instability of the air
becomes particularly great; thunder begins to roll at
noon, or in early afternoon, and a short, brisk down-
pour covers part of the land that has lain in the shadow
of the thunder heads.”® These rains are not necessarily
torrential. Although the run-off that follows them is
rapid, this is less because of the volume and rapidity of
the downpour than because of the barrenness of the land
. that receivesit.! Ocecasional rainstorms during the sum-
mer and other seasons are of cyclonic type. They last
longer and cover a wider expanse of territory than the
thunderstorms. Ewvaporation is rapid, and surfaces wet
by the rains dry out rather quickly afterwards, thereby
reducing the effectiveness of the precipitation as an aid
to plant growth.

Mean annual figures express only poorly the actual
rainfall of the arid region, for actual rainfall fluctuates
from year to year within wide limits. During some
years the rainfall, Jargely by an increase in the number
of eyclonic storms, may be so excessive as to create tem-
porary subliumid conditions; during others, it may be
so deficient as to create desert conditions.* Such fluctua-
tions seem to take place in 5- to 10-year periods, and in-
dications of still longer eycles of 50 to 100 years are
suggested by tree-ring records, and by ineteorological
observations which are as yet insufficient for any final
conclusion.®

Because of their height and exposed position, the
Guadalupe Mountains are swept by strong winds, which
increase in frequency and violence during the drier
years. The full force of the gales is directed against the
mountain crests, saddles, and plateau surfaces; because
of the strong relief, some points in the canyons and near
the bases of steep slopes are sheltered from winds from
certain directions.

= Onrter, W. T., and others, Scil survey (reconnaissance) of the
trans-Pecos area, Texas: U, 5. Dept. Agr., ser. 1928, Ko, 35, pp. 1416,
fig. 4, 1925.

® Bnuer, Carl, Beasin and Range forms in the Chiricahuna aren: Cali-
fornia Univ. Pub. in Geog., vol. B, p. 344, 1980.

1 Ruesell, R, J., The desert-rainfall factor in denudation: 16th Inter-
nat. Geol. Cong. Rept,, vol. 2, pp. 7617562, 1938.

2 Ruszell, R. J., Dry climates of the United States: California Univ.
Pubs, in Geog., vol. 5, pp. 245-274, 1922, Kendall, H. M, Notes on
climatie boundaries in enstern United States: Geog. Rev, vol, 25, 62. 1,
pp. 118-118, 1833,

8 Bowman, Isaiah, Quf expanding and contracting “deserts":
Rev., vol, 23, pp. 46-49, 1935,
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BOILE AND VEGETATION

The surface of the area is more or less mantled by
typical arid-climate soils, which are thin, poor, caleare-
ous, and generally impregnated by caliche at depth.*
The soil profiles of the area, however, may not result
entirely from processes now at work, but may reflect
a climate of the near past, which differed somewhat in
the amount of rainfall, and other features.®

Within the Guadalupe Mountains and its foothills are
extensive tracts of bare rock and rough, stony land,
interspersed with patches of immature, residual soils,
generally full of rock fragments (Ector series).® De-
spite the somewhat greater rainfall of the mountain
areas, soils there do not have an opportunity to reach
maturity because they are constantly being washed
away. The higler summits and sheltered slopes of the
mountains support a sparse forest growth, resulting not
so mucli from favorable soil conditions as from favor-
ablerainfall. Inthe lower,drier parts of the mountains,
where tlie soils are more extensive, the surface is thinly
carpeted with grass, interspersed with sotol, lechuguilla,
other woody shrubs, and a few trees.

On the detrital aprons that fringe the Guadalupe
Mountains are more extensive, transported, calcareous
soils (Reeves series).” On the higher parts of the allu-
vial slopes they are gravelly loams and gravelly fine
sands. Farther out are silty clay loams, fine sandy
loams, and areas of fine sand that are blown into low
dunes by the wind. The alluvial slopes support vari-
ously spaced clusters of creosote bushes and other woody
shrubs, between which is a sparse grass cover. At the
bases of the alluvial slopes is the nearly level expanse
of the Salt Basin, which is mantled by a deep, gypsifer-
ous, alkaline soil (Reeves chalk},® on which is a mod-
erately thick growth of wiry yeso grass, salt grass, and
mesquite,

The inadequate soil cover and sparse vegetation .
greatly facilitate run-off. The cover of vegetation how-
ever, is somewhat more effective in resisting erosion
than might be supposed. Sauer ® has pointed out that
in the similar area of sontheastern Arizona “The rain-
fall regime is such that it favors the development of an
adequate cover of vegetation prior to the heavier rains.
The grasses are dormant until the summer rains set, in,
but then get under way with great rapidity. The
heavier summer rains are alinost never at the begin-
ning, but rather toward the end of the rainy season,
when the vegetation is already well established.”

Climatic fluctuations have a largely unkmown but
probably important influence on the vegetative cover.

4 Priee, YWW. A., Reynose problem of south Texas and origin of caliche:
Am. Assoc. Petroleum Geologists Bull., vol 17, pp. 502-515, 1033,

¢ Bryan, Kirk, Gully gravure, a method of slope reireat: Jour. Geo-
morphology, vol. 3, pp. 101-102, 1940,

¢ Carter, W. T., and others, op. cit,, pp. 44-48.

7 Carter, W. T., and others, op. cit,, pp. 26-30.

2 Carter, W. T., and others, op. eit., p. 20.
® Sauer, Carl, op. cit., pp. 342-344.
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“A. sharp desert year may have more effect on Crops,
tree seedlings, and s0il erogion than half a dozen nor-
mally moist years. Likewise, a single exceptionally wet
Year may start a grass cover that will survive less fav-
-orable years.”® During extended dry periods, the
cover may be so reduced as to permit extensive soil
erosion. Bryan and Albritton™ report ancient, now
filled arroyos in the flood plains of some New Mexico
and Texas streams, that were cut during such dry
periods, long before the region was oceupied by white
settlers.

Conditions of this sort probably have been intensi-
fied by the manner in which the land has been used since
white settlement. By a combination of drought and
overgrazing, the grass and shrub cover in places has
been seriously depleted. Much soil erosion is in evi-
dence, and formerly level alluvial flats are now pene-
trated by steep-walled arroyos.

STREAMS AND THEIR WORK
RELATION TQ BABE LEVEL

Streams that flow east from the crest of the Guada-
lupe and Delaware Mountains drain into the Pecos
River, a through-flowing stream at the base of the slope,
50 miles away. Because these streams are members of
a through-flowing system, they are adjusted to either a
constant or gradually lowering base level. Material
transported by them is ordinarily carried out of the
region, and no douht eventually finds it way to the sea.

Streams on the west slope have steeper gradients and
shorter courses than those on the east slope and are re-
ducing the asymmetry of the mountain block by cut-
ting headward into the area drained by the east-flow-
ing streams. Because they drain into the Salt Basin,
a region of interior drainage, they cannot take material
out of the region, but must deposit their loads at the
bases of the steep slopes. They are probably adjusted to
a slowly rising base level, although aceretion of new ma-
terial on the basin floor seems to be taking place very
slowly at the present time. It is even possible that the
floor of the Salt Basin is being lowered by deflation, but
to the east toward which the dominant winds must
blow, the enclosing mountains seem to rise too steeply
for much material to be blown over them, and so out of
the region. .

CHARACTER

Because of the arid climate, no streams flow perma-
nently in the area, except in sheltered canyons within
the Guadalupe Mountains. During most of the year the
stream channels of the region are dry gravel washes,
and what water exists percolates beneath the surface.

* Bowman. Esaiah, op. cit,, p. 49.

1 Bryan, Kirk, Recent depositz of Chaco Canyon, New Moexicn, in relo-
tion to the life of the pre-historic peoples of I'ueblo Bonity [abstract] :
Washington Acad. Sei. Jour., vol. 16, pp. T5-7G, 19205, Albritton, C. C,,
and Bryan, Kirk, Quaternary strutigraphy in the Daviy Mountains,
trans-Pecos Texas: Geol. Soe, America Dull,, vol. 30, pp. 1433-1454,
1239,

Only after rains do the channels spring into action,
and for a short time become filled by rushing torrents.
During their brief existence the torrents pick up the
gravel and finer detritus and shift it downstream, and
by so doing corrade the bed and banks of the channel.

The streams of the region are thus effective agents of
erosion only during parts of the year, yet they domi-
nate the sculpture of the landscape. Except on the
floor of the Salt Basin, the whole surface is penetrated
by channels, each traversing a valley or detrital slope of
its own creation. Not only have the streams been anle
to cut valleys and build up detrital slopes, but many of
them, particularly those draining eastward from the
crest of the mountains, have been able to cut down to
grade or have reached that condition of balance “in
which the ability of transporting forces to do work is
equal to the work they have to do.”*?

INTERETREAM AREAS

Between the stream channels that penetrate the region
1s a complex of sloping surfaces, across which storm
waters and weathered rock fragments travel and are
collected and carried away by the streams below.
Some of them are gently inclined and form plains of
various sorts, whick are graded with respect to the
streams and related agencies at work on them. Other
surfaces rise steeply, forming the foothills and moun-
tains, and are as yet unconsumed by the attacking
streams. One might suppose, because of their steep-
ness and height, that such surfaces were unstable.
Actunlly, except where they have recently been un-
balanced by tectonic or elimatic changes, they them-
selves are graded for the processes at work on them,
and their inclination is just steep enough for material
to be carried across them.? ‘

The steeper slopes, altkough graded, remain steep
because the processes at work on them are less effective
than on the gentler slopes. The fragments that lie on
them, being close to their sources, are little broken down,
and being of relatively large size, are not easy to trans-
port. At the same time running water performs less
work, for it has not vet gathered into streams, but is
deployed in sheets, rills, and streamlets, In humid
regions, where the steep slopes are mantled by residual
soil, its downward creep is the chief transporting force.
In dry regions, such as the Guadalupe Mountains area,
where the soil cover is thin or absent, gravity is 2 dom-
inant force, acting directly rather than as an.aid to
soil or stream movement. The steep slopes thus stand
at an angle only a little less than the angle of rest of
the fragments that cover them. The fragments can
almost slide or roll of their own weight, and need but
Iittle water to urge them forward.

¥ Davis, W. M., The geographical cycle: Geographical essays, p. 267,
Boston, 1909,

3 Davis, W. M., Base-level, grade, and peneplaln : Geographical essars,
Boston, pp. 400-403, 1509,




In granitic mountains of arid regions, it has been
observed that the steeper oraded slopes change with an
abrupt angle into the gentler graded slopes at their
pases.* In nongranitic mountains, however, such as
those in the area of this report, the steep slopes charac-
teristically grade into the gentle ones through a concave
aret®  This difference in profile is probably caused by
the difference in sorts of weatlered materials that lie
on the two types of surfaces. Those in mongranitic
mountains are likely to be smaller, and subject to more
rapid disintegration as they move down the slope, than
are those in granitic mountains. Hence, the grade
needed to transport them lessens down the slope, result-
ing in a curved profile. In the nongranitic area of the
sonthern Guadalupe Mountains such features are char-
ncteristic, and the mountain slopes change graduaily
rather than abruptly into the plains at their bases.

The gentler-graded slopes have a lower angle because
of the greater effectiveness of the transporting proc-
esses. TFragments that reach them have been in process
of transport for a longer time, and hence have been
reduced in size by breakage when falling, by abrasion
when carried by water, and by weathering when at
rest. Here, running water has cathered into streams
of small to large size. The gentler slopes are, to &
large degree, graded with respect to the streams, either
by cutting down the bedrock, or by building up the
areas below grade through deposition. The worn-down
bedrock surfaces of arid regions are called pediments;'®
and the built-up surfaces underlain by deposits are
called bajadas.®®

CONTROL OF DEGRADATION BY STREAME

Degradation of such an area as the Guadalupe Moun-
tains, made np of graded surfaces of varying degrees
of steepness, takes place by the propagation of activity
backward and sideward from the streams that drain it,
thereby estending the gentler slopes, which become
adjusted to the more cffective {ransporting agents, at
the expeuse of the steeper slopes, which are adjusted to
the less effective transporting agents. By cutting down-
ward, the larger streams renew the activity of the
smaller ones on the adjacent pediments and bajadas.
They are not only Jowered, but are also extended moun-
tainward, thus reviving the activity of sheet wash and
"gravity on the graded mountain slopes. As a result,
the mouutain slopes retreat in their turn.

Degradation of the Guadalupe Mountains region has
not yet reached an advanced stage, largely because the
mountains are still geologically young. Although most
of the surfaces are graded, steep slopes still dominate,

[ —

# Bryan, Kirk, Eresion and sedimentation in the Papago country, Ari-
zona ; U. 8. Geol. Survey, Bull. 730, p- 35, 1823,

1B Davis, W, M., Sheetfloods and streamfloods: Geol. Soc. Americe
Bull., vol, 4%, pp- 187 41879, 1938,

1 Bryan, Kirk, op. cit, P. 52, :

= Tolman, C. F., Brosich and sedimentation in the seuthern Arizona
bolson region: Jour. Geology, voel. 17, DP. 141-142, 1908.
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and pediments are narrow. The gentler slopes along
the western edge of the mountains are mostly bajadas
wcharacteristic of disturbed conditions.” * They are
formed during the early stages of degradation of a
tectonically unbalanced region by the effort of streams
to attain a graded slope. :

MOUNTAIN SLOPES
EINDS OF SLOFPES

1n the Guadalupe Mountains region, the steep slopes
of the mountains and foothills are carved from lime-
stones, sandstones, and other stratified “sedimentary
rocks. The inclination of the slopes depends to a large
degree on the nature of the rocks from which they are
carved.® Rocks that are massive and little jointed
weather out in large blocks that ave difficult to trans-
port, and hence form steep slopes or cliffs. The rocks
that break up into small fragments are worn back into
surfaces with a lower inclination. Here, as in the coun-
try described by Bryan,” the mountain slopes can be
classified, according to steeplness, into cliffy slopes,
boulder-controlled slopes, and rain-washed slopes.

Because of the arid climate and consequent ineffec-
tiveness of solution weathering, the limestones of the
region are resistant to erosion. Some of those in the
Guadalupe Mountains, belonging to the Capitan and
Goat Seep formations, are so indistinctly bedded that
they behave as massive rocks. Inmost places they form
steep, graded, boulder-controlled slopes, but on the west
side of the mountains, where underlying, poorly resist-
ant sandstones are laid bare to erosion, sapping at their
bases has maintained them in cliffy slopes.

In other parts of the region the limestones and sand-
stones are well bedded. Some of these well-bedded rocks
give rise to weathered blocks so large that they form
boulder-controlled slopes almost as steep as those of the
massive limestones. The sandstones of the Delaware
Mountain group form steep slopes of this sort in places,
even though they consist largely of thin-bedded mate-
rial, because layers supplying large weathered blocks are
either interbedded with them or overlie them. Else-
where, the thin-bedded sandstones are cut back into
gentle vain-washed slopes graded for the transportation
of their own fine-textured weathered detritus.

Because of the general absence of soil creep in the dry
region, the different classes of slopes tend to maintain
their identity, even when erosion is far advanced®
Massive rocks continue to project as cliffy slopes.
Boulder-controlied slopes and rain-washed slopes stand
ot nearly the same angle during their retreat, instead
of being worn down to more subdued surfaces.

R —

1 Blackwelder, Ellot, Desert plains : Jour. Geology, vol, 39, pp. 188-
139, 1931.

1 Lawson, A. C., Epigene profiles of the degert : California Univ, Dept.
Geol. Bull., vol. 8, p. 28, 1915.

2 Bryon, Kirk, op. ¢it, P. 42,

=1 Davis, W. M., Rock floors in arid and humid regions: Four. Geology,
vol. 88, p. 146, 1830.



130

WEATHERING PROCESSES

The rocks uncovered on the slopes already contain
planes of weakness (bedding and joints) which deter-
mine to a large degree the size and shape of the frag-
ments into which the rock will subsequently break.
When the rocks are exposed to the weather, the proc-
‘esses of disintegration and decay work inward along
these planes, loosening the intervening fragments and
modifying their surfaces. Weathering takes place
mainly by chemical, and partly by physical processes.

The calcitic and dolomitic limestones weather mainly
by chemical processes and especially by the dissolving
action of water, although its work is retarded by the
dry climate. In South McKittrick Canyon, the open-
Ings of numerous solution caverns can be seen on the
mountain sides, and the stream itself is so charged with
calcium carbonate dissolved from the limestones of its
drainage area that it is depositing masses of travertine
in its channel. At one place in Pine Spring Canyon,
solution of the limestones along joints has etched these
rocks into groups of pinnacles. Elsewhere, solution
has produced less striking forms, yet it has been at work
on nearly every outerop, producing jagged surfaces,
and dividing the rock into blocks along widened joints.

Physical processes of weathering have aided in break-
ing down the limestones, as many of their surfaces are
exfoliated. Ledges and residual blocks are in places
bounded by curved surfaces, and contain incipient
curved cracks within the rock. Broken spalls lie near
them on the ground. The exfoliating blocks range
from a few feet to 5 or 10 feet in diameter. In the
area of Goat Seep limestone in the western foothills
of the mountains, the spalls have anguler outer sur-
faces, deeply pitted by solution, but smoothly curving,
fresh, clean-cut inner surfaces, indicating that blocks
previously shaped by solution had suddenly been split.
Analyses of the spalls here and elsewhere show them
to consist of calcium or magnesium carbonate, with
few Impurities.

These features are not easy to explain, for both cal-
citic and dolomitic limestones have a low coeflicient of
expansion, which would muke their breaking by normal
temperature changes unlikely. Moreover, they do not
contain minerals that change in volume during chemi-
cal decomposition, and thereby set up strains within
the rock. It is possible that some of the exfoliation was
caused by the heat of brush or forest fires.® Some of
the most prominent spalling is in exposed, rocky areas,
that do not support much vegetation, where its origin
is not clear.

The thicker-bedded sandstones weather mainly by
such physical processes as exfoliation and eranular de-
cay. Weathering along joints and the sapping of
weaker beds beneath break them into great, rectangular

= Blackwelder, Eliot, Fire ns an agent In rock weathering : Jour.
Geology, vol. 35, pp. 184-140, 1927,
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blocks. Exfoliation reduces many of these blocks to
rounded boulders or shapes them into pedestal rocks. .
Exfoliation shells are constantly developing. Thus,
some Indian pictographs in a shallow recess near
Chinamans Hat are partly destroyed by the scaling off
of thin sheets of the rock on which they were painted.
Some chemical processes work hand in hand with the
physical processes. Ferruginous material tends to con-
centrate as a desert varnish near the surface of the
sandstones, forming n resistant brown crust over the
softer, more friable rock. Later weathering has sought
out weak places in the coating, and has cut out pockets
that extend behind it.

The thin-bedded sandstones weather, largely by
physical processes, into fine-textured debris, such as
chips and plates broken out along closely spaced bed-
ding planes and joints, and into sandy soil produced
by granular disintegration.

PROCESSES THAT LOQSEN WEATHERED BLOCESR

After being split by weathering, the rock debris is
set free in various ways from its parent ledges, and is
made available for transportation. Large amounts of
material are no doubt thus released by the weathering
away or washing out of the rocks that support them,
especially if the supporting rocks belong to a poorly re-

.sistant stratum. Some are loosened during the colder

months by frost. Thus, on a warm, sunny day that fol-
lowed a period of freezing weather in November 1934,
H. C. Fountain and I saw and heard many rocks fall
from the cliffs near Guadalupe Peak. Water that had
run into crevices and frozen there had pried the rocks
apart, and the melting of the ice was no doubt letting
the newly broken rocks fall. The work of frost in this
region, however, is less effective than at higher altitudes
and latitudes.

Some fragments may be broken from their parent
ledges by catastrophic forces, Fresh sears that dot the
slopes of the Guadalupe Mountains, where blocks have
recently come off, have been pointed out to me by local
residents as marks left by lightning. It is true that
lightning plays about the mountain sides during every
thunder storm, and trees riven by lightning bolts can
be seen on most ridges. The suggestion that lightning
made the scars in the rocks, however, seeins to be based
on inference rather than observation, and it is unlikely.
that it could break free any more than small rock masses.
Jome blocks previously loosened by weathering may be
shaken free by earthquakes., Thus, W. B. Lang reports
that during the Valentine earthquake of 1981, whose in-
tensity in the area was VI, there were slides of rock in
the McKittrick and Dog Canyon areas® Mr. A. J.
Willinms, who lived near the ¢liffs on the west side of
the mountains, however, did not observe any rock falls

_ from them at this time.

# Sellards, E. H,, The Valentine, Texas, earthquake: Texzas Tnlv.
Buyll. 3201, pp. 116 (map), 128, 1933,
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Some of the largest rock falls In the area have come
from a place near the top of the cliffs on the west side
of the Guadalupe Mountains a few hundred yards north
of El Capitan. According to Mr. J. T. Smith, of
Frijole, one of them took place about 1920, when so
large a Mass Was suddenly loosened that its impact
shook the windows of his ranch, 4 miles away. An-
other mass fell from the same place in December 1934,
when H. C. Fountain and I were in the region. The
cause of these rock falls is undetermined, but they seem
to come from a place on the cliffs that has been much
weakened by weathering.

TRANSPORTATION OF MATERIATL ON BLOPEB.

After being set free, the weathered fragments are
moved down the slopes by transporting agents. On the
cliffs, where they can fall to the base without hindrance,
transportation is by gravity alone. FElsewhere, al-
though fragments may be able to roll for short dis-
tances, they must be continually urged forward by rain-
wash. Most of the mountain sides are graded to a com-
bination of gravity and washing. According to Bryan®

The processes of transportation on slopes are complex and
ipterrelated; frost action, creep, and rain wash, as well as
chemical and biological activities ave complex in character,
and each one enters into the intricate combination of processes
that are active on any ome slope. * s & For perioas of
several or even scores of years, the rate of removal of material
may be moderate, and thus the reteeat of slopes in any one joeal-
ity may appear relatively slight. The secular pracesses of chem-
jeal deeay, of creep, and of rain wash may appear to be dominant
but also inconsequential. guddenly this quiet, progressive getion
may be interrupted hy the relatively violent action of great
storms. * * * The formation of gullies appears to be o recurrent
phenomgnon, dependent on the incidence of graat storms. The
periodicity of snell storms is one of the most important char-
acteristics of the climatic regime, and the retreat of slopes in the
desert of Arizona, and perhaps elsewhere, is a pulsatory phenom-
enon, depending on the irregular incidence of major storms.

The material in transport on the boulder-controlled
slopes consists of boulders and smaller fragments, down
to pebble size, generally of angular shzpe and either
scattered singly or gathered in waste streams approxi-
mately one boulder deep. Soil is almost absent, and soil
creep plays little part in the movement of detritus. In
most places, the bedrock is scarcely or not at all con-
cealed by the surficial material.

On boulder-controlled slopes carved from interbedded
thin- and thick-bedded sandstones, large blocks from
the thicker layers strew the surface in great numbers.
They seen to be so lightly placed that one expects their
mnovement will be rapid; in fact, Mr. Walter Glover re-
ports that where United States Highway No. 62 has
peen cut into one of the slopes of Guadalupe Canyon,
several sandstone blocks bave fallen on the road in re-
cent years. Close study of the sandstone blocks on the

e —
= Bryam, Kirk, Gully gravure, a method of slope retreat: Jour. Geo-
morphology, vol. 3, pp- 00-91, 1940.
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slopes, however, shows that in most places their move-
ment must be very slow, Most of them rest on flat faces
or have been rather firmly anchored by the surrounding
debris, Few of them can be pushed by hand from their
present positions, and those few are generally caught
again by other blocks after rolling a few feet down the
slope. On one of the slopes of Gualalupe Canyon not
far from the cut of the highway a largo block has an
Tndian pictograph on one face. This pictograph is in
such a position that the block cannot liave moved ap-
preciably in the hundred years or more since it was
made.

Large blocks lie on the lower slopes of Pine Spring
and McKittrick Canyons. They are of massive lime-
stone, and some are more than 30 feet across. They do
not seem to be in the process of movement at the present
time. They may have rolled to their present positions
after having been released from the steeper slopes above.
Probably they have not moved since, except during vio-
lently torrential ralnstorms.

On the slopes carved from the nonresistant rocks, such
as thin-bedded sandstone and anhydrite, weathering has
produced more soil than elsewhere, Movement of
material by soil creep here may be of some importance.
At any rate, the land surface, particularly in the anhy-
drite area, is reduced to subdued, gently rounded forms,
which resemble the soil-cloaked slopes of humid regions
more closely than do any others in the area.

'CLIFFY SLOPES

The most prominent cliffs in the area are those near
Guadalupe Peak and El Capitan at the south end of the
Guadalupe Mountains, which form the top of a high es-
carpment, and are themselves 500 to 1,500 feet high.
They are carved from caleitic and dolomitic limestones
of the Capitan and Goat Seep formations, whose bed-
ding planes are either so indistinct, or so welded to-
gether, that they lLiave little influence on the weathering
of the rock. The rock is traversed by several sets of
joints, many of which extend through the full height of
the cliff.

In Lorizontal plan, the cliffs consist of several seg-
ments of north-northwest trend, parallel to the domi-
nant joint set of the region, and of shorter offsets of
west-northwest trend. In vertical profile, they consist
of smootl, fresh, vertical parts that follow single joint
planes, separated by craggy parts carved from the rocks
between the joints. The eraggy parts are more weath-
ered than the vertical parts, and in places some vegeta~
tion has obtained foothold upon them.

At their tops, the cliffs intersect gentler slopes that
drain to the east. The angle of intersection is generally
sharp, as though the cliffs were being cut back more
rapidly than the slopes. The profile of the cliff summits
as seen from the west is undulatory, each low place
marking the beheaded end of an east-draining valley.
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The map relations of the cliffs are shown on plate 3,
and in greater detail on plate 9. Their structure js
shown on the sections of plate 9, and section K—K”, plate
17. For views of them, see the aerial photograph, plate
1, and the panoramas, plate 3, A4 (which shows their
appearance from the south), and plates 5, B and 12
{which show their appearance from the west),

The relations of the cliffs to jointing can be seen on
the structure map, plate 20, where the pattern of the
cliffs can be compared with observed joint trends. The
joints are suggested on plate 12, 4, where many of the
vertical lines are drawn along actual joint planes, The
undulatory profile of the cliff summits is well shown in
the view from the west, plate 5, 3.

Through most of their length, the cliffs surmount a
slope 500 to 2,000 feet high, carved from the underlying
less resistant sandstones of the Delaware Mountain
group. The sandstone slopes are more or less mantled
by blocks of limestone that have fallen from the cliffs
above and have gathered into long waste streams be-
tween projecting rock spurs. The heads of the waste
streams conceal the top of the poorly resistant sand-
stones and generally extend up to, but not above, the
base of the overlying ecliff-making formations. In
places, however, the waste streams extend headward
above their base along recesses cut along cross joints,

The cliffs in this district owe their prominence to the
lofty position of the massive limestones, and to the poor
resistance to erosion of the beds which underlie therm,
The cliffs stand high above the base-level of the Salt
Basin to the west, in whose drainage system they lie, and
are separated from its flanking bajada by mountain
slopes thousands of feet high. Ordinarily the cliff-
making rocks would wear back to graded, boulder-con-
trolled slopes as they do in other parts of the area, but
here they are continually renewed by the rapid evosion
of the beds beneath. 'The beds beneath, moreover, form
steeper slopes than they would assume without the cap-
ping of massive rock, because they are graded for carry-
ing away not their own weathered fragments, but the
larger, more unwieldly fragments from the cliffs above.

Views of the slopes below the cliffs can be scen on
plate 12, 4, the waste streams appearing most promi-
nently below El Capitan and Guadalupei’eak. Waste
streams now in the process of formation (labeled
*younger slope deposits”) are shown on plate 22. Fig-
ure 23, B, shows profiles of the slopes below the clif?s,
including both a surface being cut in the present cycle,
and one formed in a past cycTe. The pro%les of figure
23, 4, show hypothetically the successive stages in the
erosion of cliffs like those described, which stand above
slopes carved from less resistant beds.

The slopes below the cliffs seem to have just attained
grade (stages 3 and ¢, fig. 23, A4). Before grade was
reached, the slopes were being cut back, either from an
original steep fault swface (stage 1), or from a graded
surface of a previous cvele. Then (stage 2) they were
free of waste because blocks that fell on them from the
cliffs could roll to their hases. The poorly resistant
beds next beneath the cliffi-making formations were thus
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exposed to erosion, allowing the cliff bases to be sapped,
loosening slices of rocks from the cliffs. During this
period, there was little time for weathering at the tops
of the cliffs, and the cliffs ciat off the graded slopes to
the east at an acute angle.

Now that the slopes below the cliffs have been graded
(stage 3), a mantle of talus and other waste has spread
over them, which is just thick enough to be kept in
motion by gravity and rain wash. This has so con-
cealed the poorly resistant beds beneath the cliffs that
the cliffs are being cut back more by weathering than by
sapping. In places, the weathering of vecesses in the
cliffs has permitted the waste to encroach upward onto
the cliff-making formations themselves (stage 4).
Weathering of the tops of the cliffs has become impor-
tant, tending to round their angle of intersection with
the slopes behind. Material that is now falling from
the cliffs comes from their tops, rather than their bases.
To judge from the processes now at work, continued
erosion will cause the waste streams to be extended
farther up on the cliff-making formations (stage 5),
and cause the cliff tops to be lowared by weathering.

BOULDER-CONTROLLED SLOPES ON MASSIVE ROCHS

The cliffs into which the massive Capitan and Goat
Seep limestones have been carved are exceptional fea-
tures in the region. In most places the same rocks form
sloping mountain sides with an average inclination of
30 to 35 degrees. Such slopes are well developed in the
southeast part of the Guadalupe Mountains, in the area
drained by Pine Spring and MecKittrick Canyons, and
form the whole surface of the Patterson Hills southwest
of the mountains. ,

A general view of the slopes of this sort can be seen
in the aerial view, plate 18. Note the similarity in angle
of slope on all the ridges. More detailed views of the
boulder-controlled slopes which form the walls of North
McKittrick Canyon can be seen in plate 16, B.

These slcpes have been carved from rocks of the same
composition and with the same spacing of bedding
planes and joints as those which make the cliffs. Slopes
rather than cliffs have formed because the underlying
poorly resistant sandstones are scarcely or not at all
exposed at the bases of the limestones. Instead of sur-
mounting a Jong sandstone slope, the slopes on the mas-
sive limestones rise almost directly from the stream
beds, pediments, or bajadas below, so they cannot be
steepened by sapping at the base. They are therefors
graded slopes, adjusted to the transportation across
them of their own weathered rock fragments by gravity
and rain wash.

On broader view, the mountain sides cut on massive
rocks are smooth, but in detail they are a complex of
bouldery rock surfaces, discontinuocus ledges, clifflets,
and patchies of stony soil and slope wash. The clifflets
form where the rocks are most massive and least jointed,
and are not especially maintained by undercutting be-
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Jow. Ridge crests carved from the massive rocks alone
are likely to be serrate or slightly rounded, but many
of those in the southeastern Guadalupe Mountains are
capped by flat-topped remnants of the overlying, well-
bedded Carlsbad limestone. (Summits of both kinds
appear in pl. 18.)

BOULDER-CONTROLLED SLOPES ON BEDDED ROCKS

Below the cliffis on the west side of the Guadalupe
Mountains are siopes several thousand feet high, carved
from ledded sandstones of the Delaware Mountain
group. Similar slopes form most of the surface of the
west-facing escarpment of the Delaware Mountains to
the south. The slopes have been carved for the most
part from soft, friable, thin-bedded sandstones that
weather into small fragments. They would have been
cut back to a low angle were it not that they are graded
for the transportation across them of large, unwieldy
fragments. In the Guadalupe Mounntains, these frag-
ments are of massive limestone and have fallen from the
cliffs above. Elsewhere, they are of thick-bedded sand-
stone and limestone that come from layers interbedded
in the thin-bedded sandstone. Slopes controlled by such
boulders are likely to be as steep as those carved from
the massive limestone.

Along the Delaware Mountains escarpment, most of
the interbedded thick layers are of massive sandstone
‘1 beds as mueh as 100 feet thick, but near the rim of
the escarpment there are several limestone beds. The
thick-bedded sandstones form benches and lines of cliff-
lete on the mountain sides, and one of them projects as
a broad shelf about halfway up the slope below El
Capitan. Where there has been considerable dissection,
ilie massive beds form the caps of flat-topped mesas and
castellated buttes, and where the strata are tilted, as in
{lie foothills west of the mountains, they rise in hogback
ridges.

For a general view of slopes of this sort see the pana-

TOMA, glate 5, 4, where they form most of the escarp-

ment of the mountains below the cliffs, in the center and

right-hand parts of the view. A more detailed view of
the slopes below El Capitan appears on plate 1, and of
the slopes in the Delaware Mountains farther south on
plate 14, . The latter shows some of the character-
istie butte-and-mesa topography of the area.

