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EXECUTIVE SUMMARY

The exhaust shaft at the Waste Isolation Pilot Plant (WIPP) site was a

conventional mining-slashing enlargement of an upreamed shaft. Geotechnical

activities in the exhaust shaft were designed to provide additional confirma­

tion of the stratigraphic details that exist in the strata overlying the WIPP

underground facility, provide detailed information about the geology in iden­

tified zones of interest, confirm the geology of planned instrument levels and

locations, and provide a basis for field adjustment and modification of key

and aquifer seal design. These activities were carried out concurrently with

construction during the period from July 16, 1984 through January 18, 1985.

The exhaust shaft penetrates thin surficial deposits and five formations: the

Gatuna Formation of Quaternary age, the Santa Rosa Sandstone of Triassic age,

and a Permian age section consisting of the Dewey Lake Redbeds, the Rustler

Formation, and the Salado Formation. The entire shaft section from the sur­

face to the facility level was geologically mapped. Ten preselected zones of

special interest were mapped in detail. Gypsum-filled fracture systems in

three zones in the Dewey Lake Redbeds were mapped in detail as follows:

The depth interval from 195.0 to 210.0 feet (Figure 6)
The depth interval from 269.0 to 280.5 feet (Figure 7)
The depth interval from 353.5 to 375.0 feet (Figure 8).

Seven zones were located in or adjacent to the Rustler Formation:

The Dewey Lake/Rustler contact (546.5 feet, Figure 9)

The Forty-Niner Member claystone (575.5 to 586.5 feet,
Figure 10)

The Magenta Dolomite Member (602.5 to 627.0 feet,
Figure 10)

The Tamarisk Member claystone (689.0 to 695.5 feet,
Figure 11)

The Culebra Dolomite Member (713.5 to 736.0 feet,
Figure 11)

The upper portion of the unnamed lower ~ember (736.0 to
800 feet, ~igure 11)

The Rustler/Salado formation contact ~nd the keyway
(845.0 to 912.0 feet, ?igure 12).



The stratigraphy observed in the exhaust shaft correlates well with that

observed in the waste handling shaft.

Minor fluid-producing zones were observed within the Magenta and Culebra

Dolomite Members of the Rustler formation. The shaft key and aquifer seals

were adjusted downward between seven and nine feet as a result of the observed

geology.

v



1.0 INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) project 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 create a research facility for in-situ examina­

tion of the technical issues related to the emplacement of defense-related

radioactive waste in bedded salt.

The WIPP facility is located approximately 26 miles east of Carlsbad, New

Mexico in an area known as Los Medanos (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 (Figure 2). An extensive program of

site characterization and validation has been conducted for the past nine

years (1976-1985). The results of these studies are summarized in the WIPP

"Geological Characterization Report" (Powers et al., 1978), the WIPP "Safety

Analysis Report" (DOE, 1980), the WIPP "Preliminary Design Validation Report"

(Bechtel, 1983), and the WIPP "Results of Site Validation Experiments" (Black

et al., 1983). Additional site investigations are being conducted as part of

an ongoing program to further refine the understanding of the site-specific

geology. The geotechnical activities conducted in the exhaust shaft a,e part

of this program.

The exhaust shaft will provide a pathway for the release of exhaust air from

the facility to the surface. The shaft is an enlargement of a six-foot dia­

meter, upreamed shaft. The finished diameter is 14 feet in the lined portion

of the shaft and 15 feet minimum in the unlined porticn. Geotechnical activi­

cies consisting of reconnaissance geologic mapping, jetailed geologic mapping

:n specific zones of i~terest, geologic confi,macicn of instrument ~ocations,

and field adjustment and modification of the key and aqUifer seal design ~ere

~erformed concurrently with construction from July i6, 1984 to January ~8,

~985. This report presents and discusses the findings from :he geologic

. ,
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mapping efforts in the exhaust shaft. Also, the construction history of the

exhaust shaft is summarized, and several engineering geology characteristics

are discussed.

1.1 SCOPE OF WORK

The detailed scope of work is presented in the January 12, 1984 Work Plan of

Geotechnical Activities in the Waste and Exhaust Shafts (Appendix A). The

objectives of the geotechnical activities are as follows:

Provide additional confirmation and documentation of
the strata overlying the WIPP facility horizon.

Provide detailed information of the gypsum-filled
fractures in the Dewey Lake Redbeds.

Provide detailed information of the geologic conditions
in the Rustler Formation in the vicinity of the Dewey
Lake/Rustler Formation contact, the Forty-Niner Member
claystone, the Magenta Dolomite Member, the Tamarisk
Member claystone, the Culebra Dolomite Member, the
upper portion of the unnamed lower member, the Rustler/
Salado Formation contact, and keyway interval.

• Confirm the geology of planned geomechanical instrument
levels/locations.

Provide a basis for field adjustment and modification
of key and aquifer seal design, based on the observed
geology.

Lhe geotechnical activities performed to fulfill these objectives included:

Reconnaissance geologic mapping of the exposed shaft
surface during sinking operations.

Detailed, 360 degree geologic mapping of identified
zones of interest.

Geologic confirmation of planned i~strument locatio~s

during the aforementioned activities.

Reconnaissance geologic mapping was ~erformed throughout the entire shaft

section, "ith the exception of the zones mapped in detail. Jetailed, 360

degree geologic mapping was performed i~ previously identified z~nes of

interest i~ the Dewey Lake RedbedS and the Rustler formation. ~~ree zones

containing abundant gypsum filled :ractures were selected in the Dewey L2Ke
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Redbeds. Seven zones were selected in the Rustler Formation. In addition,

the keyway interval was designated as a zone of interest and mapped in detail.

These zones were selected because of possible dissolution origin or hydrologic

significance.

1.2 METHODOLOGY

1.2.1 Reconnaissance Geologic MaDping

Reconnaissance geologic mapping was performed concurrently with construction

on a non-interference basis in the lined portion of the shaft (from 0 to 907

feet). During each construction cycle, the freshly exposed strata were mapped

using the galloway (Figure 3) as the work platform. The lithology observed

was measured and described; the entire exposed interval was photographed, and

when possible, representative samples were taken.

In the concrete-lined portion of the shaft, the construction cycle consisted

of: a) excavation (drilling and blasting), and b) liner construction (pouring

concrete in the curb ring and main forms). Exactly 24 feet of the concrete

liner was poured during each construction cycle. After excavation, the curb

ring was set prior to the pouring of the concrete. At that time, the strata

in the interval between the base of the previous pour and the base of the new

pour were mapped (Figure 3).

In the unlined portion of the shaft (below 907 feet), reconnaissance geologic

mapping could not be performed on a non-interference basis due to the

unpredictable nature of the construction cycle. The construction cycle in the

unlined portion (i.e., lined only with rock-bolted wire mesh) of the shaft

consisted of: a) excavation (similar to lined portion), and b) "hanging" ·.-lire

mesh. The inability to maintain vertical control and the inconsistent posi­

tioning of ~he galloway during this phase of construction deterred mapping on

a non-interference basis. As a result, dedicated shaft time was purchased

~rom che conscruction contractor (Ohbayashi-Gumi Std.) to allow a mapping team

of three to four geologists full control af the shaft. Reconnaissance T:apping

~as done on a weekly basis in the unlined ~ortion of the shaft. ~he entire

unlined portion of the shaft was mapped in a total af six exercises averaging

about five hours in length. Up:o 250 feet of sxposed section was mapped at

anyone time. A vercical strip, approximacely f:~e :eet Wide, of che 2ntire

~apping interval was cleaned and mapped.
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Vertical survey control was provided by the contractor during both phases of

shaft construction. As the shaft liner was constructed, the depth to the base

of each successive pour was provided by the contractor and vertical control

for mapping was then established from the base of the previous pour. During

construction of the unlined portion of the shaft, the contractor's need to

maintain vertical control decreased and vertical control was established with

survey chains hung from contractor-supplied survey control points.

The procedural guide used for the reconnaissance geologic mapping is outlined

by McKinney and Newton (1983) in the "Site Validation field Program Plan". In

the Salado, reconnaissance field maps were drawn on predrafted sheets of

gridded mylar at a scale of one inch equals ten feet.

1.2.2 Detailed Geologic Maoping

Dedicated shaft time was purchased from the construction contractor

(Ohbayashi-Gurni, Ltd.) to allow mapping teams of four to six geologists full

control of the shaft during detailed mapping exercises. Field maps were drawn

on blank, gridded mylar at a scale of one inch equals five feet. Vertical

control was established from the ~ase of the previous pour, and horizontal

lines were spray-painted at five-foot intervals around the circumference of

the shaft. norizontal control and the southernmost point in the shaft were

established using the contractor's plumb lines (side lines). ~ vertical line

~as spray-painted at the southernmost point of the shaft, and the shaft wall

was marked with spray-painted vercical lines at five-foot intervals boch east

and west of the south line around the circumference of the shaft. :his

procedure established a five-foot ~y five-foot grid on che shaft surface.

Accurate map locations of lithologic concacts and f9atures were established

Jsing the grid for survey control. The grid also provided a ~eans for :centi­

fying locacions of samples. :eatures of specific interesc, and ptoto~raohs of

:he shaft ~all. ?hotographic coverage of each mapped interval was provided

for the full circumference of the shaft. All samples were marked with an

~zimu~h and an up arrow, so they can be properly orienced. ~he s2~Dles are

cataloged in Appendix B.
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1.3 SHAFT CONDITIONS

During the geotechnical activities in the exhaust shaft, a galloway was

utilized as the main work platform (Figure 3). The galloway is a steel struc­

ture 12 feet in diameter, consisting of three levels or decks. The galloway

is raised and lowered by two cables operating on a system separate from the

main hoist. The main hoist provides access from the surface to the galloway

via a cage.

To assure the optimum observations, geologic mapping exercises were performed

as soon as possible after the shaft surface was exposed. However, the shaft

wall was often coated with dust from blasting and/or concrete spill-over from

the shaft liner construction. In some cases, the shaft wall was covered with

rock-bolted wire mesh to prevent spalling, and occasionally material caught

behind the mesh totally obscured the lithology. During reconnaissance geo­

logic mapping in the lined portion of the shaft, the walls of the shaft could

not be cleaned or washed, as this would interfere with construction progress.

However, the shaft surface was washed prior to each detailed mapping exercise

when the mapping team had full control of the shaft.



2.0 CONSTRUCTION HISTORY

The exhaust shaft is an enlargement of a six-foot diameter upreamed

(raise-bored) shaft. The initial up-reaming or raise-boring was done by two

companies: Raisebor, Inc. and J.S. Redpath Co. The construction contractor

(Ohbayashi-Gumi, Ltd) employed a conventional mining-slashing method to

enlarge the original six-foot diameter shaft to a 14-foot diameter in the

lined portion and a 15-foot minimum diameter in the unlined portion. The

pilot hole was completed during the period from September 22, 1983 to December

16, 1983. The raise-boring of the exhaust shaft commenced on December 31,

1983 and was completed on February 10, 1984. Excavation for the exhaust shaft

collar began on July 15, 1984. The collar liner plate was installed and the

concrete backfill was poured on July 17, 1984. The shaft was lined with

concrete from the top of the collar to the base of the shaft key at a depth of

907 feet. Concrete liner construction began on July 18, 1984 and was

completed on November 29, 1984.

As part of the shaft design, both the Magenta and Culebra Dolomite Members of

the Rustler Formation were covered with liner plate prior to the pouring of

the concrete liner. The liner plate provided for a temporary vold- between the

rock surface and the concrete lining to prevent hydrostatic pressure buildup

before the concrete lining had reached its full strength. After the concrete

lining had reached full strength, the area behind the liner plate was grouted

:0 seal off possible fluid inflow. The Culebra was grouted durir.g the ~eriod

from December 2 to December 4, 1984, and the Magenta was grouted during the

period from December 4 to December 5, 1984. Rock-bolted wire mesh was

installed in the unlined portion of the shaft. Construction in this phase

began on December 7, 1984. On January 17, 1985, excavation in the exhaust

shaft was completed to the WIPP underground facility at a depth of approxi­

mately 2150 feet. A summary of the exhaust shaft construction history is

given in Table 1.



3.0 EXHAUST SHAFT GEOLOGY

3.1 GEOLOGIC MAPPING RESULTS

Geologic mapping was performed using two levels of effort: reconnaissance or

detailed mapping. Reconnaissance geologic mapping was performed in all shaft

sections not mapped in detail. The results of the reconnaissance geologic

mapping are presented in Figure 4. Twenty-five samples were taken during

reconnaissance geologic mapping exercises and are cataloged in Appendix B-1.

A higher level of mapping detail was provided by detailed, 360 degree mapping

of specific zones of interest. The goals for the detailed mapping in the

exhaust shaft were to provide (1) an initial data base of information gathered

from in-situ gypsum filled fractures in the Dewey Lake Redbeds, and (2)

detailed information concerning preViously identified zones of interest.

The gypsum-filled fractures in the Dewey Lake Redbeds are well exposed in both

the exhaust and waste shafts. Three intervals containing representative

sections of Dewey Lake fractures were selected to be mapped in detail in the

exhaust shaft:

• The depth interval from 195.0 to 210.0 feet (Figure 6)
The depth interval from 269.0 to 280.5 feet (Figure 7)

• The depth interval from 353.5 to 375.0 feet (Figure 8).

These zones were mapped in detail, and the fractures and morphology of their

fillings were described. When viewing the figures, it is important ~o note

that only mappable fractures were described, and many fractures were not

mapped as they were too small to be included on a map of the entire circum­

ference of the shaft. The lithology of these intervals was reconnaissance

~apped in an effort to conserve the arnounc of time purchased from the

conscruction contractor.

0etailed ~apping in the remainder of the shar: seccicn ~as performed :n

previously identified zones of interest, as follows:

The Dewey Lake/Rustler contact (546.5 feet, ~igure 9)

• The Forty-Niner Member claystone (575.5-586.5 feec,
Figure 10)



The Magenta Dolomite Member (602.5-627.0 feet,
Figure 10)

The Tamarisk Member claystone (689.0-695.5 feet,
Figure 11)

The Culebra Dolomite Member (713.5-736.0 feet,
Figure 11)

The upper portion of the unnamed lower member (736.0­
800 feet, Figure 11)

• The Rustler/Salado Formation contact and the keyway
(845.0-912.0 feet, Figure 12).

The data obtained from detailed mapping efforts are presented in Figures 6

through 12. A total of 255 samples were collected during the detailed mapping

efforts and are cataloged in Appendix B-2.

In general, the exhaust shaft mapping results correlate well with the geology

in the waste handling shaft. Minor exceptions do occur, as the geology

appears to vary slightly laterally. Other minor discrepancies are the result

of more complete and accurate descriptions during the exhaust shaft mapping as

the amount of time available for reconnaissance geologic mapping was greater

than that provided for the geologic inspections in the waste handling shaft.

Unlike the geologic inspections in the waste handling shaft which confirmed

previously mapped strata (Holt and Powers, 1984), ~he descriotions in the

exhaust shaft were completely independent of previously collected data.

3.2 EXHAUST SHAFT STRATIGRAPHY

The exhaust shaft penetrates surficial deposits cor;sisting of Quaternary dune

sands and the Mescalero caliche and five formations. In descending order,

they are the Gatuna formation of Quaternary age, :~e Santa Rosa Sandstone of

Triassic ~ge, and the Dewey Lake rtedbeds, ~~e Rusc~er Formation. and the

Salado Formation, all of Permian age (Figure 5).

3.2.1 Quaternarv Dune Sand

The most recent wide-spread sedimentary jeposit in :he wI?P site area is a

thin blanket of windblown sand. The sand. ~nown ~~cally as the ~escalero sand
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(Vine, 1963), occurs as relatively inactive dunes, except in areas where local

blowouts occur.

Nearly eight feet of unconsolidated sand occurs at the exhaust shaft. This

sand is reddish-brown, silty, and poorly sorted. The majority of the grains

are subangular. Less than ten percent of the grains are mafic.

3.2.2 Mescalero Caliche

The Mescalero caliche is an informal stratigraphic unit which derives its name

from the Mescalero plain. It is an areally extensive pedogenic petrocalcic

horizon that began to form 510,000 years ago (Bachman, 1985).

The Mescalero caliche is 9.5 feet thick in the area of the exhaust shaft. The

upper one-foot of the caliche is very hard, and the hardness and overall

degree of induration decrease with depth. It also becomes nodular with depth,

and the size of the nodules increases with depth. Locally, siltstone and

sandstone are engUlfed by the caliche. Chert and sandstone pebbles are

engulfed higher in the section, and large zones of sand are engUlfed at the

base.

3.2.3 Gatuna Formation

The Gatuna Formation was named by ~obinson and Lang (i938). ~n the WIPP site

area the Gatuna is represented by a thin veneer of fluvial sandstone that is

locally absent (Powers et al., 1978). The upper part of the formation is

middle Pleistocene in age (Bachman, 1980).

The Gatur.a Formation occurs in the depth interval from ~7.2 to 34.0 feet. It

is a poorly sorted, fine to very fine grained, :riable, calcareous sandstone.

The lower 1.5 feet of the Gatuna contains angUlar debris from the underlying

Santa Rosa Formation.

3.2.4 Santa Rosa ?ormation

~he Late ~riassic Santa Rosa Formation is part of the 00ckum Group. In :he

tiIPP site area. :he Santa Rosa occurs as an erosional :,eage that ~inches out

west of the site center (Powers et a1., i 978) .
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The Santa Rosa occurs in the depth interval from 34.0 to 53.5 feet. It

consists of calcareous reddish-brown siltstone and fine-grained sandstone and

contains pebbles of chert.

3.2.5 Dewey Lake Redbeds

The Dewey Lake Redbeds were named by Page and Adams (1940). The term "Dewey

Lake ll is now used for Permian beds included in the "Pierce Canyon" originally

proposed by Lang (1935). The term "Pierce Canyon" was used as late as 1963 by

Vine in his descriptions of the Permian redbeds in Nash Draw. However, the

United States Geological Survey (USGS) adopted the term "Dewey Lake ll
, as it

was more widely accepted by geologists.

The Dewey Lake Redbeds occur in the depth interval from 53.5 to 546.5 feet.

The Dewey Lake is characterized by its reddish-orange to reddish-brown color

and varying sedimentary structures. In the exhaust shaft, the Dewey Lake

consists almost entirely of mUdstone, claystone, siltstone, and interbedded

sandstone. Abundant sedimentary structures are evident throughout the Dewey

Lake section in the exhaust shaft. These structures include horizontal lami­

nations, fine cross-laminations of varying size, rip-up clasts, silt-filled

mud cracks, interbasinally-derived pebble conglomerates, fining-upward

sequences, and soft sediment deformation features. Locally, greeniSh-gray

reduction spots are abundant, and occasionally, entire beds may have a gray

color.

With the exception of the upper portion, the Dewey Lake is characterized ~y

locally abundant gypsum-filled fractures. The majority of the fractures are

filled with fibrous gypsum, although granular gypsum fillings mark the first

occurrence of gypsum fracture fillings in the Dewey Lake. The first occur­

rence of gypsum fracture fillings in the Dewey Lake at the exhaust shaft :s at

a depth of 121.5 feet. :he significance of the firsc occurrence of gypswo­

filled fraccures at various localities is noc clear. Preliminary comparisons

of cata gachered from the waste handling and exhaust shafts with ~ata ga~~ered

from boreholes around the WI?P site indicace chat :he first gypsum fracture

::111ngs do not occur in the same stratigraphic interval laterally.

3-4



The majority of all fractures in the Dewey Lake are horizontal to

subhorizontal and follow bedding planes (Figures 6, 7, and 8). High angle

fractures constitute the lowest percentage of fracture types in the Dewey

Lake. At least three separate episodes of fracturing and subsequent filling

are locally discernable in the Dewey Lake at the exhaust shaft. In general,

younger horizontal to subhorizontal gypsum-filled fractures cross-cut older

subvertical fractures, and, in rare cases, younger subvertical fractures

cross-cut older horizontal to subhorizontal fractures.

