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EXECUTIVE SUMMARY

The air intake shaft (AIS) at the Waste Isolation Pilot Plant (WIPP) site was constructed to
provide a pathway for fresh air into the underground repository and maintain the desired
pressure balances for proper underground ventilation. It was up-reamed to minimize
construction-related damage to the wall rock. The upper portion of the shaft was lined with
slip-foﬁned concrete, while the lower part of the shaft, from approximately 903 ft below top
of concrete at the surface, was unlined. As part of WIPP site characterization activities,
the AIS was geologically mapped.

The AIS was geologically mapped dun'ng the period from March 11, 1988 to November 14,
1989. The objectives of the geologic mapping were to: 1) provide confirmation and
documentation of strata overlying the WIPP facility horizon; 2) provide detailed information
of the geologic conditions in strata critical to repository sealing and operations; 3) provide
technical basis for field adjustments and modification of key and aquifer seal design, basec}
upon the observed geology; 4) provide geological data for the selection of instrument
borehole locations; 5) and characterize the geology at geomechanical instrument locations
to assist in data interpretation. All mapping activities were performed from a two deck
gallaway (work platform) and synchronized with shaft construction activities. The AIS was
mapped according to the procedures described in WP 07-503, "Geologic Mapping of
-Shafts" (April 25, 1988) (Appendix B).

The entire shaft section including the Mescalero Caliche, Gatuna Formation, Santa Rosa
Formation, Dewey L ake Redbeds, Rustler Formation, and Salado Formation to the WIPP
facility horizon was geologically described. The shaft construction method, up-reaming,
created a nearly ideal surface for geologic description. Small-scale textures usually best
seen on slabbed core were easily distinguished on the shaft wall while larger-scale textures
not revealed in core were well displayed. Previously undescribed textures were interpreted,
and the AIS data were used to further refine depositional and post-depositional models of

the units mapped.

The upper part of the Dewey Lake Redbeds displayed features consistent with Schiel’s
(1988) interpretation of the depositional environments. The geologic mapping data
indicated depasition in a fine-grained, ephemeral fluvial system (Schiel, 1988). The lower
part of the Dewey Lake, however, was depositionally a continuation of Rustier style
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sedimentation and accumulated in saline mud flat/mud flat environments. Most gypsum-

. filled fractures developed incrementally in response to unloading, while some Dewey Lake
are syndepositional. Within the Dewey Lake, a cement change between carbonate and,
possibly, anhydrite was observed at a depth of 164.5 feet. Perched water tables within the
Dewey Lake may rest on this cement change. Above the cement change, the shaft
surface was moist and displayed an efflorescent crust consisting of halite. The source of
the halitic water is attributed to the muck-piles north and east of the AlS.

The features observed within the Rustler are consistent with those reported by Holt and
Powers (1984, 1986, and 1988). . Mudstones within the Rustler created a spalling hazard
as several feet the mudstone had spalled out of the units and large slabs to desk-top size
had to be scaled from the rib prior to mapping. Liner plate was installed over all Rustler
mudstones. The surface-of the lower part of the Rustler required extensive washing and
scaling pn‘br to mapping as Culebra and construction waters dissolved halite crystals and
cements. Extensive vertical fluting was observed.

The AIS data from the Salado allowed the authors to add considerably to the
understanding of the depositional and diagenetic history of the Salado. Unprecedented
halite textural and fabric data was collected, characterized, and interpreted from the Salado.
An idealized Salado halite sequence was constructed, and all Salado halite observed within
the AIS fits partially or wholly into the idealized sequence. Complete Salado halite
sequences consist of four lithofacies, in ascending order: 1) stratified mud-poor halite; 2)
"podular" muddy halite; 3) "dilated" mud-rich halite; and 4) halitic mudstone. These
lithofacies developed in four distinct depositional environments: 1) a mud-poor salt pan; 2)
a "hummocky" salt pan; 3) a mud-rich sait pan; and 4) a saline mud flat. |

Salado sulfate interbeds (including Markerbeds) displayed abundant previously undescribed
textures and fabrics. Textural data from the AlS provided the basis for further interpretation
of these interbeds. Salado sulfate interbeds were deposited in shallow saline lagoon
environments following eustatically- or meteorically-driven, basin-wide flooding and
freshening events (Lowenstein, 1982, 1983, 1988). Different hydrologic conditions produced
three distinct types of sulfate interbeds within the Salado. The sulfate interbeds bounding
the repository horizon may be laterally variable due to facies changes within the
depositional environment. Geologic evidence of naturally occurring late-stage fluid migration
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or alteration within the halfte of the Salado was not found. Mineralized and fluid-filled
fractures occur within some sulfate interbeds within the Salado.
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FOREWORD

There are times when we are fortunate in having the right experience to make the most of
a rare or unique opportunity. We feel that mapping the Salado Formation in the Air Intake
Shaft (AIS) was such an opportunity.

The Salado Formation in the AIS was not accessible for mapping for more than a year
after the shaft drilling was completed. A crust of salt and spilled concrete (from the shaft
liner installation) built up over this period, and a portion of the shaft wall had to be washed
with a pressurized spray prior to mapping. After the mapping, the relatively smooth wall of
the drilled shaft revealed a panoply of features and textures, developed from repeated
subaerial exposure and synsedimentary dissolution, that had not been previously observed
or described from any salt deposit. The clean, continuous exposure of these rocks through
1,300 feet of the Upper Salado has yielded a wealth of macroscopic detail that may not
soon be available under any other conditions.

Since the time we mapped the Rustler Formation in the Waste Handling Shaft, we have
maintained considerable interest in the various ideas about dissolution of evaporites, in
general, and of the Ochoan Series, in particular. Each of us has made private trips to
observe modem halite pan and other evaporite environments in the westem and
southwestemn U.S. These experiences prepared us for the unusual opportunity afforded by
the AIS mapping project. ’

We report the basic features and evidence from the Salado Formation which indicates that
- it was deposited and reworked extensively by syndepositional processes including subaerial
exposures and reworking driven by fluctuating water tables. The idea that the Salado was
exposed subaerially during its formation is not new. However, the extent of such exposure
and the details described here are astounding; we have seen no equivalent reported
anywhere. The information should be very valuable to other geologists examining
evaporites. We anticipate publishing in scientific journals several papers based on the
Salado and work in areas such as Death Valley.

The AIS study also provides a basis for evaluating the vertical and possibly lateral
variability within the beds of the Salado, which are broadly homogeneous and laterally
continuous, including units commonly exposed at the facility horizon. We believe that these
units, now interpreted as having features caused by synsedimentary dissolution, will be
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much better understood. Specific features of these rocks can now be related to
depositional models and very easily diagenesis that should aid the interpretation of such

phenomena as the sources of fluids in these units.

As usual, we have had the pleasure of some good company while mapping in the shaft.
In particular, we thank Mr. Mel Baldarrama for washing and sampling assistance;

Mr. Norbert Rempe, who faithfully accompanied us and helped with observations, sampling,

and photography, and arranged for video taping of the section; and the shaft crew who
were admirably patient and maintained their good humor while we argued, pondered, and
sat and described. We take sole responsibility for the results provided in this report,
including their quality and accuracy.

Robert M. Holt Dennis W. Powers

NP:WIP-R-1213-Foreword F-2

- ™ T e

WPwi



TABLE OF CONTENTS

PAGE
EXECUTIVE SUMMARY . .. ... . i e e e eee e e ... ES1
FOREWORD . . . .o ittt e et et e e e et aeeans F-1
LIST OF TABLES ........ e e et e i
LISTOFFIGURES . .. .................. e e e et i
1.0 INTRODUCTION . . ... it e ittt eeeeanenn 1-1
1.1 SCOPE OF WORK. & . o et oot iee et ie e eeeae s 12
1.2 METHODOLOGY....... A e 1-3
1.2.1 Reconnaissance Geologic Mapping . . . .. ............ . 13
1.2.2 Detailed Geologic Mapping . . . ... .... ... ... 1-4 .
20 CONSTRUCTION HISTORY OF THE AIR INTAKE SHAFT. . ......... 21
21 GROUNDCONTROL ..........civunnnns e e 2-1
30 AIRINTAKE SHAFT GEOLOGY . . . .. it ittt ittt i e e i iee e 3-1
- 31 MESCALERO CALICHE. . . . ... e e 3-2
32 GATUNAFORMATION ... ...... ..., R 3-2
3.3 SANTA ROSA FORMATION. . . .. ..ttt e i ee s 33
34 DEWEY LAKE REDBEDS . ... ...t iiaennnnnnn, 3-3
3.4.1 Dewey Lake Redbeds in the Air Intake Shaft . e 3-5
3.4.1.1 Upper Sequence of the Dewey Lake Redbeds. . . .. . 35
3.4.1.2 Lower Sequence of the Dewey Lake Redbeds . . . .. 3-6
3.4.2 Relationship Between the Dewey Lake and Rustler Formation.  3-7
3.4.3 Origin and Significance of Gypsum Filled-Fractures. . ... . .. 3-8
- 3.4.3.1 Fracture-Filling Gypsum. . . . ................ 3-8
3.4.3.2 Fracture Morphology and Origin. . . ........... 3-9
3.4.4 Origin of Perched Water Tables in the Dewey Lake ... .. .. 3-10
3.4.5 Summary of the Dewey Lake Redbeds . .. ............ 3-11
35 RUSTLER FORMATION. . ... ...... . .., 3-11
3.5.1 Forty-niner Member. . ....... e e e 3-13
3.5.1.1 Anhydrite 5. ...... e e e 3-13
3.5.1.2 Mudstone 4 ........ e e 3-14
3513 Anhydrite 4. . . ....... ... ... ... ... . ... .. 3-14
3.5.1.4 Forty-niner Ground Conditions. . . ............. 3-14
3.5.2 Magenta Dolomite Member . . ... .................. 3-15
3.5.2.1 Magenta Ground Conditions . . ... ............ 3-15

WP:WIP:1213-TOC i




TABLE OF CONTENTS

: PAGE
3.5.3 Tamarisk Member . . ..................... P 3-156
35.31 Anhydrite 3. . ... .. ... ... .., 3-15
3532 Mudstone 3 . . ..... ... .. i i e 3-16
3.5.3.3 Anhydrite 2. .. ..... P 3-17
3.5.3.4 Tamarisk Ground Conditions. . ............... 3-18
3.5.4 Culebra Dolomite Member. .. ..................... 3-18
3.5.4.1 Culebra Ground Conditions. .. . .............. 3-20
3.5.5 Unnamed Lower Member . .......:................ 3-20
3551 Mudstone 2 . . ...........ci .. 3-21
3552 Anhydrite 1. . ... ... ... v ... 3-21
3553 HaliteMudstone 1 ... .......coueuunuen.... 3-21
- 3.5.54 TranSiion ZONe « « « « v v v e e e e e e e 3-22
3.5.5.5 Bioturbated Clastic Interval. . . .. ... .......... 3-22
3.5.5.6 Rustler-Salado Transition. . ................. 3-23
3.5.5.7 Unnamed Lower Member Ground Conditions . . . . .. 3-23
3.6 SALADO FORMATION . . ... ... it i einas 3-24
36,1 SaladoHalte ....~..... it anennenn 3-25
3.6.2 Salado Sulfate Interbeds. . . ......... ... . i, 3-27
3.6.3 Salado Ground Conditions. . ............ e P 3-29
40 CONCLUSIONS. .......... .. iiiiinn. e 4-1
REFERENCES . .. ... .. i it it e it ee i i R-1
APPENDIX A - Work Plan for the Geologic Mapping of the Air Intake Shaft at the WIPP
4 Facility, Carisbad, New Mexico
APPENDIX B - WP07-503 Geologic Mapping of Shafts
APPENDIX C - Air Intake Shaft Sample List '
APPENDIX D - Full Descriptions from Unlined Portion of the AIS
APPENDIX E - A Classification of Matrix-rich Sait Pan Halite
APPENDIX F - Salado Halite Sequences
APPENDIX G -

WP:WIP:1213-TOC

Salado Sulfate Beds




TABLE

FIGURE
1

2

10

11

12

LIST OF TABLES
TITLE PAGE

Abridged Construction History of the Air Intake Shaft 2-2

LIST OF FIGURES
TITLE

General location of the WIPP site.
AIS location relative to underground workings.
Generalized air intake shaft stratigraphy.
Geology of AIS plendm excavation.
Lithologic log of the lined portion of the air intake shaft.
Santa Rosa/Dewey Lake Redbeds contact in the air intake shaft.
Geologic log of contact Dewey Lake and Rustler Formations.
Dewey Lake/Rustler Formation contact in the air intake shaft.
Dewey Lake Redbeds. Three examples of upward fining sequences consisting
of very fine sandstone grading to siltstone at the top. A) Wavy to flat laminae.
at the base - ripple drift cross-laminae with stoss preservation - flat laminae at
top. B) Two sequences with structures following same order as A) (Note pillow
structures in sequence 2.) C) Sequence 1 shows flat laminae at base -
ripple-scale cross-laminae with local clay flasers in middle - wavy to flat laminae
at top with flame and pillow structures developed at base of sequence 2.

Dewey Lake Redbeds. Shallow channel with low-angle, tangential cross-bedding.

Dewey Lake Redbeds. Prism cracks in fine sandstone and siltstone. Ripple
drift cross-laminae occur in the lower part of the photograph.

Dewey Lake Redbeds. "Crackle" texture in siltstone accentuated by wispy thin
laminae of claystone. Vertical "ribbed” surface is from cutter heads on shaft bit.

WP:WIP:1213-TOC jii




14

15

16

17

18

19

20

- 21
22
23
24
25
26

27

LIST OF FIGURES
(CONTINUED)

TITLE
Dewey Lake Redbeds. Penecontemporaneous normal fault with 20+ cm
displacement at the base and no displacement at the top (uppermost zone of
rip-up clasts).

Dewey Lake Redbeds. Typical gypsum-filled fracture pattemn in sandstone.

Dewey Lake Redbeds. Typical gypsum-filled fracture pattern in mudstone and
siltstone. (Note contorted strata near center of photograph.)

Dewey Lake Redbeds. Cobble-sized rip-up clast containing gypsum-filled fractures
which terminate at the margin of the clast.

Rustler stratigraphy.

Geologic log of the Forty-Niner Member claystone and the Magenta Dolomite
Member, Rustler Formation.

Geologic log of the Tamarisk Member dlaystone, Rustler Formation.

Geologic log of Culebra Dolomite Member and upper part of unnamed lower
member, Rustler Formation.

Geologic log of the Rustler-Salado contact and the keyway area.
Salado stratigraphy.

Lithologic log of the unlined section of the AIS.

Mud and halite cruét on the surface of the shaft wall prior to washing.
Fluted halite on the north side of the AlS. |

Spall zone ét the base of MB124.

Fracturing of the halite above the AIS station brow.




1.0 INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) is a Department of Energy (DOE) research and
development facility constructed to demonstrate the safe disposal of radioactive wastes
derived from the defense activities of the United States. The WIPP project’s mission
consists of two parts. The first is to demonstrate the safe handling and disposal of
transuranic (TRU) waste in bedded salt. The second is to provide a research facility for
in situ examination of the technical issues affecting the emplacement of defense-related
radioactive waste in bedded salt.

The WIPP facility is located approximately 26 miles east of Carisbad, New Mexico, in an
area known as Los Medaros (Figure 1). The underground portion of the facility is located
at a depth of approximately 2,150 feet in the bedded salt deposits of the Salado Formation
(Figures 2 and 3). An extensive program of site characterization and validation has been
conducted for the past 14 years (1976-1990). The results of these studies are summarized
in two WIPP geological characterization reports (Powers et al., 1978; Lappin, 1988}, the
WIPP "Safety Analysis Report” (U.S. DOE, 1980), and WIFPP 'Pfeliminary Design Validation
Report" (Bechtel, 1983), and "Resuits of Site Validation Experiments” (Black et al., 1983). -
Geotechnical investigations at the site continue to refine further the understanding of the
site-specific geology. The geotechnical activities in the air intake shaft (AIS) are part of
this effort.

The AIS provides a pathway for fresh air to the repository to maintain air flow and the
desired pressure balances. The shaft was upreamed to a final diameter of 20 feet

3 inches. Through the upper, concrete-lined portion of the shaft, the finished diameter is
18 feet from O to 471 feet and 16 feet 7 inches from 471 to 903 feet. The lower part of
the shaft is unlined. Several less stable sections in the unlined portion have been covered
with wire mesh and rock bolted for safety. The principal geotechnical activity in the shaft
consisted of reconnaissance mapping and description of the entire geologic section. This
was supplemented by detailed mapping of the entire circumference of the shatt areas of
specific interest, including five sections of the Rustler Formation and the shaft keyway.
During the mapping activities, various instrument locations were selected in cooperation
with other investigators.

This report presents and discusses the data from the geologic mapping and description of
rocks from the surface to the upper Salado Formation (mapped principally in the fall of
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1988) and of the upper Salado Formation to the repository level (mapped in the fall of
1989). The Salado Formation is presented in more detail here (Appendices F and G) than
in previous shaft ‘mapping reports because the exposures in an upreamed shaft are
superior to those in conventionally excavated shafts (waste handling and exhaust shafts).
Our studies of modern saltpans allowed us to recognize and interpret previously
undescribed textures and fabrics in the Salado. We include interpretations of these unique

data in Appendices F and G. In addition, the construction history of the shaft is
summarized, and several engineering geology characteristics are discussed.

1.1 SCOPE OF WORK

The detailed scope of work for mapping the air intake shaft was presented in the "Work
Plan for the Geologic Mapping in the Air Intake Shaft at the WIPP Facility, Carisbad, New
Mexico™ (dated March 4, 1988) (Appendix A). The objectives of the geologic mapping were
to:

* Provide confirmation and documentation of strata overlying the WIPP facility {
horizon. |

 Provide detailed information of the geologic conditions in strata critical to i
repository sealing and operations. : \

«  Provide a technical basis for field adjustments and modifications of key and - {
aquifer seal design, based upon the observed geology. '

» Provide geological data for the selection of instrument borehole locations. i
« Characterize the geology at geomechanical instrument locations to assist in

data interpretation. -

To fulfill these objectives, the following shaft activities were performed:

* Reconnaissance mapping of the entire geologic section from surface to the

repository level. ) _ g

» Detailed, 360° geologic mapping of identified zones of interest. l

c

+ Collecting geologic information in the vicinity of existing and proposed c
instrument locations.

tl

The geology of the entire shaft was strip-mapped using reconnaissance mapping u

procedures. Five sections or intervals were identified as being of special interest and were i

mapped around the entire circumference of the shaft. These intervals were: @

w
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+ The Dewey Lake Redbeds/Rustler Formation contact (from a map depth of
505-520 feet).

* The Forty-niner Member mudstone through Magenta Dolomite Member (from a
map depth of 540-600 feet). ‘

= The Tamarisk Member mudstone (from a map depth of 650-670 feet).

= The Culebra Dolomite Member and upper part of the unnamed lower member
(from a map depth of 685-760 feet).

* The Rustler Formatior/Salado Formation contact and the keyway interval (from
a map depth of 820-915 feet).

1.2 METHODOLOGY

The AIS was mapped using two levels of mapping effort: (1) reconnaissance geologic
mapping and (2) detailed, 360° geologic mapping. During reconnaissance mapping, a strip
of the shaft wall was mapped, and a strip log of the geology was produced. During the
detailed mapping; the entire circumference was mapped, and a 360° geologic log was
produced. All of the shaft section was reconnaissance mapped, and selected intervals of
interest within the lined Vs'ection of the AlIS were mapped in detail. All mapping activities
were performed from a two-deck galloway (work platform) and synchronized with shaift
construction activities. The AIS was mapped according to the procedures described in
"Geologic Mapping of Shafts" (WP 07-503, April 25, 1988) (Appendix B). This procedure
includes a description of the detailed and reconnaissance mapping procedures.

1.2.1 Reconnaissance Geologic Mapping

During reconnaissance geologic mapping within the AISV, the geology exposed in a 5- to
20-foot section of the shaft wall was cleaned, described, photographed, and if appropriate,
sampled. Unusual geologic features visible outside of the cleaned area were also
described. The south side of the shaft was mapped. Vertical control was established with
a survey chain from a known reference point within the shaft. During the reconnéissance
mapping of the lined section of the shatt, the zone to be mapped was cleaned at the start
of each mapping exercise. In the unlined section of the shaft, the entire section was
cleaned in two phases and then mapped. This allowed the surface of the shaft to dry so
that brine inflow from markerbeds within the Salado could be distinguished from the water
used for washing. After the shaft wall was cleaned, horizontal lines were spraypainted on
the wall at five-foot intervals. The mapping units were defined and described by geologists,
and the depths to and morphology of lithologic contacts and features were drawn on
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mapping forms. Photographs were taken as the section was mapped and described.
When appropriate, oriented samples were taken and placed in labeled containers

(Appendix C).

1.2.2 Detailed Geoloegic Mapping

The entire circumference of the shaft wall was mapped and described during detailed
geologic mapping of several zones within the lined section of the AIS. In addition, 360°
photographic coverage of the mapped intervals was provided. The level of descriptive
detail provided during the detailed mapping equaled that of the reconnaissance mapping
detail, except that the entire shaft surface was graphically described and photographed.
The shaft wall was cleaned and a five-foot by five-foot grid was spray-painted on the wall
around the circumference of the shaft. The point of origin for the vertical lines in the grid
was along the southern-most point in the shaft. The horizontal lines were tied into known
elevation reference points. The mapping units were established and described by the
geologists on the mapping team, and the features and contacts were drawn onto a mylar
form at a horizontal and vertical scale of one-inch to five-feet. The entire circumference
was photographed after the grid had been painted on the wall.
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2.0 CONSTRUCTION HISTORY OF THE AIR INTAKE SHAFT

The air intake shaft was raise-bored to a 20-foot 3-inch diameter by the Frontier-Kemper
Constructors, Inc. Surface activities began on November 24, 1987. The pilot hole for the
raise-bore was begun on December 4, 1987 and was completed as an enlarged hole on
February 7, 1988. Shaft collar construction was completed by March 27, 1988, and raise-
boring began on April 30, 1988. Raise-boring was halted on July 19, 1988, at a depth of
355 feet below the surface, because the rate of upreaming had dropped to about

1 foot/day from an initial rate of about 30 feet/day. An observation hole was drilled to the
depth of the cutter head, and a video survey of the cutter head revealed damage to parts
of the cutter head assembly. The observation hole was reamed to 36 inches in diameter,
a 30-inch casing was installed, and Frontier-Kemper personnel manually replaced worn
cutter heads. Raise-boring resumed on August 17, 1988, and was completed to the
surface on August 25, 1988. The headframe was raised on August 31, 1988.

Shaft video surveys began on September 12, 1988. On September 14, 1988, the
contractor began to install the liner plate, and geologic mapping began. Geologic mapping
from the surface into the upper Salado Formation was completed November 8, 1988, and
the last liner plate was installed November 9, 1988.. A continuously-poured concrete liner
was installed over the Rustler Formation and its overlying units. Slipforming began at a
depth of 822 feet on November 21, 1988, and was completed on December 23, 1988.
The construction contractor demobilized on April 17, 1989.

The installation of utilities, electrical lines, and water lines for in-shaft mapping and
construction began on May 8, 1989. This work advanced sufficiently so that mapping of
the Salado Formation could resume on September 20, 1989; mapping was completed
November 14, 1989. Rock mechanics and hydrologic experiments and monitoring devices
were emplaced in the shaft following geologic mapping. The construction history of the AIS

is summarized in Table 1.

2.1 GROUND CONTROL

In the Rustler Formation and its overlying units, combinations of rock bolts, mesh, and liner
plate were used for ground control. Liner plate was used for the following approximate
depth intervals: 85-137 feet, 534.5-606 feet, 655-670 feet, 681-762 feet, and 791-811 feet.
These areas were covered by the continuous-pour concrete liner. Rock bolts and mesh
were used in small zones of the Salado, in the Vaca Triste Sandstone Member, and across
some claystone/mudstone beds below sulfate marker beds.




TABLE 1

ABRIDGED CONSTRUCTION HISTORY OF

THE AIR INTAKE SHAFT

Location:

Elevation:

Construction
Contractor:

Pilot Hole Started
for Raise bore:

Pilot Hole
Completed:

Raise Boring Began:
Raise Boring Completed:

Liner Plate and

Geologic Mapping Began:

Liner Plate Completed:
Slipforming Began:
Slipforming Completed:

Construction Contractor
Demobilized:

Geologic Mapping
Resumed:

Geologic ' Mapping
Completed:

Eddy County, New Mexico
New Mexico Grid Coordinates
y 499687.23, x 666270.00

Shaft Collar: 3410.0 feet MSL

Frontier-Kemper

December 4, 1987

~ February 7, 1988

April 30, 1988
August 25, 1988

 September 14, 1988

November 9, 1988
November 21, 1988

- December 23, 1988

April 17, 1989
September 20, 1989

November 14, 1989




3.0 AIR INTAKE SHAFT GEOLOGY

The AIS provided a unique opportunity to describe the rocks overiying the WIPP repository
horizon. The method of shaft construction, up-reaming, created a nearly ideal surface for
geologic description. In contrast to the broken surface caused by explosives during conventional
shaft excavation methods, the surface of the AIS was nearly smooth with only minor irregularities
(tool marks) from the cutting head (up-ream bit). After cleaning, the level of detail visible on the
shaft wall was akin to slabbed core. These high-quality, near outcrop-scale exposures in the AIS
allowed us to recognize and describe features that had never before been reported in the
various formations-encountered by the shaft. The reason for this is because many of the
features were simply too large to be recognized in core samples without a previous knowledge of
their existence (Death Valley Type textures and syndepositional caves in the Salado Formation;
Dewey Lake-aged paleokarst in the Rustler Formation; and fluvial channelbar complexes and
large desiccation cracks in the Dewey Lake Redbeds). Other features were simply not well 7
displayed in core (e.g., load textures and fine stratification in the siltstones and mudstones of the
Dewey Lake Redbeds). Small-scale evéporite textures (eg., pseudomorphs after gypsum
swallowtail crystals, smeared intraclast textures, and fluid inclusion zoning in halite) usually best
seen on slabbed core were easily distinguished on the shaft wall.

Much of the new data presented here allows the refinement of previous interpretations, and we
have interpreted the new data and related the new interpretations to the old (for Salado
interpretations see Appendices F and G). The géologic mapping data allowed us to interpret, for
the first time, the depositional setting of the lower part of the Dewey Lake Redbeds. The AIS
data of the Salado allows us to add considerably to the current knowledge of the depositional
and diageneticf history of the Salado, specifically the role of depositional and diagenetic fluids
from the time of deposition to the present (Appendices F and G).

The geology of the AIS and its plenum excavation was intermittently described during the period
from March 11, 1988, to November 8, 1989. The plenum excavation from the surface to a depth
of 20 feet contained surficial dune sand, the Mescalero 'caliche, and the upper part of the
Gatuna Formation. This interval was described on March 11, 1988. Shaft upreaming was
completed on August 25, 1988. The upper 900 feet of the AIS (the concrete-lined portion of the
shaft), containihg the Gatuia Formation, Santa Rosa Formation, Dewey Lake Redbeds, Rustler
Formation, and the upper 70 feet of the Salado Formation, were described between

September 14, 1988 and November 8, 1988. The remainder of the shaft through the Salado
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Formation was not lined and was described between September 20, 1989, and November 14,
1989.

The results of the geologic mapping are presented in descending order in this chapter.
Interpretations of new and unique data. are also discussed, and ground conditions at the time of
mapping are reviewed. The detailed discussion of the depositional environments of the Salado
from Appendices F and G is summarized.

3.1 MESCALERQO CALICHE

The Mescalero caliche is an informal stratigraphic unit which derives its name from the
Mescalero Plain. It began to form about 510,000 years ago as a pedogenic caliche on an
aggrading eolian surface (Bachman, 1985). Many of the surface structures at the WIPP are
founded on top of the Mescalero caliche. The AIS subcollar is founded below the Mescalero
caliche.

The Mescalero caliche descriptions are from exposures in the AIS plenum excavation on March
11, 1988. In the AIS plenum excavation, the Mescalero Caliche is roughly ten feet thick with a
well-defined upper surface and a very diffuse lower contact (Figure 4). ' In general, the overall
degree of induration and the carbonate content decrease downward. The upper part of the
Mescalero (the caprock) displays a well-developed laminar texture. Nodules and stringers of
carbonate become more prominent downward, and the middie part of the caliche is dominated by
these textures. Clastic material increases downward. Irregular zones containing sandstone are
found toward the middle of the caliche and become larger and more prominent downward. The
lower part of the caliche is dominantly a carbonate cemented sandstone. The sandstone is
poorly sorted, moderately hard to very soft, and friable. Dark gray to black stains often bound
irregular masses of well indurated sandstone. The caprock and nodules are very hard and
dense while zones containing sandstone vary from well cemented and hard to poorly cemented
. and very friable. Uncemented zones of sand are locally present. The lower contact of the
caliche with the Gatuna Formation is gradational.

3.2 GATUNA FORMATION

The Gatuha Formation was named by Robinson and Lang (1938) for exposures in Gatuiia
Canyon on the east side of Clayton Basin. It is intermittently distributed through the Pecos River
Drainage. Across the WIPP site area, the Gatuna occurs as a thin veneer of sandstone.
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At the AIS, the Gatufia is 13 feet thick and consists of very calcareous, very friable, soft
sandstone (Figures 4 and 5). The Gatuna is light red and mottled with dark stains. Carbonate
occurs as stringers and concretions in probable rhizolithic structures. Clay-sized materials locally
appear translocated. Some pebble-sized clasts of sandstone are probably derived from the
underlying Santa Rosa Formation. The Gatuna overlies a sharp erosional contact on the Santa
Rosa Formation.

3.3 SANTA ROSA_FORMATION _

The Santa Rosa Formation is part of the Late Triassic Dockum Group. Some authors (e.q.,
Bachman, 1987) feel that there is little basis for subdividing rocks of Triassic age in southeastern
New Mexico and refer to Triassic rocks as the Dockum Group (undivided). For consistency
across the site area, we have chosen to use the term Santa Rosa to describe rocks of Triassic
age. The Santa Rosa occurs as an erosional wedge that pinches out west and south of the

WIPP site.

At the AlS, the Santa Rosa is 25 feet thick (Figure 5). It consists of calcareous interbedded
sandstone, siltstone, and claystone which is moderately well indurated to soft The Santa Rosa
consists of alternating sequences of channel deposits with fluvial bar sequences and, less
commonly, mudstone or claystone. The channel sequences display abundant trough cross-
laminae. The fluvial bar sequences exhibit planar laminae with low anglé, tangential cross-
laminae. Ripple cross-laminae often top the bar sequences. Fissile claystone is present as thin
beds. Rip-up clasts occur Iocally. The contact between the Santa Rosa and the Dewey Lake
Redbeds is sharp and ebrosional, with two feet of relief.

3.4 DEWEY LAKE REDBEDS

The Dewey Lake Redbeds are the uppermost of four Ochoan formations in the Delaware Basin.
The Dewey Lake is assigned to the Permian, although this is somewhat arbitrary as it is not
supported by radiometric dating or fossil evidence. The Dewey Lake was named by Page and
Adams (1940), based on samples from the Penn Oil Habenstreit #1 Well, Glasscock County,
Texas. The term "Dewey Lake" superseded the term "Pierce Canyon” originaily proposed by
Lang (1935) for redbeds in the Delaware Basin. The term "Pierce Canyon," however, was used
as late as 1963 in Vine's (1963) descriptions of the Permian redbeds in Nash Draw. The U.S.
Geological Survey later abandoned the term "Pierce Canyon” and adopted the term "Dewey
Lake" because it was more widely accepted by geologists and "Pierce Canyon,” as defined,

included rocks of the Pleistocene Gatufia Formation.
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The Dewey Lake conformably overlies the Rustler Formation on a regional scale {with local
minor erosional relief) and underlies Late Triassic and younger rocks (Holt and Powers, 1988;
Figure 5). The Dewey Lake thins to the northwest as the result of pre-Late Triassic erosion.
The Dewey Lake is often assumed to be laterally equivalent to the Quartermaster Formation or
Group of the Texas panhandle and Oklahoma (Hiils and Kottlowski, 1983).

The Dewey Lake is characterized by its reddish-orange to reddish-brown color and varying
sedimentary structures. At the WIPP site (as exposed in the AlIS), the Dewey Lake is 476 feet
thick and consists of interbedded reddish-brown fine sandstone, siltstone, mudstone and
claystone (Figure 5). The Dewey Lake is distinguished from other redbed units by the presence
of greenish-gray reduction spots, which are liberally sprinkied throughout the formation, and
locally abundant fibrous gypsum-filled fractures. Its upper contact with the Santa Rosa Formation
is sharp and erosional (Figure 6). The lower contact of the Dewey Lake with the Rustler
Formation is sharp, with a-minor amount of erosional relief (Figure 7 and 8). This contact is
locally disconformable, but there is no evidence of a regional unconformity (Holt and Powers,
1988).

Miller (1955, 1966) provided the first interpretation of the depositional environments of the Dewey
Lake. He postulated that the Dewey Lake was deposited as eolian material reworked in a
shallow marine environment. Based upon the occurrence of gypsum, Hills (1972) suggested that
the Dewey Lake was deposited in playa lakes.

On the basis of outcrbp data from the northem part of Nash Draw, Schiel (1988) interpreted the
depositional environments much differently. Schiel examined between 75 and 100 feet of
stratigraphic section along the Maroon Cliffs in Nash Draw and identified and interpreted eight
different lithofacies which displayed fluvial features. At the Maroon Ciliffs, Schiel observed a
fluvial architecture consisting of broad, winged channels, vertically stacked and laterally
interfingering, filled with thin horizontal laminae within the Dewey Lake. Schiel interpreted the
depositional environment of the Dewey Lake to be a fine-grained, ephemeral, fluvial system and
envisioned the deposition to have occurred on a "broad, arid, and relatively featureless fluvial
plain" with episodic transport of clastic material during really limited flash floods.

The entire Dewey Lake in the AIS was mapped and described; the shaft walls were smooth and,
after washing, provided excellent exposures which allowed detailed description of sedimentary
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features. The sedimentological data collected from the AIS are superior to those collected from
other shafts at the WIPP (Hoit and Powers, 1984, 1986). In the following discussion, the data
collected in the AIS are presented, and the relationship of the Dewey Lake to the underlying
Rustler Formation is discussed, the origin and significance of gypsum-filled fractures is assessed,
and the occurrence of brine in the Dewey Lake section of the AIS is examined.

3.4.1 Dewey Lake Redbeds In the Air Intake Shaft _

The Dewey Lake Redbeds are 476 feet thick at the AIS. They consist primarily of interbedded
siltstone, fine sandstone, mudstone, and claystone. They are characterized by abundént
greenish-gray reduction spots and, below 164 feet, abundant fibrous gypsum-filled fractures. The
Dewey Lake can lithologically be divided into an upper and lower sequence based upon
sedimentary structures and grain size.

3.4.1.1 Upper Sequence of the Dewey Lake Redbeds

At the AIS, the upper 382 feet of the Dewey Lake consist of thinly laminated to cross-laminated
sandstone and siltstone units interbedded with mudstone and local claystone (Figure 5). The
majority of the upper part of the Dewey Lake consists of thin, foot-scale, fining-upward
sequences within larger, broadly fining-upward packages (5 to 20+ feet thick). Thin fining-
upward sequences usually show parallel laminae at the base which are overlain by ripple-sized
cross-laminae or ripple-drift cross-laminae showing stoss and lee preservation (Figure 9). Some
ripple sets are capped by mudstone or claystone drapes. The contacts between the different
strata frequently show well developed load-casts {pillow structures) and flame structures (Figure
8). Shallow, wide, channel forms often cut across flat laminae and may have Iowéangle,
tangential cross-laminae preserved on the channel margins (Figure 10). Channels deposits are
often overlain by ripple-sized cross-laminae. A few channels are filled with trough cross-
laminae. Nearly structureless thin beds of mudstone and claystone occur locally.

in the lower part of the upper sequence, rip-up clasts and burrows are common. Flat laminae
may be contorted and disrupted by penecontemporaneous faulting. Prism-cracks to one inch
deep are locally present. '

Exposures from the upper part of the Dewey Lake in the AIS are very consistent with Schiel's
(1988) descriptions of the Dewey Lake from Nash Draw. Schiel defined eight lithofacies within
the Dewey Lake: (1) horizontally laminated silistone, (2) structureless siltstone, (3) horizontaily
laminated (siltstone and fine sandstone) channel fill (channel width varied from 4 to 90 feet and
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depth varied from 1.5 to 20 feet), (4) micro-chss laminated siltstone with abundant climbing
ripples, (5) interbedded siltstone and silty claystone couplets, (6) thinly interlaminated siltstone
and claystone with convoluted bedding, (7) structureless silty claystone, and (8) cross-laminated
fine to medium sandstone with tabular and trough cross-laminations. Schiel interpreted these
lithofacies to have been deposited in a fine-grained, ephemeral fluvial system.

3.4.1.2 Lower Sequence of the Dewey Lake Redbeds

At the AIS, the lower 94 feet of the Dewey Lake consist mostly of sittstone and mudstone with
some interbedded claystone and sandstone (Figure 5). It exhibits mostly flat to wavy laminae
with rare cross-stratification. Granule- to small pebble-sized, rounded and tabular, siltstone and
mudstone clasts are present above some erosional surfaces. Smeared and contorted laminae
are locally abundant. Smeared intraclast textures (after Holt and Powers, 1988) occur with some
disrupted strata. Dish-shaped laminae are often associated with prism cracks.

Prism cracks are abundant through this sequence; most are less than 2 inches deep, but some
are up to 2 feet deep (Figure 11). Curled tabular clasts are often associated with prism cracks.
Teepee structures are abundant between 15 and 20 feet above the Dewey Lake/Rustier
Formation contact. Below some planar to wavy surfaces, the mudstone and siltstone displays a
fabric similar to a packbreccia (after Morrow, 1982; Figure 12). Individual clasts and pieces of
mudstone and siltstone are separated by mudstone-lined fractures. Individual clast size
increases while fracture frequency decreases downward from the upper surface. This texture is
often associated with prism cracks and smeared intraclast textures. We call this fabric a "crackle
texture” because it is similar in appearance to the crackle glaze used on pottery. The “crackle
texture” often occurs below planar surfaces where prism cracks originate.

Most of the strata show soft sediment deformation and disruption from slumping and
penecontemporaneous fracturing and faulting (Figure 13). The resulting sedimentary structures
are similar to those observed in periglacial sediments (Brodzikowski and Van Loon, 1985). This
style of deformation decreases upward through the sequence.

The textures present within the lower part of the Dewey Lake are consistent with those formed in
mud flat/saline mud flat environments. The general lack of bedform migration and channeling
coupled with evidence of subaerial exposure suggest a low energy depositional system.
Horizontal and subhorizontal strata were deposited primarily from sheet floods and shallow
standing bodies of water. Delicate surface textures including teepees and desiccation cracks are
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preserved indicating that episodic flood-events were low-energy. Abundant sediment-filled
desiccation cracks up to two feet deep and curled desiccation chips indicate long periods of
subaerial exposure and suggest that the sediment accumulation rate was slower than the upper
part of the Dewey Lake. Smeared intraclast textures suggest the former presence of evaporite
minerals (e.g., Holt and Powers, 1988) in the lower part of this sequence. "Crackle" textures
probably developed in the vadose zone as clays were translocated along surfaces created by
sediment dewatering or the dissolution of efflorescent coatings. Local shallow channels occur
near the top of this sequence signify a change to a low-energy fluvial system.

3.4.2 Relationship Between the DeweVﬁLa;ke and Rustler Formation

The Dewey Lake Redbeds represént the transition from the dominantly marine-derived evaporites
of the Rustler Formation to continental clastics during the end-stages of the Delaware Basin. No
clear evidence of erosion and dissolution of the underlying evaporites complicate the
understanding of this transition. A lack of a regional angular unconformity (Holt and Powers,
1988) suggests that the hiatus between the Rustler and Dewey Lake was very small. The
geologic mapping of the AIS provide additional data concerning the lower part of the Dewey
Lake which allowed the authors to more precisely reconstruct this transition.

The lower sequence is depositionally a continuation of the Rustler Formation. Like the
mudstone/halite units within the Rustler (M-1/H-1, M-2/H-2, M-3/H-3, and M-4/H-4 of Holt and
Powers, 1988), the lower part of the Dewey Lake is a saline mud flat/mud flat sequence
following a desiccating upward saline lagoon (the uppermost ahhydrite of the Rustler). In each
case, deposition in Rustler salt pan/mud flat environments was halted by a transgressive or
flooding event which resulted in deposition of suifate or carbonate in a shallow'lagoonal setting
(Holt and Powers, 1988). This pattern did not cohtinue because the Dewey Lake mud flat/saline
mud flat sequence is overlain by a thick sequence of terrigenous clastic rocks deposited in low
energy fluvial environments. The conditions suitable for rapid transgressive/flooding events did
not continue during Déwey Lake time. The presence of an evaporite component in the Dewey
‘Lake mud flat can be strongly inferred by the presence of smeared intraclastlaminae and
"crackle" textures. Syndepositional slumping and penecontemporaneous faulting are attributed to
dissolution of Dewey Lake evaporites and the development of small caves and collapse features
in the upper Rustler. The upper part of the lower sequence represents the transition to a fluvial-
dominated system.
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3.4.3 Origin and Significance of Gypsum-Filled Fractures

With the exception of the upper portion, the Dewey Lake is characterized by locally abundant
gypsum-filled fractures. Most of the fractures are filled with fibrous gypsum, aithough granular
gypsum fracture fillings do occur in the upper portion of the Dewéy Lake. In the AIS, gypsum-
filled fractures are abundant below 164.5 feet. The fracture filling gypsum is fibrous indicating
incremental growth. The fracture pattern and filling morphology is governed by the grain-size of
the fractured host material, as discussed below.