Steep slopes carved from bedded rocks of another sort
form most of the surface in the northwest part of the
southern Guadalupe Mountains. These rocks are dolo-
mitic limestones of the Goat Seep and Carlsbad forma-
tions, which liein thin, even beds, with occasional breaks
of softer, more marly or more sandy material. Slopes
carved from them are not as steep as those carved from
the massive limestones, and they have a very different
aspect. Weathering has accentuated the already well-
marked bedding planes, so as to give the mountain sides
a banded appearance. Each white band is a ledge of
limestone somewhat thicker than the rest, and each in-
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tervening dark band is a soil-covered slope cut on
{hinner-bedded limestone, sandstone, or marl.

A typical view of slopes of this sort can be seen in the
panorama, plate 14, A. Their np?earance can be com-
pared with that of boulder-controlled slopes cut on mas-
sive rocks on plate 16, B, where slopes of bedded rock
form most of the canyon wall to the left, and slopes of
massive rock most of the canyon wall to the right.

Ridge crests on the bedded dolomitic limestones are
likely to be gently rounded, spreading out into flattish
curfaces on the broader divides, and narrowing into
castellated walls between closely adjacent valleys. Few
of the ridge crests follow any single bedding plane, but
near Cutoff Mountain where the rocks are steeply tilted,
broad dip slopes have been cut on some of the surfaces of
the limestone beds in the Goat Seep and Bone Spring

formations.
RAIN-WASHED SLOPES

Besides the high, steeply sloping mountain sides that
dominate the landscape in the southern Guadalupe
Alountain region, there are other surfaces, as yet not
veduced by streams, that have angles of 20 degrees or
less. Slopes of this type form the summit and east slope
of the Delaware Mountains in the southeast part of the
area studied, and the hillsides of the Gypsum Plain to
the east. They have been cut from thin-bedded sand-
stones of the Delaware Mountain group, from lime-
stone layers interbedded with them, from anhydrite of
the Castile formation, and from Quaternary gravels
that in places spread over the hedrock.

A typical view of such topography can be seen in the
panorama, plate 4, A, where the sandstones form the
slopes and valley bottoms, and the limestones and
gravels the mesa tops.

The thin-bedded sandstones are similar to those from
which the steeper escarpments to the west have been
carved. Here, however, few of the harder, thicker, in-
terbedded layers are exposed on any individual hillside.
Few large blocks are therefore contributed to the slope
deposits, and the slopes are graded mainly for the
transportation of fine-textured debris. Where unpro-
tected by harder beds, the sandstones are worn back into
gently rounded, grass-covered hills.

Where harder limestones are interbedded, the over-
lying poorly resistant sandstones have generally been
stripped from the limestone surfaces, and the limestones
form the caps of flat-topped mesas or of gently sloping
cuestas. At the edges of the mesas and cuestas the
limestones break off in low cliffs or chains of ledges,
below which are slopes formed on the underlying sand-
stone, whose angles are steeper than those where no
capping is present.

The Quaternary gravels, whieh spread as a sheet over
the rocks of the Delaware Mountain group for several
miles southeast of the edge of the Guadalupe Moun-
tains (pl. 22), are almost as resistant to erosion as the
hard limestone and sandstone layers interbedded with
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the thin-bedded sandstones. The deposit consists of
closely packed cobbles and pebbles of resistant lime-
'stone washed out from the Guadalhrpe Mountains,
cemented in many places by caliche. Ewven where not
cemented, however, the gravels are probably so porous
that water falling on them mostly sinks in, and erosion
by rain wash and rills is therefore retarded. Because
of their resistance to erosion, the now dissected rem-
nants of gravel stand as sloping plains scored by nar-
row ravines or, where more greatly reduced, as flat-
topped patches on the divides, not unlike the mesas
carved from the hard layers of the bedrock.

PLAINS

The Guadalupe and Delaware Mountains and neigh-

boring ranges of the arid region, composed of slopes -

of the sorts just described, rise abruptly from gently
inclined plains which surround them like pedestals.
To one who travels through the region, the mountains
appear to dominate the scene, and the plains seem fore-
shortened to the eye. By comparison with the diverse
and rugged mountainsides, their surfaces appear fea-
tureless and monotonous. Actually, the plains.of the
arid country occupy as wide an area as the mountains,
and their surfaces, although less impressive, are equally
diverse in forin and origin.*

Large areas of the plains, particularly near the
mountain bases, are dominated by the work of streams,
which, in au effort to accomplish a graded slope, have
shaped the plains into characteristic profiles. In part
the plains are bajadas which have been built up by the
deposition of detritus, and in part they are pediments,
which have been carved out of the bedrock, West. of
the bajada that fringes the western base of the
Guadalupe Mountains is the broad, nearly level floor
of the Salt Basin, a typical desert bolson.? Here, there
is little evidence of stream work, and many of the fea-
tures found on its surface seem to have been shaped by
the wind.

ORIGIN OF BATADAS AND FPEDIMENTS

Bajadas are graded depositional surfaces built up by
streams.® Streams lay down deposits where they lose
the power to transport the loads that they were carry-
ing in their upper courses, either by loss of volume or
loss of gradieut. Volume is lost at the edge of the moun-
tains partly because the mountains are the chief source
of rainfall, and streams are not renewed on the plain,
and partly because the streams sink into previously

* Rieh, J. L., Gravel as a resistunt rock : Jour. Geology, vol. 19, p.
404, 1911, :

* Blackwelder, Eliot, Desert piains: Jour. Geolegy, vol. 3%, pp. 133
140, 1931, . :

™ Hill, R. T., Physical geography of the Texas region: U. 8. Geol.
Survey Topegraphic Folio 3, p. B, 1900,

# JTohnson, W. D.. The High Plains and their utilization : U. 8. Geol.
Survey, 21st Ann. Rept., pt. 4, pp. 613-623, 1901. Tolman, C. K, Ero-
sion and sedimentation in the southern Arizona bolson country: Jour,
Geology, vel. 17, pp. 135-158, 1909,

formed deposits, or dry up by evaporation. Gradient
is lost because the stream enters either a region whose
slopes have been changed by tectonic activity, or one in
which the slopes were planed off to a low gradient under
earlier, more favorable climatic conditions. Deposition
continues until streams reach grade, and are able to
carry their loads across the slope.

During the earlier stages of the degradation of a
region after tectonic activity has ceased, when much
coarse detritus is available and when many surface ir-
regularities must be smoothed out, streams occupy them-

selves mainly with building up the depressed areas.

Most of the plains along the mountain bases at that
stage are bajudas or constructional surfaces. Later on,
as the period of crustal stability lengthens, the streams
begin to plane off the lower margins of the uplifted
blocks, and wear down their rocks into pediments or
erosional surfaces. Along the flanks of the Guadalupe
and Delaware Mountains, which are still geologically
young, most of the plains are bajadas, and pediments
are narrow or absent. Pediments, however, have de-
veloped extensively during times of stillstand in the
past. They are continuing to form, and if there are no
great tectonic or climatic disturbances in the future,
their area will be further extended.

Because pediments and bajadas are graded surfaces,
they are cut down or built up until there is a balance
between the transporting forces and the load to be car-
ried. The strength of the transporting forces and the
nature of the load varies, however, in response to re-
newed tectonic activity, to changes in the amount of
rainfall, or to reduction of the mountain masses by deg-
radntion. Some of the larger tectonic or climatic fluc-
tuations that occupy a long span of time so disturb the
balance between transporting forces and load that they
are reflected in the land forms. As a result, pediments
may be dissected by accelerated erosion, and bajadas
covered with sheets of material supplied by renewed
aggradation. Also, bajadas may be dissected and pedi-
ments aggraded, thereby superimposing one contrast-
ing type of land form upon the other. Such land forms
of mixed origin are common in the Guadalupe Moun-
tains region, suggesting a varied geomorphic history in
the near past.

FEDIMENTS

The pediments of the area have been cut only on the
less resistant rocks, such as the sandstones of the Dela-
ware Mountain group. They are most extensively de-
veloped where that group crops out on the east slope of
the Delaware Mountains, and in the foothills to the west.
Here, broad pediments have been cut in the past, and
narrower ones are now being cut at lower levels.
The limestones of the Guadalupe Mountains have been
planed off very little, and most of the streams that drain
them still flow in V-shaped canyons. The pediments of
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E (e area appear to have been cut by strenms rather than
gheet floods.*®

'The areal distribution of the pediments that are form-
" jng today is shown on plate 22, where they occupy the

areas labeled “younger pediments™ and ‘“stream allu-
vium and cover of younger pediments.” A small pedi-
ment area in the Delaware Mountains, thinly covered
by deposits, can be seen along the stream channels in
the foreground of plate 4, A. A more extensive pedi-
ment area, west of the Delaware Mountains, extends
across the foreground of plate 5, A. Here, most of the
lower ground 1s coveredp by deposits whose surfaces
mer%e; northward into a bajada which may he seen in
the distance.

The pediments on the east slope of the Delaware
*Mountains are strips of flattish ground spread out side-
ward from the flood plains of the streams, into which
they merge at their lower edges. In places they are
mantled only by coatings of residual and transported
soil ; elsewhere they are thinly covered by fine-grained
alluvimm, Older pediments, later buried under a sheet
of gravel and now dissected to depths as great as 100
feet, oceur in the same area and fringe the southcast
base of the Guadalupe Mountains.

The pediments west of the Delaware Mountains form
an irregular network that penetrates the foothill ridges
of harder rock and mesalike remnants of an older,
- ligher-standing, gravel-capped pediment. The pedi-
ments have been extended sideward from streams that
flow westward across the foothills to the bajada at the
edge of the Salt Basin. Owing, perhaps, to a gradual
_ rising of the base level of the streams, most of the pedi-
ment areas are covered by alluvial deposits, probably of
small thickness. Toward the divides, however, the rock
surface is laid bare, and rises here and there in low
protuberances, which probably mark the sites of former
buttes, whose hard cappings have now been eroded away.

BATADAE

A bajada extends as o wide belt along the west side
of the Guadalupe and Delaware Mountains, between
the base of their west-facing escarpment and the floor
of the Salt Basin. The unconsolidated deposits which
compose the bajada are spread over a bedrock surface
that probably has many irregularities of tectonic origin,
and in places the deposits may be very thick. A some-
what similar area extends along the base of the Reef
Escarpment, southeast of the Guadalupe Mountains.
Here, however, the unconsolidated deposits are spread
over the surface of the older pediment noted above, and
are of no great thickness. They are now being dis-
sected, and no further deposition is taking place on them
at the present time.

The bajada on the west side of the mountains is shown

on plate 22, where it occupies the area labeled “younger
fanglomerate.” Note the pattern of the streams on 1ts

2 Davig, W. M., Sbeetfioods and streamfloods : Geol. Soe, America
Bull., vol. 49, pp. 13371416, 1938,
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surface, which are shown in a separate symbol. The
bajada forms the foreground of plate 5, B. Tts rela-
tions to the underlying rocks are shown on sections A-A’
and B-B’, plate 3. A schematic section across it, based
on several actual profiles, is shown on figure 22, 4.

The bajada west of the mountains is 2 to 4 miles wide
and rises 500 to 1,500 feet from the floor of the Salt
Basin to the bases of the mountains. In the northern
part of the area studied, it is a succession of coalesced
alluvial fans, interrupted only at wide intervals by rock
ridges, which project above it like islands. Fach fan
slightly indents the mountain front at its apex where
a canyon lcading down from the mountains drains onto
its surfaces. Each fan merges sidewise with adjacent
fans, and ends forward on the floor of the Salt Basin.
The slopes of the fans are concave upward (fig. 22, 4).
Those with the flatter gradients and longer radii are fed
by canyons that drain the larger areas in the mountains.
Asmost of the canyons in this district drain only & few
square miles of area, all the fans tend to be of nearly
equal size and gradient.

Between the fans in many places are strips of ground
with gentler gradient that extend toward thie mountain
front (not scparated from the fanglomerate areas on
pl. 22). Some of these strips Liave been shielded from
depositing streams so long that they are smooth and soil
covered.® Other interfan strips down which streams
have recently been deflected from the fans, are choked
by coarse detritus. All the soil-covered strips will
doubtless be covered by such material at some time in
the future. Down-slope from some of the interfan
strips into which streams have been deflected are small,
secondary alluvial fans.

Tarther south, where the foothill ridges are higher
and more continuous, the bajada is more irregular. Ma-
terial washed out from the Guadalupe Mountains has
accumulated behind the foothill ridges until drainage
can overflow the lower saddles, or be deflected around
the ends. Instead of forming a continuous slope, dif-
ferent segments of the bajada are thus interrupted by
ridges. Asa result of the deflection by the ridges, drain-
age tends to be concentrated in places and dispersed in
athers, so fans of greatly different sizes have been built
west of the foothills, Two fans with large radii and
low gradients have thus formed at the north and south
ends of the Patterson Hills, where many streams coming
from the mountains approach one another. In the
intervening area there are smaller, steeper fans, built
by streams draining from the Patterson Hills alone.

Along the south edge of the area studied, where the
high-standing rocks of the foothills are poorly resistant
to erosion and have been worn down to pediments and
low ridges, the bajada occupies a relatively narrow area
hetween the foothills and the floor of the Salt Basin

o0 Bimilar features have been rermed “joterfan remnants” by R. I,
Russell (Land forms of San Gorgonio Pass, seuthern California : Cali-
fornia Univ. Pub. Geog., vol. 6, PP 74,79, 1832},
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to the west. South of the area studied, the foothills
gradually disappear, and a bajada again extends up to
the base of the Delaware Mountains.

The material on the bajada is derived mainly from the
escarpment of the Guadalupe and Delaware Moun-
tains to the east of it. It includes resistant fragments
of bedded or massive limestone, which predominates
toward the north, and of bedded sandstone and black
lumestone, which predominate toward the south, Frag-
ments of similar rocks are contributed to a smaller ex-
tent by the foothill ridges. Near the head of the fans,
angular blocks 10 feet or more across are common, and
are clustered in trains that extend out from the canyon
mouths above. No doubt these blocks were washed out
by exceptionally large floods or mud flows. Between
the trains is an unstratified aggregate of finer-textured,
angular debris, probably laid down during times of more
normal stream flow. Farther out, trenches eroded in
the bajada expose finer-textured deposits, consisting of
alternating beds of cobble or pebble conglomerate, and
of loesslike, in part gypsiferous, clay. Stratification
is parallel to the bajada surface, gently inclined to the
west. The surface of the bajada, even to its edge, is a
graveliy soil, which supports a characteristic vegeta-
tion of lechuguillas, yuccas, daggers, and creosote
bushes.

As a result of the conical shapes of the fans, due to
excess deposition opposite the canyon mouths, streams
that flow across them radiate from the apices. (These
are shown as “streams consequent on bajada surfaces”
on pl. 22.) The placing of the main channel is fortui-
tous, and depends on minor depositional irregularities.
On some fans the main channel leads directly down the
slope along the crest; on others, it is deflected sideward,
near or against the mountain front, toward the adjacent
interfan area. The channels incrense in number out-
ward, but this increase is less from the bifurcation of
the main channel than from the implantation of new
channels, whose heads are on the fan surfaces, Many
channels, instead of bifurcating, come together down
the slope.

Some of the channels that cross the fans are anasto-
mosing, gravel-floored washes, whose surfaces are nearly
level with the interstream areas. Near them the boulder
deposits consist of fresh or slightly weathered frag-
ments, suggesting that such channels are actively de-
positing material today; however, by far the greater
number of the channels entrench the fan surface. Near
the apices of the fans, the trenches reach as much as 50
feet in depth, but they are shallower down the slope.
Some of the entrenched channels are possibly the nor-
mal beds and banks of the larger torrents that occasion-
ally follow them.® However, boulders near the en-
trenched channels are usually much weathered, soil cov-
ered, and overgrown by vegetation, as though the proc-

" Rusgell, R. T, op. cit., p. 84,
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esses that placed them there had now ceased, and as
though the entrenched streams no longer overflowed the
sides of their channels. If so, the streams have now
been cut down to a gradient lower and flatter than that.
which had controlled the building of the bajada.

Such down cutting may have been brought about dur-
ing the normal progress of degradation of the mountain
area, and withoutan interruption by tectonic or climatic
causes.®” At first, when the mountains were newly up-
lifted, their slopes were high and steep, and the material
delivered to the surrounding bajaclas was coarse tex-
tured. The surfaces of the bajadas were then graded to
a relatively steep angle. Later on, after the mountain
slopes were worn back, material carried across them was
weathered to smaller fragments before reaching the ba-
jadas. The streams then adjusted their grade to a lower
angle of slope. As a result, they entrenched the upper
parts of the fans, and shifted the material thus picked
up to lower places on the slope. The bajadas in the
Guadalupe Mountains region seem to have passed into
this later stage of development.

FLOOR OF BALT BASIN

West of the bajada that slopes down from the escarp-
ment of the Guadalupe and Delaware Mountains is the
broad floor of the Salt Basin. The bajadas on its periph-
ery do not merge with the central floor by a gradual
flattening of profile and diminution in texture of the
deposits toward the axis of the basin. Instead, the ba-
jada descends 100 feet or more in the last mile to its
edge, and then gives place to the basin floor which is
essentially horizontal (fig. 22, 4). With this change
in gradient, there is a corresponding abrupt change
from coarse- to fine-textured soil, although in places this
relation has been modified by drifting of the surface
material by the wind. Seil changes are emphasized by
the vegetation, for the creosote busl assemblage of the
bajada gives place within a few feet along the boundary
o the yeso grass assemblage of the basin floor.

Within the area studied, and over wide expanses else-
where, the floor of the Salt Basin lies between 3,620 and
3,640 feet above sea level. There is not sufficient gradi-
ent for water discharged on it to flow in any particular
direction, and it has no drainage channels. Ground
water stands nearly level, within a short distance of the
surface. At Williams Lower Ranch west of the Pat-
terson Hills, it is reached by a well at a depth of 28 feet,
and it is probably at of a little below the surface in the
alkali flats to the west, whose altitude is 22 feet lower
than that of the ranch. Richardson ® reports similar
depths to ground water elsewhere in the basin.

3 Baker, O, L., Notes on the later Cenozoic history of the Mojave
desert region in southeastern California: California Univ. Dept. Geol.
Bull, vol, 6, pp. 274-377, 1911. Eckis, Rollin, Alluvial fans of tha
Cucamongn distriet, southern Californla: Jour. Geology, vol. 36, pp.
287-238, 1928.

4 Richardson, G. B., Repott of & reconnaissance in {rans-Pecoa Texns

north of the Texas and Pacific Rallway: Texar Univ, Bull. 23, p. 89,
1904,
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The basin floor within the area studied is but a small
oment of the whole expanse, which extends about

§¥ 5 miles farther north and 35 miles farther south, and
¥ has a maximum width of 15 miles {pl. 23).- The Salt
¥ Basin itself continues farther north and south than the
¢ ends of the floor, but here the outer edges of the bajadas

from either side meet at the center in broad axial

L troughs. Aerial photographs indicate that the troughs

are followed by more or less definite stream channels

A that drain toward the lower-lying floor in the central

segment of the basin. _

The floor of the Salt Basin is underlain by fine-
grained unconsolidated deposits which probably extend
to great depths. It does not seem to be recelving any
important amounts of new material at the present time.
Most of the detritus washed out from the mountains
and foothills is deposited on the bajada and does not
reach the floor. The lower edge of the bajada, where
it meets the basin floor, seems to be the outer limit of
effective stream action at present. The chief process
now at work on the basin floor is the wind, which is
not bringing in any new material, but is shifting about
what is already there. Instead of leveling the surface,
the wind is increasing the relief, scooping out hollows,
and piling up material. The processes that leveled the
floor are, therefore, no longer at work, and the floor
has been inherited from an earlier period. As indi-
cated in a later section, the floor was probably the bot-
tom of o lake or succession of lakes which filled the
lowest part of the Salt Basin in Pleistocene time
(pp. 151-152, 156-157).

Brief field observations on the surface featuves of
the basin floor were made during the present investiga-
tion; they have been subsequently studied by me in
nerial photographs. They closely resemble those in
other nearby desert basins, which have been ‘described
and interpreted in some detail by Meinzer.** The fea-
tures comprise alkali flats, sand dunes, clay hills,
meadovws, and beach ridges. They are distinguished by
separate patterns on the inap, plate 22.

The alkali flats, locally known as salt lakes, are
among the most conspicuous features of the basin floor.
Several occur in the western part of the area studied;
one is well displayed where crossed by U. . Highway
2. Outside the area studied, the flats are not ade-
quately shown on any published map,® but they are
strikingly exhibited on aerial photographs. The alkali
fiats within the area studied are part of a series of flats
that extend 8 miles westward, 4 miles northward, and
15 miles southward (pl. 28). The larger flats lie west

3 Meinzer, 0. B, Geology and ground-water resources of Estancla
valley, New Mexico: U. 8. Geol. Survey Water-Supply Paper 275, Pp-
10-11, 16-27, 1911, Meinzer, O. E,, and Hare, R. F., Geology and
water resources of Tularosa Basin, New Mexico: 7. B. Geol. Surrey
Water-Supply Paper 343, pp. 40-53, 1915,

8 The gpproximate limits of those west of the ares studied are Indi-
cated on the Salt Basin topographic sheet, but they are incorrectly
marked as marsh land.
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of the area studied, where some are over 5 miles long
and 2 miles wide. The alkali flats of the series have
a curious arrangement, tending to lie in chains on the
east and west edges of the basin floor, with ground as
much as 20 feet higher in the intervening central area.
This higher ground with its flanking depressions iz a
relatively old feature, for aerial photographs show that
it is marked by concentric beach lines, perhaps dating
from the lacustrine period of late Pleistocene time
(pl. 23).

The surfaces of the alkali flats are level expanses of
alkaline clay, bare of any vegetation. For short periods
after rains, they are likely to be covered by thin sheets
of water, and for somewhat longer periods the clay
is damp and sticky, and dotted with saline pools. At
other times their surfaces are dry, hard, and sun-
cracked, and mirages often give them the appearance
of containing water. All the flats are coated with a
thin efllorescence of various salts. On one of them,
which lies a short distance west of the area studied and
from which salt has been dug for many years, the
offiorescence is continually forming, and is renewed
within a few weeks after it has been stripped away
(p. 161).%¢

The flats are bordered at the edges by low, steep banks
10 to 20 feet high, which are scored in places by small
ravines that are cutting headward into the surrounding
country. These ravines indicate that the banks are
being maintained or even cut back at the present time.
The banks pursue a highly irregular courss, curving
around numerous promontories and fingerlike embay-
ments. In the middles of some of the flats are island-
like areas of higher ground with similar steep banks
along their edges. On the large alkali flat in the south-
west part of the area studied (pl. 22), the greatest
irregularity of the edges is on the west side; the eastern
edge is nearly straight.

The alkali flats probably originated as shallow or
jntermittent lakes that filled slight depressions in the
basin floor. Old beach lines on higher ground nearby
indicate that the flats lie in relatively ancient depres-
sions. Lacustrine action is not effective at the present
time, as the flats are covered by water only at long in-
tervals, yet the surfaces remain smooth and open, and
the steepness of the banks at the edges is being main-
tained. As suggested by Meinzer,” the flats are proba-
bly swept clear—and are even being extended—by wind
erosion. The surfaces of all the flats in the area, whether
connected or not, stand at an altitude a few feet above
3,620 feet, or near ground-water level. Apparently the
wind has carried away all the dry earth above ground-
water level, and has found an effective downward limit
of cutting on the surface of the saturated earth below.

% Rijchardson, G. E., op. cit., pp. 62—64, 1504, .
» Meinzer, O. E., op. cit,, pp. 26-27. Meinzer, 0, E., and Hare, R. F.,
op. cit., pp. 4446,
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The next most conspicuous features of the basin floor
are the sand dunes. These are well developed in the
aren studied, perhaps to a greater extent than elsewhere
in the Salt Basin (pl. 23). In places the sand is white,
and consists of grains of crystalline gypsum ; elsewhere
1t has a reddish hue and consists of quartz. The two
minerals are not mingled, and their dunes oceupy sep-
arate areas.

The dunes of quartz sand are found in two areas, one
north and the other south of the ends of the Patterson
Hills. They spread-over the edge of the basin floor and
up the slopes of the bajadas to the east. The dunes reach
amaxinum height of 30 feet in the northern area. They
are of irregular form and are separated by irregularly
placed depressions. Mesquite and yucca commonly
grow between the dunes, but many of the dune surfaces
are bare and ripple marked. The bare sand is so loosely
placed that even moderate winds can blow it about. The
dune sand on the bajada thins gradually toward the
mountains, and the easternmost dunes are separated by
depressions in which the underlying deposits of the
bajada arg exposed. East of the main dune area, some
sand is banked against the eastern or lee side of low
rock foothills that project from the bajada.

The sand nppears to be moving eastward up the
bajada slope, urged forward by winds from the west.
According to local residents, the sand is encroaching
year by year on the land to the east. There is thus a
steady conflict between the eastward-blowing winds and
the westward-flowing streamsgof the bajada. As the
wind is et work for longer periods than the streams, it
fills their channels with sand during the dry periods.
One channel was traced through the dune area. Up the
slope, east of the dunes, it is a gravel-floored arroyo with
steep banks 20 feet high. Within the dunes it narrows
and its bed contains only tiny pebbles. It lies in a shal-
low swale, across which the sand has drifted in many
places. Apparently the stream that flows in it during
each freshet loses its vigor in the dune area, perhaps be-
cause much of its water sinks in the sand and what re-
mains must work to clear the channel of drifted sand.

The source of the quartz sand seems to be the un-
cousolidated deposits nlong the western edge of the
bajada and the eastern edge of the basin floor. The
basin deposits are more sandy in some places thau
others, the sand having been deposited by streams drain-
ing areas of sandstone in the mountains to the east.
It is significant that there are no areas of quartz sand
dunes west. of the Patterson Hills where the basin de-
posits contain little mountain-derived detritus.

Dunes of gypsum sand are much less extensive than
dunes of quartz sand, in fact there is only one large
tract in the Salt Basin. This tract lies on the floor of
the basin within the area studied, and has an area of
about four square miles. The northeast end of the
tract is a crescent-shaped ridge a mile across, made up

of white, shifting dunes, bare of vegetation, with an
appearance similar to the well-known White Sands area
of the Tularosa Basin in New Mexico.® The northeast
side of the ridge is steep-faced, and the white sand ends
abruptly along its base, as though the dunes were mov-
ing northeast. Farther southswest, the dunes are low
and considerably masked by vegetation.- Aerial photo-
graphs indicate that the lower dunes extend 5 miles
southwestward, nearly to the edge of a large alkali flat
west of the area studied. In this area they extend
across beach ridges and other older features,

The sand of the gypsum dunes in the Salt Basin, like
that in the Tularosa Basin, is probably derived from the
gypsiferous clay blown out of the alkali flats that lie
to the west and southwest. As Talmage suggests, the
sand may have been derived from crystals that had
grown in the clay,

Elsewhere in the Salt Basin, particularly south of the
area studied, are numerous low, rolling hills of gypsif-
erous clay which likewise were probably heaped up by
the wind. Here, however, the gvpsum is not granular
and was probably derived from earthy rather than
crystalline material. Wide areas in the basin on its
west side, and smaller tracts between the dunes and clay
hills farther east, are flit meadowland underlain by
brown clay. The difference in texture between the clays
of the meadows and the earthy gypsum of the hills
becomes evident after a rain, when the clays are wet
and sticky, and the gypsum relatively dry and hard.
The meadows are covered with a thick growth of wiry
yeso grass and salt grass, and in the moister places
there are clumps and groves of mesquite.

Beach ridges are present in many places on the floor
of the Salt Basin, and show prominently on aerial photo-
graphs (pl. 23). They are relics of Pleistocene time
when the floor was covered by standing water and are
discussed under a later heading (pp. 156-157).

PRE-PLEISTOCENE (?) TOPOGRAPHIC FEATURES AND
DEPOSITS

Having now reviewed the modern landscape and proc-
esses at work on it, attention will be directed to fea-
tures formed in older Cenozoic time, proceeding from
the oldest features to the youngest.

The earliest period, probably pre-Pleistocene, is very
poorly recorded, and many gaps must be filled by in-
ference and deduction. The oldest topographic fea-
ture in the Guadalupe Mountains, the summit pene-
plain, is probably not Cenozoic, but pre-Cretaceous.
It antedates the uplift of the mountain area and serves
as a convenient datum from which to gage the effects
of later events. The next younger features in the

3 Herrick, Q. L., Geology of the white sands of New Mexico: Jour.
Geology, wol. B, pp. 112-128, 1900. Meinzer, 0. E., and Hare, R. F.,
op. cit,, pp. 4547, Talmage, S. B, Origin of the gypsum sanda of

Tularosa ralley [abstract] : Geol, Soc. America Bull,, vol, 43, pp. 185
186, 1932,
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mountains are the courses of certain streams which ap-
pear to have flowed down the slopes of the initial up-
1ift, and to have been consequent on these slopes. These
streams were probably older than the fanlting of the
aren. At the time that these streams were taking their
courses in the mountains, deposits were probably form-
ing in the lower country east and west of the mountains.
Not much is known about the deposits near the Guada-
lupe and Delaware Mountains, but comparable deposits
exposed in surrounding areas have been dated by fossils
as of Pliocene age. A period of movement later than
the initial uplift is suggested by a second generation of
consequent streams. During this later movement,
faulting dominated, for the second generation of con-
sequent streams flow in fault troughs.

SUMMIT PENEFLAIN

CHARACTER

Anvone who crosses the Guadalupe Mountains is soon
aware that their summits are notably even-crested.
For considerable distances the trails, which afford the
only means of travel through the region, cross a suc-
cession of broad swales and gently rounded hilltops,
mucl overgrown by timber, with here and there a
glimpse into a steep-walled canyon incised to great
depth below. Tf the trail descends into such a canyon,
it is likely to rise on the other side to another patch of
relatively flat ground of about the same altitude as the
first.

The even crests seem readily explainable at. first. The
rock of most of them is the well-bedded limestone of the
Carlsbad, and for short distances the crests are cut on
single layers of the bedded rock. However, when any
ridge is viewed in panorama, the bedded rocks on its
sides are seen to dip at a low angle to the southeast and
to rise and terminate on its crest to the northwest. The
rocks at the summits are thus of different ages from
place to place. Toward the southeast, near the rim of
the Reef Escarpment, the Tocks belong to the top of
the Guadalupe series, whereas a few miles to the north-
west, they belong to the base of the upper part of that
series, nearly 1,000 feet lower (fig. 15, B}.

The even crests of the mountains are therefore not
wholly caused by the bedding of their rocks; instead,
they seem to be remnants of a formerly more continu-
ous surface that extended across the edges of the rocks.
This surface was no doubt formed by erosion when the
geography of the region was very different from that of
today; it is probably an ancient peneplain. Remmants
of this peneplain have persisted in the Guadalupe Mou-
tains becanse the resistance of the limestones in the
upland has retarded the widening of the canyons that
now incise it. Boulder-controlled slopes rising from
the bottoms of two adjacent canyons thus rarely meet
at their upper ends, but are separated by fairly broad
dividing ridges. Degradation has no doubt been at
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work on the ridges, yet it has proceeded so slowly that
the divides still retain something of the form of the
original surface.

Although the remnants of the peneplain bevel the
underlying strata, the peneplain seems to have shared
the tilting and faulting of the mountains themsel ves.
On the northeast side of the mountains, in the vicinity
of McKittrick Canyon, the crests rise southwestward
from altitudes of 7,000 feet or less, to 8,000 feet or more,
at the rate of several hundred feet to the mile. Near
the headwaters of the canyon, where the rocks are much
faulted, the crests remain at accordant heights in single
fault blocks, but stand higher or lower in adjacent blocks
by an amount corresponding to the throw of the inter-
vening fault. No higher ground appears to have pro-
jected above the peneplain except what has been raised
by subsequent movements.

Plate 18 is an aerial view across the region in which
the summit peneplain is preserved. Note the occasional
patches of lzx'el ground on the divides, such as that in
the right foreground and that near the center in the
middle distance. The irregularity of the surface
toward the backeround results from faulting. On sec-
tions E—E’', H-H’, and I-I’, plate 17, tracing of the
beds that form the canyon rims and ridge crests shows
that they are truncated northwestward by the summit
peneplain. Displacement of the peneplain by faulting
appears on plate 14, 4, where it forms the s line in
the backeround, and also the summits of the lower
ridges in the foreground. The structure in this vicin-

ity 1s shown in the right-hand part of section A-4",
plate 8.