The crystal morphology of the fibrous fracture filling is the result of the

stress field which produced it (Durney and Ramsay, 1973). The majority of the

gypsum fibers in the fracture fillings are perpendicular to the wall rock.

This indicates that there was no displacement parallel to the fracture surface

at the time of fracturing and subsequent filling. In some instances, the

fibers are not at right angles to the fracture surface, indicating that a

component of displacement parallel to the fracture surface occurred throughout

the period of fracturing and filling. In rare cases, the fibers have a

sigmoidal shape which indicates that there was a component of displacement

parallel to the fracture surface not synchronous with the initial fracturing.

3.2.6 Rustler Formation

The term Rustler Formation was clarified by Lang (1935) to stratigraphically

define the interval between the ?ierce Canyon Redbeds (now recognized as the

Dewey Lake Redbeds) and the Salado formation. ~wo laterally persistent units

of dolomite were recognized, described, and named by Lang (1935; in Adams,

1944). The lowermost is named the Culebra Dolomite Member, and the uppermost

is named the Magenta Dolomite Member. A five-fold stratigraphic subdivision

of the Rustler was introduced by Vine (1963). Vine designated the anhydrite

section above the Magenta as the Forty-Niner Member, and named the interval

jetween the Culebra and the Magenta the Tamarisk ~ember. The clastic-rich

~nterval below the Culebra was not naT!ed and herein is referred to as the

~nnamed lower member of the Rustler formation. ~he Kustler formation occurs

in the depth interval from 546.5 to 850.5 feet. Overall, the lithology of the

Rustler is quite variable, containing carbonates. sulfates (gypsum. anhydrite,

Qolyhalite), clastic materials, and halite. ~he ~ower portion of the Rustler

consists of clastics with some interbedded evapori:es, and the uDper ~ortion
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consists predominantly of anhydrite, carbonates, and clastic materials. ~s

previously indicated, all or a portion of these members were mapped in detail.

The lithology of each of the five members is summarized below.

3.2.6.1 Forty-Niner Member

In the exhaust shaft, the top of the Forty-Niner Member occurs at a depth of

546.5 feet, and the depth to the base is 602.5 feet. The Forty-Niner consists

of an upper anhydrite (29.0 feet thick), a middle claystone (11.0 feet thick),

and a lower anhydrite ( 16.0 feet thick) .

The upper 29.0 feet of the Forty-Niner Member consists of gray, hard, finely

crystalline anhydrite. The contact with the Dewey Lake Redbeds is sharp, and

undulatory up to 1.5 feet (Figure 9). Laminae within the anhydrite are

erosionally terminated at the upper contact, suggesting at least a minor

disconformity between the Dewey Lake and the Rustler. The anhydrite is lami­

nated to banded to locally nodular and contains an increasing upwards content

of clay interbeds. Horizontal to sUbhorizontal, gypsum-filled fractures up to

1/2-inch thick with variable spacing occur throughout the anhydrite.

An 11-foot thick clastic zone underlies the upper anhydrite (Figure 10). The

clastic zone, commonly called the forty-Niner Member clayscone, is divided

into five lithologically distinct ~apping units (?igure 10), but herein is

divided into three compositionally distinct zones: an upper silty mudstone

and claystone zone, a middle gypsiferous silty claystone zone, and a lower

gypsiferous siltstone and argillaceous siltstone zone.

The upper zone is approximately one-foot thick and consists of gray (at the

top) and reddish-brown, :hinly la~inated, silty mudstone and silty claystone.

An erosional contact marks the base of the gyps~~-free upper zone.

The middle zone is about seven fee: thick and consists of reddish-brown.

:hinly la~inated to cross-la~ina:ed, silty clays:one wi:~ varying a~oun:s of

gypsum. The gypsum occurs locally as nodules and often exhibits enterolithic

structures; also, gypsum may occur as cement. T~e overall contene 0: 5YPSlli~

in the claystone decreases \~ith depth, and the bedding surrounding ~ccal

occurre~ces of gypsum usually shows evijence of soft sedimen~ 2e:orillation.
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Greenish-gray reduction spots occur locally throughout the middle zone and

often have a morphology similar to the gypsum nodules and enterolithic struc­

tures. The middle zone contains one major erosional surface between mapping

unit 5 and mapping unit 6 (Figure 10). The lower contact of the middle zone

appears to be disconformable.

The lower zone consists of siltstone at the top grading to argillaceous

siltstone with depth. The lower zone is thinly laminated to very thinly

bedded and rarely exhibits soft sediment deformation features. Gypsum nodules

occur in the lower zone, and the frequency of their occurrence decreases with

depth. The basal contact of the Forty-Niner claystone is sharp, undulatory,

and erosional.

The lower anhydrite is gray to brownish-gray, hard, finely crystalline, and

16.0 feet thick. It is laminated to nodular and contains interbeds of lami­

nated carbonate locally and near the base. Fibrous gypsum-filled fractures up

to 1/2-inch thick occur throughout the lower anhydrite. The lower contact of

the lower anhydrite is sharp and disconformable.

3.2.6.2 Magenta Dolomite Member

The Magenta Dolomite Member of the Rustler Formation is the uppermost of two

regionally extensive dolomite units in the Rustler formation. It is consi­

dered to be the second most productive hydrologic unit in the Los Medanos area

(Mercer, 1983).

The Magenta occurs in the depth interval from 602.5 to 627.0 feet (Figure iO).

The Magenta consists of light brown to dark brown arenaceous dolomite with

disseminated gypsum crystals, nodules, and vugs. It contains an abundance of

primary sedimentary structures. The bedding is tabular to lenticular, discon­

tinuous, frequently convoluted, and occasionally may be erosionally trunca~ed.

Cross-bedding and cross-laminations are pervasive chroughout :he upper portion

of the Magenta. ~he density of cross-laminations decreases with depth. C:ay

drape over ripple forms is locally abundant. ~he bedding often resern~les

flaser bedding and wavy and lenticular bedding (after Reineck and Singh, 1980).
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Load structures occasionally occur at the base of individual beds, and light

brown flattened pebbles occur locally. In general, the bedding and associated

sedimentary structures become larger with depth.

A zone containing abundant probable algal structures occurs in the lower two

feet (Magenta unit 8, Figure 10). These structures are mound-shaped and

contain dark brown, probably organic-rich, claystone laminae. Also, a zone

containing brownish-black claystone laminae of possible organic origin occurs

near the base of the Magenta. The basal contact with the Tamarisk Member is

gradational.

3.2.6.3 Tamarisk Member

In the exhaust shaft, the top of the Tamarisk occurs at a depth of 627.0 feet,

and the base occurs at a depth of 113.5 feet. Like the Forty-Niner Member,

the Tamarisk Member may be divided into three parts: an upper anhydrite, a

middle claystone, and a lower anhydrite (Figure 11).

As observed in the exhaust shaft, the upper 62.0 feet of the Tamarisk Member

consists of anhydrite. The upper one to two feet of the anhydrite is gypsi­

ferous and exhibits a nodular chicken~wire structure. Below the gypsiferous

area, the upper anhydrite becomes finely crystalline and hard. Sedimentary

structures in the anhydrite are locally quite variable, and the anhydrite may

be laminated to banded to nodular. Interbeds of tan, thinly la~inated carbo­

nate are quite common and may be associated with a~hydrite pseudomorphs after

gypsum swallowtail crystals. A one-inch to two-inch thick bed of black

organic-rich (?) claystone containing fibrous gYPs~TJ-filled fractures occurs

at a depth of 665.9 feet. A one-foot thick light and dark gray, thinly

laminated anhydritic claystone occurs 1.5 feet from the tOP of t~e middle

claystone and is underlain by argillaceous anhydrite containing encerolithic

structures and nodules flattened parallel so bedding. The basal contact of

the upper anhydrite with the middle claystone is sr.arp and occurs at a depth

of 689.0 feet.

~he Ta~arisk Member middle claystone is silty and is subdivided cn :he :asis

of color; she upper portion of the claystone is gray, and the ~0wer ~ortion is

reddish-brown. The contact between the cwo is diffuse. undulatory UD :0 3.5
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feet, and is considered to be a reduction-oxidation contact. Both the gray

and reddish-brown portions of the Tamarisk Member middle claystone contain

irregularly-shaped zones of the other color, reddish-brown or gray.

The upper gray and lower reddish-brown units of the middle claystone do not

appear to be consistently separable by any means other than color, and for

ease of reporting, will be considered as one unit. The claystone is weakly

thinly laminated. Locally, the laminae may be slickensided, and as a Whole,

the unit appears to have undergone ductile flow. Nodules of gypsum and

sUbangular, irregularly shaped clasts of anhydrite occur throughout the clay­

stone, and in general, the concentration of both increases with depth. Pyrite

or marcasite occurs locally in the upper part, and stringers of orange sand

occur locally in the lower part. The lower two inches to 1.5 feet is in part

anhydritic. The basal contact of the claystone with the lower anhydrite

occurs at an average depth of 695.5 feet, is sharp, extremely undulatory, and

erosional. An erosional channel 2.5 feet into the underlying anhydrite occurs

at the west side of the shaft.

This zone contains considerably less gypsum-filled fractures than the

stratigraphic equivalent in the waste handling shaft. The prevalent fracture

pattern is arcuate, and the gypsum filling in the fractures is fibrous and

commonly exhibits a sigmoidal internal structure.

The lower 18.0 feet of the Tamarisk Member consists of light gray to gray

anhydrite. The anhydrite is finely crystalline and nodular to thinly lami­

nated to banded. The upper 0.1 to 0.2 feet contains brown gypsum stars or

rosettes. In cross-section the gypsum rosettes have a radiating crystal

habit. 3etween a depth of 702.0 and 702.5 feet, a dark gray claystone bed

occurs; the claystone bed contains locally bifurcating fibrous gypsum-filled

fractures. Below the clay seam, cross-cutting relationships within the

anhydrite are eVident. Thin beds and laminae containing ~hinly laminated

carbonate occur with depth.

The lower two feet of the lower anhydrite is gypsiferous and displays a

nodular chicken-wire structure. The nasal contact of the T~~arisk Member

occurs at an average depth of about 713.5 fee~, :3 sharp, and is slightly

'lndulatory.
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3.2.6.4 Culebra Dolomite Member

The Culebra is the lowermost of two laterally persistent units of dolomite in

the Rustler. The Culebra is the most productive hydrologic unit in the Los

Medanos area (Mercer, 1983).

In the exhaust shaft, the Culebra occurs in the depth interval from 713.5 to

about 736.0 feet (Figure 11). The Culebra consists primarily of dolomite and

argillaceous dolomite containing some arenaceous material. Gypsum-filled vugs

and nodules are locally abundant and may vary in diameter from less than 1/16

inch to 1-1/2 inch. The dolomite is microlaminated to medium bedded, and

often, the thicker beds are microlaminated to thinly laminated to structure­

less, and are occasionally cross-laminated.

The lower one-half to one foot of the Culebra (mapping unit 7, Figure 11) is

lithologically distinct from the rest of the section. It consists of well

indurated and bedded, thinly laminated to laminated dolomite. The laminae

within this bed parallel an extremely undulatory lower contact and locally dip

up to 45 degrees. Deformational space problems are apparent as individual

laminae are locally contorted and apparently displaced parallel to bedding.

An east-west trending trough-shaped downwarp of the bedding was observed in

the shaft. On the west side of the shaft, a zone of breccia clasts is associ­

ated with the downwarp. These clasts apparently originate from the basal unit

in the Culebra (Culebra unit 7, Figure 11); the breccia is clast supported,

consisting of roughly 80 percent angular to sUbangularclasts of dolomite with

a dolomite matrix.

In the exhaust shaft, the bedding in the Culebra is disjointed by abundant

fractures which cause a very broken overall appearance. The fracture patterns

are locally consistent but vary from unit to unit. In many cases, mapping

units were picked on the basis of the nature of fracture patterns. In the

Culebra, the degree of induration and apparent competency of various units. as

well as the nature of the fracture patterns displayed, appear to be a funccion

of the amount of clay-rich interbeds and the clay content of the dolomite

itself. A general correlation can be made between the abundance of broken,

fractured beds and the overall contenc of clay.
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In the upper portion of the Culebra, fracture surfaces are usually marked with

an orange stain. In the lower portion, the orange stain occurs less frequent­

ly, and the fracture surfaces are, instead, marked by what appears to be

relict gypsum fracture fillings.

3.2.6.5 Unnamed Lower Member

The unnamed lower member of the Rustler Formation occurs in the depth interval

from about 736.0 to 850.5 feet. It overlies the Salado Formation and under­

lies the Culebra Dolomite Member. The composition of the lower member is the

most variable of any member in the Rustler; it consists of clastic material

with subordinate amounts of interbedded halite, anhydrite, and polyhalite

(Figures 4 and 11).

~he upper nine feet of the lower member consist of claystone, silty claystone,

and argillaceous siltstone with minor amounts of interbedded anhydrite and

gypsum. This interval is subdivided into five mapping units. The lithology

of this zone from top to bottom is subdivided as follows: an upper claystone,

an upper fining-upward sequence, a middle claystone, a middle fining-upward

sequence, and a lower gypsiferous claystone. The contacts of the mapping

units are undulatory and mimic the upper contact with the Culebra.

Along the west side of the shaft, the unnamed lower ~ember mapping units are

ceformed where they underlie the breccia at the base of the Culebra. The

mapping units are continuous around the circumference of the shaft, but are

bent downward in the area of disturbance. The upper two mapping units are

identified as the major constituents in this zone. The lowermost claystone

unit thins directly below the zone and thickens in the area adjacent. Flowage

:ype structures are abundant in the zone and are i~dicated by abundant

slickensides. The middle claystone and the middle ::ning-upward sequence are

bent downward in the area directly adjacent ~o the zone and aoparently thin in

:hat direction.

~he upper claystone is gray to grayish-maroon and :hinly laminated. ~ach of

:he fining-upward sequences consists of argillaceous siltstone at the base

grading upward into silty claystone. The middle claystone and the
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argillaceous siltstone at the base of the middle fining-upward sequence are

thinly laminated. Each of the fining-upward sequences contain locally broken

interbeds of anhydrite. These anhydrite beds, although broken, are continuous

and traceable around the shaft wall. The uppermost fining-upward sequence

contains poorly preserved gypsum enterolithic structures. The lower gypsifer­

ous zone consists of locally thinly laminated, silty claystone containing

abundant nodules of gypsum up to two inches in diameter. Slickensides are

locally present throughout the majority of the section, and where the units

are laminated, the laminae often are slickensided. Fibrous gypsum-filled

fractures occur in the lower three mapping units; they vary in thickness from

1/32 inch to one inch. The overall size and frequency of occurrence decreases

with depth. The majority of the fractures are horizontal to subhorizontal.

The basal contact of this unit occurs at an average depth of 745.0 feet and is

sharp.

Anhydrite occurs in the depth interval from 745.0 to 755.0 feet. The upper

0.5 to 1.5 feet of the anhydrite is white, gypsiferous and contains radial

gypsum structures. A one-foot thick bed of mixed reddish-pink polyhalite and

anhydrite occurs below the gypsiferous zone. Within the one-foot thick bed,

the polyhalite content increases with depth and then abruptly decreases at the

base. This is the only polyhalite bed observed in the Rustler section in the

exhaust shaft. The remainder of the anhydrite is nodular to thinly laminated

to laminated. Halite pseudomorphs after gypsum swallow~ail crystals become

abundant with depth. The pseudomorphs vary in size Jp to a maximum of two

inches. The basal contact of the anhydrite is sharp.

An 11-foot thick, halite-rich sequence underlies the anhydrite. In general,

the halite content increases with depth, and the de~rital content decreases

with depth. The upper two feet of this zone consis~3 of thinly laminated,

sandy mudstone with about one to two percent halite. 7he remainder of the

seccion consists of halitic mudstone anc argillaceous halite. Halite occurs

as clear displacive crystals (e.g., Shearman. ~978). Jeeper in the section,

some halite crystals contain fluid inclusions aligned in zones parallel to

crystal :aces. Clay occurs as interstitial material and matrix. Several

small channels were observed in ~he middle par~ of the section. ~he basal

con~act of this interval is gradational. A two-foot thick, finely crystalline
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anhydrite underlies the halite sequence and contains five to ten percent

halite in irregularly shaped, horizontal vugs or spaces. It is thinly lami-

nated at the base. The bedding is distorted in the upper 10 to 12 inches, and

beds are frequently tilted upward toward peaks in a manner similar to

carbonate tepee structures.

A second halite-rich sequence occurs beneath the anhydrite in the depth

interval from approximately 767.5 to 790.0 feet. The upper three feet of this

sequence consists of pink to white, polyhalitic, coarsely crystalline halite

interbedded with layers of anhydrite and claystone which contain displacive

halite crystals. The middle part of this sequence consists of argillaceous

halite containing halitic sandy mudstone locally near the base. Halite occurs

as displacive crystals which have disrupted the surrounding bedding. The

lower part of this sequence consists of argillaceous halite and halitic mud­

stone grading to sandy halitic siltstone with depth. In this lower unit,

halite occurs as displacive crystals and as clear crystals with fluid

inclusions. Although there are local occurrences where the halite content

increases with depth, the overall halite content decreases and the amount of

clastic material increases with depth.

From a depth of about 790.0 feet to a depth of about 803.8 feet, the lower

member consists of siltstone and sandy siltstone interbedded with claystone

and mudstone. The lithology exposed in this interval may be subdivided into

units eight to twenty inches thick. The units in this interval are micro­

laminated to thinly bedded and exhibit cross-cutting relationships. In gen­

eral, units are down-cut to the east and the southeast. Observed sedimentary

structures include: symmetrical ripples with clay drape, local fining-upward

sequences, cross-laminations, and rare soft sediment deformation. ~he

~ajori:y of the cross-laminations show current directions to the south.

lhe remainder of the unnamed lower member. with the exception of ~he Gasal one

to two feet, consists mainly of siltstone and argillaceous siltstone inter­

bedded with minor amounts of claystone. The majority of the section is thinly

~a~inated and exhibits an abundance of sedimentary structures. A major por­

tion of the remainder of the unnamed lower member contains sedimentary rock

disturbed in a manner which resembles bioturbation. Clasts or nodules of
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anhydrite, 1/8 inch to 1-1/2 inch in dia~ecer, occur lower in the section and

may be aligned in zones parallel to bedding. A sandstone pebble conglomerate

occurs near the base of the unnamed lower member. This conglomerate contains

fossil bivalve hash and exhibits a petroliferous odor when broken.

Two sulfate units occur in the lower one to two feet. The uppermost sulfate

unit consists of finely crystalline, locally nodular and enterolithic mix of

polyhalite and anhydrite. The lower sulfate unit consists of argillaceous

polyhalite and anhydrite with very small displacive halite crystals. The

basal contact of the unnamed lower member of the Rustler Formation occurs at

an average depth of 850.5 feet and is marked by a change in matrix from

sulfate to clay.

3.2.7 Salado Formation

The term Salado was originated by Lang (1935) for the upper, salt-rich part of

the Castile gypsum of Richardson (1904). An informal threefold division of

the Salado Formation is herein utilized; it includes: an unnamed upper

member, a middle member locally designated the McNutt potash zone, and an

unnamed lower member. As each of the members contain similar amounts of

halite, anhydrite, and polyhalite (Jones, 1973), the distinction between the

members is made on the basis of the content of other potassium and magnesium­

bearing minerals. The upper and lower members demonstrate a lack of these

minerals, while the middle member (McNutt pocash zone) shows a relative abun­

cance of potassium and magnesium-bearing minerals. Jue to the abundance of

laterally-persistent beds, the Salado is also subdivided on a much finer

scale. A system of numbering individual beds of anhydrite and polyhalite

(marker beds) was introduced by geologists of the USGS (Jones et al., 1960).

The marker bed system is used extensively by mining companies in the Carlsbad

potash mining district.