3.4.3.1 Fracture Filling Gypsum
The gypsum' fracture fillings are clear to white, fibrous, and both syhtaxial and antitaxial (after

Durney and Ramsey, 1973). Pieces of the wallrock material are sometimes found within the
fracture filing. Most of the larger fibrous fracture fillings observed within the Dewey Lake appear

to have a "suture” line which always parallels the fracture surface of the host material. The

suture line is the site of a moderate to abundant amount of inclusion of wall rock material. Most
of the fibrous fracture fillings are perpendicular to the fracture margin; however, some are titted
away from the perpendicular, and, in rare cases, they are sigmoidal. Fibrous fracture fillings
result from overgrowth on indi\)idual crystals as the fracture opens in small increments. When
the fracture initially opens, a void and a zone of low pressure is created. Intercrystalline or pore
fluid migrates toward the site of low pressure. The pressure decrease coupled with newly
created void space is conducive to mineral precipitation along the fracture surface. If the fluid is
near saturation for a particular mineral, this pressure drop may drive the fluid to saturation, and
precipitation may occur. If the wall rock and the fracture filling contain the same mineral,
overgrowth upon grains or crystals of that mineral in the wall rock will occur and the fracture
filing will be syntaxial (Durney and Ramsay, 1973). [f saturation is reached and the wall rock
does not contain the same mineral and nucleation of the new mineral occurs, the resulting
fracture filling is antitaxial (Durney and Ramsay, 1973). The suture line is most visible in
antitaxial fracture fillings because small pieces of the wall rock are included within the crystals
during the initial fracturing and precipitation. The suture line parallels the fracture surface on the
wall rock.

Once the initial ffactun'ng and subsequent precipitation occurs, the fracture filling grows
incrementally because the fracture filling mineral precipitates as overgrowths. These overgrowths
are constrained by each other and grow competitively, perpendicular to the wall rock, creating a
fibrous crystal habit. The fibrous habit is visually enhanced when the filling material consists of
a mineral that is readily twinned (e.g., gypsum).
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As fracturing continues, one side of the fracture filing and the wall rock separate. Fluids migrate
to that point, and minerals precipitate at the contact between the wall rock and the filling
material. Therefore, the youngest part of the filling is next to the wall rock, and the oldest part
of the fracture fillihg is adjacent to the suture line. The width of the fracture filling on each side
of the suture line is proportional to the number of reseparations along each side.

The morphology of the fibrous fracture filling reflects the stress field in which it was created
(Dumey and Ramsay, 1973)." Fibers perpendicular to the fracture surface indicate that there was
no displacement parallel to the fracture surface at the time of fracturing and subsequent filling. '
Fibers that are tilted from perpendicular indicate that displacement also occurred parallel to the
fracture surface throughout the period of fracturing and filing. Sigmoidal morphologies develop
when a small displacement occurs parallel to the fracture surface occurs after the initial

fracturing.

3.4.3.2 Fracture Morphology and Origin

Within the Dewey Lake, sandstones and siltstones generally have fewer fractures than
mudstones and siltstones. In sandstone and siltstone, fracture fillings are usually thick (up to
two inches). Fractures are mostly horizontal to subhorizontal and parallel bedding planes or
other linear syndepositional features (Figure 14). Subvertical to vertical fractures are less
common and usually planar, crossing several depositional units. In the finer—grained' rocks
(mudstones and claystones), gypsum-filled fractures are usually more abundant and much thinner
(rarely greater than one-half inch thick) than in the coarser-grained units (Figure 15). They are.
mostly subhorizontal, and sometimes subvertical. They are arcuate and frequently bifurcate.
Planar fractures occur mostly along lithologic contacts.

The majority of the gypsum-filled fractures in the Dewey Lake are horizontal to subhorizontal.
This fracturing is dissimilar to that associated with solution collapse (e.g., Middleton, 1961). In
solution collapse breccias, clast separation vertically decreases to give way to a series of
fractures, hairline fractures and cracks, and then undisturbed beds. Within WIPP shafts,
fractures within the Dewey Lake are commonly, but not exclusively, horizontal. They occur in
zones that are not well interconnected or continuous vertically. There is no -apparent relationship
between Dewey Lake fracturing and dissolution at the site area. A vertical to subvertical
minimum principal stress is indicated by the horizontal to subhorizontal fractures. Although,
variable fracture orientations suggest that the direction of the least principal stress was somewhat
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variable. The data are consistent with an unloading origin for Dewey Lake fractures. Differential
unloading is probably responsible for the majority of fractures in the Dewey Lake.

Many of the fractures may have been filled with gypsum very early, possibly syndepositionally.
Gypsum-filied fractures in a cobble-size rip-up clast of siltstone resting in a sandstone channel at
a depth of 298 feet strongly suggest a syndepositional origin for at least some of the gypsum
fracture fillings. The cobble contains two gypsum-filled fractures, one-fourth inch thick, which
sharply terminate at the margin of the clast (Figure 16).

3.4.4 Origin of Perched Water Tables in the Dewey Lake

Moisture has been encountered within the Dewey Lake at several of the WIPP drillholes, and
several stock wells south of the WIPP site are possibly completed in the upper Dewey Lake
(Mercer, 1983). The cause and distribution of these perched aquifers within the Dewey Lake is
not known. The geologic mapping of the Dewey Lake in the AIS has provided a possible basis
for future assessment of these aquifers.

At the AIS, the Dewey Lake is cemented with carbonate above 164.5 feet. The coarse-grained
units (sandstones and siltstones) are usually moderately hard, though a few are soft. The
mudstones and claystones are soft and commonly fissile. Fractures are unfilled or filled with
carbonate, and carbonate-filled fractures increase downward. The surface of the AIS wall in the
Dewey Lake is moist down to 164.5 feet, and a halitic efflorescence is sometimes present on the
shaft wall. At 164.5 feet, the cement changes from carbonate to a much harder material,
probably anhydrite. The lower part of the Dewey Lake is well cemented, hard, and dry.
Coincident with the cement change, fractures are filled with fibrous gypsum. The significance of
this cement change is not clear, and its areal persistence is not known. Perched water tables
within the Dewey Lake may rest on this cement change. The cement change may indicate the
depth and extent of infiltration of recent meteoric water, though this certainly is not a unique
interpretation. '

This cement change may be recognizable on geophysical logs from the Dewey Lake. The
geophysical logs from a drill-hole adjacent to the AIS (H-16; Mercer and Snyder, 1990) show an
increase in compensated neutron porosity and an overall drop in bulk density in the vicinity of
this cement change. If this cement change can be recognized consistently on geophysical logs
in the vicinity of the WIPP, the cement change surface may be contoured and compared with
known locations of perched Dewey Lake aquifers. '
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In the AIS, the presence of moisture in the uppermost section of the Dewey Lake is due to
downward percolation of meteoric water through the poorly cemented clastic rocks. Halite

- dissolved into the water produced halite efflorescence on the shaft wall following evaporation.
There is no source of halite within the overlying rocks, and halite muck-piles north and east of
the AIS are the only source of halite above the Rustler Formation. The fluids observed at the
AIS must have come in contact with halite at, or derived from, the muck-piles.

At the WIPP site, meteoric water probably infiltrates through the surface materials (dune sand
and construction fill material) to the Mescalero caliche, where it moves downgradient off of the
site or evaporates. When the Mescalero caliche and the Pleistocene and Triassic rocks have
been disturbed by construction activities, this water can infiltrate along these newly created
pathways into the underlying Dewey Lake. The water will infiltrate to the cement change surface
and either stop or move down gradient. The impact of this process should be assessed with

respect to shaft plugs and seals.

3.4.5 Summary of the Dewey Lake Redbeds

The Dewey Lake Redbeds at the WIPP site (as described in the AIS) consist of 476 feet of
interbedded siltstone, fine sandstone, mudstone, and claystone. The Dewey Lake can be
subdivided on the basis of grain size and sedimentary structures into 1) an upper sequence
deposited from a fine-grained, ephemeral fluvial system (Schiel, 1988) and 2) a lower sequence
deposited in saline mud flatymud flat environments. Gypsum-filled fractures are abundant
throughout most of the Dewey Lake and are at least partly syndepositional. The lower mud
flat/saline mud flat sequence depositionally continued Rustier-style sedimentation. Conditions
suitable for marine-derived flooding of the Delaware Basin were persistent through Rustler time
(Holt and Powers, 1988), but did not continue through Dewey Lake time. The Dewey Lake
represents a transition from the marine-influenced evaporite deposition of the Rustler to fiuvial

deposition on a broad, low-relief, fluvial plain.

3.5 RUSTLER FORMATION

The Rustler Formation is the youngest of three Ochoan evaporite-bearing formations in the
Delaware Basin. Richardson (1904) named the Rustler for outcrops in the Rustler Hills,
Cuiberson County, Texas. Lang (1939) clarified the term "Rustler” to stratigraphically define the
interval between the Pierce Canyon Redbeds (an abandoned term, now recognized in part as the
Dewey Lake Redbeds) and the Salado Formation. Lang (1939) (in Adams, 1944) recognized
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and named two laterally extensive dolomite units. The lower is named the Culebra Dolomite
Member and the upper is named the Magenta Dolomite Member.

Vine (1963) introduced the fivefold stratigraphic subdivision of the Rustler (Figure 17) that is
currently in use. Vine named the interval above the Magenta the Forty-niner Member and the
interval between the Culebra and the Magenta the Tamarisk Member. The interval between the
Rustler/Salado contact and the Culebra was not named and is referred to as the unnamed lower
member. Holt and Powers (1988) further refined the Rustler stratigraphy by subdividing the
Rustler into various informal units based upon their lithology (Figure 17).

The Rustler Formation is characterized by a variable lithology consisting of intérbedded sulfates,
carbonates, clastics, and halite. On the basis of mapping in the waste handling and exhaust
shafts, cores, and geophysical logs, Holt and Powers (1988) evaluated the depositional
environments and diagenetic history, including dissolution, of the Rustler in the WIPP area. They
concluded that the Rustler was the depositional product of repeated transgressive events over
low-relief salt pan and mud flat environments followed by desiccation to salt pan and mud flat
environments. The transgressive events produced lagoonal conditions favorable to the
subaquebus deposition of clastics (the lowermost siltstone and sandstone unit within the Rustler),
carbonates (Culebra and Magenta Dolomite Members), and sulfates (anhydrite beds). Upward
desiccation and shallowing, due to constriction of the lagoon toward the Rustler depositional
center (15 miles south and east of the WIPP site), produced textural changes within the Rustler
sulfates and ultimately led to deposition in salt pan and mud flat environments (the mudstone
and halite units).

At the AIS, the Rustler is 309 feet thick. The features observed within the Rustler are consistent
with those reported by Holt and Powers (1984, 1986, and 1988). The Rustler data collected
during the mapping of the AIS are far superior to Rustler data from the other WIPP shafts due
to the high quality of the shaft exposures. Features previously seen only in slabbed core were
well displayed on the shaft wall. Some of the Rustler data collected in the AIS provide
additional insight into the Rustier depositional and post-depositional alteration history. These
data allow further refinement of the models presented by Holt and Powers (1988). The lithology
of each of the five members is summarized below, and those features previously unreported are
interpreted.
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3.5.1 Forty-niner Member

The Forty-niner Member of the Rustler consists of two andydrite beds (A-5 and A-4 of Holt and
Powers, 1988) which sandwich a thinner mudstone bed (M-4 of Holt and Powers, 1988) (Figures
17 and 18). The top of the Forty-niner Member occurs at a depth of 513 feet in the AIS, and its
upper contact with the Dewey Lake Redbeds is sharp, undulatory, and erosional (Figures 7

and 17).

3.5.1.1 Anhydrite §
The uppermost anhydrite (A-5) is 31 feet thick and shows wavy, thin laminae and laminae with

some anhydrite pseudomorphs after gypsum swallowtail crystals (Figure 5). Stylolites parallel
some laminae. A disrupted zone occurs between 517 and 521 feet on the south side of the
shaft. This zone shows rotated boulder-sized clasts of anhydrite and soft sediment deformation
of the laminae overlying and adjacent to the zone. Laminae overlying the zone are downwarped,
while laminae adjace'nt to the zone are rotated into the zone. Red claystone lines some irregular
surfaces in the disrupted zone. This zone directly underlies zones within the Dewey Lake that
also show extensive soft sediment deformation. Most fractures are subhorizontal to subvertical
and are filled with fibrous gypsum, although some subvertical fractures between 530 and 540
feet between 530 and 540 feet have a 1/16-inch aperture. The lower contact of A-5 occurs at
544 feet and is sharp.

The disrupted zone found within A-5 appears to have originated while the overlying sediment
was still soft. Rotated blocks and soft-sediment shear suggest that the feature originated from
the collapse of a small opening. This requires the removal'qf some volume of mateﬁal, probably
by dissolution. Soft sediment deformation of the material overlying and adjacent to the feature
occurred in response to the collapse. No evidence of collapse of lithified material was found.

This feature developed before the surrounding sediments where lithified and under conditions
where undersaturated fluids had easy access to the sediment. The transition between the end
of Rustler deposition and the start of Dewey Lake deposition is the most likely time for both
conditions to be met. As discussed in previous section (3.4), the Dewey Lake Redbeds are a
depositional continuation of the Rustler. The lower Dewey Lake was deposited in a mud |
flat/saline mud flat environment which followed a desiccating upward sequence beginning with the
deposition of A-5 in a saline lagoonal environment. As in Rustler time, periods of subaerial
éxposure and reworking of the saline lagoon sediments preceded the deposition of mud flat to
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salt pan sediments. This reworking was most prevalent along the margins of the Rustler
depocenter where the water table fluctuated the most.

Schiel (1988) shows that a Dewey Lake depocenter is roughly coincident with the Rustler
depocenter (Holt and Powers, 1988). The WIPP site lies on the margin of the depocenter for
both units. During the transition time between Dewey Lake and Rustler deposition, the WIPP
site area would have seen large fluctuations in the position of the watertable. Under these
conditions, dissolution and reworking of Rustler sulfates probably occurred in the vadose zone.
The disrupted zone is interpreted to have developed under vadose zone conditions while Rustler
sediments were still soft. Red clay along some zones in this feature was probably infiltrated
syndepositionally under vadose zone conditions.

3.5.1.2 Mudstone 4

As in the exhaust shaft (Holt and Powers, 1986), the Forty-niner mudstone, M-4, is subdivided
into five units consisting of very fine sandstone, siltstone, and mudstone (Figures 5 and 18). In
the AIS, M-4 occurs at a depth of interval between 544 and 558.5 feet. Overall, M-4 shows
abundant well to poorly preserved, thin laminae to laminae with local ripple and accretionary
cross-laminae. The strata are often slightly to very deformed and may be smeared. Granule-to
pebbie-sized clasts of siltstone and smeared intraclasts (as described in Holt and Powers, 1988)

- are common. Coarsely crystalline gypsum occurs in local laminae and thin beds. The units

within M-4 are generally poorly indurated and soft.

3.5.1.3 Anhydrite 4
The lowermost anhydrite, A-4, within the Forty-niner Member occurs in the depth interval from

558.5 to 574 feet (Figures 5 and 18). It shows bedded nodular textures at the base and thin
laminae to laminae intercalated with carbonate laminae from 565 to 570 feet. Strata become
wavy to contorted and convolute upwards. Anhydrite pseudomorphs after gypsum swallowtail
crystals are common between 560 to 570 feet, and some gypsum-filled subvertical fractures
occur. The lower contact with the Magenta Dolomite Member is gradational.

3.5.1.4 Forty-niner Ground Conditions
The two anhydrites within the Forty-niner (A-4 and A-5) were well lithified and hard. The

- anhydrites showed no evidence of spalling. The Forty-niner mudstone (M-4) was poorly to

moderately well indurated. Limited spalling was evident. The entire Forty-niner Member required
washing prior to mapping. ‘
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3.56.2 Magenta Dolomite Member
The Magenta Dolomite Member of the Rustler Formation occurs in the depth interval from 574 to
599.5 feet in the AIS (Figures 5, 17, and 18). It is a regional marker within the Rustler and is
considered to be an important hydrologic unit across the WIPP area. ‘

The Magenta is a moderately well indurated, arenaceous, and gypsiferous dolomite that can be
classified as a dolarenite. The dolomite grains are mostly silt to fine sand size. The Magenta is
thinly laminated to laminated and contains gypsum nodules within some strata. Algal
stromatolites occur within the lower five feet in the form of domes and hemispheriods.  Wavy to
lenticular bedding and ripple-cross laminae are abundant throughout the remainder of the
Magenta. Overall, the size of sedimentary structures decreases upwards, although some very
thin beds are present in the upper one foot. Both the upper and lower contacts are gradational.

During mapping, the Magenta produced only a limited amount of fluid into the AIS. After the
Magenta section of the AIS was washed, all but one zone between 575 and 579 feet dried
quickly. This zone remained moist and wet through the entire mapping exercise. The estimated
inflow into the shaft was less than one gallon per minute.

3.5.2.1 Magenta Ground Conditions

The Magenta is well fithified and showed no evidence of spalling during shaft mapping activities.
The surface was coated with dust which was removed by washing prior to mapping. The
Magenta interval was covered with liner plate after mapping as required by contract
specifications.

3.5.3 Tamarisk Member

Like the Forty-niner Member, the Tamarisk Member of the Rustler Formation consists of two
anhydrite beds (Figures 5 and 17; A-3 and A-2 of Holt and Powers, 1988) which sandwich a
thinner mudstone bed (Figures 5 and 17; M-3 of Holt and Powers, 1988). The top of the
Tamarisk occurs at a depth of 599.5 feet in the AlS, and the base is at a depth of 686.5 feet
(Figure 5).

3.5.3.1 Anhydrite 3
The upper anhydrite of the Tamarisk Mermber (A-3) is.56 feet thick and consists of anhydrite

locally intercalated with carbonate interbeds (Figure 5). Thin claystone interbeds are present
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near the top and the middle of A-3. Subhorizontal and subvertical, fibrous, gypsum-filled
fractures occur locally. The anhydrite is well lithified and hard. In the upper part of A-3,
laminae-scale bedded nodular textures are abundant. Epitaxial crushed prism textures (Holt and
Powers, 1988) occur in the middle of A-3; wavy and slumped laminae and thin beds with
anhydrite pseudomorphs after.gypsum swallowtail crystals are present in the lower part of A-3.
Many of the sedimentary features in the lower part of A-3 show soft sediment deformation and
slumping. In the lowermost few feet of A-3, beds of clast-supported, laminated anhydrite, and
cobble and granule breccia are erosionally cross-cut by overlying beds of anhydrite. The lower
contact of A-3 lies at 655.5 feet, is sharp, and has flame structures of material from the
uppermost unit within M-3.

3.56.3.2 Mudstone 3
The Tamarisk Member mudstone (M-3) occurs within the interval from 655.5 to 665 feet (Figures
5 and 19). It is subdivided into three mapping units.

The upper mapping unit in M-3 is 2.5 feet thick and consists of anhydrite and gypsum
interbedded with calcareous claystone. The unit displays thin laminae and laminae which
become increasingly contorted upward. Claystone interbeds are possibly algal. Bifurcating,
fibrous gypsum-filled fractures up to one inch thick are abundant. The lower contact is
gradational:

The middle mapping unit within M-3 occurs in the interval from 658 to 659.5 feet. It consists of
calcareous claystone in the upper one-half foot and argillaceous gypsum and anhydrite at the
base. This unit is thinly laminated to laminated and shows extensive soft-sediment deformation
at the top. Anhydrite and gypsum contain pseudomorphs after gypsum swallowtail crystals. The
upper part of the unit is mounded and possibly algal. This unit contains abundant bifurcating,
fibrous gypsum-filled fractures to two inches thick. The lower contact is sharp to gradational.

The top of the lower mapping unit within the M-3 interval lies at 659.5 feet. This unit consists of
interbedded and intermixed claystone, mudstone, and siitstone which generally fines upward.

The unit is mottled to laminated with alternating red and gray colors; red colors dominate at the
base while gray colors are more prevalent toward the top of the unit. Local thin laminae to '
laminae are irregular, discontinuous, and often contorted, convoluted, or smeared. Laminae are
often displaced slightly along shear surfaces. Smeared laminae and intraclast textures are most
abundant in the middle and lower part of the unit. Broken, subhorizontal, laminae-scale, gypsum-
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rich zones found in the middle of the unit are laterally continuous around the circumference of
the shaft. Anhydrite nodules up to one inch diameter are present in the lower half of the unit.
The lower contact of this unit is sharp, erosional, and undulatory from 665 to 668 feet. At the
lower contact, 24-foot wide by 2.5-foot deep channel is cut into the underlying anhydrite. The
channel-fill consists of a clast-supported, rounded, gray siltstone, pebble conglomerate similar to
the conglomerate in this stratigraphic position at borehole WIPP 19 (as described in Holt and
Powers, 1988). The intenal stratigraphy of the overlying section does not vary around the
circumference of the shaft. This unit contains abundant small fractures showing slickensided
surfaces and abundant fibrous gypsum-filled fractures to two inches thick.

The data from the M-3 interval at the AIS are consistent with data reported by Holt and Powers
(1984, 1986, 1988). The shaft data provides an analogue for features described by Holt and
Powers (1988) in the core from the borehole WIPP 19. Holt and Powers (1988) report a clast-
supported siltstone in the M-3 interval at WIPP 19. At the WIPP 19 location, the lowermost
anhydrite in the Tamarisk Member (A-2) is not present, and M-3 directly overfies the Culebra.
_Holt and Powers (1988) interpret the siltstone pebble conglomerate in the lower part of M-3 and
the absence of A-2 at WIPP 19 to be the result of erosion and the development of channels into
A-2 prior to and during the early stages of the depositidn of M-3. The channel feature and
siltstone pebble conglomerate described in the AIS developed in the same way.

Channeling and erosion on the upper contact of A-2 was reported from all shafts at the WIPP
site (Holt and Powers, 1984, 1986). As the depocenter margins were subaerially exposed (Holit
and Powers, 1988), the fluid base level dropped below the surface of the sediment, and A-2 was
eroded. At WIPP 19, the base level dropped through the entire A-2 interval allowing all of A-2
to be eroded. The minimum water table drop at the AIS was much less as the channel is only
2.5 feet deep. Base level fluctuations were probably less at the AIS because it is closer to the
Tamarisk depocenter than WIPP 19. This process was repeated at the Dewey Lake/Rustler
transition and accounts for the development of paleokarst in the uppermost anhydrite (A-5) of the
Rustler. '

3.5.3.3 Anhydrite 2
The lowermost anhydrite within the Tamarisk Member (A-2) occurs within the depth interval from

665 to 686.5 feet (Figure 5). The anhydrite contains wavy, locally deformed thin laminae and
laminae with occasional anhydrite pseudomorphs after gypsum swallowtail crystals and crushed
prism textures. The anyhydrite is well lithified and hard. At a depth of 672 feet, A-2 is bisected
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by a 0.5 foot thick, undulatory bed of claystone. This claystone displays deformed thin laminae
and contains fibrous gypsum-filled fractures to 1.5 inch thick. Below the claystone, the strata
show soft sediment roll-over structures forrﬁed'by sliding on a slope. The strata dip up to 20°.
Algal structures are present near the base. The lower contact is sharp to gradational.

3.5.3.4 Tamarisk Ground Conditions

The anhydrites (A-2 and A-3) within the Tamarisk Member were well lithified and hard. Spalling
was limited through the anhydrites within this section except for minor breakages along the
contacts with the claystone. Tool marks from the upream-bit were prevalent in the anhydrite.
Ground support (e.g., rock bolts and mesh, or liner plate) was not required through the

anhydrites.

The Tamarisk Member mudstone (M-3) from 659.5 to 665 feet was poorly lithified, soft, and

cohesive. Subvertical slickensided shear surfaces were abundant, and, in some cases, several

feet of the mudstone have spalled out of the unit. Prior to mapping, large slabs of this

claystone, some desk-top size, were scaled from the rib. Liner plate was installed over this zone
prior to any in shaft work below the M-3 horizon.

3.5.4 Culebra Dolomite Membér

The Culebra Dolomite Member of the Rustler Formation is the most transmissive hydrologic unit
encountered by the AIS and is a really extensive markerbed within the Rustler. In the AIS, the
Culebra occupies interval from 686.5 to 710.5 feet (Figures 5 and 20). The exposure of the

b Culebra within the AIS is far superior to exposures in other shafts and cores. The data collected
b from the Culebra in the AIS will be used by Holt, et al. (in preparation) to help create a more
. precise interpretation of the origin of the Culebra.

The Culebra is an argillaceous dolomicrite containing abundant open and gypsum-filled porosity.
Portions of the Culebra are extensively fractured. The Culebra is divided into six mapping units
which are described here from the top down. Although all mapping units make water into the
AlS, the mapping unit between 694.5 and 700 feet (Unit 3a, Figure 20) produces more water
than the others.

The uppermost mapping unit within the Culebra (unit 1, Figure 20) lies between 686.5 and 690
feet. It is an argillaceous dolomite which contains organic material (algal) near the top and
base. Thin laminae and thin beds are mostly flat and are contained within fining-upward
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sequences 0.2-0.5 feet thick. The lower parts of these sequences often contain burrows. Cross-
laminae occur in the upper 0.5 foot of this unit. The unit contains no vugs and few fractures.
Short stratum-height subvertical fractures with synsedimentary brecciation are limited to the upper
one to two feet of the unit. A synsedimentary fault with one foot of throw terminates near the
middle of the unit, and the unit depositionally thickens over the downdropped section. The upper
contact is sharp to gradational.

The second mapping unit from the top of the Culebra (unit 2, Figure 20) is much less disrupted
and mechanically moré competent than the underlying units. It occurs within the mapping depth
interval from 690 to 694.5 feet and consists of locally organic, microcrystalline, argillaceous
dolomite with internally structureless, parallel, thin laminae to thin beds. Large vugs are rare,
and most large vugs are unfilled. Fractures are less abundant than in the underlying units, and
most fractures are gypsum-filled, subvertical, and longer than those in underlying units. Some
brecciation occurs along some fractures. Unlike the underlying units, the fracture pattem is not
controlled by vugs, as large vugs are rare. Two synsedimentary faults with displacement less
than one foot cross-cut the unit (Figure 20). The upper contact is gradational.

The third mapping unit from the top (unit 3a, Figure 20) visibly produces more water into the

shaft than thé other units because it is more extensively fractured. This unit occurs within the
depth interval from 694.5 to 700 feet. Laminae and thin beds are flat, parallel, and sometimes
* contain microlaminae and thin laminae which may be discontinuous. Low-angle cross-laminae

with possible ripple forms are rare. Strata are modified by possible bioturbation. Vugs texturally '

dominate the fabric within this unit as large (two to three inches), open, clay-filled, and gypsum-
filled vugs are very abundant. Most of the vugs are partially to entirely clay-filled. This unit is
characterized by a broken appearance as subvertical to vertical fractures are very abundant
(spaced one-fourth to two inches), and are best characterized as a packbreccia (Morrow, 1982).
These fractures are usually only a few inches long, irregular, open or gypsum-filled, and very thin
(half of the fractures contain no gypsum filling). Most fractures connect vugs, and all vugs are
interconnected by fractures. The upper contact of this unit is gradational to diffuse.

The fourth mapping unit (unit 3b, Figure 20), from 700 to 705 feet, displays distinct thin laminae
to laminae, low-angle cross-laminae with low-relief hummocks, and local erosional scours to three
inches deep. In places, the bedding appears wavy to lenticular. Vugs are abundant and
become smaller downward. Most vugs are open or filled with clay; gypsum as a vug or fracture
filling is much less common. The unit can be classified as a packbreccia (Morrow, 1982) due to
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extensive subvertical fracturing in between vugs. Vuggy porosity is present along some
fractures. The upper contact is very diffuse.

The fifth mapping unit from the top of the Culebra (Mapping Unit 3¢, Figure 20) occupies the
interval from 705 to 710 feet. The uppe} contact is very diffuse and slightly undulatory over one
foot. The undulations apparent at the lower contact are compensated within this unit. The

"~ dolomite displays flat to slightly wavy thin laminae to very thin beds with some low-angle cross-
cutting relationships. Fractures are extensive, but less abundant than the overlying unit. Most
fractures are subvertical. This unit contains locally abundant vugs, with fewer large vugs than
the overlying units. Overall, this unit is less brecciated and disrupted than the overlying units.

* The lower contact of the Culebra with the unnamed lower member lies at 710.5 feet along the
south line of the AIS. This contact undulates over three feet in the AlS-exposure. The
lowermost unit (Mapping Unit 4, Figure 20) within the Culebra is 0.5 feet thick, and its upper
contact parallels the lower contact of the Culebra. This unit consists of locally brecciated, thinly
laminated to laminated dolomite. The strata parallel the upper and lower contacts.

3”.5.4.1 Culebra Ground Conditions

Prior to mapping, the Culebra section was covered with a one-fourth to two inch thick build-up of
rock flour from the upreaming operation. T his flour consisted mostly of calcium sulfate derived
from the Rustler anhydrites. The dust apparently stuck to the wet Culebra surface during shaft
upreaming. This build up was scaled from the shaft wall prior to mapping the Culebra.

Although the Culebra is highly fractured, only limited evidence of spalling was observed. The
Culebra interval was covered with liner plate and the annulus between the rock and liner plate
was grouted shortly after mapping activities were complete.

3.5.5 Unnamed Lower Member

The unnamed lower member of the Rustler Formation is 132.2 feet thick (Figure 5). It consists
of interbedded siltstone, sandstone, halitic siltstone, halite, mudstone, and anhydrite (Figures 5
and 20). Holt and Powers (1988) subdivided the unnamed lower member into five informal
stratigraphic units which at the WIPP site, in descending order, include: mudstone 2 (M-2),
anhydrite 1 (A-1), halite/mudstone 1 (H-1/M-1), the transition zone, and a bioturbated clastic
interval (Figure 17). For convenience, their stratigraphic subdivisions are used in this discussion.
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3.5.5.1 Mudstone 2

The uppermost unit in the unnamed lower member is mudstone 2 (M-2). This unit directly
underlies the Culebra Dolomite Member and occurs in the mapping depth interval from 710.5 to
716 feet (units 1 and 2, Figure 20). The lower half of M-2 is dominantly brown, while the upper
half is mostly gray. The lower and middle part of M-2 consists mostly of mudstone displaying
some laminae. Continuous, slightly deformed laminae to very thin beds of gypsum overiie
mudstone displaying smeared intraclast textures in the lower part of M-2. In the upper gray
portion of M-2, microlaminated, thinly laminated, and structureless mudstone overlies cobble-
sized clasts of mudstone; subvertical slickensided surfaces are common. Gypsum-filled fractures,
up to one-fourth inch thick, occur alohg some slickensided surfaces. Fibrous, gypsum-filled
| fractures to one inch thick occur with various orientations in the lower brown zone. The upper
contact with the Culebra is sharp and undulatory over three feet, while the lower contact of M-2
is sharp with less than one foot of erosional relief.

3.5.5.2 Anhydrite 1
Anhydrite 1 (A-1) occurs within the mapping depth interval from 716 to 725.5 feet (unit 3, Figure

20). The anhydrite is microcrystaliine and hard, displaying wavy to flat, thin laminae and
laminae. Near the base, there are abundant one-foot tall halite pseudomorphs after gypsum
swallowtail crystals. The lower contact is sharp.

3.5.5.3 Halite/Mudstone 1

The halite-bearing interval in the unnamed lower member is designated as halite/mudstone 1 (H-
1/M-1) by Holt and Powers (1988). Where halite occurs in this interval, it is designated Halite 1
(H-1). In the AlS, H-1 occupies the mapping depth interval from 725.5 to 761 feet and is
subdivided into seven mapping units (Figures 5 and 20).

Siltstone, mudstone, and halite are intermixed in varying proportions from 725.5 to 739 feet.
This interval corresponds with Holt and Powers' (1988) upper halite-bearing zone (H-1c). The
lower 0.5 feet of the mapping unit between 735 and 739.5 feet (unit 6, Figure 20) is included
with the middle halite-bearing zone (H-1b) as it consists of relatively clean halite. Within H-1c,
halite occurs as isolated crystals to crystal aggregatés within a siltstone matrix. Halite margins
with the matrix are usually planar (displacive) or irregular (synsedimentary solution). Siltstone
occurs as irregular, thin interbeds and blebs. Smeared intraclast textures and rare wavy to
contorted laminae are preserved within the siltstones. The upper 1.5 feet consist of siltstone at
the base and mudstone at the top and include anhydrite nodules and anhydritic laminae.
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-Mud-poor halite and anhydrite occur in the middle halite-bearing zone (H-1b) within the depth

interval from 739 to 743 feet in the AIS (Figure 20). This unit consists of interbedded halite and
anhydrite. Halite occurs in the upper 0.5 feet, while anhydrite dominates from 739.5 to 741 feet.
Halite is intercalated with wavy anhydrite laminae in the lower two feet.

Intermixed siltstone and halite occur between 743 and 761 feet (Figure 20). This interval is
designated the lower halite-bearing zone (H-1a) by Holt and Powers (1988). Siltstone is the
primary constituent in H-1a. The siltstone occurs as thin interbeds; blebs; incorporated material
within halite; and imegular, discontinuous laminae. The halite content generally increases
upward. Halite occurs as isolated crystals and crystal aggregates, many with displacivé margins.

3.5.5.4 Transition Zone

The sandstones and siltstones within the interval from 761 to 772.5 feet are within the “transition
zone" of Holt and Powers (1988) (Figure 5). This zone records the transition from a marine
lagoonal environment to a saline mud flat/salt pan environment (Holt and Powers, 1988). It
contains anhydritic and halitic, fine to medium, sandstone and siltstone. The siltstones and

- sandstones display thin laminae to very thin beds which are wavy to contorted near the top and

become more flat downward. Some laminae and thin beds of anhydrite are enterolithic. Other
textures include: disk-shaped laminae, teepee structures, and prism cracks. The sulfate content
decreases downward. Cross-laminae and ripple forms become abundant and larger downward.
Subvertical halite-filled fractures are two inches thick. The upper contact is gradational, and the

. lower contact is sharp and erosional.

3.5.5.5 Bioturbated Clastic Interval

The "bioturbated clastic interval” of Holt and Powers (1988) occurs in the depth interval from
772.5 to 821 feet in the AIS (Figure 5). This sequence consists of halite-cemented sandstone
and siltstone exhibiting varying amounts of bioturbation. In the AIS, the "bioturbated clastic

- interval” is subdivided into three mapping units. The base of this sequence consists of a pebble

lag containing invertebrate fossil fragments. Burrowing and evidence of bioturbation are
abundant at the base and decreases upward. Upward, -cross-stratification becomes common and
larger. Wavy, thin laminae are locally numerous. Subvertical to vertical haiite-filled fractures up
to two inches thick are present. The halite fillings have been partly dissolved by Culebra and
construction-related water.
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35.5.6 Rustler-Salado Transition

At the AIS, the lowermost 1.2 feet of the Rustler consist of a thin (0.2 feet) basal anhydrite and
one foot of halitic, very fine sandstone to siltstone exhibiting wavy to contorted thin laminae,
laminae, and smeared intraclast textures (Figure 5 and 21). Holt and Powers (1988) suggest
that this zone is depositionally more related to the Salado Formation than the Rustler. The thin
anhydrite is an areally persistent marker in the WIPP area and is often included within the

Rustler.

3.5.5.7 Unnamed Lower Member Ground Conditions

M-2 was poorly lithified, very soft, and cohesive. Prior to mapping, large slabs of mudstone and
claystone spalled out of this interval. The Culebra and A-1 formed ledges that bounded the
mudstone which was recessed back from the shaft wall. Closer inspection revealed that up to
five feet of mudstone had spalled from below the contact with the Culebra. Water from the
Culebra contacted this zone following excavation and decreased the strength of the mudstone
along existing planes of weakness (slickensided surfaces). -Prior to mapping this zone, large
slabs were scaled from the shaft wall to ensure the safety of mapping personnel. This zone was
covered with liner plate prior to any work below this zone.

The surface of H-1/M-1 required extensive washing and scaling prior to mapping because brine
from the Culebra and shaft construction activities had extensively altered the shaft surface.
Culebra waters drained along the shaft wall for a period of over four months from the time of
excavation until mapping. In addition, the construction contractor used 136,000 gallons of brine
to free the raise-bore cutting head. The combined effect of these different waters was the
dissolution of halite crystals and cements from this section. Those areas consisting mainly of
halite showed extensive vertical fluting caused by dissolution. The anhydﬁtes acted as resistant
units while the halite around them was dissolved. This was especially prevalent on the north
side of the shaft where the majority of the 136,000 gallons ran down the shaft wall. The halite
and halite cements were dissolved from the siltstones creating a highly unstable area. After
scaling to halite-cemented siltstone, the surface of the halitic siltstone had a vertically fluted
appearance. This zone was covered with liner plate to reduce the spalling hazard.

The "transition zone" and "bioturbated clastic interval® required some scaling as halite cements

were dissolved by Culebra and construction-related fluids. Halite-filled fracture fillings were
partially dissolved. |

WP: :R- ‘
P:WIP:R-1213-3 323




3.6 SALADO FORMATION

The Salado Formation of southeastern New Mexico and west Texas is the major domestic
source of potash for fertilizers in the U.S. It is the second of three Ochoan evaporite-bearing
formations in the Delaware Basin. The Salado consists of halite, anhydrite, and polyhalite with
varying amounts of other potassium-bearing minerals. About 85-90 percent of the Salado is
halite (Jones et. al., 1973). Beds of anhydrite and polyhalite alternate with thicker beds of halite
throughout the Salado section. The Salado consists of nearly 2000 feet of evaparites in the
subsurface within the eastemn part of the Delaware Basin and only a few tens of feet of
brecciated insoluble material at outcrops in the western part of the basin.

The term Salado was originated by Lang (1935) for the upper, salt-rich part of the Castile
gypsum of Richardson (1904). The Salado is subdivided into three informal members: an
unnamed upper member, a middie member locally designated the McNutt potash zone, and an
unnamed lower member (Figure 22). Each of the members contains similar amounts of halite,
anhydrite, and polyhalite (Jones, 1972) and are differentiated on the basis of other potassium
and magnesibm-be'aring minerals. The upper and lower members generally lack these minerals,
while the middie member (McNutt potash zone) contains a relative abundance of potassium and
magnesium-bearing salts.

Individual beds within the Salado are often traceable for large distances. These areally
persistent beds allow the middle and upper Salado to be subdivided on a much finer scale. A
system of numbering areally extensive beds of anhydrite and polyhalite (markerbeds) was
introduced by geologists of the U. S. Geological Survey (Jones et. al., 1960). The markerbed
system is used extensively by mining companies in the Carlsbad potash district and by
researchers at the WIPP for smaller-scale stratigraphic control.

The AIS penetrated 1,290 feet of the Salado, including all of the unnamed. upper member and
the McNutt potash zone and a portion of the unnamed lower member. The Salado was mapped
in three phases. First, the keyway interval, the upper 60 feet, was mapped immediately following
the geologic mapping of the Rustier (Figures 5 and 21). Second, three zones within the unlined
section of the AIS presented a spalling hazard and were mapped prior to the installation of rock
bolts and mesh (Figure 23). Finally, the remainder of the Salado was washed and mapped after
the WIPP operating contractor had assumed control of the shaft {(Figure 23, Appendix D).
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The data collected from the Salado during the final phase of mapping were far superior to any
data previously collected from WIPP underground excavations or core. The construction method
provided a smooth surface, with only minor irregularities and tool marks, for description. The
shaft wall was washed with fresh water which etched the surface of the salt and smoothed the
irmegularities created by the construction method. The surface created by the washing was akin
to slabbed and polished core. Materials less soluble than halite exhibited positive relief which
made the description of even small-scale, nearly microscopic fabrics, possible. Fluid-inclusion
zoning within individual halite crystals was easily recognized. The shaft surface was allowed to
dry for several days to weeks prior to mapping. This enabled us to recognize those zones in
the Salado which make limited amounts of fluid and form weeps to be easily recognized. The
.shaft wall provided a large surface for description which allowed us to examine large, outcrop-
scale features énd textures, many of which have never before been recognized in ancient
evaporites. Finally, we were able to describe the section without interruption for construction

activities or other time constraints.

3.6.1 Salado Halite

Exposures of the Salado in the AIS showed abundant, pfeviously unreported, large- and small-

- scale halite textures. Many of the large-scale textures are similar to features which occur at the
Devil's Golf Course in Death Valley, California. We were able to recognize, describe, and
interpret numerous previously undescribed halite textures and fabrics and place these features
into stratigraphic context. A detailed discussion of Salado halite sequences is presented in
Appendix F and summarized here.

Halite is the most abundant mineral in the Salado and occurs in thick beds intercalcated with
thinner beds of polyhalite or anhydrite (Jones, 1972; Holt and Powers, 1984, 1986). Salado
halite is rarely pure and usually contains trace and minor amounts of foreign material, including:
clay, anhydrite, or polyhalite (Jones, et al., 1960; Jones, 1972; Jones et al., 1973; Powers et al.,
1978; Holt and Powers, 1984, 1986). Halite crystal size and morphology varies considerably,
and various large- and small-scale sedimentary structures are abundant throughout all of the
Salado halite.