POSITION OF SUMMIT PENEPLATK IN SURROUNDING AREAS

The crests of the southern Guadalupe Mountains,
outlined by the summit peneplain, project far above the
surrounding areas. Southward and southeastward the
land surface descends abruptly over the Reef Escarp-
ment to the Delaware Mountains and Gypsum Plain
1,000 feet or more below. Because remnants of the
peneplain extend without change in attitude to the rim
of the escarpment, and because there is no tectonic break
aloug its edge, any former extension of the peneplain in
this direction must have lain high above the existent
land surface. All traces of it have been destroyed be-
cause the rocks of the region are sandstones and an-
hydrites, less resistant to erosion than the limestones of
the Guadalupe Mountains, and have been degraded to
lower levels. Between the streams, the rocks have been
worn down to gentle, rain-washed slopes rather than to
steep, boulder-controlled slopes. These slopes meet at
their upper ends in divides that stand far below the
original surface of the country.

The southeastward termination of the summit pene-
plain along the Reef Escarpment can be seen on plate
4, A. Note the accordant summits on the skyline, at
the top of the escarpment, and the low, rolling hills and
challow valleys along its base, which are characteristic

of the country to the south. The same relation is shown
diagrammatically on figure 20, 4, and in profile on
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figure 21, 4. On the latter, note the difference in alti-
tude between the summit peneplain and the land surface
southeast of it.

The land also descends northward and northeastward
from the southern Guadalupe Mountains into the north-
ern Guadalupe Mountains, but without an abrupt topo-
graphic break. The same limestone plate as that which
caps the southern Guadalupe Mountains extends into
this region, and here also, remnants of the peneplain
are probably preserved on the mountain summits.
(Queen Mesa, one of the summit areas northeast of the
area studied, is of considerable extent. West of the
southern Guadalupe Mountains, the limestone plate is
preserved in the lower ridges of the Brokeoff Moun-
tains and Patterson Hills, but has been much disturbed
by faulting and tilting. Fxtensions of the summit
peneplain, which have no doubt been correspondingly
faulted and tilted, probably at one time outlined the
crests and slopes of these ridges, but degradation has
now almost obliterated their original form.

The northward extension of the summit peneplain
beyond the area studied can be seen on plate 14, A.
Note the even sky line in the distance, formed by the
peneplain, and the manner in which it joins Queen Mesa
to the north (left). Some idea of the wide extent of

the upland surfaces in the northern Guadalupe Moun-
tains can be gained from figure 2.

AGE OF SUMMIT PENEPLAIN

The summit peneplain is the oldest land form pre-
served in the area, and is probably older than the up-
lift of the mountains themselves. No remnants of orig-
inal higher ground project above the peneplain as one
would expect if the peneplain had been carved from a
previously existing mountain area. Further, the pene-
plain is now tilted away from the axis of uplift of the
mountains, and is displaced by faults to the snme extent
as the rocks that underlie it. It is true that the pene-
plain bevels the underlying rocks, but it bevels them in
a northwestward direction, unrelated to the present
trend of the uplift. This beveling is related to a south-
eastward tilting of the Permian rocks which took place
during the subsidence of the Delaware Basin in Permian
time.

The summit peneplain, therefore, is younger than the
Permian and is probably older than the uplift of the
mountains. It may be of Mesozoic age and may be the

_exhumed surface on which Cretaceous rocks were once
deposited. Similar surfaces, on which remnants of
Cretaceous rocks are still preserved, form the crests of
the Glass Mountains,® the Sierra Diablo, and other
ranges of trans-Pecos Texas. In the Guadalupe Moun-
tains, so far as known, no remnants of the former cover
of Cretaceous rocks remain.

The summit peneplain of the Guadalupe Mountains
is probably older than peneplains that have been de-

¥ Eing, P, B.,, The geclagy of the Glass Mountains, part 1: Texas
Univ. Bull. 3038, p. 22, 1931.

scribed in the mountains to the northwest, in New
Mexico. One of these peneplains has been observed
high up in the Sacramento Mountains (Sacramento
plain) and another in the San Andres Mountuins (see
fig. 1).* Both surfaces stand lower than the highest
summits of the ranges. They were probably formed
after the first uplift of the mountains, but before the
main uplift; a Pliocene age has been suggested for them.

FORMER COVER OF SUMMIT PENEFPLAIN

If the summit peneplain is of pre-Cretaceous age, it
was probably covered at one time by Cretaceous sedi-
ments, similar to those whose remnants are now found
in surrounding regions. Such sediments may have been
less resistant to erosion than the underlying limestones,
and hence easily stripped away (as suggested on secs.
1and 2, fig. 22, B). Cretaceous rocks may have covered
the area when the mountains were first uplifted, but
proof for this suggestion is not available.

OLDER CONSEQUENT STREAMS

Viewed broadly, the streams of the Guadalupe and
Delaware Mountains flow east and west from the tec-
tonic and topographic crest of the range, and their gross
pattern is consequent to the original tectonic surface.
In detail there are many complications, resulting from
modifications since the mountains were uplifted. Some
streams have been deflected along fault troughs, others
have been cut as subsequents on weak beds, and still
others flow across alluvial slopes without regard to the
bedrock structure beneath. Under this and succeeding
headings the complex history of the streams of the area
will be analyzed.

The stream paitern of the Guadalupe Mountains as
a whole can be seen on figure 2. The pattern in the im-
mediate vicinity of the area studied is shown in more
detail on figure 19. On plate 22, the streams of the area
studied are classified according to possible origin. Note
especially the “streams consequent on tilted rock sur-
faces” and “streams consequent on tilted fault blocks”;
these form the busis of the present discussion.

STREAMS CONSEQUENT ON TILTED ROCK SURFACES

The larger streams on the east slope of the mountains
all pursue east-northeastward courses, and are probably
consequent streams whose direction of flow was deter-
mined by the slope of the mountain block. However,
only those to the north, in the limestone upland of the
(Guadalupe Mountains, preserve any semblance of their
original aspect. Farther south, in the Delaware Moun-
tains, erosion has worn down the whole area far below
the level of the summit peneplain, and the streams have
been able to modify their original courses in harmony
with later conditions.

# Fledler, A. G., and Nye, S. 8., Geology and ground-water resources
of the Roswell artesian basin, New Mexico: T. 5. Geol. Survey Water-

Supply Paper 639, pp. 14-15, 1833, Dunbam, K. H, Geolegy of the
Organ Mountaing : New Mexico School of Mines Bull. 11, p. 176, 1835.
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- The streams to the north, in the limestone upland,
@ {low in deep, narrow canyons, and join one another at

(fig. 19). Most of them have winding courses, conusist-
" ing of a succession of inclosed meanders.®® They prob-
t ably have much the same pattern as they did when first
B formed, and furnish information as to the probable na-
BY ture of the original consequent drainage.
~ Typical stream valleys of the limestone upland are
gshown on the aerial view, plate 18. The area drained
by them is iridicated by stippling on figure 19. On this

map note the broad similarity between the direction of
flow of the streams in the upland and those to the south,

PRE-PLEISTOCENE (?) TOPOGRAPHIC FEATURES AND DEPOSITS
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type or the other are generally lacking. In McKittrick
Canyon some sideward cutting is going on, but it ap-
pears to be relatively ineffective because of the great
height of the canyon walls; moreover, the ridges between
the meanders do not have the low-angled profile of slip-
off slopes, as though there had not been much sideward
migration in the past.

The dendritic pattern of the drainage, and the pos-
sibility that the inclosed meanders result at least in part
from entrenchment suggests that the surface down
which the consequent streams originally flowed prob-
ably had a lower gradient than the present one, and
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and vet the great contrast between their detailed
patterns.

The origin of the inclosed meanders of the streams in
the limestone uplands is uncertain. They may be en-
trenched from previously meandering courses, formed
on an original surface of low relief; they may have be-
come ingrown {incised) by sideward cutting at the same
time that the streams cut downward, or they may have
originated from a combination of these and other con-
ditions.® Distinctive criteria that would suggest one

A term sugpested by H. 0. Moore {Origin of the inclosed meanders
on streams of the Colorado Platenu : Jour. Geology, vol. 34, p. 46, 1926)
for “any meander more or less inclosed by rock walls”, regardless of
grigin,

« Davis, W. M., Incised meandering valleys: Geopg. Soc. Philadelphia
Bull., vol. 4, pp. 182-192, 1904. Rich, J. L., Certain types of stream
valleys and thelr meaning: Jour, Geology, vol. 22, pp. 488—497, 1914,
Moore, R. C., op. cit, pp. 29-57,

FIGTRE 19 —Map showing stream pattern of southern Guadalupe Mountains and its relation
to the limestone upland.

that at the time they were formed the mountains did
not stand as high as they do today.

The streams of the limestone upland appear to be
superimposed on the Reef Escarpment (fig. 20). The
east-northeastward courses of the streams that cross it
intersect the northeastward course of the Reef Escarp-
ment at an acute angle. Because of the acute-angled
intersection, the notches cut in the escarpment by the
streams characteristically have narrow, serrate south-
west walls and blunt-angled northeast walls. Such
features occur on South McI{ittrick Canyon in the area
studied, and on Big, Gunsight, and Slaughter Can-
yons in the region to the northeast (fig. 2}, These rela-
tions suggest that the streams began their courses at a
much higher level than that at which they are flowing
today, above the varied bedrock that forms the present
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mountains, and perhaps near or above the surface of the
summit peneplain. '

Some of the streams are probably antecedent to the
faulting within the mountains, because they cross up-
raised fault blocks with little deflection. Thus, within
‘the area studied, South McKittrick Canyon crosses the
Lost Peak fault zone from the downthrow to the up-

Summit
peneplain
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now do, and west of the present west-facing escarp-
ment. Two of them, which drain Pine Spring and
South McKittrick Canyons, now head on the rim of the
escarpment and have lost their original sources by an
eastward recession of the rim. The original sources,
however, were not much farther west, for near the point
of beheading both streams are split into numerous

Trend of consé-
quent stLreams

" F1gure 20.—Characterlstic fentures of the Reef Esearpment, pPdb, Bell Canyon formation,
Pe, Capitan llmestone, Peb, Carlsbad limestone, Pes, Caostile formation {anhydrite). A,
Block diagram showing manner in which consequent streams cross the esearpment at an
dcute angle as a result of superimposition ; B, Sections showing depth of ercaion in dif-
ferent areas—a, northeast of MoKittrick Canyon, b, near MeKittrick Canyon, ¢, south-
west of MeKittrick Canyon near Frijole Post Office. )

throw side (pl. 22}, and some streams in the Brokeoff
Mountains to the northwest cross other fanlts in a simi-
lar manner. The streams on the east slope of the moun-
tains, where the rocks are not faulted, muay have origi-
nated at the same time as those mentioned, but this cor-
relation cannot be determined definitely.

Some of the east-flowing streams of the limestone
upland may once have headed farther west than they

branches (pl. 22), no one of which would have been
capable of draining a former large territory to the
west.

The evidence listed suggests that the streams of the
limestone uplands are consequents resulting from the
first uplift of the mountain area. The slope of the up-
lifted surface was low enough for them to acquire an
open dendritic pattern, and the surface was probably
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pot fanlted. It probably lay above the rocks that now
" form the Reef Escarpment. The stream pattern sug-
gests that the surface after the original uplift had the
form of a broad dome, whose axis lay near the present
erest of the mountains. Its eastern flank is indicated
by the east-northeastward flowing streams, and the west
flank by the streams of the Brokeoff Mountains which
drain northwestward or westward to the Salt Basin

(fig. 19).
STREAMS CONSEQUENT ON TILTED FAULT BLOCKS

In the western part of the Guadalupe Mountains,
where the rocks are broken by faults, there is another
type of consequent steam. Here, many streams follow
the downfaulted areas and are evidently consequent on
tilted fault blocks. _

The age relations of the two sets of consequent streams
is suggested along South MecKittrick Canyon. This
canyon crosses the Lost Peak fault zope without deflec-
tion, is probably older than the faulting, and is ante-
cedent to the upraised fault block to the east. On the
downthrown side to the west, it is joined from the north
and south by two tributaries which probably originated
on the downfaulted surface. The tributaries are theve-
fore younger than the faulting.

Streams that belong to this post-faulting generation
are prominently developed north of the McKittriclk
Canyon area. Here, the stream in West. Dog Canyon
follows the downthrown side of the Lost Peak fanlt zone
and the stream in Dog Canyon follows the downthrown
side of the Dog Canyon fault zone (fig. 19). Farther
north both streams pass into the limestone upland of
the Brokeoff Mountains and appear to cut across the
fault blocks. Perhaps they were relatively short con-
sequent streams at first, and acquired large headward
extensions when fault blocks sank across their upper
courses.

1f the streams consequent on tilted rock surfaces can
be correlated with the initial uplift of the Guadalupe
and Delaware Mountains, it is possible that the streains
consequent on tilted fault blocks are to be correlated
with the main uplift of the mountains, in which fault-
ing apparently was a dominant feature. It cannot be
determined whether the major movement on the Border
fanlt zone took place at this time, as distinctive geo-
morphic features in that area have been obliterated. If
such major movement took place on the Border zone,
the streams draining the west-facing escarpment of the
southern Guadalupe Mountains are of the same genera-
tion as those in Dog Canyon and West Dog Canyon.
DEPOSITS CONTEMPORANEOUS WITH PRE-PLEISTO-

CENE (7?) TOPOGHAPHIC FEATURES

Asindicated above, the initial uplift of the Guadalupe
and Delaware Mountains may have taken place im-
mediately before the development of the streams con-
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sequent on tilted rock surfaces, and long before the de-
velopment of streams consequent on tilted fault blocks.

At the time of this initial uplift, many of the ranges
of the Sacramento section * were sheeted over by poorly
resistant Cretaceous and other Mesozoic rocks. In the
Guadalupe Mountains, this cover may have overlain the
surface of the summit peneplain. The Mesozoic sedi-
ments were no doubt stripped rather rapidly by the
streams until the hard Paleozoic limestones beneath
were exposed, Streams overloaded with such material
probably deposited great quantities of it in the strue-
turally lower areas roundabout. Some of it probably
filled the depressions between the ranges, and some was
spread as a vast detrital apron over the surface of the
Llano Estacado east of the mountains.

DEPOSITS OF THE GUADALUFPE MOUNTAINS REGION

Within the Guadalupe Mountains region, deposits
that formed in response to the first uplift of the ranges
are poorly known. :

The Salt Basin west of the Gaudalupe Mountains
probably received a large volume of the early deposits,
but its surface has been eroded so little that none is ex-
posed. As indicated by wells drilled there, the uncon-
solidated deposits beneath the surface of the Salt Basin
reach a great thickness* They are probably similar to
those exposed in the Hueco Bolson, the next desert basin
to the west (fig. 1). The deposits in the Hueco Bolson
are gray to flesh-colored silts, in part oypsiferous, with
some sandy lenses, and near the bordering mountains
are interbedded with fanglomerates and mudflow de-
posits. They probably accumulated in an enclosed de-
pression, not drained as today by a through-flowing
stream. They were perhaps deposited in a shallow, in-
termittent lake. The fanglomerates along the edges
were no doubt deposited oun bajadas that fringed the
primitive mountain ranges.

The deposits of the Llano Estacado, now exposed enst
of the Pecos River, 90 miles away, perhaps once extended
farther west, over the present river valley, and up to
the bases of the Guadalupe and Sacramento Mountains
beyond. In the Sacramento Mountains, according to
Nye,® the subsuminit or Sacramento Plain can be pro-
jected eastward across the present valley, and beneath
the deposits on the other side. It was probably carved
by streams that were at the same time laying down de-
posits farther east.

AGE OF DEFOSITS

Older unconsolidated deposits laid down in intermon-
tane areas of the Sacramento section, and in the llano
Estacado to the east, contain vertebrates in a few places

# Fenneman, N. M., Physiographic divisions of the United States:
Assge. Amer. Geographers Annals, vol. 6, p. 93, 1917%. . .

« Rjchardson, 3. B,, .U, B. Geol. Survey Geol. Atlas, Van Horn folie
(Ko, 194), p. 8, 1914, Baker, C. L., Structural geology of trans-Fecos
Texas ; Texag Univ. Bull, 3401, p. 171, 1935, .

« Fledler, A. G., and Nye, 8. 8, op. cit, pp. 11 (fig. 1), 14~1E, 98-91.
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that are considered to be of Pliocene age.s Over wide
areas the deposits resemble one another so closely in
lithologic character, conditions of deposition, and de-
gree of deformation, that they are probably all of about
the same age. Near El Paso, the older unconsolidated
deposits are overlain unconformably by gravels that
contain vertebrates considered to be of early Pleistocene
age by Hay.¥

If these older deposits are Pliocene, if they formed in
response to the initial uplifts of the mountains of the
Sacramento section, and if the Guadalupe and Dela-
ware Mountains had a history similar to the Sacramento
section as a whole—a rather extensive series of assump-
tions—then the older deposits serve to give an approxi-
mate date to the initial uplift of the region. Such a
dating serves to justify assigning the features and de-
posits so far discussed as pre-Pleistocene(?).

EARLY PLEISTOCENE (Ff) TOFOGRAFHIC FEATURES
AND DEFPOSITS

In the Guadalupe Mountains, a period of movement
later than the initial (Pliocene?) uplift is suggested by
the second generation of consequent streams—those con-
sequent on tilted fault blocks. During this second
period of movement, faulting was apparently a domi-
nant feature. The second period of movement was
probably a major uplift, comparable to major uplifts
farther northwest in the Sacramento section, which are
assigned to a post-Santa Fe (late Pliocene or early
Pleistocene) age. According to Bryan:¢®

Most of the existing mountains and highland areas were also
mountaing in Santa Fe time, They were reduced in Pliocene
time and were reJuvenated to form the present ranges. Other
‘mountains appear to have been new-horn * * *  Jo far as
the present information goes, all the ranges [with a few ex-
«ceptions] * * * owe their present positions to post-Santa
Fe uplift.

This major uplift probably gave the Guadalupe and
Delaware Mountains their present tectonic form and
accelerated the degradation of the mountains. Proc-
esses wera tnitiated that carved them into the outlines we
see today.

After the uplift, degradation went on without any
recorded pause until the streams on the east slope of the
mountains had cut 1,000 feet or more below the summit
peneplain, and until other parts of the region had been

“ Plummer, ¥. B., Cenozoic systems, in The Geology of Texas, vol. 1:
Texas Univ. Butl. 3232, pp, 774-776, 1933. DBryan, Kirk, Geelogy and
ground-water conditions of the Itlo Grande depression in Colorado and
New Mexico: Nnt. Resources Comm., Regional planning, Part 6, Rio
Grande joint investigution, p. 203, 1938.

47 Riehardson, G. B.,, U. 8. Geol. Sarvey Atlas, El Paso folio {No.
166), pp. 3-6, 1000. Hay, 0. P., The Pleistacene of the middle reglon
of North America and its vertebrated animals : Carnegie Imst. Washing-
ton Pub. 322 A, p. 134, 1924, Sayre, A. N,, and Livingston, Penn,
Ground-water reggurces of the El Paso area, Texas: U. 5. Geol. Survey

Water-supply Paper 919, pp. 37-39, 1945,
# Bryan, Kirk, op. cit., p, 209.
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correspondingly reduced. This degradation was fol-
lowed by a major period of still stand during which
streams widened their valleys, broad pediments were
formed, and the west slope of the mountains was shaped
into a gently rounded surface. Afterwards a part of
these erosion features was covered by deposits. Some
of these deposits remain today and are the oldest Ceno-
zoic deposits exposed in the region. They are probably
of early Pleistocene age.

The early Pleistocene (?) deposits are complex in that
they are scattered over the area in many diverse situa-
tions. On the east slope of the mountains they form a
thin sheet of gravel, spread out on the plains southeast
of the Reef Escarpment. These deposits were laid down
on a pediment, extensions of which may be seen farther

south, and which may be related to benches or shoulders

in the canyons to the north. On the west slope of the
mountains deposits occur, not on a stream-graded sur-
face, but on steep slopes. Farther west, beyond the base
of the escarpment, are fanglomerates laid down on
bajadas at the edge of the Salt Basin.

All these deposits are of some antiquity, as they lie
above present stream grade and have been dissected.
The fanglomerates west of the mountains also have been
disturbed and faulted, indicating that they are older
than the last tectonic movements in the mountain area.

GUADALUPE AND DELAWARE MOUNTAINS
GRAVEL DEPOSITS

Fringing the base of the Reef Escarpment, along the
southeast side of the Guadalupe Mountains, and extend-
ing out for several miles into the Delaware Mountains
and Gypsum Plain to the southeast is a gravel-covered
plain, or pediment, which records an extended period
of planation and deposition. Throughout its extent the
plain is trenched, to depths ranging from a few to more
than 100 feet, by streams which in places expose the
underlying bedrock in their channels, The plain is
therefore a product of conditions no longer existing in
the region.

The extent of the gravel deposits is shown on the map,
plate 22, where two subdivisions are distinguished.
“Higher gravels,” apparently older than the main de-
posits, occupy relatively small areas. The main body
is designated as “gravels deposited on older pediments.”
Two views across the gravel plain toward the Reef
Escarpment are shown on plate 4. On plate 4, B, the
surface is little dissected and probably has much its
original form. Below Pine Top Mountain it has the
form of an alluvial fan. Plate 4, 4, shows the appear-
ance of the plain where dissection is more advanced.
Much of the flat-topped surface in the middle distance
is a part of it, although in places benches of bedrock rise
to about the same level. Figure 21, 4, shows a profile
across the plain and includes not only the main deposits
but also some remnants of the higher gravels.

Rising above the main gravel plain in places are
small, flat-topped remnants of an older set of gravel

La'a-.—.u—-.—-—-.‘ S
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deposits (the “higher gravels” of pl. 22). They stand
50 feet or more above the main plain, from which they
are separated by rock-cut slopes, and lie 150 feet or more
ahove present drainage. They are made up of frag-
ments derived from the Guadalupe Mountains which
resemble those in the main or younger gravel deposits.
The patches of higher gravels are probably remmants
of deposits formed in restricted level-floored stream
valleys, rather than vemnants of a nearly continuous
gravel plain like that described below.

The deposits of the main gravel plain (“gravels de-
posited on older pediments” of pl. 22} consist of frag-
ments washed out from the Guadalupe Mountains. The
most abundant pieces are of massive {Capitan} lime-
stone, but also include some bedded, light-gray (Carls-
bad) limestone, and dark-gray (Pinery} limestone.
Sandstone fragments from the Delaware Mountain
group are not conmimnon.

The fragments are subangular to subrounded. Near
the mountains blocks up to 6 feet aeross are enclosed
in the finer material, and along McKittrick Drasw,
3 miles from the mountains, blocks 314 feet across are
present. Some miles away from the mountains, how-
ever, cobbles and pebbles a few inches across prevail.
Near the mountains the material is poorly sorted and
poorly bedded; farther out the gravels lie in regular
beds, with some intercalated layers of buff clay. At a
deep cut in Pine Spring Canyon about a mile west of
Pine Spring, there is at the base a 10-foot bed of flat-
lying reddish clay, above which is 100 feet of cobbles
and boulders with inclined layers that slope down the
sides of an alluvial fan. Elsewhere, the gravels rest
directly on the rock surface below. Over wide areas
the gravels are loosely cemented by caliche.

The gravels are thickest near the Guadalupe Moun-
tains, from which they were derived, and thinnest to
the southeast, where they probably come to a feather
edge. Near the Guadalupe Mountains, some stream
cuts show exposures of gravel 100 feet or more thick.
Their present upper surface appears to have been their
original depositional surface, for at the mouths of some
of the canyons leading out from the mountains they are
heaped into low alluvial fans. Besides the alluvial fan
in Pine Spring Canyon just mentioned, another, below
Pine Top Mountain, is noted on plate 4, B. They are
not rock fans, as stream cuts show that the gravel de-
posits are thicker beneath the fans than elsewhere.

No vertebrate bones have been seen in the gravel de--

posits, but here and there the deposits contain mollusks.
A small collection of the mollusks, made by H. C. Foun-
tain, has been identified by J. P. E. Morrison of the
United States National Museum. The species are listed
below, along with those contained in a collection of
living shells from the same area, made by Fountain for
comparative purposes.
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Mollusks from gravel deposits of the Guadalupe and Delaware
' Mountains
[AL of these ara land dwaelling types excopt those marked with a dagper, which are

land-dwelling types but ars most commonly found in damp or mershy places, end
those marked with an asterisk, which are {resh-water {¥pes]

1 2 3 4
Gastropods:
Ashumunells  kochi amblia
Pilsbry o eceeemmanoo- b S DU x
Bulimulus dealbatus pecosen-
sis Pilsbry and Ferriss. - _|--c--o|-=---|------ bt

Discus cronkhitei (Newcomb).| X
Hawasia minuscula neomesi-
cana (Pilsbry and Ferriss)..| X |----o-|------{-v----
Holospira N SPec o ccemcamcfemm e |- -2 X
Humboldfiana ultimo Pilsbry__| X
Oreoheliz yovapai compactula
Cockrell . . - bl
Pupilla muscorum {Linnaeus) .| >
Retinella indenlata paucilirala
(Morelet) (young)—ceeooor| X |oommc]ocaan]omanne
Thysanoephora horntt (Gabb)_ | -] .- x
Vallonia cyclopkorelle {An-
COF) e mccmc e m e mmam oo pa
Zonitoides arboreus (Say)__... ® bR VAU I
Succinea luteola Gouldf_ .- j-——--- *x ®
Physa anatine Lea*__ . |- --|------ >
Fossaria obrussa (Savy*_ ..ol .---.
Pelecypods:
Pisidtum sp* - oo e -

1. Flat-lying reddish clay at base of deposit 1 mile west of
Pine Spring on north side of Pine Spring Canyon.

2. Coarse gravel on east side of Bell Canyon 1 mile northwest
of Hegler ranch house.

3. Extensive terrace along Bell Canyon near prominent bend
1 mile north of Hegler ranch house.

4. Living species from sheltered places along cliffs high up
on south wall of Pine Spring Canyon.

According to Morrison, all the species listed are living
forms, and are within their present ranges, The
Guadalupe Mountains are near the northern limit of
the present range of the species of Humboldtiana. A
slight difference in climate from that of the present is
suggested by lot 3, with its fresh-water forms, for
water is not permanent in this part of Bell Canyon
today; the difference may have resulted from only a
slight variation from the present annual rainfall. The
fossils listed do not confirm the geomorphologic evi-
dence that the gravel deposits are old, but according
to Morrison they do not deny it. He believes that the
assemblage could well be of Pleistocene age.

ROCK STRFACE BELOW GRAVEL DEYOSITS

The surface of the bedrock below the gravel is fairly
even in most places, and was no doubt a pediment of
wide extent. At a few places, however, irregularities
are observed in it. South of Rader Ridge, over the belt
of outcrop of the South Wells limestone member of the
Cherry Canyon formation, the gravels are only a few
feet thick, but, as shown by stream cuts, they thicken fo
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more than 100 feet a short distance to the west. . At
this place, the South Wells limestone apparently pro-
jected above the pediment as a low cuesta, which was
afterwards entirely buried under the sloping sheet of
gravel,

A significant comparison can be made between the
profile of the gravel surface, the profile of the pedi-
ment on which the gravels rest, and the profile of the
present streams, which entrench them both (fig. 21, B).
The present streams have a concave upward profile,
which is steepest in the Guadalupe Mountains, and
gentlest in the plains to the southeast. The surface of
the gravels is also concave upward, but apparently
more so than the stream profiles, as the streams en-

“trench it to depths of 100 feet or more southeast of
the mountains, and less than 50 feet near their base.
The surface of the pediment beneath the gravels is still
more concave. Like the gravel surface, it stands well
above the present streams southeast of the mountains,
Near the mountains, however, it lies near or below the
stream channels, many of which fail to penetrate it.
As all three profiles were probably formed by streams
flowing at or near grade, the differences in concavity
suggest changes in conditions of stream equilibrium.
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EXPLANATION

STREAMS CONSEQUENT ON GRAVEL DEFOSITS

Surface of gravel depasits

The streams that drain the gravel plain were develop-
ed on its depositional surface and are consequent to it
(shown as “streams consequent on gravel deposits” on
pl. 22). They thus belong to a later generation than the
two sets of consequent streams previously described (pp.
140-143). When the gravel depesits were being laid
down, each consequent siream that flowed east-northeast
out of the Guadalupe Mountains ageraded its course and
built up a low alluvial fan at the foot of the Reef Escarp-
ment. As deposition progressed, the streams were de-
flected this way and that from the canyon mouths.
Later, the new courses became fixed by renewed en- :
trenchment. The net result hag been to deflect streams 71
draining east-northeast from the mountains to a more ]
easterly or southeasterly course on the plain (fig. 19). :

The streams consequent on gravel deposits follow
straight courses and are closely spaced and nearly paral-
lel. As a result, the gravel deposits are scored by a se-
ries of ravines which run side by side for long distances.
and join each other at acute angles. Thsa streams tend
to radiate from each canvon mouth of the Reef Escarp-
ment, in the manuer of streams on alluvial fans. Some
streams on the gravel plain which are fed by the same
canyon of the mountains thus diverge widely from one
another away from the mountains. In this manner, a
part of the drainage from Pine Spring Canyon flows
east into Cherry Canyon, and part flows south into-
Delaware Creek, the bifurcation taking place near the.
foot of the mountains at Pine Spring Camp.
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3 With renewed dissection of the area, the streams con-
- gequent on the gravel deposits have been superimposed
- on the bedrock beneath. In placesthey cross thehills of
~ the former topographic surface, as along the outerop
- of the South Wells limestone member of the Cherry
. Canyon formation south of Rader Ridge (pp. 145-146).
. Goutheast of the present gravel aren, some streams Now
" flowing on bedrock were probably superimposed on it
* through a former sheet of gravel, afterwards destroyed
by erosion.

OLDER PEDIMENTS

Within the area studied, the gravel deposits extend
southeastward into the Delaware Mountains for about
4 miles from the Reef Escarpment. Farther southeast-
ward, they have been removed by Delaware Creels and

| jts tributaries. Where the gravels are Jacking, either

by nondeposition or erosion, many of the even-crested
hilltops stand at about the same level, and are probably
remnants of the same older pediment as that on which
the gravels rest (shown as “older pediments” on pl. 22).
The even crests are conspicuous on each side of the de-
pression carved from downfanlted rocks near Getaway
Gap, and also along the rim of the Delaware Mountains.
The rim maintains its height even where the resistant
Getaway limestone member that caps it fades out into
poorly resistant sandy beds. The possibility that the
rim to the south is part of an older pediment is confirmed
by relations farther north, near Guadalupe Pass, where
the rim is capped by older gravel deposits.

VALLEY-SIDE SHOULDERS

Along Pine Spring, MeKittrick, and other canyons
that drain the limestone upland of the Guadalupe
Mountains are features that probably formed at about
tlie same tiine as the gravel plain to the southeast. These
canyons have been incised several thousand feet below
the summit peneplain that forms their rims. Their
walls, which are boulder-controlled slopes cut on mas-
sive or rudely bedded rock, rise from the channels to the
rims at angles of 30° or more. The slope, however, is
not continuous but in many places seems to have a two-
storied profile, resulting in valley-side shoulders 100
feet or more above the present stream channels.

When viewed from about midheight on the canyon
wall, each spur projecting into the canyon is seen to
sweep down from the rim to a rounded shoulder near its
lower end, and then to plunge 100 feet or more in steep
rock slopes to the channel below (shown as “yalley-side
" shoulders” on pl. 22). The aspect of the upper part of
the canyon is thus broad and open, whereas its lower
part is narrow, tortuous, and steep-sided. In detail,
these features are complex, All the shoulders and the
canyon walls above and below them are greatly modi-
fied by weathering and erosion, and few of the shoulders
stand at exactly the same height. Some are only 100
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feet above the channel, and others are as much as 300
feet above it {fig. 21, 4). .

The valley-side shoulders are not caused by any dif-
ference in the nature of the rocks, for the rocks are all
rather uniformly massive and are of different ages from
place to place along the canyons. The shoulders ap-
parently record a time in the past when the downcut-
ting of the canyons ceased long enougl for some widen-
ing of their banks to have taken place,

Proof that some of the shoulders were formed during
a pause in downeutting is given by relations at Derils
Hall in Pine Spring Canyon. Here, on one side or the
other of the channel and about 100 feet above it, are
narrow benches floored by stream gravel, above which
the higher slopes are in places over-steepened, &s though
by sideward cutting of the former stream. DBy means
of the gravel remnants, a former meandering course can
be reconstructed. Across this course the present stream
passes through Devils Hall, in a straighter course that
follows a line of weaknesses caused by closely spaced
Other less well preserved valley-side shoulders
ocour farther up the same canyon, but they Le at dif-
ferent heights above the stream channel. Whether
tlhey belong to a single epoch of valley widening con-
temporaneous with the gravel-capped benches at Devils
Hall, or to several epochs, cannot be determined.