The tOP of the Salado occurs at an average ce~th of 850.5 :eeL ~n :he e:,haUSL

3haft. ~he Salado consists of halite. 2nhy~~ite, ~~d polyhali:e :~~th ,arying

amounts of other potassium-bearing minerals. Aboue 85 to go percent of ~~e

Salado is halite (Jones, 1973). 3eds or a~~!drite ~~d :olyhalite alternate

with thicker beds of halite throughout the Salado section.
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Halite in the Salado is rarely pure and often contains minor amounts of clay,

polyhalite, and anhydrite. The halite is generally white to clear, but it may

be tinted orange, reddish-brown, and gray by varying amounts of interstitial

polyhalite or clay. Halite may also occur in some beds of claystone, argilla­

ceous halite and, occasionally, anhydrite as displacive crystals. Halite

replacements of sulfate are common and most visibly occur as halite

pseudomorphs after gypsum swallowtail crystals.

In the Salado, argillaceous halite is reddish-brown to gray in color. In an

argillaceous halite, clay may occur as matrix material, interstitial material,

and intercrystalline material. The clay content of most argillaceous halites

decreases with depth. Clay frequently occurs as stringers, usually less than

1/4 inch thick, which may be horizontal to subhorizontal or randomly oriented.

Thin beds of claystone frequently occur at the base of sulfate units.

The majority of the sulfate units in the Salado consist of finely crystalline

polyhalite and/or anhydrite. In the exhaust shaft, various classic sulfate

sedimentary structures were observed in the anhydrites and polyhalites of the

Salado, including nodular structures, enterolithic structures, and swallowtail

structures. Some of the anhydrite and polyhalite beds are visually structure­

less. The majority of the polyhalite and anhydrite beds are underlain by thin

beds of gray claystone. ?olyhalite and anhydrite may also occur in halite

beds as disseminated, irregularly shaped blebs or as stringers.

Several sedimentary features, previously unreportEd at the WI?? site, ~ere

observed in the Salado at the exhaust shaft and are discussed below. In the

depth interval between 1038.7 and 1040.3 feet, two beds of carbonate occur.

The upper bed is thinly laminated with alternating light brown and grayish­

brown laminae. The structure displayed in this i"terval is remarkably similar

~o that which occurs in an algal s~romatolite. The lower bed consists of

fi"eLy crys~alline dolomite.

The Vaca Trista marker bed, which marks ~he top of the McNutt ~otasn zone,

Jccurs in the interval between i353.6 and 1358.0 feet. The Vaca Trista is

c~assified as a halitic siltstone. Abundant channel forms filled with
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siltstone up to three feet deep, occasionally containing cross-laminations,

were observed in this unit. Halite occurs as isolated displacive crystals up

to 1-1/2 inch on a side.

Erosional features are very common in the Salado at the exhaust shaft.

Penecontemporaneous dissolution pits, similar to those described by Powers and

Hassinger (1985), occur abundantly throughout the Salado section and may occa­

sionally achieve depths greater than three feet. Between 2032.0 and 2036.3

feet, the exhaust shaft penetrated a 4.3-foot deep erosional channel in marker

bed 136 that is filled with halite. The width of this channel could not be

determined, as only the west bank of the channel was intercepted by the shaft.

3.3 ENGINEERING GEOLOGY

3.3.1 Fractures and Hardness of Rock Types

Engineering properties related to the occurrence of significant naturally

occurring fractures/joints and the relative hardness of some rocks exposed are

described in the lithologic descriptions in Figures 4, 6, 7, 8, 9, 10, 11, and

12.

Due to the lithostatic pressure, many unfilled fractures were naturally closed

and could not be readily observed unless blasting had removed the block from

one side and exposed a flat surface. Thus, unfilled fracture density and

orientation could not be readily determined, as the data available was incom­

plere. wnere observed, significant filled and unfilled fractures are

described i~ the aforementioned figures.

3.3.2 Groundwater =nflows

Of the f:ve formations observed during geologic mapping in the exhaust shaft.

only the Rustler Formation contained obvious fluid-bearing zones. ~hese zones

are the Magenta and the Culebra Dolomite Members of the Rustler formation.

The Rustler/Salado contact, often considered a f~uid-0roducing zone (Mercer,

~983). did not yield any observable fluid.

~n the Magenta Dolomite Member, the only zone observed producing fluid occurs

Ln :he depth interval from about 609.5 to 615.0 feet (Magenta mapping unit 5,

fisure '0). :his zone produced very little f~uid. It was moist at ~he onset
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of mapping and remained so even after the rock was washed and the rest of the

section had dried. No obvious source of fluid was visible. The section was

distinctly moist, but the quantity of fluid produced was too small to be

measured or estimated. Fluid production in this interval is confined to a

lithologically distinct unit and cannot be attributed to any macroscopically

visible lithologic features. The unit is neither frac~ured to any great

extent nor does it contain an excessive amount of vugs when compared with the

rest of the Magenta section. The unit is well indurated and hard and contains

an abundance of primary sedimentary structures.

Unlike the Magenta, the entire Culebra section was wet. Fluid was observed

issuing from bedding planes, fracture surfaces, and small unfilled vugs. In

general, the zones producing the most fluid contained more abundant natural

fractures. The major fluid producing zone appeared to occur in the interval

between 724.5 feet and about 735.5 feet (Culebra mapping unit 6, Figure 11).

This zone is a lithologically distinct unit and is the most fractured unit

mapped in the Culebra. Overall inflow into the shaft from the Culebra was

visually estimated to be between three and six gallons per minute.

3.3.3 Unstable Areas

The majority of the shaft section could be considered relatively stable with

respect to overall rock strength characteristics. Only ~ few intervals were

substantially less stable. All of these zones occur i~ the Rustler Formation

and include the carty-Niner Member claystone (575.5 to 586.5 feet), ~he

Tamarisk Member claystone (689.0 to 695.5 feet), and the upper nine feet of

the unnamed lower member (736.0 to 745.0 feet).

3.3.4 Blast-Related Effects

The effects of smooth \,all blasting were visually assessed during the geologic

mapping. ~n particular, two blasting-induced effec~s we~e observed: Qver­

blast and blast-induced fracturing.

~s used here, che term overblast refers to the removal of ~aterial, by

blasting, from outside the designed shaft ~all circ~~fere~ce. ~he ideal f~nal

result or smooth wall blasting is a relatively smooth s~aft ~all with one-!:al:

of e~cn or the OuterToost blasti~g drill-holes remai~i~g. ~n overblast



situation occurs when the explosive charge in an outer drill-hole is too large

to permit the wall rock to remain in place, and thus removes more rock than

originally designed, including all trace of the original drill-hole. Slight

overblasts were observed in almost every interval exposed in the shaft. Due

to the frequency and irregular distribution of overblasted zones, they were

not included on the final lithologic descriptions. However, two general

observations can be made; the frequency of overblasts in the Salado section

~;as considerably less than elsewhere in the shaft, and the Rustler anhydrites

were rarely overblasted.

The most common type of fractures induced by blasting originate from a

blast-hole at the shaft wall and radiate outward into the wall rock. The rock

surface in the lined portion of the shaft was rarely exposed for more than one

day before it was covered with concrete. As a result, blast-induced fractures

~ere rarely observed, and when observed, were not very prominent. In the

unlined section, the rock was not covered with concrete and was observed up to

a week after the initial exposure by blasting. In this case, blast-induced

fractures were distinctly visible. The fractures were commonly open, and

often, several fractures could be observed originating from one remnant

blast-hole.

3.3.5 Shaft Design Modifications Based on Observed Geology

I~ith the exception of the diameter, concrete thickness, and station

configura~ion, the exhaust shaft design is similar to the waste handling shaft

design. During mapping, however, it was noted that the Magenta, Culebra, and

:he top of the Salado Formation occurred deeper in the exhaust shaft than in

~he waste handling shaft. As a result, the liner ~lated zones and the shaft

keyway were located deeper than originally designed (Table 2).

Jesigned geomechanical instrumentation locations (Table 3) were selec~ed based

an the observed geology and construction-related constraints.



4.0 CONCLUSION

The objectives of the geotechnical activities in the exhaust shaft were

fulfilled during the period from July 16, 1984 through January 18, 1985.

Geologic mapping of the shaft (including documentation from samples and

photographs) from the surface to the facility level provided additional con­

firmation of the geologic conditions that exist above the WIPP facility level

and were the basis for field modification of the key and aquifer seal design.

The exhaust shaft mapping data correlates well with the data collected in the

waste handling shaft and boreholes adjacent to the WIPP. No anomalous struc­

tural or stratigraphic features were observed, although slight differences in

the depth and thickness of various stratigraphic units were noted. In

general, stratigraphic units occurred slightly deeper in the exhaust shaft

than they do in the waste handling shaft. As a result, the key and aquifer

seal depths were adjusted downward seven and nine feet respectively.

The Magenta and Culebra Dolomite Members of the Rustler Formation contained

the only flUid-producing zones observed in the shaft. The fluid-producing

zones within each member were identified. Each zone produced only minor

amounts of fluid.
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TABLE 1

ABRIDGED CONSTRUCTION HISTORY OF THE EXHAUST SHAFT

Location:

Elevation:

Construction Contractor:

Subcontractors for
Raise Bore Shaft:

Pilot Hole for
Raise Bore Started:

Pilot Hole Completed:

up reaming Started:

Up reaming Completed:

Collar Excavation Began:

Liner Plate and Concrete
Backfill Completed:

Concrete Liner Started:

Concrete Liner Completed:

Culebra Dolomite Grouted:

Magenta Dolomite Grouted:

Construction of Unlined
E'ortion Began:

Construction of Unlined
Porcion Completed:

Eddy County, New Mexico
New Mexico Grid Coordinates
Y 499287.23, X 667370.39

Shaft Collar: 3411.5 feet MSL
Reference: 3409 feet MSL

Ohbayashi-Gumi, Ltd.

Raisebore, Inc. and
J. S. Redpath Co.

September 22, 1983

December 16, 1983

December 31, 1983

February 10, 1984

July 15, 1984

July 17, 1984

July 18, 1984

November 29, 1984

December 2-4, 1984

December 4-5, 1984

December 7, 1984

January 17, ,985



TABLE 2

EXHAUST SHAFT DESIGN LOCATIONS MODIFIED ON THE BASIS
OF THE OBSERVED GEOLOGY

Design LocatiO?1) As-Built Locati?9) Net Adjustment(2)
Depth (Feet) Depth (Feet) (Feet)

Top of Liner Plate

Magenta 591 600 +9

Culebra 701 710 +9

Top of Keyway 837 844 +7

Bottom of Keyway 900 907 +7

Notes:

(1)Depths are based on reference elevation at 3409 feet msl.

(2)positive adjustment (+) indicates that the item was adjusted downward
relative to land surface.



TABLE 3

INSTRUMENT LOCATIONS IN THE EXHAUST SHAFT

Instrument( Depth Elevation
Type 1) Number (feet)(2) (feet)

PE 3 544 2865

PE 3 615 2794

PE 3 673 2736

PE 3 721 2688

PE 3 768 2641

PE 3 850 2559

WE 4 874 2535

PE 3 887 2522

GE 3 1078 2331

GE 3 1573.5 J..835.5

GE 3 2066 1343

Notes:

(l)Instrurnent Type:

GE = Extensometer
PE = ?iezometer
WE = Earth pressure cell

(2)nDepths" are based on the reference elevation at 3409 feet MSL.
From marked-up as-built drawing No. 35-J-003-030. Rev.2, p. 3.
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EXPLANATION
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ESTIMATED PERCENTAGE 0" ACCESSOl'tt
CONSTlTU£NTS INDICATED AS FOlLOWS
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PRELIMINARY STRATIGRAPHIC

ELEV. DEPTH
1FT. MSLJ {FT.I COLUMN
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I.A.~ISATIOWS AND tROSIONAL TERMINATIONS NFAR SASE; CONTAINS CREENISH-CRAY REDUCTION

SPOTS UP TO 2" DIAI'IETD.: BASAL CONTACT GUDATIoNAL.
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1-_-_-_--=-_-_-_- vuy rEll ruCTUUS; W&L 1.5' IECOfIU SILTY; .ASAl COIITACT IIIAIP. SLICHTLY1-_-_-..:--=-_-_-_-

lIIIDULA1O&Y. OYDLYI.c .!DS DIAP! ovn COtITACT, DOSIOIIAl.1-_--------=-----
3219-

--~----=---_--:=
f-190 --------------_-:....-_-:..-:...

----:_-------:...
--:,:-"-------~

f-=~~::_::_=-=-

iimWJIWMt
SANDSTOIIE, VDY rIllE C;UUIED. ClAYISH-WHITE, IIAID TO SOFT; TlOUCH CIOSS-BEDDINC

.ECOKES APPAl.orT II!Aa WE; COIlTAIIIS FUIOUS C;YPSlRl-f'ILLED FlACTUUS Wlill VAlIIABLE
3214- f-195

011 EJrTATIOII , 11." TO I" TlICX; IASAl COJITACT SlWlP.

i~~;m@lJ;)W
IA)I1)STOIlE AT TOP CIlADIIiC TO SILTSTOIIE. IlDDISH-KAlOOII. LAKINATED TO IEDDED, O<:C.\-

SlO1ALLY caOSS-LAKI.ATED, IAI.D; COLOR IEOOKES WHITISH-KAlOON TOWARD BASE: LOWER 1,3'

IS SAJIIlSTOI!E, snUCTUlEUSS aCEn FOR OCCASIOIIAL IntRl!DS or IEDDISB-BROWlI

, i ~'. '.' -'"1;" II LTSTOIIE; AllINDAIlT r1ACTUUS, ItOST HOlnOn&L TO SUlHOII%ONTAl AND SLICHTLY UNDU-
\' \ . \

3209- -200 f , , LATOIY. 'ILLED WlTa rI.IOVS GYPSUM, TaICD/ESS 1/16" TO Z". IPACED III" TO 6": BASAL

-------:_----- I COJrTACT SHARP, SLICll'TLY lIWtIUUTORY.

-------- CLAYSTOII!:, lllIDISH-UOWII, TBIJrLY LAKIIIATED; ClOSS-l.AIlIIiATED, sns liZ" ACIOSS.---=-------:-=---------------- I!DDiliC BOSIOIIALLY TDJUlArtD, COtrT.UIS SOFT SEDIltElIT DUOIMTIOII 'UTUllt5: BECOHES-------
ltDUCTIOli SPOTS TO 1/2" DIMETEa,-------- SILTY TOWAiD WE; octASI Otil. CUDI SH-GlAY SPOTS-------

----------~-..: OCCASIOlIALLY 1I0C!J1 BY c:YPSUK-'It.L£D rlACT\ll!S; SEE FICUR! 6 FOI F'UCTUltE NOTES;
~-_--:...-:..-------

3204- -205 --:...-_-:..--------- lASAl COIITACT ClADArIOliAL.

--------
-:~-:-::-=-=-=-1--------
-=~~=-::-:-= --------- IlUDSTOII! WITH I.rDIEDD£D SILTSTOII!, DAIl IEDDISH-BIOWN, rHIJrLT LA/'lIIIATED. AlUNDAHT------_-:..---....:--

ClOSS-LAI1IIIATIOIIS, I£DDIIiC orrEll TEII1IIATED [lOSIOIiALLY; ABUNDANT SU8HOlIZONTAL
3199- -210 ( (

) ) CYPSUM-FILLED FlACTUltES, SPACED .", lIB" TO 3" THICK; VERTICAL AND SUBVERTICAL

1-_----_:....- 'UCTUllS IAIf; OCCAI IOilAl CifEllI SH-cL\Y IEDUCTION SPOTS; BASAL CONTACT CRADATIONAL.--------
----~---

-----------------------------------:,:-"-
3194- -215

( (

) \ )
'- .-J._

~-=-=-::-~-=-
---_-:..---:_-----------,,:,. . . ~-:-,

" (

3189 220
, J

... .. ,... ....... ..
EXHAUST SHAFT

I 'Tunl nr Ir I nr



PRELIMINARY

ELEV. DEPTH
1FT. MSll IFT.l

3189 220

3184-1-225

STRATIGRAPHIC

COLUMN

T ,
) J

( ( f
7 J J

:.:\:///:~\:r
I

REMARKS

S11.tsTOtlI urn:U!DD!D l/ITl1 Y!1Y fIn SAaItlSTOWI, amouR-BlOW, nu.1.! LAHUI.TlD TO

IEDDD, caOSS-LAHlrATD, IDS orttII DOSIOIIAUY TUJl1rATED, llAIIl~ caOSS-UIUlIATIOlIS

IIIC'!AS! IlLOW 223 .0', 1I01.IZOIIT4L !lOI101lAl. PUJI!! OCCUI. ItLOW 223.0', SPACED 1.0'

TO '.0'; SUIIIOI.IZOIITAI. CYPSUM-rILUD FUCTlJUS AllIWDAIIT, 1/16" TO II'" nua; LUE

SUIVEaTlCAL rUCTllUS; 1ASAl. COWTACt CIAIlATIOIW..

SANDSTOHE, REDDISH-BROW, SILTY, STRUCTURELESS EXCEPT RAil CROSS-LAMINATIOHS AND

HORIZONTAL LAMINATIONS; FEWER CYPSUM-FILLED FRACTUiES THAM OVERLYIHe UNIT, FRAcrJRES

TO 2" THIel; BASAL CONTACT CRADATIONAl..

~, _1311-.... SIL1'1'. TIn..! I.»IIntal 10 1Cl1l£ll. OCCAS1011WoY CIlOSS­

1.»111&111; .-r~luwr.. G!PSlII-lllUJ PUC1UIIS. 111'· TO ,. THICJ:, SPIeD

Z" TO f.O'. PUC'NIIS I11U1CA'TI UJCjlJ.J; RAIl SUlftft1CIL CYPSlM-I'IUD rucroa:s;
lAS&. aJn'1Cr SIIIIP.

(

J I
( (

3164--245

3179-'-230

3169- '-240

3174- .... 235

3/59- -250

··.l .. ··· ~....

3154--255

3149-1-260

SANDSTON!, REDDISH-BROW, SILTY, LOCALLY LAMIHATED AND CROSS-~'INATED; OCCASIONAL

SUBHORIZONTAL CYPSUM-FILLED FRACTUaES. 1/'" TO 1/2" THICl. SPACED 2.S' TO 3.4'.

FRACTURES IrrIJaCAn: l.DCALU; SUIVElTICAl. FUCi'UlES WE; OCCASIONAL CREEHISH-ClAr

REDUcrIOII SPO'T1 TO I" DIAM!T!I: BASAl. 1.0' COISISn or REDDISH-BlOW SILTSTONE;

BASAL CQlTACT CIAIlATIOIAL.

3144 265

FIGURE 4 (CONTINUED)

EXHAUST SHAFT
L1THOl06IC L06



PRELIMINARY

ELEV. DEPTH
(FT. NSLI I FT.l

3144 265

3139- ,...270

3134--275

3129--280

3124- 1-285

3119- -290

STRATIGRAPHIC

COLUMN

,
- \ -

I ,
\ ,
I , ,,,

\,
- ( -

1- -, - I
\ ,

REMARKS

S.urosTOft. Il1lDISII-IIIOW11. SILn. ~t KASSIVI VIti SOH! LOCAL LAIlINATIOIIS AIIV

aOSS-II!J)l)IIIC:; SUlIlOIIZQlrTAL .uD sUivonc.u. CT?S1JII-FIWD rlACTUUl. SUIlIlOIIZOIllAL

~ AlUIfIWIT. sa rICUII 7; WAL COIn'.w:1 CLUlolTIOIIAL.

....(;It.LACEOUS SILTSn:ld. UllDlSB-IIlOW. THIlILt WII1ATO TO UIUIlAT!1) 0/1'" TO II'"

THICKh AlIIIIIlo\ft SEIlIMlftAaY snUCTUID l11CLU1l111C1 nOUCll ClOSI-IAfCIIIATIOlll.