The Salado exposed at the AIS shows numerous cycles which are generally consistent with
those reported by other workers (Schaller and Henderson, 1932; Jones, 1954, 1972; and
Lowenstein, 1988). At the AIS, complete Salado halite sequences consist of clay-poor halite at
the base grading upward into argillaceous halite. The vertical distribution of halite textures is
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largely consistent through all halite sequences whether they overlie a thicker sulfate unit or
another halite unit. Clay content within most sequences increases upward and appears to be

unrelated to the presence of underlying anhydrite/polyhalite beds.

The distribution of foreign material and sedimentary structures generally follows a distinct vertical
pattern within an individual unit or several successive mapping units. We have constructed an
"idealized" Salado halite sequence to represent the features and textures seen in most complete
Salado Halite sequences (Figure 1, Appendix F). The sequence is subdivided into four major
lithofacies. The lower two lithofacies are further subdivided on the basis of smaller-scale halite
fabrics. Many of the sequences described in the AIS are incomplete (Figure 23) and do not
contain all of the textural lithofacies summarized below. '

The lower mud-poor section of the sequence is dominated texturally by an overall sense of
horizontal to subhorizontal stratification and is named the "stratified” mud-poor lithofacies (Figure
1, Appendix F). It is subdivided into three zones with small-scale textures. The first zone is
dominated by bottom growth halite textures including halite chevron, cornet, and cumulates and
clay or sulfate laminae. The second zone shows abundant passive pore;filling halite cements in
small dissolution pits and pores. The uppermost zone contains exhibits mostly expansive halite
cement textures (displacive halite) mixed with various syndepositional solution textures and
fabrics. These textures are consistent with deposition in a mud-poor salt pan.

" The "podular" muddy halite lithofacies is characterized by lenses and pods of fine to medium
crystalline halite (Figure 1, Appendix F). Generally, it is more argillaceous than the "stratified"
mud-poor lithofacies. The "podular” muddy halite lithofacies is subdivided into two zones which
laterally and vertically interfinger: 1) a zone dominated by expansive (displacive) halite cements
and 2) a zone with few expansive cements. Few textures reflecting subaqueous deposition are
preserved, and continuous strata are very rare. Dissolution pits, pipes, and pores are common.
Textures within this lithofacies are similar to "hummocky" sait pan halite in the Devil's Golf

. Course in Death Valley, California.

In some cases, the upper few inches to feet of Salado sequences consist of argillaceous halite
exhibiting abundant displacive halite cement fabrics (Figure 1, Appendix F). These rocks are
placed within the dilated mud-rich halite lithofacies because displacive halite cements give a
"dilated" appearancé to the halite. Passive pore-filling halite cements are rare in this lithofacies.
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Crude stratification is present, but is locally bisected by prism cracks and dissolution pits and
pipes. These textures reflect deposition in a mud-rich salt pan.

The halitic mudstone lithofacies occurs at the top of our "idealized” sequence. It consists of !
halitic mudstone showing displacive/incorporative halite crystals and smeared intraclast textures |
(after Holt and Powers, 1988). Prism cracks and disk-shaped laminae may occur. Textures
within the halitic mudstone lithofacies indicate deposition in a saline mud flat.

Uninterrupted Salado halite sequences record the vertical progression of environments: mud- o
poor salt pan - "hummocky" salt pan (similar to the Devil's Golf Course at Death Valley, |
California) - mud-rich salt pan - saline and mud flat (Figure 23, Appendix F). Salado halite i
sequences record the deposition and alteration of halite under variable water table conditions.
Subaqueous deposition of halite alternated with vadose alteration as water table fluctuations
created intermittent vadose zone conditions. Phreatic zone cements filled pordsity below the
water table. The frequency and duration of these water table drops rose with time as the basin

desiccated.

Mud-poor salt pan halite was deposited following a first-order flooding event. Evaporation and
reworking of existing halite increased salinity to halite saturation. Halite was accumulated until
the basin was desiccated. When the water table dropped below the surface of the sediment,
vadose zone alteration produced characteristic textures and fabrics. Second-order flooding
events created intermittent subaqueous conditions, allowing further accumulation of halite.
Vadose zone alteration increased with time as flooding events became less frequent. Long
periods of deép water table conditions cycled with shallow water table and episodic saline lagoon
conditions producing and preserving "podular* muddy halite in a "hummocky" salt pan
envionment. Vadose zone alteration intensified with time decreasing the overall relief across the
basin. This allowed more efficient transport of clastic materials into the basin, and a mud-rich
salt pan developed. Continued dessication of the basin moved laterally equivalent saline mud

flat environments toward the depocenter.

3.6.2 Salado Sulfate Interbeds
Sulfate interbeds are important elements of vertical sedimentation cycles within the Salado.
Earlier descriptions of these interbeds are of core and limited horizons within mine workings.

The geologic mapping of these interbeds in the AIS provides continuous outcrop scale
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descriptions through the upper 1,200 feet of the Salado. Salado sulfate interbeds are discussec
at length in Appendix G and summarized in the following discussion.

Numerous textures and fabrics occur within sulfate interbeds, many of which have never been
described from the Salado suifates. These textures reflect: 1) subaqueous deposition and
alteration, 2) vadose alteration, 3) phreatic alteration, and 4) late-stage diagenesis.

Vertically 6n‘ented prismatic gypsum pseudomorphs, detrital gypsum pseudomorphs, algal
stromatolites, subaqueously accumulated halite, slumping and collapse of gypsum sediment alon
the lower contact with halite developed during shallow subaqueous conditions. Teepee
structures, prism cracks, buckled and disrupted strata, and collapse textures in interbeds
containing bottom growth halite developed during subaerial exposure and alteration of gypsum
sediment. Displacive halite crystals, sulfate cements, passive pore-fillings, and the
pseudomorphous replacement of gypsum by anhydrite, polyhalite, formed in the phreatic zone
within the depositional environment. The only features within the Salado suffate interbeds whict
could be uniquely attributed to late-stage alteration were open and halite- sulfate-filled fractures.

Salado sulfate interbeds were deposited in shallow saline lagoon environments following

. eustatically- (Lowenstein, 1982, 1983, 1988) or meteorically driven, basin-wide floods. The base
of sulfate interbeds are time lines produced by dissolution, and the interbeds can be considered
punctuated aggradational cycles (after Goodwin and Anderson, 1980). Different hydrologic
regimes produced three distinct types of sulfate interbeds. Thin, isolated suifate interbeds were
deposited in low-volume, hydrologically isolated saline lagoons. Low-volume flooding events ma
have been derived from minor eustatic changes or major rainfall/runoff events. Multiple thin
sulfate interbeds separated by interbeds of halite with little or no subaerial exposure were
deposited during periods of hydrologic fluctuation when closely spaced, hydrologically-related,
low-volume flooding events repeatedly produced shallow, saline lagoon conditions. Large-volume
saline lagoons which accumulated thick sequences of sulfate were produced and maintained
following major eustatic changes. After the marine hydrologic connections were broken, these
large-volume lagoons desiccated to halite saturation, and sulfate deposition ceased.

Considerable lateral variability exists within sulfate interbeds, including MB139, at both the
regional and repository scale. Lateral variations can be related to the depositional and early
diagenetic environments. Lateral variability may be an important control on the mechanical
-response of MB139 during repository closure. Tﬁe type and degree of fracturing generated
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during repository closure and the orientation of those fractures will be controlled by the thickness
of, depositional and alteration fabrics within, relief on the upper surface of, and mineralogical
composition of MB139. When compared, the descriptions of MB139 in Borns (1985) and
Jarolimek, et al. (1983) confirm considerable lateral variability within MB139 across the repository.
The AlS sedimentological data from other sulfate interbeds within the Salado and the depositional
models discussed in this report may be helpful in reconstructing the origin and distribution of

lateral variability within MB139. J

e R T T

Brine was observed discharging into the AIS from some of the thicker sulfate interbeds. The
surfaces of these interbeds were moist to wet and were marked by the accumulation of
efflorescence crusts. The lower part of MB103 was as wet as the fluid producing zone within
the Magenta Dolomite. Inflow occurred primarily along horizontal to subhorizontal bedding plane
fractures in the lower part of some anhydrite 'beds, although interparticle flow was observed from
the lower part of MB103 which consists of arhydritic dolomite. No significant flow was found .
from any polyhalite. The brine contained within the fractures could have been locally derived
from clays. These pore fluids may have migrated under a newly created pressure gradient into

the fractures as they opened.

3.6.3 Salado Ground Conditions
During the mapping of the AlS, most of the Salado section was well lithified and hard. Prior to

washing, the surface was covered with a crust of halite-cemented mud and, once the concrete
liner was emplaced, localized concentrations of concrete over-spill (Figure 24). Unstable zones
in the vicinity of sulfate interbeds were meshed before work could be conducted below them.

Halite was dissolved and fluted along the north side of the shaft by water used during the
construction of the shaft (Figure 25). Where the north side of the shaft deviated inward, this
dissolution was extensive. Interbeds of sulfate were not dissoived and extended out into the
shaft from the fluted halite up to two feet. These interbeds were scaled and covered with wire
mesh. In some areas, the fluting of the halite along the north side of the shaft was so extensive
that irregular fluted pieces of halite could be easily scaled. These zones were also meshed.

In several locations, fracturing was extensive within sulfate interbeds and their underlying
claystones_- Book-sized pieces of sulfate and claystone readily spalled from some of the zones
(Figure 26). Fracturing and spalling anhydrite and claystone resulted from the strain induced by
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mechanical anisotropy between those materials and halite during shaft closure. The full
circumference of the shaft was meshed in these areas.

Above the station back, anhydrite A and the halite between it and the station brow was
extensively fractured (Figure 27). En-echelon fractures occurred in subhorizontal to subvertica
zones. Some fractures showed apertures at the shaft surface of up to 1/4 inch. The lower p
of this zone was aiso meshed.

Sulfate interbeds that did not present a spalling hazard at the time of mapping will probably
fracture as the shaft closes.- All sulfate interbeds should be periodically inspected and meshec
as necessary. Fractures in the station area should also be monitored because fracturing and
separation will continue.
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4.0 CONCLUSIONS , i

The air intake shaft (AlS) was geologically mapped from the surface to the WIPP facility

horizon during the period from March 11, 1988 to November 14, 1989. The entire shaft
section including the Mescalero Caliche, Gatuna Formation, Santa Rosa Formation, Dewey |
Lake Redbeds, Rustler Formation, and Salado Formation was geologically described. The

shaft construction method, up-reaming, created a nearly ideal surface for geologic

description. Small-scale textures usually best seen on slabbed core were easily

distinguished on the shaft wall, while larger scale textures not generally revealed in core

were well displayed. During the mapping, newly recognized textures were interpreted in

order to refine depositional and post-depositional models of the units mapped.

The upper part of the Dewey Lake Redbeds displayed features consistent with Schiel’s
(1988) interpretation of the depositional environments. The textures observed indicated
deposition in a fine-grained, ephemeral fluvial system (Schiel, 1988). The lower part of the
Dewey Lake, however, depositionally continued Rustler-style sedimentation and
accumulated in saline mudflat/mudflat environments. Some gypsum-filled fractures within
the Dewey Lake are interpreted to be syndepositional. Within the Dewey Lake a cement
change between carbonate and, possibly, anhydrite was observed at a depth of 164.5 feet.
Perched water tables within the Dewey Lake in the WIPP site area may rest on this
cement change. Above the cement change, the shaft surface was moist and displayed an
efflorescent crust consisting of halite. The source of the halitic water is attributed to the
muck-piles of halite from the underground mining operations located north and east of the
AlS.

The features observed within the Rustler Formation are consistent with those reported by
Holt and Powers (1984, 1986, and 1988). Rustler sediments accumulated in marine
lagoon, saline lagoon, saltpan, and saline mudflat environments (Holt and Powers, 1988).
No evidence of late-stage dissolution was observed. Mudstones within the Rustier were
spalling hazards and covered by liner plate. Halite cements were dissolved from the
surface of clastic rocks in the unnamed lower number by construction-related waters and
Culebra groundwaters.

The AIS geologic data from the Salado Formation added considerably to the understanding

of the depositional and diagenetic history of the Salado. Unprecedented halite textural and
fabric data was collected, characterized, and interpreted. From this data, an idealized
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Salado halite sequence was developed. All Salado halite observed within the AIS fit
partially or wholly into the idealized sequence. Complete Salado halite sequences consist
of four lithofacies which are related to distinct depositional environments. Many textures
not previously _reported from Salado sulfate interbeds were recognized and described.
Salado sulfate interbeds were deposited in shallow saline lagoon environments following
eustatically- or meteorically-driven, basin-wide flooding and freshening events (Lowenstein,
1982, 1983, 1988). Different hydrologic connections with marine waters produced three
distinct types of sulfate interbeds within the Salado. No geologic evidence of naturally
oceurring late-stage fluid migfation or alteration within the halite of the Salado was
observed. Mineralized and fiuid-filled fractures within some suifate interbeds are the only
recognizable late-stage diagenetic alteration. '
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EXPLANATION FOR FIGURES 5 AND 23
STRATIFICATION TYPES/PRIMARY FEATURES
e CONTINUOUS T _=2>==== LOW ANGLE CROSS-STRATA
— — — DISCONTINUOUS >~  TROUGH CROSS-STRATA
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A/ RN\ DIPPING STRATA \Q\\)  TABULARGROSS-BEDS
e SHARP CONTACT (<1*) <X\ FLAsERs
—— ——  GRADATIONAL CONTACT (1-2)
O WAVY TO LENTICULAR BEDS
essseses  DIFFUSE CONTACT (>2)
/7 . FLAMESTRUCTURE
AAAANA  EROSIONAL SURFACE
13 PILLOWS OR SLUMP FEATURES
e ALGAL LAYERING
LOW ANGLE ACCRETIONARY
— DV OREROCSION/SOLUTION —SS>" CROSSLAMINAE .
SURFACE, DEATH VALLEY TYPE
—===—— HORIZONTAL LAMINAE/THIN BEDS ’ K BURROWS/BIOTURBATION
CLASTS
SHAPE | TYPE OTHER
O  rounoep
' CARBONATE
A ANGULAR .¢-$ @ FOSSIL
IR  TABULARORARIP-UP A @ wvuosTone
X  SMEARED INTRACLAST -
HALITE TEXTURES
/\\ CHEVRON, BOTTOM GROWN I-III  ISOLATED (1) TO AGGREGATE (Il
@ CUMULATES ' a2-C  PLANAR (a) TO IRREGULAR (c) BOUNDARIES
a DQI INCORPORATIVE, DISPLACIVE IV INTERLOCKING HALITE
SULPHATE TEXTURES
V V  PsEuDOMORPHS AFTER VERTICALLY ORIENTED PRISMATIC GYPSUM CRYSTALS
V'V CRUSHED PRISM TEXTURE FROM W/ 7 (Holt and Powers, 1988). °
S5 NobuLAR '
—~©SS-~  BEDDED NODULAR
’W STYLOLITE
q)N - GYPSUWANHYDRITE NODULE

—— AP ML _a2 4 _ P An



EXPLANATION (CONTINUED)

VUGS/MACROPORES
(v OPENVUG q)v GYPSUM-FILLED VUG q}v CALCITE-FILLED VUG @N HAUTE-FLLED VUG
OTHER STRUCTURES
_-_||: BOXWORK FABRIC ~ AdpV BRECCA
S SMEARED LAMINAE s PACKBRECCIA (Morrow, 1382)
,.lrLl‘- SUBVERTICAL FRACTURES tfs<’  CRACKLE TEXTURE
YA  FAULT 7L_ SEDIMENTARY FAULT {
PSS VADOSE-INFLUENCED BEDS D 5 HALTEPODS ' b
A A TEEPEE-LIKE STRUCTURES S & | DISHSHAPEDLAMINAE
SIDE NOTES/MODIFIERS

R  RIP-UP CLASTS " E EROSIONAL SURFACE St  ALGALLAYERING

V  vues _ N  NODULE S  SLICKENSIDES

CF  CLAY-FILLED FRACTURES ‘ 7  POSSIBLE OR PROBABLE

DVT  DEATHVALLEYTYPE h ZONE OF WEEPS e/s  EROSIONSOLUTION SURFACE
LITHOLOGY
MUDSTONE/CLAYSTONE —— _. " ARGILLACEOUS
CLAYSTONE BED
SILTSTONE —: T  SLWY
SANDSTONE _ "ol SANDY
ANHYDRITE/GYPSUM ARANY SULFATIC
DOLOMITE . —4— DOLOMITIC
LIMESTONE — CALCAREOUS
HAUTE ' ' + 4+ HALITIC
POLYHALITE kX X POLYHALITIC
LANGBEINITE
SCALES/SYMBOLS HALITE/NON-HALITE COLUMN
HALITE GRYSTAL SIZE NON-HALITE CONSTITUENTS T s -
1 3 5 10 20mm ® 1 5 10 50 100% cuy SULFATE
1717711 _ CT1 1711
Vi f mle we r / 1o:m 100%
/ mod :
/
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TOP OF SUBCOLLAR CONCRETE
BASE OF SUBCOLLAR CONCRETE
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15

FILL MATERIAL, DARK REODtSH BROWN, MOTTLED; BECOMES LESS DISTURBED DOWNWARD.

1F
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T

|

30

201
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GATUNA FORMATION - UNDISTURBED. SANDSTONE, LIGHT RED, MOTTLED, VERY CALCAREOUS,
SLIGHTLY ARGILLACEOUS. VERY FINE SAND TO SILT-SI1ZED GRAINS, SUBANGULAR TO
ROUNDED, ESTIMATED 80 PERCENT QUARTZ, 5 PERCENT MAFIC GRAINS, 15 PERCENT OTHER.
CARBONATE STRINGERS GENERALLY OR!ENTED SUBHOR!ZONTALLY, CARBONATE CONCRETIONS ARE
POSSIBLE ROOT CASTS. SOME CLAYS AND ARGILLACEOUS MATER!IAL ARE POSSIBLY TRANS-
LOCATED; POSSIBLE BIQTURBATION. UNIT LOCALLY CONTAINS CLASTS OF MORE CALCAREQUS,
HARDER SANDSTONE (POSSIBLY REWORKED CALICHE CLASTS) AND GREENISH-GRAY CLASTS
(POSSIBLY SANTA ROSA FM.). SURFACE OF UNIT tS LOCALLY MOIST AND EXHIBITS NaCl-
RICH EFFLORESCENT CRUST; UNIT 1S VERY FRIABLE, SOFT. BASAL CONTACT SHARP,
EROSIONAL (2 FT RELIEF), OVERLAIN WITH COBBLE-SIZE RIPUPS OF UNDERLYING SANDSTONE
AND GRANULE-S!ZED RIPUPS OF DARK BROWN CLAYSTONE.

R

~ TO ROUNDED.

T

E I SANTA ROSA FORMATION. SANDSTONE, CALCAREOUS, RED; SILT TO FINE SAND-S1ZED

GRAINS, 80 PERCENT QUARTZ, 5 PERCENT MAFIC, 15 PERCENT OTHER, GRAINS SUBANGULAR
TABULAR CROSS-CUTTING BEDS UP TO 2 FT THICK; UPPER SURFACE BOUNDED
BY HARD, VERY CALCAREOUS, VERY THIN BEDS AND CLASTS OF SANDSTONE; DARKER BEDS MAY
BE CROSS-LAMINATED; LIGHTER INTERBEDS CONTAIN THIN LAMINAE TO LAMINAE OF
CALCAREQUS SANDSTONE PARALLEL TO CROSS-CUTTING SURFACES: CALCITE-RICH UNITS
CONTAIN RIPUP CLASTS OF DARK RED SILTSTONE, LOCAL COBBLE-S1ZE RIPUP CLASTS OF
WELL-CEMENTED SANDSTONE. VERY RARE SUBVERTICAL FRACTURES ARE FILLED WITH
CALCITE, LOCAL STRINGERS POSSIBLY DEVELOPED ALONG FRACTURES; UNIT S SOFT TO
MEDIUM HARD. BASAL CONTACT SHARP, EROSIONAL RELIEF OF 2 FT.

SILTY SANDSTONE TO SILTSTONE, DARK REDDISH BROWN (10R3/6), WITH PALE OLIVE
(10Y6/2) FROM 30 FT TO BASE; CALCAREOUS; FINE TO MEDIUM AT BASE TO FINE TO VERY
FINE SAND GRAINS UPWARD; DOMINANTLY QUARTZ, 1-5 PERCENT MAFIC GRAINS; SOFT TO
MODERATELY WELL INDURATED. THINLY LAMINATED TO CROSS-LAMINATED FROM 15-19 FT
WITH LOCALLY ABUNDANT TROUGH CROSS-BEDS HAVING TANGENTIAL BOTTOMSETS, TROUGH .1-
.3 FT DEEP AND 1 FT WIDE IN A CHANNEL BAR COMPLEX. PLANAR LAMINAE TO LOW ANGLE
CROSS-LAMINAE (IN-CHANNEL BARS) FROM 19-22 FT IN SETS <.3 FT HIGH WITH LOCAL
ARGILLACEQUS ZONES MARKING TOPS OF SETS. TROUGH CROSS-BEDS FROM 22-28 FT
(CHANNEL DEPOSITS) IN SETS ,4-.7 FT HIGH, DECREASING IN SIZE UPWARD TO ,1-.3 FT
SETS INTERBEDOED WITH THIN LAMINAE AND CROSS-LAMINAE. PARALLEL PLANAR, HORI-
ZONTAL TO SUBHOR!ZONTAL, THIN BEDS TO LAMINAE FROM 28-30 FT, WITH SOME BROAD
CROSS-CUTTING SETS (CHANNEL DEPOSITS); UNDULATORY, BUT SHARP, COLOR CHANGE AT
ABOUT .30 FT CUTS ACROSS BEDDING; ZONE OF SMALL CLAYSTONE CLASTS (1/4" X 1") AT
30.5 FT; COARSENS DOWNWARD FROM FINE TO MEDIUM SANDSTONE FROM 30.5-33 FT, WITH
MINOR SILT AND CLAY. SHARP, EROSIONAL BASE WITH ABOUT 6" RELIEF QVERLAIN BY A
FEW REDDISH BROWN CLASTS.
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- SILTSTONE, ARG!ILLACEOUS, SLIGHTLY SANDY,.FINH\G UPWARD TO SILTY CLAYSTONE; PALE

OLIVE (10Y6/2) IN BASAL [.5 FT, INTERBEDDED WITH AND OVERLAIN BY DARK REOOISH
BROWN (10R3/6) TO VERY DARK REDDISH BROWN (10R3/3) AT TOP, SMALL, GREENISH
REDUCTION SPOTS NEAR GRADAT!ON TO CLAYSTONE; VERY CALCAREQUS. BEDDING UNCLEAR
NEAR BASE, INTERBEDDED REDD!ISH BROWN LAYERS IN GREEN ZONE CONSIST OF CLAYSTONE
AND CLAYSTONE CLASTS, SMALL (<.! FT) RIPPLES NEAR TOP OF GREEN ZONE, ABOVE GREEN
ZONE, MAINLY HORIZONTAL TO SUBHORIZONTAL LAMIMAE WITH LOW ANGLE CROSS-CUTTING
BEDS; SUBUNITS ARE UP TO | FT THICK, FINE UPWARD INTERNALLY. CLAYSTONE 1S WET
AND PROBABLY COLLECTING WATER IN OVERLYING SANDSTONE; VARIABLE SALT EFFLORESCENCE
ON SHAFT WALLS; MODERATELY WELL INDURATED IN GREEN ZONE, WELL INOURATED TO
SOMEWHAT FISSILE NEAR TOP. SHARP BASAL CONTACT,

DEWEY LAKE FORMATION. CLAYSTONE, SILTY AND SANDY, VERY DARK REDDISH BROWN
(10R3/3), WITH GRAYISH GREEN (10GY5/2), SLIGHTLY MORE SANDY BEDS NEAR BASE AND
GREEN REDUCT{ON SPOTS NEAR TOP. SLIGHTLY COARSER ZONES AND INTERBEDS ARE VERY
CALCAREOUS, WELL INDURATED, AND USUALLY ,¥-.3 FT THICK AT .3 TO 1 FT INTERVALS.,
BASAL PART SHOWS FINING UPWARD CYCLES ABOUT .5-1 FT THICK AND INTERBEDDED
SILTSTONE AND CLAYSTOME. VERTICAL TO SUBVERTICAL FRACTURES IN UPPER 1-2 FT ARE

AID IAMITAVVE CLIACT L ITLIAL £85I | 57N
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(t)
— SPACED 2-5 FT APART AND YIELD SOME WATER; MUCH OF UNIT IS MODERATELY TO POORLY
T IIoIA INOURATED AND SLOUGHS 1-2" SLABS; UNIT DIPS ABOUT 2* TO THE NORTH; SURFACE SALT

EFFLORESCENCE TO A DEPTH OF 45 FT. BASAL CONTACT IS SHARP.

groenish-grey
zones

INTERBEDDED REDDISH BROWN (1OR3/5) CLAYSTONE AND SANDY SILTSTONE WITH SOME
GRAYISH GREEN (10GYS/2) BANDING (<1") SPACED AT 1-2 FT OVER MUCH OF UNIT.
SUIGHTLY CALCAREOUS OR DOLOMITIC IN LOWER 2 FT; UNIT SANDY AT BASE AND BROADLY
FINES UPWARD; PROBABLE RIPPLE DRIFT CROSS-LAMINAE AT 62-63 FT, JUST ABOVE SANDY
BASE. INTERBED SETS HAVE SHARP, SLIGHTLY UNDULATORY BASAL CONTACTS, FINE UPWARDS
SLIGHTLY, AND DECREASE IN THICKNESS FROM 3-6+" IN LOWER PART TO 1-4" UPWARD.
SINGLE FRACTURE FROM 62.5-64 FT STRIKES NS-SE, DIPS 70-80° NORTH, THIN CARBONATE
FILLING, NO FLUID WEEP; BETTER !NDURATED SILTSTONES HAVE VERTICAL TO SUBVERTICAL
FRACTURES WHICH DO NOT USUALLY PENETRATE ADJACENT CLAYSTONES; UNIT MODERATELY
WELL INDURATED. SHARP BASAL CONTACT. ROCK BOLT TEST AT ABQUT 60.5 FT,
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SILTSTONE TO INTERBEDDED ARGILLACEQUS SILTSTONE AND SILTY CLAYSTONE TO CLAYSTONE
IN FINING UPWARD SEQUENCE; REDD!SH BROWN (10R3/5-4/5) THROUGHOUT, GREENISH
REDUCT!ION SPOTS NEAR BASE. BASAL UNIT THINLY BEDDED TO LAMINAR WiTH A FEW MICRO
CROSS-LAMINATED BEDS. (INTERBEDDED ZONE IS PSEUDOFISSILE TO RIPPLE CROSS-
LAMINATED. UNIT 1S MODERATELY WELL INDURATED, HARD CALCAREOUS ZONE 3" THICK
OCCURS AT TOP OF BASAL SILTSTONE. BASAL CONTACT IS SHARP AND PLANAR,

SILTSTONE TO SILTY CLAYSTONE IN FINING UPWARD UNIT. STRUCTURELESS (?) 8™ BASAL
SILTSTONE 1S OVERLAIN BY ARGILLACEOUS SILTSTONE 3" THICK WITH ABUNDANT RIPPLE
CROSS-LAMINAE. UPPER 1.5 FT 1S LAMINAR TO SLIGHTLY UNDULOSE BEDDING. TWO THIN
GREENISH ZONES IN UPPER 2 FT. MEDIUM WELL INDURATED. SHARP BASAL CONTACT.
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SILTSTONE TO SILTY CLAYSTONE SIMILAR TO 67-69.5 FT. UPTURNED ZONES OF BEDDING
NEAR TOP MAY BE DESICCATION CRACKS 6"-1 FT HIGH. GRAYISH GREEN (10GY5/2)
SILTSTONE WITH RIPPLED SURFACE AT MIDUNIT. VUGGY CALCITE AT TOP OF BASAL 8"
SILTSTONE. MEDIUM WELL INDURATED. SHARP BASAL CONTACT.

SILTSTONE TO SILTY CLAYSTONE SIMILAR TQ 67-69.5, WITH TWO THINNER SILTSTONES AT
AND NEAR BASE; REDDISH BROWM (TOR3/5), WITH TWO THIN GRAYISH GREEN ZONES, SOME
RIPPLE CROSS-LAMINAE IN BASAL SILTSTONES; UNDULATORY BEDDING TO LAMINAE AND THIN
BEDS IN SILTY CLAYSTONE; SOME TABULAR INTRACLASTS IN SILTY CLAYSTONES,
SHLTSTONES ARE SLIGHTLY CALCAREQUS, WELL INDURATED. CLAYSTONES ARE POORLY TO
MODERATELY WELL INDURATED. SHARP BASAL CONTACT.,

85

SANDY ARGILLACEOUS SILTSTONE GRADING TO SILTY CLAYSTONE, REDDISH BROWN
(10R3/5). FAINT BEDDING, LAMINAE AND POSSIBLY SOME MICRO CROSS-LAMINAE NEAR
BASE, LAMINAR TO THINLY BEDDED AND SLIGHTLY UNDULOSE AT TOP. VERY WELL
INDURATED, SHARP BASAL CONTACT, '

SILTY CLAYSTONE WITH THIN SCATTERED INTERBEDS OF ARGILLACEOUS SILTSTONE, REDDISH
BROWN WiTH SCATTERED GRAYISH GREEN IRREGULAR ZONES. LAMINAR AND THIN BEDDING,
SOME UNDULATORY SURFACES, ZONE OF POSSIBLE NODULAR CALCITE AT TQP, THIN
SILTSTONES ARE CALCAREOUS AND WELL INDURATED, CLAYSTONE RANGES FROM POORLY
LITHIFIED, SOFT, TO MODERATELY WELL INDURATED. SHARP BASAL CONTACT.

CLAYSTONE GRADING TO ARGILLACEOUS SILTSTONE, REDDISH BROWM (10R3-4/5), WITH
ABUMDANT ‘GREENISH REDUCTION SPOTS. LAMINAR TO THIN BEDDING WITH SLIGHT UNDULA-
TIONS, /BASAL 8" INTENSELY FRACTURED. POORLY INDURATED., SHARP BASAL CONTACT.
ROCK BOLT TEST LOCATION.

e A TAL N L
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SILTSTONE WITH MINOR INTERBEDDED CLAYSTONE FINING UPWARD TO ARG!LLACEOUS
SILTSTONE, LIGHT GREENISH GRAY (5GB8/1) N TWO ZONES NEAR TOP AND DOMINATES NEAR
BASE, MODERATE BROWN TO REDDISH BROWN (5YR3/4 TO 10R3/5) UPWARDS. THINLY

LAMINATED TO THINLY BEDDED WAVY STRATA WITH THiN (4-8"LFIN|”2 UPWARD CYCLES
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DRAPED WITH CLAYSTONE CONTAINING RIPUP CLAYSTONE CLASTS; SOME RIPPLE MARKS IN
UPPER PART, LOCAL SUBVERTICAL FRACTURES WITH CALCITE FILLINGS. POORLY TO
MODERATELY WELL INDURATED. SHARP BASAL CONTACT.

SILTSTONE WITH MINOR AMOUNTS OF INTERBEDDED CLAYSTONE, FINES UPWARD. MODERATE
BROWN (5YR3/4) WITH VERY PALE GREEN (568/1) REDUCTION SPOTS. WAVY THIN LAMINAE
TO THIN BEDS. MODERATELY WELL INDURATED, WET SURFACE. LOWER CONTACT SHARP.

SANDSTONE,, MODERATE BROWN TO MODERATE REDDISH BROWN (S5YR3/4-10R4/6), LOCALLY
LIGHT GREENISH GRAY (5GB/1) NEAR BASE. 2 FT THICK SET OF CROSS-LAMINAE IN LOWER
Z FT; RIPPLE CROSS-LAMINAE AND LAMINAE IN UPPER 1 FT. CALCITE LINING IN LOCAL
FRACTURES; MODERATELY WELL INDURATED. SHARP BASAL CONTACT.

SANDSTONE INTERBEDDED WiTH MINOR AMOUNTS OF SILTSTONE AND CLAYSTONE; MODERATE
BROWN (S5YR3/4), INTERBEDS 2-8" THICK, SOME CHANNELLING ON UPPER AND INTERNAL
SURFACES, LOCAL RIPPLE CROSS-LAMINAE. SHARP TO INDISTENCT BASAL CONTACT.

SILTSTONE INTERBEDDED WITH CLAYSTONE, SANDY NEAR BASE; FINES UPWARD; MODERATE
BROWN TQO MODERATE REDDISH ORANGE (SYR3/4 TO 1OR6/6), INTERBEDDED LIGHT GREENISH
GRAY (5G8/1) AT 104.AND 102 FT, SMALL CHANNELS (3" X 24") WITH TROUGH CROSS-
LAMINAE, SMALL UPWARD FINING SEQUENCES WITH RIPPLED TOPS AND CLAYSTONE RIP-UP
CLASTS, THINLY BEDDED TO LAMINATED NEAR TOP, MINOR TROUGH NEAR TOP. MODERATELY
WELL 'NDURATED. GRADATIONAL LOWER CONTACT.

CLAYSTONE INTERLAMINATED WITH MINOR AMOUNTS OF SILTSTONE, FINES UPWARD, MODERATE
BROWN WITH MINOR MODERATE REDDISH BROWN (SYR3/4-10R4/6). (OCAL LIGHT GREENISH-
GRAY INTERBEDS AT 105.5, 107, 108 FT. MICROLAMINAE TO LAMINAE, WAVY, LOCAL
RIPPLES WITH CLAY DRAPE, LOCAL ABUNDANT FLASERS OF RIPPLED SILTSTONE. MODERATELY
WELL INDURATED, POSSIBLY SLIGHTLY FISSILE. GRADATIONAL BASAL CONTACT.

SANDSTONE AND- SILTSTONE INTERBEDDED WITH MINOR AMOUNTS OF SILTSTONE; FINES UP.
PALE REDDISH-BROWN TO MODERATE REDD1SH BROWN (10RS5/4-4/6) WITH LOCAL ZONES AND
SPOTS OF LIGHT GREENISH GRAY (5GB8/1). THIN.LAMINAE TO THIN BEDS; STRUCTURES
DOMINATED BY BAR AND CHANNEL FORMS; LOW ANGLE CROSS-LAMINAE ACCRETED ON BAR
EDGES, SETS 2-3" BY 5+ FT, UPPER SURFACES OF BARS EROSIONAL TRUNCATING UNDERLYING
STRATA, STRATA THICKEN OVER EROSIONAL DEPRESSIONS ON BAR TOPS, UPPER PARTS OF
BARS SHOW SOME RIPPLE CROSS-LAMINAE; TROUGH CROSS-LAMINAE [N CHANNELS, SETS 3-4"
HIGH, | FT DEEP CHANNEL NEAR 110 FT IS 5 FT WIDE, SHOWS TROUGH CROSS-LAMINAE AT
BASE AND LOW ANGLE CROSS-LAMINAE (FROM LATERAL ACCRETION ON ADJACENT BAR) AT

TOP. SHAFT SURFACE MOIST, HAS EFFLORESCENT CRUST. LOWER CONTACT SHARP.

SANDSTONE INTERBEDDED WITH MINOR SILTSTONE, MODERATE REDDISH BROWN (10R4/6).
THIN LAMINAE TO LAMINAE, FLAT, OVERLAIN BY LOCALLY ABUNDANT CROSS-LAMINAE IN SETS
1/2-1" THICK; LOCAL PLANAR CROSS-LAMINAE LATERALLY ACCRETED ON BAR FORM. VERY
WELL NDURATED, GRADATIONAL BASAL CONTACT. )

MUDSTONE AND CLAYSTONE W{TH MINOR SANDSTONE, MODERATE BROWN (S5YR3/4). THIN
LAMINAE TO THIN BEDS, MOSTLY FLAT STRATA, SOME WAVY; LOCAL RIPPLE FORMS W!TH CLAY
DRAPE; SANDSTONE ZONES SHOW SQME RIPPLE CROSS—LAMINAE; TROUGHS/CHANNELS 2-4" DEEP

B8Y 5+ FT LONG LOCALLY CUT INTO UNDERLYING UNITS, FILLED WiTH SANDSTONE; SEQUENCES -

FINE UPWARD. LIGHT GREENISH GRAY (5G8/1) INTERBEDS ALONG SOME CHANNEL BOTTOMS
AND BEDOING PLANES. ROCK NEARLY FISSILE, WEAK, SPALLS IN SOME AREAS. UNIT IS
VERY.FRACTURED WITH OPEN SUBVERTICAL FRACTURES SPACED 1~2", MOST TREND ABOUT
EAST-WEST, MANY CALCITE LINED. SHARP BASAL CONTACT.

INTERBEDDED SANDSTONE AND CLAYSTONE, CLAYSTONE ALSO AT TOP; MODERATE BROWN TO
MODERATE REDDISH BROWN (5YR3/4, 10R4/6). THIN LAMINAE TO THIN BEDS; LOCAL
CHANNELS NEAR 125 FT ARE 2-4" DEEP BY S+ FT LONG, FILLED WITH SANDSTONE WiTH
TROUGH-SHAPED LAMINAE AND SOME CROSS-LAMINAE; CLAYSTONE IS LOCALLY ERODED.
SUBVERTICAL FRACTURES IN CLAYSTONE ARE OPEN TO CALCITE LINED. CLAYSTONE 1S
FISSILE AND WEAK, SANDSTONE MODERATELY WELL INDURATED. LOWER CONTACT IS SHARP TO

GRADATIONAL .

SILTSTONE; UNIT GENERALLY FINES UPWARD FROM SANDSTONE AT BASE TO SILTSTONE,
BECOMING SANDY AT TOP; MODERATE BROWN TO MODERATE REDDISH BROWN (S5YR3/4, 10R4/6)
WITH SOME LIGHT GREENISH GRAY (5GB/1) INTERBEDS AND REDUCTION SPOTS. THIN
LAMINAE TO THIN BEDS, FLAT, WAVY; LOCAL RIPPLES AND RIPPLE CROSS-LAMINAE, RIPPLES
MOSTLY ASYMMETRICAL, MANY WITH STOSS SIDE PRESERVATION, CLAYSTONE DRAPE ON
RIPPLES; CROSS-LAMINAE SETS .25-.5" BY 1-3". FRACTURES AS ABOVE; DARK BLACK
STAIN ON FRACTURES. UNIT MODERATELY WELL 'INDURATED. GRADATIONAL TO SHARP BASAL
CONTACT,

SANDSTONE FINING UPWARD TO SILTSTONE, SIMILAR TO OVERLYING UNIT. STRUCTURES AND
TEXTURES SIMILAR TO OVERLYING UNIT, BUT LESS FRACTURED. 4" THICK SANOSTONE-
SILTSTONE SEQUENCE AT TOP, MEDIUM WELL INDURATED. GRADATIONAL BASAL CONTACT.

AIR INTAKE SHAFT LITHOLOGIC LOG
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SANDSTONE AT BASE GRADING TO SANDY SILTSTONE AT TOP, SMALLER FINING UPWARD
SEQUENCES WiTHIN UNIT. MODERATE BROWN TO MODERATE REDDISH BROWN (SYR/3/4 TO
T0R4/6) WITH LIGHT GREENISH GRAY (5G8/1) INTERBED AND REDUCTION SPOTS. THIN
LAMINAE TO THIN BEDS, LOCALLY CROSS-LAMINATED, SHALLOW (<3"™) SCOUR TROUGHS,
CROSS-LAMINATED RIPPLE SETS, LAMINAE WAVY AND CONTINUOUS, POSSIBLE DUNE-SIZED
LATERAL ACCRETION SURFACES, LOW ANGLE CROSS-CUTTING RELATIONSHIPS, LOCAL RIPUP
CLASTS. MINOR FRACTURES, CALCITE LINES SUBHORIZONTAL FRACTURES. UNIT SLIGHTLY

CALCAREQUS, LOCALLY MODERATELY WELL INDURATED. SHARP BASAL CONTACT.
SILTSTONE, MODERATE BROWN (5YR3/4) WITH LOCAL LIGHT GREENISH GRAY (5G8/1)

REDUCTION SPOTS. THINLY LAMINATED, FLAT, THIN, CALCITE-LINED FRACTURES ARE
ABUNDANT. LOWER CONTACT SHARP TO GRADATIONAL,

SANDSTONE, MODERATE REDDISH BROWN (1OR4/6) WITH MINOR MODERATE BROWN (5YR3/4), 4"
THICK LIGHT GREENISH-GRAY (5G8/1) AT TOP, THIN LAMINAE TO THIN BEDS. CONSISTS OF

REPETITIVE CHANNEL BAR PACKAGES; LOWER PART OF EACH CHANMEL BAR PACKAGE EXHIBITS
TANGENTIAL LOW ANGLE CROSS-LAMINAE, SETS 2-3" THICK By 4+ FT WIDE; UPPER PART
RIPPLE CROSS-LAMINAE, SETS 1-3" THICK; COMBINED THICKNESS OF EACH PACKAGE 4-6".
RARE VERTICAL CALCITE-F(LLED FRACTURES TO 1/16" THICK. LOWER CONTACT

GRADATIONAL . .
SANDSTONE, MODERATE REDDISH BROWN (10R4/6). THIN LAMINAE TO THIN BEDS, WAVY,

TROUGH CROSS-LAMINATIONS; ABUNDANT CROSS-CUTTING EROSIONAL TROUGHS AND CHANNELS
(2-4" DEEP X 3-S5+ FT LONG), LOWER CONTACTS SHARP AND EROSIONAL ON CLAYSTONE.
CALC!ITE-FILLED FRACTURES ARE VERTICAL AND SUBVERTICAL TO SUBHORIZONTAL. SHARP

BASAL CONTACT.
SANDSTONE, MODERATE REDDISH BROWN (10R4/6). 1" CLAYSTONE AT TOP. THIN LAMINAE

TO THIN BEDS, FLAT TO SLIGHTLY WAVY; RIPPLE CROSS-LAMINAE (SETS TO.1"™ HIGH),
LOCAL RIPPLE DRIFT CROSS~LAMINAE WITH STOSS SIDE PRESERVATION; RIPPLES
(ANTIDUNES?) OVERLIE PLANE LAMINAE IN SEQUENCES 8-12" THICK. RARE SUBVERTICAL
FRACTURES FILLED WITH CALCITE. MODERATELY WELL INDURATED. LOWER CONTACT SHARP,
EROSIONAL, UNDULATORY. ;

: SILTSTONE INTERBEDODED WITH SANDSTONE, MODERATE REDDISH BROWN 10 MODERATE BROWN

(10R4/6-SYR 3/4). SANDSTONE OCCURS .IN LENTICULAR BEDS 5-10 FT ACROSS BY UP TO 8"
THICK; SILTSTONE fS THINLY LAMINATED, LOCALLY WAVY TO FLAT; SANDSTONE CROSS-
LAMINATED SETS TO 1/2", COSETS 1-2". SILTSTONE CONTAINS ABUNDANT CALC!TE-FILLED
FRACTURES OF VARIABLE ORIENTATION. UNIT CALCAREOUS, MdDERATELY WELL INDURATED.
MOIST EFFLORESCENT CRUST. LOWER CONTACT S SHARP.