WEST-FACING ESCARPMENT
FAULT BCARP VERSUB FAULT-LINE SCARP

The steep west-facing escarpment of the Guadalupe
and Delaware Mountains is so closely associated with
ihe Border fault zone that it probably is genetically re-
lated to it. The escarpment originated either from an
exposed surface of tectonic origin which has since heen
modified by erosion (fault scarp}, or from the erosion
of weak beds from the downthrown side, leaving the
strong beds on the upthrown side to form the present
escarpment (fault-line scarp).*® It probably came into
existence during the major uphift of the mountains in
Jate Pliocene or early Pleistocene time.

1f any weak beds ever lay on the downthrown side of
the fault they could not be a part of the succession now

- exposed in the region, for the strata exposed on the -

downthrown side, along the base of the escarpment,
comprise the Carlsbad and Capitan limestones, the
Lamar limestone member of the Bell Canyon forma-
tion and the Castile formation which lie at the top
of the known section. The beds named are the ones
that lay immediately beneath the summit peneplain.
They may have been covered by weak Cretaceous rocks
that overlay the peneplain even at the time of the fault-
ing. If so, immediately after the faulting these weak
rocks for a time covered a part of the fault surface {as
suggested in stage 1, fig. 22, B), but they were removed

R
® Blpckwelder, EHot, Recognition of fault scarps: Jour. Geology, vol.
38, pp. 209284, 1928,
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rather rapidly, and were redeposited in the deeper parts
of the Salt Basin farther west (as shown in stage 2 of
fig. 22, B).

As shown earlier (p. 110), however, the displacement
along the Border faults ranges from 2,000 to 4,000 feet.
It seems very unlikely that a sequence of beds as thick
45 this covered the rocks now found in the region at
the time of the faulting, or that fault surfaces of such
Lieight were entirely concealed by them. It is there-
fore probable that the present escarpment is at least
in part a fault scarp. After the faulting its height was
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tectonic surface, as indicated by the faults exposed along
its base, probably dipped at angles of 70° or more to
the downthrown side (stage 1, fig. 23, 4), whereas with
the exception of the cliffs, the graded slopes formed
from it as a result of slope retreat have angles of 45°
or less (stage 3, fig. 23, A). Streams draining the es-
carpment have much steeper gradients than those drain-
ing the country behind it, so they are able to cut ac-
tively headward. By a combination of slope retreat
and headward cutting, the rim of the escarpment has
receded 2 mile or more east of its original position.
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formed by main uplift, stage 2, the same after erosion and deposition, stage 3, the present escarpment after renewed faultlng and further

eresion and deposition.

probably increased by the removal of weak beds from
the lower part of its surface, in which case the part
originally covered is a foult-line scarp.

EROSION OF ESCARPMEXNT

After the face of the escarpment was laid bare, either
by the original faulting or by subsequent erosion, proe-
esses of degradation set to work on the tectonic surface,
and caused its rim to be shifted toward the east. The

The escarpment has not only receded, but its top has
been lowered to a greater or less degree, as indicated
by the occurrance from place to place along the rim of
bedrock of different ages. Near Guadalupe Peak and
El Capitan the upper part of the escarpment is formed
by the same limestones that spread as a plate over the
Guadalupe Mountains, on whose surface the summit
peneplain has been cut. In this area the rim has been
lowered very little below the summit peneplain, rem-
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nants of which extend to the rim, although any weak
beds that overlay the peneplain (stage 1,fig. 22, B) have
long since been removed. Farther south, however, the
rim was worn down a great distance below its original
height while the Delaware Mountains and Gypsum
Plain to the east of it were being degraded. Most of the
lowering of the rim in this area was accomplished be-
fore the gravel plain to the east was formed, as gravel
remnants cap the rim near Guadalupe Pass (fg. 24, 4).

The streams that drain the escarpment (indicated as
“gtreams of complex origin” on pl. 22) are probably
mainly consequents that took their courses down the
original tectonic surface. Their history, however, has
been complex, for there have been several periods ‘of
movement, and each movement has modified the pre-
existing surface and thereby influenced the streams that

1

2 3

Slope deposiig”™ =
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Mountains near Guadalupe Pass, east of Guadalupe
Canyon. This interpretation suggests that the older
slope deposits are of about the same age as the older
gravels of the Delaware Mountains.

Older slope deposits are not present on other parts of
the west-facing escarpment, cither north of Shumard
Peuk in the Guadalupe Mountains or south of El Capi-
tan in the Delaware Mountains.

The relation of the gravel plain of the Delaware
Mountains to the older slope deposits 18 suggested on
figure 24, 4, where the gravels on the rim of the Dela-
ware Mountains near Guadalupe Tass are shown on the
farthest section, and the slope deposits on the tops of
ridges and mesas are chown in the nearer sections. The
amount of subsequent erosion can be determined by thelr
relation to the profile of Guadalupe Canyon, also shown
on the figure. Their relations to present topography
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drain it. Moreover, by headward cutting the streams
have acquired obsequent extensions at the expense of
streams draining eastward from the rim. Other streams
may have acquired new courses on the surfaces of de-
posits laid down over the bedrock on the egcarpment or
west of it. '
SLOPE DEFPOSITS

On the west side of the southern Guadalupe Moun-
tains, between Shumard Peak and El Capitan, are many
steeply sloping, dissected remnants of slope deposits
(shown as “older slope deposits” on pl. 22) which indi-
cate o well-marked pause in the erosion of the escarp-
ment. On the south slope of El Capitan similar deposits
form the caps of ridges and mesas and stand high above
the channels of Guadalupe Canyon and other streams.
Apparently these deposits were formerly continuous
with remnants of gravel on the rim of the Delaware

are also suggested on plate 1, where they are designated
by the letter a.

The older slope deposits farther north, on the west
side of the mountains below Guadalupe Peak are shown
on plate 12, 4, and on the profiles of figure 23, B.

The gravel remnants below Gmadalupe Peak lie on
the smoothed faces of spurs projecting from the escarp-
ment between the waste-covered embayments at the
heads of the present canyons. They stand several hun-
dred feet above and forward from the embayments, but
like them have a slope of about 30° (fig. 28 B). The
upper ends of the remnants are several hundred feet
below the bases of the cliffs that surmount the escarp-
ment, and stand slightly forward from them, as though
they were formed when the cliffs had not receded as
far east as now. Thelower ends flatten over the top of
the black limestone bench at the edge of the escarpment,
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whereas the younger waste streams extend down into
the canyons eut into the bench,

The slope deposits of the remmnants consist of un-
sorted angular blocks of massive (Capitan) limestone
from a few feet to more than 10 feet across, which in
many places are rather firmly cemented by caliche.
Many of the blocks are deeply pitted by weathering, as

‘though they had not been disturbed for a long period.

The deposits have o thickness of as much as 10 feet, or
about that of the diameter of the largest boulders em-
bedded in them, The fragments have all fallen or rolled
from the cliffs above in the same manner gs those in the
younger waste-streams.

The position of the remnants of older slope deposits

suggests that they formed under conditions similar to

those under which the younger slope deposits are now
forming. Both sets of deposits are composed of the
same type of material, and have the same type of slope
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The relations imply that deep erosion took place after
the slope deposits were laid down and before the fauna
accumulated in the cave, in which case the slope deposits
are probably of Pleistocene age.

FOOTHILL AREA
OLDER FANGLOMERATE

Ever since the first uplift of the mountain area, ma-
terial eroded from its west side has been washed out
and deposited in or along the edges of the tectonically
lower Salt Basin, The process was furthered by the
lack of through-flowing drainage in the basin, Coarser-
textured detritus was laid down as a fanglomerate on
the bajada along the edge of the mountains, and was
built up until the streams were able to attain a graded
profile across it. These processes, however, were prob-
ably interrupted several times by renewed uplift or
climatic changes.
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FicURE 24,—Sectiong south of El Capitan. 4, Projected profiles, showing relation of older slope deposits to present topog-
raphy; B, Bection showing relation of older slope depostts to Indian Cave, which containg late Pleistocene or early

Recent. fossils.

(fig. 28, B). Most of the remnants are now on the
points of spurs, between recesses covered by modern
waste-streams. At the time of their deposition, this
relation was probably reversed in Places, and remnants
on the present spurs accumulated in the recesses of the
earlier time, In general, however, the older deposits
appear to have accumulated on a surface more subdued
than the present one, and with fewer rock spurs project-
ing from it, and fewer canyons (such as Guadalupe
Canyon) cut below it.

Some indication as to the age of the deposits can be
obtained south of El Capitan. Here, on a canyon wall
150 to 250 feet below the nearest remnants of the older
slope deposits, is the Indian Cave (fig. 24, B), which has
yielded a fauna that includes a number of extinct late
Pleistocene or early Recent vertebrates® The fossils
will be discussed in a later section of the report (p. 158).

% Ayer, M. Y., The Archeological angd faungl material from Willlams
Cave, Guadalupe Mountaing, Texas: Acad. Nat. Scl. Philadelphia Proc.,
vol. 88, pp, 509618, 1936,

The bajada on the west side of the mountains is
underlain by a complex of fanglomerates, laid down dur-
ing successive stages of the uplift and degradation of the
mountain aren. Most of the fanglomerate that now lies
at the surface is probably of fairly recent origin (shown
as “younger fanglomerate” on pl. 22), but some deposits
are exposed in places that appear to be older (shown as
“older fanglomerate” on pl. 22).

West of the escarpment near Guadalupe Peak ig a
tectonic trench a mile wide, lying between the outer
bench of the escarpment and the essternmost ridge of
the Patterson Hills (pl. 20). Tt is covered everywhere,
except a few rock hills that project from it, probably
to great depth, by fanglomerates composed of fragments
washed out from the escarpment to the east (pl. 22).

Several miles southwest of Guadalupe Peak some low
ridges project above their surroundings in the trench.
They are composed of fanglomerates rather firmly
cemented by caliche, which appear to be older than thoss
underlying the lower country around them. They con-

gt Ul
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sist mostly of great blocks of massive Capitan limestone,
but include a few blocks of sandstone from the Delaware
Mountain group. They contain no fragments of black
limestone from the outer bench of the escarpment, which
rises several hundred feet above them a short distance
to the east, whereas the surrounding younger fanglomer-
ates contain abundant black limestone fragments.
These older fanglomerates resemble the older slope de-
posits on the escarpmient to the east in composition and
degree of consolidation, and are probably of the same
age.

The western slopes of the ridges of older fanglomerate
are gently rounded surfaces, but each one breaks off on
its eastern side in a straight, abrupt scarp 25 to 50 feet
high. These scarps appear to be fault scarps (as shown
in figure 23, B), and indicate that the fanglomerate was
disturbed after it was deposited. :

OLDER FEDIMENT AND ITH GRAVEL COVER

South of the trench that lies west of Guadalupe Peak,
bedrock is exposed in many places, and has been worn
down to pediments and low hills. The bedrock is
covered in many places by a thin mantle of unconsoli-
dated deposits (shown as “stream alluvium and cover of
younger pediments” on pl. 22). Standing 50 feet or so
above are terracelike remmants of an older, gravel-
capped pediment (shown as “gravels deposited on older
pediments” on pl 22). They are well displayed near
Guadalupe Arroyo along United States Highway No.
62, and also occur farther east, toward the base of the
Delaware Mountains.

The gravels on the older pediment near the base of the
Delaware Mountains reach a thickness of 100 feet, but
they thin toward the west, and near Guadalupe Arroyo
are less than 20 feet thick.

Near the Delaware Mountains (as in the exposure
shown on fig. 17, 4), the deposit is a rudely stratified
aggregate of limestone cobbles and broken flags, em-
bedded in a buff sandy clay matriz, and interstratified
with some beds of clay as much as 5 feet thick. Most
of the fragments are dark-colored, bedded limestone de-
rived mainly from the Getaway limestone member of
the Cherry Canyon formation, which now forms the rim
of the mountains to the east. IHowever, limestone frag-
ments with features characteristic of the Pinery and
Lamar limestone members of the Bell Canyon forma-
tion much higher in the section can also be recognized.
These metnbers do not crop out near the rim of the
Delaware Mountains to the east, but they are exposed
not far from the gravel areas in the foothills to the
west. One gravel remnant 214 miles southeast of the
forks of the Van Horn and El Paso roads contains
rounded cobbles of light-gray, massive Capitan lime-
stone, The gravels contain no fragments of the black
limestone {Bone Spring) that now crops out east of the
Border fault along the base of the Delaware Mountains
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escarpment, nor of the coarse-grained sandstone
(Brushy Canyon) that immediately overlies it.

Tt is difficult to tell much about the original form of
the older gravels and the pediment on which they rest,
for they now occur only as remnants. Moreover, some
of the remnants seem to have been displaced by faulting.
Near the base of the Delaware Mountains, closely adja-
cent remmants stand as much as 100 feet higher or lower
in different fault blocks (fig. 17, B), and in the ravines
that cut them they are seen to be traversed by fault
planes or to lie in fault contact with the bedrock (fig.
17, A). At one exposure 4 miles south of El Capitan
(shown at right-hand end of fig. 24, A), the gravels
seem to have been displaced about 60 feet by one of the
faults of the Border zone. The remnants farther west,
near Guadalupe Arroyo, were probably disturbed in
the same manner; for example, one remnant on the south
side of the arroyo a mile southwest of the junction of
the Van Horn and El Paso roads ends eastward along
a strajght scarp 40 feet high that is in line with an ex-
posed fault in the bedrock 3 miles to the north.

FLOOR OF SALT BASIN

West of the mountains, and beyond the bajadas that
fringe their base, is the level floor of the Salt Basin
(pp- 136-138). No outcrops of early Pleistocene de-
posits have been identified on the floor, and it is not
known to what extent they have been covered by later
Pleistocene and Recent deposits. The older slope and
fanglomerate deposits cannot be traced into the basin
from the mountains to the east because the intervening
area is covered by later deposits.

The basin floor was probably leveled by deposition
in lakes that occupied the central part of the basin from
time to time during Pleistocene and perhaps earlier
periods. Surface features on the ficor indicate that a
luke existed there during late Pleistocene time (pp. 156~
157). Whether present surface features were shaped
entirely by the late Pleistocene lake cannot be deter-
mined. As deposition on the floor has proceeded much
more slowly than on the adjacent bajadas, it is possible
that some of the surface features are inherited from
earlier Pleistocene time. .

South of the area studied, the basin floor appears
have been deforned. In the latitude of the northern
part of the Sierra Diablo, the cross section of the basin
is asymmetrical, with the lowest point at the western
side, at the foot of the bajada that fringes the high
Qierra Dinblo scarp (pl. 23). To the east, the floor rises
gradually to the more distant and lower Delaware
Mountains, which is the reverse of what wonld be ex-
pected if the surface had been shaped by depositional
processes alone. Evidently the floor has been tilted
toward the west. The tilting is older than the late
Pleistocene lake, as its beach lines extend horizontally
around the area. It probably took place at the same
time as the later faulting along the nearby Sierra
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Diablo scarp, this faulting probably being of the same
age as that which disturbed the older gravel deposits
within the area studied.

AGE OF DEPOSITS

The older gravels, slope deposits, and fanglomerates
in the vicinity of the southern Guadalupe Mountains
contain few fossils, so their age cannot be given pre-
cisely. The gravels southeast of the Guadalupe Moun-
tains contain a few terrestrial mollusks which are long-
ranging forms that might be either of Pleistocene or
Recent age. At Indian Cave, the relation of the older
slope deposits indicates that they are much older than
the late Pleistocene or early Recent vertebrates con-
tained in the cave (fig, 24, B,

The older gravels, slope deposits, and fanglomerates
have one characteristic in common. They are older—
perhaps much older—than the modern and relatively
recent features. All have been deeply eroded, and
many stand high above present drainage. Some have
been faulted and tilted, Although direct evidence is
lacking, these relations suggest that they are of early
Pleistocene age.

INTERPRETATION OF EARLY PLEISTOCENE(?)}
FEATURES AND DEPOSITS

The early Pleistocene( ?) features and deposits came
into existence toward the close of 2 long period of crustal
stability which succeeded the major uplift of the moun-
tains in late Pliocene or early Pleistocene time. The
features and deposits seem to record a common history—
first, a well-marked pause in downcutting indicated by
extensive pediments in the lower areas, and mature
slope forms on canyon walls and escarpments in the
mountains; then, a period of aggradation indicated by
deposits laid down on the pediments. This history was
controlled by a number of factors. The most impor-
tant is fluctuation in climate, a characteristic feature of
Pleistocene time, which would affect all drainage busins
equally. In addition, the emplacement of the Pecos
River east of the mountains undoubtedly influenced all
streams draining in that direction from the crest,

VOLUME OF EABRLY PLEISTOCENE (*) DEPORITS

Review of the tectonic events and sequence of deposits
in the Sacramento section {(including the Guadalupe
and Delaware Mountains) indicates an anomaly. The
initial uplift of the ranges was followed by deposition
of great volumes of Pliocene deposits, both in the inter-
montane basins and the plains to the east. The later
and presumably main uplift of the ranges was followed
by the deposition of only thin and scattered Pleistocene
deposits such as those seen in the Guadalupe and
Delaware Mountains.®

® For relations in the El FPaso aren, see Sayre, A. N., and Livingston,
Penn, Ground-woter resources of the El Peso arem, Texag: U, 8. Geol.
Burvey Water-Supply Paper 919, p. 37, 1945.
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The smaller volume of deposits in Pleistocene time is
attributed in part at least to the development of such
through-flowing drainuge systems as the Pecos and Rio
Grande, which were able to carry material out of the
region. The total volume of deposits, however, may
have been small even in such depressions as the Salt
Basin which were not connected with through-flowing
drainage. The main reason for the smaller volume of
deposits in Pleistocene time seems to be that less mate-
rial was shed from the mountains after the second up-
lift than after the first because most of the poorly re-
sistant rocks had already been stripped from them, leav-
ing only a core of resistant Paleozoic limestones and
other rocks. This suggestion may account for the fact
that the Guadalupe Mountains and other ranges of the
Sacramento section still project high above their sur-
roundings, even though the main uplift was at least as
old as the early Pleistocene, and though subsequent dis-
turbances have been relatively small. '

DEVELOPMENT OF PECOS RIVER

A profound change took place on the eastern slope of
the Guadalupe and Delaware Mountains during the
Pleistocene because of the development of the Pecos
River. Previously, drainage had flowed eastward to
the aggrading surface of the Llano Estacado and had
become adjusted to a relatively high-standing, rising
base-level. The Pecos River developed at nearly right
angles to the older drainage, and at a much lower level,
along the eastern base of the Guadalupe, Delaware, and
other mountains of the Sacramento section.’? Drainage
on the eastern slope of the mountains was then adjusted
to a low-lying, descending base level controlled by the
river.

The Pecos River apparently. criginated in the Ed-
wards Plateau south of the Llano Estacado as s short
consequent tributary to the Rio Grande. The gradient
of the original stream probably wwas so much steeper
than those of strenms flowing east to the Llano Estacado
that it was able to extend its original course headwards,
thereby capturing the headwaters of each of these east-
ward-flowing streams in turn.® Headward cutting to-
ward the north was aided by the fact that a belt of
poorly resistant upper Permian and lower Mesozoic
rocks lies between the mountains of resistant older rock
to the west and the resistant, caliche-capped sheet of
Pliocene deposits on the Llano Estacado to the east.
At least a part of the capture of other streams by the
Pecos was facilitated by large-scale collapse of rocks
along this belt of poorly resistant rocks as layers of

® Fiedler, A, G., and Nye, S, §., Geology and ground-water resources
of the Roswell artesian basin, New Mexico: U. 8. Geol. Survey Water-
Supply Paper €39, pp. 99-100, 1933.

® The most definitely proved example of heheading of eastward-fow-
ing streams by the Pecos is in the Portales Valley of ¢ast-central New
Mexico. See Baker, C. I, Geology and underground waters of the
northern Llane Estacade : Texas Univ. Bull, 57, pp. 52-54, 1915. Thels,
C. V., Report on the ground water in Curry and Roosevelt Counties, New
Mexico : Kew Mexico State Eng. 10th Eienn. Rept., pp. 93148, 1932,




ipterbedded soluble salts were removed by ground
water.™

- These events have not been definitely dated. They
gre certainly later than deposition of the Pliocene rocks
of the Llano Estacado, and are older than deposition of
the quartzose conglomerate ® and Gatufia formation®
hich are the oldest formations that fill the valley of the
Pecos River. The latter deposits are overlain uncon-
ormably by younger Quaternary deposits and are prob-
ably of older Pleistocene age. If these deposits are

@ older Pleistocene, the development of the river probably

£ {00k place in early Pleistocene time.

As a result of the development of the Pecos River,
streams flowing east from the crest of the Guadalupe
and Delaware Mountains became adjusted to a low-
lying, descending -base-level controlled by the river, in-
stead of to a high-standing, rising base-level as before.
During each successive cycle, such as the pediment cut-
ting and the gravel deposition on the pediments de-
seribed above, erosion and deposition therefore took
place at a lower level than during the preceding cycles.
A geries of successively lower plains and terraces were
thus developed. Moreover, material washed out from
the mountains was not deposited in any large volume
in the lower country, but much of it was carried out of
the region toward the sea.

CLIMATIC FLUCTUATIONS

The fluctuation in conditions suggested by wide--

spread cutting of pediments and other features, fol-
lowed by deposition on the pediments, was probably
caused in large part by a fluctuation in climate. 1t
could not have been due entirely to changes in regimen
of the Pecos River for the areas draining into the Salt
Basin to show a similar history. Only climatic changes
would have equal effect on all drainage basins.

As shown by the relations along Pine Spring and
Cherry Canyons (fig. 21, B), the streams that cut the
pediments had & more concave profile than the present
ones. Concavity of profile results from a downstream
increase in the effectiveness of the transporting power,
which may be brought about in increase in volume, by
decrease in the coarseness of the load, or by both, Each
of these factors would be enhanced by greater rainfall;
thus streams lose their steep headward declivity in a
shorter distance in humid than in arid climates.

The gravel deposits on the pediment apparently re-
sulted from a change in climate toward aridity. The
profile of the deposits, as shown along Pine Spring and
Cherry Canyons (fig. 21, B) is less concave than the sur-
face on which they rest. Both the gravels on the pedi-

% Tee, W. T., Eroslen by golution and fill: U. 8. Geol. Survey Bull. 760,
p. 121, 1925.

u Fiedler, &. G., and Nye, 8. 5., op. eit., pp. 100-111.

t Robingon, T. W., and Lang, W- B., Geology and ground-water condi-
tions of the Pecos River valley in the vicinity of Laguna Grande de la
Sal: New Mexico State Epg. 12th and 13th Bienn, Repi., pPD. £4-85,
1648,

EARLY FLEISTOCENE (7} TOPOGRAPHIC FEATURES AND DEPOSITS

153
ments and the probably contemporaneous slope deposits
and fanglomerates are strongly impregnated by caliche,
a soil feature characteristic of dry climates. An ex-
posure in Pine Spring Canyon one mile west of Pine
Spring (p. 145) suggests that this change may have
taken place rapidly. The layer of fine-grained sedi-
ments at its base was laid down when little material
was being washed off the adjacent mountains. This
layer is succeeded by fanglomerates, laid down when
erosion of the adjacent slopes was actively renewed and
inore coarse material was washed in than the stream
could carry away.

With the change toward an arid climate, both the vol-
ume and the coarseness of the material eroded from the
mountain areas was increased. The cloak of vegetation
on the mountains was reduced, the soils stripped away,
and the bedrock exposed to attack by mechanieal weath-
ering. A return to more humid conditions at the end
of the period of deposition is suggested by the subse-
quent dissection of the gravel deposits. These subse-
quent events are discussed under the hieading of later
Pleistocene and Recent features.

RELATION OF CLIMATIC FLUCTUATIONS TO PLEISTOCENE

GLACIATION

The fluctuations in climate between humid and arid
conditions indicated by the early Pleistocene pediments
and deposits were probably related to the glacial and
interglacial stages of Pleistocene time. A period of
Lhumid conditions probably corresponds to one of the
clacial stages, and a period of arid conditions probably
corresponds to one of the interglacial stages.

Erosion surfaces and unconsolidated deposits along
the Pecos River in the nearby Roswell area in New Mex-
ico which are similar to those in the aréa studied, have
been tentatively correlated by Nye® with the specific
Pleistocene glacial and interglacial stages. Such cor-
relations, however, cannot rest on a secure basis until
studies have been made of much broader areas than those
near Roswell and in the Guadalupe Mountains. In par-
ticular it is desirable to know more about the geomorphie
history of the region which separates these two areas
from the nearest centers of Pleistocene glaciation.

Features of probable glacial origin have been reported
from the Sangre de Cristo Mountains and the Sierra
Blanca in New Mexzico,® but the nearest area in which
an extensive glacial history is recorded is in the San
Juan Mountains of Colorado.* Geomorphologic
studies of areas not far south of the San Juan Moun-

—_—

& Fiedler, A. ., and Hye, 5. §., Geology and ground-water resources
of the Roswell artesian basin, New Mexico: U. 8. Geol. Burv. Water
Supply Paper 639, pp. 111-11%, 1933,

& Ellis, R. W., The Red River lobe of the Moreno glacler : New Mexico
TUniv. Bull, Geol. Ser., vol. 4, No. 8, 1931. Antevs, Ernst, The age of
the Clovie lake clays: Acad. Nat, Sei. Philadelphia Proc., vol. 87, p. 307,
1936.

@ atwood, W. W., and Muther, K. F., Physiography and Quaternary
geology of the Sam Fuan Mountains, Colorado: U. §. Geol, Survey Prol.
Paper 166, DD- o7-31, 1932,
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tains are now being carried on by Kirk Bryan and his
associates,f and as this and other work is extended, more
conclusions can be reached as to the Pleistocene history
of the region south of the glaciated areas.

LATER PLEISTOCENE AND RECENT FEATURES AND
) DEPOSITS

After the older land forms had been carved and were
mantled by deposits, degradation of the region was
renewed, and the land forms and deposits were thereby
dissected. During this time of degradation, the moun-
tains were given the form they now possess. The
younger land forms and deposits came into existence
during the time of degradation ; those now in the process
of formation have been described in an earlier section
(pp. 126-138), and need be mentioned further only to
Place them in their historical perspective. In addition,
some features will be described that are older than the
modern features and younger than the older topographic
features and deposits. :

TECTONIC FEATURES
EVIDENCE FOR FAULTING

In the Guadalupe and Delaware Mountains, later
Pleistocene time was one of some tectonic instability.
Reference has already been made to the fact that in the
foothill area the older fanglomerates and the gravels
deposited on older pediments have been displaced by
faults, which are indicated in some places by low fault
scarps and in others by fault planes traversing the de-
posits (pp. 113-114). These faults are all west of the
Border fault zone and it is probable that this zone
moved again at about the same time, This movement
1s indicated by relations along the black limestone bench
that flanks it on the east, described below,

BLACK LIMESTONE BENCH

Along the west base of the Guadalupe and Delaware
Mountains from the latitude of Guadalupe Peak south-
ward, the black limestone at the base of the Permian
succession projects as a bench that rises a few feet to
more than 300 feet above the downfaulted rocks to the
west. Above the bench are gentle slopes carved from
the overlying sandstones. A bench has formed on the
black limestone because its resistance to erosion is

greater than that of the sandstones that overlieit. The"

surfaces of the bench are boulder-controlled slopes, ad-

justed to the movement of weathered black limestone
fragments across them.

The bench is prominently in view along the base of
the escarpment in the Panorama, plate 5, 4, and the
right-hand end of the panoramau, plate 5, 2. On plate
14, B, a nearer view of the bench, its relation to the

® Bryar, Kirk, Geology and ground-water resources of the Rio Grande
depression in Colorado and New Mexico: Nat. Resources Comm., Re-

gional planning, Part 8, Rio Grande joint investigation, pp, 197-225,
19383,

GEOLOGY OF THE SOUTHERN GUADALUPE MOUNTAINS, TEXAS

Border fault may be seen. A profile across the bench
15 given on figure 23, B.

The bench seems to be more intimately related to the
Border fault zone than are the higher parts of the es-
carpment. Its western edge is a nearly straight line that

~ follows the traces of the faults throughout its entire

distance, and it is scarcely dented by the streams that
have incised narrow gorges across it. Thus it has
receded very little from its original tectonic surface.
In places, older fanglomerates and gravel deposits lie
against the black limestones on the upthrown sides of
the Border faults (pl 14, B) in such a manner as to sug-
gest that the fanglomerates had been faulted against
the black limestones. Inone place, older gravels appear
to be displaced by one of the faults of the zone (right-
hand end of fig. 24, 4). Black limestone fragments are
absent from the older fanglomerates and gravels west
of the Border fault zone, which contain only rocks from
the higher parts of the escarpment. On the other hand,
such fragments are abundant in the younger rocks of
the same district.

These relations suggest that the black limestone bench
may have been partly or wholly concealed at the time
the older slope, fanglomerate, and pediment deposits
were laid down, and that it did not reach its present
height until later, when remewed movements on the
Border fault zone took place (stage 3, fig. 22). Such
movements may have amounted to several hundred feet
in places (fig. 23 B). The face of the black limestone
bench is probably a slightly eroded fault searp, much
vounger than the greatly eroded fault searp or fault-
Yine searp that forms the higher part of the escarpment.

RELATION OF FAULTING TO EROSIONAL FEATURES

The faulting just described interrupted the develop-
ment of the older features and deposits, which had been
forming during a long period of crustal stability. The
displacements were relatively small, amounting to a
few hundred feet at most, but they were sufficient to
cause the dissection of the various older features on the
west-facing escarpment and the foothills to the west.
Because of the movements, the features were placed in a
new relation to the adjacent drainage, and may have
been shifted upward relative to the base-level of the
Salt Basin, either by depression of the basin or uplift of
the mountains.

EROSIONAL AND DEPOSITIONAL FEATURES
DESSECTION OF OLDER FEATURES AND DEPOSITS

The older topographic features and deposits have not
only been dissected where they are faulted, but in parts
of the area where they are not faulted. Thus, the
streams in the canyons of the Guadalupe Mountains
have cut more than 100 feet below the valley-side shoul-
ders on their walls, and now flow in narrow, inner
gorges, with imperfectly graded chanmels. In like
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manner, the gravel plain to the southeast is trenched

b5 a5 much as 100 feet by narrow gorges that in places

estend into the underlying bedrock. Farther south broad
plains flank the larger streamns; they are pediments ad-
justed to the grade of these streams. The plains stand
at a lower altitude than the older gravel plains and
older pediment remnants, and represent a new cycle of
buse leveling at a lower level.

The widespread dissection of the older features re-
sulted from the interaction of numerous factors, whose
relative importance is difficult to evaluate. It is pos-
sible that the mountains were uplifted at the time of
the later faulting along the Border zone and in the
foothills. If so, they were shifted upward relative to
the base levels of the streams that drained them. Cli-
matic changes also probably took place, some of which
encouraged downeutting by the streams. Moreover, as
degradation of the mountains progressed, the size of
materials carried by the streams decreased, and the
streams tended to cut down to increasingly lower
gradients.

On the east slope of the mountains, in the area
drained by the Pecos River, dissection by streams also
took place as a result of lowered base levels caused by
deeper cutting of the river. Aerial photographs of the
area east of the mountains, in the Gypsum Plain and
Rustler Hills, indicate that at some place along each of
the major streams draining toward the Pecos there are
abrupt descents from wide alluvial valleys upstream to
steep-sided, headward-cutting gorges downstream.
Some of the major streams have more than one such
descent. These descents represent impulses toward re-
newed downcutting that are being generated upstream
from the river along each tributary. In addition to
normal downeutting of the river, such impulses may
have been influenced in part by eustatic ehanges in sea
level that are known to have taken place during Pleis-
tocene time.

STBRSEQUENT STREAMB

The dissection of the older topographic features and
deposits furthered the development of subsequent
streams (shown by o separate symbol on pl. 22),
although some of these streams may have come into
existence during earlier periods.

On the east slope of the Delaware Mountains, the
structure is such that the surface is made up of many
strike belts of poorly resistant sandstone, lying between
belts of more resistant sandstone and limestone. Along
them drainage leading into the larger consequent

streams has cut headward to form subsequent streams,

sich as Bell Canyon (pl. 22). In other places in the

same area belts of poorly resistant sandstone are faulted

down to the same altitude as more resistant rocks.

Along one of these belts, the Getaway graben, a de-

pression was hollowed out by twosubsequent tribu-

taries of Getaway Canyon. The more resistant lime-
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stones to the east and west rise above it In resequent
fault-line scarps, whose tops are remnants of an older
pediment, probably of the same age as the gravel plain
farther north, {pl. 22).

Oa the west slope of the Delaware Mountains a num-
ber of belts of weak rock extend along fault lines, per-
haps because of the close spacing of joints. In this
aren, during dissection of the older features, subsequent
streams were cut in the wealk belts; the largest of them
is the stream of Guadalupe Canyon (pl. 22).