EllOSI011AL suarACU DACEAlLE AIl0tml CllCU!'lFEIElICE 0' SHAFT, son StDUIDrT D£FOI­

llATIOII FEATUUS; Clloss-WIlIATI011 SETS AI! I" TO ,,, ACIOSS, INCllUSII1C: TO 2.0' TO

3.0' "aoss NEAl IIASE: LOII!I 1•• ' COIIlAIlIl 1/'" tllCK UDS ~ CLAYSTONE: HOllZOIfTAL

AIID SUIlHOllZOIrTAL CTPSUK-FILLIIl FIACTUI!S 1/," TO 1" THICK. SPACED o.~' TO 2.0';

VEITICAL AIID SUIIVEITlCAI. C;YPSUM-PlWD FIACTtlUI 11." TO 1/'" THIa, SPACED 3.0' TO

5.0'; OCC.ul0NAL CREDllSB-eUt IEDUCTIOlr SPOTS TO I" DIA11ETU; BASAL COIllACT SIIARP.

llAUED 111' OCCUlB.E1fCE or A /fUDSTON! lin.

-
---i-------i:-:.---r-:..----...1:--
----_-:..~--- ------ ------- ----------3114- -295

3109--300

3104- -305

----------:..------------
----:....-----....::-_--
_-:....------=----=-­
_-:..------------
-:=-=~-=~-=-f-_-_-_=__-_-:....-_-
'--------
---:..-:..-----------------
=~~-=~_-:..::=--- ------ --- ----=--f-.:....-r;-----
f-_ ':"7_-=--_",\--=--

,

~s,o.i IWTER8EDDED WITH SILTY CLAYS,OME, REDDISH-BlOWN, THIIILY LAMIMA,ED ,0 VERY

THIIILY BEDDED «1/16" TO i/2" TllIa); AJUllDAllT sm 0' TROUCH CROSS-LAI1IMATlONS I"

TO 4" ACIOSS, CLAY DIlAP! OVEI RIPPLE CIOSS-LAI1INATIOIIS; OCCASIONAL son SEDr~ENT

DEFO~~TION; OCCASIONAL CREENISH-CRAY REDUCTION SPOTS (1/16" TO lIz" DIAMETER); UNIT

1

BOUNDED IIY HOIIZONTAL CYPSl!M-FIWD FIACTlll£S, I" THIeJ: AT TOP CIlADINe TO lIz" TllICK

AT BASE; BASAL CON!ACT SHAlP.

~IJtlS,OIl! AT TOP G1lADINC TO SILTSTOWE AT liAS!, IEDDISH-BIOWIf, THIIIL! LAI1INATED TO

THINLY IIEDDED (1/6" TO I" THIeJ:); ABUNDAIIl FINE STlUCTUUS INCLUDINC: FUSEI

BEDDINC, CROSS-LAI1INATIONS, TROUCK ClOSS-~~IMATIONS. FILLED DESICCATION CRACKS.

LOAD STRUCTURES, ABUNDAM! EROSIONAL COWTAC!S; CYPSUK-FILLED FRACTURES ARE MODERATELY

ABUNDAM!, 1/16" TO 1-1/2" THICK, ~ORIZOH!AL AND SUBHORIZOWTAL FRACTURES SPACED 1.0'

ro 4.0', VERTICAL AND SUBVER,ICAL FRACTURES SPACED 3.0' TO S.O'; OCCASIONAL

CREEIlISH-eUY REDUCTION SPOTS 0/16" TO I" DIAMETER); RAIl: z" THICK, SUBHORIZONTAL,

CREEIlISH-CUY REDUCED ZONES; BASAL CON!AC! SHAll.

\

\,

\
J

3099 310

1--------
I-::=-=~-=~-=-'--------

FIGURE q (CONTINUED)
EXHAUST SHAFT
L1THOl06IC l06
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REMARKS

IfUDSTOR. UDDUH-8101/11. snUCTUlIU:SS; FIACTUUS SIIlIu.& TO OVr:&LJnlC; UIIIT; BASAL

COWTACT CUD&UOIW..

CLAJSTOII. DA&r llDDISII-.IOI/I. IWTtlIIDD!D WIll SILTSTOIK. LICHT llDDISH-BIOI/I.

llIC~UIlI"'T!D TO VUt TIll'" lnoD «1/32· to l/Z"); SILTSTOIIE: CIOSS-LAltIIlATC,

CUTSTOIII: mllC1UUL!Ss; AlIlIIJIAJIT cumsl-ca&t UDUCTIOII sPOtS; CLUJIS TO

SILnTOlll AT WI; AU n.&cnlUS FILLO WIT1I FIIIOUS CYPSUM; 1I0lUOIITAL AIID

SUlllIOIJZOIITAL FlACTUID 111" TO 1" THIa. SPACID J" TO Z.O·; VUTICAL AIID SUI­

VERTICAL FRACTURES 1/1'" TO 1/4" '!lIICJ:. SPACED Z.O· TO 3.0'; BASAL CONTACT SIIAI.,.

STRATIGRAPHIC

COLUMN

>- .:.= !Ml5T0111 AT TO', CUDIIIC TO SILnTOlll. 0Au: UDDISII-IIOW TO IlOOUII-IIOW, WIT1I

.:::-,------------= !lIIIOI IIITEUIIlDQ 1I\JIlSTOIII. T1IIJt.Y UIlIJU.T!D TO UIlIJU.TD (ellU" TO 111"), IIAID;

------T------- CIOSS-UIlIJU.nD. IICCIIIIIC IIOU AlUII1WIT \lITI DUTI; OCC4SIOIW. Cl!!)lUH-clAt

,7 7 I!DUCTIl* sPOtS 0/1.· TO 1/4· DIAKETDh FIIIOUS CTPSIIK-FIWD FUCTUUS IICOttI

\ ) lISS AlIIIIDAIrf WIT1I DUTlI; IIOI.IZOlrTAL An SUlIKII.IZOIITAL ructUllS 1/ U" TO 1" THICJ:,, (

{ ( (
J ) }

------------~-------,..-----::)

~ S'ACID Z" TO Z.O·; vnUCAI. .urD SUlvnUCAI. 1UCTUUJ 1/1'" TO 114" THIce, SPACD Z"

1:",,:=.~===~~~-..., TO Z.Il'; WAL COIITACt SIlAU.

~~~==~~~ IlUDSTOIII AT TO'. ClADIIIC TO SILnTOd \lITI DUTlI. 0Au: UDDISH-BIOW ~ UDDISI-

l ~ ~IOW. lIIfIT SIIIIUI TO AIOVI acr:n roa " J" TlIa lED tW IlUDSTOJI! WHICH OCCUU At

....._'..:.....1-_,_.~4_,---1_........ 31•• Z· .urD lIAS A SIlAU una conACT AIID COUDES TO SILnTOlll WITH DIPTH. HAI.JI;

~:~:::-:=::i=:: IlUDS1'OJI!: snllC1UUuss; SILTSTOIII: FInLJ UIlIJATD TO aOSS-LAltIIlATID; FRACTUUS

5IKIUI TO OYIlLJIIIC UllIT; OCCASIONAL CUlIIISH-clAt IEIlUCTIOII SPOTS TO 1" DUI!!T!I;

BASAL COWTACT IL\U!D It J" THIa SUIIIOI.IZOIITAL c;uaUH-clAJ ZOIlI AIID DAU IDDISII­

IIOW IlUDSTOd, SILUP.

3099 310

3094--315

3089--320

3084- -325

PRELIMINARY

ELEV. DEPTH
(FT.IoISl1 (FT.I

---------------
3079- -330 --------

3074- -335

1-------_:.:
~------------=----------------::_-:.-------
-----------:...--:..:------------------------
-------­1--------
~-----_-:...---...:-----------------------

CUYSTOIII. DA&r REDDISH-BlOW. llIClo-LAltINATED TO TllIIILJ UltIMATED «lIJZ" TO

1/16"). snllCTUl! POORLJ DEFI!IED DUI TO AlUlfDAJn' F'RACTUlIIIC. OCCASIONAL CIOSS­

LAltINATIOIS. IEDDIlle O"!iI CONVOLUTED oUID EIOSIOIIALLJ TEMINATEO; AlUIIDAJn' GIEEIlISII­

CRAJ REDUCTIC* s'On (1/1'" TO 1" DIA."r:ru); AlUWDAHT GYPSUM-FILLED FRACTURIS. -90%

HORIZOIlTAL UD SUIHOAIZOIITAL; 1\10 SCALE!: or SPACINC: MIIIOI - I/S" TO Z", :1A.lDI - Zoo

TO 6" FIACTIllI DENSITY INCREASES ,OWARD IIASE, '!lIICIOIESS VAlIES FROIl 1/16" TO 1.0';

R~ININe -10% VERTICAL AIlD SUIIVERTICAL FRACTURES, SPACED 2" TO 2.)'. THICIOIESS

1/16" TO 1/'''; BASAL CONTACT SHAU.

--------
-=------:...-:...-:...-.,:---------------------------------------_-:...-::---------=--=-------_-:...-:..
--------

\ \
~ '"

3059- -350
~

f ,
'I "

l
)

:3054 355

3064- -345
/' ,
\ )

SILTSTONl. RlDDISII-BROWI, LAMINATED TO IIEDDED, ClOSS-LAMINATED. SOFT SEDI~£NT

DEFORHATIOI F!ATUR!S. lIARD; ALL FRACTURES FILLED \11TH FIBROUS CYPSUM; SUIHOIIZONTAL

AND HORIZONTAL FRACTURES 1/16" TO 1" THICX, SPACEll 1" TO 1.0'; VERTICAL AJlD

SUBVERTICAL FRACTURES lIS" TO 1/2" THICJ:, SPACED 6" TO 2.0'; ABUNDANT CREEliISH-CRAf

REDUcrION SPOTS 1/16" TO 1" DIA.'1ErEI; BASAL COWTACT SIIAIlP.

EXHAUST SHAFT
LITHOLOGIC LOGFIGURE 4 (CONTINUED)

.. urr9' In ,... en



PRELIMINARY

ELEV. DEPTH
(fT.IoISll (FT.)

3054 355

3049- r-360

3044- '-365

3039- f-370

STRATIGRAPHIC

COLUMN

~---c..---(--
I I

~---- --- (- r-
} }

----;----( -
J I

T~-,--:

• l
~---­-, -,

} )
--; -,_:.::

) J

--..=; - -7:,--
J J

'--4---r -:
J }
~ -;,.= - -:..::T_­- \- \­

I I

~---f--=
) J

REMARKS

HUDS'f<IIE CWIIIG TO SILT$TQI! III VERTICAL CRADATICIIAL SE~ 1.0' TO 3.0' THIa,

REDDISH·I.,.. (SILTSTOI!) lID DAIll.REJlDISH-lROWII (tIIDSTC*E), EACH SEQUDlCE COILSISTS

rs STIlUCTUIIELESS IIIDSTOIEAT TOP GRADIIIG 10 THUILI LAMINATED 10 BEDDED SILTSTOIIE AT

BASE; &IOIIfl' at !£DIMEllTARf 3T1IUCTl111ES IIICRE&S2 TO lASE CW EACH S£QUENCE. THESE

srJIUCTUlES IIICUIDI: CRCISS-LAMIIATICIIS, TROUCN CJlIOSS-UHIIIATIOII.S, EaIOIAL SUR­

FACES, OCClSIlIIAL SOfT SEDIHDrr DUOllMlTIOII FEATUIIES; UPPER ClJITACT ~ EACH SEQUEJICE

IS EROSIOIAI.; OCCASIOIIAL GREDlISH-C1lA1 R£DUCTIOII SPOTS (1116- TO ,. DIAMETER); ALL

FJW:TURES CfPSllt-FILL£D; VERTICAL lID HIGH AICLI FRACTURES APPEAR fDUllGEI TIWI HORI­

ZlJITAL &lID SUBHDIlIZtIlTAL FUCTUR£3; SUIllfJIUZQlTAL FRAcnntE FILLING lXC:~IOIIALLJ

SIQC)IDAL UlD/OI TILTED; FILLIIIG II VERTICAL AIIII KICK AIlGL£ FRACTURES HAVE A. COHro­

IlEJIT at TH1lUST; THREE nPES CW IlORIZlJITAL lID SU1lHOIlIZlJITAL FRACTURES; nuCl • 1/2­

TO 1-, SPACED 1.0' TO 2.0'; IfJD£IlATELY THII • lIS- 1'0 1/2:, SPACED 1- 10 1.5'; THII

- <lIS-, SPACED 11'- TO 1-; BASAL CGWTAC'T SHARP.

3034- f-375

3029- '-380

3019--390

3014- -395

:--~-\-=
J I

~ --..,;.--f- I - (-

) }

:=-T---r~
} )

~--T-
-,
------=------=--=--------

( (
J J

--=----=-------=----------
I
\

I (, \

--------
I
1

\ \
J J,

-----_.:.--------------:....-:..--------
( I
) f \, ~

--------
"-::-=-=-=~~-=-----------:....---.....:-_------

SILTSTONE. REDDISH-BIOWII. WIT1I INTERBEDDED CLAYSTONE, DAlJC IllDDISH-BROWJf, I" TO ."

THICr FININC UP\lIJlD SEQUENCES, THurLY lJJIlNATED TO THINLY BEDDED <1/16" TO 2"

THICr). KIJlD; SEDIMENTIJlY STRUCTURES INCLUDE: CROSS-lJJIINATIONS. SOFT SEDIMENT LOAD

STRUCTURES. EROSIONAL CONTACTS AT TOP OF EACH FINING UP\lARD SEQUENCE; LOCALLY

ABUNDANT CR££IIISH-CRAY REDUCTION SPOTS <1/16" TO I" DLVlfTflI.), 5011! OCCUIL IN ALIel/ED

ZONES; OVERALL CRAIN SIZE INCREASES TO BAS!; ABUNDANT HORIZONTAL. fIBROUS CYPSUK­

FILLED fRACTURES occua III 'l\IO SIZE CIlOUPS: 0" TO 1/4" TIna. SPACED 1/." TO 1"; 1/4"

TO 1/2" TlfICIC, SPACED O.S' TO 2.0'; VERTICAL AND lUCH AlIGLE FIBROUS CYPSUK-FILLED

fRACTURES AR! MODEIATfLl' AlIUNDANT. 1/16" TO 112" TlfleJ:. SPACED 2.~' TO ~'; BASAL

CONTACT SijAJP. UMnULATOILY. POSSIBLY EIOSIONAL.

3009 400

I
1

/ /
\ ,

FTr,lJRF 4 (CONTINL1~D)

EXHAUST SHAFT
LITHOL06IC L06



PRELIMINARY

ELEV. DEPTH
I 'T. MSll I FT.I

3009 400

3004-~40~

2999--410

2994-1-41~

2989- ~420

2984- .... 425

2974- -435

2969- ....440

2964 445

STRATIGRAPHIC

COLUMN

, .
\ \
I I- ­._---------------------_ ..

I
I

1--------1------:..:..:_---------
, I
) I

I- .-1--:_---..:...:-_"":...
~-------::_--

(

)

-:-----:_---:1--------1----...:-::_----
( (

I )- _.­
1----------....:-....:--
;..-----~ - -...,
...__ -=-_..;;,if_-...:-_-_
--------==--=----

\ (
) J

1--------1----=--:--:...:--
I--~-....:-_--------

\ I
} ,

.~1-:....:__-_-_-_-....:_
r--------
:_"":...---;..------

\
J

-----------------------.:_-...:-...:-----.:--------­1--------, \. ,
,,

I (

\ ),
\
I

I

\ \, I

(

J

, ,, ,
J

(

J

REMARKS

SILTSTOIIE, IfDDISK-IIOW11, \lITI IIITEIlEDDED CUYSTOII!, DAD: IfDDISH-aROWlf, 1" TO 4"

THICK FIIIIIIC UPVAJ,D SEQU!lfCr;S, TlINLr LA:tIIIATfD TO THIII'LY IEDDED 0/16" TO 2"

THICK), KAlD; SEDI~!llTAlY STlUCTUIES IIICLUDE: caOSS-~~IIIATIONS, sort SEDIKEIIT LDA~

STIUCTUIES, EIOSIO.AL, COIITACTS AT TO' or EACH FIIIIHC UPVAlD SEQUENCE; LOCALLY

AllINDAJIT ClEDfISK-GUY IEDUCTIOII SPOTS OIl''' TO 1" DIA.~nD), SOftE occua IN ALICNED

ZONES; OVELUJ. (;UIII SIZE INCIEASES TO lASE; AllINDAJIT HOIIZOIITAL, FUROUS CYrSU!'l­

FILLED FIACTUIES OCCUR IH TWO SIZE CIOUPS: 0" TO 1/4" THICK, SPACED 1/4" TO 1"; 1/4"

TO 1/2" TlICK, SPACED 0.)' TO 2.0'; VEITICAL AND HICK AlleLE FIBROUS CYPSU!'l-FILLED

FlAcruin AU llODEUTELY AlUNDAJIT, 1/16" TO 1/2" THICE, SPACED 2.)' TO )'; IASAL

CONTACT SHAlr, UlDUtATOay, POSSIILY EIOSIONAL.

SILTSTONE AT Tor, CRADIMC TO CLlYSTON! AT BASE, REDDISH-BROWV TO DAAI: REDDISH-BROWW,

TRACE or .EDDIlIC AT TO' CUIlIIlC TO STlUCTUl.EUSS AT BASE, 1IAIlIl; COIITAINS OCCASIONAL

CUySTOIII CLASTS <1/." DIAKETD.; LU! llITUBEDS or CUYSTONE, 1/16" THICK; ABUNDAI/T

CIE£NISH-CUY lEIlUCTIC* SPOTS (1/16" TO 2" DIAI'InD) OCCllI. II ZONES; ABUKDAI/T

HORIZONTAL AIIIl SUBHORUOVTAL FnROUS C;YPSU!'l-fILUD FIlACTUllES, ~OIlITY 1/16" THICK.

'SPACED 1" TO 2"; ~D£lATtLY ABUNDANT VEI1ICAL AND SU8VEITICAL FI8ROUS CYPSUM-FILLED

FaACTUllES U' TO 1/4" THICE, SPACED 1.0' TO 3.0'; BASAL CONTACT OBSCURED.

FIGURE 4 (CONTINUED)

EXHAUST SHAFT
LITHOL06 Ie lOGft. c::n



PRELIMINARY

ELEV. DEPTH
(FT.MSLI IFT.I

2964 445

STRATIGRAPHIC

COLUMN

I (
) I )

)

REMARKS

AS AIM

2959- 1-450

2949-~460

2944- f-465

2939- .... 470

2934-1-475

2929-1-480

2924- ..... 485

- 2919 490

-------
I--~---:t.....--
I----i=---~---1-----------:.:--
~------------...:
~-----------.....-...:f------_- -...:
--------------=1---------------=--------1-------­--------1--------
~-------------=
~------------=--------1------------=----------=------------------------------
~------------...:-
~.. :""t- ,'-
'.0;' • / ."

I---):--~-
-----:-~-:--

.\. .\.
":..----~-------. ( .. ' . \ .
'r .~

,
't \

)

( \
J I

(
J

( {
J }

{
}

'r

_ . ....J

1-_-=----------...:---------1--:..:--=---------:..------­1-------­-------1-------­1-------=----------------1----------_--:...--
I-=~-=-=-::::-==-:
-1---~------ -
I- --- -­---- ---------
---~---1--- ------ -------------:..:--=--=--=---_-:..
-~---±-- --- --- --- -_____ 0-

--=- --------_-:..
---~------- ------ ------- -----=----------_-:..

SLICHTLY SAWY SILTSTQII, IIDDISK-IIOW, IIT!IBEDDED WITH SILTY-HUDSTOHE, DAil

I!DDrsK-BlOW, I" THIel: nlII!: UPVAlIlI S!QUDCQ, THULr IEDDED 0"); 111IlOl~

SIOIlAL COIrTACTS AT TOP Of 'UCIl nlII!: UPVAID S!QUOct; lIOIIZOII1'AL AIfD SUlHORIZOII1'AL

nuous CYPSUM-FILLED FUCTUUS <11." TlIeI:, SPACED 0" TO ."; SUBVOTICAL AIR»

VElTICAL FIBlOUS CYPSUM-FILLED FlAC'fUUS AU LESS AI\lIIDAIlT AIID CROSS-CIIT HORUOII'fAL

A1ID SUBKORIZOITAL FIlACTUUS; BASAL COIrTACT SIIAI.P•

SILtSTOII AT TOP CRADIIIC TO CUYSTOlfE AT lASE, REDDUH-81OWl1 TO DAD: I.!DDISH-UOWI,

!lACE 0' I!DDIJIl: AT TOP c:IlAIlIIIG TO SnUCTtJULUS AT lAS!, lIARD; A.8lOOlAll'f CREElIISH­

CUT IEDUCTIOII SPOTS 0/16" TO Z" DUII!'TEl); HORIZONTAL AIID SUIHOIIZONTAL FIBROUS

CYPSIlM-'ILLlD FlACTUl!S <1/1" THICK; SUlvtRTICAL AND VERTICAL CY'SIlM-FILLED

FIlACTUl!S AU LESS AllOOlAIIT AND CtlOSS-CtIT HORIZONTAL AJID SUIHORIZONTAL FIUCTUlES;

IASAL CONTACT SHAI,.

~unSTON!. SILTY, DARK REDDISH-BROWN, STRUCTURELESS; NO HORIZONTAL OR SUBHOIIZONTAL

CYPSIlM-FILLED FRACnIRES; RJJl! SUBVERTICAL AND VEilTICAL FIlACTUB.ES PRESENT, 0" TO lIz"

THICK; BASAL CONTACT CRADATIONAL.

FIGURE 4 (CONTINUEO)
EXHAUST SHAFT
LITHOLOGIC LOG
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PRELIMINARY STRATIGRAPHIC

ELEV. DEPTH COLUMN
1FT. MSLI IFT.I

e

REMARKS

AS aIM2919 490

2914 - - 495

2909-1- 500

2904- I- 505

2899 -I-~IO

2894--515

r- --

--_-:..----------
~:::=::~~:=
_-:..-------=----­-=-_-:..-------:..-----------------1--..:-_-----_-:..--
f---------------
I-----~_!--:.:--

,...-_-:"------------..:---:.:-_-_-:..-=-
f--------=-------
f-~-~--_-:.:--

....--------------=~-==--=-~~~--~-:-~~':""""""------------::------:--------~-:--:'--:-----~f------------:..-:.: CLAYSTOIIl QADI.. TO SILmon WIn DUTIl, UDDISII-IIOWl1 TO DAB REDDISH-IlROW. THIll

t:;-::::-:::::=-::-:-:. 1" to 3· TlICS FI_I" Ul'VWII SEQU!JlC!S, TIIIlIt.f aEDDED; COIITAlIIS KIIIOa ElOSIOIIAJ.

.:-:-:-:::_:-:::-::_::::: conACTS AT tot or UCI Fmlll: Ul'VAaDl SEQUOCE; AllJIIllAJIt IIOIIZOIITAL A.IIlI

~ -_-_-__:..--= SUaHOlIZe:-rAL rxllOUJ ""'tlt-rn.LED fUCTUUS 0" TO 11." T1IIeI:. SPACED 0" TO ,";

...--------~--"""-----...:-----:. :«)DDAra.f-~ Y'D11CAL AIID SUlVUTICAL FuaOUS CfPSIIII-rILLED FIlACTUl£S 1/1" TO

~~3E:E:~ liz· THIel:; WAI. CClftM:T SIIAIJ'.

...--------
~:-=-::-:-::-:::::,::--------
-:-:-::-:~-:-:::::-_-:..----------=--------

- -----1
-f----~--_+ ---::I:__

---..,.----
- -~----

--------
--------
-f ---1---

, J

,

( l
\ I

2889-1- 520
\,

,, )
}

-\.

2884 - f- 525 J SILrsTO~. (rlCUIZ 9).

\ I
J T

I

\--,

2819 -~ 530
\ T
/ J

T

( (

2814 53~
") ~

EXHAUST SHAFT
FIGURE q (CONTINUED) LITHOLOGIC LOG



PRELIMINARY STRATIGRAPHIC

ELEV. DEPTH COLUMN
(FT. MSlI (FT.!

2874 535

REMARKS

2839 570

2834 575

2844 565

SILTY CLAYSTON!; S!! FICUR! 10.

IIlSTUl roaMna.
POtTY-IUO ilOIlO
AIIlIYDlItI. "JILT ClTU&UJIII. CUT TO CUTlSI-llOlIIf. WITE Af urPD COIITACT. IAllDE1I

TO OCWIOLUJ,T LUUlIAJD. S"CO 1/1'· TO 1·; IAIllS MIl LAIIIIL\I UIIllUt.ATOlT UP TO

I'''• .IIID OCCASICIlIALLT tlllUlIAtI AlIUmT. CUT IAI1lS USUALLT lIItaU. 1!CCtl! snuc­

1Vl!US1 VITI DUD. 1.DCAU.T lIOIlUU&; una. 3•• ' ClIItlIlI IlrnUEDIID QAT IA'lIIL\l.

COIItIIIT D!Cl.USIIIC VITI DErtII; LOCAU.T CYPSllUOUI II ur,Ea ,.; IlW TO'. HOIUOIITA&.

AIID SUlHoaIZOITAL cypsllII-lILLD ructUUS AU All/IIDAIIT. 1Ir TO 1/2- TVICK. S'ACE1I

1- TO J.; IEDlIIIIC TOItIlIAtD dOSIOllALLT 4'1 1IP,d ClIItAa; IllaIZGnAL .uID SI/IIIllI.I­

zonAL cypslM-nLL!D ruCTIIUS SPACIII 1· ~ t-•••• 1ftt"·1lt-~·1IHI.'.,.....TICAL

AIID sUlvnnCAL 1:TP5Ut1-ru.UIl FlACTlIUS. 11.· TO 1/'" 'TlIICK. SP&CD J.O· TO ••0';

BASAL COWTAC't SIAU.

~HYDRIT!; S!! FICUR! 10.

sILTStoIK. (rICUlI tJ.

±
~~~---f------ -~--_-:..._--- ------ ------ ---------
-----~-$--- -- --- ------- ---580