SANDSTONE, LIGHT GREENISH GRAY (568/1). CROSS-LAMINAE WITH TANGENTIAL BASES, |
SETS 3-4" BY 3-5+¢ FT, TOPPED BY RIPPLE CROSS-LAMINAE, COSETS ABOUT 8" THICK.

LOCALLY SHOWS SOFT SEDIMENT DEFORMATION IN PILLOW STRUCTURES, PALEOCURRENTS TO
NORTH. CALCAREOUS, MOTST, EFFLORESCENT CRUST. LOWER CONTACT EROSIONAL, 1.5 FT

RELIEF.

SANDSTONE FINING UPWARD TO MUDSTONE WITH MINOR SILTSTONE,: ARGILLACEOUS, MODERATE
BROWN (5YR3/4) WITH REDUCTION AREAS OF. L1GHT GREENISH GRAY (5G8/1). THIN LAMINAE
TO THIN BEDS (BECOMING MORE COMMON DOWNWARD); WAUY STRATA, LOCAL SCOURS AND
RIPPLE 'CROSS~-LAMINAE, LOW ANGLE TANGENTIAL CROSS-LAMINAé SETS LESS THAN 1/2"
THICK; CROSS-LAMINAE MORE ABUNDANT AT BASE, THIN LAMINAE TO THIN BEDS DOWNWARD;
SILTSTONE OCCURS AS WAVY INTERLAMINAE AND RIPPLES (FLASERS): CLAYSTONE 1S THINLY
LAMINATED, WAVY, SOF]", MOIST WITH EFFLORESCENT CRUST. CALCITE-FILLED FRACTURES
TO 1/16" THICK, SMALL DISPLACEMENTS, VARIOUS ORIENTATIONS. UNIT SOFT. LOWER
CONTACT SHARP TO GRADATJONAL.

INTERBEDDED SANDSTONE, S!LTSTONE, AND MUDSTONE, MODERATE REDD!SH BROWN TO
MODERATE BROWN (1OR4/6 TO SYR3/4) WITH. LIGHT. GREEN!SH G!j?AY (5G8/1) REDUCT!ON
SPOTS. CONSISTS OF;FINING UPWARD SEQUENCES 1-12" THICK WITH SANDSTONE AT BASE:
ENTIRE SEQUENCE FINES UPWARD; THIN LAMINAE TC THIN BEDS, WAVY; LOW ANGLE
TANGENT|AL CROSS-LAMINATED SETS LESS:THAN: 1" THICK, RIPPLE CROSS-LAMINAE.
SUBVERTICAL FRACTUREjS WITH DISPLACEMENTS TO 1", MOIST, CALCAREOUS, NO GYPSUM.
BASAL CONTACT SHARP;TO GRADATIONAL. |

SANDSTONE AND SILTSTONE, MODERATE REDDISH BROWN (10R4/6), LIGHT GREENISH GRAY
(568/1) REDUCTION SPOTS AND ZONES. .THIN LAMINAE TO THIN BEDS, FLAT TO WAVY;
RIPPLE CROSS-LAMINAE. ABUNDANT SLUMP FEATURES. HARD UPPER CONTACT MARKED BY
FIRST OCCURRENCE OF GYPSUM-FILLED FRACTURES. NON-CALCAREOUS, NOT MOIST.
ABUNDANT GYPSUM-FILLED FRACTURES TO 2" THICK, SPACING: HORIZONTAL LARGE
FRACTURES ARE 4-12" AND MOST ABUNDANT, VERTICAL SPACED 5+ FT. HARD. BASAL
CONTACT, GRADAT IONAL . ’

SANDSTONE, VERY LIGHT GRAY (N8) TO MODERATE BROWN (5YR3/74). THIN LAMINAE TO THIN
BEDS, MOSTLY FLAT, SOME WAVY; RIPPLES ABUNDANT, SOME RIPPLE CROSS-LAMINAE; LOCAL
CLAY DRAPE OVER RIPPLES; CROSS BEDDED BELOW RIPPLES, LOW ANGLE FORESETS WITH

AIR INTAKE SHAFT LITHOLOGIC LOG
SHEET__6 OF_22

FIGURE 5




DEPTH
")

LITHOLOGY

FEATURES

REMARKS

TANGENTIAL BASE AND SETS 3-8" THICK. ABUNDANT GYPSUM-FILLED FRACTURES TO 1/2¢
THICX, AVERAGE 1/8"; HORIZONTAL BIFURCATING FRACTURES SPACED 1-3"; SUBVERTICAL
FRACTURES SPACED 2-5 FT. SHARP BASAL CONTACT.

SANDSTONE FINING UPWARD TO iNTERBEDDED SANDSTONE ANO SILTSTONE, MODERATE BROWN TO
MODERATE REDDISH BROWN (5YR3/4 TO 10R4/6) WITH LIGHT GREENISH GRAY (5G8/1) BASAL
CONTACT ZONE AND REDUCT!ON SPOTS. THIN BEDS TO THIN LAMINAE; SEQUENCES OF FLAT
LAMINAE OVERLAIN BY RIPPLE LAMINAE AND RIPPLE CROSS-LAMINAE 2-8" THICK; FLAT
LAMINATED SECTION 1S LOCALLY ABSENT AND REPLACED BY STRUCTURELESS THIN BED; FLAT
LAMINATED ZONE MAY CONTAIN LOW ANGLE CROSS LAMINAE WITH TANGENTIAL BASES; RIPPLE
SETS TO 1" BY 4", COSETS OFTEN 2" THICK. LOCAL TROUGH-LIKE FORMS WITH LATERAL TO
ACCRETION CROSS-LAMINAE DOWNWARD, SETS TO 4" BY 3+ FT, FLAT STRATA LOCALLY

WAVY. LOCAL LOAD/PILLOW STRUCTURES, SOFT SEDIMENT DEFORMATION AT BASE OF RIPPLED
ZONES. GYPSUM FILLED FRACTURES TO 2" THICK: HORIZONTAL SPACING 1-4 FT, VERTICAL
SPACING 10+ FT, SUBVERTICAL 1-5 FT. LOWER CONTACT SHARP TO GRADATIONAL.

INTERBEDDED SILTSTONE AND VERY FINE GRAINED SANDSTONE, FINING UPWARD, MODERATE
REDDISH BROWN TO MODERATE BROWN (10R4/6 TO 5YR3/4), WITH LIGHT GREENISH GRAY
(5G8/1) REDUCTION SPOTS AND SUBHORIZONTAL ZONES. INTERBEDS OF ARG!LLACEOUS
SILTSTONE BETWEEN 192-194 FT; THIN LAMINAE TO THIN BEDS; CONSISTS OF SEQUENCES 6"
TO 2 FT THICK OF FLAT TO WAVY LAMINAE OFTEN OVERLAIN BY LOW ANGLE TANGENTIAL
CROSS-LAMINAE (SETS TO 3" THICK) OVERLAIN BY RIPPLE CROSS-LAMINATED SETS TO 1™
HIGH; SEQUENCE MAY SHOW LATERAL RELATIONSHIPS WITH TABULAR FLAT LAMINATED ZONE
ADJACENT TO ACCRETED UNITS WHICH ARE ADJACENT TO RIPPLE CROSS LAMINAE; RIPPLE
CROSS-LAMINAE SETS TO 2", MORE ABUNDANT BELOW 194 FT; SCOURS WiTH TROUGH FORMS
ABUNDANT BELOW 197 FT. ALL TRANSITIONS USUALLY BOUNDED BY EROSIONAL SURFACES.
PILLOWS, SOFT SEDIMENT DEFORMATION NEAR 195 FT, MORE INTENSELY FRACTURED THAN
OVERLYING UNIT; GYPSUM-FILLED FRACTURES TO 2" THICK: HORIZONTAL SPACING 2" TO 1
FT (MOST ABUNDANT), VERTICAL FRACTURES 4-10 FT SPACING, SUBVERTICAL FRACTURES 6"
TO 5 FT; \RREGULAR DISTRIBUTION OF FRACTURES IN UPPER 3 FT. GRADATIONAL LOWER
CONTACT,

d
T e T T L R
SANDSTONE INTERBEDDED WITH SILTSTONE AND MUDSTONE AS FINING UPWARD SEQUENCES 4" -~

! FT THICK; UNIT FINES UPWARD OVERALL. MODERATE BROWN TO MODERATE REDDISH BROWN
(5YR3/4-10R4/6) WITH LIGHT GREENISH GRAY (5G8/1) REDUCTION SPOTS AND ZONES. THIN
LAMINAE TO THIN BEDS; FLAT TO WAVY LAMINAE IN LOWER PART; RIPPLE CROSS-LAMINAE
SETS TO 1-2" THICK BY 4-6" WIDE, TOPS OF SEQUENCES DRAPED WITH CLAY; SCOUR
SURFACES ARE ABUNDANT N LOWER RIPPLED PART OF SEQUENCE. SANDSTONE CONTAINS THIN
TABULAR (1/4™ BY 2") RIPUP CLASTS OF MUDSTONE. FINER GRAINED UPPER PART OF
SEQUENCES BECOMES THICKER DOWNWARD. SOFT "SEDIMENT DEFORMATION AS SMALL PILLOWS
AND SOUTHWARD TRENDING FLAME STRUCTURES OCCUR IN SANDIER PARTS OF SEQUENCES.
GYPSUM FRACTURES TO I": HORIZONTAL SPACING 1"-4"; VERTICAL FRACTURES SPACED 3-10
FT, SUBVERTICAL 1-3 FT. LOWER CONTACT SHARP,

INTERBEDDED VERY FINE SANDSTONE AND SILTSTONE IN FINING UPWARD SEQUENCES
GENERALLY 8" TO 2 FT THICK; UPPER 0.5 FT SILTSTONE; MODERATE BROWN (10R3/4).
SMALL SCOUR CHANNELS TO 3™ DEEP, FILLED WiTH LOW-ANGLE CROSS-LAMINATED SETS 1-2"
HIGH BY 10+" LONG WITH TANGENTIAL BASES, OVERLAIN BY LOW-ANMGLE CROSS-LAMINATED
SETS 1" HIGH AND PLANAR TO WAVY LAMINAE; OVERLAIN BY LOW-ANGLE CLIMBING RIPPLES
(SETS 1" HIGH BY 6~10" LONG). LOCAL SEQUENCES WITH FLAT TO WAVY LAMINAE TO LOW-
ANGLE TANGENTIAL CROSS-LAMINAE WITH SMALL SCOURS ARE OVERLAIN BY ZONES WITH SOFT
SEDIMENT DEFORMATION (PILLOWS AND LOCAL FLAME STRUCTURES) OVERLAIN BY LOW-ANGLE
CLIMBING RIPPLES. A REVERSAL OF THIS SEQUENCE OCCURS AT 220 FT. SILTSTONE AT
TOP OF UNIT POSSIBLE OVERBANK DEPOS!T. LOCAL INTERNAL EROSIONAL SURFACES MAY
HAVE 1+ FT RELIEF. GYPSUM-FILLED FRACTURES TO 2" THICK: HORIZONTAL 1/4-3"
SPACING, VERTICAL 4-10 FT, SUBVERTICAL 1-5 FT, HARD, VERY WELL INDURATED. SHARP
TO GRADATIONAL LOWER CONTACT,
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SILTSTONE WITH INTERBEDS OF SANOSTONE AND CLAYSTONE; REDDISH BROWN (10R4/4).
THIN LAMINAE TO THIN BEDS; SANDSTONE OCCURS AS THIN BEDS WITH RIPPLE CROSS-
LAMINAE; SURFACES ARE WAVY TO LOCALLY CONTORTED. UNIT FINES UPWARD OVERALL DUE
TO FEWER COARSE GRAINED INTERBEDS. FRACTURES SIMILAR TO OVERLYING UNIT. HARD,
VERY WELL INDURATED. LOWER CONTACT SHARP AND EROSIONAL.

2404

SANDSTONE WITH THIN INTERBEDS OF SILTSTONE, MODERATE REDDISH BROWN (10R4/6).
THINLY LAMINATED TO VERY THINLY BEDOED SILTSTONE. CHANMEL WiTH 4 FT RELIEF.
LPWARD SEQUENCE OF CROSS-UAMINAE WiTH TANGENTIAL BASE, FLAT LAMINAE, CLIMBING
RIPPLES (SETS 1/2" BY 3", WITH STOSS-SIDE PRESERVATION) AND CROSS-LAMINAE, FLAT
LAMINAE WiTH LOW ANGLE CROSS-LAMINAE WITH TANGENTIAL BASE ON SCOUR SURFACES.
RARE HORIZONTAL FRACTURES TO 1™ THICK, SUBVERTICAL FRACTURES SPACED 1-5 FT,
VERTICAL FRACTURES SPACED 6"-10 FT. HARD, VERY WELL INDURATED. EROSIONAL BASAL
CONTACT.

245

2501~

BB I

SANDSTONE INTERBEDOED WITH SILTSTONE AND ARGILLACEOUS SILTSTONE (NEAR TOP),
MODERATE REDD!SH BROWN (10R4/6). SERIES OF FINING UPWARD UNITS 6" TO 2 FT THICK;
SCOURS ABUNDANT, 4' DEEP BY 6"-2 FT WIDE; ACCRETIONARY CROSS-BEDDING ON MARG!NS
OF CHANNELS NEXT TO BAR DEPOSITS; LOW ANGLE TANGENTIAL CROSS-LAMINAE INTERBEDDED
WITH. FLAT TO WAVY LAMINAE. SEQUENCES MOST OFTEN SHOW FLAT LAMINAE WITH LOW-ANGLE
ACCRETIONARY CROSS-LAMINAE AT BASE; CROSS-LAMINATED RIPPLE AND CLIMBING RIPPLE
SETS TO 1" HIGH FOLLOW; FLAT LAMINAE OR LOW-ANGLE CROSS-LAMINAE ARE COMMONLY
OVERLAIN BY SOFT-SEDIMENT DEFORMATION IN LOCAL PILLOW STRUCTURES AND FLAME
STRUCTURES SHOWING NORTHWARD SHEAR. SEQUENCES TOPPED BY FLAT LAMINAE OF
SILTSTONE. POSSIBLE PRISM CRACKS (DESICCATION} IN UPPER PART OF UNIT. GYPSUM-
FILLED FRACTURES TO 1" THICK, HORIZONTAL SPACING 3" TO 3 FT, VERTICAL SPACING 4-
10 FT, SUBVERTICAL SPACING 1-10 FT. SHARP BASAL CONTACT.
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SANDSTONE, VERY FINE GRAINED, {NTERBEDDED WiTH SILTSTONE AND SILTY CLAYSTONE,
DARK REDDISH BROWN (10R3/4). UPPER .2 FT IS SILTSTONE. CONSISTS OF SEQUENCES
FROM 4"-2 FT THICK OF SANDSTONE OVERLAIN BY SILTSTONE; SILTSTONE CLASTS OCCUR IN
LAG DEPQOSITS LOCALLY (SOME W!TH WELL PRESERVED BEDDING). SEDIMENTARY STRUCTURES
VARY BUT OFTEN EXHIBIT FOLLOWING SEQUENCE: AT THE BASE, PLANAR BEDDING (LAMINAR)
OVERLYING SILTSTONE CAP OF LAST SEQUENCE, OCCASIONALLY OVERLYING LAG OF SILTSTONE
PEBBLES, PLANAR LAMINAE MAY LOCALLY GRADE INTO LOW ANGLE CROSS-LAMINAE WITH
TANGENT 1AL BASES (ACCRETIONARY DEPOSITS), PLANAR LAMINAE COMMONLY OVERLAIN BY
RIPPLE CROSS-LAMINAE (MOST CLIMBING AT HIGH ANGLES) WITH SETS TO 1,5" THICK;
SMALL CHANNELS WITH TROUGH CROSS-LAMINAE OCCUR LOCALLY, 3-4" HIGH BY 1-2 FT WIDE;
SOME SCOURS AND EROSIONAL SURFACES MAY EXHIBIT SILTSTONE PEBBLES TO COBBLES:
LARGE CHANNELS HAVE SILTSTONE LAG WITH CLASTS TO COBBLE S1ZE; CHANNELS USUALLY
FILLED WITH PLANAR LAMINAE WITH SOME ACCRETIONARY SURFACES, ONE SILTSTONE COBBLE
CONTAINS TWO GYPSUM-FILLED FRACTURES WHICH DO NOT EXTEND BEYOND CLAST. INTERBEDS
OF FINE GRAINED SANDSTONE AT 296 FT, SOFT SEDIMENT DEFORMATION ABUNDANT, GYPSUM-
FILLED FRACTURES TO 1™ THICK. HORIZONTAL SPACING 8" TO 2 FT, VERTICAL SPACING 8"
TO 10 FT, SUBVERTICAL SPACING 3"-TO 2 FT, LOWER CONTACT SHARP TO GRADATIONAL,
SOMEWHAT EROS!IONAL.

VERY FINE SANDSTONE INTERBEDDED W!TH SILTSTONE, DARK TO MODERATE REDDISH BROWN
(10R3/4-4/6). THIN LAMINAE TO THIN BEDS; SILTSTONE INTERBEDS CONTAIN SANDSTONE
FLASERS TO LENTICULAR BEDS. SILTSTONE INTERBEDS COMMONLY EXHIBIT ABUNDANT FILLED
PRISM CRACKS 1-2" DEEP WITH A REGULAR SPACING; THE UPPERMOST 6" IS VERY DEFORMED
BY SOFT SEDIMENT PILLOWS; SCOUR SURFACES, PLANAR TO WAVY LAMINAE, CLIMBING CROSS-
LAMINAE SETS TO 1.5", ALL STRUCTURES ABUNDANT AND MORE DIVERSELY DISTRIBUTED THAN
IN OVERLYING UNIT. RIPUP CLASTS OF SILTSTONE AND SANDSTONE OCCUR LOCALLY.
PENECONTEMPORANEOUS FAULTING WITH 6" THROW DISSIPATED UPWARD AND DOWNWARD AND IS
POSSIBLY ERODED AT TOP. GYPSUM-FiLLED FRACTURES TO 1/2% THICK, MOST LESS THAN
1/8", GYPSUM LINING FRACTURES WITH SLIGHT DISPLACEMENTS SHOW ONLY STRAIGHT
FIBERS, UNIT MUCH MORE EXTENSIVELY FRACTURED THAN OVERLYING OR UNDERLYING

UNITS, SHARP BASAL CONTACT.

SILTSTONE WITH INTERBEDDED VERY FINE SANDSTONE, MODERATE REDOISH BROWN TO
MODERATE BROWN (10R4/6 TO 5YR3/4), VERY LIGHT GRAY (N8) UNIT AT TOP, THIN
LAMINAE TO LAMINAE; WAVY TO FLAT LAMINAE WITH LOCAL SCOURS AND LOW ANGLE CROSS-
LAMINAE IN ACCRETIONARY DEPOSITS, LOCAL RIPPLE CROSS-LAMINAE; OVERALL STRUCTURE
VERY WAVY WITH 1-2 FT AMPLITUDE, WAVELENGTH ABOUT 5 FT, UNIT VERY TO MODERATELY
CONTORTED, SHOWS PENECONTEMPORANEOUS FAULTING AND SLUMPING ALONG SHEAR PLANES,
SHMALL FAULTS ALONG TOP ‘OF UNIT, SLUMPING OR WAVY CONTORTIONS LESS PREVALENT
UPWARD, VOLUME CHANGES ‘ADJUSTED FOR BY SOME SLUMPING AND FAULTING. SOME ARCUATE
GYPSUM FILLED FRACTURES TO 1" THICK, MOST LESS THAN 1/8". LOWER CONTACT SHARP,
MARKED BY SOFT SEDIMENT DEFORMATION (PILLOWS AND FLAME STRUCTURES).

INTERBEDDED SANDSTONE WITH SILTSTONE, FINING UPWARD FROM MEDIUM AND FINE SAND IN
LOWER 6 FT TO MOSTLY SILTSTONE AT TOP; MODERATE REDDISH BROWN TO MODERATE BROWN
(1OR4/6 TO 5YR3/4). CONSISTS OF FINING UPWARD SEQUENCES CAPPED BY SILTSTONE,

EXH!BITING SMALL DESTCCATION CRACKS. THIN LAMINAE TO LAMINAE, WAVY TO FLAT;
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FLASERS AND RIPPLE CROSS-LAMINAE (SOME CLIMBING, MM SCALE tN SILTSTONES),
EROSIONAL SCOUR SURFACES AND SMALL CHANNELS. BELOW 320 FT, SEQUENCES MORE
REGULAR AND EXHIBIT PLANAR TO WAVY LAMINAE AND LOW ANGLE CROSS-LAMINAE OVERLAIN -
BY RIPPLE CROSS-LAMINAE (SOME CLIMBING). SILTSTONES NEAR TOP EXHIBIT DESICCATION
CRACKS; LOCAL CLASTIC DIKES AND FILLED DESICCATION CRACKS ARE TO 1 FT DEEP;
PENECONTEMPORANEOUS FRACTURES, FAULTING, AND SLUMPING WITH ABUNDANT PILLOW AND
LOAD STRUCTURES SHOWING SHEAR. FRACTURES MORE REGULARLY SPACED TO 1" THICK,
HORIZONTAL FRACTURES SPACED 6" TO 5 FT, VERTICAL AND SUBVERT ICAL FRACTURES

RARE. BASAL CONTACT SLIGHTLY UNDULATORY, SHARP TO GRADATIONAL.

INTERBEDDED SILTSTONE AND MEDIUM TO VERY FINE SANDSTONE; MODERATE TO DARK REDODISH
‘BROWN (10R4/6-3/4). |INTERBEDS OF MEDIUM SANDSTOME IN THIN FINING UPWARD
SEQUENCES CAPPED BY CLAYSTONE SHOWING RIPPLE-DRAPE 1/2-2" THICK NEAR BASE OF
UNIT, INTERBEDS ARE FINER GRAINED UPWARD. THIN LAMINAE TO LAMINAE, FLAT TO WAVY
TO CONTORTED. LOCAL CROSS-LAMINAE PRESERVED. HORIZONTAL TO SUBHORIZONTAL
BURROWS FROM 337-350 FT. UNIT VARIABLY DEFORMED BY SOFT SEDIMENT DEFORMATION AND
FRACTURES: BROADLY DEFORMED AND WAVY FROM 337-345 £T, WAVY AND CONTORTED ON
SMALLER SCALE FROM 345-360 FT, VERY CONTORTED WITH SLUMP FRACTURING 360-370 FT,
LARGER AMPLITUDE DEFORMATION AND SHEAR ALONG PLANES WITH SLIGHT DISPLACEMENT WITH
DECREASING DEFORMATION TOWARDS BASE OF UNIT, SOME PILLOW STRUCTURES 385-390 FT,
ABOUT '5° DIP TO NORTHEAST NEAR BASE. VERY FRACTURED; MOST PARALLEL TO CONTORTED

BEDDING. LOWER CONTACT SHARP.
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395-419

VERY FINE GRAINED SANDSTONE WiTH INTERBEDDED MEDIUM SANDSTONE, SILTSTONE AND
MUDSTONE; MODERATE TO DARK REDDISH BROWN (10R4/6-3/4), WITH PALE OLIVE (10Y6/2)
SANDSTONE AS CHANNEL-FILLS. UPPER 3-4 FT CONSISTS OF 1/2"-3" THICK, THINLY
LAMINATED TO VERY THINLY BEDDED, FINING UPWARD SEQUENCES WITH CLAY DRAPE OVER
SEDIMENT STARVED RIPPLES AND LOCAL- PILLOW STRUCTURES; MOTTLING FROM POSSIBLE
BIOTURBATION NEAR THE BASE OF EACH SEQUENCE. BELOW 398 FT, PENECONTEMPORANEOUS
SOFT SEDIMENT SLUMPING AND DEFORMATION ARE ABUNDANT AND STRATA ARE OFTEN
CONTORTED; CHANNELS 2"-1 FT DEEP, 3-10 FT WIDE, FILLED WITH MEDIUM SANDSTONE CuT
ACROSS THINLY LAMINATED VERY FINE SANDSTONE AND SILTSTONE; CHANNEL FILL SHOWS
TABULAR TO TANGENTIAL LOW ANGLE CROSS-LAMINAE AS PROBABLE LATERAL ACCRETION
DEPOSITS; SCOURS WITH LITTLE OR NO DEPOSITION BECOME COMMON DOWNWARD; MAY BE
TOPPED BY THIN LAMINAE TO LAMINAE OF SANDSTONE; SCOURS AND CHANNELS MAY BE
DEFORMED AND LOCALLY CROSS-CUT DEFORMED STRATA. BELOW 412, IRREGULAR PODS AND
ZONES OF SANDSTONE SIMILAR TO SMEARED INTRACLAST TEXTURE BECOME COMMON, LAMINAE
AND CLASTS ARE DEFORMED, GRANULE TO PEBBLE-SIZED CLASTS OF MUDSTONE AND SANDSTONE
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LOCALLY OVERLIE SCOUR SURFACES AND MAY APPEAR SMEARED AND DEFORMED, IRREGULAR,
<1/16" THICK, GYPSUM-FILLED FRACTURES ARE ABUNDANT. FROM 411-417 FT WEDGE-SHAPED
SLABS ALONG SLICKENSIDED GYPSUM-FILLED FRACTURES OCCUR ON THE NORTHWEST,
SOQUTHEAST AND SOUTH SIDES OF THE SHAFT, SLICKENSIDES SHOW VERTICAL MOVEMENT;
FRACTURE SETS STRIKE N45°E, D!P FROM 45-90°N, GROUND SOUNDS HOLLOW. MODERATELY
WELL INDURATED; LOWER CONTACT SHARP TO GRADATIONAL .

438

420-1-

425-1"

S
2

SILTSTONE WITH SANDSTONE AND MUDSTONE; MODERATE TO REDDISH BROWN (10R4/6-4/3).
SEQUENCE OF SUBUN!TS VARY MAINLY IN DISRUPTION OF STRUCTURES; RANGE FROM THIN
LAMINAE TO LAMINAE, FLAT TO DISCONTINUOUS AND D!STORTED WITH RARE POORLY EXPOSED
CROSS~LAMINAE, UPPER 1 FT CONSISTS OF LAYERS OF DESICCATED SILTSTONE W{TH
ABUNDANT DESICCATION CRACKS (<2") TO 2 FT DEEP PRISM CRACKS; LOCALLY ABUNDANT
GYPSUM-F 1LLED FRACTURES MAY SHOW DISPLACEMENT TO 3" AND SLICKENS!DED SURFACES.
FROM 420-425 FT WAVY TO IRREGULAR DISCONTINUQUS THIN LAMINAE TO LAMINAE, FROM
425-434 FT IRREGULAR THIN LAMINAE TO LAMINAE OF SILTSTONE AND VERY FINE SANDSTONE
INTERBEDQED WITH MUDSTONE AND SILTSTONE; SILTSTONE BEDS FINING UP TO ARGILLACEOUS
SILTSTONE. ABUNDANT PRISM CRACKS TO 2 FT DEEP, ABUNDANT GYPSUM-FILLED FRACTURES
1/16", MOST SUBHORIZONTAL, SPACED 1/2"-2 FT, SUBVERTICAL FRACTURES TO 1/4" WIDE,
SPACED 6"-! FT. FROM 434-440.5 FT, MORE ARGILLACEOUS DOWNWARD, SMALL
INTRAFORMATIONAL CLASTS OF MUDSTONE, IRREGULAR STRINGERS AND LAMINAE OF VERY FINE
SANDSTONE, LAMINAE MORE (RREGULAR DOWNWARD (MUDFLAT SEQUENCES WITH IRREGULAR
SMEARED LAMINAE TEXTURES FROM 434-440.5 FT), FROM 440.5-451, DESICCATION CRACKS
TO 2 FT DEEP AND MANY DISH-SHAPED LAMINAE [N UPPER 4 FT. BELOW 445 FT, STRATA
MORE REGULAR AND CONTINUOUS; TEEPEE-L!KE STRUCTURES ABUNDANT, SOME OVERTURNED, UP
TO 1' HIGH, MOST 1/4-1/2" AMPLITUDE, ABUNDANT DESICCATION CRACKS TO 1" DEEP,

POSSIBLE CURLED DESICCATION CHIPS. UNIT AS A WHOLE MORE COMPETENT THAN OVERLYING
UNIT. BASAL CONTACT SHARP,
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] o~ SILTSTONE INTERBEDOED W1TH MUDSTONE AND SOME CLAYSTONE; MODERATE TO DARK REDOISH-
-] ~—— oo BROWN (1OR4/6-3/4), MUDSTONE MODERATE REODISH ORANGE (1OR6/6). LOCAL IRREGULAR
SRS 1_,.:,' AND DISCONTINUOUS THIN LAMINAE TO LAMINAE AND DESICCATION CRACKS. LOCAL GRANULE
gy oo TO COBBLE-51ZED CLASTS OF MUDSTONE; CLASTS AND STRATA MAY SHOW SMEARED TEXTURE.
e ] FROM TOP TO 455 FT, SILTSTONE W(TH MUDSTONE LAMINAE AND VERY THIN BEDS AND
] == GRANULE TO COBBLE-SIZED CLASTS OFTEN SHOWING SMEARED INTRACLAST TEXTURE. AT 455
4551 - —————" FT, 'RREGULAR, GRADATIONAL TO SHARP EROSIONAL SURFACE. FROM 455-460 FT, LESS

ARGILLACEQUS SILTSTONE DISPLAYS IRREGULAR DISCONTINUOUS STRATA, SMEARED
INTRACLAST TEXTURES AND CRACKLE TEXTURES; MUDSTONE PRESENT AS LOCAL
D1SCONTINUOUS, 1RREGULAR LAMINAE; CRACKLE TEXTURE SHOWS tRREGULAR ZONES AND
CLASTS/P1ECES OF SILTSTONE BOUNDED BY MUDSTONE LINED FRACTURES, LESS COMMON BELOW
457 FT. FROM 460-464.5 FT, TEXTURE DOMINATED BY LOCALLY SMEARED GRANULE TO SMALL
PEBBLE-SIZED CLASTS OF S!LTSTONE AND WOSTONE AT BASE GRADING UP TO SMEARED
LAMINAE TEXTURE. LOCAL NARROW (<1/16"™) ARCUATE, GYPSUM-FILLED FRACTURES, SOME
DISPLACED TO 1", LOWER CONTACT SHARP, MARKED BY MUDSTONE. :
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VERY FINE SANDSTONE WITH SILTSTONE, MODERATE TO DARK REDDISH BROWN (10R4/6-
3/4). THIN LAMINAE TO LAMINAE, MOST FLAT TO WAVY, SLIGHTLY CONTORTED.
DESICCATION CRACKS TO 1/4" DEEP. SMEARED INTRACLAST TEXTURED DEVELOPED
LOCALLY. LOWER CONTACT GRADATIONAL. -

VERY FINE SANDSTONE WITH MINOR SILTSTONE AND MUDSTONE, MORE SILTY AND
ARGILLACEOUS DOWNWARD. THIN LAMINAE TO VERY THIN BEDS; (RREGULAR, DISCONT INUOUS,
FLAT, WAVY, LOCALLY CONTORTED. SOFT SED!MENT DEFORMATION; SMEARED LAMINAE
TEXTURE; CRACKLE TEXTURE OCCURS WITH SOME DESICCATION CRACKS, UP TO 2 FT QEEP.
EROSTON SURFACES AT 475, 480 FT. MAJOR STRATIFICATION AT 483, 493, 495, 506, 510
FT. MUDSTONE AT TOP OF SURFACE AT 475 FT. SOME DI SH-SHAPED FEATURES IN LOWER 7
FT, MOST :OVERLIE CONTORTED BEDS. EROSIONAL SURFACES DIP PARALLEL TO OTHER
INTERNAL BEDDING. UPPER PART OF UNIT HAS ABUNDANT THIN FRACTURES, VERY
DISCONFINUOUS, MOST SUBHOR!IZONTAL, SPACED 1-3", <1/16" WIDE. LARGE FRACTURES
MORE ABUNDANT NEAR BASE AS ARE GYPSUM-FILLED FRACTURES IN IRREGULAR PATTERNS,
MOST LESS THAN 1/16" WIDE, SPACED 1" FOR HORIZONTAL AND 3-4 FT FOR SUBVERTICAL |
FRACTURES. PENECONTEMPORANEOUS FOLDING NEAR BASAL CONTACT PARALLELS SHARP BASAL
CONTACT WITH TOP OF RUSTLER FORMATION. '
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RUSTLER FORMATION.

FORTY-NINER MEMBER. ANHYDRITE, VERY LIGHT GRAY (N8), HARD (SEE FIG. 6 FOR
DETAILED MAP). THIN LAMINAE TO LAMINAE, WAVY TO SLIGHTLY CONTORTED; POSSIBLE
LOCAL RIPPLE MARKS; IRREGULAR CLAYSTONE ALONG EROS!ON SURFACE AT 524.4 FT, THINLY
LAMINATED TO WAVY WITH STYLOLITES AT 1"-2 FT SPACING FROM 533-540 FT.

SWALLOWTAIL GYPSUM CRYSTALS FROM 540-544 FT. DISRUPTED 2ONE 517-521 FT, BOULDER
SIZED CLASTS, LAMINAE DOWNWARPED TOWARD AREA OF D!STURBANCE, SOUTH SIDE OF SHAFT
AS SOFT SEDIMENT DOWNWARPING IN DEWEY LAKE, CLAYSTONE ON IRREGULAR SURFACES IN
ANHYORITE, LOCAL ZONES OF GYPSUM, ALL PART OF POSSIBLE PALEOQ MiCROKARST ON
SURFACE OF FORTY-NINER MEMBER. GYPSUM-FILLED FRACTURES FROM 513-530 T, .
HORIZONTAL SPACING 6"~1 FT, NO VERTICAL FRACTURES, SUBVERTICAL SPACED ABOUT 3 FT;
OPEN FRACTURES TO 1/16" WIDE FROM 530-540 FT. SHARP BASAL CONTACT.
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ARGILLACEOUS SILTSTONE; GREENISH GRAY (5G6/1). THIN BEDS OF COARSELY CRYSTALLINE
GYPSUM NEAR TOP. POORLY PRESERVED IRREGULAR THIN LAMINAE. [LOWER CONTACT IS
REDUCTION/OX1DATION CONTACT. UNIT SOFT. CONTACT SHARP TO GRADATIONAL.

MUDSTONE INTERBEDDED WITH SILTSTONE AND VERY FINE SANDSTONE, PALE YELLOWISH BROWN
(10YR6/2). SOME GYPSUM NEAR TOP IN COARSELY CRYSTALLINE LAMINAE TO THIN BEDS.
SILTSTONE AND SANDSTONE OCCUR AS FLASER-LIKE INTERBEDS, VERY DISCONTINUOYUS TO
IRREGULAR; THIN LAMINAE TO LAMINAE, DEFORMED AND WAVY; POORLY DEFINED CROSS-
LAMINAE, SOME RIPPLE SURFACES, LOCALLY SLIGHTLY SMEARED TEXTURE. BASAL CONTACT
SHARP , EROSIONAL.

_TEXTURE DOMINATES AT BASE.

VERY FINE SANDSTONE TO SILTSTONE, MODERATE BROWN TO LIGHT BLUISH GRAY (5YR3/4-
587/1). THIN LAMINAE TO LAMINAE, FLAT AND PARALLEL TO CONTORTED AND DISTORTED OR
SMEARED, LOCALLY KINKED; LOCAL SANDSTONE PEBBLES; LOCAL LOW ANGLE CROSS-LAMINAE
IN ACCRETION SURFACES. UPPER 1 FT VERY ARGILLACEOUS. SMEARED INTRACLAST

SOFT, : BASAL CONTACT IRREGULAR.

SANDSTONE AND SILTSTONE, BECOMING FINER AND MORE ARG!LLACEOUS UPWARD, MICRO-
LAMINATED TO LAMINATED, MORE ABUNDANT AT BASE, VERY DISCONTINUOUS, IRREGULAR,
CONTORTED TO DISTORTED, SMEARED LAMINAE LESS DISTINCT THAN IN UNIT ABOVE,
DOMINANT TEXTURE AT BASE; EXHIBITS SMEARED INTRACLAST TEXTURE; ANGULAR CLASTS OF
SILTSTONE AND MUDSTONE WITH SMEARED INTRACLASTS AND LAMINAE AT BASE. GRADATIONAL
BASAL | CONTACT,

SILTSTONE, LIGHT BLUISH GRAY (587/1).  THIN LAMINAE TO VERY THIN BEDS, VERY
DISCONTINUOUS, ‘CONTORTED TO WAVY, OVERALL STRATIGRAPHIC CONTINUITY WITHIN UNIT;
INTERLAMINAE OF ANHYDRITE DECREASE UPWARD. LOCALLY CONTANS GRANULE TO PEBBLE-

_SIZE SILTSTONE CLASTS. WELL INDURATED, MODERATELY HARD. SHARP  BASAL CONTACT.

ANHYDRITE, MEDIUM GRAY TO WHITE (N5°9), MEDIUM TO FINELY CRYSTALLINE. BEDDED
NODULAR FROM BASE TO 570 FT: INTERBEDS OF CARBONATE DECREASING UPWARDS, SPACED
.5-1 FT FROM 570-565 FT; ANHYDRIfE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAILS TO 1/2"
HIGH FROM 570-560 FT; THIN LAM‘INAE TO LAMINAE, SOME VERY THIN BEDS; LAMINAE TO
M1CROLAMINAE ‘IN UPPER 2 FT; Bspome WAVY TO CONTORTED AND CONVOLUTE UPWARD AND -
LESS CONTINUOUS. LOCAL ZONES OF MEDIUM TO COARSELY CRYSTALLINE GYPSUM. HEALED
SUBVERTICAL FRACTURE ‘ON MORTHWEST SIDE OF SHAFT NEAR 560 FT. MARD. GRADATIONAL
BASAL CONTACT. : )

MAGENTA DOLOMITE. ODOLOMITE AND GYPSUM, WHITE TO LIGHT BLUISH GRAY OR DARK
GREENISH GRAY (N9 TO 5B7/1-5G4/1) (SEE F1G. 7 FOR DETAILED MAP). GYPSUM CONTENT
INCREASES UPWARD. THIN LAMINAE TO VERY THIN BEDS, WAVY; ABUNDANT LOW ANGLE
CROSS-LAMINAE, SETS TO 1/2" HIGH. GRADATIONAL BASAL CONTACT.

DOLOMITE, LIGHT BLUISH GRAY TO DARK GREENISH GRAY (SB7/1-5G4/1). CLASTIC, SILT
SIZE. WAVY TO LENTICULAR BEDDING; LOW ANGLE CROSS-LAMINAE WITH ABUNDANT SETS 2"
HIGH BY 6 "LONG; WAVY TO LENTICULAR BEDDING WITH LOW ANGLE CROSS-LAMINAE SETS TO
1/4" NEAR BASE. SURFACE WET. GRADATIONAL BASAL CONTACT,

DOLOMITE, LIGHT BLUISH GRAY TO DARK GREENISH GRAY (5B7/1-5G4/1). MAINLY SILT-
SIZED GRAINS, SOME SAND-SIZED; COARSE-GRAINED, MORE GYPSIFEROUS, POROUS, BUT NOT
WET. THIN LAMINAE TO LAMINAE; ABURDANT CROSS-LAMINAE. -LOW ANGLE CROSS-LAMINAE
SETS 1/4-1/2", INCREASE IN SIZE AND BECOME INTERLAMINATED WITH LAMINAE CONTAINING
PEBBLE-SIZED NODULES OF GYPSUM IN UPPER ,5 FT, BASAL CONTACT GRADATIONAL.
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DOLOMITE, LIGHT BLUYSH GRAY TO DARK GREENISH GRAY (587/1-5G4/1). CLASTIC, SILT
TO VERY FINE SAND SIZE. THIN LAMINAE TO LAMINAE, STRATA WAVY AT BASE BUT WITH
MUCH LESS AMPLITUDE THAN IN UNDERLYING UNIT; ABUNDANT EROSIONAL/SCOUR SURFACES TO
2" DEEP; LOW ANGLE RIPPLE CROSS-LAMINAE SETS TO 1/2" HIGH, MOST 1/4", SETS
{NCREASE IN HEIGHT YO ASOUT 1" NEAR TOP. GRADATIONAL BASAL CONTACT.
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DOLOMITE, LIGHT BLUISH GRAY TO DARK GREEN!SH GRAY (5B7/1-5G4/1). CLASTIC, SILT

* TO VERY FINE SAND S1ZE. UPPER PART THINLY LAMINATED, WAVY, DISCONTINUOUS. LOWER

PART ALGAL WiTH DOMES AND HEMISPHEROIDS. ABUNDANT GYPSUM FILLED FRACTURES IN
WAVY PART, <1/2" THICK, MOST PARALLEL TO LAMINAE. GRADATIONAL BASAL CONTACT.