TERRACES

Along the sides of some valleys that trench the graovel
plain southeast of the Guadalupe Mountains are terraces
thut lie between the plain and the present channels.
They record pauses in the dissection of the plain.

Along Lamar and Cherry Canyons east of the
D Ranch Headquarters are remmnants of a gravel-
capped, rock-cut “terrace 50 feet above the present
stream and 50 feet or more below the surface of the
gravel plain (pl. 22). The deposits on the remnants
consist of limestone fragments, derived from the
Guadalupe Mountains, that were either washed out
from the mountains at the time the terraces were formed
or were reworked from the older deposits of identical
composition on the gravel plam.

In Glover and Getaway Canyons, two headwater
tributaries of Delaware Creek, are terraces of different
character. Here, remnants of alluvium lie on the sides
of the present valleys, as much as 50 feet above the pres-
ent channels or within 100 feet of the hilltops whose
surface is equivalent to the gravel plain. The alluvium
consists of fine-grained limestone gravel and buff silt.
Tu this region, after the valleys were first cut, they were
filled to a considerable depth and then reexcavated.
Terraces probably of similar structure but consisting
wholly of coarse gravel lie along Pine Spring Canyon
for about a mile west of Pine Spring (pl. 22).

The terraces in Glover, Getaway, and Pine Spring
Canyons are the only examples that have been observed
in the region of the sort of alluvial terraces that have
been described in other parts of the southwest.”* Such
terraces are especially prominent along the Pecos River
near Roswell, N. Mex. They are supposed to have been
formed by successive stream-cutting and stream-filling
as a result of changes from wet to dry climate. The de-
velopment of alluvial terraces in the area studied is
poor, probably because the area lies near the sources of
the streams that drain it and too far from the Pecos
River to have been much affected by temporary changes
in its regimen.

& Hyntington, Ellsworth, The elimatic factor as illustrated in arid
America : Carnegie Inst. Washington Pub. 192, pp. 24-26, 1914, Fled-
ler, &. G., and Xye, 5. 8, op. elt., pp. 10-12, 30-35, 106-109. Bryan,
Kirk, Pre-Columbian agriculture in the southwest, a8 conditioned by
periods of alluviation: Assge. Am. Geop. Annals, vol. 31, pp. 2_26—237,
1941, ’ ’
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ALLTUVIUM

Alluvial deposits on the flood plains of the modern
streams occupy relatively small tracts in the area of this
report, and only the larger of them have been mapped
(shown as “stream alluvium and cover of younger pedi-

ments”’ on pl. 22). The largest areas are along Dela- -

ware Creek on the east slope of the Delaware Mountains,
and near Guadalupe Arroyo in the foothills west of the
Delaware Mountains. The alluvium consists mostly of
buff or brown clay, somewhat impregnated by caliche,
with lenses of fine gravel. Along Delaware Creek it
is about 25 feet thick, but on the west side of the moun-
tains it may be somewhat thicker. Away from the
flood plains, the alluvial deposits grade into a relatively
thin sheet that forms the cover of younger pediments.

YOUNGER BLOPE DEPOSITS AND FANGLOMERATES

The character and origin of the younger slope de-
posits and fanglomerates have already been discussed
(pp. 133, 135-136), and need not be repeated here.
These deposits seem to have formed in much the same
manner as the older slope deposits but later than the
period of renewed faulting and uplift in which the
older ones were dissected. The younger fanglomerates,
which form the bajada west of the mountains, were
probably built up at the same time, as a result of the
renewed faulting.

Deposition of the younger fanglomerates gave rise to
a new generation of consequent streams (shown as
“streams consequent on bajada surface” on pl. 22).
Streams like them no doubt existed on the bajada ever
since the first uplift of the mountain area, but because
they are constantly shifting, the streams now seen there
have occupied their present positions for only a rela-
tively short time.

In some places material washed out from the moun-
tains has filled the depressions between the mountains
and the foothill ridges to such an extent that streams
consequent on the bajada have been able to flow aver
these ridges at their lowest places. In this way they
have acquired new courses across barriers in the original
tectonic surface.

RECENT DISSECTION

In some places younger deposits are still gathering
on slopes, pediments, and bajadas, but in others they
are now being dissected. Dissection of the younger
fanglomerates on the bajadas has already been discussed
(p. 136).

Dissection of younger slope deposits is taking place
south of El Capitan, ns shown on plate 1. Here, two
waste streams (indicated by the letter ) are trenched
by ravines to depthis as great as 50 feet, and in places
cut into bedrock. Some of the steeper slopes between
the waste streams, only lightly covered by deposits, are
scored by gullies, and between them the surfaces are
broadly rounded. Similar features were observed on

the east slope of the Delaware Mountains, notably on
the cuesta formed by the Lamar limestone member of
the Bell Canyon formation northeast of the junction of
Bell and Lamar Canyons. The sandstones forming
the slope of the cuesta are generally stripped of all
soil and deposits, but here and there are remnant patches
of an older, rounded, soil-covered surface.

These features may be relics of climutic changes in the
geologically recent past. The rounded, soil-covered
slopes were formed during a time of relatively humid
climate, and the dissection that followed probably took
place during a time of relatively dry climate. The dis-
section seems to be considerably older than the arroyo
cutting described below.

The alluvium in many of the flood plains of the area
has been trenched to depths as great as 20 feet by steep-
walled arroyos. According to Mr. Walter Glover, a
local resident, the arroyos near Getaway Gap have been
cut since about 1905. Before that time, the valley bot-
tom at the upper end of the gap was a smooth flat, easily
crossed in all directions by a wagon, whereas since then
the arroyos have widened so much that a wagon can now
be driven along their channels, -

The arroyo cutting resembles that which has recently
taken place in many other parts of the arid southwestern
United States.®® It seems to have resulted from modern
depletion of the vegetation cover, thereby quickening
run-off and soil erosion. This depletion probably hap-
pened because of overgrazing of the country by stock,
for in the regions where I have observed it, arroyo cut-
ting has taken place within a few score years after the
country was settled. Periods of drought in recent years
have greatly increased the overgrazing, for the cattle
that remained on the land during the dry periods were
forced to crop the grass down to its roots, and to eat
plants such as the prickly pear and sotol that they usu-
ally avoid. It is entirely possible, however, that the
artificial depletion of the vegetation merely accelerated
a natural depletion resulting from an increasingly dry
climate, and that conditions favorable to seil erosion
existed at the time of the arrival of the first settlers.

LAKE FEATURES

Ags already indicated, the center of the Salt Basin, be-
yond the edges of the bajadas on either side forms a re-
markably even floor, which stands at an altitude a little
above 3,620 feet (pp. 136—138). It marks the extent of
the gypsiferous clay hills and intervening meadows
mapped as Reeves chalk in the soil report.® This floor
is a former lake bed, which from time to time in the past
was covered by standing water. On it are many fea-

@ Bryan, Kirk, Date of channel trenching {arroyo cutting) in the arid
gouthwest : Science, new ser., vol. 52, pp. 3235-344, 1925, Balley, R. W,
Epicycles of eroslon in the valleys of the Cplorado Plateau province:
Jour. Geolory, vol. 48, pp. 337-345, 1035,

% ('arter, W. T., and others, Soll survey (reconmaissance) of the

trang-Pecos area, Texas: U. 8. Bur. Chemistry and Boils, 8¢il Survey
Rept,, 1928, No, 35, p. 30, 1928,
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tures formed by a lake that is probably of late Pleisto-
cene or early Recent age.

BEACH RIDGES

The lacustrine features are most clearly indicated on
aerial photographs. Old beaches stand out clearly as
curving, concentric bands, encireling the margins of the
floor and the sides of low protuberances on the floor it-
self (pl. 23). The beaches can be seen also when the
floor is viewed from the mountain tops to the east, but
their pattern and character is less evident. Such fea-
tures are diflicult to recognize on the ground, but they
lLiave been studied in the field a mile southwest of the old
I» X Ranch within the aren of this report, and near the
mouth of Victorio Canyon east of the Sierra Diablo
south of the area of this report.

On aerial photographs the beaches appear as low,
light-colored ridges, 2 few hundred feet to nearly a
quarter of a mile across, that extend as bands along the
contours, bending outward avound the outer ends of al-
luvial fans, and recessed between them, The highest
beaches lie about 40 feet above the lowest points on the
floor, or at an altitude of about 3,660 feet. They are
indefinite and discontinuous, and Lence probably older
than the lower beaches. The most definite beacles lie at
a lower altitude and about 20 feet above the lowest
points on the floor ; others lie both above and below. Al-
though the beaches are not far apart in altitude, the
very gentle slopes on the floor cause them to be in places
as much as a mile apart laterally.

The two beaches studied in the field are both parts of
the 20-foot beach. At the locality soutlrwest of the P X
Ranch the beach is a narrow embankment of gypsiferous
clay which rises about 10 feet above its surroundings and
is about 20 feet higher than the nearby alkali flats on
the lowest part of the floor. At the locality east of the
mouth of Victorio Canyon, the outer edge of the bajada
is cut off in a scarp 10 to 20 feet high, which descends
steeply from the bajada to a flat meadow containing
alleali flats. The scarp is composed of buff loam, with a
capping of gypsiferous clay. In places, the top of the
scarp is a few feet higher than the surface of the bajada
behind it.

HISTORY OF LAKE

The beaches indicate the one-time existence of a lake
which was at first about 40 feet deep, and covered the
whole expanse of the basin floor. Later, the lake re-
ceded but maintained a depth of about 20 feet for a con-
siderable period, when well-marked shore features were
formed. During the 20-foot period, slightly higher
areas within the floor of the basin rose about lake level,
such as the higher ground west of the area studied, be-
tween the chains of alkali flats on the east and west sides
of the basin. The gypsiferous clay of the clay hills and
the brown clay of the meadows, which are the charac-
teristic surface material of the basin floor, are probably
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lacustrine deposits, later shifted somewhat by the wind.
These lacustrine deposits were built up in standing
water to form the nearly level surface of the basin floor,
and may have been laid down over the outer edzes of the
bajadas, thus causing the sharp boundary between the -
topography and soils of the two features,

After most of the waters of the lake had disappeared
and most of the floor of the basin was uncovered, a few
remnants in the form of intermittent water bodies re-
mained at the lowest places on the floor. These low
places were somewhat enlarged by subsequent wind ac-
tion and form the alkali flats that are a characteristic
feature of the modern basin floor,

AGE

The lake in the Salt Basin is probably of the same age
as that which once filled the Estancia Basin of central
New Mexico® where there are many well-preserved
shore features. Antevs® suggests that the lake in the
Estancia Dasin existed during the “pluvial period”
which came at the end of the Pleistocene.

CAVES

The limestones of the area studied contain numerous
caves, but there are no large ones comparable to Carls-
bad Cavern and others in the Carlsbad and Capitan
limestones not fur to the northeast. Most of the caves
observed in the area studied are shallow openings, re-
cesses, and shelters,

AGE

Most of the caves here and elsewhere in the Guadalupe
Mountains were probably formed when the topography
was approaching its present form. The smaller ones
occur in the present canyon walls and escarpments. The
larger ones could have been cut to their present size and
depth only by underground drainage whose outlets were
near the levels of the modern streams. The time of cave
formation was probably related to times of still stand
expressed elsewhere by gravel plains, terraces, and other
surface features. :

According to interpretations made in this report, the
Guadalupe Mountains did not begin to assume their
present form until the beginning of Pleistocene time,
and the development of the present surface features
took place during the Pleistocene and Recent. Because
of their close relation to surface features, the caves of
the region also probably formed during these epochs.
This conclusion has been previously suggested by
Gardner.®

% Meinzer, 0. E., Geology anid ground-water resources of Estancia
Valler, New Mexico: 1. B. Geol. Survey Water-Supply Paper 275, pp.
18-25, 1911.

& Antevs, Ernst, Age of the Clovis lake clays: Acad. Nat, Sc¢l. Phila-
delphia Proc., vol. B7, pp. 304-312, 1936,

® Gardner, J. H,, Origin and development of limestene caverns : Geol.
Soc. America Bull,, vol, 48, pp. 12701272, 19385,
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CAVE FAUNAS

Some caves in the Guadalupe Mountains contain
vertebrate bones and archeological material. One of
them, the Indian Cave on the Williams Ranch, south of
El Capitan, lies within the aren studied. Its contents
have been described by Ayer as including not only
various living species, but also the extinct horse, dire
wolf, and ground sloth {dung only). She states:

Twenty-two forms of mammals are here reported from Wil-
liams Cave, of these 22.7 percent are extinct, 31.8 percent are
living but not found in the Guadalupe Mountain region of Texas,
and 45.5 percent are now found in western Texas and are re-
ported from the Guadalupe Mountains. It is of importance to
note that some of the cave forms now living in sections other
than western Texas are found to the north and in many cases
in the higher mountains where vegetation is quite distinet from
the desert flora now found about the cave. This would seem
to indicate that in this region, at one time, the climate was quite
different. On the other hand, these animals may have strayed
down from tbe top of the Guadalupe Mountains in search of
food, thereby accounting for their presence in the cave material

The Burnet Cave, in the Guadalupe Mountains near
Three Forks, north of the area studied (fig. 2), has
yielded still larger collections. The faunal and arche-
ological material from it has been described by Howard
and Schultz.® The vertebrates include extinct species
of bear, horse, camel, musk-ox-like bovid, and bison.
According to these authors:

Forty-three forms of mammals were found in Burnet Cave,
Of these, 22 pereent are extinct, 12 percent are living but are not
found in New Mexico, 30 percent are now living in the Guadalupe
Mountain region, and 35 percent are living in New Aexico but
are not reported from the Guadalupe Mountains, * * * It
ig interesting to note that many of the cave forms, now living
in regions other than the Guadalupe Mountains, are found to the
north and in many cases in the higher mountains. BSeveral of
these species and varietles now live in life zones as high as the
Arctic-Alpine zone. There is a strong indication that the
climate of the region of the cave, during the time of the pre-
Basket Maker occupation, wag much different than it is today.

EVIDENCE FOR RECENT CLIMATIC CHANGES

In various places in the preceding descriptions, refer-
ence has been made to features that probably formed as
a result of certain climatic conditions, or of changes in
climate. Some of them are relatively ancient, and per-
haps of Pleistocene age; others are of relatively recent
age. Such interpretations of climatic conditions are not
absolute, because of possible complications resulting
from other factors, but evidence regarding the climatic
conditions affecting younger features appears to be more
obvious than for the older. The various features in-
dicate various things and not all of them are in harmony,

™ Ayer, M, Y., The archeological and founal material from Willinms
Cdve, Guadalupe Mountains, Texns: Acad. Nat. Sci. Phﬂadelphia. Proc.,
vol. 88, pp. 599-618, 1926, -

% Howard, E. B.,, Evidence of early man in North America : Museum
Jour. (Univ. Pennsﬂv’anin); vol. ‘24, pp. 62-T9, 1936. Schults, C. B,
and Howard, E. B., The fauna of Burnet Cave, Guadalupe Mountains,

New Mexico: Acad. Nat. Sci. Philadelphia Proc., vol. 87, pp. 273-206,
19835, . W e e A

and not all of them took place at the same time, Evi-
dence is still too scattered and indefinite to fit the ob-
served features into any comprehensive climatic history.

EVIDENCE FOR CLIMATIC CHANGES IN AREA STUDIED

A formerly more humid climate is suggested by the
evidence of lacustrine conditions on the floor of the Salt
Basin in late Pleistocene time. Humid climate is sug-
gested also by rounded, soil-covered slopes on some of
the mountain sides and cuesta faces. A change to a
drier climate is suggested by dissection and partial strip-
ping away of this cover. Arroyo cutting in the alluvial
deposits, though perhaps mostly the result of overgraz.-
ing, may have been influenced by increased dryness
within modern times.

A formerly colder climate is suggested by the nature
of the vertebrate faunas mentioned above, which came

from two caves in the Guadalupe Mountains. Their

nature may be explained partly by other factors, but
these other factors probably do not account for all the
features observed in the faunas.

EVIDENCE FOR CLIMATIC CHANGER IN NEARHY AREAS

Possible recent climatic changes in the southwestern
United States have been discussed at some length by
Huntington,”® who concluded that within the last few
thousand years the climate has become distinctly more
arid than before. Geomorphological, botanical, and
archeological evidence is cited, not all of which is en-
tirely convincing. Much more evidence has been ac-
cumulated since Huntington’s publication appeared, but
not all of it agrees with his conclusion. He has pointed
out, however, that large climatic changes are the net
effect of much more complex minor fluctuations, and
some of these minor fluctuations may have been strong
enough to have left some record of their passing.

Huntington ™ discusses the results of the work of
E. E. Free on the allali flats and sand dunes of the
Tularosa Basin west of the Sacramento Mountains
(fig. 1). Free recognizes three or more sets of gypsum
deposits of different ages in the basin, all presumably of

‘aeolian origin, and all perhaps indicating periods of dry

climate, similar to that under which the White Sands
of the area are now forming.”

The conclusions of Antevs ™ regarding the pluvial
period at the end of the Pleistocene have already been
mentioned (p. 157). He suggests that the extinct lake
in the Estancia Basin and others near Clovis, N. Mex.,
were formed during this period. There is supposed
to have been a moister climate than at present. Aeoclian
sand that covers the lake deposits is cited as evidence

< Huntington, Ellsworth, The cllmatic factor as illustrated In arid
Ameriea ; Cernegie Inst. Washington Tub. 192, pp. $-93, 1914,

¢ Huntingten, Ellsworth, idem, pp. 37—42.

1 Compare Huffington, ®. M., and Albritton, C, C,, Quaternary sandas
nn the southern High Plains of western Texas: Am. Jour, Sel., vol, 239,
pD. 325-398, 1p41.

T Anteva, Ernet, Age of the Clovis lake clays: Acad Mat. Sci Phila-
delphia Proc., vol. 97, pp. 304-311, 1933.
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that there was a later change toward more arid
conditions.

Bryan and Albritton™ have discussed features in the
alluvinl deposits of New Mexico and Texas that sug-
gest climatic fluctuations, some of which probably took
place within the last few thousand years. Inthe Davis
Mountains area three alluvinl formations supposedly
laid down during humid periods are recognized; they
are separated by unconformities due to erosion, which
supposedly occurred during drier periods. During
some of the erosion periods, channel trenching took place
which resembles that going on today.

Evidence for climatic fluctuations based on otlier fea-
tures has been suggested. Cave silts, wind-polished
rocks, and sand dunes of various ages are cited as evi-
dence for dry periods, which may correspond to un-
conformities in the alluvial sequence above noted.™
Bryan ™ has attempted a tentative interpretation of
soil profiles and weathered slopes near Alpine, Tex., In
terms of climatic changes. A succession of an early,
long period of aridity followed by moister conditions
and finally by modern, drier conditions, is suggested..

BROADER RELATIONS OF CENOZOIC EISTORY
EVOLUTION OF THE MOUXTAIN AREA

The evolution of the surface features of the Guada-
lupe and Delaware Mountains can be considered under
the headings of structure, process, and stage.™ The
mountains have the structure of an uplift, much broken
by faults. The structural surface has been acted on
by subaerial processes of degradation, under the in-
fluence of an arid elimate, and dominated by the work
of streams. Degradation has reached a stage wherein
considerable modifications may now be seen in detail,
although the original structure is still reflected in the
broader configuration.

Changes in the aspect of the mountains following
their original uplift have been brought about partly
by renewed uplift and faulting during several succeed-
ing periods, and partly by tlhe erosion of a large amount
of material from the upraised areas, some of it being
‘deposited in the adjacent depressed areas. Poorly re-
sistant rocks, of which no trace now remains, may at
the time of the uplift have covered the summit pene-
plain—the oldest land form in the area; moreover,

7 Bryan, Kirk, Recent depogits of Chaco Canyon, Kew Mexico, in rela-
tion to the life of the pre-bistoric peoples of Pueblo Bonito [ahstraet] :
Washington Acad. Bel. Jour., vol. 16, pp. 7576, 1926. Albritton, C. C,
and Bryan, Kirk, Quaternary stratigraphy in the Davis Mountains,
trans-Pecos Texae: Geol, Soc. America Bull, vol. 50, pp. 1423-1474,
1939. Bryan, Kirk, Pre-Columbian agriculture in the southwest, as
conditloned by periods of alluviation: Assoc. Am. Geographers Anpals,
vol. 31, pp. 219-242, 1941,

# Bryan, Kirk, and Albritton, €. C., Wind polished rocks in trans-
Pecos Texas [abstract] : Geol. Soc. America Bull, wol. 50, p. 1802, 193D,
Hufingion, R. M., and Albritton, C, C., op. cit, 325-388.

™ Pryan, Kirk, Gully gravure, & method of slope retreat ; Jour. Geo-
morphology, vol. 8, pp. 101-105, 1940,

s Davis, W. M., The geographical cyele: Geographical easays, p- 249,
1902,
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toward the south, a great thickness of sandstone and
anhydrite below the level of the peneplain has been
stripped off the mountain gummits.

The escarpment that forms the western side of the
mountains, although outlined by the faults along its
base, is not as high as the tectonic relief of the rocks
that compose it (fig. 22, B). Itscrest has been lowered
by erosion, and its base raised by the deposition of un-
consolidated material on the bajada to the west. Itis
also 10t as steep as tlie original tectonic surface, as it
lias been cut back into graded slopes.

BASIN-RANGE PROBLEM

The Guadalupe Mountains lie in the Basin and Range
province, “characterized by isolated, subparallel moun-
tain ranges rising abruptly above desert plains.”?’
The origin of the surface features in the province has
long been debated.™

As worked out by Gilbert, Davis, and others, the
ranges are composed of rocks that lad previously been
more or less deformed and degraded, and originated as
uplifted blocks, outlined on oue or more sides by faults
that cut across the older tectonic features. The adja-
cent plains are believed to be underlain by rocks that
were depressed so far at the time of the uplift of the
ranges that they have been entirely buried by detritus
washed out from the uplifted areas. The faults along
the edges of the ranges are therefore seldom exposed
to view, but must be deduced from evidence afforded
by the land forms. This interpretation has been chal-
lenged by Spurr, Keyes, and othiers, who consider that
the ranges have resulted from the differential erosion
of a previously deformed terrain. _

As may be seen from the interpretations of the
Guadalupe and Delaware Mountains that are made in
this report, these mountains correspond, at least gen-
erically, to the type of Basin-Range origin advocated by
Gilbert and Davis, although possessing many specific
features of their own. They depart from the ideal in
that their rocks are only mildly deformed, in the prob-
able absence of remnants of the prefaulting topography
(assuming that the summit peneplain is pre-Cretace-
ous), and in the complications resulting from several
periods of upheaval and faulting. The Guadalupe
Mountains are, therefore, one of the “Basin-Range
types” in the sense used by Davis.™

The conclusions reached for the Guadalupe and Dela-
ware Mountains should not, however, be considered as

™ Penneman, N. M., Physiograpbie dlvisions of the United Btates:
Assoc. Am, Geog. Annals, vol. 6, p. 42, 1917.

™ Davia, W. M., The Basin Hange problem : Nat Aepd. Bei. Proc., vol,
@, pp. 367-802, 1926, Gilbert, G. K., Studies of Basin-Range structure:
U. S. Geol. Burvey Prof. Faper 153, pp. 1-9, 1928. Bauer, Carl, Basln
and rapge forms in the Chiricahua area: California Unpiv., Pub. Georg.,
vol. 3, pp. 346-349, 1930. Fenneman, N, M., Physiography of western
United States, pp. 330340, New York, McGraw-Hill Book Ce., Ine.,
1931. These contaln many references to other publications.

W Davis, W. M., Basin Range types: Science, new ser., vol. 76, pp.- 242~
245, 1932,
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favoring the general application of the interpretations
of Gilbert and Davis to all the mountains of the Basin
and Range province. Each range in the area has tec-
tonic peculiarities of its own. Study of the ranges in
recent years demonstrates that some, such as the Guad-
alupe Mountains, have indeed been raised by block fault-
ing, but that others have been raised by arching and
warping, and that some have been shaped largely by
erosion.

GUADALUPE MOUNTAINS, TEXAS

In a region as vast as the Basin and Range province,
the tectonic features and geologic history of whose parts
is so varied, one is led to suspect that the characteristic
surface features have not been caused by any one tec-
tonic process, so much as by the all-pervading dry cli-
mate, which has allowed the drainage to remain poorly
integrated, and has prevented the surface from being
worn down to the subdued forms of humid regions.

ECONOMIC GEOLOGY

The southern Guadalupe Mountains are not rich in
natural resources. It seems unlikely that their rocks
will ever be productive of 0il or metals, however much
scientific treasure they may yield to the geologist and
paleontologist. The resource most worthy of investi-
gation and conservation is ground water, as it makes
life possible in a land that is otherwise barren.

ORE DEFPOSITS

The almost complete absence of igneous rocks in the
area has already been noted (pp. 102-103). There is a
corresponding lack of mineralization, except at a few
localities. Omne of these localities is at the prospect
known as the Calumet and Texas mine, in the head-
waters of Dog Canyon about a mile northeast of Lost
Peak (pl. 3), where veins in the Carlsbad limestone
contain copper minecrals. The minerals have been pros-
pected from time to time since about 1900, but the work-
ings are small and had been abandoned before our visit
in 1934. A brief examnination of the locality was made,
and a small collection of specimens was taken from
material on the dumps. These specimens were sub-
mitted to Mr. Charles Milton, of the (xeological Survey,
who reports as follows:

There are three V'al'ieties of material:

1. Fine-grained, chocolate-brown, siliceous rock, impregnated
with iron and copper oxides, the former more or less hydrous.

2. Buff to brown, clayey, bedded rock, with coatings of glreen
and blue copper minerals, The hlue mineral is azurité. The
green mineral, which has a spherulitic structure, is either auri-
chalcite, 2 (Zn, Cu) CO: 3 (Zn, Cu) (OH): or zinc-bearing mala-
chite (Cu,Zn)C0y. (Cu,Zn) (OH}):;. The clayey rock itself has
an apprecialble content of zine and may be a zinciferous clay,
such as has been described from other western Iocalities.

3. Biliceous rock, carrying n heavy coating of yellow, powdery
substance, This mineral is beaverite, CuQ,Pb0.Fe,0,.280,4H.0,
As viewed under the microscope, it consists of minute graing, of
high [refraetive}] index (greater than 1.78), with zero bire-
fringence, in part with hexagonal, in part with cuboid shapes,
An analysis of the graing showed the following composition :

Percent Percent
‘Insoluble______________ 2081 CaD_____.____________ . 86
PO____ . 23.56 | MgQ . __________ 13
CeO_ B.85 | ALQs and PuOs_ . .30
FelOy 19. 45
30, - _— 18. 32 99, 40
H,0 . T.040

~ Field examination indicates that the deposit is not
extensive, and the valuable minernls seem too diffusely
spread through the rock to give economic value to the

deposit. Moreover, the prospect is so far from any road
that development would be expensive and difficult.

Two other sinaller mineralized areas have been re-
ported in the southern Guadalupe Mountains, but were
not visited during the present investigation. Accord--
ing to Wallace Pratt,* :

There are two other openings (shallow shafts) on mineralized
limestone in the area; one is about 2 mile west of Bell Spring
on the mountain flank, the prospector having camped at Bell
Spring; the other opening is on the edge of the high plateau, a
couple of hundred yards northeast of the trafl from the Grisham-
Hunter Lodge on South McKittrick Canyon to Grisham-Hunter
Camp, at a point about a mile as the crow flies west of Grisham-
Hunter Loidge, Both these openings uncover concentrated black
iron oxides, with a trace of copper. Local tradition claims that

silver also is present. The flrst described opening 1s in the
upper part of the Bell Canyon formation and the second is in the
Carlsbad limestone, at the base of a sandstone phase.
FLUORSPAR

In the vicinity of the Pratt Lodge, and forming ledges
at the bottom of McKittrick Canyon, are beds of dark
Iimestone that probably belong to the Hegler limestone
member of the Bell Canyon formation (section £-£",
pl- 17). Here and there these beds contain vugs filled
with a blue, crystalline substance, which, according to
Charles Milton of the (Geological Survey, is fluorite. He
states that “in order to distinguish this positively from
the similar-appearing and optically similar yttrocerite
and yttrofluorite, tests were made for rare earths, but
with negative results.” The fluorite is too dispersed in
the rock to be of any value. Its origin is unknown.

. SALY

A few miles southwest of the southwest corner of the
area of this report are some salt workings which repre-
sent the first mineral deposit opened near the southern
(Guadalupe Mountains, and the only one producing to-
day. The workings were described by Richardson ® in
1904, and were visited by Jolm C. Dunlap of the Geolog-
ical Survey in May 1946. Most of the data given below
are taken from an unpublished report by Dunlap.’

The salt deposits are in small alkali fluts or salt lakes
Iying a little west of the main alkali flats on the floor of
the Salt Basin. The present workings are in the Zimple-
man Salt Lake, which lies about a mile southwest of the

i Walluee Pratt, letter of Jannary 1945.

¥ Richardson, G. B., Report of a reconnalssance in trans-Pecos Texas
north of the Texag and Pacific Railwey : Texas Unlv. Bull. 23, pp. 61-64,
1004.
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southwest corner of the area studied, and a mile south

of United States Highway No. 62, The lake is about

half a mile long and a quarter of a mile wide. It is
owned in part by Mrs. W. Z. Copprell, of New York, N.
Y., and in part by the Texas and Pacific Railroad. At
present it is under lease to Arthur Grable, of Van Horn,
Tex. Older workings are in the Maverick Salt Lake,
about two niiles south of the Zimpleman lake. This lake
is about a mile long and a quarter ¢f a mile wide. It is

“owned by the heirs of S. A. Maverick. It was ap-

parently the first deposit to be opened, but is not known
to have produced any salt since about 1900.

The salt deposits were first opened about 1883, when
Mexican residents of the El Paso area, in Texas and ad-
jacent parts of Chihuahua, Mexico, opened roads to the
deposits and began extraction of salt for liousehold and
other uses. Shortly thereafter, various attempts were
made by individuals to file claims to the land, with the
intention of obtaining a monopoly of the deposits. This
resulted in bad feeling among the Mexican population,
and much local political strife, and culminated in the
so-called “Salt War™ in 1877, when some claim holders
and Texas Rangers were killed by a mob at San Eli-
zario.®

When the area was visited by Richardson in 1903,
the Zimpleman Salt Lake was in production, the salt
being extensively used by ranchmen, and also by the
amalgamation works at the Shafter silver mine, 150
miles to the south. “No careful records are kept of
the amount of salt hauled away, but certainly immense
quantities have been used, and apparently there is as
much in sight as there was forty years ago [1863].” *

According to Dunlap, records indicate almost con-
tinuous production from the Zimpleman lake by vari-
ous lessees from 1911 to 1946. He states that Arthur
Grable, the present lessee, believes that more salt has
been produced since 1932 than in all the previous period.
Dunlap estimates that the total production from the
lake has been between 5,000 and 15,000 tons. The salt
is now being used by ranchmen In the surrounding area
for livestock, and is also being used in El Paso for
various industrial purposes.

The Zimpleman Salt Lake occupies a shallow depres-
sion in one of the lower parts of the Salt Basin. The
low, gently sloping banks that surround it are com-
posed of sand, clay, and some gypsum. A dike one to
two feet high has been built around the entire lake about
100 feet from the shore. A dike of equal height ex-
tends across the lake about 350 feet from the north end.
In addition to these long dikes, shorter ones have been
constructed at the north end and at the southwest cor-
ner to form brine vats. Corduroy roads with a gravel

# ] Paso troubles in Texas: 45th Cong. 24 sess., H, Ex. Doc. 83, 1878.
Raht, C. G., The romance of Davis Mountains and Big Bend country,
pp. 208-214, El Pasg, 1919,

% Richardson, G. B., op. cit,, p. 64
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surface lead into most of the brine vats, thus providing
access for trucks that are used to haul the salt.

On May 26, 1946, the entire surface of the lake, inside
the outer dike, was covered with a crust of salt that
averaged about half an inch thick, This crust was
nearly free of wind-blown sand and clay and so must
have formed since the heaviest sand storms in March.
To judge by taste and appearance, the crust is mainly
sodium chloride, although the somewhat bitter taste of
sulfates can be detected in it. Drine is present linme-
diately below the surface crust and this, in turn, ig
underlain by the next solid material, which is salt mixed
with clay and fine sand. This layer of clayey salt is
about six inches thick, according to Mr. Grable, and
forms a “lardpan” that will support a loaded truck.
Beneath the “hardpan® the salt, clay, and sand is soft,
porous, and permeable.