550

5452864

2859

2869 540

2854

2829

2849 560

FIGURE 4 (CONTINUEp)

EXHAUST SHAFT
LITHOLOGIC LOG

~W••T 1~ nE ~n



PRELIMINARY

ELEV. DEPTH
/ FT. MSll ('T.I

2829 580

2824 585

2819 590

2814 595

2809 600

2804 605

2799 610

2794 615

2789 620

2784 625

STRATIGRAPHIC

COLUMN

¥---¥---- ------- ------
--~----- ------ ----- ---

REMARKS

AMBTDaITE; S!I FrCUlI ID.

~CEJn'A DOLOIlIT£ ~E.'lB£.

COLOKlTE, CY'SIFEIOUS; SEE FlCUl! 10.

FIGURE q (CONTINUED)

EXHAUST SHAFT
LITHOLOGIC LOG



REMARKS

TA."lAI.ISI "IJIIEI
AIIIIYIl&~n. nnLY CUSTAUIft. CIAI' TO LIQIl 1I00000ISI-i:lAY TO TAlI VIII Dr"', U111-

IIAtD TO 1OIlUUI. IIAU; l.OCA1.LJ ~PlI'DOUS At \lJ'PO COftACr~ CllIrTAlft InnltDi or

UIlI...Tb CAUClIIAn LOCALLY AlIt .ua lASe\ \NI111Al !lAY LOCIJ,1,Y U TD1'lI"'TD IW)­

SIOULLY; 1- 10 2- TlIICIt oacAIIIC (T) lua CLA1'STOft AY "5.". lX*'TAlft 'UICIUI

CTPSIIt-'IUD rueruus. 'UEU OUDTD YDTlCAU.Y·. 1/]2- TO 1- IIICIt, DISCOII­

nllUOUl. LOCALU UFUlCAnK; _UOrTAL ,I11Ol11 ~lIt-nWD rtACT1lI.!S THIOUCJIOI1f

WITS SPACIK ••S· 10 1.S·. 1/32- TO 1/1'- TlIIC1t; IAII SUivOtlCAL nAetIlIU; "'SAL

COftACt CUDtoTlOUl..

EXHAUST SHAFT
LlTHOl06 Ie l06FIGURE q (CONTINUED)

2739 670

2754 655

2764 645

2759 650

2774

2744 665

2779

2769

2749 660

PRELIMINARY STRATIGRAPHIC

ELEV. DEPTH COLUMN
(n.IIS11 (FT.)

2784 625



-----~_.-------
REMARKS

DOLetUl! CTnIFEIOUS' SEE rICUI.! 11.

Cl1LEIlIlA DOLOIIJTI MC1la

AMHYDaItt; SEE FIC1JJ,1 11.

ANHYDaITE: SEE FICUlE 11.

CLAYSTONE' SEE fIC1JJ,E 11.

AS AIM

71~2694

2709 700

2704 7015

2699 710

2714 6915

2729 680

AIIIIYDIItt; SIEI PICUU 11.

AMHYD&Itt; SEE PICUlI 11.

2724 S8S

CUTSroR; sa PIC:UU 11.

AJIIIY1llITt • .u.c:It,UCEOUS; SU PIe:tJU 11.

27/9 690
SILTY CUYSTOWE; SEI PICUII 11.

2739 670

2734 67S

PRELIMINARY STRATIGRAPHIC

ELEV. DEPTH COLUMN
(FT. "SLI IFT.l

FIGUREq (CONTINUED)

EXHAUST SHAFT
LITHOL06IC LOG
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PRELIMINARY STRATIGRAPHIC
ELEV. DEPTH

(I'T.MSLJ IFT.l COLUMN

REMARKS

2694 7/5

2689- ~ 720

- "'-. -"'--,.
_f.\_f _

_ \ -7 -

-/.- 1-'
_ f-' _ ·7.
- -, / -. - ,., -. \

- • f -
f- , - 7

- 7 - •
J _'

-' f - ,

- / - .
2684-'" 725 - / _. f.

-' 1-
/- '1-

-
1- ,- 1

- 1 - •

2679-1- 730

2674-1- 735

2669- 740

2664 -I- 745

2659 -I- 750

2654 _I- 755

- 1-'

1- , 1-

- \ 1-
1- '/-

, 1-

·7 -
1 - ,

~--------]:-:-----:::£--=-.-.£-------r--------_-:.. --=-
;=:==E~-=~=-=~--- ---
:------ -----­I--------------=-1------.:_-----:..
:==i:=~:=i::~
~~-L--.:--.;---=-
~-- ----------=-

•

UlCIIAMn LQWD IIClln

SILTY CLAYSTOWl; S!! 'ICUIl 11 •

AKHYOaIT!; sEt FICUIJ 11.

SANDY ~UDSTOH!; sEt FleUR! 11.

HALITIC ~STON! 01 AlCILLAC!OUI HALITE; S!! FICUI! 11.

2649 760

FIGURE q (CONTINUED)

EXHAUST SHAFT
LITHOL06IC L06



PRELIMINARY

ELEV. DEPTH
I'T.MSLI 1FT.)

2649 760

2644-1- 76S

2639-- 770

STRATIGRAPHIC

COLUMN

- ,
- \ -

-,

REMARKS

IW.In& so ncuu 11.

AnY1lUtI; sn FIeuu 11.

IW.ltl, AlCIU ·C8,. IW.ltl; sa nc:wa u.

AlClt.UC!OUl IW.1n AIID IW.1TIC 1MlStOIII; SE! ncuu 11.

2634- - 77S --

,······~······s·······p;,± ',:--..r-..:..;-=-.- .
~ -~""'.

2629-'" 780

2624- - 785

=i:------:-i--:..
--~-=-[-=---:::i-_-_- -_t:

AKILUCEOUS 1W.1t1 AIID IW.1TU: 1llIDI1QII&& so rICUU 11.

2619 -I- 790

2614 -I- 795

2609-1- 800

:~,':.'r::'::J :::'r:
···.·:-:·l·;.·:.y... ·.·,'.
.::.:~:~:.:- ...... ~::::
::~:.'.,: ... :-:,:::

J }

.".' :.0: .0.. ·...·.... 0'.. :::.

: .; ..... :':i- .,..,',., ... ':::
}

............ :.: .
----,--

1.-. _...., __

I
)

------
,
\

---~----

" . ' (
\. ., .

SILTSroI! A¥D SAXDY SILTSTONE, LICHT 810W1 TO IEDDISH-8ROWM WITH THI. LAYtiS OF

liEllIIlIC CUT CUTSTOlIE AXD KIItlSTOIfI, nuny BEDDED TO LAIHIIAT!l), DIVISIIlLl: IIlTO UIlITS

a" TO 2D· TIller; arDDIIIG AIfD LAAIlfAnOllS GEIiEIALLY HOllZOIITAL TO SUIII:lOII:i.OI'1AL, SOIl!

WAVY arDDIIe, SOft! MICIO CIOSS-LAKIJATIOlfS; flOK 792.0' TO 795.0' LARCEI CIOsS­

CUTTIIIG IELATIONSHIPS WITH SOHE UVIrs PAlTIALLT TO WHOLLY EROSIONALLY REHOVED, UNITS

CENERALLY DOWV-CUT TO EAST AHD SOUTHEAST: SMALL-SCALE CROSS-BEDDINe HAS VARIABLE

cuaa!WT DIRECTIONS WITH DEPTH, ~OST SOUTH: AT 794.0' S~ETRICAL RIPPLES WITH CLAT

DRAPE; RIPPLE SETS 1/4" TO 1/2" THICI: ~I!/OR SOfT SEDI~EIIT DEFOR.'iATIOIf, LOCAL fIlIINC

UPWARDS SEQUENCES; BASAL CONTACT CRADATIONAL.

2604
~~(__t--------'--------------~

805) -+-

FIGURE 4 (CONTINUED)

EXHAUST SHAFT
LITHOLOGIC LOG



PRELIMINARY
STRATIGRAPHIC

ELEV. DEPTH REMARKS

I FT. MSll ( FT.)
COLUMN

2604 805 r r SILTSTOIIt .uRI UCILLACEOtlS SILTSTOIlt'IIT!lI!DDID WITII CUYSTCII!. CUY AMlI DAB CIIoY,
~

,
.- T1I1111.Y L.UlUIATD 01J2" TO 111"); AlUWDAJIT fIlii STtUCTVUS I1ICLUDIIIC HOAIZOVUL- '- L.UlIIllTIOliI. LOlI-AIIC;LI CIOSS-WIIATIC* StTS or VU1'IK SIZE U" TO 3.0'); CUU!JIT-

" eo.
DIIICTIOliI III SlULLD UTI VAlY. CUUDT DIIICTIOIIS a LA&CEa StTS I'tOSTt.Y IIOIT1lEAST;

ro- .- LUI L04D STtUCTUUS. !lOSIOllAL SCOllI .um FILL; IAU HICI-AIIl;LI KALITt-FILLED

2599 - r- 810
( t- FlACTU'US; rucruu OCCUU!llCI IlIcausES wnw DUnI. lILU IASI LUE HOIIZOIITAL .um

-.I "- suavnTlCAI. 1IAL1T1-FIWD rUCTUUS 111" TO 3" TJlICI:. SPACID J.O' TO '.0'; $Oftl

LA&C!I. SUlHOAIZOIITAL nAcn1IlS aHUIT All UST (TOP) WEST (1IOTTQIf) SH!A&; coarrAIlIS
\ \ DAU: ClAY SPOTS .um lLUI (lIOTUlIATIC*). COIIT!IIT llCUASIIIl: WITJI DEPTH; B!COIt!S-------

....CILLACIOUS SILTSTOIlI WIT1I DIPTH; CUY WIT1I LOCAL UDDIIS-BIOW AIUS. T1IIIILY, "I L.UllIlAT!D .uRI COIITAlllS 1l0000ISlf CLASTS or AllHYDaIT! 0/1" TO 1-1/2" DIAIl!T!I.)

2594- f- 815 ---- aOUJIDID .uRI OCCASIOIIALLY rLATTEJlID P.uALL!L TO IEDDIK; CLASTS IWIIlOMLY SCATTEltD-------- \ - THIOUCHOUT; LUI LOi/-AlICLI C10SS-UIIIIIATIOIf SETS; LUAL COWTACT CU.DATIOllAL OY!I
~ 1/2". IUECULA&. IlAPPED AS DIFFUSI 'DUI TO EXnD\! COIITACT I1IfIlCJLATIONS.----.- .-, ,

2589- f- 820 .-._---
~

\ 'J

----
t - <.
+ J_.

2584- f- 825 r-
(. \
'--

-7 ..
) J

--------
2579- I- 830 '\

t -,
-) ) -
-------

( \
2574- I- 835 "

r-'

c-'
\ \

- ------
- ------

r- t

-r )

2569- I- 840 1--------
--------
-) )-

-
-

(,
2564- I- 845 f-

-------
{ \

~_..~.............
SANDY SILTSTONE; SEE FICUII 12 ..'--~.:::::.r..:.:: ...: .....

..-.....:..........
'- \ SILTSTOlI; SEE rlCUll 12.

2559 850 I)y"x'\..'"~~~ POLY1IALITE. AlfHY1llIT! • .um Al.GILUCEOIlS AHHYDRlT!; sEE f'ICUU U.

FIGURE q (CONTINUED)

EXHAUST SHAFT
llTHOlOG Ie lOG



PRELIMINARY STRATIGRAPHIC

ELEV. DEPTH COLUMN
(FT,rUll (FT.1

REMARKS

2554- - 855

x

1
I
i
I

HALITE; SEE FlCUl1 12.

S4UDO POI!'CATIOll

IlALlTIC ~I:; sa: ncuu u.

x

-\ \-"\-~.

:r:----:±-­
r-~--=----- --:...
------T----:....-:....:_----------:...----t--------------------------

X -

8502559

x x

2549- - 860 ...............+-----_--.:.-_-----~-------------------
HALITE; SI! FICUlI 12.

)(

x
x

2544- f- 865
x

HALITE; SEE FICUlE 12.

- l( l(

x - X -

- X - X -

HA! C S!:II! F [[;lJIlIl:

2539-"" 870
X - X - X

- X _ X-

X - X­

- X - X_

2534-- 875 X _ X _

X - X

-:.r-- "t.:
----4---- HALITIC CLAYSTONE; SE! FIeURE 12.

- X HALITE; SEE fIeURE 12.

2529-f- 880
X -

X

HALITIC CLAYSTONE; SEE FICUlE 12.,.. ------:.t"""_-_-_t-:....--.t:.
.....---------:...--:1:----3:--
-~- ----- --..::_-:r-_-_-...t-_-_7...............-:j-----------------------------------I

"'"-

2524--885 AReILLACEOUS KALITE; SEE FIeURE 12.-=-=:=-=:--==:=-..-;;.;:~-------_-..:._-_-:...~-------------------1
-~---...;---:""-r:.-:--
-~--1--

CLAYSTONE. SLIeHTLY HALITIC; SEE FIeURE 12.

-=---4---+----=-

2519 - - 890 • '. ~ ••••••••• t---------------------------------t
HALITE. ARCILLACEOUS; SEE FleURE 12.

-"-
2514 895

FIGURE 4 (CONTINUED)
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· He

PRELIMINARY

ELEV. DEPTH
(FT. MSLI In.)

STRATIGRAPHIC

COLUMN
REMARKS

2514 895

dClLUc:EOUI IW.IT!: sa rzCUU 12.

x
IIALlTE: sa rICUU 12.

2509- -900 x

AlClLUaOUS IALIn; sa rzcuu 12.

2504-- 905 IIALlTf, SUC1lTU AlCII.1.ACEOUS, sa IIcuu 12.