TAMAR)SK MEMBER. ANHYORITE, GYPSIFEROUS NEAR TOP, INTERBEDDED WITH CARBONATE IN
UPPER 4 FT; MICROCRYSTALLINE, VERY LIGHT TO MEDIUM LIGHT GRAY (N8~6). FROM
599.5-607 FT, GYPSIFEROUS ANHYDRITE SHOWS WAVY LAMINAE AND VERY THIN BEDS AND
SOME NODULAR TO BEDDED NODULAR TEXTURES, STRATA DISCONTINUOUS AND CONTORTED
LOCALLY, POSSIBLE ALGAL ORIGIN FOR SOME STRATA NEAR TOP, INTERBEDDED WiTH
CARBONATE ABOVE 603.5, CARBONATE CONTENT INCREASES UPWARD, LOCAL CROSS-
LAMINAE. FROM 607-623 FT, LAMINAE-SCALE BEDDED NODULAR TEXTURE DOMINATES; SHOWS
CRUSHED PRISM TEXTURE LOCALLY, CRUSHED PRISM TEXTURE BECOMES MORE ABUNDANT NEAR
BASE. FROM 623-633.5 FT, EPITAXIAL CRUSHED PRISM TEXTURE ABUNDANT, STACKS TO 1
FT HIGH, HEIGHT OF INDIVIDUAL CRUSHED PRISMS TO 2" MAXIMUM AT BASE, HEIGHT
DECREASES UPWARD AS MORE OF ORIGINAL VOLUME REDUCED. FROM 633.5-643 FT, THIN
LAMINAE TO VERY THIN BEDS WITH ANHYDRITE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAIL
CRYSTALS TO 1" HIGH, AVERAGE HEIGHT 1/4™. FROM 643-650 FT, WAVY AND LOCALLY
SLUMPED THIN LAMINAE TO LAMINAE OF ANHYDRITE AND SOME CARBONATE. FROM 650-652
FT, THIN LAMINAE WITH ANHYDRITE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAIL CRYSTALS.
FROM 652-653, ICLAST-SUPPORTE_D COBBLE BRECCIA OF THINLY LAMINATED ANHYDRITE, ZONE
OVERLAIN BY EROSIONAL SURFACE WHICH CROSS-CUTS ANHYDRITE CLASTS. FROM 653-654 FT
CLAST TO LOCALLY MATRIX-SUPPORTED ANHYDRITE GRANULE BRECCIA WITH LOCAL COBBLE-
SIZED CLASTS OF ANHYDRITE, UPPER SURFACE EROSIONAL. FROM 654-655.5 FT THIN
LAMINAE AND LAMINAE CONVOLUTED DOWNWARD, FLAME STRUCTURES OF UNDERLYING UNIT
PENETRATE ZONE TO ,5 FT, UPPER SURFACE EROSIONAL. MEDIUM DARK GRAY (N4)
CLAYSTONE INTERBEDS: 1" THICK AT 607, 609.5, 611, 613, 637.5 FT AND 1/16™ THICK
AT 627. 1™ INTERBEDS AT 611 AND 637.5 SHOW CLAYSTONE SQUEEZED UPWARD (TO .3 FT)
INTO NEAR VERTICAL FRACTURES OVERLYING THE CLAYSTONE; CLAYSTONE SQUEEZED AROUND
SOME ANHYDRITE AT THE BASE OF THE CLAYSTONE AT 637.5 FT; THIN LAMINAE OF
CLAYSTONE AT 654 FT; CLAYSTONES OFTEN CONTAIN HORIZONTAL AND SUBHORIZONTAL
FIBROUS GYPSUM-FILLED FRACTURES. GYPSUM-FILLED FRACTURES LOCALLY ABUNDANT, MANY
FIBROUS. FROM 599.5-607 FT, SUBHORIZONTAL GYPSUM-FILLED FRACTURES SEPARATE
STRATA, THICKNESS <1/87, SPACED 1/2" AT TOP, SPACING INCREASES DOWNWARD;
SUBVERTICAL FRACTURES LESS COMMON, SPACED 2-10 FT. FROM 620-643 FT, SUBVERTICAL
GYPSUM-FILLED FRACTURES MORE COMMON, MANY MAY ORIGINATE FROM AND A FEW MAY
RADIATE FROM A SINGLE POINT ALONG CLAYSTONE INTERBEDS; OPEN FRACTURES (<1/32')

. LOCALLY OCCUR .2-1.5 FT BELOW CLAYSTONE INTERBED AT 637.5, | FT OF THESE

FRACTURES IS OPEN BUT ALL GRADE TO GYPSUM-FILLED. FROM 643-650 FT, THIN GYPSUM-
FILLED FRACTURES ABUNDANT: SUBHORIZONTAL FRACTURES SPACED 1-6" PARALLEL TO
STRATA, SUBVERT!CAL FRACTURES SPACED 6"-3:FT. UNIT HARD, WELL LITHIFIED. LOWER
CONTACT SHARP TO LOCALLY GRADATHONAL, UNDULATORY AND IRREGULAR, MARKED BY FLAME
STRUCTURES,
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ANHYORITE AND GYPSUM, VERY LIGHT GRAY (N8), INTERBEDDED WiTH CLAYSTONE, LIGHT
BLUISH TO DARK GREEN!SH GRAY (5B7/1-5G4/1), CLAYSTONE CALCAREQUS AT UPPER ,5-.2
FT, CONTENT DECREASING DOWNWARD. THIN LAMINAE TO LAMINAE, WAVY TO UNDULATORY
PARALLEL TO LOWER CONTACT BECOMING MORE DISRUPTED, CONVOLUTED UPWARD (SOFT
SEDIMENT DEFORMATION) ; UPPER .5 FT VERY CONTORTED, WITH LOCAL FLAME STRUCTURES
(MO BRECCIA); LAMINAE VERY DISTINCT IN CLAYSTONE (POSSIBLY ALGAL). CONTAINS
ABUNDANT IRREGULAR BIFURCATING GYPSUM-FILLED FRACTURES TO 1™ THICK, MOST
SUBHOR1ZONTAL, FRACTURES DECREASING DOWNWARD. BASAL CONTACT GRADATIONAL.

CLAYSTONE, CALCAREOUS CLAYSTONE IN UPPER 3-5 FT; VERY ARGILLACEOUS GYPSUM AND
ANHYDRITE AT BASE; LIGHT BLUISH TO DARK GREENISH GRAY AND VERY LIGHT GRAY (587/1-
5G4/1, N8) (SEE FiG, 8 FOR DETAILED MAP). THIN LAMINAE TO LAMINAE; UPPER PART
MOSTLY PARALLEL, WAVY, WITH SOME SOFT SEDIMENT DEFORMATION, CONTORTED INTO FLAME
STRUCTURES AT UPPER CONTACT; LOWER PART DISRUPTED, DISCONTINUOUS. ANHYORITE AND
GYPSUM CONTAINS SWALLOWTAILS LOCALLY TO 1/4" HIGH, UPPER CLAYSTONE MOUNDED
(POSSIBLY ALGAL), CONTAINS ABUNDANT B|FURCATING GYPSUM-F I LLED FRACTURES, MOST
SUBHORIZONTAL AND PARALLEL TO BEDDING, TO 2" THICK, LOWER CONTACT SHARP TO
GRADATIONAL .

660-1-

885

870+

INTERBEDDED AND INTERMIXED CLAYSTONE, MUDSTONE, AND SILTSTONE, GENERALLY FINES
UPWARD; LOCALLY SANDY NEAR BASE; SILTSTONE PEBBLE CONGLOMERATE FILLS 2.5 FT
CHANNEL. AT BASE. GRAYISH-RED TO MEDIUM BLUTSH-GRAY (10R4/2, 5B5/1); UPPER .5-2
FT, MEDIUM BLUISH-GRAY, IRREGULAR LOWER CONTACT; ALTERNATING LAMINAE AND MOTTLED
GRAYISH-RED TO MED{UM BLUISH-GRAY BELOW UPPER ZONE. LOCAL THIN LAMINAE TO

. LAMINAE, !RREGULAR, Di{SCONTINUOUS, D1STORTED, CONTORTED TO CONVOLUTE OFTEN WITH
SMEARED LAMINAE TEXTURE; LAMINAE OFTEN DISRUPTED BY ABUNDANT SMALL SOFT SEDIMENT
DISPLACEMENT SURFACES; SMEARED INTRACLAST TEXTURE LOCALLY ABUNDANT; SMEARED
INTRACLAST/UAMINAE TEXTURE MOST ABUNDANT IN MIDDLE AND BASE OF UNIT. LOCAL
BROKEN, SUBHOR!IZONTAL, LATERALLY CONTINUOUS LAMINAE-SCALE GYPSUM-RICH ZONES N
MIDOLE OF UNIT. LOCAL ANHYDRITE NODULES TO 1" DIAMETER IN LOWER HALF OF UNIT.
AT BASE OF UNIT ON EAST SIDE OF SHAFT, A 2.5 FT DEEP, 24 FT WIDE CHANNEL IS
FILLED WITH MEDIUM BLUtSH-GRAY SILTSTONE PEBBLE- CONGLOMERATE: CONGLOMERATE IS
CLAST SUPPORTED WITH ROUNDED CLASTS; REGULAR SECTION OCCURS ABOVE CHANNEL. SMALL
"PYRITE CUBES OCCUR IN BLUISH-GRAY ZONES, MOST ABUNDANT NEAR TOP. ABUNDANT SMALL
FRACTURES WITH SLICKENSIDED SURFACES. ABUNDANT FIBROUS GYPSUM-f ILLED FRACTURES
TO 2" THICK WITH SLICKENSIDED SURFACES, MANY SHOW SIGMOIDAL FRACTURE FILLINGS,
MOST ARCUATE. LOWER CONTACT SHARP, EROSIONAL.

ANHYORITE, YERY LIGHT FO DARK GREENISH GRAY. (NB-5G4/1), THIN LAMINAE TO LAM:N/E'T
SOME ANHYDRITE PSEUDOMORPHS AFTER SWALLOWTAIL GYPSUM STRUCTURES SHOWING CRUSHED
PRISM TEXTURE; LAMINAE CONTINUDUS AND WAVY AT LOWER CONTACT; POSSIBLY NODULAR AT
_ToP. HARD. SHARP . UNOUIATORY CONTACI WITH 1.5 ET REIIFE,
CLAYSTONE, GREENISH BLACK (562/1). VARIES AROUND SHAFT TO ! FT THICK. THIN .
LAMINAE TQ LAMINAE, WAVY, SOFT SEDIMENT DEFORMATION;: INTERBEDDED GYPSUM LAMINAE;
RIPYP COBBLE OF UNDERLYING MATERIAL AT NORTH SIDE OF SHAFT, GYPSUM-FILLED
FRACTURES TO 1.5" THICK, SUBHOR!ZONTAL WITH LOCAL SUBVERTICAL BIFURCATING

FRACTURES. SOFT. LOWER CONTACT UNDULATORY 1-4 FT, SHARP.
ANHYDRITE, VERY LIGHT TO DARK GREENISH GRAY (NB-SGd/l).i THIN LAMINAE TO LAMINAE
WAVY, STRATA BECOME MORE CONTORTED OOWNWARD, LQCALLY ERQOSIONALLY TERMINATED;

SMALL (<1/8") SWALLOWTAIL FEATURES; ALGAL :‘STRUCTURES DOMINATE AT BASE. LARGE
SCALE EROSIOM SURFACE ABOUT 2 FT FROM TOP SHOWS 1 FT RFI IFT WITU €Himnrs ~on e
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pEPTH UTHOLOGY FEATURES REMARKS
(m
I, — OVERLYING AND UNDERLYING SURFACE; FORMS LOCAL ROLLOVER STRUCTURES FROM SOFT
\N —_— SEDIMENT DEFORMATION ALONG A SLOPE, DIPS TO 20°. LOWER 2 FT OF UNIT VERY
. STYLOLITIC. HARD. LOWER CONTACT SHARP TO GRADATIONAL.
\
~_=
\;\-/ CULEBRA DOLOMITE MEMBER. ODOLOMITE, ARGILLACEOUS, LOCALLY ORGANIC-RICH (ALGAL) AT
480 TOP AND BASE, LIGHT OLIVE GRAY (5Y6/1) (SEE FiG. 9 FOR DETAILED MAP). THIN
— LAMINAE TO THIN BEDS; CROSS-LAMINAE IN UPPER .5 FT; CONSISTS OF FINING UPWARD
—~— SEQUENCES .2-.5 FT THICK WITH BURROWS IN LOWER PART OF SEQUENCES. SYNSEDIMENTARY
- FAULT WITH 1 FT THROW TERMINATES NEAR MIDDLE OF THIS UNIT, UNIT DEPOSITIONALLY
——— THICKENS OVER DOWNOROPPED SECTION. UPPER 1-2 FT SHOWS SHORT, SMALL FRACTURES
WITH SYNSEDIMENTARY BRECCIA, MOST SUBVERTICAL AND LIMITED TO INDIVIDUAL STRATA.
p— A FEW WITH FIBROUS GYPSUM-FILLINGS TO 1/4", CONTAINS NO VUGS. LOWER CONTACT
4‘1 =, \.,\ GRADAT IONAL .
885 ,"\:w‘ = DOLOMITE, LIGHT OLIVE-GRAY (5Y6/1), MEDIUM CRYSTALLINE, ARGILLACEOUS, LOCALLY
s 8 Nr::: L4 ORGANIC-RICH. THIN LAMINAE|TO THIN BEDS, PARALLEL BEDDING "RAILROAD TRACKS";
g . St RARE LARGE VUGS, MOST OPEN; BEDS INTERNALLY STRUCTURELESS. PROBABLE BRECCIA ‘
L i e — ALONG SOME FRACTURES. CONTAINS LONGER SUBVERTICAL AND VERTICAL FRACTURES FILLED |
—L E— WITH GYPSUM. LOWER CONTACT |GRADATIONAL TO DIFFUSE.
= = ¥
890 -
—7—1 — DOLOMITE, LIGHT OLIVE GRAY (5Y6/1), ARGILLACEOUS, MEDIUM CRYSTALLINE. LOCAL THIN:
v L vi — —0__ LAMINAE TO MEDIUM LAMINAE, FRACTURES NOT RELATED TO STRATA BUT ARE ASSOCIATED
7 = WITH VUGS; WITHIN SOME LAMINAE AND THIN BEDS, THIN BEDS LOCALLY EROSIONALLY
- TERMINATED. STRATA PARALLEL, FLAT; SOME LOW ANGLE CROSS-LAMINAE WITH POSSIBLE
]_'_;- v Q RIPPLE FORMS; THIN LAMINAE LOCALLY DISCONTINUOUS. POSSIBLE BIOTURBATION. ZONE
— PRODUCES MOST OF CULEBRA FLUID; UNIT 1S CHARACTERIZED BY BROKEN APPEARANCE; VERY
TIA = - SeS - VUGGY AND BROKEN, ABUNDANT VUGS TO 2-3" DIAMETER, SOME FILLED WITH GYPSUM AND !
=17 — 0 E,, SOME WITH CLAY, SOME HAVE BOTH; MOST HAVE IRREGULAR MARGINS DUE TO DISSOLUTION OF
Yy V4 Vi —_ & : CARBONATE ; ABUNDANT IRREGULAR THIN (<1/16") FILLED AND OPEN FRACTURES
A Y — - -ug INTERCONNECTING ALL VUGS.\ MOST FRACTURES ARE SUBVERTICAL TQ VERTICAL. CLAY-RICH:
_T] L ~ L1 © 0 gﬂ‘ INTERBEDS NEAR TOP, MOST VUGS CLAY-FILLED. ABOUT SO PERCENT OF FRACTURES ARE
777 °f_§D UNFILLED. SUBVERTICAL mcruaes VERY ABUNDANT, SPACED 1/4-2", MOST VERY
/—]f I/_< = Y ‘ Ev DISCONTINUOUS. UNIT ACTUALLY PACKBRECCIA (MORROW, 1982). GRADATIONAL BASAL
e 0 0. & EY CONTACT. i
700 o = o am el | DOLOMITE, LIGHT OLIVE GRAY/.(5Y6/1). BEDDING MORE DISTINCT BELOW 700 FT, LAMINAE
VAR AN A A. e v TO VERY THIN BEDS; LOW ANGLEl CROSS-LAMINAE WITH LOW HUMMOCKS, LOCAL EROSIONAL
Vi - L —~— % SCOURS TO 3" DEEP, MAY APPEAR WAVY TO LENTICULAR. VUGS MORE ABUNDANT AND SMALLER |
777 - D DOWNWARD, FREQUENCY. DECREA‘SES SIGNIFICANTLY BELOW ABOUT 705 FT; VUGGY POROSITY |
y AR /O\O} A DEVELOPED IN SUBVERTICAL #éAbTURES MOST VUGS OPEN OR FILLED WITH CLAY, GYPSUM AS
—— A 2. FRACTURE OR VUG FILLING MUCH LESS COMMON. ABUNDANT DISSOLUTION OF CARBONATE.
7 \_/65 v UNIT IS A PACKBRECCIA |(MORROW, 1982). GRADATIONAL BASAL CONTACT.
708 4 .._‘1- -— o | DOLOMITE, LIGHT OLIVE GRAY‘\‘(SYG/I) THIN LAMINAE TO VERY THIN BEDS. LESS
[ S~ A q s _ BRECCIATED AND DfSRUPTED THAN OVERLYING UNIT; FEWER LARGE VUGS, LAYERING FLATTER,
o LESS WAVY THAN OVERLYING UNIT SOME LOW ANGLE CROSS-CUTTING RELATIONSHIPS,
VAR A e oo |v FRACTURES LESS ABUNDANT THAN| IN OVERLYING UNIT, BUT STILL ABUNDANT, MUCH MORE
7 L vi L » ' CONTINUOUS, MOST suevsmcn‘ - ABUNDANT MICROVUGS. GRADATIONAL BASAL CONTACT.
AN A o° '5) ~ |V DOLOMITE, LIGHT OLIVE QRA{‘E‘(‘SYGII). ENTIRE UNIT UNDULATORY. THIN LAMINAE TO
77 L & o LAMINAE. LOCALLY BRECCTATED, SHARP BASAL CONTACT, UNDULATORY OVER 3 FT.
10 Y == Yo e UNNAVED LOWER MEMBER. MUDSTONE AT BASE TO CLAYSTONE AT TOP, MEDIUM BLUISH GRAY
—_— TO BROWNISH GRAY TO DARK GREENISH GRAY UPWARD (SB5/1-5YR4/1-56Y2/1) (SEE FIG. 9
—_ ] ——— FOR DETAILED MAP). MICRO TO|THIN LAMINAE TO STRUCTURELESS, WAVY, SOME CONTORTED
] = 8 AND VERY IRREGULAR TO msccmuuous. GRAY CLAST TO COBBLE SI1ZE IN LOWER MIDDLE
— == e L] PART OF UNIT. SLICKENSIDES| COMMON, GYPSUM-FILLED FRACTURES OCCUR LOCALLY TO
= o el SRR PO 1/4" THICK ALONG SLICKENSIDED. SURFACES. YELLOW STAINS ON SOME FRACTURES.
L\'EA_'\_H — oD |LSOFT. LOMER CONTACT MARKED Bv DISTINCT COLOR CHAGE.
. ©%9 4o MUDSTONE, MODERATE BROWN um}/n WITH MEDIUM BLUISH GRAY (585/1) INTERLAMINAE;
My — 7 5‘/ CONTAINS SEVERAL VERY THIN'BEDS TO LAMINAE OF DISCONTINUOUS GYPSUM, .5-1 FT
— —— — o BELOW, AND PARALLEL TO, UPPER CONTACT. SMEARED INTRACLAST/LAMINAE TEXTURE BELOW
¥ SULFATE INTERBEDS WITH A HINT OF HOR!ZONTAL STRATIFICATION. LOCALLY ABUNDANT
. —_— GYPSUM-F ILLED FRACTURES TO 1" THICK WITH VARIOUS ORIENTATIONS, LOWER CONTACT
et SHARP, EROSIONAL.
e ANHYDRITE, VERY TO MEDIUM LIGHT GRAY (NB-6), MODERATE PINK ZONE (SR7/4) 1 FT
P BELOW CONTACT; COVERED WITH GROUT, MOST DETAIL OBSCURED. MICROCRYSTALLINE. THIN
———e” LAMINAE TO LAMINAE; STRATA MOSTLY FLAT, LAMINAE WAVY. POORLY EXPOSED. LARGE

AIR INTAKE SHAFT LITHOLOGIC LOG
SHEET __ 18 OF _ 22

FIGURE 5




745

7501

755~:

fco-:

UTHOLOGY FEATURES REMARKS
HALITE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAIL CRYSTALS TO ) FT HIGH NEAR BASE.
p— LOWER CONTACT SHARP.
\ VU U?
_\_ D grg—— ‘r__ SILTSTONE (BASE) TO MUDSTONE (TOP), GRAYISH BROWN TO GRAYISH RED (S5YR3/2-10R4/2),
71— — o0 UPPER .5-.2 FT 1S GRAY (566/1). HALITE CEMENT NEAR BASE, ANMYDRITE CEMENT AT
ey e TOP. LOCAL THIN LAMINAE; ANHYDRITE OCCURS AS IRREGULAR INTERBEDS AND NODULES;
;-+{§:}5—;;_ O L HINT OF SMEARED INTRACLAST/LAMINAE TEXTURE. SHARP TO EROSIONAL BASAL CONTACT
|- = O MARKED ALSO BY INCREASE IN SALT CONTENT.
- - :F—-.. @ 0 SILTSTONE AND HALTTE, MODERATE BROWN (S5YR3/4), ZONES OF GREENISH GRAY (5GY6/1).
[ — Og E LOCAL THIN LAMINAE OF SILTSTONE; CLEAR INCORPORATIVE HALITE OCCURS AS !SOLATED
_:-:_—_}..:—__j - AGGREGATES OF CRYSTALS TO 1" ON A SIDE, CONCENTRATED BETWEEN 727.4-729 FT,
T %% QE CRYSTALS MAY BE DISPLACIVE; SILTSTONE BED AT EROSIONAL SURFACE AT 730 FT IS ABOUT
[ 1 S .5 FT THICK; BELOW 730 FT, HALITE OCCURS WITH SILTSTONE, SILTSTONE OCCURS AS
._:_"—i—-z m— BLEBS AND DISCONTINUOUS INTERBEDS MARKING EROSIONAL SURFACES; HALITE
= oo CONCENTRATION DECREASES IN LOWER .2-.5 FT; SILTSTONE SHOWS SMEARED
[ - [5] INTRACLAST/LAMINAE TEXTURE; BELOW 730 FT, MOST HALITE ORIGINATED AS OVERGROWTHS
= —] dﬂJ ON HALITE CRUST; SILTSTONE INTERBEDS DISCONTINUOUS; WITH EXCEPTION OF AN
= IRREGULAR HORIZONTAL ZONE NEAR 732 FT AND THE SILTSTONE INTERBED AT 730 FT,
] ogg HALITE IS THE DOMINANT CONSTITUENT. LOWER CONTACT SHARP AND EROSTONAL.
| —— - — HALITE, CLEAR, WITH SILTSTONE, MODERATE BROWN (5YR3/4). INCREASING CLAY AND
SILTSTONE CONTENT UPWARD TO SILTSTONE AT TOP. MOST SILTSTONE OCCURS IN UPPER
HALF OF UNIT AS THIN STRINGERS AND BLEBS, CONTENT INCREASES UPWARD., LOWER .5 FT
MOSTLY CLEAR HALITE, INTERLOCKING CRYSTALS (HALITE CRUST). HARD. BASAL CONTACT
——— SHARP TO GRADATIONAL,
\\\\\ DE_ ANHYORITE, MEDIUM CRYSTALLINE; VERY TO MEDIUM LIGHT GRAY (N8-6). THIN LAMINAE,
\ ey WAVY, FLAT TO PARALLEL IN UPPER .5-1 FT; LAMINAE LOCALLY DISCONTINUOUS.
LS —_—=,_"' IRREGULAR ZONES OF (HALITE, SOME DISPLACIVE CRYSTALS, HALITE INCREASING UPWARD.
—— HARD, STANDS OUT AS RESISTANT UNIT. LOWER CONTACT SHARP AND EROSIONAL; LAMINAE
RN jp— WITHIN UNIT DRAPE CONTACT.
p o —— A — HALITE WITH INTERLAMINATED ANHYDRITE, ANHYDRITE CONTENT INCREASING DOWNWARD,
it 0 oo . CLEAR TO WHITE, végv THIN TO THIN BEDS, FLAT TO SLIGHTLY WAVY; CONTAINS THIN
._.:_-_T_-_‘_: g”a‘j"" ARGILLACEOUS LAMINAE DOWNWARD WiTHIN ANHYDRITE. BASAL CONTACT SHARP, EROSIONAL.
] S a HALITE WITH MUDSTONE AND SILTSTONE (TOP, UPPER 1 FT); HALITE CLEAR, MUDSTONE AND
_:—F—:_H ot SILTSTONE LIGHT BROWNISH GRAY (5YR6/1). MUDSTONE OCCURS AS STRINGERS; .5 FT
T3] o ) THICK SILTSTONE WITH EROSIONAL BASE OCCURS BELOW UPPER CONTACT, HAS DISPLACIVE
: :_:.‘ —_— HALITE CRYSTALS TO:1/4" WITH SMEARED INTRACLAST/LAMINAE TEXTURE. REMAINDER OF
b T e ] % —@ UNIT MAINLY HALITIC SILTSTONE; LOCAL THIN LAMINAE TO VERY THIN BEDS, IRREGULAR TO
'““—f—ii}-é—{ - £ DISCONTINUOUS; SMEARED INTRACLAST/LAMINAE TEXTURE. LOCALLY THINLY BEDDED,

SOME HALITE AGGREGATES, MOSTLY DISPLACIVE TO SMALL AGGRE-
GATES, CRYSTALS TO /2" ACROSS. LOOSE TO HARD DUE TO RECENT DISSOLUTION OF

ANHYDRITIC NEAR TOP,

HALITE DURING SHAFT CONSTRUCTION. BASAL CONTACT GRADATIONAL TO SHARP, EROSIONAL.

— WALTTE AND SILTSTONE, CLEAR HALITE, STLTSTONE LTGHT DROWNISH YO GREENTSH GRAT |
{5YR6/1-5GY6/1); HALITE' COARSELY CRYSTALLINE, TO 1/2“. UPPER PART SHOWS WELL
DEVELOPED VERY THIN TO THIN BEDS WITH HALITE INTERLAMINAE; STRATA LESS WELL
DEVELOPED IN MIDDLE. PART, CONTAINS IRREGULAR SMALL BLEBS OF SILTSTONE; AT ABOUT
755, .5-.2 FT SILTSTONE OCCURS ON TOP OF EROSIONAL SURFACE, CONTAINS 1/4"
DISPLACIVE CRYSTALS;, IRREGULAR LAMINAE; BELOW 755 FT, HALITE IS ISOLATED TO
AGGREGATES, CRYSTALS TO 1/2", CONTENT AND SIZE DECREASE DOWNWARD. GRADAT IONAL
BASAL CONTACT.

FINE TO MEDIUM SANDSTONE TO SILTSTONE, ANHYDRITIC, HALITIC; VERY LIGHT TO LIGHT
BROWN!SH GRAY TO GRAYISH RED (N8-5GY6/1-10R4/2). THIN LAMINAE TO LAMINAE, WAVY
TO CONTORTED, LOCALLY DISCONTINUQUS; BELOW 763 FT, BEDDING 1S FLATTER; SOME
LAMINAE TO VERY THIN BEDS OF ANHYDRITE ARE ENTEROLITHIC; SOME TEPEE STRUCTURES
AND DISC-SHAPED LAMINAE; POSSIBLE DESICCATION CRACKS. UPPER .5 FT SLIGHTLY
HALITIC, NEXT 1.5 FT VERY ANHYDRITIC, BELOW 763 FT ANHYDRITE CONTENT DECREASES
DOWNWARD. LAMINAR TO VERY THINLY BEDOED GRAY ZONES OCCUR, MORE ABUNDANT; BELOW

____;________________________________________________________________-.-
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LITHOLOGY
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767 FT, LOCAL FLAME STRUCTURES. MAINLY SANDSTONE FROM 765 TO BASE; SOME LOW
ANGLE ACCRETIONARY CROSS-LAMINAE, SETS TO 2" HIGH ON MARGINS OF CHANNELS .2 FT
DEEP BY 5 FT WIDE; SMALLER FLAT LAMINAE AT TOP, RIPPLE CROSS-LAMINAE AND RIPPLE
FORMS BECOME MORE COMMON DOWNWARD; RiPPLE FORMS AND RIPPLE CROSS-LAMINAE INCREASE
OOWNWARD, AS DOES SET SiZE TO 2"; LATERAL ACCRETION LOW ANGLE CROSS-LAMINAE SETS
TO .4 FT HIGH, MANY SUBVERTICAL HALITE-FILLED FRACTURES TO 2" THICK, SPACED 2-4
FT. LOWER CONTACT SHARP, EROSIONAL, UNDULATORY.

SANDSTONE,, MODERATE BROWN TO GREENISH GRAY (5YR3/4-56Y6/1), THIN LAMINAE TO
LAMINAE WITH ABUNDANT CROSS-LAMINAE; S1ZE INCREASES DOWNWARD TO DUNE-SIZE CROSS-
BEDDING W!TH SCOUR BASES; PLANAR CROSS-BEDDING AT BASE WiTH RIPPLES TO 2" CROSS-
LAMINAE AT TOP: LOCAL SCOURS; SOME BURROWING. HARD. EROSIONAL BASAL CONTACT.

SANDSTONE, GREENISH GRAY (5GY6/1). THIN LAMINAE TO RARE LAMINAE; CROSS-LAMINAE
TO CROSS-BEDDING COMMOM, SETS TO .5 FT; CROSS-BEDS PLANAR; LOCAL TROUGHS TD .2 FT
DEEP; SCOUR SURFACES COMMONLY OVERLAIN BY TANGENT!AL CROSS-BEDDING; SOME
EQUIDIMENSIONAL RIPPLES AND RIPPLE CROSS-LAMINAE; SETS TO 1%; FLAT TO WAVY
LAMINAE ; SOME BURRCWING, ABUNDANT SUBVERTICAL TO VERTICAL HALITE-FILLED
FRACTURES TO 1" THICK, DISSOLVED OUT AT SURFACE OF SHAFT. MODERATELY HARD,
PROBABLE HALITE CEMENT. GRADATIONAL BASAL CONTACT.

MEDIUM SANDSTONE, PROBABLE HALITE CEMENT; MODERATE BROWN (SYR3/4) AT BASE FINING
UPWARD TO ARGILLACEQUS SILTSTONE, GREENISH TO BLUISH GRAY (5GY6/1-5B6/1). LOWER
.1 FT CONTAINS CLASTS AND PEBBLES OF SILTSTONE WITH FOSSIL FRAGMENTS
(INVERTEBRATES). SEDIMENTARY STRUCTURES SMALLER THAN [N OVERLYING UNIT; LOW
ANGLE RIPPLE CROSS-LAMINAE WITH FLAT TO WAVY THIN LAMINAE. BIOTURBATION MORE
EXTENSIVE DOWNWARD. CONSISTS OF BIOTURBATION ZONE OVERLAIN BY RIPPLES, OVERLAIN .
BY BIOTURBATION, ETC.; VERY LITTLE STRATIFICATION PRESERVED DOWNWARD; BURROWS |
SUBHOR! ZONTAL. ABUNDANT CLOSELY SPACED SUBVERTICAL TO VERTICAL FRACTURES, SOME
FILLED WITH HALITE TO 1" THICK; SLABS 2-6" THICK SCALE QUT; FRACTURES INTERSECT ‘
FORMING WEDGES. HALITE FRACTURE FILLINGS DiSSOLVED AT SHAFT SURFACE FROM CULEBRA |
WATER. MODERATELY HARD. CONTACT EROSIONAL AND SHARP, UNDULATORY OVER 1 FT, ‘

AIR INTAKE SHAFT LITHOLOGIC LOG
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SILTSTONE TO VERY FINE SANDSTONE, HALITE CEMENT; MODERATE BROWN (5YR3/4). THIN

LAMINAE TO LAMINAE, WAVY TO LOCALLY CONTORTED, DISCONTINUOUS; SOME SMEARED

| INTRACLAST/LAMINAE_TEXTURE, MODERATELY HARD. BASAL CONTACT SHARP

ANHYORITE, LIGHT BROWNISH GRAY TO LIGHT GRAY (5YR6/1-N7); MEDIUM CRYSTALLINE (SEE
FIG. 10 FOR DETAILED MAP), PARTIALLY LAMINATED, WARD, LOWER CONTACT SHARP, |
SALADO FORMATION. MALITIC SILTSTONE, MODERATE BROWN (5YR3/4) WITH INTERLAMINAE
OF GREENISH GRAY (5G6/1) SULFATE, HALITE CONTENT INCREASES DOWNWARD, SMALL
DISPLACIVE CRYSTALS TO 1/8", MOST ABOUT 1/16". IRREGULAR: THIN LAMINAE TO LAMINAE
NEAR TOP ARE LESS DISTINCT DOWNWARD. EROSIONAL CONTACT AT 824 FT AN BASE OF

‘ , UNIT,

x - HALITE, CLEAR, WITH POLYHALITE, MODERATE REDDISH ORANGE (10R6/6) AND CLAY,
MODERATE BROWN TO GREENISH GRAY (SYR3/4-5G6/1), HALITE MEDIUM TO COARSELY
CRYSTALLINE, MODERATELY POLYMALITIC AT BASE, MODERATELY ARGILLACEOUS AT TOP.

; CLASTIC MATERIAL AS BLEBS, POLYHALITE AS BLEBS AND STRINGERS. LOWER CONTACT

_/s_’—/-
oy ————
830=— —] SHARP.,

A @ HALITE TO HALITIC MUDSTONE (UPPER ,5-.3 FT); HALITE MEDIUM TO COARSELY
- - CRYSTALLINE. ARGILLACEOUS ZONES FROM 831.5-832.5 AND 833.5-834.5 FT WITH
ABUNDANT DISCONTINUOUS SUBHOR)ZONTAL STRINGERS OF MODERATE BROWN (SYR3/4)
CLAYSTONE; LOCALLY POLYHALITIC (MODERATE REDD!ISH ORANGE, 10R6/6) AS DISCONT INUOUS
e AND INTERCRYSTALLINE STRINGERS; SOME WHITE (N7) ANHYDRITE. MOSTLY CLEAR BELOW
— ‘835 FT, THIN TO MEDTUM BEDS: LOCAL CLEAR; VERY COARSELY CRYSTALLINE HALITE; UPPER
HALITIC MUDSTONE WITH ABUNDANT DISPLACIVE CRYSTALS TO 1", WITH SMEARED INTRACLAST
A TEXTURE, MODERATE BROWN TO GREENISH GRAY (SYR3/4-5G6/1). LOWER CONTACT MARKED BY
X .1=.3 FT THICK POLYHALITE BED, VERY UNDULATORY AT SMALL SCALE. LOWER CONTACT
X ,_A/ ' SHARP,
"HALITE, CLEAR, LOCALLY BLUE; VERY COARSELY CRYSTALLINE, TO 6" ON SIDE; LOWER .5"
F : Ti‘“ﬂ] SLIGHTLY POLYHALITIC, MODERATE REDDISH ORANGE (IOR6/6); LOWER .1-.2 FT CONSISTS
j - 340-jAALA LA —] OF POLYHALITE. LOWER CONTACT SHARP, SLIGHTLY UNDULATORY.

_  —
" W = HALITE; THIN.TO MEDIUM BEDS WITH IRREGULAR STRINGER OF POLYHALITE, MODERATE
) —~—ots REDDISH ORANGE (10R6/6) AND ANHYDRITE; SLIGHTLY ARGILLACEQUS IN UPPER 1 FT.
- § . HALITE CLEAR, MEDIUM TO COARSELY CRYSTALLINE. BEDDING 3-6" THICK; STRATA WAVY.
?A_, . SEQUENCES OF VERTICALLY: ORIENTED HALITE OVERLAIN BY CUMULATES; ZONES OF COARSE
CLEAR HALITE. LOWER CONTACT SHARP.

x

845

Xx X
AVWY

‘ x ﬁ ARGILLACEOUS HALITE, MODERATE BROWN TO GREENISH GRAY (SYR3/4-5G6/1), LOCAL PITS

: = WITH CLEAR HALITE. CLAY OCCURS AS BLEBS AND IRREGULAR STRINGERS, INCREASES

8504 2, |\ 2 UPWARD. HALITE DISPLACIVE, INCORFORATIVE. SMEARED INTRACLAST/LAMINAE TEXTURES

oy AT TOP. LOWER CONTACT SHARP AND EROSIONAL,

S N | HALITE, POLYHALITIC, MODERATE REDDISH ORANGE (10R6/6)', CLEAR TO WHITE HALITE.
Y — . INTERCRYSTALLINE POLYHALITE AND AS IRREGULAR DISCONTINUOUS SUBHORIZONTAL

X —_— STRINGERS. RARE STRINGERS OF MODERATE BROWN TO GREENISH GRAY (5YR3/4-5G6/1)

o

CLAY. POSSIBLE PRISM CRACKS NEAR TOP. LOWER CONTACT SHARP.
WALTTE AND SILTSTONE, MODERATE BROWN TO GREENISH GRAY (5YR3/4-5G6/1). HALITE
CLEAR, INCORPORATIVE; MEDIUM TO COARSELY CRYSTALLINE, TO 1™ ON SIDE, LOCALLY
AIR INTAKE SHAFT LITHOLOGIC LOG
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BEDDED; POORLY DEFINED IRREGULAR ZONES OF SILTSTONE WiTH SMEARED
EROSIONAL LOWER CONTACT.

DISPLACIVE.
INTRACLAST/LAMINAE TEXTURE.

SILTSTONE TO VERY FINE SANDSTONE, HALITE CEMENTED, MODERATE BROWN (S5YR3/4) WITH
MINOR GREENTSH GRAY (5G6/1), THIN LAMINAE TO LAMINAE; SOME SMALL (<1/4") CROSS-
LAMINAE ; LAMINAE ARE IRREGULAR TO DISCONTINUOUS; LOCAL SMEARED INTRACLAST/LAMINAE
TEXTURES; SOME SCOURS WITH LOW ANGLE CROSS-LAMINAE; RARE SMALL (<1/4™) DISPLACIVE
HALITE CRYSTALS; HAS SCOUR/DISSOLUTION TROUGH (.5 FT DEEP AT WEST AND EAST SIDE
OF SHAFT. SHARP BASAL CONTACT.

L 3 DISPLACIVE CRYSTALS. REMAINDER, MEDIUM TO COARSELY CRYSTALLINE; MEDIUM BEDDED
X WITH BLEBS OF POLYHALITE. LOWER CONTACT SHARP.
X e
X X —~ . -
875 g __*_4 oo HALITE, ARGILLACEOUS AT TOP ANO POLYHALITIC AT BASE, AND SILTSTONE. HALITE CLEAR
——T] o B?J TO WHITE TO TINTED LIGHT RED (5Y6/6). ARGILLACEOUS UNITS MODERATE BROWN
L | aga (5YR3/4). HALITE MEDIUM TO COARSELY AND VERY COARSELY CRYSTALLINE, SOME:VERY
] Fes) COARSELY CRYSTALLINE. CLAY CONTENT DECREASES DOWNWARD. THIN LAMINAE, IRREGULAR,
- oa DISCONT{NUOUS IN UPPER 1 FT WITH SMEARED INTRACLAST/LAMINAE TEXTURE AND
: q:p" — DISPLACIVE/INCORPORATIVE HALITE. BELOW 879 FT, SILTSTONE OCCURS AS IRREGULAR,
— DISCONT INUOUS STRINGERS. POLYHALITE MODERATELY ABUNDANT AT BASE, DECREASES
UOO—J X UPWARD AS IRREGULAR DISCONTINUOUS STRINGERS AND BLEBS, ALSO RIMS HALITE
X CRYSTALS. IRREGULAR THIN TO MEDIUM BEDS DELINEATED BY POLYHALITE BELOW 883 FT.
X ’ SHARP BASAL CONTACT.
x— )
X -
XS
s T =
Bgs~{ X
——
x &
X ——
x%
X% xx —_
. 3
g 890-1*
i v HALITE, WHITE TO CLEAR TO TINTED LIGHT RED (5R6/6) AND ARGILLACEOUS HALITE,
; ++‘+-_._1 MODERATE BROWN (5YR3/4), MEDIUM TO COARSELY CRYSTALLINE; ARGILLACEQUS TO SILTY
| —- — _ N UPPER PART, DECREASING COMTENT DOWNWARD. LOCAL SILTSTONE INTERBEDS.
| 895 . )

HALITE, WHITE TO TINTED L!GHT RED (5R6/6); MEDIUM TO COARSELY CRYSTALLINE,
CLOUDY; SOME VERY COARSE CLEAR; ABUNDANT SILTSTONE AT TOP, DECREASING DOWNWARD.
IRREGULAR DISCONTINYUOUS STRINGERS/LAMINAE AND BLEBS TO COBBLE-SIZE WiTH
OISPLACIVE CRYSTALS TO 1", CONTENT OROPS GREATLY BELOW 868 FT. POLYHALITE
CONTENT INCREASES DOWNWARD, AS DISSEMINATED MATERIAL AND IRREGULAR SUBHOR!ZONTAL
STRINGERS. BELOW 868 FT, BECOMES THIN TO MEDIUM BEDDED. BOTTOM GROWN HALITE
OVER HALITE CUMULATES WITH POLYHALITE. LOWER CONTACT SHARP.