Richardson ® gives various analyses of salt crusts,
salt crystals, and brines from this vicinity. He gives
the following analysis of salt from the crust on the
Zimpleman lake:

Percent Percent
31 T VU 0.6 | Potash e None
Aluming_ - 0.6 | Sodium sulfate__.—___- 1.4
Irofe oo ameee—m. Trace | Sedium chloride - 97.3
Magnesiad_ . ———— e~ Trace
Time - e Trace 95.9

He also describes a test hole a few feet deep that was
dug in the surface of the salt lake and states that
analysis of the material penetrated “shows the pres-
ence of silica, lime, maguesia, soda, sulfur trioxide,
carbon dioxide, and traces of potash and lithium, but
no borax. Borax, however, occurs in at least one
locality nearby.”

- During the period between 1929 and 1932, a shallow
‘sump was put in and a centrifugal pump was installed
with a capacity of at least 1,000 gallons per minute. The
dikes now present in the lake were built at this time to
confine the brine that was pumped to the surface.
Greater production of salt was obtained by pumping
brine, but resulted in a lower-grade product that con-
sumers claimed contained “alkali.” With the above ex-
ception, all salt harvested from the lake has formed as
o result of natural evaporation of swrface and subsurface
waters that left their contained salts as a surface crust.
During the period that brine was being pumped, o
crust was allowed to form on the brine ponds about once
each month and was harvested by means of forks, the
tines of which are closely enough spaced to support the
salt crust. The salt crust produced by natural rise and
evaporation of brine is harvested in the same manner.
After being stripped from the lake surface, the salt is
either hauled directly to the consumer or is hauled to
stock piles near the lake. It is not refined in any way
to remove objectionable impurities.

JE———

& Richardson, G. B., op. cit,, pp. 62-64.
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Demand for salt from this deposit has fallen off in
Tecent years because of competition from other sources,
notably the salt mines in Kansas and the potash mines
near Carlsbad, N. Mex., where salt is produced as a by-
product. The reserves of sglt at the deposit are ap-
parently adequate for continued production at the pres-
sent scale of operations, and there will probably continue
to be a small local market for the product,

OIL AND GAS

The southern Guadalupe Mountains are of interest
to petroleum geologists becauss features there exposed
at the surface are analegous to features known only
from drilling in the oil fields to the east, However,
within the area itself the chances of obtaining commer-

“cial quantities of oil or gas are probably small. There
are no surface indications of oil in the region, nor have
aiy noteworthy showings been found in the four wells
that have been drilled in or near it. The positions of
these wells are indieated on figure 2, and they are listed
below.,

Test wells drilled in ar near the Guadalupe Mountains

N. B. Updike, Williains No. 1. Located within area of this re-
port, 3 miles south of Ei Capitan, seetion 24, block 121, Publie
School I_Land. Total depth, 3,400 feet, Starts near top of Bone
Spring limestone, and wag probabiy drilled into Pennsylvanian
rocks (pl. 8).

Anderson and Prichard, Borders No. 1. Located 14 miles south
of El Capitan, section 34, block 89, Public School Land. Total
depth, 4,728 feet. Staris 435 fect below top of Bone Spring
limestone, and was probably drilled into Pennsylvanian rocks
(pl 8).

Pure 0il Co., Quaid No. 1. Located 20 miles east of EI Capitan,
Section 12, bleck 43, townshlp 2, Texas and Pacific Railroad
Survey. Total depth, 3,419 feet. Starts a little below top of
Delaware Mountain group, and was drilled into Bone Spring
limestone,

Nighaus et al., Caldwell No. 1. Loeated 35 miles easgt-southeast
of Bl Capitan, section 13, bloek 109, Public 8&choo) Land. Total
depth, 5008 feet., Starts in Castile formation, and was drilled
through Delaware Mountain group inte Bone Spring limestone
(pl 6).

In the region cast of the Pecos River, oil and gas are
broduced from horizons in the Capitan and Carlsbad
limestones, which there lie buried benenth several thou-
sand feet of younger rocks. In the (Guadalupe Moun-
tains, these formations form the mountain summits, and
any oil or gas that they once may have contained has
long since escaped.

here is a possibility that ol may oceur in the deeper
formations, which lie beneath the surface of the moun-
tains. As noted in the statigraphic descriptions, black
limestones of the Bone Spring are impregnated by bi-
tuminous material, although chemical analyses show
that this bituminous material forms less than one per-
cent of the rock. Occasional small pockets in the lime-
stone contain some free oil. Parts of the formation
might therefore serve as source beds, and oil derived

from them may have accumulated in interbedded sand-
stones in the Bone Spring, or in the overlying Delaware
Mountain group. As the Delaware Mountain group,
however, is predominantly a sandstone, any oil escaping
into it from the Bone Spring limestone would likely be
diffused and lost, unless local viriations in porosity or

‘structural conditions were such as to permit accumnla-

tion. There is a possibility that oil may be trapped in
the northwestward tapering sandstone wedges of the
Delaware Mountain group, where they are under a cover
of younger rocks, :

The possibilities of oil in the underlying, pre-Permian
formations are largely unknown, as only their top has
been reached by the Updike and the Anderson and
Prichard wells. Beds of Middle Ordovician age pro-
duce oil east of the Pecos River, but exposures in the
Sierra Diablo southwest of the Guadalupe Mountains
show the Upper Ordovician resting on the Lower Ordo-
vician with the producing beds absent. As the two
wells in the Guadalupe Mountain region indicate that
the Pennsylvanian series underlies the Permian,. the
Guadalupe Mountain region was probably much lower
structurally in pre-Permian time than either the Sierra
Diablo or the producing areas (fig. 18, B).

Most of the present tectonic features of the region are
of Cenozoic nge (pl. 21 and fig. 15, 4}. Asa result of
the Cenozoic movements, the region is broken into tilted
fault blocks, some of which, along the crest of the up-
1ift, might enclose sands that would serve as traps for
oil and gas. Moreover, the eastermmnost faults, which
form the terminus of n long westward rise of the strata,
might seal off porous beds on their updip sides, and
thus cause them to collect oil and @as that had been
generated over an extensive area and had migrated up
the dip. The wells listed above have been located on
Cenoczoic tectonic fentures.

Many petrolenm geologists believe that oil and £as
are likely to be generated shortly after the source rocks
are deposited, and thus to accumulate mainly in such
structural traps as are developed in them within a short
time after deposition. If so, the tectonic features im-
posed on the region in Cenozoic time probably had little
or no influence on petroleum accumulation in Permian
or older source beds.

GROUND WATER

The ground-water resources of the region received
little attention in this investigation. The best account
of the water resources of the area is that of Richardson,®
published in 1904. These resources deserve further
study because, aside from water supplies that can be
collected in surface storage tanks, ground waters con-
stitute the only source of water for the inhabitants of
the area.

* Richardson, G. B., Reconnuissance in trans-Pecos Texag north of the
Texng and Paclfie Railway ; Texas Univ. Bull, 23, pp. 865-92, 1904,




ECONOMIC GEOLOGY

Ground water is fairly abundant along the southeast
base of the Guadalupe Mountains, and comes to the sur-
face in numerous springs. The largest and most numer-
ous lie within a mile or so of the southeastern base of the
Guadalupe Mountains and issue from sandstones of the
Delaware Mountain group or the gravels that cover
them. They include Pine Spring, Upper Pine Spring,
Manzanita Spring, and many smaller ones. Their water
is derived from the high Guadalupe Mountains to the
northwest, where the rainfall is greater than in sur-
rounding areas. Migration of the water from the moun-
tains to the points where the springs issue is accom-
plished in several ways. Some of it probably moved
down through joints in the limestone and sandstone, for
the north-northwesterly joint set is prominently de-
veloped near the springs and extends toward them down
the slope of the mountains.

Other springs some miles to the southeast of the
Guadalupe Mountains issue from the base of the gravel
sheet that overlies the sandstone, and their water may
have traveled through the gravel from the foot of the
Guadalupe Mountains, The largest of them is Inde-
pendence Spring, about 5 miles east of the mountains
and near the southeast edge of the gravel sheet. Only a
few wells have been put down in this area, and it is not
known whether additional supplies can be obtained by
more wells.

Several springs issue from the west side of the Guada-
lupe Mountains, whose water is derived also from the
mountains. The largest of them is Bone Spring, west of
Guadalupe Peak. It issues from sandstone a little above
the Bone Spring limestone, and its water is no doubt
brouglit to the surface by following the top of this im-
pervious limestone bed.

Ground water is relatively more abundant in the Salt
Basin than in the mountains to the east but is of poor
quality, most of it being rather strongly saline nnd
gypseous. Over most of the basin floor it is reached at
depths of 30 feet or less, and is being taken out in num-
erous wells. Many more wells probuably can be sunk
without depleting the supply. It is unlikely that water
of better quality can be discovered in the basin, for the
central part of the basin has doubtless been an area of
concentration of mineral salts throughout its history as
a topographic feature.

Water of better quality probably occurs in the fan-
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glomerates that form bajada slopes along the edges of
the basin, espectally at the foot of the Guadalupe
Mountains. The bajadas stand much higher than the
basin floor, and water contained in the deposits is de-
rived from nearby mountains; hence it is unlikely that
much concentration of mineral salts has taken place.
Abundant supplies of water of this type are found at
Van Horn,* but they are probably derived from the
broad drainage area of Ryan Flat to the south. Nothing
comnparable to this drainage area exists near the Guada-
lupe Mountains. Limited supplies might be obtained
from the two large areas of alluvial fans at the north
and south ends of the Patterson Hills, where rock ridges
have caused the drainage to converge. In these areas
the rock floor on which the fanglomerates rest is irregu-
lar. Itisprobable that on the mountainward side of the
buried rock ridges water has accumulated in the fan-
glomerates in local reservoirs.

BUILDING STONE

The sedimentary rocks of the southern Guadalupe
Mountains include several sorts of stone that are used
locally for building purposes. Of them the most dis-
tinetive and useful are the even-hedded, flaggy lime-
stones and sandstones that occur in the Delaware Moun-
tain group. These rocks are used in building houses,
and in making fences and other structures along the
highway. The bed most extensively used is the flagey
limestone that lies between the Rader and Lamar lime-
stone members of the Bell Canyon formation southeast
of the mouth of MecKittrick Canyon. This bed is about
10 feet thick and crops out over an extensive area.
Numerous small quarries have been opened in it by the
local residents. At Frijole some of the buildings have
been constructed of cobbles of Capitan limestone ob-
tained from the gravels washed out from the mountains.

RCAD METAL

Abundant supplies of road metal are available near
the highway that crosses the region. In many places
the highway extends aeross patches of older and younger
gravel deposits, but some of them are too coarse to use
as road metal and require much screening to remove the
larger stones. In places the gravels and other alluvial
deposits are strongly impregnated by caliche. The
caliche also has been used for surfacing the highway.

SELECTED STRATIGRAPHIC SECTIONS

In the course of the field work, numerous stratigraphic
sections were measured, and these sections were of great
aid in working out the stratigraphy of theregion. How-
ever, it appeared that giving any or all of the sections
in the text of this report would confuse, rather than
aid, the description of the stratigraphy. They were
therefore omitted and the reader is referred to plates

6, 8, 13, and 15, on which most of the sections are shown
graphically.

The sections are, however, of great value to geologists
who might wish to study the stratigraphy in the field,
or the fossil collections obtained from the region. It

& Richardson, G, B,, U. 8. Geol. Survey Geol, Atlas, Van Horn folio
(No. 194}, p. 8, 1914,
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therefore seems desirable to include in this report some
of the sections that are particularly well exposed or con-
tain abundantly fossiliferous zones, or extend across the
type localities of formations and members. Thirteen
of these sections are given. As here presented, they are
considerably revised and condensed from the original
field notes.
SECTION 1

Measured on west slope of Cutoff Mountain, beds 1 to
5 on south side of canyon just north of Texas-New Mex-
ico line, the higher beds in the embayment that slopes
westward from the summit. Correction has been made
for a fault that crosses the embayment. (See pl. 6.)
Carlsbad limestone : Feet

16. Light-gray, fine-grained limestone, weathering
white, in 6-inch to 1-foot beds. Forms receding

ledges at top of mountain— . _______ 45
15. Thin-bedded limestene and pinkish sandstone____ 20
14. Similar to bed 16, forming a eliff______________ 45

13. Basal sandstone member; Buff, fine-grained sand-
stone in thick, rounded ledges, covered on sur-
face with brown crust. Passes above into platy
or pinkish limestone 55
Goat Seep limestone:
12. Light-gray, fine-grained, dolomitic limestone,
wenthering white, in beds a few inches to more
than a feot thick, with some thick ledges and
cliffs, interbedded with fine-grained, pinkish

sandstone __. . .o _____ - 183
11. Light-gray, dolomitic limestone in 1-foot beds, in

members 10 feet or more thick, interbedded with

buff, medium-grained, calcareous sandstene like

that below. - - 147

10. Calcareous, medium-grained, buff sandstone,
weathering brown, in 2- to 5-foot beds, in part
cross-bedded, and with some layers containing
molds of fusulinids. Some layers are more
enleareous e 250

Sandstone tongue of Cherry Canyon formation :
9. Buif or pink, soft, fine-grained sandstone, in thin
beds or blocky layers up to 2 feet thick. Some
calcareous beds in upper part, Toward top con-
tains irregular siliceous masses and silicified
brachiopods - 206
Bone 8pring limestone:
Cutoff shaly member: (type section) :
8. Prominent ledges of drab-gray, fine-grained or
dense limestone in 1-foot beds, Some gran-
ular beds in lower part contain fragments
of crinoid stems and brachiopods. Upper
part contains pelecypod imprints. Near
middle, soft, platy sandstone and siliceous
shale is interbedded .—— 113
7. Platy, black siliceous shale and black shaly
limestone, interbedded with black, dense
limestone. Shales contain small, spherical
limestone concretions._ e e e 109
8. Black, dense limestone in beds a few inches
thick, weathering dove-gray, with some chert
bands, Contains Chonetes and other brach-
topods _ - _— 11
Victorio Peak gray meinber :
5. Upper division:; Thin-bedded limestone, form-
ing receding ledges packed with poorly pre-

Bone Spring limestone—Continued : Feet
Victoric Peak gray member—Continued
served fusulinids and preductids. Top

forms an even bed R 25

4, Gray, fine-grained limestone, in massive beds
up to T feet thick, forming cliffs above and
below, but with a slope near middle. Upper
cliff containg chert noedules 217
3, Middle division: Pale buff, fine-grained sand-
stone in rounded 1-foot ledges, overlain by
flaggy, porcelainlike, white limestone_____. 20
2. White, evenly bedded, laminated limestone in
1-foot beds, some of which contain erinoid
fragments and small pisolites, forming 10-
foot members. Thinner members of buif,
fine-grained, culcareous sandstone are inter-
bedded ———___ - o7
1. Lower division: Gray, finegrained, somewhat
dolomitic limestome in 1- to €-foot beds.
Contains rare, small chert concretions.
Thinner beds weather hackly. .« v 184
Base concealed, :

SECTION 7

Measured on west slope of Bartlett Peak, 3; mile
north of Shirttail Canyon. Section begins at base of
projecting promontery of escarpment. On this escarp-
ment, the lower division of the Victorio Peak gray mem-
ber could not be measured, as it stands in an inaccessible
clift. The description and thickness of the lower divi-
sion are therefore taken from section 8, one-quarter of a
mile to south. (See pls. 6, 8.)

Goat Seep limestone: Feet
14. Massive, gray dolomite, standing in single cliff,
not measured. Top was eXamined on north
slope of Bartlett Peak, where it iz a massive,
sandy dolomite, containing cnsts of fosslls
(locality 7404). Thickness estimated .- 900
13. _Gray, dolomitic limestone in 5-foot beds, inter-
bedded with thick-bedded, sandy dolomite and
thin-bedded sandstone. Beds in this part of
formation considerably more sandy here than
on adjacent ridges.____ - 254
Sandstone tongue of Cherry Canyon formation:
12, Buff, brown, or reddish, fine-grained, thin-bedded
sandstone, with some thicker-bedded sandstone
and a few calcareous layerd e o 321
Bone Spring limestone:
Cutoff shaly member :
11. Dark gray, fine-grained limestone in 6-inch to
1-foot beds, in part cherty, weathering into
hackly frogments. Forms poor ledges and
rounded slopes - - 123
10. Black, sandy shale and platy limestone .. 38
Victorio Peak gray member: .
9. Upper division: Gray limestone in thick, mas-
sive beds, standing in cliffs. Near middle is
a bed of caleareous sandstone. Top lime-
gtone beds contain abundant fusulinids and
some brachiopods - - 186
8. Middle division: Light gray to white calcltic
limestone in beds several feet thick, forming
slope_ .- P T

[ it bl
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Bone Spring limestone—Continued - Feat

Victorio Peak gray member—Continued
7. Lower division: Stands in inaccessible cliff

along line of section T, in steep ledges along
line of section 8, where these observations
were made. Gray to dark gray, fine-grained,
dolomitic limestone in beds several feet thick,
containing fossll fragments and widely
spaced, large, gray, and buff chert masses.
Weathers gray-brown and pitted. Bed of
. caleareous sandstone 40 feet above base.__—

Black limestone beds:

6. Black, dense, laminated limcestone, weathering
gray-brown, in beds a few incbes thick, with
chert masses. Upper part changes to gray
color __. -

. Light gray to dark gray, granular limestone in
beds several feet thick, contalning fragments
of productids, corals, and crincids, and
occasional chert masses, forming ledges and
rarrow cliffs, Some interbedded, lenticalar,
massive, reeflike limestone beds, and occas-
iomal beds of black limestone (fossil locality
T689) - - - S

4. Dense black limestone in 1-foot beds, with
some platy sandy limestone and granular
limestone — -

3. Light gray, granular limestone, containing
fragments of crinolds and other fossils, in 1-
foot heds, standing in cliff - a7

2, Buff, calcareous, fine-graiped sandstone in

372

139

[

127

147

rounded ledges N — 10
1. Black, fine-grained to dense limestone in g-inch

to 2-foot beds that form even, parallel layers.

Weathers gray or gray-brown. Chert con-

cretions in some beds oo ooeecem—— 43D

Base concealed.
BECTION 10

Section on north wall of Shumard Canyon. Bed 1
measured on projecting spur on north sice of canyon at
entrance; beds 2 and 3 along goat trail a few hundred
yards to east; bed 4 on west side of hill whose elevation
is 6,402 feet; beds 5 and 6 east of hill. Section ends a
short distance below top of Brushy Canyon formation.
(See pl. 6).

Delawara Mountain group:
Brushy Canyon formation :

6. Buff, medium-grained sandstone iu 2-foot to
5-foot beds, in part creoss-bedded, in part
calcareous. Some layers rest on channeled
surfaces. Thin-bedded sandstone in middle

5. Thin-bedded, buff, friable, fine-grained sand-
stone with 3-foot bed of medium-grained
sandstone near middle. Lies unconformably
on limestones below, which rise in a hill to
west. Lower sandstones dip 30° off the hill,
but dips fatten in higher beds to east_..._-_

Bone Spring limestone:
Victorio Peak gray member:

4, Upper division: White to ligbt graf, fine-
grained, caleitic limestone, in beds several
feet thick, with no chert. Weathers to blue-
gray, slightly pitted surfaces, Sowe beds con-

Feet

165

Bone Spring limestone—Continued Feet
Victorio Peak gray member—Continued

4, Upper divisions—Continued
tain abundant brachiopods (locality 78920).
Rests with sbarp contact on beds beneath.
Thickness on south side of ridge appears to be
greater than that given, on account of low
south dip . _ _— 185

3. Lower divigion: Gray-brown; fine-grained,
dolomitic limestone, weathering to drab,
pitted surfaces. Contains large spherical
concretions and knotted masses of chert,
which are less abundant above, Beds range
in thickness from o few inches to 5 feet, the
thicker beds forming ledges, cliffs, and ser-
rated walls. Qccasional fossil® cee———~

Black limestone beds:

2. Biack, fine-grained to dense limestone in 3-inch
to 1-foot beds, with irregular black and
brown chert nodules and some interbedded
platy layers. Somewhat thicker-bedded
whove. Beds are truncated at several hori-
zons. Fossil loeality 7712 is 300 feet above
base .___ —

1. Black, fine-grained to dense limestone, ’
weathering gray or gray-brown, in 3-inch to

'1-foot beds, with some knotted chert bands.
Two members in lower half up to 30 feet
thick of platy, shaly hlack limegtone and
‘sandy limestone, Rock is divided into slices
30 feet or more thick, each of which trun-
cates underlying slice, and each with differ-
ent dip, which in some slices reaches a maxi-
mum of 20° _ - —

Base concealed.

SECTION 11

385

332

Meuasured up spur that projects southwestward from
Shumard Peak, east of upper end of section 10. Only
upper part (above Brushy Canyon formation) is given
here; it begins on south side of spur, 1% mile south-
southwest of summit of Shumard Peak. (See pl. 6.)

Capitan limestone: forming cliffs at top of section. Feet
Delaware Mountaio group:
Bell Canyon formation:
Hegler limestone menmber :
18. Thin- to thick-bedded or massive, light
gray or white limestone, with some
chert, interbedded with calcareous
sandstone
17. Thin-bedded to massive, buff, ¢alcareous
sandstone, with some limestone lenses— 30
16. Thin- to thick-bedded, gray or white lime-
stone, with chert seams and some in-
terbedded sandstone. Contains Spiri-
fer, Domepora, and small productids,
Forms Mff oo 45
Cherry Canyon formation :
15. Massive, buff sandstone . _-—r———cua——- 15
14. Mapzanita limestone member : Gray-buft, fine-
grained limestone in beds a few inches
thick, weathering yellow-brown. Contains
irregular chert masses and geodic cavities.
Pinches out a short distance to north__—_. 14

121
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Delaware Mountain group—Continued Feet
Cherry Canyen formation—Continned
13, Soft, greenish-gray sandstone, weathering
buff, in rounded ledges_._________________ 43
Goat Seep limestone {(marginal facies, transitional
into Cherry Canyon formation) :
12, Buiff, finegrained limestone forming cap of
projecting spur e 13
11, Soft sandstone _____ - - 10
10. Blue-gray to buff limestone, in 6-inch to 1-foot
beds, containing a few small chert masses
and a Gastrioceras - 24
9. Buff, fine- to mediym-groined, laminated
sandstone in beds several inches thick,
weatherlng brown. Interbedded in lower
part with gray dolomitic limestone in 2-foot
beds e 120
B. Gray, fine-grained, dolomitic limestone, weath-
ering to smooth, white surfaces, containing
fusulinids, crinoid stems, and flat pebbles.
Forms thick, lenticular beds, interbedded
with sandstone. Several beds rest on ehan-
neled surraces. Passes upward into inter-
bedded, thin-bedded limestone and sand-

7. Buff, hrown-weathering, medium-grained sand-
stone in beds a few inches thick, with some
interbedded limestone_____________________ 59
6. Gray, fine-grained, dolomitic limestone, 1in
lenticular massive beds, containing sandy
streaks, breecia, and fusulinids__..________ 20
5. Medium- to fine-grained, laminated sandstone,
weathering brown —— 13
4. Platy, dense, gray limestone, weathering

3. Ball, thin-bedded, fine-grained sandstone, with
sorne shaty sandstone below_______________ 142
2. Fiue-grained, dolomitie limestone, weathering
drab, in beds several feet thick, containing
poorly preserved fusulinids and erinoid
stems. Some thinner beds at top. Member
thins out to north and gouth, but inter-
fingers with main mass of Goat Seep lme-
stone north of Shirttail Canyon
Cherry Canyon formation:
1. Buff, thin-bedded, fine-grained sandstone, with
15-foot bed of hard, platy sandstone ip
lower part._.__._____ 203
Brushy Canyon formation: Thick ledges of medium-
grained sandstone at base,

SECTION 14

Mensured along north side of Bone Canyon. Beds
1 and 2, constituting section 14-a, measured up north
wall of canyon at its entrance; beds 3 to 11 measured
up north wall of canyon one-quarter mile to east ; higher
beds measured on spur on north side of waste-covered
embayment at.head of canyon, starting at Bone Spring
and ending on bench at foot of Capitan limestone cliff
one-quarter mile west of Guadalupe Peak. (See pls.
6, 13.) :

Capitan limestone: 3assive white limestone, extending in cliffs
up to gummit of Guadalupe Peak,
Delaware Mountain group:
Bell Canyon formation:

Hegler Hmestone member: Feet
37. Thin-bedded, white limestone. ... 40
36. Yellow-brown, massive sandstone.—_____ 13

35. Blue-gray, dense limestone in 1-foot beds,
with some chert nodules and bands,
interbedded with thin layers of buff

sandstone and calcareous sandstone.. 137
34 Thick-bedded, blue-gray, cherty lime-
stone in prominent ledges and cliffs__ 56

Cherry Canyon formation:

33, Massive, greenish-buff, fine-grained sandstone
with faint laminations, weathering brown
or reddish____ — — P 52

32, Manzanita limestone memher: Dense, cal-
carous sandstone in beds a few inches thick,
weathering yellow, and standlbg in ledges
and cliffs. Interbedded with thin-bedded,
friable, greenish sandstone.. Near middle, a

1-foot bed of green chert 89
31. Massive, g_reenish-gmy, fine-grained sand-
‘ stone__ - o 44

South Wells limestone member: _
30. Buff, sandy, cherty limestone in beds
up to 1 foot thick, interbedded with

] buff sandstone - 23
29. Buff, thin-bedded, fine-grained sand-
stone e 28

28. Hard, dense, caleareous sandstone in
beds a few inches thick, weathering
buff. Contains geedic cavities, and

molds of ammonodids_ce mmeee_____o 4
27. Buff, thin-bedded, fine-grained sand-
S ONe e 66

26. Laminated, gray or buff, sandy limestone
in 3inch to &inch beds, interbedded
with gray, platy, shaly sandstone.

Forms ragged ledges.__..____. 44
25, Buff, thin-bedded, fine-gralned, laminated
sandstone . __________._. _______ 148

Getaway limestone member :
24, Drab, dense, flaggy limestone, inter-
bedded with shaly sandstone._______ 19
23. Buft to drab, sandy, dolomitic limestone
in a single masslve, lenticular bed.
Contains pehbles in lower part, and

poorly preserved fusulinids__________ 11
22, Thin-bedded, buff, fine-grained sand-
gtone___._ 24

21. Gray, dense or fine-grained limestone,
weathering drab, in beds a few inches
to several feet thick 46
20. Buff, thin-hedded, laminated, fine-grained
sandstone interbedded in upper part with
dark shaly sandstone and flaggy, ealeareon:
sandstone. - Some channeling___________ - 170
Brushy Canyon formation:
15. Buff, medium-grained, quartzitic sandstone,
weathering brown and forming a promi-

nent ledge. Rests on channeled surface._— 10
18 Thin-bedded, buff sandstone, with a layer of
dark shaly zandstone near middle._..______ 314

}
1
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Delaware Mountain group—Continned

Brushy Canyon formation—Continued

17. Dark, shaly, platy sandstone, with some in-
terbedded buff sandstone, forming promi-
nent ledges -

18. Duff, thin-bedded, fine-grained sandatone____

15. Three ledge-making layers up to 10 feet thick,

of dark, shaly, platy sandstone, separated by
buff, thin-bedded, fine-grained laminated
sandstope_______ . _________ . __________

14. Buff, thin-bedded, fine-grained, laminated
sandstone, becoming a little thicker-bedded
above____ _— . -

13. Dark, shaly, platy sandstone, interbedded
with some buff sandstone, forming promi-
nentbench .. ___________

12. Buff, thin-bedded, fine-grained sandstone____

11. Massive, buff, medium-graineg sandstone, in
part caleareous. Changes into platy sand-
stone to east, where it crops out near Bone
Spring..__.______ e e

o

9. Masgive, buff, medium-grained sandstone, in
part caleareous, containing fusulinid casts
and ripple marks__ - -

8, Conglomerate of limestone pebbles in a cal-
careous sandstene matrix___.______ . ____

7. Sandy, gray or gray-brown limestone in heds
several feet thick, with some quite sandy
layers and a conglomerate lens near
middle_.____________

6. Buff, medium-grained, Jaminated sandstone in
3-inch to 2-foot heds__

5. Conglomerate of limestone pebbles in a cal-
carecus sandstone matrix

4. Buff, mediuvm-grained sandstone in 61nch to
1-foot beds; some ¢ross bedding ... ________

3. Conglomerate of limestone pebhles and cobbles
in a sandy limestone matrix. Some inter-
bedded dolomitic sandy limestone that dis-
appears into the conglomerate to northwest
Rests unconformably on Bone Spring lime-
stone, whose top bed ig here a lens of massive
gray limestone, resting on black limestone__

Bone Spring limestone {{ype section) :

Black limestone beds:

2, Ledges more prominent than below, of black
Hmestone in G-inch to 1-foot beds, with some
chert. Near middle are lenticular beds of
black, fne-grained limesione, containing
crinoid stems and other fossil fragments___

1. Black, dense limestone, weathering buff or
gray, in well-laminated beds, in part platy,
in part several inches thick. Some chert
bands and some interbedded shaly or sandy
limestone. Bome irregular dips and trunca-
tion of beds., Forms irregular ledges and
bluffs __ . - -

Base coneealed.

SECTION 18

Feet

O &

=1 =]
[

145

22

a3

21

12

16

264

257

Measured up south slope of El Capitan. Bed 1 meas-

ured near outer edge of escarpment on south bank of
next canyon north of Indian Cave, or 2 miles south-

southwest of El Capitan; beds 2 to 10 up west slope of
Lutte 114 mailes south of El Capitan; beds 11 to 20 far-
ther north along same ridge, starting 1 mile south of
El Capitan and proceeding up to great sandstone bench ;
higher beds on slope southeast of El Capitan, starting
at top of sandstone bench and proceeding up to base of
cliffs. (See pl. 6.).

Capitan limestone: Feet
42, Massive limestone, with faint, inclined bedding
planes, extending to top of cliff.
43. Massive white limestone, interbedded with thin-
bedded, white limestone, containing large lime-
stone lenges - 25
Delaware Mountain group:
Bell Canyon formation:
40. Thin-bedded white 1imeStoNe__ ..o oeeeeeo 15
8D. Boft, greenish-gray sandstone, parts of which
weather red, with some interhedded white
limestone - R 30
Pinery limestone member :
88. Dark gray, fine-grained, somewhat
lumpy, thin-bedded limestone. Somne
thicker layers__ 33
87. Light to dark grar, fine- gralned or dense
limestone in 3-inch to 1-foot Dbeds.
Stylolites prominent in places... _____ 49
88. Gray to dark gray, fine-grained lime-
Stone in G-inch to 1-foot beds, in part
cherty, interbedded with layers of
masgsive, grenular, gray, fossiliferous
limestone up to § feet thick_ ... _..___ 52
33, Gray, granuler limestone in massive beds,
containing silicified foseils and some

chert masses 32
34, Buff, thin-bedded sandstone, interbedded with
dense, dark gruy, flaggy limesione_________ 36

33. Hegler limestone member ; Gray, fine-grained,
Jumpy, slabby limestone, with some traces
of fossils, in two ledges, separated by pale.
greenish-gray sandstonme..____________. __ 15

Cherry Canyon formation:

32, Boft, pale greenish-gray, thin-bedded sand-
stone_..____________ . ___ 65

31l. Manzanila limestone member: Pale buff or
gray sandstone and sandy limestone in
blocky, rounded Iedges, weathering orange-
brown, part of it full of geodic cavities,
Several layers of apple-green, siliceous

shale and bentoniticclay_________________ 63
30. Massive, greenish-gray, flne-grained sand-
stone, without bedding plones___.________ 44

29, Buff, thin-bedded, fine-grained sandstone,
with some 1-foot beds, and occasional thin,
discontinuous layers of dark, platy, shaly
sandstone . ___.._. - 369
28. Black, dense, drab-weathering limestone in
6-inch to 1-foot beds, with some ammonoid
imprints, interhedded with platy sand-

stone 27
27. Thin-bedded, buff, ﬁne—gramed sandstone with
some 6-inch beds ) 70
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Delaware Mountain groop—Continued
Cherry Canyon formation—Continued
Getaway limestone member (very poorly de-
veloped) : ’
26. Hard, platy, calcareous and quartzitic
gandstone, forming bencba— - oo-— -
25, Buff, fine-grained, thin-bedded sandstone,
with thin beds of black sandy lime-
gtone and gray, bard, platy sand-
stone ____ —
24 Black, dense, sandy limestone, weather-
ing brown, and gray platy sandsgtone.
Forms bench. -

23. Buff, thin-bedded, Bne-grained sandstone,
with some dark gray, platy, shaly sand-
stone____ N ——

a9 Two #-inch beds of brown, sandy, fiaggy lime-
gtone, separated by thin-bedded sandstone_

21, Buff, fine-grained, thin-bedded sandstone,
with some harder, platy beds -

Broshy Canyon formation:

20. Caleareous sandstone, similar to bed 19.
Cross-bedded and lenticular, witb thin zones
of conglomerate and casts of fusulinids .-

19. Massive, very prominent ledge, forming pro-
jecting berrch about halfway up mountain-
side toward Bl Capitan. Cousists of me-
dinm-grained, buff sandstone, weathering
brown, in beds several feet thick. Rests on
channeled surface- - ———

18. Fine to mweditm-grained buff sandstone in
beds a few inches to several feet thick, with
gome platy beds at base——— o=

. 17. Buff, fine-grained, thin-bedded sandstone,
with some platy beds in lower part ..
16. Medium-grained, buff sandstone in beds sev-
eral feet thick, weathering brown, forming
prominent ledge————-- _—
15. Buff, floe-grained, thin-bedded sandstone,
with some thicker beds_.——— - v
14. Thick-bedded, medium-grained, brown sand-
stone and some platy sandstone, forming
prominent ledges _— _
18. Buff, thin-bedded, fine-grained zandstone,
with some thicker beds, interbedded below
with gray, platy or papery sandstone, which
projects in 1edges .. ——ommroommmemmmame
12, Buff, thin-bedded, fine-grained sandstone._.
11, Buff, thin-bedded, fine-grained sandstone, in-
terbedded with hard, gray, platy sandstone,
whicbh forms well-marked ledges at top_—_—
10. Fine-grained, hard, platy sandstone, wedather-
ing brown, with some gquartzitic beds at top.
Forms prominent ledges at top of bench.
Changes into massive, medium-grained
sandstone to seuth, on hill 5087 -
9. Dark-gray, platy, shaly sandstone, inter-

bedded with buff, thin-bedded sandstone.-
8. Buff, thin-bedded, fine-grained sandstone_—-—
7. Medium-grained buff sandstone in beds sev-

6. Buff, thin-bedded, fine-grained sandstone,
with some shaly sandstone below - .-~
5, Fine- to medinm-grained buft sandstone,
forming ledges above and below_ o

Feet

10

109

38

272

18

81
31

17

54
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Bone Spring limestone:
Cutoff shaly member:

4. Thin-bedded, buff, fine-grained sandstone with
a 1-foot bed of granular, fossiliferous lime-
stone in middle — -

8. Medium-gtained buff sandstone in beds severa
feet thick - - - —

2. Black, calcareous, papery shale, containing
gpherical limestone nedules an inch to a foot
ACTOSS_—-

Black limestone beds:

1. Black limestone, mostly thin-bedded, cropping
out in irregular ledges and bluffs, separated
by slopes. Most of beds are a few incbes to
a foot thick, part are evenly bedded and
laminated, others are lumpy, knotted, or
even markedly lenticular. Near middie are
lenses a foot or more thick containing silici-
fied bryozoans. Lower beds are papery or
platy, and in part sandy. Some contortion of
beds and slickensiding on bedding planes..