2499 - ... 910 x
x

IlALITI. COAlSELr CI.tSTALLIIII. WIn to TIIITO GWoAa. TlIILY UIIDED IIIn tHII

SUlaa.zzOlrTAI. SmIlC!U OF AJIIITIllITr AID POLYJW.ITr: suany AlCILLtClOUl II uppa
1I.s': IAJAI. COIITACT SIlAlP.. SUCBTLY UIIIlUUtolY.

SILty CUYStoifl. BROWVISII-IED, vaY Sort: IlALITIC. WIT! OCCUIS AS 1/." TO 1" DIS­

PLACIVI CUSTALS; COIITAIIIS LOCALLY IlfJlUCtD CUY51WI: USAJ. COVTACT DUruSE, CEft­

TICALLY ClADATIOWAL.

x
\

\

x

\

-=s:=-~=-=~--------
----:{:---~K-

~~~~==--~.:;~~~-~-----------I
IlALITf, l'IEDIUtI TO COdSELT CaYSTALLIIiE. WIT! TO c:u.u; COlITAUlS INTERSTITIAL RED

cur II u"a 3.11', COIITDrT DECIUSES IInll D!PTI: TUC! LUIllOHLY OIIENTED snINCEIS

or POLT1W.IT! III IlC1AIND!I or UWIT; BASAL COIITACT DIFroU.

2489 - - 920

2494 -I- 915

x
X

u

X

X
X

X
\

.. ... . . . .
HALITE "IXED II I TIl POLYHALITE, FIIELY TO COARSELY ClYSTALLIVE, WIIITE TO CLEd;

POLT1W.ITr COlITort DECUAS!S VIm D!pm, COIlT!IIT ClUTlST II UPPD 0.5', occuas AS

Claun or SUllIOI.IZOIlTAL suulcas, IECOtIII1C LESS AIUIlIWIT IIIT11 Df:PTlI: SUBIlOIIZOITAL
- -X ST1IIIfCDS or AIIlfYtlIITE occua VIm DEP'T1I, snnlCEU ,. POLYllALITE UD ANlIYDRITE

_x__X__1-__I!_C_Ol'l!__UH.:...-DOtl1..:.........:.Y_O_I_I_ENTtIl__W_I..:.T1I-=-D_[_PTII_;~!A_S_AL_COtfT__A_CT_CIAD__A_T_I_OI_AL_" ~
X X X !!ALI!!, llEDIUJI TO COARSELY CRYSTALLINt. \IlIIT! TO OI.AIIC! TO CI.EA!I; ABUMDAHT POLY-

\ !!ALIT! n UPP!1 3" TINTS HALITE 01WfC!; SUBHORIZOIITAL snIlctiS or POLYHALITr: AJfl)

ANlIYDIlIT[ SPACED 1" TO 3"; BED OF VERY ?OLYHALITIC IIJJ.IU OCCUIS I!TWE:E11 72'.4' .urtl

730.0', L~IDEHTIrIED CAS ORICINATES rRCK THIS AI!4 ALONe FlACTURES; BASAL COWTACT

DIFFUS!.

ARCILLACEOUS HALITE, ARCILLACEOUS MATERIAL REDDISH-IIOWI. HALIrt I/IlITISIl-CRAT TO

CL£AIl: IlALIT! OCCURS AS DISPI.ACIVE ClYST.u.J AIID ACICI!C4TtJ a. ClYSTALS, UllIT COlI­

TAlliS LOCAL CR!!1I1SH-eRAY REDUCTIOI ZOII!S; CLAY Cl*T!Ir'l D!nEAUS IIITII DUT1I,

DE:CI£AS!S ABIUPTLY B!LOW 937.0'; loa ULOII 937.1' CUSSInD ASI IlALIT!, WltIrt,

l'IEDIIJK TO COAlSELY ClYSTALLIMI, SLIClrTLY ARCIUACEOUI, CLAY COIITDIT D!ClLUINe VItW

DEPTH, TRACI POLYIIALIT! AIfD AIOIYIllITf snIIIC!IS comm llICUASIlIC wItW D!Pn,

ST1IIIIC!IS IAII1lOl'Itr OI.IDrTlD AT rap, I!COIIIIIC su...lZOIrTAL VITII D!J'T1I, SPACED 1· TO

3"; BASAL COIITACT CRADATIOtlAL, MARa!) IT 1" THICI ZIlIE Of CUTISH-WltIT! IlALIT!.

2484-1- 925

2479 -I- 930

2469 940

2474 -I- 935

FIGURE q (CONTINUED)

EXHAUST SHAFT
LITHOLOGIC LOG



PRELIMINARY

ELEV. DEPTH
(FT. MSLI ("T.I

2469 940

2464-~94~

STRA":IGRAPHIC
REMARKS

COLUMN

- \ AS AIOYI
X

\_.
X

-
\ \

.7 •

X X-- - -r-.-------------------------------i

2459-- 950 X

X

AlCII.LAaDUS 1W.111. rIlIILf TO COAUD.f cafsrALl.In. IlIIITIU-CUf TO eu.u. lI.USIVI,

1W.1T1 OCCUU AS amAL ACCaECATlI II ZOIIII • PODS, etAf cc.TDT D!CUASU

AUUPTLf IIUlU .4•.•·' tL\CI DISSDlJUm POUlIALITI ILOS. CQIrTPfT llcaWES WID

DUD; IUOIlIS IEIlIICD II UlIIII 2.0' WID ALTDJIATIIIG POLYIW.1nc IW.ITI AID CLUI

IW.ITI IEIIS 2- TO ]- TlIICX; I4LU. COIITACT SIIAU'. DISCOWOIMAILI.

24~4- - 9~~

2449- ... 960

X

X X

X X X X

----=--=-----_-:..---------
X

~x XXXXXXXXX
')(

x

AaC;ILLACEOUS IW.ITE II UJlPD 2.0'. ICDISK-IIOW1. cur COIITOT DECI!4SII WITII DEPT1I.

ClAD!S 1m POLYlW.ITIC HALITE; IW.ITI II WITI TO TIIIT!D OIAIIC& TO a.ua. IfIDIlIt TO

COAaSnf al'STALLII!; POLYllALlTE C'ccuu AI ILlII An STlIIICDI. POLYlW.ITI liD AT

'61.s'; ClIITAIn LOCAL cur-nSH-CIAY lEDUCTIOII SPOTS II .uC;ILUCEOUS IIATDIAL 1IU1

TIl LUI; IASAL COITACT SILUP, lUIlXD II J- TIIICX IIOIIZl*TAL FUlOUI HALlTE-rILLn

nACTUU.

)

, ,\ ,
2444- ... 96~

2439-1- 970

\ \
\ {\ ,

x
x x

(

)

f \

SILTS7OIE, IEDDISH-IROWW, TRACE or IEDDINe; COIITAlIS SKlLL 1/.- IKIAYED DISPUCIVI

HALITE ClYSTALJ HEAa TOP; COIITAIIII lA&E SlJlYEITICAL HALITE-FILLED FlACTUl!S; I!C~ES

AllHYDIITIC (ClAY) II LOlIEl 2.0'; CQMiAIIIS DISPUCIY! HALITE ClYSTALS <l/S-; IASAL

COllTACT SJU.lP.

ARCILLACEOUS HALITE, ARCILLACEOUS ~TEIIAL REDDISH-BROWN, HAlITE CLEAI; 8ELOW 969.0'

CUY COMTEWT DECllASES ABRUPTLY, ~IT IEC~ES SLICHTLY ARCILLACEOUS AIID POLYHALITIC,

CLAY .um POLTIIALITE OCCUI AS lAHDOKLY ORIENTED SnIIICEIS; CYEKALL CLAY COllfUT

DECIUSES WITI DEPTI; POLYliALITE COllfEVT IHCIUSES WITlI DEP'TlI; BASAL COIITACT

ClI.Do\tIOIIAL.

POLrHAllTE. AXHYDIITIC, FIHELY CIYSTAI.LIIIE, ORAHCE. KAlD; KALITIC, HALITE WHITE;

\1\\1\ \\\ \ \ \ \111\ \\1

x _ \
-\ -

-:...-_-:...-:...--------±------------:... _-:...-----:...---
-_-:..-:...-:..---_-:...-
-----,---
-\-

2434- - 975

2429- - 9ao

242.4 985

l(
x

x

x

x

AXWTDIITt ClAY; DISCOIITlHUOUS BEnS or WHIT! FIN£LY CRYSTALLllE HALITE NeAR TOP; AT

9H.O·, 1- TlI1O:: un OF THIIILY L.....IIIIATED AJlIIYllIIT! occuas: UHlT CONTAIHS CLeAR DIS­

PLACIVI HALITt CRYSTALS NeAR BASE; BASAL COHTACT SHAlP.

HALITE. POLYHALITIC. MEDIUM TO COARSELY CRYSTALLINE, WHITE TO TIHTED ORANCE, THIH TO

~EDIUM BEDDED BY SUBHORIZONTAL STRINCERS or POLYHALIT!; BASAL CONTACT SHAlP, ~ED

I BY A 2" THIel: BED OF POLYHALITE.

ARCILLACEOUS KALITE, REDDISH-BROWN. SLICHTLY ANHYDIITIC. CLAY COHTtwT DECREASES WITH

DEPTH; HEAl TOP, HALITE DCMS AS DlSPLACIVI ClYSTALSI IECllIt!S THE llOIlINAarT !'IIN[IA1,

TYPE WITH DEPTH, BECOHES llEDIUII TO COAISEU ClYSTALLIIIE, WITE TO CLUI, nUIILY

BEDDED III LOWEI 2.0' WITlI SnIHCElS or POLYHALIT! SEPAIATlIC IEDS; AlCILUCEOUS

IIATEUAL OCCUIS AS IIAnIX II una. PAlt, STllNeUS II toWD PAIT; SOI'lI CKEEllISH-CUY

IDlUCTIOII SPOTS OCCUI lUI TOI'l nACI POLYHALITE, COllTDIT IIClUSES WIn DEP'TlII

IASAL conACT SKAaP. DISCOII~LE.

FIGURE 4 (CONTINUED)
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X

PRELIMINARY

ELEV. DEPTH
1FT. lUll 1FT.)

2424 985

2~19-- 990

2414 - f- 995

2409- r- 1000

2404- -1005

2399-f-1010

STRATIGRAPHIC

COLUMN

\-
X

X
\ -

-
X X )(

)( X )(

-
X

X-- X
- X -

x
x

x

x

)(

REMARKS

Al.CIlJ.\CEGUI IlALIT!, M!DIIII 10 COA&SEl.Y al'STAUID. IlIIITE TO TIIIT!J) 0I.AaIC!:

UDDU.-...... cu.y /lATlII II UrrD '''; POLnw.ITIC; CLAY An POLJ1W.lTE occua AS

SllIIIO&IZOIITAL STlIIICDI SPACD 1" TO '''; w.u. ea.tACT SHAD.

UClUAcm. IW.ITt CUDI.. TO IW.ITI IIITI DUTIl; CLAI oceuu AI UDDISIII-IiOW

/lATlII AI' toP, IW.ITE OCCIIU AS DISPLACIVI alSTALI Ad aYSTAL ACCUCATU ALIC1ItD

II zons. CUI II UP'D 1" aaJlUI CUI; CLAI COIrTDrr DEaus!S IIITI DUtB, OCCUIS

AI SUI_IZGnAL STllIeDl; IW.ITI ncaas IlOtIIIWIt lOCI n'l WI11I DEPT1I, :lEDIIJIt TO

COAaSELI alSTALLID, WItt TO CUAI; Tl4C1 POLY1W.ITI lUIS AIID IAJlDOIfLl' olr arrr:D

TO SUlIIOIIZGnAL STllIeDS; lAD AIIIIYllIITI STllIeDS; LOWD ].0' nllT!ll OUllCE;

IASAL co.ua SHAD.

)( -
)( )(

2394- ..... '0/5 ~
X

X

" x

2389- -1020 - - -- -
- - -

- -
X

- X

POLrHAI.ITE, tINELl' CRYSTALLINE. RfDDISII-QlUJICE; 1" TlUCI: .cUl' CUYSTDNE BEDS J"

AIOV! l\IfD AT USAL CONTACT; BASAL COIITACT SHAJlP.

HALITE, COAISELY CIl'STALLIIE. WHITE TO CLEAI TO ORAMeE; !lACE POLYHALITE STRINCERS

Ad DISS!I'IUAnD ILEIS; At 1017.1'. 1- TVICK: lED OF POLnw.lTE OCCURS UlIDEIlI.AIN BY A

II'" TIIIICI lED or CIAl' CLAYSTONE; BASAL COKTACT SHAI'. ~tD I' DISSOLUTION

nOUCHS.

AlCllLACEOUS HALITE. WHIT! TO CLEAI, :lfDIIJIt TO COAISEU CRYSTALLINE; CUY OCCURS AS

BlOWN SUI8OIIZONTAL STRINCERS, SPACED 1- in 2"; snINCERS ABE TERMINATED EROSIONALLY

AT UPPEI COWTACT. CLAY CONTENT DECREASES'wITH DEPTH; TRACE POLYHALITE STIIINCERS ~D

DISSEMINATED BLEBS, CONTENT INCREASES IN LOWEI J.o'; BASAL CONTACT SKAI'. EROSIONAL.

lIlIDUUTORT UP TO 1. 0 I.

2384- ..... ,025 x -
X X

X )( X

2379 1030 • AS IEllI

FIGURE 4' (CONTINUED)
EXHAUST SHAFT
LITHOL061C LOG
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2364 1045 X

X
X

X
X

2359 1050 \M'6\\1o.iJ.\
X \

X \

2354 1055 \\\\\\\\\\

X X

PRELIMINARY

ELEV. DEPTH
(FT. lUll (FT.l

2379

2374

2369

1030

1035

1040

STRATIGRAPHIC

COLUMN
REMARKS

AllHYnaIT!. FUI!I.Y ClYSTALLIII. ALT!IIATIIIl: LIcn AJID DAIlt ClAY. UIIIllutD TO V9Y

TlIIIILY l!DDDl I!DDIIIG IlIIDUUrD suc;nU. BEDS OP'T!ll COIITAII D1TROLITHIC snuc­

TUUS; LOCAL <1/'- ClYSTALS (1f IW.ITI; UCIT now CAlIOIIATE (?) IlITtutl)S; BASAL

COIITACt CUDAtIClUL.

CAUOIIAT! (DOLOIIIT!?). FInLY ClYSTAUUl 01 ClA11I1D. LICHT BROWII WITH CIAYISH-BROWlI

LNlIlIAI. TInny LAIIIIlATID. LNlIIIAI OCCUI AS COIICAVI 1lOlIWA.lD SETS AvtlACllIC ,,, TO 7"

Aaoss; nCUlLl ALCAL SnOllATOUrD; bAUD WIIIAI OIC.A11IC (1); BASAL COIITACT

llAUU IT SUBlIOIlZOIITAL ClAJISH-IROWlI UIlIIIA£. CUIlATIOIIAL.

DOLOIIITI. FUI1.T QJSTAUIIiE. LICHT IIOW. KIIIT OF BtDDUIC; BASAL COIITACT SHARP.

EaOSIOIW.•

.unn'DaIT!. CAUOIIATI-IICI. nll!LT CRYSTAUIn, ALrtUAtIlIC LICHT CRAY AJID ClAY.

THIIILY L.&.,IILtTID II UPPD D.". RE.'UUI1)D SnUCTUULESS; BASAL COIiTACT SILU•• EJ,~

SIOIlAL.

SlUT CUYS1OU, CUT. LOCALLY THIIILY WIIIATE%l; COIIT4IIIS DISPLACIVI HALITE

ClTSTAtS; WAL <X*TACT SIIAIP.

ULITI. II!DIIIC TO COAllS!LT Cl.YSTALLIII!. WITI TO c;UAI TO OIAIICt; CLAY MAnu III

UIP.. 1••', ULITI OCCUU AS DIS.LACIVI aUTALS, CUT COIITDIT DtcauslS WITH DtPTH;

CLAT l«lU'IOLOC:1' ClWlCts FIOfI MATlII TO SUBHOIUon'AL STlIIleDS SPACED 1" TO 2",

BfIJlII 1047.1' ARCILLACEOUS snIIICOS BtCOltl DISCOIITIIIUOUS AIID OIIDIT!D IAJIDOKLY;

TRACE DISlX*fIIIIlOUS SUBHOIIZOIITAL STlIIICZIS AIID POOl or POLnw.ITE,. COIITDIT

IIIClLUU VITH DtPTH; AT 10'0.0' A ~.3' THICII: WUATtD BID Of AIIIfTDIITE OCCUIS.

BfIJlII TlIIS BID CUY COIITDIT O£ClfASU ~II:!DLY AIID ruCI AIKlUVTS or POUMA-LITZ AJlD

AllJlYIlIITI OCCUI III OISCOIITUrtJOUS STlIIICZIS; 2" nncr: 110 Of AllHYl)IITI OCCtIIS AT

10".0'; LDlID 1.0' IS VDT POLYlW.ITIC; BASAL COIITACT SMAR'.

2349

2344

x X
X X X

1060 - -
- - X

-X -
X

X

1065
X

ARCILLACEOUS HALITt. MEDIUM TO COARSELY CRYSTALLIHt, WHITt TO CLEAR,CLAY OCCURS tN

lAHDOKLy-oRI£NTED STlIIICEIS; STRINCERS AND BLEil 0' POLYHALITE; BASAL CONTACT SHARP,

UJlDtlLATOaY UP TO 1.a' •

2339 1070
-X

X

---X
X X

2334 1075

POL YHALIr!. rINELY CRYSTALLINE, ORANCE, STRucrURELESS EXCEPT NEAR-BAS[; LOCALLY

HALITIC; THIll CRAY ANHYDRITE BED OCCURS AT BASt; BASAL CONTACT SHAA', MARKED BY A

THIll BEll OF CRAY CLAYSTONZ.

HALItr.. !fEllIlJIl TO COAllStLY CRYSTALLIII!, WHITZ TO CLEAl; ARCILLACEOUS AT TO',

REDDISH-BROYI. COWT!IIT OEC1!AStS WtTl OEFTI. CLAY OCCURS III STRINCERS; !lACE POLY­

HALITI AS LUIIlOffLY-4lI.IlIfT!1) STlH'CEU WIIlCII CRADI TO SUBHOIIZOIITAL WITH DEPTlI,

COIrTDrT IlICUAStS "It1I DEPTH; AT 1071.'. 1" Tina: BtD or POLYlfALITt OCCURS l/l(O!tLAIII

IT I" nIa: ClAY CLAYSTOIII 1m; CUY COIITDIT IIICR!ASES SLICIITLY BELOW 1071.6', COLOI

UDOIY-1&OWlI TO CUY; B!altt!S VOY POLYlfALITIC n LOWD 1.0'1 BASAL COIITACT SHAI••

J:T~IJDr: lJ (rn"'T"'J1I~n\

EXHAUST SHAFT
Ll THOlOli Ie lOG



PRELIMINARY

ELEV. DEPTH
Il'T.MSlI ('T.I

2334 1075

STRATIGRAPHIC

COLUMN

x

REMARKS

AlUM

2329 - ,.- I080

x
X

X

X

x

x X X )( J
- - - I- -
X X2324- -1085 X

x.. .....X .... X

POLTllALIU, fIlIl1.Y caYSTALLIH. OLUlCa; lMlEU.A.II IY liZ" TlIICK ClAY CLAYSTONE lED;

IAlAI. a.T4CT SIl4I.P.
IIAI.lU, IWlIIII TO COAASELY ClYSTALLIII'I. CLt4I. TO WITE; UPPEa 1.0' AAlCILtACEOUS

mIKOl, QlITD'I DEcaUSES WIT1I DUTIl; POLY1I4LITE STiINeEIS, COIITDIT INCREASES

WItI DUTIl lAS4£, COII'I4CT SII4U.

--_-:....-------=--,:-=--_-:....-=------,:---------------
2319 - r-I090

- -
-

X

2314 - -1095
X

- -
X -
-- X

2309- f- 1100 -
X

X

x

2304- ~ 1105 p<XXXXXXXXXX)Q<

X X

X X

2299- -1110 X X X

- - -
- -

- -
-X -

X -
2294- -1115 - - X

X

X -X

POLnw.ITE, tIIIl1.Y C1YST4LLlIfE, OLUICE. STlUCTlJUUSS; UVDElUIIf BY lN TlIICI CIA!

1 CUYSTOR IEDI I4S4L COIITACT SW,.

IIAI.lTR. IlODElAnt.Y AIlCII.L4CEOUS AJfI) POLnw.ITIC. HlDIIlK TO COAilSELT CIUTAl-LINE,

WIIITE TO CLUa TO TIIIT!D OIAllCEI LOCAL UDOISH-alOW CUY :UTilI, lIALITE OCCUIS AS

DII'LACIVI ClYST4LS. LOCAL CI!!lZSI-CUY UIlUCTIl* ZOIlUI AICII.L4CEOUI STlIIICEIS

AlIlImAft II una J.O·. COIITEIIT DECIUSU WItI DErnr. AlSOT IIELOIi 1103.0'1

POLnw.IU OCCUU AS DISSEMINATED lUIS .uri) STlIlICaS, COIITOT IlICIUSZIIC WIn

DUTI. 1" nlIa: POLrilALU! BED AT 1105.2'; IASAL CO.,,4Ct SHAa'.

HALIT!. ARCILUCEOUS AHD POLYHALI,rc. COARSELY CRYSTALLINE, WHITE TO CLEAI; CUY

OCCURS AS STRINeERS; POLYHALITE OCCURS AS OISS~~INATED BLEBS AHD STRINeERS. 6" THICI

[lUlECUUI BED OF POLYHALITE AT 1120.S', LO'oIER 6" VEn POLYHAUTIC; BASAL CONTACT

SIIAIlP.

2289 1120

FIGURE q (CONTINUED)
EXHAUST SHAFT
LITHOLOGIC L06



t

PRELIMINARY

ELEV. DEPTH
I FT. lUll I FT.I

STRATIGRAPHIC

COLUMN
REMARKS

2289 /120
-JJ' - , ...".

X - A

AI AlOY(

x

2284-1-112!5

2279- .... 1130

X
x

x
x X

X X X X

- ------------

POLT1W.ln, nnLY QTSTAU.IIIE, OUIICE. STaUCTllUUSS; lMIUWI IT 2" THICIt ClAy·

CUTSTOIIE ltD; BASAL COIrTACT SIIAU.

IlALIT!, "EDII" TO COA.ISELY Q'fST4LUIt, WITI TO CUA& TOTIMTED ORANC!:; uppn ."

VEaY A1CILLACUIUI. CUI OCCUU AI Ul)DISI-lIlClWll DISCOMTIJIJOUS lAIIDO"LY-QIllENT!:D

SDIIleRS; UJW:1IDEl CXlIITAlIIS TIACI CUY STaIIleDS, LDCALLY STIINCERS UCO"!:

SUllIOaIZOlITAL AIID D!II1In MI llcausE; COIrTAlIS TUCE POLYlI4LIT! \11TH DEPTH; IIASAi.

COtIT4CT SIIAU. DISCOd'OUl4ILI.

IlALIT!, COAUnl C&TSTALLIIIE. WIn TO CUA& TO OLUICI; U"O I" VRY AlClLLACEOUS,

SLICIITLY AaCILLACEOUI 10 11.1.0'; lIOODArn.r dIMWIT lAIIDOtfLY-olI!JITEI) SDINCDS

AlII) LAIC! IILDS M POLllW.ln. COIITort llICU4SII1C: WITI DEPTI, LOWEl 1.S' VEil POLY­

IlALITIC; I4SA1. CDftACf SIIAU. DlStalFOUULI.

2274-f-113~

2269- - 1140 x

A1CILLACEOUS IALItI, nllD.r 10 COAUELt CITSTALLlH; LOCALLI IIt!IIEDDED \lITI

IlALITIC IlUDS'tOR COIrTAlIIIC DlSPUCIft IW.ITI ClYSTA1.S; UDOISI-IIClWII CUY DlSSDU­

NATED T1IIOUCIIOUt AI MDI%, COIrTDT lIIC1EASES \l1T1 DEPTI; IU!CULAILY SWED ZONES

(1.0' • 2.0') M PUlE HALIn LUllOIILr SC41'T!UD T1I10UCHOUT UNIT; LOCAL SHALL ZONES