HALITE, CLEAR OR WHITE TO LIGHT OR MODERATE RED (5R6/6-4/6). UPPER .5 FT IS
SILTSTONE WITH HALITE CONTENT DECREASING DOWNWARD CONTAINING INCORPORATIVE AND

AIR INTAKE SHAFT LITHOLOGIC LOG
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»Dewey La_ke

Figure 6
Santa Rosa/Dewey Lake Redbeds contact in the air intake shaft.



)
& | 52 | &~ NomTH EAST SOUTH WEST NORTH
=
3 = %& | ! | LITHOLOGIC DESCRIPTION
2 L3 3la 215 20 15 10 ? ? 10 15 20 25 30
o i i ] 1 L 13 i
E VERY FINE SANDSTONE WITH MINOR SILTSTONE AND MUDSTONE. MORE SILTY AND
> ARGILLACEOUS DOWNWARD. THIN LAMINAE TO VERY THIN BEDS; IRAEGULAR, DISCONTINUOUS
= FLAT, WAVY, LOCALLY CONTORTED. SOFT SEDIMENT DEFORMATION; SMEARED LAMINAE
- 12887 TEXTURE; CRACKLE TEXTURE QCCURS WITH SOME DESICCATION CRACKS, UP TO 2 FT DEEP
> 570 Fty EROSION SURFACES AT 475, 480 FT. MAJOR STRATIFICATION AT 483, 483, 495, 506, 510 FT
S MUDSTONE AT TOP OF SURFACE AT 475 FT. SOME DISH-SHAPED FEATURES IN LOWER 7 FT, MOST
b OVERLIE CONTORTED BEDS. EROSIONAL SURFACES DIP PARALLEL TO OTHER INTERNAL
3 ~— BEDDING. UPPER PART OF UNIT HAS ABUMDANT THIN FRACTURES, VERY DISCONTINUOUS, MOST
Pt SUBHORIZONTAL, SPACED 1-3°, <1/16" WIDE. LARGE FRACTURES MORE ABUNDANT NEAR BASE AS
515 < —_ ARE GYPSUM-FILLED FRACTURES IN IRREGULAR PATTERNS, MOST LESS THAN 1/16° WIDE, SPACED
1" FOR HORIZONTAL AND 3-4 FT FOR SUBVERTICAL FRACTURES. PENECONTEMPORANEQUS
FOLDING NEAR BASAL CONTACT PARALLELS SHARP BASAL CONTACT WITH TOP OF RUSTLER
- % FORMATION,
W=
= 5204
= RUSTLER FORMATION.
25 FORTY-NINER MEMBER. ANHYDRITE, VERY LIGHT GRAY (N8}, HARD. THIN LAMINAE TO LAMINAE,
e WAVY TO SLIGHTLY CONTORTED; POSSIBLE LOCAL RIPPLE MARKS: IRREGULAR CLAYSTONE
ALONG EROSION SURFACE AT 524.4 FT, THINLY LAMINATED TO WAVY WITH STYLOUITES AT 172 FT
SPACING FROM 533-540 FT. SWALLOWTAIL GYPSUM CRYSTALS FROM 540-544 FT. DISRUPTED
ZONE 517-521 FT, BOULDER SIZED CLASTS, LAMINAE DOWNWARPED TOWARD AREA OF
DISTURBANCE, SOUTH SIDE OF SHAFT AS SOFT SEDIMENT DOWNWARPING IN DEWEY LAKE.
NOTES: FRACTURE NOTES EXPLANATION CLAYSTONE ON IRREGULAR SURFACES IN ANHYDRITE, LOCAL ZONES OF GYPSUM, ALL PART OF
POSSIBLE PALEC MICROKARST ON SURFACE OF FORTY-NINER MEMBER. GYPSUM-FILLED
. Fi-6  ALL 1/2° WIDE. SHARP CONTACT FRAGTURES FROM 513-530 FT, HORIZONTAL SPACING 6°-1 FT, NO VERTICAL FRACTURES.
1) THIS INTERVAL WAS MAPPED 10/1/68. SUBVERTICAL SPACED ABOUT 3 FT; OPEN FRACTURES TC 1/16” WIDE FROM 530-540 FT. SHARP
e BEDDING (DIAGRAMMATIC) BASAL CONTACT.
2) DEPTHS ARE RELATED TO SHAFT SUBCOLLAR, 18.5 P
FEET BELOW TOP OF CEMENT. MAPPED FRACTURE

3)  ELEVATION IS BASED ON SURVEY OF CONTACT AND
RELATED TO LOCAL MONUMENTS AND 1927 NORTH
AMERICAN DATUM.

4) INTERNAL BEDDING IS DIAGRAMMATIC ONLY;
STANDARD GEOLOGIC SYMBOLS ARE NOT USED TG
ENHANCE CLARITY OF FIGURE.

FIGURE 7

GEOLCGIC LOG OF CONTACT
DEWEY LAKE AND RUSTLER FORMATIONS
DEPTH 505 THROUGH 520 FEET
AIR INTAKE SHAFT

WASTE ISOLATION PILOT PLANT
CARLSBAD, NEW MEXICO




Figure 8
Dewey Lake/Rustler Formation contact in the
air intake shaft.




Figures 9A, 9B, and 98C
Dewey Lake Redbeds. Three examples of upward tining sequences
consisting of very fine sandstone grading to siltstone at the top. A)
Wavy to flat laminae at the base - ripple drift cross-laminae with stoss
preservation - flat laminae at top. B) Two sequences with structures
following same order as A) (Note pillow structures in sequence 2.)
C) Sequence 1shows flat laminae at base - ripple-scale cross-laminae
with local clay flasers in middle - wavy to flat laminae at top with flame
and pillow structures developed at base of sequence 2.




Figure 10 7 Figure 11
Dewey Lake Redbeds. Shallow channel with low-angle, ~ Dewey Lake Redbeds. Prism cracks in fine
tangential cross-bedding. sandstone and siltstone. Ripple drift
cross-laminae occur in the lower part
of the photograph.




Figure 12 Figure 13

Dewey Lake Redbeds. “Crackle” texture in siltstone accentuated by Dewey Lake Redbeds. Penecontemporaneous
wispy thin laminae of claystone. Vertical “ribbed” surface is from normal fault with 20+ cm displacement at the
cutter heads on shaft bit. base and no displacement at the top

(uppermost zone of rip-up clasts).



Figure 14
Dewey Lake Redbeds. Typical gypsum-filled
fracture pattern in sandstone.

B “Figure 15
Dewey Lake Redbeds. Typical gypsum-filled fracture pattern in
mudstone and siltstone.
(Note contorted strata near center of photograph.)




B s Figure 16
Dewey Lake Redbeds. Cobble-sized rip-up clast containing
gymsum-filled fractures which terminate at the margin of the clast.
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UNIT

ARGILLACEOUS SILTSTONE; GREENISH GRAY (5G8/1). THIN BEDS OF COARSELY
CRYSTALLINE GYPSURM NEAR TOP. POORLY FRESERVED IRREGULAR THIN LAMINAE. LOWER
CONTACT IS REDUCTION/OXIDATION CONTACT, UNIT SOFT. CONTACT SHARF TO
GRADATIONAL.

UNIT 2

MUDSTONE INTERBEDDED WITH SILTSTONE AND VERY FINE SANDSTONE, PALE YELLOWISH
BAOWN (10YR6/2). SOME GYPSUM NEAR TOF IN COARSELY CRYSTALLINE LAMINAE TO THIN
BEDS. SILTSTONE AND SANDSTONE OCCUR AS FLASER-LIKE INTERBEDS, VERY
DISCONTINUQUS TO IRREGULAR; THIN LAMINAE TO LAMINAE, DEFORMED AND WAVY;
POORLY DEFINED CROSS-LAMINAE, SOME RIPPLE SURFACES, LOCALLY SLIGHTLY SMEARED
TEXTURE, BASAL CONTACT SHARP, EROSIONAL,

VERY FINE SANDSTONE TO SILTSTONE, MODERATE BROWN TO LIGHT BLUISH GRAY (SYRY/4-
SB7/1). THIN LAMINAE TO LAMINAE, FLAT AND PARALLEL TO CONTORTED AND DISTORTED
OR SMEARED, LOCALLY KINKED; LOCAL SANDSTONE PEBBLES; LOCAL LOW ANGLE CROSS-
LAMINAE IN ACCRETION SURFACES. UPPER 1 FT VERY ARGILLAGCEQUS. SMEARED
INTRACLAST TEXTURE DOMINATES AT BASE. SOFT. BASAL CONTACT IRREGULAR,

iT3b

SANDSTONE AND SILTSTONE, BECOMING FINER AND MORE ARGILLACEOUS UPWARD.
MICRO-LAMINATED TO LAMINATED, MORE ABUNDANT AT BASE, VERY DISCONTINUOUS,
IRAEGULAR, CONTORTED TO DISTORTED. SMEARED LAMINAE LESS DISTINCT THAN IN UNIT
ABOVE. DOMINANT TEXTURE AT BASE; EXHIBITS SMEARED INTRACLAST TEXTURE; ANGULAR
CLASTS OF SILTSTONE AND MUDSTONE WITH SMEARED INTRACLASTS AND LAMINAE AT
BASE. GRADATIONAL BASAL CONTACT,

UNIT 4

SILTSTONE, LIGHT BLUISH GRAY (587/1). THIN LAMINAE TO VERY THIN BEDS, VERY
DISCONTINUOUS, CONTORTED TO WAVY, OVERALL STRATIGRAPHIC CONTINUITY WITHIN
UNIT; INTERLAMINAE OF ANHYDRITE DECREASE UPWARD. LOCALLY CONTAINS GRANULE TO
PEBBLE-SIZE SILTSTONE CLASTS. WELL INDURATED, MODERATELY HARD. SHARP BASAL
CONTACT.

UNITS

MNOTES

UPPER SECTION WAS MAPPED 101548,
LOWER SECTION WAS MAPPED 10/19/86.

DEPTHS ARE RELATED TO SHAFT SUBCOLLAR, 185
FEET BELOW TOP OF CEMENT.

ELEVATION IS BASED ON SURVEY OF CONTACT AND
RELATED TO LOCAL MONUMENTS ARD 4927 NORTH
AMERICAN DATUM,

TO ENHANCE CLARITY.

FRACTURE NOTES

GYPSUM-FILLED,

. STRAIGHT FIBERS.

EXPLANATION

SHARP CONTACT

) ,_UNET 1

ANHYDRITE, MEDIUM GRAY TO WHITE (N5-9), MEDIUM TO FINELY CRYSTALLINE. BEDDED
NODULAR FROM BASE TO 570 FT; INTERBEDS OF CARBONATE DECREASING UPWARDS,
SPACED .5-1 FT FROM 570-565 FT; ANHYDRITE PSEUDOMORPHS AFTER GYPSUM
SWALLOWTAILS TO 172" HIGH FROM 570-560 FT; THIN LAMINAE TO LAMINAE, SOME VERY THiN
BEDS; LAMINAE TC MICROLAMINAE IN UPPER 2 FT; BEDDING WAVY TO CONTORTED AND
CONVOLUTE UPWARD AND LESS CONTINUOUS. LOCAL ZONES OF MEDIUM TO COARSELY
CRYSTALLINE GYPSUM. HEALED SUBVERTICAL FRACTURE ON NORTHWEST SIDE OF SHAFT
NEAR 560 FT. HARD. GRADATIONAL BASAL CONTACT.

DOLOMITE AND GYPSUM, WHITE TO LIGHT BLUISH GRAY OR DARK GREENISH GRAY (N9 TO
5B7/1-5G4/1), GYPSUM CONTENT INCREASES UPWARD. THIN |AMINAE TO VERY THIN BEDS,
WAVY; ABUNDANT LOW ANGLE CROSS-LAMINAE, SETS TO 1/2" HIGH. GRADATIONAL BASAL
CONTACT.

DOLOMITE, LIGHT BLUISH GRAY TO DARK GREEMISH GRAY (587/1-5G4/1). CLASTIC, SILT SIZE.
WAVY TO LENTICULAR BEDDING; LOW ANGLE CROSS-LAMINAE WITH ABUNDANT SETS 2"
HIGH BY 6 "LONG; WAVY TO LENTICULAR BEDDING WITH LOW ANGLE CROSS-LAMIMAE SETS
TO 1/4" NEAR BASE. SURFACE WET. GRADATIONAL BASAL CONTACT.

DOLOMITE, LIGHT BLUISH GRAY TO DARK GREEMISH GRAY (5871-5G4/1). MAINLY 5ILT-SIZED
GRAINS, SOME SAND-SIZED; COARSE-GRAIMED, MORE GYPSIFEROUS, POROUS, BUT NOT
WET. THIN LAMINAE TO LAMINAE; ABUNDANT CROSS-LAMINAE. LOW ANGLE CROSS-
LAMINAE SETS 1/4-1/2", INCREASE IN SIZE AND BECOME INTERLAMINATED WITH LAMINAE
CONTAINING PEBBLE-SIZED NODULES OF GYPSUM IN UPPER .5 FT. BASAL CONTACT
GRADATIONAL.

UNIT 4

DOLOMITE, LIGHT BLUISH GRAY TO DARK GREEMISH GRAY (587/1-5G4/1). CLASTIC, SLTTO
VERY FINE SAND SIZE. THIN LAMINAE TG LAMINAE, STRATA WAVY AT BASE BUT WITH MUCH
LESS AMPLITUDE THAN IN UNDERLYING UNIT; ABUNDANT EROSIONAL/SCOUR SURFACES TO
27 DEER LOW ANGLE RIPPLE CROSS-LAMINAE SETS TO 1727 HIGH, MOST 174*) SETS INCREASE
IN HEHGHT TO ABOUT 1* NEAR TOP. GRADATIONAL BASAL CONTACT,

UNIT 3

OOLOMITE, LIGHT BLUISH GRAY TO DARK GREENISH GRAY (587/1-5G4/1). CLASTIC, SILTTO

ERY FINE SAND SIZE. UPPER PART THINLY LAMINATED, WAVY, DISCONTINUOLS. LOWER
£ AL WITH DOMES AND HEMISPHEROIDS. ABUNDANT GYPSUMFILLED FRACTURES IN
WAVY PART, «1/2" THICK, MOST PARALLEL TO LAMINAE. GRADATIONAL BASAL COMTACT.

L CONTACT
{THIN 2 INCHES)

MAPFED FRACTURE

FIGURE 18

GECLOGIC LOG OF
THE FORTY-NINER MEMBER CLAYSTONE AND
THE MAGENTA DOLOMITE MEMBER,
RUSTLER FORMATION
DEPTH 540 THROUGH 600 FEET
AIR INTAKE SHAFT

WASTE ISOLATION PILOT PLANT
CARLSBAD, NEW MEXICO
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NORTH
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(FT.MSL)
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30 25 20

EAST
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LITHOLOGIC DESCRIPTION

2730

TAMARISK MEMBER

UNIT 1

TAMARISK MEMBER. ANHYDRITE; MICROCRYSTALLINE, VERY LIGHT TO MEDIUM LIGHT GRAY (N&-
). FROM 650-652 FT, THIN LAMINAE WITH ANHYDRITE PSEUDOMORPHS AFTER GYPSUM
SWALLOWTAIL CRYSTALS. FROM 652-653, CLAST-SUPPORTED COBBLE BRECCIA OF THINLY
LAMINATED ANHYDRITE, ZONE OVERLAIN BY EROSIONAL SURFACE WHICH CROSS-CUTS
ANHYDRITE CLASTS. FROM 653-654 FT CLAST TO LOCALLY MATRIX-SUPPORTED ANHYDRITE
GRANULE BRECCIA WITH LOCAL COBBLE-SIZED CLASTS OF ANMYDRITE, UPPER SURFACE
EROSIONAL. THIN LAMINAE OF CLAYSTONE AT 654 FT. FROM 654-655.5 FT THIN LAMINAE AND
LAMINAE CONVOLUTED DOWNWARD, FLAME STRUCTURES OF UNDERLYING UNIT PENETRATE
ZONE T .5 FT, UPPER SURFACE EROSIONAL. UNIT HARD, WELL LITHIFIED. LOWER CONTACT

SHARP TO LOCALLY GRADATIONAL, UNDULATORY AND IRREGULAR, MARKED BY FLAME
STRUCTURES.

ANHYDRITE AND GYPSUM, VERY LIGHT GRAY (N8), INTERBEDDED WITH CLAYSTONE, LIGHT BLUISH
TO DARK GREENISH GRAY (587/1-5G4/1). CLAYSTONE CALCAREQUS AT UPPER .5-.2 FT, CONTENT
DECREASING DOWNWARD. THIN LAMINAE TO LAMINAE, WAVY TO UNDULATORY PARALLEL TO
LOWER CONTACT BECOMING MORE DISRUPTED, CONVOLUTED UFPWARD (SOFT SEDIMENT
DEFORMATION); UPPER .5 FT VERY CONTORTED, WITH LOCAL FLAME STRUCTURES (NO BRECCIA);
LAMINAE VERY DISTINCT IN CLAYSTONE (POSSIBLY ALGAL). CONTAINS ABUNDANT IRREGULAR
BIFURCATING GYPSUM-FILLED FRACTURES TO 1° THICK, MOST SUBHORIZONTAL, FRACTURES
DECREASING DOWNWARD. BASAL CONTACT GRADATIONAL.

NOTES

INTERVAL MAPPED 10/24/88.

DEPTHS ARE RELATED TO SHAFT SUBCOLLAR, 18.5
FEET BELOW TOF OF CEMENT.

ELEVATION 1S CALCULATED BASED ON DEPTH
DIFFERENCE TO SURVEYED ELEVATION AT TOP OF
CULEBRA DOLOMITE MEMBER: SURVEY POINT IS
RELATED TO LOCAL MONUMENTS AND 1927 NORTH
AMERICAN DATUM.

INTERNAL BEDDING IS MAINLY DIAGRAMMATIC,

STANDARD GEOLOGIC SYMBOLS ARE USED SPARINGLY
TO ENHANCE CLARITY.

FRACTURE NOTES

EXPLANATION

SHARP CONTACT

MOST FRACTURES SHOW SLICKENSIDES AND ARE FILLED

WITH SIGMOIDAL FIBROUS GYPSUM.

F1-3
Fé

FS5
Fe-8
Fg-12
Fi3
Fi4
F15-16
Fi7
F18
Fi9
Fa0

2" THICK.

1-2" THICK.

1" THICK.

1/2" THICK.

2" THICK.
1" THICK.
2° THICK.
1" THICK.
2" THICK.

172" THICK.

2" THICK,

172" THICK.

# =~ GRADATIONAL CONTACT
{DEFINED WITHIN 2 INCHES)

(F7  MAPPED FRACTURE

CHANNEL WITH
FILL

CLAYSTOMNE, CALCAREQUS CLAYSTONE IN UPPER 3-5 FT; VERY ARGILLACEOUS GYPSUM AND
ANHYDRITE AT BASE; LIGHT BLUISH TO DARK GREENISH GRAY AND VERY LIGHT GRAY (5B87/1-
5G4/1, N8). THiN LAMINAE TO LAMINAE; UPPER PART MOSTLY PARALLEL, WAVY, WITH SOME SOFT
SEDIMENT DEFORMATION, CONTORTED INTO FLAME STRUCTURES AT UPPER CONTACT; LOWER
PART DISRUPTED, DISCONTINUCUS. ANHYDRITE AND GYPSUM CONTAINS SWALLOWTAILS
LOCALLY TO 1/4" HIGH. UPPER CLAYSTONE MOUNDED (POSSIBLY ALGAL), CONTAINS ABUNDANT
BIFURCATING GYPSUM-FILLED FRACTURES, MOST SUBHORIZONTAL AND PARALLEL TO BEDDING.
TO 2" THICK. LOWER CONTACT.SHARF T() GHADATIONAL.

NIT 4

INTERBEDDED AND INTERMIXED CLAYSTONE, MUDSTONE, AND SILTSTONE, GENERALLY FINES
UPWARD; LOCALLY SANDY NEAR BASE; SILTSTONE PEBBLE CONGLOMERATE FILLS 2.5 FT
CHANNEL AT BASE. GRAYISH-RED TO MEDIUM BLUISH-GRAY (10R4/2, 5B5/1), UPPER .5-2 FT,
MEDIUM BLUISH-GRAY, IRREGULAR LOWER CONTACT; ALTERNATING LAMINAE AND MOTTLED
GRAYISH-RED TO MEDIUM BLUISH-GRAY BELOW UPPER ZONE. LOCAL THIN LAMINAE TO LAMINAE,
IRREGULAR, DISCONTINUQUS, DISTORTED, CONTORTED 10 CONVOLUTE OFTEN WITH SMEARED
LAMINAE TEXTURE; LAMINAE OFTEN DISRUPTED BY ABUNDANT SMALL SOFT SEDIMENT
DISPLACEMENT SURFACES; SMEARED INTRACLAST TEXTURE LOCALLY ABUNDANT; SMEARED
INTRACLAST/LAMINAE TEXTURE MOST ABUNDANT IN MIDDLE AND BASE OF UNIT. LOCAL BROKEN,
SUBHORIZONTAL, LATERALLY CONTINUQUS LAMINAE-SCALE GYPSUM-RICH ZONES IN MIDDLE OF
UNIT. LOCAL ANHYDRITE NODULES TO 1” DIAMETER IN LOWER HALF OF UNIT. AT BASE OF UNIT
ON EAST SIDE OF SHAFT, A 2.5 FT DEEP, 24 FT WIDE CHANNEL IS FILLED WITH MEDIUM BLUISH-
GRAY SILTSTONE PEBSLE CONGLOMERATE; CONGLOMERATE IS CLAST SUPPORTED WITH
ROUNDED CLASTS; REGULAR SECTION OCCURS ABOVE CHANNEL. SMALL PYRITE CUBES OCCUR
IN BLUISH-GRAY ZONES, MOST ABUNDANT NEAR TOP. ABUNDANT SMALL FRACTURES WITH
SLICKENSIDED SURFACES. ABUNDANT FIBROUS GYPSUM-FILLED FRACTURES TO 2" THICK WITH
SLICKENSIDED SURFACES, MANY SHOW SIGMOIDAL FRACTURE FILLINGS, MOST ARCUATE. LOWER
CONTACT SHARP, EROSIONAL.

UNITS

ANHYDRITE, VERY LIGHT TO DARK GREENISH GRAY (N8-5G4/1). THIN LAMINAE TO LAMINAE; SOME
ANHYDRITE PSEUDOMORPHS AFTER SWALLOWTAIL GYPSUM STRUCTURES SHOWING CRUSHED
PRISM TEXTURE; LAMINAE CONTINUOUS AND WAVY AT LOWER CONTACT; POSSIBLY NODULAR AT
TOP. HARD. SHARP. UNDULATORY CONTACT WITH 1.5 FT RELIEF.

FIGURE 19

GEOLCGIC LOG OF THE
TAMARISK MEMBER CLAYSTONE,
RUSTLER FORMATION
GEPTH 650-670 FEET
AIR INTAKE SHAFT

WASTE ISOLATION PILOT PLANT
CARLSBAD, NEW MEXICO
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7707

UNIT CULEBRA DOLOMITE MEMBER 0OLOMITE, ARGILLACEOUS. LOCALLY ORGANIC-RICH (ALGAL)

AT TOP AND BASE, LIGHT OLIVE GRAY (5Y&1). THIN LAMINAE TO THIN BEDS: CROSS-LAMINAE
\NUPPER .5 FT; CONSISTS OF FINING UPWARD SEQUENCES 2-.5 FT THICK WITH BURROWS IN
LOWER PART OF SEQUENCES. SYNSEDIMENTARY FAULT WITH { FT THROW TERMINATES NEAR
MIDDLE OF THIS UNIT. UNIT DEPOSITIONALLY THICKENS OVER DOWNDSOPPED SECTION.
UPPER 1-2 FT SHOWS SHORT, SMALL FRACTURES WITH SYNSEDIMENTARY BRECCIA, MOST
SUBVERTICAL AND LIMITED TO INDIVIDUAL STRATA. A FEW WITH FIBROUS GYPSUM-FILLINGS
TO /4", CONTAINS N VUGS. LOWER CONTACT GRADATIONAL.

UNIT2  DOLOMITE. LIGHT OLIVE GRAY (5Y5/1), MEDIUM CRYSTALLINE, ARGILLACEOUS, LOCALLY
ORGANIC-RICH. THIN LAMINAE TO THIN BEDS, PARALLEL BEDDING "RAILROAD TRACKS™, RARE
UNIT 33 LARGE VUGS, MOST OPEN; BEDS INTEANALLY STRUCTURELESS. PROBABLE BRECCIA ALONG
SOME FRACTURES. CONTAINS LONGER SUBVERTICAL AND VERTICAL FRACTURES FILLED
WiTH GYPSUM. LOWER CONTACT GRADATIONAL TO DIFFUSE.
7004

CULEBRA DOLOMITE MEMBER

e B L UNIT 3a DOLOMITE, LIGHT OLIVE GRAY {5Y6/1), ARGILLACEOUS, MEDIUM CRYSTALLINE. LOCAL THIN
| LAMINAE TO MEDIUM LAMINAE. FRACTURES NOT RELATED TO STRATA BUT ARE ASSOCIATED
N UNIT 3b WITH VUGS; WITHIN SOME LAMINAE AND THIN BEDS, THIN BEDS LOCALLY ERDSIONALLY
TEAMINATED. STRATA PARALLEL, FLAT; SOME LOW ANGLE CROSS-LAMINAE WITH POSSIBLE
RIPPLE FORMS; THIN LAMINAE LOCALLY DISCONTINUOUS. POSSIBLE BIOTURBATION. ZONE
.. PRODUCES MOST OF CULEBRA FLUID; UNIT IS CHARACTERIZED BY BROKEN APPEARANCE:
UNIT 3z ° VERY VUGGY AND BROKEN, ABUNDANT VUGS TO 2-3° DIAMETER, SOME FILLED WITH GYPSUM
AND SOME WITH CLAY, SOME HAVE BOTH; MOST HAVE IRREGULAR HMARGINS DUE TO
= DISSOLUTION OF CARBONATE; ABUNDANT IRREGULAR THIN (<1/16") FILLED AND OPEN
UNIT 3 — FRACTURES INTERCONNECTING ALL VUGS. MOST FRACTURES ARE SUBVERTICAL TO
T VERTICAL. CLAY-RICH [NTERBEDS NEAR TOP, MOST VUGS CLAY-FILLED. A0UT 50 PERCENT
=

L B O O PR

710 T
— - UNIT 1

- .. OF FRACTURES ARE UNFILLED. SUBVERTICAL FRACTURES VERY ABUNDART, SPACED 1/4-2",
O TR MOST VERY DISCONTINUOUS. UNIT ACTUALLY PACKBRECCIA (MORROW, 1852). GRADATIONAL
T BASAL CONTACT.

7154 UNIT 2

UNIT 3 DOLOMITE, LIGHT OLIVE GRAY (8Y&/1). BEDDING MORE DISTINGT BELOW 730 FT. LAMINAE TO
VERY THIN BEDS; LOW ANGLE CROSS-LAMINAE WITH LOW HUMMOCKS, LOCAL EROSIONAL
SCOURS TO 3" DEEP, MAY APPEAR WAVY TO LENTICULAR. VUGS MORE ABUNDANT AND
SMALLER DOWNWARD, FREQUENCY DECREASES SiGNIFICANTLY BELOW ABQUT 705 FT:

7204 VUGGY POROSITY DEVELOPED IN SUBVERTICAL FRACTURES; MOST VUGS OPEN OR FILLED

UNIT 3 WITH CLAY, GYPSUM AS FRACTURE OR VUG FILLING MUCH LESS COMMON. ABUNDANT

DISSOLUTION OF CARBONATE. UNIT IS A PACKBRECCIA (MORAQW, 1982). GRADATIONAL -

BASAL CONTACT.

725 UNIT 3¢ DOLOMITE, LIGHT OLIVE GRAY [5Y6/1). THIN LAMINAE TO VEAY THIN BEDS. LESS BRECCIATED

AND DISRUPTED THAN OVERLYING UNIT; FEWER LARGE VUGS, LAYERING FLATTER, LESS
UNIT 4 WAVY THAN OVERLYING UNIT: SOME LOW ANGLE CROSS-CUTTING AELATIONSHIPS,
FRACTURES LESS ABUNDANT THAN (N OVEALYING UNIT, BUT STILL ABUNLANT. MUCH MORE
CONTINUOUS, MOST SUBVERTICAL. ABUNDANT MICROVUGS. GRADATIONAL BASAL CONTACT.

UNIT 5

7304

UNIT4  DOLOMITE. LIGHT OLIVE GRAY (SYE/1), ENTIRE UNIT UNDULATORY. THIN LAMINAE TO LAMINAE.
LOCALLY BRECCIATED. SHARP BASAL CONTACT, UNDULATORY OVER 3 FT.

UNNAMED LOWER MEMBER

UNIT i UNNAMED LOWER MEMBER. MUDSTONE AT BASE TO GLAYSTONE AT TOF, MEDIUM BLUISH
GRAY TO BROWRISH GRAY TO DARK GREENISH GRAY UPWARD (5B5/1-5YR41-5GY2/1). MICRO
TO THIN LAMINAE TO STRUCTURELESS, WAVY, SOME CONTORTED AND VERY JAREGULAR TO
DISCONTINUOUS. GRAY CLAST TO COBBLE SIZE IN LOWER MIDDLE PART OF UNIT
SLICKENSIDES COMMON. GYPSUM-FILLED FRACTURES OCCUR LOCALLY TO 14" THICK ALONG
SUICKENSIDED SURFACES. YELLOW STAINS ON SOME FRACTURES. SOFT. LOWER CONTACT
MARKED BY DISTINCT COLOR CHANGE.

746

UNIT2  MUDSTONE, MODERATE BROWN (3YR3/4) WITH MEDIUM BLUISH GRAY (585/1) INTERLAMINAE:
CONTAINS SEVERAL VERY THIN BEDS TO LAMINAE OF DISCONTINUQUS GYPSUM. 51 FT
BELOW, AND PARALLEL TO, UPPER CONTACT. SMEARED INTRACLAST/LAMINAE TEXTURE
BELOW SULFATE INTERBEDS WITH A HINT OF HORIZONTAL STRATIFICATION. LOCALLY
ABUNDANT GYPSUR-FILLED FRACTURES TO 1° THICK WiTH VARIOUS ORIENTATIONS. LOWER
COMTACT SHARP, EROSIONAL.

UNIT3  ANHYDRITE. VERY TO MEDIUM LIGHT GRAY {N8-6), MODERATE PINK ZONE {5R7/4) 1 FT BELOW
CONTACT: COVERED WITH GROUT, MOST DETAIL OBSCURED. MICAOGRYSTALLINE. THIN
LAMINAE TO LAMINAE; STRATA MOSTLY FLAT, LAMINAE WAVY. POORALY EXPOSED. LARGE
HALITE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAIL CRYSTALS TO 1 FT HIGH NEAR BASE
LOWER CONTAGCT SHARP.

- UNIT4  SILTSTONE [BASE) TO MUDSTONE (TOP), GRAYISH BROWN TO GRAYISH RED (SYR3/2-10R4/2),

755 UPPER 5-.2 FT IS GRAY (5G6/1). HALITE CEMENT NEAR BASE, ANHYDRITE CEMENT AT TOP.
LOCAL THIN LAMINAE: ANHYDRITE OCCURS AS IRREGULAR INTERBEDS AND NODULES: HINT OF
SMEARED INTRAGLAST/LAMINAE TEXTURE, SHARP TO ERQSIONAL BASAL CONTACT MARKED
ALSO BY INCREASE IN SALT CONTENT.

780+

URNITS - SILTSTONE AND HALITE. MODERATE BROWN {5YR3/4), ZONES OF GREENISH GRAY (5GY6/1)
LOCAL THIN LAMINAE OF SILTSTONE; CLEAR INCORPORATIVE HALITE GCCEHS AS ISOLATED
AGGREGATES OF CAYSTALS T0 17 ON A SIDE. CONCENTRATED BETWEEN 727 4-729 FT.
Cl TALS MAY BE DISPLACIVE; SILTSTONE BED AT EROSIONAL SURFACE AT FTI5 ABOUT

5 FT TIHCK; BELOW 730 FT, HALITE OCCUHS WITH SILTSTONE, SILTSTONE CCURS AS BLEBS

AND DISCONTINUOUS INTERBEDS MARKING EROSIONAL SURFACES, HALITE CONCENTRATION

DECREASES INLOWER 2-5 FT; SILTSTONE SHOWS SMEARED INTRACLAS T AMINAE TEXTURE

BELOW 720 FT. MOST HALITE ORIGINATED AS OVERGROWTHS ON HALITE CRUS TSTONE

INTEHBEDS DISCONTINUOUS; WITH EXCEPTION OF AN IIREGLLAR HOAIZGNT, JONE NEAR

732 FT AND THE SILTSTONE INTERBED AT 730 FT. HALITE IS THE DOMIMANT CONSTITUENT

770 LOWER CONTACT SHARP AND EROSIONAL.

765

UMITE  HALITE, CLEAR. WITH SILTSTONE. MODERATE AROWN {5YR:
s SILTSTONE CONTENT UPWARD TO SILTSTONE AT T0P. MOS O

N HALF OF UNIT AS THIN STRINGERS AND BLEBS, CONTENT INCREASES UPWARD
) = SHAHP CONTAGT MOSTLY CLEAR HALITE, INTERLOCKING CRYSTALS {HALITE CRUST] HARD B,
1) INTERVAL MAPPED 10:25/85 - 1 (185, CULEERA DOLOMITE MEMAER SHAAP TO GRADATIONAL.

— — — GHADATIONAL CONTACT
2 DEPTHS ARG AELATED TO SHAFT SUBCOLLAR, 10.5 F1 ABOUT 1* THROW. {GEFINED WITHIN 2 INCHES) UNIT7  ANHYDRITE. MEDIUM CHYSTALLINE; YVERY TO MEDIUM LIGHT GRAY ING-6) THIN LAKIN
BELOW TOP OF CEMENT, . . DIFFUSE CONTAGT WAVY. FLAT TG PARALLEL IM UPPER 5.1 FT: | AMINAE LOCALLY DI
F2a 1 THICK, GYPSUM.FILLED,

MOTES FRACTURE NOTF S

" 5 o o 5 INED WITHIN 6 INCHES, ZONES OF HALITE, SOME DISPLACIVE CRYSTALS, HALITE INCRE

3 ELEVATIONS ARE BASED ON f”ﬁ‘,’%gi‘:gzg’\‘g’; . - N STANDS DUT AS RESISTANT UNIT. LOWER CONTACT SHARR AMD ERGSIONAL LAMIRAE Wil
:gg&n;ﬁ%:;;%“ﬁ‘ocu UONUMENTS 2 2 GYPSUM FLLED £ MAPPED FRACILAE UNIT DRAPE CONTACT

ATH AMERICAN DATUM, J

4 INTEANAL ODING 15 MAINLY DIACHAMMATIC B VATTHICK: GYPSUM-FLLER. 7 ENIT A LITE WITH INTERLAMINATED ANHYDRITE, ANHYDRITE CONTENT JHORE.

’ ol e St MITIeE 16 ; ’ : ¥ THIN TO THIN BEDS, FLAT TO SUSHTLY wavy
STANDARD GECLDGIG SYMALS ARE OMITTED T 7 GYPSUML ik k s, SHTLY
‘E,Tg;ﬁ,ﬂ’f{‘q;ri.#c' 1 SIRGS AT OUITTER TO ' GYPSUMELLED. I OUS LAMINAE DOWNWARD WITHIN ANHYDRITE, GABAL

FIGURE 20

URITS HALITE WiTH

STONE AND SHLTSTON

HMUD:
e GEOLOGIC LOG OF CULEBRA DOLOMITE MEMBER
: ‘ ; AND UPPER PART OF UNNAMED LOWER MEMBER,
FSTA O i 1SS ¢ ] ot 1 RUSTLER FORMATION
DEPTH 685 TO 780 FEET
AIR INTAKE SHAFT
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2569

i
UNIT 3a

TN 2

o

UNIT 1

830

835

840

UNIT 2

UNIT 3

845

850 -

855 -

550

865

875

B30 -

885

8§00

§95 -

900 -

865

810 ~

UNIT 4

UNIT 5

s

LAMINAE WAVY TO LOCALLY CONTORTED, IsSCONTING,

(,A-,P«IKEHAE TEXTURE. DERATELY HARD. BASAL CONTACT SHARP

HT GROWNISH GRAY TO
Y LAMINATED HARD. LOWER

GHT GRAY {SYRE/1-NT73 MEDjM CRYSTALLINE
ACT GHARP,

ONE, MODERATE BHOWN (5YRY4) WITH INTERLAMINAE OF

H. HALITIC SILT
13 SULFATE. HALITE CONTENT INCREASES DOWRWARD, SMALL DISPLACIVE

IYSTALS TO /87, MOST ABCUT 1/15°. IRREGULAR THIN LAMINAE TO LAMINAE NEAR TOP ARE
LESS DISTING Y COWNWARD. ERGSIONAL SONTACT AT 824 FT AND BASE OF UNIT,

UMIT1 HALITE, CLEAR, WITH POLYHALITE, MODERATE REDDISH ORANGE {10R6/%) AND CLAY, MODERATE
BROWN TO GREENISH GRAY (5YR3/4-5G6/1}, HALITE MEDIUM TO COARSELY CRYSTALLINE,
MODERATELY POLYHALITIC AT BASE, MODERATELY ARGILLACEOUS AT TOP. CLASTIC MATERIAL
AS BLEBS, POLYHALITE AS BLEBS AND STRINGERS. LOWER CONTACT SHARP.

UNIT &

UNIT 7

o o | SRS | S | S | SRS ey | ot ey

1L UMt 8

UNIT &

——

UNIT 10

RS

-

UNIT2 HALITE TO HALITIC MUDSTONE (UPPER .5-.3 FT); HALITE MEDIUM TO COARSELY CRYSTALLINE.
ARGILLACECUS ZONES FROM 831.5-832.5 AND 833.5-834.5 FT WITH ABUNDANT DISCONTINUOUS
SUBHORIZONTAL STRINGERS OF MODERATE BROWN (5YR34) CLAYSTONE; LOCALLY POLYHALITIC
(MODERATE REDDISH ORANGE, 10R6/6) AS DISCONTINUOUS AND INTERCRYSTALLINE STRINGERS
SOME WHITE (N7) ANHYDAITE. MOSTLY CLEAR BELOW 835 FT, THIM TO MEDIUM BEDS; LOCAL
CLEAR, VERY COARSELY CRYSTALLINE HALITE; UPPER HALITIC MUDSTONE WITH ABUNDANT
DISPLACIVE CRYSTALS TO 17, WITH SMEARED INTRACLAST TEXTURE, MODEAATE BROWN 70
GREENISH GRAY (5YR3/4-5G6/). LOWER CONTACT MARKED BY .1-.3 FT THICK POLYHALITE BED,
VERY UNDULATORY AT SMALL SCALE. LOWER CONTACT SHARP,

UMIT3 HALITE, CLEAR, LOCALLY BLUE; VEAY COARSELY CRYSTALLINE, TO 6" ON SIDE; LOWER 5"
SLIGHTLY POLYHALITIC, MODERATE REDDISH ORANGE (10R6/6); LOWER .1-.2 FT CONSISTS OF
POLYHAUTE. LOWER CONTACT SHARP, SLIGHTLY UNDULATORY.

UNIT 4 HALITE; THIN TO MEDIUM BEDS WITH IRREGULAR STRINGER OF POLYHALITE, MODERATE REDDISH
ORANGE (10R6/6) AND ANHYDRITE; SLIGHTLY ARGILLACEOUS IN UPPER 1 FT, HALITE CLEAR,
MEDIUM TO COARSELY CRYSTALLINE. BEDDING 3-6” THICK; STRATA WAVY. SEQUENCES OF
VERTICALLY ORIENTED HALITE OVERLAIN BY CUMULATES; ZONES OF COARSE CLEAR HALITE.
LOWER CONTACT SHARP.

UNITS ARGILLACEQUS HALITE, MODERATE BROWN TC GREENISH GRAY (SYRY4-5G6/1), LOCAL PITS WITH
CLEAR HALITE. CLAY OCCURS AS BLEBS AND IRREGULAR STRINGERS, INCREASES UPWARD.
HALITE DISPLACIVE, INCORPORATIVE. SMEARED INTRACLAST/LAMINAE TEXTURES AT TOP.
LOWER CONTACT SHARP AND EROSIONAL.

UNITB HALITE, POLYHALITIC, MODERATE REDDISH ORANGE [10R6/6), CLEAR TO WHITE HALITE.
INTERCRYSTALLINE POLYHALITE AND AS IRREGULAR DISCONTINUOUS SUBHORIZONTAL
STRINGERS. RARE STRINGERS OF MODERATE BROWN TO GREENISH GRAY (5YR3/4-5G6/1) CLAY.
POSSIBLE PRISM CRACKS NEAR TOP. LOWER CONTACT SHARP.