Base concealed. ’

SECTION 21

Peet

40

242

Measured on hillside above Pine Spring, starting at
the level of the spring and proceeding up the slope to

the base of the Capitan limestone. (See pls. 6, 15.)

Capitan limestone:

19, Massive white to gray dolomitie limestone, ex-

tending up to crest of Pine Top Mountain.

18. Masslve, white dolomitie limestone in pincbing
and awelling beds up to 8 feet thick, interbedded
with white limestone in beds a few inches thick-

Delaware Mountain group:

Bell Canyon formation:

17. Light-gray, granular Jjmestone in beds several
feet thick, containing some brachiopods
(fosgil locality 7702} —_—— -

16. Buff, fine-grained, thin-bedded sandstone,
interbedded with dark-gray, platy, shaly
limestone, and with fine-grained, gray lime-
gtone. The last forms 1-inch to g-inch beds,
in part laminated, and containg chert and
gsome fogsils

15. Buff, finegrained, thin-bedded sandstone_..

14. Gray, fine-grained limestone in beds several
feet thick, containing chert lensesd -——————-

13. Buff, fine-grained, thin-bedded sandstone,
interbedded with dark-gray, fine-grained,
slabby limestone. - —--—eoo-mmmmmmmoms

Pinery limestone member {type section) :

12. Soft, buff, sandstone, interbedded with
1-foot beds of gray fossiliferous lime-

P 111 - R Pttty

11. Fine-grained, dark-gray lHimestone in beds
a few inches thick, containing fossils in

some bedS— - —eo e mm—a

10. Light-gray, granular limestone in o single
massive bed——- -

9. Light-gruy, coarse- to medium-grained
limestone, with some cherty lenses, in
peds 2 feet or more thick, interbedded
with slabby limestone.———-c——---——--

Feet

25

50
23
12

55

10

82

10

26
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Delaware Mountain group—Continued
Bell Canyon formation—Continved
Pinery limestone member—Continued
8. Dark-gray, fine-grained limestone in beds
a few inches to a foot thick, in part
laminated, containing chert nodules
and bands. Polydiezoding and a few
other fossils (fossil localities 7703 and
TOT) - - 36
7. Light-gray, coarse-grained limestone in
irregular, lentlcular heds several feet
thick, ending above in a very massive
ledge. Contains small chert masses and
numerous silicified fossils including
Coenocysiis, Domopora, and small bra-
chiopods (localities 7477 and 7420).__ 22
6. Fine-grained, gray limestone in straight
beds a few inches thick, containing
small ehert masses, mterbedded with

Feet

sandstone —___ —_— - 15
5. Buff, fine-grained sandstone, with some thin
layers of lumpy limestone o ... 17

4. Hegler limestone member: Dark-gray, fine-
grained limestone in lumpy or nodular beds
g few inches thick, forming two sets of
ledges, separated by sandstone that forms a
a stope in middle., Winding tralls on bed-
ding surfaces and some poorly preserved

ammonoids -~ _—— ST, 15
Cherry Canyon formation:
3. Friable, fine-grained, pale-buff sandstone_.__. 25

9. Manzanita llmestone member: Pale-buff, cal-
careous sandstone and sandy limestone in 3-
inch to &1nch beds, weathering orange-brown
and to blocky fragments; some beds contain
geodic cavities. Contains two beds, each a
foot or more thick, of apple-green chert or
siliceous shale (altered volcanic ash), the
first 18 feet above, and the second 30 feet
above the bose . _____ 55
1. Buff, fine-grained sandstone in beds a few
inches thick, weathering into slabs, Con-
taing faintly marked, dark laminations,
Best exposed 1n middle third oo ___
Base of slope, at level of spring. '

SECTION 23

Measured at head of Rader Ridge. Beds 1 to 7 meas-
ured on south side of ridge 114 miles west of Hegler
Ranch ; beds 8 to 23 on south side of ridge 14 mile farther
west, but with some additional notes from first locality;
higher beds measured on top of ridge, proceeding north-
westward up face of escarpment. All beds above 23,
and notably the sandstornes of beds 25 and 27, interfinger
or intergrade northwestward with massive Capitan
limestone, which is exposed throughout the interval in
the adjncent ravines. (See pls. 6, 15.)

Capitan limestone: Thick-bedded to massive dolomitic
limestone, extending to top of escarpment.
Delaware Mountain group:
BEell Canyon formation:
Lamar limestone member:
29 Platy, gray, finegrained limestone, in
part laminated, containing numerous

Delaware Mountain group—Continued
Bell Canyon formation—-Continued
Lamal limestone member—Continued
fossilg in cross section. Dips 15 to 30
degrees southeastward, down the ridge.
Corrected for dip———— e

o8, Massive dolomite, in part sandy, with dip

of about 15 degrees down the ridge___-

27. Buff, medium-grained, friable sandstone, simi-

lar to bed 25. SBandy dolomite interbedded

in middle

26. Dark gray, fine-grained, lnmmated slabby

limestone, and thick-bedded, sandy dolo-

mite, in part pebbly

25. Buff, medium-grained, friable sandstone, in

part cross-bedded, in rounded ledges, with a

layer of brown, sandy dolomite in middle__

24 Buff, massive delomitic limestone, interbedded

with platy limestone and sandstone——___-.

23. Dark gray, fine-grained, granular limestone in

glabby beds, containing fusulinids and bryo-

zoans, interbedded in middle with lighter

gray, thicker-bedded limestone and dolo-

mitic limestone {locality T360) _ .~
Rader limestone member (type section):

22, Fine-grained, gray limestone in 6-inch to
1-foot heds, with some interbedded mag-
give layers of light-gray limestone___..

21. Light gray t¢ white, granular to dense
limestone, containing silicified Dbryo-
zogns and some small chert masses,
forming massive, lenticular beds which
weather into two sete of rounded cliffs.
Parts contain angular cobbles and
pebbles of lmestone. Some Inter-
bedded lenses of thin-bedded white
limestone. Rests irregularly on bed be-
low {(locality T668) oo

20. Light gray, finegrained limestone in &
inech to 1-foot beds, containing silicifled
fosells - - -

19. Soft, platy sandstone, with some thin Hme-
stone beds __.. -
Pinery limestone member:

18. Fine-grained, light-bray limestone, heds
several feet thiek, containing some
chert, passing inte thinner-bedded,
darker-gray limestone toward top.

17. Dark gray, fine-grained limestone, in part
laminated, in part lumpy, in 3-inch te
Sinch beds, with some chert, Neat
middle, a 5-foot bed of massive, light
gray, granular limestone_ .o e

16. Brown, fine-grained, platy sandstone, in-
terbedded with dark gray, fine-grained,
well-laminated limestone, in beds a few
inches thick. Contains fossils at top

(locality 7705} ——— -
15. Light gray, granular limestone in beds up
to 3 feet thick. Forms bench— .o
14. Finegrained, gray to dark-gray lime-
stone in 3-inch to 1-foot beds, contain-
ing nodules and bands of chert .

Forms }edges —mam e )

of ridge 114 miles west of Hegler Ranch

169

Feet

5

23

&

58

19

16

.16

12
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Delaware Mountain group—Continged Feer
Bell Canyon formation-—Continned
13, Buff to greenish, flue-grained, soft sandstone,
interbedded with dark-gray, laminated lime-
stone in beds a few inches thiek__________ 32
12, Hegler limestona member: Dark gray, fine-
grained limestone in lumpy, slabby beds a
few inches thick, projecting in two ledges,
separated by a slope of sandstone, Con-
taing poorly preserved ammonoids at

mearby localities on the ridge____________ 16
Cherry Canyon formation :
11. Buff, fine-grained, thin-hedded sandstone__ _ 33

Manzanita Hmestone member :
10. In section to east, a buff calcarecus sand-
stone like bed 8; in section to west, a
lumpy gray limestone like bedd2_____. 3
9. Buff, soft, fine-grained sandstone________ 9
8. Gray, fine-grained, sandy limestone, con-
taining geodic cavities, in 2-ineh to 6
inch beds, Some bedding pilanes are
knobby. ‘Weathers blocky and orange
brown. Interbedded with soft, thin-
bedded, fine-grained sandstone, In sec-
tion to east, contains 1-foot bed of apple
Ereen chert 43 feet above base________ 61
T. Massive, pale greenish, fine-graineg sandstone
in rounded ledges, with some thin-bedded

sandstome.____________ 38
6. DBuff, thin-bedded, fine-grained, friable sand-
stone e 21

5. Thin-bedded, fine-grained, caleareous buft sand-

stone, in part stonding in rounded ledges,

containing poorly preserved fusulinids in

Places__ 16

South Wells limestona member :

4. Massive gray dolomite in thick beds, con-
taining flat, angular pebbles and abupd.
ant, poorly preserved fossils, ‘Weathers
to gray-brown, fagged surfaces. Inter-
bedded with flagey, laminated gray, dolo-
mitic limestone -

3. Buff sandstone_...._________________

2. Fine-grained, laminated, buif, sandy dolo-
mite in 1-foot beds, overiain by massive
ledge of sandy dolomite which weathers
to Jagged surfaces..._______

1. Buff, thin-bedded, fine-grained sandstope_____ a8
Base of slope,

o B

-3

SECTION 28

Measured on south side of McKittrick Canyon at its
entrance. Beds 1 to 8 measured along the stream chan-
nel; beds 4 to 5 up slope of projecting bench; beds 6
to 7 up slope above the bench toward Capitan limestone
escarpment. (See pl. 6.)

Capitan limestone: Feet
7. Light gray, somewhat dolomitic limestone, contain-
Ing oceasional Squamularia and Cemposiia, with
poorly developed bedding planes, forming rounded
ledges. Beds rise northwestward up slope of
peak. Probable maximygm thickness fs_________ 100

Delaware Mountain group; Peet
Bell Canyon formation : P
Lamar limestone member : ‘
6. Light gray, filne-grained limestone in 1-foot
to 3-foot beds, with some interbedded
sandy limestone_.___________ 40

in beds a few inches thick, interbedded
with some sandstone in lower part, and
higher up with many heds 1 to 5 feet
thick of lighter gray, granular limestone,
containing abundant silicified and some-
what fragmented fossils, These are
mostly braehiopods, nearly ail of which
are Capitan species (locality 7401).
Upper few feet are slabby or nodular,
Forms steep cliff, top of which iz g fiat
bench that'erpos_es some of fossiliferous
layers. Changes into massive Capitan
limestone a few hundred ¥ards up the
canyon to northwest_____ .. ___ 130

grained sandstone in thin to thick beds, A
few thln limestone layers interbedded. This
and bed 3 interfinger abruptly with massive
Capitan limestone a few hundred yards up
the canyon____..______________ 140
3, Thin-bedded, laminated, dark-gray limestone,
resting on channeled surface of sandstone
below, so that it thickens and thins on the
eroded surface. Some beds have thin trail
marks on their upper surfaces, Some bed-
ding surfaces are wavy. Several lenges of
granular, fossiliferous limestone are inter-
bedded, which contain brachiopods and bryo-
zoans (locality 7808) ____________________ 10
2. Brown, fine-grained sandstone in slabby beds,
with ripple marks on many bedding surfaces.
Bedding i3 irregular, with dipe in various
directions and some channeling____________ 35
1. Gray, dolomitic limestone In lenticular, mas-
give beds a few feet to 15 feat thick, forming
bouldery ledges. Contains some brachio-
pods.  Interbedded are layers of white or
gray, laminated limestone in beds a few
inches to several feet thick, and some darker-
gray, more granular limestone, full of fossil
fragments (ocality 7708). Downstream,
near where bed dips beneath chanoel, it he-
comes more regularly bedded, with fewer
thick layers, and is interbedded with zand-
Stone in wpper part___________________ 50
Sandstone beneath, exposed farther northwest, up
the canyon,

BECTION 33

Section west of Guadalupe Summit radio station.
Starts at base of Delaware Mountain escarpment in
ravine on north side of projecting spur that is capped
by a turretlike remnant of limestone. Proceeds up
escarpment to radio station at top.
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SELECTED STRATIGRAPHIC BECTIONS

Delaware Mceuntain group:
Cherry Canyon formation:

Getaway limestone member :

o5, Buff sandstone, witl severnl layers of
dark gray, granular limestone, contain-
ing fusulinids. Toep limestone bed
forms summit of escarpment_ .

94 Dark gray, fine- to medium-grained
limestone, in part well laminated, in
beds up to 1 foot thick, with a 2-foot
ledge of very granular, black, fossilif-
erous limestone in middle (fossil lo-
cality 7463). Forms ledges_._.———--

23. Platy sandstone and limestone .

22, Dark gray, irregularly bedded limestone,
in part thinly laminated, in part mas-
sive, with some granular, fossiliferous
lenses (locality 7474). Forms ledges.—

21. Platy sandstone, with 1-foot bed of con-
glomeratic limestone in middle .-

20. Dark gray to black, fine-grained to dense,
well-laminated limestone, in 1-inch to
1-foot beds - - - -

19, Thin-bedded sandstone, in part papery
and shaly, with 1-foot bed of fine-
grained, dark gray limestone in
middle o o e

18, Several beds up to 5 feet thick of very
massive, granular, dark gray, sandy
litnestone, containing pebbles, fusuli-
nids, and other fossils. Weathers to

t rough, brown-colored surface. Imter-
hedded with thicker layers of black,
papery limestone and sandy limestone.

17. Platy buff sandstone, containing thin lime-
stone lenses.. e

16. Medium-grained sandstone in 1- to 2-foot beds,
weathering brown__ - -

15. Mostly buff, fine-grained sandstone, with seme
interbedded platy sandstome. In lower
part are several beds up to 10 feet thick
of sandy, friable limestone, crowded with
fusulinids, but also containing erinoid stems
and brachiopods, mostly somewhat water
worn (locality 7423). Member rests on
channeled surface of lower division, and
thing northward and southward by overlap_

Brushy Canyon formation:

14. Medium-grained sandstone, forming brown,
massive ledges, containing some fusulinids.
Higher beds of this member are present
nearby, beneath erosion surface -

13. Dark gray, platy, shaly sandstone, with some
thicker beds of ripple-marked sandstone._

12, Buff, fine-grained sandstone in beds a few
inches thick, forming rounded ledges or
glopes, with some thin beds of platy, shaly
sandstone, and a few layers containing
fugulindds. o oo

11. Dark gray, platy, shaly sandstone_ -—_eo—-——

10. Buff, medium-grained sandstone in beds sev-
eral feet thick, forming massive ledges, and
weathering brown. Some heds contain
fusulinids (locality 7920) cc— e

755292—46— 12

Feet

19

=]
[ 0

18

100

10

[=-)

Delaware Mountain group—Continued
Brushy Canyon formation—Continued
9. Black, platy, shaly sandstone v
8. Buff, fine-grained, thin-bedded, laminated
sandstone N [
7. Dark gray to black, platy or papery, shaly
sandstone, standing in ledges e
6. Buff, finegrained sandstone in beds a few
inches to a foot thick, in part laminated,
with ripple marks on &ome bedding sur-
faces, interbedded with black, shaly sand-
stone, especially toward tOD———--————oem
5. Fine- to medium-graived buff sandstone in
beds several feet thick, with some thinner
partings, forming great rounded ledges in
upper half which extend for long distances
along escarpment. Some fusulinids in

1GWOr PATto o mm e e :

4 Buff, finegrained, thin-bedded, laminated
sandstone, with some calcareous heds in
lower part - e

8. Massive sandstone in prominent ledges; buff,
medium-grained, friable, weathering brown,
in beds several feet thick. Top part is a cal-
careous sandstone, containing some sand-
stone pebbles, and crowded with calcareous
tests of fusulinids_..__ — -

o Dark gray, well laminated, shaly sandstone,
passing upward into black, bard, papery,
sandy shale. J— ——

1. Gray, fine-grained, friable sandstone in 1-inch
to 6-inch beds, weathering buff. Marked by
light and dark laminase a few millimeters
apart, suggestive of varves. Some thinner
bedding in upper parto . —ceu—m

Base of section cut off by fault.

SECTION 34

171

Feet

38

59

14

21

Section along and northeast of Lamar Canyon near
old route of U. S, Highway 62. Beds 1to 9, or section
34-g, measured on south side of Lamar Canyon 3 miles
east of Hegler Ranch, ending on top of butte 1 mile east-
northeast.of B. M. 4923, Section of higher beds begins
1 mile to northeast, near crossing of highway over Bell
and Lamar Canyons, and proceeds north-northeastward
to top of limestone cuesta 114 miles distant. (Seepl.6.)

Castile formation :

20. Dark gray, papery, very thinly laminated sand-
stone. Elsewhere passes up inte laminated an-
hydrite, within a few feet. Here it is overlain
by older Quaternary gravel .~ ———

Deolaware Mountain group: '

Bell Canyon formation:

19, Platy, brown-weathering, fine-grained sand-
stone, forming scattered remnants at top
of cuesta -

18, Lamar limestone member: Gray to dark-gray,
fine-grained limestone, mostly in beds a few
inches thick, with some thicker layers.
Weathers gray-brown and to rather rough
surfaces. Some beds contaln small chert
nodules. Bedding planes undulatery, some

Feet
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Delaware Mountain group—Continued Feet | Delaware Mountain group—Continued Feet
Bell Canyon formation—Continued Cherry Canyon formation—Continued
layers lenticular, and some appear to he Manzanita limestone member—Continued
contorted. Thin partings of platy sand- 2. Pale buff, compact, sandy limestone and
stone in lower part. Forms rim of promi- calcareous sandstone in 2-inch te 1-foot
nent line of cuestas_ - _ 30 beds, weathering brown, and containing
17. Massive, buff sandstone with some faint lami- geodic cavities. Some ammonoid casts.
nations. Bedding planes widely spaced Interbedded with soft, buff sandstone,
and mostly very smooth, One, however, and with 3 or 4 thin beds of green, ben-
shows faint ripple marks, and in places the tonitic clay- —— as
laminae are cross-bedded. Overlain with 1. Fine-grained, pale-yeliow sandstone in mas-
sharp contact by Lamar member. Crops give, rounded ledges. Below base of section
out in prominent ledges and rocky buttes, is some interbeilded dark shaly sandstone_ a2z
bare of vegetation_______________________ 138 Lower beds, exposed farther northwest up Lamar
16. Flaty, brown-weathering sandstone, under- Canyon, not measured,
lying broad valley and poorly exposed,
Thickness corrected for dip...____________ 160 SECTION 40
15. Flaggy limestone bed: Hard, fine-grained .
limestone, in part sandy, in straight, even Getaway Gap section. Beds 1 and £ measured in
beds a few inches thick, making four or channel of Getaway Canyon, starting at fault at west
" Plﬁ:e ltr]tyers, intetged_ded wit(]; iandstone____ ig end of gap. Higher beds measured up south wall of
. Platy, brown-weathering sandstone_________ : .
13 Buﬁf fine-grained s andstone, th(;n-hedded in canyon a few hundred yards east of its western end.
' lower half, in upper half standing in maos- { See pl. 6.) )
sive, rounded ledges several feet thick...__ M | Delaware Mountain group: Feet
Rader limestone member ; Clierry Canyon formation:
12. Thin beds of gray limestone, interbedded Getaway limestone member (type seetion) :
with platy sandstone.. ... ______ 5 19. Platy gray limestone, forming rim of
11. Buff, fine-grained sandstone, thin-bedded CANFOD - oo 3
below, passing upward into rounded 18. Platy buff sandstone, quartzitic above.__ 10
ledges several feet thiek . __ 33 17. Granwlar, conglomeratic, fossiliferous
10. Thin-bedded, fine-grained limestone, over- limestone, interbedded with sauflstone_ 8
Iain by thick ledge of light-gray, granu- 16. Buff, platy sandstone_ ______ . __________ 14
lar, conglomeratic limestone, contain- 15. Granular lmestone, containing fusull-
ing fossil fragments {locality 7600 at nids, passing up into platy limestone__ 5
top of section 34-a). At base, a bed of 14, Platy sandstone in beds up to 5 feet thick,
apple-green chert is locaily developed__ 8 interbedded with three layers a foot :
9. Buff, fine-grained, thin-bedded sandstone, form- or more thick of granular, somewhat 1
ing thick, rounded ledges at top. Ripple conglomeratic limestone______________ 23 ]
marks in bed of Bell Canyon nearby____.__ 8 13. Granular, dark gray to black limestone, :
8. Pinery limestone member: Dark gray, lami- iull of fusulinids and other fossils, in ‘
nated limestone in beds several inches thick, lenticular, irreguiar ledges. Some ;
with some chert bands, interbedded with beds contain limestone pebbles________ 13
sandstone in upper part. Several ledges of 12, Burt, piaty sandstone with some thin
lighter gray, more granular limestone up to limestone beds_ . _______ 8
3 feet thick, containing fossils. In section 11. Dark gray to black, granular to dense '
to northeast, limestones are all thin bedded, limestone, some of which contains abun-
and there is much more sandstone_._______ 47 dant fosslls, in lenticular beds up to
7. Fine-grained, rellowish sandstone in thin or several feet thick, but with platy beds
Platy beds______________________________ 54 between. Forms ledgzs_____________ 16
6. Hegler limestone member: Dark gray, dense, 10. Platy or papery saulstone, confaining sandy
laminated Iimestone in beds several inches limestone nodules, and with two beds of
thick, with some chert bands, interbedded grammlar, conglomeratic limestone________ 52
with platy sandstone. Contains three beds 9. Gray, granular limestone, crowded with fusu-
up te 2 feet thick of gray, granular, cherty linids and crinoid stems, with numerous lime-
limestone, with pebbles and silicifled fossils stone cobbles and pebbles in lower part.
(locality T601)_________. _______________ a7 Rests on channeled surface. To southwest,
Cherry Canyon formation: around hill, thickens to ten feet ({fossil
5. 3oft, pale buff, platy szndstone, weathering locality 7632 at latter place) . _______ 4
brown 14 8 Buff, thin-bedded, fine-grained sandstone in
Manzanita limestone mewmber : beds up to 4 feet thick, interbedded with dark
4. Fine-grained, sandy limestone, weather- gray, papery, shaly sandstone, and with 2
ing brown, in beds up to 1 foot thick, beds of nedular limestone .. __.____. 21
interbedded with sandstone___________ 12 7. Buff, thin-bedded, fine-grained sandstone, with
3. Fine-grained, pale-yellow sandstone in two beds of nodular limestone in upper part_ 23
massive, rounded ledges with thinner- 6. Dark gray, sandy limestone, forming nodular
bedded snndstone below______________ 33 bed_ e 1
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Delaware Mountain group—Continued Feet
Cherry Canyon formation—Continued.
5. Buff, fine-grained, thin-bedded sandstone, iu-
terbedded witlh dark gray, shaly sandstone

in middle. Some channeling at hase_______ 22
4, Gray, thinly laminated limestone in nodular
bed e 1

3. Bulf, fine-grained, friable sandstone in beds a
few inches thick, marked by thin, dark
laminae, with a bed of dark gray, platy,
shaly sandstone in middle______ .. _._.__ 26
. Mostly covered in flood plain and lower slopes
of valley. Bome exposures of buff, fine-
grained, platy sandstone, and of darker,
shaly beds., Some beds ripple-marked. __... 41
Brushy Canyon formation ;
1. Reddish-brown, quartzitic, medium-grained
sandstone . _ . . - — 6
Lowest beds exposed ; cut off by fault to west.

19

SECTION 42

Section between Pinyon Canyon and Long Point.
Parts were measured at several places, as follows: a)
beds 1 to 9 on south side of Pinyon Canyon 234 miles
south-southeast of Getaway Gap, and continummg to
hilltops 14 mile to east; b) beds 10 to 16 on south side
of Pinyon Canyon 114 miles west of Long Point, and
up slope of butte to south; ¢) beds 17 to 24 on west slope
of Long Point, and beds 25 to 28 on higher hill 34 mile
east of end of point. (See pl. §.)

Delaware Mountain group: Feet
Bell Canyon formation:
28. Hegler limestone member: Limestone in 3-
inch to 1-foot beds, in part dense, in part

finely granular, containing some silicified
fossils and chert bands. Interbedded with

platy sandstone_ - 33
Cherry Canyon formation: .
27, Hard, platy, brown-weathering sandstone___ 4

Manzanita limestone member :
26. Dark gray, lumpy limestone in beds a few
inches thick ____ - -
25, Greenish-buff, friable sandstone, forming
massive, rounded ledges, but with some
thinner beds e v eem 62
24, Limestones resembling typienl focies of
Hegler member as exposed in foothills
of Guadalupe Mountaing, Gray to dark
gray, lumpy limestone, interbedded
with greenish, marly sandstone, form-
ing slabby beds a few inches to a foot or
more thick. Contains numerous poorly
preserved aminonoids. Forms promi-
nent cliff at end of Long Point, but
geparates elsewhere into several groups

=]

of ledgeS o ________ 46
23. Finegrained, pale-buff or greenish sandstone
in massive, rounded ledges, with some thin-
ner-bedded layers. Forms slopes of Long
Point e 117

22 Platy brown sandstone, poorly exposed above_ T4

Delaware Mountain group-—Continued Feet
Cherry Canyon formation—Continued
South Wells limestone member:
21, Dark gray, fine-grained limestone.__.__ 3
20, Brown, fine-grained, platy sandstone____ 10
10. Dark gray, granular, sandy limestone,
weathering light gray, containing small
pebbles and numerous fossils (locality
7641 from this and nearby beds)_____ 6
18, Buff, finegrained sandstone in beds sev-
eral inches tbick, interbedded with
dark shaly sandstone . coe————___ 18
17. Buf, fine-grained, sandy limestone in 1-
foot to 2foot beds, forming rounded
ledges. Forms top of section (b) and

base of section (€)oo [
16. Thin-bedded, fine-grained, buff sandstone,

with some interbedded limestone_____ ]
15. Gray, fine-grained, in part sandy lime-

stone, in 6-inch beds, forming a bench. 3

14, Thin-bedded to platy, brown-weathering sand-
stone, with some lenticular beds of lime-

stone, especially in upper pari -~ 5]

13. Buff, fine-grained sandstone in thick, rounded
ledges, bare of vegetation. .- 42

12, Buff, calcareous sandstome in prominent,
blocky ledge oo 3

11. Thin-bedded to platy, fine-grained, buff sand-
., stone weathering brown- oo E‘)B

10. Fipe-grained, gray limestone, with some more
grapular and fossiliferous parts, and some
beds of reddish quartzite. Forms top of
section {a), where it is mostly quartzite. In
section (b}, it crops out 87 feet above bed

of Pinyon Canyon — a
9. Thin-bedded to platy, fine-grained, buff sand-
stone, with several thin limestone beds____ 39

8. Reddish quartzite and slabby, fine-grained
limestone, with some lenses of granular

) limestone. Forms prominent bench.._.._— 7
7. Thin-bedded, fine-grained buff sandstone, with
some limestone in middle_ e~ 57

Getaway limestone member:
6. Gray, fine-grained limestone, with some
granular seams that are crowded with
fusulinids. In places, bed is much siliei-

fled. Forms prominent ledge. . 4
5. Buff, thin-bedded, finegrained sandstone,
with some interbedded limestone. .- 32

4, Dark gray, granular limestone, containing
numerous fusulinids and crinoid stems,

and some otber fosslls, in 1-foot beds__ 5
3. Thin-bedded brown sandstone and gray
sandy limestone — 17

2. Thin-bedded, fine-grained, dark-gray lim
stone, and massive, granular, fossilifer-
ous limestone, in irreguiar, lenticular
beds, with some interbedded sandstone_ 5
1. Fine-grained, gray, brown-weathering, platy
sandstone, standing in ragged ledges in lower
half, interbedded with softer buff sandstone,
and containing nodular beds of gray, fine-

grained sandy limestone - ____ 88
Base of section; lower beds ¢ut off by fault to
west. -
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The accompanying list contains all papers through
1947 on the geology or geography of the southern
Guadalupe Mountains, as well as a few on closely ad-
jacent areas. Textbooks and other general works are
omitted. Some publications in the list are labeled ns
compilations; they do not contain original observations
and are based on the work of others. The bibliography
is chronological, and within each year papers are listed
alphabetically by authors.

1850, Report of Secretary of War, 31st Cong., 1st sess., 8. Ex.
Doc, 64, vol. 14, pp. 14-24.

Report of survey for a road from San Antonio to Ei
Paso through Guadalupe Pass made in summer of 1849
by Lieut. ¥, T. Bryan, Corps of Topographical Engineers.

31gt Cong., 1st sess, S. Ex. Doc. 84, vol. 14, pp.

201-2083. '

Description of journey over sime route a few months
later by Capt. R. B. Marcy.

1854, Bartlett, J. R., Personal narrative of explorations and in-
cidents in Texas, New AMexico, California, Sonora, and
Chihuahua, connecied with the United States and
AMexican Boundary Commission, during the years 1850,
1851, 1852, and 1833, 2 vols. New York, D. Appleton
& Co.

Excellent description of Guadalupe Mountaing and
of route from San Antonio to El Paso through Guada-
lupe Pass (pp. 317-121, vol. 1).

1855, Pope, John, Report of exploration of route for the Paclfic
Railroad near the 32d parallel of latitude from the Red
River to the Rio Grande, in Report of the Secretary of
War; 334 Cong,, 1st sess, H. Ex. Doc. 129,

Description of country near Guadalupe Pass. Con-
tains geologlc report by Jules Marcou, based on notes
and collections made by Capt. C. L. Taplin, rather than
personal observation. It ig suggested that the rovks
of Guadalupe Mountains are of Triassic and Jarassic
age,

Report of exploration of reute for the Pacific Rail-
road near the 32d parallel of latitude from the Red
River to the Rio Grande, in Reports of explorations and
surveyy to ascertain the most practicable and economi-
cal route for a railroad from the Mississippi River to
the Pacific Ocean, made under the direction of the Sec-
retary of War in 1853 to 1854: 32d Cong., 24 sess., 8.
Ex. Doec. 78, vol. 2, pp. 1-93.

Rovision of preceding report. Marcou's geologic re-
port is replaced by one by W. P. Blake, likewise based
on ohservations of ethers, in which it is suggested that
rocks of the Guadalupe Mountaing are of Carboniferous
age, with a granitic axis,

1858, Shumard, G. G., Observations on the geological formations
of the country between the Rio Pecos and the Rio
Grande, in New Mexico, near the line of the 324 parallel,
being an abstract of a portion of the geological report
of the expedition under Capt. John Pope, Corps of
Topographical Engiueers, U. S. Army, in the year 1835:
§t. Louis Acad. Sei. Trans, vol 1, pp. 273-289, 1853
[18601.

174

First geologie report on Guadalupe Mountains based
on personal observations. Describes stratigraphy and
structure along road tl‘n-ough Guadalupe Pass and notes
accurrence of fossils.

ghumard, B. F., Notice of new fossils from the Permian
stratn of New Mexico and Texas, collected by DI. George
G. Shumard, geologist for the United States government
expedition for obtalning water by means of artesian
wells along the 32d parallel, under the direction of Capt.
John Pope, U. 8, Top. Bng.: St. Louis Acad. Scl. Trans,
vol 1, pp. 280-297, 1858 [1860].

1859. Pope, John, Reports of Capt. John Pope, Topographical
Engineer, to Capt. A. A. Humphreys, Topographleal En-
gineer, in charge of office of exploration and survey, Wir
Department, in Report of Secretary of War: 33th Cong.,
ad sess., 8. Ex. Dec. 1, vol. 2, pp. 582, 590608, maps
and sections 1n vol. 3.

Describes drilling of well east of Pecos River in search
of artesian water. Includes geologic cross section from
Guadalupe Peak eastward to well, possibly prepared by
Shumard.

snnmard, B. F., Notice of fossils from the Permian strata
of New Mexico, obtained hy the United States espedi-
tion under Capt. Pope for boring artesian wells along
the 374 paranel, with descriptions of new gpeciea from
these strata and the eoal measares of that reglon: St
Louis Acad. Sci. Trans, vol. 1, pp. 387408, 1859 [1860].

This paper and the one above by the same author give
the first description of fossils from the Guadalupe
Mountains ; these are consldered to be of Permian age.

1874. Jenney, W, I, Notes on the geology of western Texas nearl
the 32d parallel; Am. Jour. Sel, 8d ser., vol. 7, pp.
2329, :

Gives results of geologic work dene for Texas and
Pacific Railroad, with prief mention of Guadalupe
Mountains, whose rocks are said to be of Carboniferous
aze (p. 27).

1838. Shumard, G. G, A partial report on the geology of west-
ern Texas, consisting of a general geological report,
and a journal of geological observations along the
routes traveled by the expedition between Indianola,
Texas, and the valley of the Mimbres, New Mexico,
during the years 1855 and 1856, State of Texas, 145 pp-

Saine as his publication of 1858, but giving further
detalls, QGives description of Guadalupe Mountains
(pp. 38-114).

1892, Tarr, R. 8., Reconnaissance in the Guadalupe Mountains:
Texas Geol. Survey Bull. 8, 39 pp.

Describes stratigraphy of Guadalupe Mountains and
concludes that rocks are of Carboeniferous (Pennsyl-
vanian) age, as they are dissimilar to Permian rocks
of central Texas. Contains notes on structure and
geomorphology.

1900. Hill, R. T., The physical geography of the Texas region:
1. 8. Geol, Survey Topog. Folio 3, 12 pp.

Contains brief description of geomorphalogy and
geology of Guadalupe Mountains {p. 4) and of Salt
Basin, called Howard Bolson {p.9), Basedon guthor’s
personal observations.




1902,

1804,

1908.

1909.

1810.

1914.

1915,

1917.

1919.

1905.

BIBLIOGRAPHY

Girty, G. H,, The upper Perminn in western Texas: Am,
Jour, Sci., 4th ser., vol. 14, pp. 363-368.

Preliminary description of stratigraphy and paleon-
tology of southern Guadalupe Mountains.

Richardson, G. B., Report of a reconnaissance in trans-
Pecos Texas north of the Texas and Pacific Railway:
Texag Univ. Bull, 23, 119 pp. ’

Describes stratigraphy (pp. 38-43), structure (pp.
53-55), geomorphology {pp. 20-23), and ground-water
resources (pp. 83-92) of Guadalupe and Delaware
Mountaing, and proposes the names Hueco, Delaware
Mountain, Capitan, Castile, and Rustler formations.

Girty, G. H., The ralations of some Carbenifercus faunas:
Washington Acad. Sci. Proe, vol. 7, pp. 1-28,

Contains brief notes on paleontology of Guadalupe
Mountains (pp. 14-15).

Girty, G. H., The Guadalupian fauna: U. 8. Geol, Survey
Prof. Paper 58, 651 pp.

Describes fossils from Guadalupe Mountains in de-
tail, and discusses correlation of strata, B, F. Shu-
mard's contention that strata are of Permian age is
upheld.

Beede, J. W., Review of “The Guadalupian fauna™: Jour.
Geol., vol, 17, pp. 672-679.

Girty, G. H., The Guadalupian fauna and new stratigraphie
evidence:; New York Acad. Seci. Annals, vol. 19, pp.
137-138.

Digcusses new fossil collections and stratigraphic ob-
servations, chiefly by Richardson, and their bearing on
correlation of rocks of southern Guadalupe Mouniains.
Recognizes importance of environment in causing dif-
ferences in faunas.

Beede, J. W., The correlation of the Guadalupian and
Eansas sections: Am. Jour. Sci, 4th ser., vol. 3¢, pp.
131--140. i

Discusses correlation of roeks of Guadalupe Moun-
tains with areags tc east and northeast. Contains some
notes on geology of morthern Guadalupe Mountains.

Richardson, G. B., Stratigraphy of upper Carboniferous
in west Texas and sontheast New Mexico: Am. Jour.
Sci., 4th ser,, vol. 29, pp. 325-337.

Further obzervations on later Pgleozoic rocks in west
Texas and Kew Mexico, based on reconnaissance studies.

Richardson, G. B, T. 8. Geol. Survey Geol. Atlas, Van
Horn folio (No. 194}, 9 pp. )

Describes geology of an area not far south of the
Guadalupe Mountains. )

Udden, J. A., The age of the Castile gvpsumn and Rustler
Springs formatien: Am. Jour. Sei., 4th ser., vol. 40,
pp. 151-156.

Reports occurrence of Cretaceous Foraminifera in
well cuttings from Castile gypsum. Includes a discus-
sion by Richardson.

Porch, E. L., Jr.,, The Rustler Springs sulphur deposits:
Tex. Unlv. Bull. 1722, 71 pp.

Describes some features of Delaware Mountain, Cas-
tile, and Rustler formations, with special reference to
oceurrence of sulfur.

Bise, Emil, The Permo-Carbonifercus ammonoids of the
Glasgs Mountains and their stratigraphical significance:
Texas Univ. Bull. 1762, 241 pp.

Discusses correlation of west Texas Permian forma-
tions, with incidental reference to Guadalupe Moun-
taing. '

Udden, J. A., Baker, C. L., and Bise, Emil, Review of geol-
ogy of Texas: Texas Univ. Bull. 44, 178 pp., 1918, rev.
ed,
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Contalng summary of stratigraphy of Guadalupe
Mountains. Revised edition Includes report of dis-
covery of “Manzano group” (Bone Spring limestone)
on west side of Guadalupe Mountains (pp. §5-61);
compilation.

1020. Baker, C. L., Contributions to the stratigraphy of eastern
Mew Mexico: Am. Jour. Sei, 4th ser., vol. 49, pp. 90—
126.

Includes important new observations on Guadalupe
Mountaing, Unconformity at top of Bope Spring lime-
stone and northward passage of Delaware Mountain
group into Goat Seep limestone described for firgt time
{Dp. 112-117).

1922, Udden, J. A., Some cavern deposits in the Permian of west
Texns: Geol. Soc. America Bull, vol, 33, pp. 153-153.

Occurrence of Cretaceons Foraminifera from within
Castile gypsum, reported in 1915, and similar ocecur-
rences found afterward, now interpreted as eave de-
posits.

1924, Beede, J. W, Report on the oil and gas possibilities of the
University block 46 in Culbergon County: Texas Univ.
Bull, 23486, 18 pp.

Contains two detailed sections of Bone Spring lime-
stone and Delaware Mountain group in area south of
Guadalupe Mountains.

Udden, J. A, Laminated anhydrite in Texas: Geol. Soc.
America Bull, vol. 35, pp. 347-354.

Describes laminated anhydrite of Cagtile formation,
found in cores in David Flood well, southeast of Dela-
ware Mountning; suggests that laminations may be
varves,

1925, Hoots, W, H., Geology of a part of western Tezas and
southeastern New Mexico, with special reference to salt
and potash: U. 8. Geol. Survey Bull. 78¢, pp. 33128,

Includes observations on red beds of Pecos valley, and
brief mention of rocks of Guadalupe Monntaing {pp.-
85-70), the latter a compilation, -

Lee, W. T, Erosion hy solution and fill; U. §. Geol. Survey
Bull. 760, pp. 107-121.

Emphasizes the importance of removal of soluble rocks
by ground-water as an erosion process in the region
near the Pecos River, east of Guadalupe Mountains.

New discoveries in Carlshad Cavern: Nat. Geol.
Mag., vol. 48, pp. 801-320.

Description of Carlsbad Cavern, with illustrations
and a map, -

1926, Darton, N. H., The Permian of Arizona and New Mexico -
Am. Assoc. Petroleum Geologlsts Bull,, vol. 10, pp, 819
852,

Contains résumé of information in paper below (pp.
844-847),

Darton, N. H., and Reeside, J. B, Jr., Guadalupe gronp:
Geol. Soc. America Bull, vol. 37, pp. 413-428,

Results of a study of stratigraphy and structure of
Guadalupe Mountains, giving new Iinformation on
fossils, confirming some older interpretations, angd
maeking some new ones. Name Carlshad limestone
proposed,

Meinzer, O. E., Renick, C. B., and Bryan, Kirk, Geology
of No. 3 reservoir site of the Carlsbad Irrigation projeet,
New Mexico, with reference to water-tightness: U. 8,
Geol. Survey Water-Supply Paper 580-A, 39 pp.

Describes Carlshad limestone and associated beds near
Pecos River, at eastern edge of Guadalupe Mountains,
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1627. Udden, J. A., Fossils from the Word formation of west
Texas: Geol. Soc. America Bull,, vol, 38, p. 159.
Note on ammenoids from cores described in 1924

paper; states that they have been determined to be of

Word age.

1928, Baker, C. L., Desert-range tectonics of trans-Pecos Texas :

Pap-American Geologist, vel, 50, pp. 341-371.

Contains observations on structure of Guadalupe
Mountains "(pp. 359-360).

Carter, W. T., and others, Soil survey (reconnaissance) of
the trans-Pecos area, Texas: U. 8, Dept. Agr., Soil Sur-
vey, ser. 1928, No, 35, 66 pp.

Map, which includes southern Guadalupe Mountains,
shows distribution of soil types. Text contains desecrip-
tions of soils and vegetation.

Darton, N. H., “Red beds” and associated formations in
New Mexico, with an account of the geology of the
State: U. 8. Geol. Survey Bull, 794, 356 pp.

- Includes description of Guadalupe Mountnins simi-
lar to that in 1926 paper of Darton and Reeside, but
somewhat revised (pp. 220-227).

King, P. B, and King, R. B, The Pennsylvanian and
Permian stratigraphy of the Glass Mountains: Texas
Univ. Bull. 2801, pp. 109-145.

Containg paragraph by Ruedemann on reef origin of
Capitan limestone of Guadalupe Mountaing {(p. 139).

Schuchert, Charles, Review of the late Paleozoie forma-
tions and faunas, with special reference to the jce-age
of middle Permian time: Geol. Soc, America Bull., vol.
39, pp. T60-886.

Contains summary of stratigraphy and paleontology
of Guadalupe Mountains (pp. 819-821) ; compilation

Udden, J. A, Study of the laminated structure of certain
drill cores obtained from the Permian rocks of Texas:
Carnegie Inst. Washington Year Book, vol. 27, p. 363.

Summary of study of cores described in 1924 paper;
mathematical analyses of laminations suggest imper-
fect cycles.

1929. Baker, C. L., Depositional history of the red beds and

saline residues of the Texas Permian : Texas Univ. Bull.
2601, pp. 972

Deseribes conditions of deposition of west Texas Per-
mian, with incidental reference to Guadalupe Moun-
tains.

Discussion of Permian symposium: Am. Assoc.
Petroleum Geologists Bull,, vol. 13, pp. 105T-1083.

Discussion of other papers published in same journal,
with reference to conditions of depesition of Permian
rocks, including origin of sandstones of Delaware
Mountain group.

Blanchard, W. G., aud Davis, M, J., Permian stratigraphy

- and structure of parts of southeastern New Mexico and
southwestern Texas: Am., Assoe, Petroleum Geologists
Bull,, vol. 18, pp, 937-995.

Includes description and interpretation of rocks of
Guadalupe Mountaing. Proposes several stratigraphic
names, ineluding Bone Spring limestone and Queen
sandstone.

Crandall, K. H,, Permian stratisraphy of southeastern
New Mexico and adjacent parts of western Texas: Am.
Assoc. Petroleum Geologists Bull, vol. 13, pp. 927-044.

Describes stratigraphy of rocks of Guadalupe Moun-
talns and discusses their origin,

Keyes, C. R., Guadalupian reef theory : Pan-Am, Geologist,
vol. 52, pp. 41-60.

This and later papers by same author are not based
on field work, or even on an adequate study of publisbed

descriptions ; interpretations made are at wide variance
with established facts,

Keyte, 1. A., Correlation of Pennsylvanian-Permian of
Glass Mountains and Delaware Mouniains: Am, Assoc.
Petroleum Geologists Bull,, vol. 13, pp 203-906.

Erief notes on correlation, accompanied by chart.

King, P. B,, and King, R. E, Stratigraphy of outcropping
Carboniferous and Permian rocks of trans-Pecos Texas:
Am, Assoc. Petroleum Geologists Bull., vol. 13, pp. 907~
926, '

Contains notes on stratigrapby of Guadalupe Moun-
tains {p. 921) ; compilation.

Lloyd, E. R., Capitan limestone and associated formations
in New Mexico: Am. Assoe. Petroleum Geologists Bull,,
vol. 13, pp. 6453657,

Capitan limestone interpreted as a reef deposit; dis-
cussion of stratigraphic implications of interpretation.

Mohr, C. L., Secondary gypsum in Delaware Mountain
region: Am., Assoe. Petroleum Geologists Bull, vel. 13,
p. 1305,

Observations on gypsum intercaldted in limestone and
sandstone along borders of Salt Basin; interprefed as
secondary deposit. )

Ruedemann, Rudolf, Coralline algae, Guadalupe Moun-
tains: Am. Assoc. Petroleum Geologists Bull, vol. 13,
pp. 1079-1089. 5

Notes on pisolites of Carlsbad Hmestone, which are
interpreted as of algal origin.

Willls, Robin, Preliminary correlation of the TeEas and
New Mexico Permian: Am. Assoc. Petroleum Geologists
Bull., vol. 13, pp. 907-1031,

Contains notes on stratigraphy and correlation of
rocks of Guadalupe Mountaing (pp. 1017-1025) ; com-
pilation,

Structural development and ofl accumulation in

Texay Permian: Am. Assoc. Petroleum Geologists Bull.,
vol. 13, pp. 1033-1043.
Contains incidental reference to limestone reefs and

] other features of Guadalupe Mountains; compilation.

1030, Cartwright, L. D, Jr., Transverse section of Permian

basin, west Texas and southeast New Mexico: Am.
Assoe. Petrolenm Geologists Bull, vol. 14, pp. B88-981.

Contains cross sections showing stratigraphic rela-
tions at mouth of McXKittrick Canyon, Guadalupe Moun-
tains (p. 978).

Dobie, J. F., Coronado’s children, tales of lost mines and

buried treasures of the sputhwest, 367 pp., Dallas.

Chapter on “The secret of the Guadalupes” tells of
lost Sublett mine, one of the many local legends of
hidden treasure {pp. 256-268). )

1931. Dunbar, C. O., and Skioner, J, W., New fusulinid genera

from the Permian of west Texas: Am, Jour, Sci, Sth
ser., vol. 22, pp. 252-268,

Describes two species of new genus Polydieroding
from Guadalupe Mountains {(pp. 263-268).

King, R. E., Geology of the Glass Mountains, part 2, faunal
summary, with description of the brachiopoda; Texas
Univ. Buil. 3042, 245 pp.

Summarizes stratigraphy, palecntology, and correla-
tion of rocks of Guadalupe Mountains (pp. 11-13, 25~
28) ; compilation.

Van der Gracht, W. A. J. M., The IPermo-Carboniferous
orogeny in the south-central United States: K. Akad.
Wetensch, Amsterdam Verh, Afd. Natuurk, Deel 27,
No. 8, 170 pp. .

Includes discussion of conditions of deposition of
Permian rocks of west. Texas, with incidental reference
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1o Guadalupe Mountains (pp. 79- -85}, accomp.mled by
correlation charts (tables 7b and ¢) ; cowpilation.

1932, Roth, _Robert Evidence indicating the limits of Triassic
in Kansas, Oklahomsa, and Texas: Jour. Geology, vol.
40, pp. 638-725.

Discusses stratigraphy of Guadalupe Mountains and
its bearing on the author’s contention that some beds
generally considered Permian are of Triassic age (ppn.
702-70G) ; compilation.

Sellards, E. H.,, The Valentine, Texas, earthquake: Texas
Univ. Bull, 3201, pp. 113-138.

Contains reports on effeet of earihquake on Guadalupe

Mountsin reglon (pp. 124-125) ; compilation.

1933. Darton, N. H,, Guidebook of the western United States,

part F, the Southern Pacific lines from New Orleons |

to Los Angeles: U. 8. Geol. Survey Bull. 845, 304 pp.

Contains brief description of route through Guadalupe
Mountains to Carlsbad Cavern (pp, 108-107).

Darten, N. H., and King, P, B., Western Texas and Carls-

bad Caverns: 18th Internat, Geol, Cong., Guidebook 13,
38 pp
Containg description by Darton of route thirough
Guadalupe Mountains to Carlsbad Cavern (pp. 27-82).
Fiedler, A. G., and Nye, 8. 8., Geology and ground-water
resources of the Roswell artesian basin, New Mexico:
U. 8. Geol. Survey Water-Supply Paper 629, 372 1p.

Contains deseription by Nye of stratigraphy, strue-
ture, and geomorphology of area north of Guadalupe
Mountains (pp. 7-113).

Sellards, E. H., The pre-Paleozoic and Paleozoic systems
in Texas, in The geology of Texas, vol. 1, Stratigraphy :
Texas Univ. Bull. 3232, pp, 15-238.

Summarlzes stratigraphy of Guadalupe and Delaware
Mountains (pp. 156-161) ; compilation. Includes aerial
photograph of south end of Guadalupe Aountains
(pl. 1}.

1934. King, P. B., Permian stratigraphy of trans-Pecos Texas:
Geol. Soc. America Bull, vol, 45, pp. G97-798.

Summarizes stratigraphy of Guadalupe and Delaware
Mountains (pp. 763-782} ; compilation, ertt)en before
present field work was started.

Baker, C. L, Structural geology of trans-Pecos Texas, in
The geology of Texas, vol. 2: Texas Univ, Bull. 3401,
pp. 137-211.

Contains deseriptions of structure of Guadalupe and
Delaware Mountaing (pp. 159-161) and of Salt Basin
(pp. 169-171) ; compilation.

Gardner, J. H,, Origin and development of limestone cav-
erns: Geol. Soc. America Bull,, vol. 46, pp. 1235-1274.

Includes discussion of significant features of Carlsbad
Cavern and its probable age (pp. 1268-1273).

Howard, E. B, Evidence of early man in North America:
The Museunm Journal, vol. 24, pp. 61-153.

Describes Burnet Cave in northern Guadalupe Moun-
tains, which contains remains of Basket Maker Indians
and possible older remains (pp. 62-79).

Lang, W. B., Upper Permlan formations of Delaware
Basin of Texas and New Mexico: Am. Assee, Petroleum
Geologists Bull, vol. 19, pp. 962-970.

Proposes name Salado halite and Pierce Canyon red-
beds for Permian stratigraphic units east of Guadalupe
Mountains,

Schultz, C. B, and Howard, E. B., The fauna of Burnet
Cave, Guadalupe Mountains, New Mexico: Acad. Nat.

- Sei. Philadelphia Proc., vol. 87, pp. 273-206.

Lists material found in cave in northeast part of
Guadalupe Mountains, including extinet species, and
species no longer living in region.

1935,
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1986. Ayer, M. Y., The archeological and faunal material from
Williams Cave, Guadalupe Mountains, Texas: Acad.
Nat. Sei. Philadelphia Proc, vol. 88, pp, 590-618,
Lists material found in eave within area of this re-
port, including extinet species, and species no longer
living in region.

Dunbar, C. O., Skinner, J, W., and ng,R E., Dimorphism
in Permian fusulines: Texas Univ. Dull. 3501, pp. 173~
1840,

Describes new species of genus Parafusuling from
Guadalupe Mountains (pp. 151-183),

Howard, E. B., Early buman remaing in the southwest-
ern Unifed States: 16th Internat. Geol. Cong. Rept., vol.
2, pp. 13251334, 1936. )

Containg description of Burnet Cave similar to that
in 1235 paper (pp. 1327-1329),

King, P, I)., Unconformities in the later Paleozoic of trans-

Pecos Texas: Texas Univ. Dull. 3501, pp. 131-135.

Includes hrief description of uncomformities in Guad-
alupe Mountaing area, based on field wark for preseht
report.

Permian recks of the southern Guadalupe Moun-

taing: Tulsa Geol. Soc. Digest for 1936, pp. 37—42.
Bumwneary of results of present investigation,

Permian of the Guadalupe Mountaing [abstract]:

Washington Acad. Sei. Jour, vol. 26, p, 385.

Bummary of results of present investigation.

1937 Dunbar, C. O,, and SBkinner, J. W., Permian Fusulinidae of

Texas: Texas Univ. Bull. 3701, pp. 519-825

Contains description of stratigraphy and fusulinid |
zones in Guadalupe Mountains (pp. 592-596); com-
pilation; deseription of fusulinid genera and species
from Guadalupe Mountains and adjacent areas,

1837. King, P. B., Permian of southern Guadalupe Mountging

(abstract) : Geol. Soc. America Proe. for 1936, p. 83.

Summary of results of present investigation.

Lang, W. B., The Permian formations of the Pecos valley
of New Mexico and Texas:; Am, Assoc. Petroleum Geol-
oglsts Bull,, vol. 21, pp. §33-898.

Terminology of strata in and near Guadalupe Moun-
tains revised. Conditiens of depogition discussed. In-
cludes descriptions and illustrations relating direetly
to southern Guadalupe Mountaing.

Mansfield, G. R., Role of physical chemistry in strati-
graphic problems: Econ. Geol,, vol. 32, pp. 5353549,

Contains discussicn of sedimentation and Iater altera-
tion of Salado formation, southeastern New Mexico.

Needham, C. E., Some New Mexico Fusulinidac: New
Mexico School Mines Bull, 14, 8§ pp.

Includes description of two fusulinid species from
(Guadalupe Mountains {pp. 56-539).

Pia, J. V., Die wichtigsten Kalkalgen des Jungpaliiozoi-
kums und ihre geologische Bedeutung : Compte rendu du
deuxiéme congres pour Lavancement des études de
stratigraphie Carbonifére, pp. 763-856G, Heerlen.

Describes several species of algae from upper part of
Guadalupe series in Guadalupe Mountains.

Plummer, ¥. B., and Scott, Gayle, Upper Paleozoic am-
monites in Texas, in The Geology of Texas, vol. 3: Texas
Univ. Bull. 3701, pp. 13-156.

Contains descriptions of Known ammoneid zones In
Guadalupe Mountains (pp. 25-27) ; compilation; other
incidental references,
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1838. Johnson, J. H., Calcareous algae from the Carlsbad lime-
stone of New Mexico (abstract) : Geol. Soc, America
Bull, vol. 49, p, 1889,

Notes on algae from upper part of Guadalupe series.

King, P. B., Tectonics of Guadalupe Mountain region (ab-
stract} ; Geol. Soc. Amevien Proc. for 1937, p. 93.

Summary of results of present investigation.

Relation of Permian sedimentation to tectonies in
Guadalupe Mountain region {(abstract); Am, Assoc
Petroleum Geologists Bull, vol. 22, pp. 1707-1700.

Summary of results of present investigation and of
work in the nearby Sierra Diablo.

1939, Adams, J. E., and others, Standard Permian section of
North America : Am. Assoc. Petroleum Geologists Bull.,
vol, 23, pp. 1673-1681.

Proposes a subdivision of Permian system into Wolf-
camp, Leonard, Guadalupe, and Ochoa series, based on a
standard section in west Texas.

Johnson, J. IL, Ecologic distribution of lime-secreting algae
of the Permian Carlshad reef, Guadalupe Mountains,
New Mexico (abstract): Geol. Soe. America Bull, vol
50, p. 1915,

Contains summary of ecology of algae in upper part
of Guadalupe series.

Eroenlein, G. A., Salt, potash, and anhydrite in Castile
formation of southeast New Mexico: Am. Assoc. Petro-
leum Geologists Bull., vol. 23, pp. 1682-1683.

Description and interpretation of stratigtaphy of
Castile and Salado formations.

Lang, W. B, Salado formation of the Permian basin:
Am. Assoc. Petroleum Geologists Bull, vol. 23, pp. 1569
1572,

Redefinition of the term Salado formation.

Newell, N. D., Invertebrate fauna of the late Permian
Whitehorse sandstone: Geol. Scc. America Buli, vol
51, pp. 261-366.

Containg description of two species of pelecypods
from Azotea tongue of Carlsbad limestone in north-
eastern Guadalupe Mountains., Discusses correlation
of Whitehorse group with Guadalupe Mountains section.

Hobinson, T. W., and Lang, W. B., Geology and ground-
water conditions of the Pecos River valley in the
vicinity of Laguna Grande de 1a Sal, New Mexico, with
special reference to salt content of river water: State
Eng. New Mexico, 12th and 13th Bienn. Rept. 1034-1938,
pp. 70-100.

Deseribes geology of small area south of Carlsbad,
N. Mex. :

1940. Miller, A. K., and Furnish, W. M., Permian ammonoids of
the Guadalupe Mountain region and adjacent areas:
Geol. Soc. America Spee. Paper 26.

aseribes all known Permian ammonoids from west
Texas, including eollections made in Guadalupe Moun-
tains during present investigation.

Pia, J. V., Voriiufige ibersicht der Kalkalgen des Perms
von Nordamerika: Akad. Wiss. Wien, Math.-Naturwiss
Kl., Anz. ), prepring, June 13. )

Deseribes species of algae from upper part of Guada-
lupe series in Guadalupe Mountains,

1941, De Ford, R. K., and Riggs, G. D., Tansill formation, west
Texas and spoutheastern New Mexico: Am. Assoc. Petro-
lenm Geologists Buil,, vol. 25, pp. 1713-1728,

Containg definition and deseription of Tansill forma-
tion, of late Guadalupe age, based on outerops near
Carlsbad, N. Mex,, in eastern foothills of Guadalupe
Mountains,

Dunbar, C. O., Permian faunas, a study in facies: Geol
Soc. America Bull,, vol. 52, pp. 313-332.

GUADALUPE MOUNTAINS, TEXAS

Containg interpretation of environment of depoesi-
tion of Capitan limestone and associated formations
{pp. 323-324).

Lewis, F. B, Position of San Andres group, west Texas
and New Mexico; Am. Assoc. Petrolenm Geologists
Bali., vol, 25, pp. 73-103.

Contains brief diseussion of Permian stratigraphy in
Guadalupe Mountains and its relation to records of
nearby wells (pp. 92-96).

West Texas Geological Society, Possible future oil prov-
inces of west Texas: Am. Assoc. Petroleum Geologists
Bull,, vol. 25, pp. 1527-1538.

Discusses oil posslbilities In region near Guadalupe
Mountains. ’

1942, Bates, R. L., Lateral gradation in the Seven Rivers forma-
tion, Rocky Arroyo, Eddy County, New Mexico: Am.
Aszoe. Petroleum Geologists Bull, vol. 26, pp. 80-99.

Detailed description of gradation from gypsum into
dolomitic limestone in upper part of Guadalupe series
in northeastern Guadalupe Mountains.

Hillg, J. M., Rhythm of Permian seas, a paleogeographic
study. Am. Assoe. Petroleum Geologists Bull, vol. 26,
DD, 217253,

An interpretation of paleogeography and geologic his-
tory of Permian time in southwestern United States,
including Guadalupe Mountaing region,

Johnson, J. H., Permian lime-secreting algoe from the
Guadalupe Mountains, New Mexico: Geol. Soc. America
Bull.,, vol. 33, pp. 105-226,

Description of algae from upper part of Guadalupe
series in Guadalupe Mountains, with discussion of.
ecology. .

King, P. B, Permian of west Texas and southeastern New
Mexico: Am. Assoc. Petroleum Geologists Bull.,, vol. 26,
pp. 335763,

Contains swimmary of Permian stratigraphy of Guad-
alupe Mountains and Sierra Diahloe (pp. 550-613), an
interpretation of Permian sedimentation in the region
(613-6842), a discussion of paleogeography of west Texas
region in Permian time {pp. T10-763), and a correlation
chart (pl, 2),

King, R. B, and others, Résumé of geclogy of the south
Permian basin, Texas and New Mexico : Geol. Soc. Amer-
ica Bull., vol, 53, pp. 539-560.

Contains g cross section from Guadalupe Mountains
eastward to central TeXas and a summary of stratigra-
phy ; eornpilation. )

1944, Adams, J. E., Highest structural point in Texas: Am. Assoc.
Petrolenm Geologists Bull, vol. 28, pp. 582-564.

Mentions tbe height of the Cenozoic uplift in the
Guadalupe Mountains and its relation to the helghts of
nearby uplifts. Discusses criteria for recognizing
amount of uplift,

, Upper Permian Ochoa series of Delaware Basin,
west Texas and southeast New Mexico: Am, Assoc.
Petroleum (eologists Bull., vol. 28, pp. 1596-1623.

An exhaustive treatment of the stratigrapby of the
Ochoa series and the origin of Its deposits. Based
mainly on subsurface work but includes reference to
outerop areas east of Delaware Mountains,

Clifton, R. L., Ammoneids from upper Cherry Canyon
formation of Delaware Mountain group in Texas: Am.
Assoc. Petrolenm Geologists Bull, vol. 28, pp. 1644
16486.

Notes on fossils collected and identified by Cliften
from Manzanita limestone member of Cherry Canyon
formation.

et . o i A B
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. 1944, King, P. B, and Knight, J. B., Sierra Diablo region,

Hudspeth and Culberson Counties, Texas: U. 8. Geol.
Survey Oil and Gas Investigations, Prelimibary map 2.

Geologic map, sections, and brief text relating to area
south of Guadalupe Mountains,

King, P. B., and Fountain, H. C.,, Geologic map of southern
Guadalupe Mountains, Hudspeth and Culberson Coun-
ties, Texas: U. 8. Geol, Survey 0il and Gas Investiga-
tions, Preliminary map 18,

Preliminary edition of geologic wap of area of this
report, accompanied by structure sections, stratigraphic
diagram, structure map, and brief text.

1945. Qlifton, R. L., Permian Word formation: its faunal and
stratigrapbic correlatives, Texas: Am. Assoc. Petro-
leum Geologists Bull, vol. 29, pp. 1766-1776.

Describes stratigraphic relations and faunas in
northern Guadalupe Mountains in support of author’s
contention that San Andres limestone is of Cherry
Canyon age (pp. 1T72-1774).

Roth, Robert, Permian Pease River group of Texas;
Geol. Soec., America Bull.,, vol. 58, pp. 853-0808,

Mentions oecurrence of Fusulinidae in northern
Gnadalupe Mountains (pp. 897-898).

1948. Skinner, J. W., Correlation of Permian of west Texas and
southeast New Mexico: Am, Assoc. Petroleum Geolo-
gists Bull, vol. 30, pp. 1857-1874, 1848.
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Desecribes stratigraphic relations and faunas in north-
ern Guadalupe Mountains and concludes that San
Andres limestone is of Cherry Canyon age.

1047, King, P. B., Permian correlations: Am. Assoe, Petroleum
Geologists Bull, vol. 81, pp. TT4-777, 1047,

Discussion of preceding papers by Clifton, Roth, and
Skinner.

King, B. H., Sedimentation in Permian Castile sea: Am.
Assoe. Petrolenm Geologists Bull, vol. 31, pp. 470477,
1047,

Discusses conditions of sedimentation affecting depo-
gition of evaporite during Castile time.
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