UNIT7 HALITE AND SILTSTONE, MODERATE BROWN TO GREENISH GRAY (5YRY/4-5G6/1). HALITE CLEAR,
INCQRPORATIVE; MEDIUM TO COARSELY CRYSTALUME, TO 1 ON SIDE, LOCALLY DISPLACIVE.
BEDDED: POORLY DEFINED /RREGULAR ZOMES OF SILTSTONE WITH SMEARED
INTRACLAST/LAMINAE TEXTURE. EROSIONAL LOWER CONTACT.

UNIT #

This contact is the same contact shown

ai 809.5" depth in Figure 5. UMIT 12

UMIT8 SILTSTONE TO VERY FINE SANDSTONE, HALITE CEMENTED, MODERATE BROWN (5YRJ/4) WITH
MINOR GREENISH GRAY (5G6/1). THIN LAMINAE TO LAMINAE; SOME SMALL (<1/4") CROSS-LAMINAE;
LAMINAE ARE IRREGULAR TO DISCONTINUOUS; LOCAL SMEARED INTRACLASTALAMINAE TEXTURES;
SOME SCOURS WITH LOW ANGLE CROSS-LAMINAE; RARE SMALL (<1/4") DISPLACIVE HALITE
CRYSTALS; HAS SCOUR/DISSOLUTION TROUGH 1.5 FT DEEP AT WEST AND EAST SIDE OF SHAFT.
SHARF BASAL CONTACT.

UNITQ HALITE, WHITE TO TINTED LIGHT RED (5R8/8); MEDIUM TO COARSELY CAYSTALLINE, CLOUDY;
SOME VERY COARSE CLEAR; ABUNDANT SILTSTONE AT TOP, DECREASING DOWNWARD.
IRREGULAR DISCONTINUQUS STRINGERSAAMINAE AND BLEBS TO COBBLE-SIZE WITH DISPLACIVE
CRYSTALS TO 17, CONTENT DROPS GREATLY BELOW 868 FT. POLYHAUTE CONTENT INCHEASES
DOWNWARD, AS DISSEMINATED MATERIAL AND IRREGULAR SUBHORIZONTAL STRINGERS. BELOW
868 FT, BECOMES THIN TO MEDIUM BEDDED. BOTTOM GROWN HALITE OVER HALITE CUMULATES
WITH POLYHALITE. LOWER CONTACT SHARP.

UNIT 10 HALITE, CLEAR OR WHITE TO LIGHT OR MODERATE RED (SR6/6-4/6). UPPER .5 FT IS SILTSTONE
WITH HALITE CONTENT DECREASING DOWNWARD CONTAINING INCORPORATIVE AND DISPLACIVE
CAYSTALS. REMAINDER, MEDIUM TO COARSELY CRYSTALLINE; MEDIUM BEDDED WITH BLEBS OF
POLYHALITE., LOWER CONTACT SHARP.

UNIT 11 HALITE, ARGILLACEOUS AT TOP AND POLYHALITIC AT BASE, ANO SILTSTONE. HALITE CLEAR TO
WHITE TO TINTED LIGHT RED ({5Y8/6). ARGILLACEOUS UNITS MODERATE BROWN (5YR¥4). HALITE
MEDIUM TO COARSELY AND VERY COARSELY CRYSTALLINE. CLAY CONTENT DECREASES
DOWNWARD. THIN LAMINAE, IRREGULAR, DISCONTINUQUS IN UPPER 1 FT WITH SMEARED
INTRACLAST/LAMINAE TEXTURE AND DISPLACIVE/INCORPORATIVE HALITE. BELOW 879 FT,
SILTSTONE OCCURS AS IRREGULAR, DISCONTINUQUS STRINGERS. POLYHALITE MODERATELY
ABUNDANT AT BASE, DECREASES UPWARD AS IRREGULAR DISCONTINUOUS STRINGERS AND
BLEBS, ALSO AIMS HALITE CRYSTALS. IRREGULAR THIN TC MEDIUM BEDS DELINEATED BY
POLYHALITE BELOW 883 FT. SHARP BASAL CONTACT.

UNIT 12 HALITE, WHITE TO CLEAR TO TINTED LIGHT RED (SR6/6} AND ARGILLACEOUS HALITE, MODERATE
BROWN (SYR3/4). MEDIUM TO COARSELY CRYSTALLINE: ARGILLACEOUS TO SILTY IN UPPER PART,
DECREASING CONTENT DOWNWARD. LOCAL SILTSTONE INTERBEDS.

HOTES

G INTERVAL MAPPED 11/683.

DEPTHS ARE BEIATED TO SHAFT SUBZOLLAR, 185
FEET BELOW TOP OF CEMENT,

3 ELEVATION IS BASED ON SURVEY OF RUSTLER/SALADO
CONTACT AND RELATED TO LOCAL MONUMENTS AND
1927 NORTH AMERICAN DATUM.

4] STANDARD GEOLOGIC SYMBOLS HAVE BEEN OMITTED
TO ENHANCE CLARITY

FRACTURE NQTES

F1 1 THICK; HALITE-FILLED.
F2-4 112 THICK; HALITE-FILLED.

EXPLANATION
SHARP CONTACT

. GRADATIONAL COMTACT
(DEFINED WITHIN 2 INCHES)

/F2 MAPPED FRACTURE

FIGURE 21

GEOLOGIC LOG OF THE
RUSTLER-SALADO CONTACT AND THE
KEYWAY AREA
DEPTH 820 TQ 915 FEET
AIR INTAKE SHAFT

WASTE ISOLATION PILOT PLANT
CARLSBAD, NEW MEXICO
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EXPLANATION FOR FIGURES 5 AND 23

STRATIFICATION TYPES/PRIMARY FEATURES

LOW ANGLE CROSS-STRATA
TROUGH CROSS-STRATA
CROSS-LAMINAE

CLIMBING RIPPLE CROSS-LAMINAE

TABULAR CROSS-BEDS
FLASERS

WAVY TO LENTICULAR BEDS
FLAME STRUCTURE
PILLOWS OR SLUMP FEATURES

LOW ANGLE ACCRETIONARY
CROSS-LAMINAE ’

BURROWS/BIOTURBATION

OTHER

@ FOSSIL

ISOLATED () TO AGGREGATE (ill)

PLANAR (a) TO IRREGULAR (c) BOUNDARIES

INTERLOCKING HALITE

———————  CONTINUOUS T
— — — - DISCONTINUOUS =
=="X\—  WAVY BEDDING/LAMINAE P
AU\ CONTORTED LAMINAE S
A/ 0R\\  DIPPING STRATA O\
SHARP CONTACT (<1%) ' —<\
—— ——  GRADATIONAL CONTACT (1-27) _ : »
«essvees  DIFFUSE CONTACT (>27
AAAAAA EROSIONAL SURFAGE
. 2 L ] ‘
e >we  ALGAL LAYERING
~————  DVTOR EROSION/SOLUTION —-
SURFACE, DEATH VALLEY TYPE |
— HORIZONTAL LAMINAE/THIN BEDS U
SHAPE
O  rounoed
ﬁ--@ CARBONATE
A ANGULAR
C—JR  TABULARORRIP-UP A @ vupstone
OO  SMEARED INTRACLAST
HALITE TEXTURES
A CHEVRON, BOTTOM GROWN I-II1
@ CUMULATES a-c
O T INCORPORATIVE, DISPLACIVE v
a
SULPHATE TEXTURES
V ¥V  PSEUDOMORPHS AFTER VERTICALLY ORIENTED PRISMATIC GYPSUM CRYSTALS
V'V  CRUSHED PRISM TEXTURE FROM §J '/ (Holt and Powers, 168).
25 NODULAR
~&>©-  BEDDED NODULAR
w STYLOLITE
C!) N  GYPSUMANHYDRITE NODULE

FIGURE 23
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EXPLANATION (CONTINUED)

VUGS/MACROPORES
OOV OPENVUG Cl)v GYPSUM-FILLED VUG -$-v CALCITE-FILLED VUG @N  HALTEFILLED VUG
OTHER STRUCTURES
1€ eoxwork FaBRIC 4dpY BRECCIA
JTLL‘. SUBVERTICAL FRACTURES i<  CRACKLETEXTURE
YA F AULT _ . —%_ SEDIMENTARY FAULT
SSAS VADOSE-INFLUENGED BEDS A2 <5 HAUTE PODS
A A TEEPEE-LIKE STRUCTURES £ & DISH-SHAPED LAMINAE
» SIDE NOTES/MODIFIERS
R  RIP-UP CLASTS E  EROSIONAL SURFACE St ALGALLAYERING
V  vues N NODULE S  SLICKENSIDES

? POSSIBLE OR PROBABLE
e/s EROSION/SOLUTION SURFACE

CF CLAY-FILLED FRACTURES

DVT  DEATH VALLEY TYPE , F ZONE OF WEEPS

LITHOLOGY
MUDSTONE/CLAYSTONE — ™ ARGILLACEOUS
E CLAYSTONE BED '
SILTSTONE ' v ' —- SILTY
W] SANDSTONE e fe SANDY
AN - AvHyoRTEGYPsuM W\ suLraTic
o] polomte L DOLOMITIC
=== umestone: — CALCAREOUS
L__::] HALITE 4 HALITIC
DTG POLYHALITE TR POLYHALITIC
FETTrTy uncsm |
SCALES/SYMBOLS HALITE/NON-HALITE COLUMN 7
RELATIVE PROPORTIONS
HALITE CRYSTAL SIZE NON-HALITE CONSTITUENTS NOELATIVE PROFORTIONS o
0 1 3 5 10 20mm ] 0 b} 5 10 50 100% CLAY SULFATE
[ T 1 [ 1 T T T 1T 1 1T1
vi f mjc v r / 102:% . 100%
) // mod :._'
: some
| | : :
/

Sheet 2032
FIGURE 23



EXPLANATION
(Continued)

The following abbreviations used in Figure 23

abund = abundant
anhy = anhydrite
arg = argillaceous
BG = bottom grown
c = course
Cc = cement
cont = continuous
- disc = discontinuous
DVT = Death Valley type
e/s = exposure/solution
f = fine
H = halite
irreg = irregular
lam = laminae
m ‘ = medium
mod = moderate
mod’ly _ - moderately
MP = macropores
P = primary
~ PAGS = pseudormorph after gypsum swallowtails
~ poly = polyhalite |
poly'c = polyhalitic
ﬂos = pile of sticks
rég = regular
sfp = smeared interclast
tr | = trace
v = very
vel = vertically elongate
VO B = vertically oriented
w,wi = with, within

Note: The descriptions in Figure 23 are highly abbreviated and compressed from the
“descriptions presented in Appendix D, so that the feature could be presented at an appropriate

WP:WIP:R-1750 Figure 23 Sheet 3 of 32



EXPLANATION
(Continued)

graphical scale (1" = 5). The halite classification system discussed in Appendix E is used in
Figure 23 and Appendix D. For fuller detail, the reader is referred to Appendix D. Because
these descriptions are highly abbreviated and edited, many modifiers have been eliminated.
For example, the rock described may include trace to abundant macropores; the abbreviated
description lists this characteristic as "MP." More detailed descriptions of lateral and vertical
relationships have been eliminated where they were deemed to be less important or if they
are presented.in the graphics that accompany this report. Contacts are not described for most
units because the graphics illustrate scales and relationships.

- WP:WIP:R-1750 - Figure 23 Sheet 4 of 32



nEPTH "t HALITE/ REMARKS

| HTHOLOSY L on mauTe GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
9 OO 1 LR L
BASE KEYWAY
x l R e ——— H, tr poly: similar to below. Upper contact not
. ' . ———— e - observed. :
905 -1 ' — 7 .
X — : —— _—— —— H. tr poly, beds 2-57; Ir clay at upper contacl. Poly
- I | ) : — —_— as reg to slighttly irreg thin 1am o lam and disc
XX X X | ——] stringers. VO MP; pits lo 2" deep. F-c IV, ir P, BG
x § — — textures, tr C.
1 | Vil | A
x  — = Claystone and arg H, thin claystone in pits and over
2500% I, : R irreg DVT e/s surfaces; arg H between and crosscut
910 -] — _—_ " 'f T e —~— by DVT surlaces; c-vc a2 and sic textures in
— =} : jf \::t’\__ claystone; I-c I-1 a-c in arg H; I I¢ in uppermost
- ‘ J —_ — claystone. -
- ]g jj:_ — H, Ir to mod poly and clay. DVT e/s surface with .5
— | - ‘U“ W ‘ s reliel divides unit at 917.5; pits to 8 deep al 915.5;
— | —_ -\F lower poly zone contains translocated clay. Abund
915 - —_ — |: MP and interunit pits, multiple generalions of
- ' O@/ solution and cementalion. Poly occurs as lam to
_ _ ’ : — B % f blebs to lining on displacive H. Abund C. Halile in
_ 3 polyzone is mainly m-ve IV, f IV near top, c-vc li-lit
- ( * : = v a-c, c-ve il in pits. H in upper part mostly fila, tr b
x \ and zones of m-vc IV, some m-c I-la-b; abund irreg
- % \ : L - zones and pits of f 1V near top: c-ve 1-11 in pits with
— : : poly and transiocated clay. Pits lo 1' deep. DVT e/s
920 - =, }, ( L surface at top. ‘
x _ / \\ - \ . .
- ( H ~— — %J:‘ H, interbedded poly; thin lam of poly, some cross-
i : cutting over high retief; m I-ila-b in lower lam. H. tr
X \ —_— e — poly as thin lam and stringers. F-c V. trfamof{ or
XX . "|, ~——— — m-c H; beds pif poly lo ¢ clear Hio I-¢ cloudy H: Ir P,
: o probable BG textures mod C. Pits to 4% irreg VO
925 ~fexiexxxxxx exxxx I M ———— MP
x x X \ : — ) B'e ’
T_%F ~ N — " e H, tr poly, tr to mod clay. Lower poly-rich and upper
—p -4 —f | — M- q — arg zones divided by DVT e/s surface at 929. Poly

= oceurs as blebs, lam, and blebby linings around c-vc
la. Hin poly zone is m-vc IV, to f-m I-lit b-c, c-v¢ I-

~+] /
- H / (o] h /\M
T y \
cb o Illa; ve MP. Claystone as blebs to and lam with
. . DO —_— " . . N L .
930 , - [ T 0O displacive H. Claystone has pils to 3", thinibeds with
| — H- 0 o zones of ¢ lla, tr of bedding and abund m:c I-lla. H
- i —_—— O —] in arg zone is m-ve H-Mlla-b, w/tr m-vc IV, and ir fI-
x _ | ~ % [:P'_'/- O H1a-c; more Hi-itfc and sic textures upward and ¢c-vc -
- ) ~—0 Ita-b at top overlain by {-m |-a-c. Pits 65+,
X /

H, mod to tr poly, tr to mod clay, zones of claysione
in pits and upper .5-1+". Divided inlo.lower poly-rich,

| x

g -
< |
/
PCW(E

935~ X zone and upper arg zone by DVT e/s surface with;
—F = =F 1 oo ] 2.5 relief; shows large troughs of arg H'w/small;
— i , e i % £ poorly preserved pinnacles of poiy-rich H. Hin.
= bt I ~ B 0 - poly'c zone is [-¢ IV, [-¢ I-ia-b, and tr a-b in pipes;
- - 1: ~ - _o “—]  Polyc zone is bedded, sequence of poly’c H lo c H
- : [ —~ to -m H wir P. Claystone zones with ¢-vc Ia in pits,
- -1 i blebs with displacive H and lam to thin'beds. Rare v
9 _ - : thin beds drape e/s surfaces. H in arg zones is c-v¢
40 - ) . Pl
- : —~—— I-llla w/b-c margins present upward, and zones of
- i N m-vc 1V. Abund MP to 2" with: displacive
—_ h boundaries. Hint of strata, vc I-1la, some sic in
X l % upper claystone.
X - | —_— e —~ J
-+ = = T e — s S
B iR
e . \
Vil m<ty SEE EXPLANATION FOR SCALES AR INTAKE SHAFT LITHOLOGIC LOG
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FIGURE 23

neei “ HALNE? _ REMARKS
LITHOLOG 3 SICTE
(] LoGY NON HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
— _ /v {7 r_‘. — __ V _‘[ v — DVT e/s suriace. Interunit pits in poly’c zone to 6,
v x ( pits at DVT surface to 1.5°. Poly occurs as fam, to
\ i blebs with disptacive H margins, and POS texture
X — l and grapes/linings on H. Hin poly zone: mainly m-¢
m—— v wn.h zones of | H between m-¢ H and poly: trto
X ( mod irreg MP (1-27); ve C in MP. In arg zone:
x '\ claystone occurs as stringers to v thin beds, and
950 g —— blebs with displacive margins. Large -m MP. Pits
—-—i=f :ﬁ 6".. His m-c IV, vc in MP; IV at base of zone, |-
—_ = - a-¢ in upper pan.
- —+
i e Sandstone, silty, i vc poikilitic H C; brown with local
- == greenish-gray reduction; some sic in lower 1. Trlo
ihialid some I-m la-b, m at top; Tr m-c |3, in upper 5':tr o
955 - =% —t—r some f-m 1a-c al fop. Hinls of conlorted sirata in
p upper 1",
X _ X ; Sillstone, brown: sic, irreg, poorly defined tam in
o ) } upper .5°. M-I la-¢, Ir to some H-lilb-c.
x \
ra50% \ , ! H, mod poly in poly’c zones; ir poly and clay in
. alternate zones. Poly occurs as blebs, lam,
960 MB 101 stringers. Claystone occurs as blebs, thin beds, and
— A stringers. Disptacive margins abund between H and
. { l o ano — DO pog'. rare between H and claystone. Hinls of strata
] i and sic lextures in claystones. I-fla-b in poly blebs.
><><><><>< MB 101 | — X —V=3Yv—v V crude beds .3-.5" thick. H: m-rt):olyv witr
X . I , : interstratified 1-1V. F-c 1-llib-¢ w/ir 1-1lta in poly and
XX RAXHXEXRREN y e A—p A — ‘ N ——| arg zones, Pils 1o 6" in unil, to 2' from upper DVT
965 -+= ‘ ':l %EA Tz==\§ - efs surface.
X_ X { _“m,_q;\——n Interbedded poly and H. H: ir poly; poly lam and
-y = ~ / g ) lower inlerbed, tr clay as thin lam and stringers.
— l = Poly drapes vel H and lines H; some lam, stringers,
- [ ™ (e Z= and-POS textures. H is m-¢ IV, some P(vel, BG
x } —— textures), mod lo tr to some C. Poly lam are
x i — /—"\‘: o — contorted to reg, local halitic cross-laminae;
970 - | e ~ interbedded with anhy. Zones of I-iib-c in upper
< |! ‘(._, —] interbed, aiso poly to anhy PAGS to 1/4". Middle
i { interbed with H PAGS lo 1/4".
x , j 1
\l O I H, tr to some poly and clay, zones of claystone in
x | _ T N —— — T — upper part and at upper contact (.5+7). Divided by
X | —_ NV  — _—\ major DVT e/s surface at 970:5. Lower poly’c zone
975- { - = has crude to wetl-defined strata, pits from 6" in unit
- \ i — to 2.5 deep at DVT e/s surface. Poly as lam,
. |- 00 g _&S&T‘D_ stringers, blebs with displacive H, lining H, and as
! _ —_— - rare H drapes. VO MP rare lo common. H in poly-
- /4 g rich zone m-c 1V, vc in MP, f H occurs in beds of m-c
'/ i BPoSmou s 1o f or f-m to poly'c H or poly at top. Upper zone
X | —_ becomes increasingly arg upward to .5+°thick
i . , v ~— — T claystone. hrreg zones 1o podsof { IV. Crude beds
980 - T [ — to tam lo thin beds of claystone over irreg e/s
80 | | = g \6-_%;-/—’:‘;4 surfaces: sic textures. Clayslone as blebs, "blebby”
_ | —~ lam, and stringers with with displacive a-b H margins
- : ! —_— =Y and incorporative f-m i-lla-b. H in arg zone trends
. | —_———m ——— upward fromm-c IV to {IVto I-lllb-cinarg H. tr P, tr
- - i e to some C in pods and MP. Tepee-like structure
R / —_— —— e — deye_aloped on polygon margin tiN‘s strala up with 4-57
985 - N , —_ i (\i of displacement, polyggm margin shows downward
- i movement into clay pit, 3.5 deep. 6" pits in arg
- ,l i zone, 3+ deep pits originale at lop.
- H \d‘@ = H, ir poly, arg in upper parl above 991; Poly occurs
_ i _,GJ\-O'/ —— as lam to stringers, to blebs, with drapes over vel
_ i) N —~ —— ] BG H; delineates well defined to crude thinio m
o X _ i \,CE_1E"Q b~ beds. M-c IV wilh vel BG overiain by  V; Ir to major
| 990 | — §{ 111 "" P (decreases upward), tr C {increases upward). Pils
EIFVM me ) SEE EXPLANATION FOR SCAIFS AR INTAKE SHAFT LITHOLOGIC LOG
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LITHOLOGY

°* HALITE/
NON HALITE

GEOQOLOGIC FEATURES

REMARKS
(SEE APPENDIX FOR DETAILS)

[l L 1 T

—~——

q —— _—

]

hamvs
v

—

e

ERS

———

in lower part 6-12"; deep pils (1o 9°) from DVT e/s
‘surface at 991'. Arg upper part in 5 zones: m-vc IV,
tr f-1v, li-llla-b; m-c IV, zones and pods [ IV, m-c |-
lia-b; t-c I-llb-c, m-¢ IV, tr 1-ila; I-¢c !-lb-c, tr la; to f-
m l-lla, tr Hib. IV with I H abund in zones and pils in
DVT zone. Local I-c I-Illa-b in arg zones. Clay
occurs as lam to blebs wilh displacive H margins, as
irreg zones and beds to .1-.2" in upper 3', and abund
sic texlures.

Poly; crosslaminae in lower .2-.4'. Indistinct
conlorted strata, zones of H in upper part. Possible
coated grains in lower part.

—_——

@f/«‘

—~——_

—— — ’

e =

| —— ———
==
—— ———————— —/ - — — B

—_TN - ]

H, tr poly , tr clay and anhy. Poly occurs as lam,
blebby lam and stringers, irreg blebs mostly in pits.
Poly delineates thin to m beds. DVT e/s surface
with 4" relief and pits. Clay as irreg disc lam. Pits to
1*. VO MP. H in sequences of {-c IV, f-m IV, poly-
richf. TrP, mod C. I-lla-b in poly'c and arg zone 8.

2400 — :4-"
1010-] —

I
| .

I

\

1015 -

11020-
MB 103

1025;\ N

H, tr to some clay with tr poly in lower part. Poly as
blebs with displacive H margins and irreg stringers.
Claystone occurs as lam delineating thin to m beds
in upper part'and blebs to lam, blebs in pits with

. abund displacive margins. F-c IV and zones of {-m
WV;tr P, trto abund ¢c. F-m I-ittb, m-c {-lla-b in arg
zones. Pitsto 1°, VO MP.

Anhy, lower part anhydritic dolomite; .5-1' laminated
claystone al base with H-filled fractures. Weeps,
moist surface in lower 4°. Ripup clasts at 1028,
overlain by probable tepee structure. Lam and
organic material in algal zone 1026-27. 1/4"H
PAGS at 1025. Lam to v thin beds, parallef to
convolute; abund H, rare anhy PAGS to 2°. Upper
contact marked by possible tepees.

10304 — ——

i
1035 | =i

e e

_——\_\’\_

—

s

H, tr poly, tr to some clay above basal 1-1.5"; tr anhy
as lam, stringers, and blebs, some displacive H
margins above 1034-35, Ciay occurs as lam, blebs
and irreg zones in topographic lows. Poly occurs as
blebby lam, blebs with c displacive H (a margins).
VO MP; pits 6°-1". Abund DVT ers surfaces marked
by clay. C-vc IV wh-c IV in arg zones; tr to some P,
some C. M-c [-lllb-c in lower arg zone to I-1lla-b
upward; { I-llib-c increases upward.

ELFVIt msl)

"SEE EXPLANATION FOR SCALES

FIGURE 23
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GEOLOGIC FEATURES

REMARKS
(SEE APPEND!X FOR DETAILS)

Anhy: lam; zones of IV under high refiel; possible H
pseudomorphs alter gypsum clastic grains; strata
contorted.

H, tr lam poly near base; .2-.3° anhy interbed at
1042, lam from 1039.5-1049.5; tr poly and clay in
upper 2'. Poly in lower 2" with some BG H and fining
H with POS texlures, blebs with disptacive H
margins, lam and stringers above lower 2°; poly
zones in pils. Anhy interbed structureless to
laminated, irreg morphology around large MP with
vc la H. Poly blebs with ¢ displacive H in upper part.
Tr clay in pits. H below anhy; {-c IV, Ir vc C; beds of
¢ IV, t-c IV, poly or poly'c IV; I-lllb-c. H above anhy:
m-vc IV wisome to Ir P, some C; I-llib-c wir I-lila. H
_altopis tr -m IV in pads and lenses. Large irreg
MP, VO MP abund. Clay as irreg disc Jam. Abund

" pits, deepest al upper surface.

H, mod'ly arg in lower 2, clay lam in .5* zone near
top, tr to some clay. Mod to tr poly, as lam and
stringers in lower part, irreg blebs, zones and
"blebby" stringers in upper part; blebs with displacive
H margins in pits. Ctay in zones, tam, and v thin
beds to .1°, some {-m I-lla-b in lows. Well devetoped
pods and zones of f IV in lower part of unit. M-c IV,
ir P, abund C; ir opaque f-m IV in pods 1o zones; {-m
I-llb-c, tr la in arg zones; equal m-c IV and 1 |-llib-c
in upper 6. VO MP, irreg MP. Abund pits 6" - 3".
Claystone translocated into pits, w/i-vc I-llla-b. DVT
ef/s surface at 1050".

Poly and halitic anhy, lam. Lower halitic anhy shows
possible H PAGS. Some possible collapse. ]
Possible H pseudomorphs after gypsum clastic
grains. Irreg H-poor poly zones. Upper contact of
anhy with poly shows possibla loading, incipient
pillows. Irreg zones of H near top of poly.

H, tr to some poly, arg and poly'c near top; halitic

~ clayslone at upper contact. Poly occurs as stringers
to 1am, some vertical crystal shapes and lines m ia,
blebs (some displacive H margins) in pils, POS
textures, and poly boxwork from 1056.5-1059". Tr
anhydritic clay as siringers in pits. DVT efs surface
at 1056.5. Clay in upper part as lam and "blebby”
lam, stringers, blebs, zones in topographic lows.
Thin to m bedded below arg zone, delineated by
poly. H sequence in beds: poly or poly'c H, clear ¢
Hwir P and C in MP, f-m cloudy H at lop. F IV mod
abund lower 2-3, 1061-1058, some {-m IV 1058-
1055. VO MP. Pits abund, 6"-3'. Claystone at
upper contact thickens over pits, contains m-c i-llla-
b, lam, some sic and { I-llic texture in upper part. Tr
to some P, mod C.

H, tr to some poly, ir to some clay in upper part. Arg
H, some claystone in pits from upper contact. Pits
6-4' deep. Poly .5 at base with zones of H, fam
with H PAGS to 1/4". H generally m-c IV, some C,
and f-m opaque IV in beds. Beds 4-12" delineated
by "blebby" tam of poly. Poly granular, slightly arg,
as blebs to stringers; some dispfacive H margins.
Claystone blebs in pits with f-m I-liic and tr m-c i-ila-

b, tr gray clay infilirated into pits. ireg MP 1o 2. '

H, tr to some poly from 1098-1091, tr to mod'ly arg
in upper part with irreg zones of claystone. Poty
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REMARKS
(SEE APPENDIX FOR DETAILS)

occurs as thin beds lo blebs and “blebby” lam (as
solution lag surfaces), and zones in pils with m-c |-
lla-b. Hin poly zone m-c IV, wic IVinMP r P, ir C
in MP. VO and irreg MP. From 1091-1087, f-c IV
wAr P and some C in MP and pipes; some I-m II-litb-
c. Poly boxwork fabric above 1087, appears v
disrupted by pits and MP. DVT e/s surfaces near
1085 wilh solution lag; collapse of bedded block inlo
pit. Hin arg zone: m-c IV wir P and tr lo some C.
Displace H above 1085 trends from m-c fa-bto f-c |-
lila-c {mainly b} to [-c I-lb-c upward. E/s surfaces
topped by claystone w/m-c I-fla-b. Claystone in
topographic low shows ripples. Claystone w/m-c I-
lla, some irreg iam occur in irreg vertical zones. As
no laterally equivalent claystone occurs these
probably originated as infiltration mud transported in
deep channels in pils or small caves; these zones
cross-cut H strata are v irreg, and show no internal
continuity with strata. Trough and parallet lam at
upper contact. Upper 2' v arg w/claystone blebs.
Abund pits 16"-2" deep. Claystone with ripple cross-
lamiinae {1/4-27) cont with large pit of claystone. Pils
originate in claystone at top.

H, some to tr poly; tr to some clay above lower 2'.
Poly occurs as .2-.3" halitic bed at base w/collapse
into underlying pit; thin lam to blebs in pits
widisplacive margins. Clay occurs as fam 1o blebs
with displacive H margins. Crude sirata near middle
of unit v/i-m I-lil. Poly and clay translocated in pits.
- Pits 6"-3' deep, abund. VO MP rare, irreg MP
abund. Zones of claystone with f-m I-Illa-b. H: m-c
IV, vc in MP: tr to some P, some C. Unit tends to UI-
1lib-¢ witr la-c in arg/suifate parts. F-m I-fla-b in
upper .5 claystone. - ’

H, some to tr poly to about 1113, tr clay in upper 3’
above DVT surface. Lower .5" of polfy tam
w/swallowtails and lam anhy and clay. Poly occurs
as lam to blebs and zones with displacive H
margins. tn lower 2', POS textures and poly draping
BG H. DVT efs surface near 1113. Clay occurs as
thin tam to blebs, many w/displacive H margins.
Thin to m beds {2-10" thick) well defined at base 10
crude at top. M-vc I-ltla in pits with poly. Abund pits
to 5" deep, most 6" to 2'. Pils and MP rare in lower
2', abund upward. H is m-c and v IV; major vel and
P near base 1o tr /P upward; tr C in MP near base to
some C in VO MP and pits in arg. zone. M-c Il-llib-¢
wir la-c in blebs and lam of clay and poly.

H, arg and trace poly’c lo anhy'c in upper part, lam
of anhy. Poly occurs as blebs, most translocated
into pits. Ciay occurs as lam 1o blebs and irreg
zones, and translocated material in pits. Pils to 2+’
deep. M-I |-lib-c in claystone. Unitis m-c V. trt IV
in lower part, m-c I-lilb-c in arg zones. VO and irreg
MP. Pitto 1’ x 1.5" with clear halite at upper.conlact.
M-f tb in claystone at upper contact.
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REMARKS
(SEE APPENDIX FOR DETAILS)

130 -

1 T

11356

1140

1146 -

TO

H, tr poly below about 1135 in lower part, tr to some
arg in upper part. Poly occurs as v thin beds o
blebs and irreg zones (mostly in pils with displacive
H margins), some with vc IV. Clay occurs as lam lo
blebs, irreg zones. DVT e/s surface divides arg and
poly zones. Pits 2-6". VO and irreg MP mod'ly
abund, increasing upward. His m-¢ IV, vc in MP.
Poly'c zone tr to some P, tr C in MP: beds
w/sequence poly'c H, ¢ clear H, {-m cloudy H.
Upper arg. zone mod P near base; {-m I-lib-¢ and
m-c, trve I-ifa-b.

1150

.

————

28800 80 400snsencsenne

E

H, tr to mod'ly arg upward, tr poly. Poly occurs as
lam to blebs and zones with some m-vc Ib-c. Clay
occurs as lam, zones in topographic lows,
translocated pore fillings (w/m-vc 1a) in zones at
lower contact, and blebs. Clay and poly infiltrated
downward from DVT e/s surface. H: m-vc IV, some |
from 1139-1140 al e/s surface. M-c I-llla-b, [ I-llib-c
w/f }-Wa increasing upward in arg zone. Abund pits
67 -3’ deep. '

Anhy, basal claystone w/lam, poly in irreg zones and
in lower 1.5-2°. H PAGS 1/8-2" high w/lam, possible
H replacement of gypsum clastic grains, c H fills
desiccation feature. Possible poly and anhy PAGS.
Some H PAGS grade laterally w/i same famina into
poly or anhy PAGS. Lam wavy to convolute. Cross-
cutling relationships near poly/anhy transition and
near top. Upper 1-1.5" has abund H and “teepee”
structures, porosity filled w/clay and H C.

H, some to tr poly upward, tr to some gray clay in
upper 1°. Poly is granular and occurs as v thin beds
to large blebs widisplacive H margins and m-c la.
Thin to m beds delineated by poly. Clay occurs as
lam, zones and irreg blebs w/mia. F-ve, mainly m-c
V;tHin upper 1'. Tr P and vel, mod to abund C.
VO and ifreg MP. Pits 6™-3+' deep.

1155

TN

XN NNN AN

\\(\V&J
X
\\x\\\\\

A ———

_-J.‘

41

2250
1160~

H, thin beds of anhy, some poly. Interbeds are
laminated, parallel to conterted, hatitic. H in anhy
interbeds: HIPAGS to 1/2” high; zones of intermixed
anhy and possible clastic H; zones of f H w/anhy are
possible early replacement of gypsum grains. H: m-

¢ IV, zones of | H wisuliate. Tr P, some C. VO MP.

Sulfate also as lam to blebs and POS texiures. Pits
to 4" deep in lower H interbed.

Anhy, mudstone w/anhy nodules in middle, and
poly. Anhy lam, some cross cutting, slumping, and
draping relief on lower contact. Small ripple cross
lam. Anhy PAGS in upper half of anhy. Middle arg
nodular zone has 1/8" anhy PAGS. Poly has fam
w/abund small H and poly PAGS.

1165

Q\\\\\

BASE MB 109

| 170

—\
X P

N

| Y

H, tr to some (upward) poly. Poly on dissolution
surface and as blebs in pits. M-vc {V; trto abund P,
mod C. lrreg MP to 5”. Pits to 6" near top.

Anhy, lam, contorted to wavy; possible clastic H and
H PAGS to 1" high.

H, tr poly and clay. Poly occurs as lam, stringers,
irreg blebs {mostly in pits) and rare crude POS
texture. Clay occurs as fam, stringers, and blebs.
Anhy similar to poly in arg part, increasing upward.
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REMARKS
(SEE APPENDIX FOR DETAILS)

Blebs w/l-la. Middle part bedded; abund pits to 6"
in upper part. VO loirreg MP. M-c IV, zones of I in
upper part; beds of stratified sulfate to m-c to f IV.
Pits with transfocated material. Small swallowtails in
lower poly.

H, tr poly, below 1174, brown arg zones above:;
2ones of halitic claystone near top. Poly occurs as
lam to blebs w/abund displacive H margins and m-
vc 1a-b. Thinto m beds defineated by poly. Tops of
poly-rich zones show deep pits: pits to 7-8°. MP.
Clay occurs as lam to blebs. M-c [V, zones and
pods of f H with DVT textures at upper e/s surfaces
on tops of poly-rich zones and in pits. I-Illa-b
common in arg zones. Tr P, mod to abund C.
Some box-work fabric. Claystone shows sic texture
in upper gray zone, f Ib-¢ w/ir c-ve {a and zones NI

H, tr to some poly, ir to major clay. Thin to m beds
delineated by poly. Poly occurs as thin beds to
bleb-like zones 1°-3* thick with m-vc 1b. Poly
translocated in pits to 3° deep. Clay occurs as
stringers and blebs. M-vc IV, tr { throughout; m-c i-
Ma-b to -m1-itb-c in upper 1.5°; ir to some P, and
C. Abund irreg MP, also VO MP. Overlain by DVT
e/s surlace. Claystone contains sic textures. .

L M poly in lower part, tr gray ciay at top. Thinto m

beds, strata not apparent above 1211°. Poly occurs
as lam to H linings and POS texiures near base.
Higher, poly occurs as blebs with some lam: blebs
as solution lags and in pits. show displacive H
margins. Clay occurs as stringers and blebs. F-vC
IV overall: m-c to 1214, m-vc to 1209, f-c fo 1208;
beds wrsequences poly'c H or poly to ¢ clear H to m-
¢ cloudy H; ir P, abund to mod C. VO and irreg MP
mod to abund upward. Abund pits to 3' deep with
transiocated poly. ’
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preu ], “HANTES _ REMARKS
m b ITHOLOGY | iy imr 1€ GEOLOGIC FEATURES {SEE APPENDIX FOR DETAILS)
fsmamtom 1 T T e — — ’__J
Y X XPY — Poly, m crystalfine, H in lenticular zones paraliel to
| [ strata. Lam to structureless.
X :
- { . ' H, tr poly, altetnate zones w/lr gray clay and anhy.
) | : - Poly occurs as fam 1o blebs and POS textures. Clay
X | L as thin lam and stringers. commonly with f IV. M-¢
1220- -1 ; IV, f-m near base, tr f at top: ir P, tr to some C.
el H Abund VO to irreg MP. M fo thin beds delineated by
. - | | : —_—] sulfate or clay. Sequences o.f poly-c H toc clear H
— N\ A fo found in cloudy H. Pits 3-2' deep with
} - E’ %c@] 1translocated material.
| : - —
| \ /"'. .\f -y H, tr poly, tr 1o some clay above basal 2.5'. Poly
" J : - ,/ : t::;»—Y occurs as fam to blebs with some displacive H
I 1225 - —_ <7 margins, large blebs in pits with m la. Clay occurs
[ H == - - as [am (many as ers lag) to blebs wi-m I-lla-b. Hin
' — \ - 8} B o — poly'e part: m-c IV, Ir §: ir P and C. VO and irreg
37 == [s)] MP. Hin arg part: m-c {V, zones and pods of f-m
: : “‘Q::p@ ] and f overtain by clay e/s lags, m-¢ -la-b to 1227;1-
-~ : = m IV in pods wA I-litb¢ and m-¢ i-1lia-b to 1224; m-c
; : D— m—@ IV writ-llla-b to 1222; f-m IV wit-m -Hla-b and basat
] 1230 -1 I-l1a-b to 1221.5; abund OVT textures; sic near top.
: \Z N\-‘\ Y Pits 6°-2' deep. Clay and poly translocaled down in
- H - ‘ - -_— some pits. Tr f IV in some pits. Filled prism cracks
i - i \ Y to 4" deep at upper contacl.
x| : i — — ~ Pol . h :
XX el H . —~_ oly, basal.clayslone wll.am, claystone shows
[ 1 : V gravily loading and slumping w/flame structures
A e~ = [y around pillows. H as probable PAGS in teepee-;
R Pre MB 112 ] C;L\ — @ shaped zones of H, BG H with sulfate drapes, m-c
1235 ':/»-— e 111, zones of c-v¢ IV w/H drapes. m-c lc. H zone|
- —\ : ,’ : — boundaries w/poly are usually ireg and not planar,
- P —_— Poly lam contorted to convolute in hummocks on
- X |’ —_ — — _— upper surf.ace. H zones occur be’lovy hummocks.‘1
. - T H— — — R Sualathwken|n ypqusandthn1qverlhe
—_ \ ] W hummocks. BG H in lenticular zones in upper
\ — /, T— g -] troughs. ‘
12401 { — <~ :
] . \—‘\ ’L..-\ /1 H, tr poly, tr to some gray clay and anhy w/gray clay
" | —7}, at top. Pits 1-5" deep. M 1o thin beds, best defined
| H c—— —_ \ near base, w/sequence f poly’c H to clear ¢ H to
X 1 : cloudy m H w/tr I. Poly occurs as lam to blebs and
! : ‘ V zones in pits, H linings, POS textures; blebs have m
I i — - —_ I-tla-b. Clay occurs as lam to blebs w/ f-m I-1la.
T | KA — — Y Poly and clay translocated into pits and some MP.
12451~ \ / (* o — ~ MP abund; size decreases in uppér 2. M-c IV,
/ : i ] 7 r - somne 1o 1245, tr P; [-m IV in pods, m-vc in zones
X ! d — - — and m- l-iilc to 1237, Ir lo some P, tr-mod C; m-c IV
I : Y ™\ w/l-INa to 1235.5. DVT lexlures abund in middle.
p | ; — 2 Upper surface planed off by floading.
————— l, T A - ‘ I H, tr poly to 1250, arg upper part. Poly cccurs
1250 - I / = - T ——— mostly as large blebs wim-c la-bH. Clay as blebs to
' . = — lam. Blebs abund upward wri-fila-b. Localt pits to
- pl 1 — —~ T~ ./:—/_/ 6". F-¢c IV, mainly m, pods f abund in upper 1.5". Tr
X ! ) 7 T Y- — P, mod C. F-m(-lla-b in upper 1.5".
L - — e
IAA X T . o p——— Poly, gray clay at base w/oad features. Tr m-c a-b.
x - ] el . Some contorted thin lam.
. ,
1255- x | ! ! B T T —~— H, tr poly, Ir clay in upper part. Poly as lam 1o blebs
R — ’:: - and zones translocated in pits and as solution fags.
_ H} “ |— VY — - Clay as irreg lam over efs surfaces and blebs and
NN _— — —_ stringers. F-vc, mainly m-c iV, f near top and in pits.
x 1l 1 —_ = Tr P near base, med C increasing upward. Some
,’ - = ‘7 _ sequences poly or poly'c H (f) to clear H to poly’c H.
2150% H 8 - Trto abund VO and irreg MP. Pits 10 3+’ deep.
Jg_@ RIS : R ;
TIFVOma1) - SEE EXPLANATION FOR SCAIES AR INTAKE SHAFT LITHOLOGIC LOG
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Poly, Ir H. Basal gray claystone. H as zones, some
BG textures. Irreg conlorted 1o wavy lam.

H, some to Ir clay and poly, arg in upper 1.5°. Clay
as stringers and thintam. Poly as irreg blebs in pits
w/displacive H margins. F-ve IV, wiabund f in zones
and pods near base. Mod C. Abund MP.
Ciaystone infiltrated into pits.

H, alternately tr poly and tr clay w/intervening DVT
e/s surface. Poly occurs as thin lam, stringers, H
drapes and linings, POS lexture, and as bilebs. F-vc
V., trto some P and C; t iV in poly’c zones and as
pods near base. Mod'ly abund MP, some VO. M-c
I-ta w/poly in some pils.

H, tr poly at base, arg 1o clayslone al lop. Poly
occurs as lam lo blebs {lags and Iranslocaled in pils
w/m-c 1a). Clay occurs as lam, blebs and zones of
blebs, some w/a-c margins, zones w/sic lexlures,
translocated in pits. M-c some ve, IV o0 12765, tr{
near top, some illa-b, tr-some P, Ir C increases up.
Ib-c above 1276.5, some f Il-ilib-¢, versus m-¢ Hlla-
IV. Abund MP, VO near base. DVT e/s surfaces
near top. Possible desiccation cracks filled w/H at
upper suriace.

Poly, hatitic. Contonted to cross-culting fam. Hin
zones, some lenticular, soma la-Mla-.

H, tr to some poly. Poly occurs as fam to blebs,
zones w/m-c a in pits, H drapes H, POS lextures.
M-c IV, zones of f, {-m I-illa-b. Tr P, mod C. Some
MP,

H, tr poly; tr clay, increasing upward, claystone lam
at e/s surface inupper 3. Clay occurs as stringers,
blebs, zones widisplacive H margins. Poly occurs
as blebs {some disptacive H margins) and POS

textures. M-vc IV to 1290; f-¢c IV w/f in pods, f la-b,
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also 1-ifla-c. Some lotr P; rio some C, VO.MP,

H, tr poly; 5-6” bed of laminar poly w/lenticular H-
filled voids m I-llla-c. Poly occurs as thin lam to
blebs in pils, H drapes and linings, and POS texture.
Mainly m-c IV, trf near top and poly'c zones. Trto
some P, some to mod C. MP.

¢ tlla-c inupper 1°.

-‘ H, tr poly, Ir clay at top. Poly occurs as lam to blebs.

Clay occurs over DVT surface and in pits. ‘M-c IV: -
Some to tr P; mod C. VO and
irreg MP near DVT surface.

Arg H w/halitic claysione. Tr poly as thin lam lo
POS textures, displacive H margins. Clay occurs as
lam, zones in topographic lows, blebs, incipient sic
lexture near base. Thin to m beds of H and
claystone in lower 2'. M-¢ I-lita-b and 1 1-illa in lower
1.5 1-¢c IV wibases I-IV wiclay and I-ltib-c disrupting
beds near 1304. Clay occurs upward as stringers
w/f and m-ve IV; I-l1a-c to f IV in zones and pods
near top. E/s surlaces in middie.
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OrPTH " HALITE/ . ' REMARKS
(f1) LITHOLOGY NOHN HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
- _ - ¥ \\ 'j L _ D~ H, tr clay to tr poly. V thin poly bed near base
il g o sy N g-— e — wilam; poly biebs as lags and in pits w/displacive H
< 1 * —_— IR margins. Clay octcurs as blebs and "blebby"
VR I -~ — == stringers wrdisplacive H margins. Mainly m-c IV, tr
- Pi i Y= = P, some C.
KXXRKXEXXX X, R : R
2100% “_ g e Jj7 - H, tr poly, tr clay, halitic claystone at top. Poly and
13101 = +—4+- ’]3—--- - Og clay occur as thin lam to blebs, some widisplacive H
- =l E margins. H: m-¢ IV, tr zones to pods of I-m near top.
_ _ | { I — Tr P, decreases upward: tr-some C. increasing |
—x | K _ upward. VO MP near base. Claystone over OVT
— iy \ . — e/s surface includes f-c -1V and 1-m I-Uib-¢, Ir la.
il ':' : L —_ Clay zone in topographic lows.
- =i/ —
- - pi{/ Poly, H as PAGS (1/16-1" high), contorted lam in
1315 HE ; o
- HE . unit, poly crystals penetraie H zones. Delrital in
X ' : —_— - __ upper parl. Poly allernates w/anhy, lam, wavy to
B H — _ contorted, disrupted in middle of unit.
X 1 4§ — -
\ \l ! : -_— _ -_ H, some 1o Ir poly as thin lam, thin beds at base,
— ©o ‘ biebs in upper part. M-¢IV:tr P, abund C.
1320 MB 115 —_— T —~ T — " H, tr poly, tr clay and anhy near top. Poly occurs as
T oo — | lam to blebs in pits, H crystal drapes and linings
(some displacive), POS texture. Most m-c IV; {1V
" near lop: ir 1o some P, ir C increasing upward. MP
X § — _ _ 0O ___ g increase upward. V¢ IV in some pits. Pits al top
P xaxx i —— e w/anhy, clay infiltrate.
P o, :
1305- l | - 1 Poly, halitic. Lam w/H PAGS, contorted to wavy lam
K to v thin beds near base. BG H in thin beds in lower
) H -— 1°. Rippled clastic H in thin beds near top.
x —_ —
X 3
p b —jr._— U=
v 1330 XX xx ' : _:_:‘_—.___ e
XX H "H =
9V
v Ve—x © iy
MB 118 —_Ve T
T T H, tr poly, tr clay lam and anhy near top. Poly
1335 - ! ’ : occurs as thin lam to blebs in shallow pits (3-5*
| xaxx ] d V- -y o —V._ deep), abund H crystal drapes and linings, POS
| RXXXXX ; q — texture, M-c IV, f as -llla in poly’c zones; tr-some P,
] gy Vv G mod C increasing upward. Beds 3-8" w/sequences
[ xxxx ! : ———-——«\/-——/“—'_""’Wr of -m poly'c H to clear ¢ H to cloudy m-¢c H. MP, VO
XXRXK { H “j::\r::b’—- at base, content and size increase upward. Anhy
XXX { : o —_— similar to poly. Pits at top show collapse of
XXXXX { : WQ _ overlying poly.
134 s C < — .
0 it i: TOP D [ e Siltstone and mudstone, halitic. Trough cross-lam,
-1 -+ i D = lam, and sic. Soft-sediment shear and collapse
+ -+ : N ——— — blocks near base. Cobble-sized clasts of underlying
T unit.: M-vc, I-llia-c parallel to strata. Upper 2°; DVT
T zone w/IV f-m, in pods wiclay lam.
T LT VACA H, tr poly, tr clay at top. Upper surface shoyvs
- = - TRISTE paleokarst witilled channels, small cavities and pits:
13454 T Vaca Triste deposited on topography as channels.
s Poly occurs as thin lam to isolated blebs and zones
T of "blebby" stringers, H coatings and finings, crude
T POS texture, solution lags and translocated
— - material. M-¢ IV; beds of m-c IV,  H, sullate. M'P
{ P = ! ~ increase upward. Clay as stringers and biebs in
x T4 : z0nes interbedded wipoly'c zones.
1350 |} R I AL r—/ i poy
"FLEV(t msl)  *"SEE EXPLANATION FOR SCALES AIRINTAKE SHAFT LITHOLOGIC LOG
SHEET __14 __OF __32
FIGURE 23

| | o



DEPTH
(t)

LITHOLOGY

“* HALITE/
NON HALITE

GEOLOGIC FEATURES

REMARKS
{SEE APPENDIX FOR DETAMNS)

1355 1

2050%

LILESH L 1

(IITITII TRy YYYe)

1360

1365-1

\Y
Y

-
»
.

TP Ep——

etescsnsavsveaany s

H, tr clay, decreases near top. Clay occurs as biebs
and lam sic in | textures. Abund f I-iitb-c, some m |-
Na-b, in lower pari; m-c, Ir f, IV in upper 1°.

H, tr to some pofy, similar to unit below 1373"
w/more MP and abund pits. Poly lam, solution lag.
F-c iV, tr P, c-vc in pits and MP, { at upper DVT
surface and e/s surfaces. M beds of poly or poly'c 1-
m H, ciear ¢ H, { H. Clay infillrated into pils and
pores. Pitsto 2.5+ deep.

1370

—\—\—\—

SPEE0 4 eav00ten s transeninay

H, tr poly. Poly occurs as thin lam to biebs, H
crystal linings. Poly delineates m beds of m-c IV, tr
of f IV, sulfate. Mainly m-c IV, mla-c in upper 1.5'.
Tr P, tr-some C, Ir triple junctions. Stringers of gray
cfay and anhy near base. Abundant MP. Poly and
lam more cont upward. Clay and anhy lam al upper
contact.

1375+

1380~

-t - =
+—+—+
—_t — -
+—+ —
L333883 43
X —

XXX KR XX
XXX XX

-
e

"% esuan

H, mod to Ir poly, slightly arg zones, upper 1.5" arg
H. Thin to m beds near base w/poly-rich zone at top
of each. Above poly lam at 1380.5' and 1381°,
strata less well defined. In lower par, poly consists
of lam 1o blebs, some w/displacive H margins and 1-
m fa, H drapes and tinings (some BG), and POS
textures. Character changes at 1379. Below 1379,
MP are small and VO, size increases upward. Pils
and MP abund between poly beds at 1380.5 and
1381°. Beiow 1379, H is m-c IV, mod'ly abund P
and some C at base, P decreasing upward and C
increasing upward. Tr f over m-c IV with and under
poly w/m-c IV. Arg zone 1381-1382 has abund f H.
Clay consists of thin lam to zones w/m-f 1a. More
disrupted above 1379 w/pils and MP. Clay
increases upward, strata not recognizable, zones of
varying composition distinguishable. Clay and poly
more disseminated as blebs and stringers
w/displacive H margins. f IV abund; m-c IV, some
incorporative H. I-lla-b in zones and blebs o! poly
and clay. Abund pits, large MP below 1376. Upper
1.5" mostly lib-c w/some la-lla and locat ib.

1386

Arg H lo halite claystone wrsic lexture. Thrusts w/4”
throw at upper contact. Mainly f-m Ja-b w/m-c ll-Itla
al base.

1390

1395

sve
S es 0080  BI00EPLINERE L S0 e seetue s

ovae

| S (N

=

S TS
H

— ——

H, tr poly, tr clay, more arg above DVT surface at
about 1390". Langbeinite in pits and MP C, feonite
in arg zones. Poly occurs as thin fam and stringers,
drapes and linings on BG H, POS texture, blebs,
and translocated blebs in pits. Clay occurs as thin
lam and stringers. Poly and clay show displacive
boundaries w/H and potash minerals. Beds
wisequence of polyc mHtocH to f-mH. H:1-c IV,
¢ as MP C. P, decreases upward. MP more abund
upward. Pits to 1" deep in lower part, deeper and
larger upward. F IV occurs in smait zones. BG
tabric most common near base. F IV in zones and
pods, m-¢ |-lla more common along and above DVT
surface.

ELEV (It msi)

**SEE EXPLANATION FOR SCALES
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DFPTH HALITEY - : REMARKS
[tid} HTHOLOGY NON HAUITE GFOLOGIC FEATURES {SEE APPENDIX FOR DETAILS)
I :f S ' ] Arg H, poly‘c, langbeinitic in irreg zones 1-4" in
X —_— . , -
pl i - —\f upper part. Poly as blebs, lag, stringers and POS.
x | g - _V-""’ - Two claystone beds: lower drapes irreg surface,
RN . - = thickens in lows, shows sic lexiure, infiltraled near
L ‘ L ) —— /"J pits: upper bed is associaled wilangbeinite zones 1-
Lt : K TN 4" across. Clay in H-rich zones occurs as stringers
14004 - L t K V\v::”\/ to blebs widisplacive or incorporative H. M-c IV to |-
b . 1a-b in tower 1'; N-llla-b wir I-Wig in middte; -m I-
= T Itib-c, tr m I-lla, and some beds of m-c IV, in upper
- - — ! . Langbeinite possibly pseudomorphed b
. 7 o, part. Lang p yp P b
l |: g~ — /ﬂr leonite. Langbeinite partly displacive, abund near
- - l § s o= || o= upper contacl.
—_ — I ; : —
l { TN r——— H, tr poly, ir jangbeinite. Arg zones near e/s
1405~ I ! N surfaces at top. Poly occurs as lam to blebs, POS,
[ : drapes on 8G H. Clay occurs as thin lam. Clay box
I ! : . — work 1403-1404", more disseminated upward. H is
e - I ! : —_ - f-c, mainly m, IV: tr to some P, C. MP increase
P v v upward. Sequences of poly, ¢ H, f poly'c H.
v b | } : - - Langbeinite in MP. -
! : —
e SO S IS el
2000 o — —_— Poly, H (IV Thin | d
- Vo0 y, H (V) zones. Thin lam, contorted to wavy,
1410 W M8 117 — Y- - clay al base. Potash minerals in lenticular pore
= =17 S | widrusy lining of unidentified mineral. Poly PAGS.
] : —_— —_— S -
X H — H, tr poly as stringers, blebs and solution lags. F-m
X 1 : _— beds w/sequence poly, m-c IV, { H: tr to some P, tr
} : i
I { : C. Pods {1V near top. Possible langbeinite.
T .
54 - — :/ : H, tr poly as thin lam, stringers, blebs as solution
- —~ =}h ! lags, POS and H crystal boundaries. Thin to m beds
- ;, : of poly, m-c iV, tr f IV; tr to some P, tr C and
| : langbeinite in MP.
= P :
Lo | ! = Divided into 5 parts: ,
Ly - T part a: H, I poly, tr clay at top. Poly occurs as biebs
d - — ) g . —] to lam, lags. Beds detineated by sutlate. F-c,
1420 - X 1y _) mainly §-m, IV; tr 1o some P, cC in MP.
L _ H ,' part b: H, tr poly and clay Poly occurs as blebs and
— x L ) a 0 ~————— stringers. Clay occurs as lam to blebs. M-c IV,
r ——— —_—~ abund C, { H in zones and pods, { I-I}lb-¢ in arg
- II 4, ———— o \/\QJ/ zones. Pods of displacive tangbeinite.
L J o pari c: H, ir poly. Poly w/langbeinite at top. Poly
, y
X X IX /! B occurs as blebs and stringers. M-vc IV, tr P, some
14254 _x_ Xl : C. Abund VO MP.
XX xlx ! : part d: disc 3' H w/tr poly as blebs, stringers, box
T . - L
X h . work. Many generations of C in pits and MP, Zones
h s oon b .
YRR ‘ - — ) “‘“"—-—@- and pods of langbeinite in pits and MP. E/s surface
- x } l -gf';:,—@' o -~ attop. M-c IV w/fH near fop. .
L L i ¢ W part e: H, tr poly and clay. Poly occurs Inf IV, blebs,
L L ! | : — as solution lags. Clay occurs as lam (DVT surfaces)
1430 ! I i to blebs. F-m I-Hib-c, sic textures. M-c IV w/i H in
x I { '-'3 h pods and zones. Possible pits. Tr {angbeinite at
) | H— — - -_— top.
« Pl o —— & | —
i} Hie) G Poly, tr to v halitic upward. Zones of v¢ IV and m<
0 — ib in lower part. Thin lam, low angle cross-beds
V, MB 118 — a 0 s and cross-lam. Zones of clastic/detrital H and m-c |-
R —_— \Q/_ Ilta-b. 1l occurs in troughs of cross-lam. Zone of m-
1435 - = = e o ¢ IV wiinteriam of poly in upper 4".
-\ H . :
I ! 1 DD H. tr to major poly. Poly occurs as thin beds, blebs,
X | | : A and POS textures, drapes of crystals and surfaces.
! i n A Drusy sultate formed in open void. Beds about 4°
F— I ) = thick of m-cto { H to poly. F-c1V;some P (tr vei?), Ir
| ! : A A o some C upward. Blocks of elay wic-vc Ia in pits.
1440 X P [} t [} 1 E A A Large MP.
IOV msl)  *"SEE EXPLAMATION FOR SCALES AIR INTAKE SHAFT LITHOLOGIC LOG
-SHEET_16 OF __ 32
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nEPTH * HALITE/ REMARKS
m | THONOCY L o mauTE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
i LR Poly, some H. Lam, parallel 1o shight cross-cuiting.
< \+__ | Y \ M-c ib near base, m-c lc in middle.
1 e,
—_ 1 [
x PII H, lower 2 Ir poly, tr anhy and clay in upper 1°, tr
- \=- "y : clay 6" from base. Clay occurs as thin lam in
x |y discreta horizons. Anhy and poly occur as thin lam
' : and stringers to blebs; some poly POS, H drapes.
1445 i Thin beds, zones w/poly, m-c IV, f H sequence. H:
: ! 1-v¢ IV, f H increase upward; tr to some P (BG) and
1] ! tr C: tr VO MP. DVT e/s surfaces wipits. F H, POS
I i ! in pits. :
O 's)
P[ ol [ W H, arg. Lower part: clay in thin lamto blebs w/m-¢ I-
[ 8 » 0O ) = Hlla-c, sic/lam texture. DVT surfaces. M-c 1V, tr{ H,
e Yo" some pods near top; tr P, abund C. Upper zone
14501 X ¢ : — — _i similar, less arg. F-m{V neartop.
. H . —
E - - = H, 1r poly to some in upper 1'. Poly occurs as H
X ! ] = — —— — crystal rims, POS, stringers to thin beds, zones in
! H _— ——— pits, boxwork pattem. Lower H: {-m IV w/sequences
X 1 : - - - - ol poly, m-c IV, { IV: ¢-v¢ C in MP and pits. Trto
' i i mod P (some BG), minor C. Some I-llib-c wrpoly.
1455 — ' : _— = —_— — Upper part: tr large poly blebs on dissolution
— ‘ ! § —es—— V¥ & 1  surfaces and in pits. M-c IV w/zones of I mod P
; | ] — 3 5| (probable8G), mod C. Small MP. Thin tom
! H I - bedded. Tr clay as thin fam and stringers. F Il w/ir
. xxxxe : : m poly and some pods { IV near top.
3 H T ® | &
P i —“‘U""__\”T Poly, H'c, basal ctaystone. Claystone has pods of
1950% H i — poly in trough w/clay squeezed between pods..
1460 -4 AVAYA _— ’g: Claystqne shows thin lam. Lower _GfB' of poly has
MB 119 Nl lam defineated by claystone. :Lenticular to tabular
A — zones of BG H and m-cl in upper panl. Possible
e =] . "‘_,_./-/-\ TR — — clastic H near top. Upper surlace undulatory over
4 .
I : — -— 8°; 47 high hemispheroids near top. .|
| :
X 1 — — @ — — ‘ :
PI '\l : H, tr poly and cfay, in zones. Poly occurs as thin
e B0 XXX T | | : G\‘——-"‘\——— lam to biebs. Clay occurs as thin lam and stringers.
1465 '1_! R " l H — Most H is !-¢ IV; some beds of poly to m IV to I-m IV,
- x i 0 ] Trto some P and C. 1 poly at 1465. Clay lam at
I —_— -0 upper surface.
- i —_——— T
g | l J —_— . H to H'c claystone in 3 parts:
X . part a: Ir poly and clay; f-c 1V, pods { IV, tr P,
j— — -— ) . e ——r
el + = H A 1 0 g G o 0— part b: tr to some clay, tr poly as lam and blebs. Tr
1470 - — I ‘ . - P near base, abund C. M- IV, f near top. DVT e/s
- e M ! bl o surlace at top. Thin clay {am, biebs near base. .
- 1S _ = 5 part ¢ H'c claystone; thin lam. F-c l-llic; pods to
- _ - N " h g9 — lam of m-¢ IV. Reverse faull w/3" throw at iop.
H
— o ! —
- ",’ %‘ < ?3"\«;0 H. tr poly as lam, POS texture, and margins of m tV
. | e = vel H. Some to mod P, abund to some C. F-vc IV,
X l { —_— T— \m mainly m, zones of { H in middle. MP near top; poly
1475-1 «x — —_ _— lam at contact,
1 e -
X ! 1 — U o Poly, thin fam. tam w/H show nodular texture at
1 3 — e | base wiclaystone squeezed between nodules.
; : — e .
XXXK E —— T~ —]
P P —— e Sy .
1480 — ‘ i ' — H. tr poly, tr ctay at top. Poly occurs as thin lam to
MB 120 ey U blebs oullining H ¢cryslals. M-c 1V, tr P, some C.
S T i A ~ Thin beds defined by poly. MP near top. Clay lam
X l ; — to blebs at top; sic/laminae texture.
] —_—
Pl — H, Ir poly to 1490, decreases upward; arg from
xxx pl '. § _—— e 1490, increasing upward. H below 1430 in m-¢c IV
1485 p s g
msl)  *"SEE EXPLANATION FOR SCALES AIR INTAKE SHAFT LITHOLOGIC LOG
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1495

1500

MB 121
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R
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\

\

(
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\
(
\
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msvsssas sseiesessassaréys

w/ir 10 some P and C. Above 1487.5, H is
interbedded w/arg H. H is m-¢ V lo I-1lla-b; f IV in
pods; I-11a and m-c IV in upper 1'. Arg H to.
Claystone near top shows thin lam to mod
sic/taminae texture w/f-c I-Ric. Upper arg zone
shows dish-shaped strata. Some weeps.

Poly, w/zones of m-vc I-filb-c. H near base. Has 2-
3" clay ai base. Thin lam, wavy o contoried near
base. Massive poly; dispiacive poly nodules
developed w/i anhy. Incipient load struciures wiclay
near top. Possible langbeinite.

H, tr poly increasing upward. Poly occurs as thin
tam to blebs and incipient boxwork. M-c IV, ir f H.
Mod P, tr to mod upward C. MP more common
upward. Pits filled prior fo clay deposition.

Poly, lam. Thin shear zone 4" below top filed wH.

H, tr poly w/some clay in basal zone and Ir gray clay
in Ihin middle zone; clay as thin lam and stringers in
middle. Poly occurs as stringers, blebs, and irreg
POS. F-ml-lic near base. M-c IV:tr P, irC. Icat
top.. Disseminated poly at top.

H, tr poly, tr clay above 1507 as stringers and thin
lam. H'c claystone wi-m I-ifc at fop. Poly occurs as
thin tam, stringers and blebs; delineates thin beds
wisequence m-c {BG) IV to {-m poly’e H to thin poly

residue. Trlo some P: irto abund C upward. llib-c

1505

1510

1515 q

Seeseerivarearsrvr e san

and { IV dominate below upper claystone.

H, ir poly and anhy, tr to some clay at base and top.
Poly occurs as blebs, fag, thin lam and lam,
delineates thin beds. Clay is lam and zones
w/blebs, w/pods of m IV and some m-f |-lla-c,
dominated by i-lilé. F-c IV, Ir P and C: beds
wisequences of poly, m-c IV, f-m IV wrtr poly. No
pits.

1520

\
\\
~

cscer ey

euentet

.

e ———————

"esersorransal

1530

L
AN

1 b i ]

=1

Halite, in 3 parts:

part a: ir poly occurs as blebs, small blebs in { 1V,
thin lam to lam. Lamina of poly overlies pits. Poly
lam locally coalesced into pit. F-c IV, { is more
comimon neartop. Tr P, some C. BG H near base.
P decreases upward and C increases as MP
become more abund.

part b trto some clay and poly. F IV wilr poly in
pods and zones bounded by clay. F IV zones
surrounded by arg m IV, w/some m Ilfa-c and tc |-
Wa-b. iClay occurs as lam and zones w/abund H and
as isolated blebs. Mod'ly well developed DVT
textures.

part ¢: arg H, tr to some clay, sulfale decreases
upward. Zones and pods ol m-¢ [V and Itb. F-m |-
Ha-b, incorporative. Claystore lam, incipient sicdam
texiure. Paralle! dissolution pits rare. H-filled
{fibrous) fractures.

—_—

Anhy, gray (N6-N9), w/poly zones, slightly arg in
lower 1-2°. Subdivided into 6 zones:

a) clay, poly nodules widisplacive growth.

b).anhy, slightly arg. Thin lam and lam, parallel,
cross-cutling near an algal{?) hemispheroidal
leature. Incipient enterolithic textures.

c) black "sticky® clay, probably organic-rich,

. squeezed in and around displacive poly nodules;

FLEV(L msl)

**SEE EXPLANATION FOR SCALES
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w eEbd ——~— ——— ~— squeezed into flame structures and subvertical
—— —_ - fractures.

. ——//\_\ﬂ d) poly, lam, parallei to non-parallel, wavy to

UNI@N —_—A contorted, cross-cutting. Soft deformation. Lam

\,/'\_/N hemispheroids are evenly spaced around the shaft.

ANHYDRITE %JA : gt Slmping around these structures.

7~ e) anhy. m lam, wavy fo conloried, most semi-
— == —//\\_2' 8t parallel, some cross-culling relationships. Ripple
. . forms w/o clear bedform. Slumping around small
! " hemispheroids. Zones of probabie claslic H.
: 1} poly, lam conlorted to convoiule, halilic.
[ ————————""1 | Desiccalion cracks from top into unit 2’ deep filled
—_— Y —{— W/,
e — Unit as a whole bears fluid. Weeps parallel strata
- e and are v commen around zones w/clastic H.
AN—"" T Occurs also around fraclures and al conlacls.
—

1535-

cas

|
1
|
)}
j
i
|
}

11540- X

e H, poly'c, tr clay. Poly occurs as thin lam to irreg

blebs. Thin beds w/sequence: m-c¢ IV w/abund P
_ and BG, 1 1V, poly iam or poly-rich zone. F-m IV, ir
- to mod P, ir C. Shallow pits; MP under pits have tr
clay. Dissolution surace in upper part w/arg clay.
Less P and more C at top w/no bedding. Poly at
upper confact.

eSS isrisabentseseeitenttiosne

-
| l
.,

R
- Sy

. —
a, —

K% — - L~ H, poly’c w/arg interbeds. Poly occurs as thin tam
and disseminaled blebs delineating thin 1o m beds in
poly’c zones. Clay occurs as lam to zones wA-¢ |-
i1a, c, may delineate thin to m beds. Arg zone at
‘top contalns pods and zones of m-f IV (DVT
textures). F-c IV, mainly f-m, w/zones { H; tr P, tr to
-some C.

I TIXY)

(
WAL
|

1B50-1 5 _ .,

" H, ir poly fo tr to some clay in sequences w/arg H

; inferbeds. H is f-vc IV w/m-c (ir P) dominan! near

" -base poly'c parts, more f in upper parls. F-m -itb-c

i witr la in arg zones. Lower .5 arglam. Next 2'is

- poly'c f IV w/abund DVT textures. DVT zone
overlain by m IV zone w/thin tam of clay, Ir paly

" interbedded on 1 scale w/halilic claystone wil-lb-c.
Podsof tH. Tr P, abund C. Claystone, thin lam
wi/some sic/iaminae textures. Upper 2' conlains
thicker interbeds of similar claysione.

!
l
oo o

——— o
seser .op
~
-

-

15551 . .

I
|
>

" H, I poly, tr clay in thin lam. Poly is disseminated in
11V, blebs along dissolution surlaces, in pits .as
- solution lag. F-vc IV, mainly near base. Lower pad
- . shows MP and pits filled w/m-c. Middle shows mod
te advanced DVT textures and e/s surfaces w/abund
t H. Upper zone shows thin 1o m beds wipoly btebs
delineating strata, m IV wir { dominates. Tr- mod C,

- some P, BG.

facaecanes seasacesd

18507 _
1560 -

b3
-
e

—— '
———————

sossereene
sesssconiee -]

-
—
e e e i - —

H, tr clay as lam, ir poly as biebs in { IV along
dissolution surfaces. Thinto m beds defineated by
clay lam. H stratified below upper 1. F-m IV wAr c
as C, ir P near base, decreases upward. C locally
abund. F H caps strata, more abund upward, in
zones and pods in upper 1",

1565 - X

V0vsvasasnscnes

x
v

1570- - H, tr poly, tr clay above 15745 increases upward.
P Poly is disseminated in f IV, blebs elsewhere. : Clay
is disseminated to lam and zones upward. F-c,

—_ - §./r_' —o = mainly m, IV, tr lo some P (Ir vel) and C to 1573;
Jrees -~ pods lo layers f IV to 1572; bedded m-c IV, Ir P and
- / C. w/l-¢c )-llic and tr la fo top. Some ¢ C in MP and
P' ! ; pits, C increases upward. DVT {extures near
! middle. Thinlam clay at top.
1575 * Lt y attop

FIFV(N msl)  **SEE EXPLANATION FON SCALES AIR INTAKE SHAFT LITHOLOGIC LOG
SHEET _ 19 OF 32

thnshonas

FIGURE 23




—
DEPTH ** HALITE/ REMARKS
" U THOLOGY NON HALITE GEOLOGIC FEATURES - (SEE APPENDIX FOR DETAILS)
- K N H, tr to some clay and poly, incipient to
l ': : mod/advanced DVT textures. Poly is disseminated
X ' . in { H, blebs concentrated along e/s surface w/lag
Pl ! and in pits as translocated material. Clay occurs as
=% 14 lam to zones. F-m IV, w/some c¢ C in pits and MP.
o~ s , Tr P, tr 1o mod C. F His abund near base and
- I middie of unit, w/ zones and pods wii lower middle
15801 — x - | Woet part of unit, and caps e/s surfaces near top. Lower
T | - middle dominated by m w/some ¢ as C in abund MP.
- { and pits. Upper part shows stratitied m H capped by
— x | 1S { H or clay lam w/l-llic and tr la. F H fills pits -
— - = i’ efflorescent H that survived. Pits show many
- : episodes of reactivation.
ol
85 _ A H. Ir poly and anhy. Poly occurs as thin lam to blebs -
1585 —_ = : { _ showing some displacive H margins. Lower part
x - . ‘mainly poly'¢c. Upper part contains some poly
- - : zones, disseminated biebs, and blebs concentrated
_ - X : w/i pits as translocated material. Poly delineates
_ P " thin to mbeds. M IV, wisome P (Ir vel), some ¢;
| . some f H near top. Vertical C and P BG. '‘Mod fo
XRE XX | J/ : abund € in pits and MP. Illic, ir la in poly near top.
1590 ~ ! Pits reactivated during deposition of overlying unit.
] H -
\ H. in 3 pans;
X \ : a) poly’c m-c IV wif H more common near lop.
P \ : Multiple episodes of DVT textures. Tr P {rare vel); tr
Xy l '! : C, abund in pits and MP. Poly occurs as thin lam
ey and blebs translocated inlo pits. F H at top.
ke b) DVT texture zone - H, tr clay and sulfate. Clay as
15951 - i lam 10 zones and blebs, wim-c IV, tr P, abund C in
\i —— lower part. F-¢ IV Hin zones and pods; poly occurs
—_ - ‘-‘)\ o as blebs. Claystone w/l-llla-b, sic lextures. 1°
- ,, s - zones of clear IV w/abund C. Claystone in
— Fe K ' topographic lows.
— ! -, "C::}E C)H, some to tr clay. No OVT textures at base,
g H minor textures at top. M-c IV w/l and clay lam: { ¢
18004 ' 0 ~ > common, fa rare in arg zone.
' T oox {1 —= g -
_ 3  — Anhy, w/poly, thin lam to lam, some cross-cutling
! ‘ 3 and cross-lam. Several zones wiclastic H textures
' A A and cross-lam. Bedding disturbed. Teepee
! : A _ structures at upper contact.
X I ! H . — :
_ ) : r H, tr anhy at base, tr anhy and poly upward; some
1605 | ! i = —_— ) ™ sulfate 1616-1617. Lam: poly disseminated blebs.
1 [ ; — il Sultate delineates thin to m beds. M-c IV, wivel H;
X ' , 3 — - — some to mod P, Ir 1o some C; BG planed off by
P ; H . sulfate lam, stratified f H.
I' ! : \ - -—
L : i
\ |
1800%
1610 —_— T e
e
—ty - R
MB 123 - T
——
\/—\{/_\__ 1“\/
1615 T  E— e
l ' ' | ——
| ' b~
X P I" ] E /\ —————
1620 TR T i U
S

1
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pEPTH ** HALITE! REMARKS
() LITHOLOGY NON HAUTE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
X LR UL R V= Anhy, possibly organic-rich in lower 2. Recent
M : ~— weeps parallel to fractures and bedding. Thin lamto
e ) lam, some low angle cross-cutting relationships.
\ 7 < vg Vg Vv Small anhy PAGS in lower part. Abund stratified H
ey PAGS in upper pan.
z'ﬁ‘ v v Ve
g v Vv v vV v©v ¢ Claystone w/poly. Lam w/cross-culting. Fibrous
1625 MB 124 poly- and halite-filled fracture to 0.4'. Displacive
g vV 9V ¢ 9 poly nodules.
e e e it e -
TEF ol Givaioped sata: more P s ess & b vel B
T~ v rata; an . ve
/‘_\ — : ,
\_ -t ’\/‘//‘/;-/ ~ fabrics. 1" thick poly-tich zone at fop. ‘
N
: X____+_X}:_)'(:-F__§ MB 124 | W N H. tr poly, g lay at ¢t Thin bed t
R v v A o ) i W . Ir poly, gray clay at top. Thin beds near top,
1630 &K’\_(X ! CEB@ delineated by poly. Poly accurs as thin'lam
RSy 4 + — w/dispiacive H, rare blebs. M-c IV, w/zones of [ H
x ! Ho— — and { H in pits; ir to some P, some to mod C. VO
: : A — A MP_ E/s surface at top wiv thin bed ol clay (some ii-
! H T N— e ic, rare la), some transiocated into underlying H in
X 1 o its :
| H pis.
i s TR
1635 X pill :
| :
FEF T
L s
t :
X i i
1640 :
| :
! :
! :
Pl |; :
{ H
Y .
—+ —+ Ml L H, arg. Zones to v thin beds of arg H wiclear m-c IV,
—— = - m— abund C;{-m I-illc, tr la. No pits.
— + — - ———
1645- _ '} —ARS=R =AM L
—_— =+ - H . H, ir to some poly. M-c IV, major P, vel, chevrons,
-+ ," ! - il + cornets; ir C. Possible langbeinite at upper surface.
B L
Lt i —x H, w/some poly, langbeinite, and possible sylvite (in
X i _ . arg zones). F-vc IV. Similar to underlying unit
' LoL ’ §' ¢ —_—— — . T except for potash-rich zone developed on e/s
! : — e~ surfaces. Large pit tilled w/langbeinite wisome H.
1650 =x=== i — X = /\-v T Potash underlies poly lam near base.
* ol : o " —
PI H —_—lt~— == Halitic claystone and arg H. Thin tam, sic. F t-ilib-c.
X X l ! E T ——, R —_—
- — - H, poly'c. Poly occurs as thin lam and blebs. Thin
_ Hi to m beds. M-c IV, tr{ H neartop. TrC:ir P at base
_ - - E increases upward. DVT e/s surface at top, overiain
1655 LR S by clay. Langbeinite occurs over H, below poly fam.
]
"t L—' i H, poly’c near base fo arg at top. Langbeinile 1555-
IR B 1656. Arg H overlies e/s surfaces on poly’c H. M-c
, 4 . IV, tr 1; tr lo some P near base; C Irom tr to some
- x— ; . upwards; iIr recrystailization. Similar to underlying
1750%] X T H s unit except poly oceurs as blebs mere often and lam
1660- x H are more disrupted. Unit has less P and more C
—- : A and MP than underlying unit. F IV occurs only in
y ] y DVT zones. Abund C in arg zones. Upper DVT
X H “ zone topped by clay. Langbeinite in DVT zone
X I " wipods of V.
! H
el |
[} .
1665 L1 T
“ELEV(L.msl)  T"SEE EXPLANATION FOR SCALES AR INTAKE SHAFT LITHOLOGIC LOG
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TH ** HAUTE/ REMARKS
”[‘,:) LITHOLOGY |y on HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
o g I Ly ' iy S g~ H, poly'c. arg zones. Poly occurs as lam, blebs,
1 [ \’\QW\/VN disseminated material. Blebs more common near
=X = ! — T top. Poly lam delineate thinto m beds. Arg zones
Axx ! : — occur over dissolulion surface on poly zones. Clay
b : e in fam and zones w/l-lla-b. M-c IV w/some 1, H in
o P! AT poly'c zone in cycles of poly, BG m-c IV w/some to
x| ! : A mod P and mod C, | IV H. Incipient DVT surtaces
1670~ l : : _ — — A — throughout unit.
' -
—_t 'y '
-t B A l H S H, arg, ir to some clay in v thin beds to blebs wdish-
Pl : 7\’ — shaped pattern. M-c IV wil H zone and trve C; Ir P,
X { : — A — R abund C. H appears bedded. Pits penetrate and
| | : — reactivate pits in underlying unit. Lower arg zone
- ~ ——T has f Ic, m I-lta; upper has {-m Hi-ilic and pods f IV.
754 — \ 3 Abund weeps.
Q %, Coy— .
— —— D (%) a
= 1 —— B 6]:7" I H, tr poly as thin lam, disseminated and v [ platelets,
X T delineates thin beds. M:c IV w/c at base of beds
p H e A=\ — A becoming { H at top; some to mod P.w/some C at
! i A base of beds. C iV at base clear w/littie P. MP at
7 >, —_— e~ base of unit.
T T -
1680 ' : P H, tr poly as thin lam, blebs, POS, lags. F-vc IV,
X / § ——""—10 mainly f-c, wizones ol | H near erosional units; tr P,
- o T T 3 some C, some recrystallization. Abund MP.
X : — a— — -
| : ainy/2
y — -a-
I/ v =
16854 — P' : T~ T —
H —— e e o
i : —— .
T : ,” @ H, poty’c to arg, ir to some upward. Poly as blebs,
—_ i _‘ﬁi@“‘& ===, lam and POS. Clay occurs as lam, zones ar_vd biebs
- ke s B delineates thin beds. Thin lam in upper 2'. F-¢ IV
—_— ] Q\/\/— witr P, some C, Ir recrystallization. F IVin pods,
18901 l : fenses in DVT zones, poly’c. Several e/s surfaces.
(R > ~
T ox S m——— -
X B l 5 : <=
1695 .. — =
i3 —
l L Y S T o poly alternating w/tr clay. Poly occurs as thin
! % /= fam, pilatelets and POS. disseminated blebs
— : Y ————— -_— == (w/some dispiacive H margins). Clay is
_ ! ~ e —— disseminated in zones. Clay and poly delineate thin
X ! | = — — —_— beds. F-vc IV w/zones, pods of f IV and some { H in
i d — —Uy— pits. Tr to some P and BG, some C, tr
17004 «x I 3 recrystaflization. VO MP. E/s surfaces.
} H - )
- T /’g H, Ir clay and poly. Poly as blebs in pits and as
- | dissolution tag reworked by C. Clay occurs as lam,
3 zones and blebs around | H in zones and lenticular
- pods. F-vc, mainly pods and bases increasing
x upward; m-c IV wit, tr to some P and tr C. Abund
1705 y DVT texiures. Upper surlace marked by vvc H
planed off. Modest amount of weeps at unit.
— ’ 4
X i 3
PIlL ok
1700* X ¥ s
1710 Ly a1y
‘FIEV(. msl)  *“SEE EXPLANATION FOR SCALES AIR INTAKE SHAFT LITHOLOGIC LOG
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{SEE APPENDIX FOR DETAILS)

HL|

L

1715

f
!

-~

f
I's
/

@ < _lo®

1720~

=—=F

&

H; poly’c lower part grading into arg reworked DVT
upper part. Lower part: H, tr poly as thin lam, blebs,
1" zones w/abund displacive H, and zones of blebs
widisplacive H in pits. Poly delineates v thin beds.
Paly in pits and strata shows boxwork fabric. M-c IV
w/f near top; ir to some P {vel) w/abund ¢. Upper
parnt: more arg upward as lam and zones containing
f-m I-1lla-¢c. H occurs as arg zones of m-c IV
w/displacive margins, ir P, abund C, and dish-
shaped pods and zones of f-mH. DVT texiures.

Poly, lam io lﬁin lam; fower .2° clay.

1725+

>

B
acavans®

1675%

17304

1735

»
I S RERa—— ——— ——— ——— S e} Sl = . Sreireaten e ety

e o o s e o e ot e e o e 2 o 0

cedssesscecsncnss

RETTRE PR PRY P Y S I iy

.. -
MR LI

1740

1745 -

ceensnnan

¢ eosvs0c virrannn
t————

=~ plh

!

1750 -

X
X

x P

-,

- o e o

H, Ir poly as platelets and blebs; m-c IV, tr P and C.
Upper surlace planed off by dissclution.

H, tr poly and ctay. Two sequences of tr poly to tr
clay, increasing up. Poly occurs as blebs to fam, tr
platelets near fop. Clay as tam and blebs. M-c IV,
zones and pods of f-m H in upper 1': ir P, decreases
upward. Abund C near base in MP.

H, tr clay and poly; clay occurs as lam, blebs and
zones w/irreg boundaries w/H associated w/m IV.
Poly is disseminated, as tr amounts in { 1V, and as
bilebs in m IV, H occurs as I-c IV; tr P, Cin arg
zones around zones and pods of f IV. Pits from 1-
10’ originating throughout unit and peneirating
underlying unit. :

H., tr poly; poly occurs as thin lam and blebs (some
widisplacive H margins), delineates v thin-beds. M-¢
IV w/ve in MP at base. Abund P BG at base,
decreasing upward. Zones of I H, Pits {about 1°)
from overlying unil.

Poly unit in 3 parts. .2' poly al base, lam,
microcrysiafline. 8" H, wahin lam of poly, blebs m-ve
IV, tr P and some C, displacive boundaries w/poly.