or Il!DUCED Q!EII1SH-cUI CLAY; DlSSOLllTIOIf PITS T1I10UCI UNIT FILLED \11TH AaCILLA­

C!OIlS ·IW.In; POLrHALInc. COITDIT nlCRUSES WITH D!PTI, DlSCOlrTIIIUOUS I" THICI

POLYlW.In BED AT BASAL alnACT; USAL COIITACT ClADATIONAL, IU!cutJ.a \11TH UP TO

1.0' or UUU, LOCALLY SIIAaP, EROSIONAL.

x
2264-f- 1145

2259-f-1/50

x
X

X X
'lit: lC X

x

x

ANHYDlITl, rINnl ClYSTALLlNE. LICIT CRAY TO LICHT TANNISH-CUY, THINLY LAltINAT!D TO

THINLr IEDDED. IDlS SUAaATlD lIT DAU CUY TIII1 LAllINAl; Il4LIT! PSEUDOMORPHS AFTEI

CYPSUIt S\lALLOWTAlL Cl.YSTALS nCOPIE ABU1fDAIfT Bc.ow 1155.0', 1116" TO 2" HICH, BECO"!

~Ol! AIUVDAIfT AND LABCO WITI DEPTH, ~ST OCCUI ALOHe SUIIHOliZONTAL BEDDINC PLANES,

OCCASIONALLY PStuDOHORPHS LI! PARALLEL TO B!DDINC; AT UPPEl CONTACT DISSOLUTION PITS

INTO ANHYDIITl OCCUl, fILLED \11TH ClAY ARCILLACEOUS HALIT! AND HALITIC ~UDSTONZ,

0.5' TO 2.0' DEEP INTO ANHYDlIT!, BEDDINC TE~~INATED EROSIONALLr AT SIDES OF

DISSOLUTION PITS; LOCALLY, POLYHALITE IS INCLUDED 1M KALIT! FILLINC OF HALIT!

PSEUDO~ORPHS AFTEl CYPSUIt S\lALLOWTAIL CRYSTALS, POLYHALIT! ALSO OCCURS IN

IRRECULAlLr-SHAPED ZOWES (2" • J") AS REPLAC~!¥T or ANHYDRIT!; HALITE OCCURS ALONe

BEDOIHe PLAM!S I!LOW 1151.D'; LOWEI I" COrTAINS INT!RIEDS OF POLYHALITE; BASAL

COIITACT SIIAaP'

POLYHALITl, SLICHTLr HALlTIC, FINELY CIYSTALLINE, REDDISH-QlAMC!, HINT OF BEDDINC IN

UPP!l .", I~INDEl STlUCTUIELESS ElC!PT FO& lAA! HALIT! PSlUOOftOIPHS AFTER SWALLO\I­

TAIL CYPSllII CIYSTALS; CONTAIn ABUIDUT IlI!CUI.AlU.J-SHAPED CarSTALS OF HALIT! (1/32"

TO 1/2"); LOWEI 3"" IS AII1IYDIITIC 0& cARBONATt-RICB, COUll. CIlAD!S TO BROWN AT BASE;

BASAL CONTACT SIIARP, UNDULATOI.J ow 'NO SCAL!S: ~INOI - UP TO J". MAJOl - UP TO

2.5', EXHIBITS SOFT SEDIMENT DEfO~~TION DUI!: TO LOADINC.

CLAYSTONE, LICHT CIlAY AT TOP TO ClAY AT BAS!:, STRUCTURELESS EXCEPT fOR fLOWAC!

". V'WT\i STRUCTURES; THI COESS IlAIICES FROP! 0.2' TO 1. 0'; LOCALLY BROKEII IY 0" TO 2" TlII Cit
x ~~

2254-f-1155

2 249 - f- I J 60

2244 J 165 x

FIGURE q (CONTINUED)
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PRELIMINARY

ELEV. DEPTH
C'T.MSLI C'T.)

STRATIGRAPHIC

COLUMN
REMARKS

1\,\\\\\\\\'

\\\\\\\\\,
\\\\\\\\\

COII-

IASAL

)(x

HlLITt. COUSELI CRYSTAU.IIIE. I/IlITt TO CLtIR; CCJlTIIJIS HORIZOIITAL STRIHCERS OF

AIIlYDRI1I. '" '!O 3" THICI BEIlS OF FIIIELI CRYSTAU.llE IIIHYDRITt WITH HILITE

t-------....1f----. PSE:IJIlCIaftlS IF1D GYPSUM SWILLOIITAIL CRYSTALS IT 1167.3', 1168.11', 1169.' I ;

18I!AL ttIITlcr SHARP.

...'\'.....I\JNolI.~-'t"''\.~N'"I..\lIft-~---J~ITI.FlII!LY CRYSTA1.LIJ!. ClAY TO LIC1IT ClAY. WIn or TlIlII UltIIIATlOIIS;

lTAIft 1" lIICK AIlIIYDUTE LOCAL ZONES or MIUD lIA1.ITI IUfD FUELY CIYSTALLINE;

QlftACT SIIAU.

2239- - 1170

2244 1165

2234-- 1175

2229-~ /180

x X
)(

x
x

~ITI. rIIIILY CRYSTA1.LIME. LICHT ClAY TO ClAY. FI.ELY UltiNATED; CONTAINS HALITE

PS!UIlOtlllUIIS AFrO CYPSUM SWALLOWTAIL CRYSTALS, 1/'" TO 1-112" HICII •.OCCUUINC

PAIALLE1. to I!IlDIIIC PUlIU; IASAL CONTACT tMlUUTOIY DUE TO urIUINC or SHALLOW

CIIAWIIC FllaICS 1. I/II1)!lLYIIIC UJlIT, Sl!AIJ', DISCOIIFOIUUILE.

~ITI AIIb CLAYSTONE; AHIlYDIUE OCCUlS AS ISOLAT!Il ClAY NODULES IN " POORLY

!lDUUtm CUY CLAYSTONE !UnIX; SIZE or NODULES IIICREASES WITH DEPTH; TUTUJ.! Of

IASAL 1.1' DEFIIIED AS NODULAA; IASAL CONTACT SIIAI.P, DISCOllrORKAILE.

~ITI. HlLJTIC. fINELY CIYSTALLIIIE, ClAY TO BROWNISH-ClAY, MICIO TO THINty UltI­

14T!D. UIdI4E ALTtUAt! LIC1IT TO DAU; CONTAIIIS LOCAL lIA1.IT! PSEI1DOltOarHS AFTEI

ClPSIII ll'IILUIIlTAIIo C:UITALS. < 1/1" HICK; BASAL COIITACT Sl!AIJ', l1IfDULATOIY, LOCALLY

tlISe:aem.MlU. !lAUD IT DISCOIITINUClUS 1" T1UCK POLTHALlt! 1m.

x X
lW.It!. CDAlSlLl CRISTA1.LUE. WHIT! TO CLLU TO TIIITE1l 01lAllC!; POLYHALlTIC AT TOP,

CWTDrT Drawn WIT1I DEP'TlI; BASAL CONTACT Sl!AIJ', DISCONfORKABU.

2224- '- 1185

x
X

--=------
- X-

POt.'tIIALITI. fInLY ctYSTALLIJI!. PAL! OIWlCISH-II01o'11. LOCALLY KIC10lAHI!lAT!D TO

B.UlDED « 1/32" 10 1" THICJ[); LOCALLY 1/2" TO I" THICK UIIALTER!D A!lHYllRITE BEDS.

WEAl TOP Ims COIITAlII HALITE PSEUDOMORPHS A1TEl CYPSUM SWALLOWTAIL CRYSTALS 1/4" TO

1/2" HICS; IASAL CONTACT SIIAI.P, Ulfl)UUTOIY UP 10 O.l', DISCONfORl1ABLE, !iAiXED BY TH!

OCCURRENCE OF I" TO 2" TRICJ[ BED Of ClAY CLAYSTONE.

x
~-----=-===-------

- -X
2219--1190

2214-1-1195

X

x

X

x

x

HALITE. COAISELY CRYSTALLINE, WHITE TO CLEAI TO YIHTED ORANC!; ILEIS AWD SUbriORI­

ZorTAL STlIHCEIS OF POLYHALITE TO 1/2" THICK; LOCAL ClAY SUIHORIZONTAL STA:~CERS or

CLAY TERNII.TED AT PENECOHT~~PORANEOUS DISSOLUTIOII PITS; BASAL CONTACT SHARP,

DISCONFOL"..U. UNDULATORY UP TO 0.4'.

HALITE AID ARCILLACEOUS KALIT!; HALITE: WHITE TO CLEAI TO TINTED ORANcE; CLAY:

aEDDISH-IIOWV; UPPER 0.5' VERY ARCILLACEOUS, CONTAINS DISPLACIVE HALITE CRYSTALS

« 1/4") II mIllSTON! ~TRIX. UPPER 3" CREENISH-CRAY III COLOR, CLAY CONTENT DECREASES

WITH DEPTI TO 1189.0', 0.5' THICK REDDISH-BROWN ARCILLACEOUS HALITE BED OCCURS BELOW

IlB9.0', CLAY COJlTEHT INCREASES ABRUPTLY, THEN DECREASES WITH DEPTH. CLAY ~.rERIAL

OCCURS AS KATlII ~TERIAL OR AS RANDOHLy-oRIEHTED STRINCE~S, CLAY CONTENT LOCALLY

I.cREASES BELOW 1200.0'; TRACE POLYHALIT! AT TOP, CONTEHi INCREASINC WITH DEPTH, AS

DISSEKllATID ILEIS AXD RANDOHLy-oRIENTED DISCONTINUOUS STRINCERS; BASAL CONTACT

SHARP, SLICHTLY UNDULATORY, DISCONrO~~ILE.

X
2209--1200 :......:-_-_-_-=-

X
2204-~1205 -X-X

x X

2199 1210 x x

FIGURE Q (CONTINUED)

EXHAUST SHAFT
LITHOLOGIC LOG
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STRATIGRAPHIC

COLUMN
REMARKS

2199 1210 )( x x

2194 - f-121 ~

2189-f-1220

-------­:_-----------=-:_-:....-:...-:...-----=-f--------

x

x

IIA1.ITI, II!DIUI'l to COA&SEt.Y CUSTALLIn, WIn: TO OIAllC:UH~WIt!; UPPE. 2.0' REDOUM­

IIOW IW.JTIC IllIlITOtIE COII'TAlIIIIIc: DU.LACIVI IIALlTl QYSTAU, CUD!! llITO SLIGHTLY

A&CILLAC!OUI 1W.In:; IDlAIlIDD COIfTAIII CUY CLAY DISSOlIIlATED THlOUCHOUT AI IIIT!'­

ClYSTALl.III ltATDIAl.; .0UIlAUn: OCC'UU AI IAIIIlClMl.Y-<lI.IbI1'O STlIIICUI AIID DIS SOlI •

MATID ILlII, IITV!!I 1217.0' A¥D 121,.0', 2- THICI POL~ITE IEDS SPACED O.S· TO

1.0' occua, ]- THICS DUa:.TllIUOUl lED r:w POLflIAI.ITI UlID!lLAlI IT 0\ THIll BED or GIAY

CLAYSTOII OCQIU At 121'.0', lED or rIll!LY QYSTo\LL1VI OIWlCISH-WlIITE POLnw.ITE

OCCUlI IITWtEI 1227.1' to 1227.5'; 111- TO 1/4- THICI SUI8OIIZONTAL STiINGElS or

POLYHALITI OCCUI. II THlllTElYALI FIOIt 1225.1' TO 1227.1' AIID 1127.5' TO lU'.S';

BASAL COIITo\CT SHAlf, SUCHTLY lIIIllULATO&Y, DISCOIIFOL"lMLl.

2184- f- 122~ x x

x - XX,.,.. ... -""
- X

2179- - 1230

x
X

x

2174--1235

X )(

x -
x

x

HALl!!, COA&SILY CRYSTALLIIIE, WITI TO CLUJ.; CUY AIIl) POL'flIALIT! OCCUI AS l\AIl~L1­

ORIENTED DISCOMTllUOUS STiINCEIS; UPPER 2.0' AaCILUCEOUS HALIT!, HALITE OCCURS III

DISCOlITllUOUS ZONES AND POOS or CRYSTALS III CUY ANn HALITt ~TRII, CLAY CONTENT

DECREASES WITH DEPTH: 8ASAL CONTACT SHAR'. UNDULATORY.

2169 - ~ 1240 - - --
-

--
)( X X

X X X
2164-- 1245

")(

- - l
)(

2159 - r- 1250 -
X

HALl!!, COARSELY CRYSTALLINE, WHI!! TO CL£A1; POLYHALITIC AND ARCILLACEOUS; ARCIL­

LAC£OUS IlALIT! OCCl1lS II UPP!I 0.5', COIIUlIT DECREASES WITH DEPTH; POLYHALIT! OCCURS

AS DISCOlITIIIIlOUS STlI)lCEU, IlELOW 124].0' POLY1IALITE IlECO!I!S ASUlIDAHT: BASAL COIITACT

SHAl" UlIDIJLATOar UP TO 1. 0 ••

POLYHALITE, FIMELY CRYSTALLINE, .EDDISK-DRAHCE, CONTAINS ZONES OF LICHT ORANCE:

~PP~S TO HAVE ~UlID FO~S AT UPP£I CONTACT; CONTAIN! IRRECULARLY-SHAPED CRYSTALS

OF HALITE (1/16" TO 3/.") DISSE."\INATED THROUCHOUT; BASAL CONTACT SHAJlP. :'LUKED 8Y 1"

TO 2-1/2- THIel: CUY CLAYSTONE CONTAINIIlC HALITl.

HALl!!, ll!DIUIl TO COARSELY CRYSTALLIIIl, WIll!! TO CLEAI TO TIIITED ORAHCE: TRACE (;UY

CLAY, COITEWT DECREASES WITI DEPTH, IlETW!~ 12SS.S' AND 1257.0' SU8HORIZONrAL

STlIIIC!U at IEDDlSlI-IliOW CLAY AU COIITIII\JOUS AROUlID !HE CIlCUMFElENCE or T1IE

SHAtT: DISS!IlIIIo\TED pOLYlIALIT! 8LtlS, CQllTDIT INCJ.EAS!S WITH DEPTH; BASAL CONTACT

SHA&P.

2154 1255 x

fIGURE q (CONTINUEO)

EXHAUST SHAFT
LI THOl061 C l06



PRELIMINARY
STRATIGRAPHIC

ELEV. OEPTH COLUMN
REMARKS

I FT. IISL I CFT.1

2154 1255 AS AIO¥I

- - -
X

-x - X
2149 - ~1260 - - - IW.ln:. lIIDIlII to COA&SlLY CUSTAU.III. WIn: TO CL£U: UPPEI D.S' UClLUCEOUS.

- - - CUY occuu IIITI 1lALIn: AI !lAtuJ. Bnou 1260.7' CUT OCCUlS AS snIIICEIS. COIl1'DlT- - DECUASD WID DUtIl DISSlIlIllAnD POLTJW.IR BWS: WAL COIITACT SHAIP.
X X I. POLTlW.ITI. rIaLY CUSTAU.IR. OIAIICISI-UD. StlUCTUULlSS: IJ1Il)!lWI 11' 1" THIer:X

CUT curnon IDI LUAl. COftACT SKA&P.

2144- I- 1265 - X IW.ITE. IIlIITl10 CtUI. COAISn,y caYSTALLIn. SLIClIt1.Y UCILUCEOUS: CUY OCCURS II

- - - SnIJCDI. COITD! IlUUASD WITH D!Pn. Alsorr BELOW 12".0'; TlACE POLY1IALIT!

- - lUIS; IAUI. COftACf SIIAU••

X

2/39- -/270 X

~..)( POLYlIA1.ITI. nnu caYSTAJJ.IR. UDDISI-ou»cI. snuCTUI!L!ss; UlIIT SPUT IY ."

- ITHIel: CLIAI IiAL:ITI la. OCC:UU J- UUlIf lIPPD COWTACfI IAUI. COIITACT SIlAU'. l'IAU!D

X lUlUU IT 2" THIel: CUY CUYSTOIIl· 10.

- IW.lTE. II!IIIlII to COAisny carsTALLIIII. WIn: TO OI.UICI TO CL£U; nACE POL'i1W.ITt.
2134- I- 1275 OCCUIS AS DISCOIITIIIOUS IAIIllOIILY-oI.IlJIT!D snIllcus AIID AS DISS£I'IIIATCl lUIS:

~.XXJl X SLIClITLY UCILUCEOUI, CUY cut snIIICDS TO 1276.0' • .\Isorr IlTWlD 1276.0' AIID

1280.0'. CUY STl.IIICUS II 1.0' THIer: IAIID IlLOW 1210.0', IlLOW 1216.0' CUY COHT!lfT

XXlDlII
IICUASD AS SUIIIOaIZOIITAl. snIIICUS; BASAl. COIITACT sHAV, SLICHTLY IJ1Il)UUTOlY.

-.
X

2129- """ 1280

- -
-

2124- - - -I- 1285

-
IlALITE, MEGIlII TO COAIsny caYSTALLIlil. WIn TO CUAI; AACILUCEOUS, unER 1.5' TO

X - - 2.0' ARCILUCEOUS lIALIT! WITI CUY AIID IlALIT! KAnIX, IlALIT! OCC11R.S AS laNES ANI)

- X PODS or ClYSTAU AIfD DUPUCI'/!: carsTAU TO 1/2" ACIOSS, CUY CONTEHT DECREASES WITII

2119 - 1-1290 DEPT1I; POLTlIALITt occuas AS SU8HOtIZonAl. snIIICDS AIIIl DISSEIIIMATED BLEBS, COHTEHT

INCIlEAS!S WITH DEPT!!; llASAL conACT SHAlP, l1IIIlULATOIY.

lCllllXlC X

X lllllllllClCl

X I
POLYHALIT!, FIIiELY CRYSTAL~IIIE, OlANCISII-RED, STRUCTURELESS EXCEPT FOil" THICK

IIITEI8EDS ~ IlALITt; LUAl. COIITACT SHAlP, SLICIITL'f UlfDUUTOllr.
2114 - I- 1295 IlALIT!, co.uSELY caYSTALLIIII. WHIT! TO CUAII; COIITAINS SUlllIOlIlOIITAL COIITINUOUS

X STl.I1ICEU ~ POL'flIALln III uppa o. ~'. II THl RDlAIJlDEI 01 T1Il UlIIT POUHALITI

OCCUlS AS U&I DISSDUWAnn lUllS; BASAl. COIITACT SIIAJ.P.

- - IlALITt. COAISELY ClYSTAU.In. WHIn TO CL!AI; AlClLUCrous AT TOP, CUI OCCUIS U

- LUIIlOfILy-oan:rrm ·snlllc:a•• COII'TDIT DECILU!S WIn OEm; BASAl. COIITACT

2109 1300 - - CUDATIOIIAI..

FIGURE q (CONTINUED)

EXHAUST SHAFT
LITHOLOGIC LOG



PRELIMINARY

ELEV. DEPTH
IFT.IULl (FT.)

2109 1300

2074-1-13315

STRATIGRAPHIC

COLUMN

x

REMARKS

A$ AIO¥(

POLYJW.IlI. rInLY QYITALUII. UIlDIU-ouJICI; conAl. llUCULAa CUSTALS AJID IEDS

or IW.IIJ' WAI. all'TACT SIIAU, aTUMlLY IUJ:CVLA&.

IW.IT!. IlIDIIII 10 COAUnr CJ.YST.u.LIII. WIT! TO CUA& TO TllttD 01WlC1, POLYllALITI

OCCUU ... IIIICULAI LUIJlClIILY~.InrroAIID StrlIIOIIZOftAJ. STlIIICDS AIIIl AS

llISSOUIlATD ILIIS, cawnn IWCUASQ wnll DIm; Invm 1301.0' AIIIl 1301.0'

IIOIIZOftAJ. AID SUIIIOUlc.rtAt. SUIICOS Of cur OCCUl; WAJ. conACT DIFron..

AIClU6QOQI IALltl. UllIlIU-IICMI cu.r. IW.IT! WItr 10 c:u.u; IW.ItI OCCUlJ II

PODS AD IlI&'UUILf-SIIAIEII lOWU A8 ... caouPI Off CJ.YlTAJ.J DISPD.$O THlOUCHOUf,

llGTB a",r~ IALltl OCCUI' AI KADIx, UUI. conAl:T GIADlTIOUI..

ULITI, COAlS!Lr CJ.rSTALLIII:, WIn TO C1LU; uppa 4" Al.CII.UCEOUS, CUY OCCUIS AS

Fl.- DISCOITIVUOUS SUINClIS, CONTENT DECREASES WITH DEPTH, ABSEMT BELOW 1326.0';

IECO!tES POLnw.ITIC BELOW 1326.D', COIITElI'T INCUMES WITH DEPTH; BASAL CONTACT

ClADATIOIW..

POLYHALITE, HALITIC, FINELr CIYSTALLIJE, iEDDISH-oRAMCE; COWTAINS lRiECVLAI D1SCO.­

TIII1JOUS IEDS or CLEAA IlALIT! AJfD lItUCI1LAIIU-SI!APED clYsnu 0' IlALIT!. 1/32" TO 1/8"

ACROSS; OCCASIONAL KALIn PSEUDOMORPHS AFrO CYPSUM SWAlLOWTAIL CRYSTALS IN UPPEl

I"; FIOft 1331.5' TO 1331.1' or GRAY 'IVELY CRYSTAlLINE ANijYDIITE BED OCCURS; BASAL

CoOlfTACT SIIAJ.P, ~D BY 1" nlIa: BED or GUY ClAYSTOn.

\\1\\\\11 \

\ 1111\11

2069-1-1340

\1\\\\\\\

\\\1\\11\1\\1

HAlITE, COAISELY CRYSTAlLINE, WHIT! 10 CL!AA; Vay SLIGHTLY ARCILLACEOUS; ruCE

POLl1IALITE AJID AIlHYDIIT!, IUECI1LAII BLlIS or POLYllALIT! occuas ABOVE 1335.0·,

ANijrDIITE 0CCUlJ ... COWTINUOUS AJfD DISCONTINUOUS STiINGEIS BELOW 1335.0', BASAl 2.0'

COIITAI. 1/4" THIel: StrllIOII201lTAL STIINGEIS or ANijYIlUT!; IASAL eotrTACT SHAaP.

2064 1345

x POLYJW.Itr Irrz:tI!DI)O WITH AJlVYDIIT!, n.ELY cunALLIn, LICHT CUY TO LICHT

CUTISI~. THIILY UIIIWATtll 10 STIUCTUl!l.!SS; IW.IT! liD Inv!:D 1343.1' AND

1343.4'; WAJ. COWTACT SlIAI.P, !'lAUED If I" T1IIa: CUY CUYSI'OII! liED.

~Th"~1=' IJ (rnNTTNllrn)

EXHAUST SHAFT
lITHOl06 Ie l06



PRELIMINARY

ELEV. DEPTH
(F"T.MSLI rFT.1

STRATIGRAPHIC

COLUMN
REMARKS

IW.IT!. COAUnT OTSTALLIIII. liIIIT!~ TO ct.UJ,; POLYlW.IT! OCCIIIS AS COIITIIIUOUS

IIOIUanAL AID SUilIOIIZOIrTAL STEIIICOS AJID AS lRUCUI.AaLY-SIW'ED lLEIS. COIIT!IIT

IIICU.UU VIrt DEPTI; IASAL COIITACT SIIAAP.
x

X X

X X X

x

IAacILUC!ClUS IW.IT!, FIlI!LT TO Cll.USELT OUTALLaE, l!DDUH-BROWII IW.ITIC CUYS101IE

t------_....._--I IlAI1U. IW.IT! cu.u 10 WlTE; IW.lTE OCCUIS AS IRl!CULAaLT-SIW'ED ACCiECATES OF

OYSTAl.I; COWlAl.S 1/'- TO Z- T1UCE SUBIIOI.IZOIITAL IW.ITE-FILLED FlACTURES; BASAL

COWlACr UllDUUTOIT UP TO Z.O', CUDATIOIIAL TO SIIAD. DISCOIiFOIllt.ULE.

2059 i-I~50

2064 1345

2054- -1355

2049- .... 1360

::::r::::::::;::::~------------------
~~~~~~~~~~:
-:-:-c-:-:-:-J-:-:------:..-_---------:...:

- X -

"~NUTT POTASH ZOILE

VAtA nUTA MAlal BED

HAUTle SILTSTOIIE, IEDDISlI-BlOI/lI, THIIILT I.4IUIIATED 10 SnUCTUIELESS; HALITE occuas

AS ISOUTED DISPUCIVE ClYSTALS UP TO I-liZ- ACIOSS; LOCAL OWQI£L FILL STllUCTURES

PRESEIIT; COIIUIIS IOT1I SUIVEITICAL IJID SUBIIOI.IZOIITAL HALITE-FILLED FlArnlES 111- TO

2- THICX; CIlAIIIIEL llITO UIID£lLYIIIC UIIIT 3.0' DEEP (WT SIDE CW SIlA1T); IIU1tEIOl/S

'ILLDI CWfllEU THIOUClIOUT UIIIT; OCtASIOliAL ClOSS-LVII1ATIOlIS; SASAl CONTACT CIA­

DATIOIW. TO LOCALLY SIIAIP. UIIllULATOIT UP TO 3.0'.

-
X

2044- -1~65 - XXXXllX

-

luxxxxxxx X

2039- -/370
X

XXXXXXlOI

X

X
2034- -1375 X

-

-
2029-1- 1380 X

IW.ITE. It!IlIIIC TO COAlSfLY ClYSTlllIIiE. WIIIT! TO cwa; AlCIWCfOUS TO 13'3 ••'.

CUI occuas AS IE1llIUlI-II01/l1 IIAnIX, COIIttlIT tlEClWES VIti DEm. HALIT! OCCUIS AS

rUEctlI.4aLI-S/lUED CIYSTAL l'IASS!:S; TUCI POLYliALIT!, CllIITEIIT INCUASES \11TH DEPTlI AS

SUBHOIIZOIITAL CONTINUOUS IJItl DISCOIrTlllUOUI snIIICEU AIID THII I[DS, ALSO AS DISSE!I­

INAnD ILEBS; IELOlI 1363.0' AlCILLAC£OC1t MnlIAL OCCUIS AS LOCA!. SUBHORIZDNTAL

STRINCERS; 1· THICK BED OF POLTHAlITE OCCUIS AT 13".,~; FlON 1373.4' TO 1373.9'

AIlCILLACEOUS IlA[.ITE OCCUlS; IASAL COIITACT SIIAIP. DISCOIlFOlXAlLE.

YALITE' MEDIUM TO·COARSELY CiYSTALLINE, ~HITE TO CLEAA TO TINTED ORANCE, CRUDELY

THIN 10 KEDIUM BEDDED; POLYHALITE occuas AS SUBHORIZONTAL PARA[.LEL STRINCERS CROUPED

IN UPP~ 2.0', lAWDOKLy-oRIENTED STIINCEIS BELOW 1380.4', DISS~~INATED BLEBS, CON­

T!IT DECl!ASES WITH DEPTH; LOCALLY SLICHrLY AIlCILLACfOUS, COLOI WHITISH-CRAY, SUB­

HOIIZowtAL STIlIIC!lS AND LOCAL IRRECULARLY-SHAPED ZONES OF CLAY, CONTENT DECREASE!

VITH DEPTH; 1/'- 10 lIZ" THIC~ CLAYSTONE BED AT 1383.1'; BASAL CONTACT SHARP,

SLICHTLY UNDULATOIY, DISCONFORXABLE.

x

HALITIC CLAYSTONE AND AlCILLACEOUS HALITE, CLAY REDDISH-BROYh, dALITE WHITE TO C[.EAR

AND FINELY CiYSTALLINf; HALITE CONTENT INCREASES ~ITS DEP1H, OCCURS AS DISPLACIVE

CaYST~ (1/8" TO lIZ" ACROSS) AND PODS OF RELATIVELY PURE HA[.ITE; [.OCAL PODS OF

PO[.YHALITE; BASAL CONTACT CRADATIONAL.

2024- ,-1385

2019 1390

- X

I!lALITE, KEDIUM TO COARSELY CRYSTALLINE, ~HITE TO CLE.U; [.OCALLY ARCILLACEOUS,

REDDISH-8ROWV CLAY OCCURS AS RANDOMLY-ORIENTED STRINCERS III SUBHORIZONTAL ZONES,

CONTEJIT DEClUSES WITH DEPTH, DECaEASES ABRUPTLY BELOW 1390.1'; rJlACP: PO[.Yl!ALlTE AS

RARE DISSEMlKATP:D IANDOKLY-oIlfXTP:D STlINCP:IS AND ILEBS, CONTtIIT INCREASES \11TH

DEPTH, POLY1W.IT! BED OCCURS B!1'\IE[II 1390.9' AIfD 1391.1', CONTEllT INCROSES ABRupn'!

NEAl BASE; LOCAL ZONES AND STRINCE1S OF AlCI[.LACP:OUS HALITP: CONTAININC ClAY CLAY;

8ASAL CONTACT SHARP, DISCONFORMABLE.

FIGURE ~ (CONTINUED)

EXHAUST SHAFT
U THOLOG Ie LOG
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ELEV. DEPTH
(FT.MSLI (FT.l

STRATIGRAPHIC

COLUMN
REMARKS

2019 1390 AS AID¥(

POLYIiALlTE, fINELY CRYSTALLINE, REDDISH-ORANGE; THIN SUBHORIZONTAL HALITE-fILLED

fllACTUlES <1/16" TlIICK: CONTAINS RAJ!.E CRYSTALS OF HALITE 1116" 70 114" ACROSS:

LOWER 4" CONTAINS BLACK LAMINAE PARALLEL TO LOWER CONTACT; BASAL CONTACT SHARP,

UNDULATORY ON TWO SCALES: MAJOR - 0.8', MINOR - 0.1', ~KED BY 1" THICK CREENISH­

eRAY CUYSTONE BED.

ARCILLACEOUS IiALIT!; ClAY CLAY IN UPPER 1.0', RDlAIIlDEa REDDISH-BlOWN; HALITE OCCURS

AS vnL-ROUJItl!D PODS OR conus (?) 1" TO 4" DUKErEa, FINE ClAINED OR CRYSTALLINE

COAllS£1lIIIl; TOWARD ·CDlTER, WHITE TO CLEAI. IIITII tARE ORAllCE TIIlT, PODS BREAIC IN SPIiEll­

lCAL PAt"TEU; LOCALLY IW.lTE OCCUIS AS CL!A& TO WHIT! IlllECU1JJlLY SHAPED ZONES,

IW.IT! ALSO OCCIIU AS S!IAl.L DISPLACIVE CRYSTALS <1/32" TO lis" ACROSS; LOCAL lIS" TO

114" DISCUlTIWUOUS HAllTE-FILLED 'FIBROUS) FIlACTUkES; CONTAINS LOCAL POLYHALITE

ZONES; lASAL COIlTACT SHAlP.

IiALITE, !1l!lIUK TO COAllSELY CRYSTALLINE, WIT! TO CLEAR TO TIIliED OllANCE; AllCILLA­

CEOUS AT TOP, COITEKT DECREASES WITH DEPTH, LOCAl DISCONTINUOUS IRREGULARLY-SHAPED

ZONES OF CLAYSTONE, CLAY ALSO OCCURS AS RANDOKLy-oRIEIlTED AHD SUBHORIZONTAL

STRINCERS; l10DEIlATELY ABtINDAHT POLYHALITE, OCCURS AS DISSE."lINATED BLEBS ANI>

SUBHORIZOMTAL DISCOIliINUOUS STRINGERS; CLAY ABSENT BELOW 141S.0'; BASAL CONTACT

SIiAllP, SLICHTLY tINDl11.ATORY UP TO 4".

HALITE. ~DIUH TO COARSELY CRYSTALLINE, WHITE TO CLEAR; RARE IRREGULAR DISCONTIN­

UOUS STRlJeERS AND BLEBS Of POLYHALITE: LOCAL TRACE ~~UNTS Of GRAY SUB HORIZONTAL

STRINGERS OF CUY: BASAL CONTACT SHARP, SLIGHTLY UNDULATORY, DISCONfO~~aLE.

HALITE, ~DIUH TO COARSELY CRYSTALLINE, WHIT! TO CLEAl: ~ODE~TELY ARGILLACEOUS,

CUY REDDISH-BROWN TO CRAY WITH DEPTH, OCCURS AS INTER-CRYSTALLINE MATERIAL AHD

SUBHORIZONTAL TO lAHDOMLy-oRIEHTED STRINCERS. CONTENT DECR~SES WITH DEPTH; TRACE

POLYHALIT! BLEIS, CONTENT INCREASES WITH DEPTH, AT 1437.S' A 0.1' THICK BED Of

REDDISH-oRANGE POLYHALIT! OCCURS; BELOW POLYHALITE BED CLAY CONTENT INCREASES

SLIGHTLY !HEX D!CltASES WITH DEPTH: BASAL CONTACT DIFfUSE, CONfO~~~LE.

x _ ~ ~.LJ IiALITIC CLU:STOIII, UPPEa 2" CIlAY, lDlAIWEl lEDDISH-BROWII, STllUCTURELESS EXCEPT fall

t::':-r-:;::---:-J-::"; DISPLACIYI ClYSTALS O/S" TO 1/2"); LOCAL CI.EElIISH-GIlAY Rt:DUCTION SPOTS; HINT OF-_-_-_-_:.r-_-_-_-
~---.:::=--::::.--_-- RELICT BEDOIIIC; BASAL COIlTACT CIlA1)ATIONAL, UNIlULATOIlY.

X X X IiALIT!, It!IlIIDl TO COAISELY CIlYSTALLIBE, wlun TO CL!A& TO TINTED ORANGE: VElY POLY­

IiALITIC TO 1400.0', OCCUUINC AS ABUNDAJIT RAllDOKty-ollIEIlTED TO SUBHOIlIZONTAL

STl.INCEIlS AJID ZOII!:S; BELOW 1400.0' RAIlE POLYllALITE AIltl SUBHORIZOIliAL GllAY S11lINCERS

or CLAY; BASAL COITACT SHARP, DISCONFORHABLE.

2014-1-=- 1395

X X X
2009- f- 1400

X

2004- f-I405 - -
X

- -
1999- i-1410 -

- - -
- -

X X-
1994- f-I415

,,"XXXllXXXX

X X

xxxxxxx

to- 1420
X

1989-
lX~

IX.X

-
X -

1984- to- 1425

X

-
-

1979- f-I430

-

-
1974 1435

FIGURE 4 (CONTINUED)
EXHAUST SHAFT
LITHOLOGIC LOG



e

PRELIMINARY
STRATIGRAPHIC

ELEV. DEPTH REMARKS
('T. lUll I FT.I

COLUMN

1974 1435 AS 'lOVE-

- -
4··· • - .

1969- f-1440 -

. . . . . IfOLrHALITE, FIIlny CAYSTALLlJlt. UDDISII-QUllcl,SnUCttluusS; IW.ITIC III uppn
.

1.)', IlALITE OCCUU AS DISCOIftllIUOUS THIll II!OS AHD lUECUt.AaLY-SILU'ED ZONES, W1fIr!

1964- -1445 'M CLEAI; lDlAINDEI. IlALlTE-fUE; IlASAL COIITACT SIL\U, MAU!Il BY 1" TO 2" THICIC

CUDfISI-CUY CUYSTOIII lED, DISCOIlFOIUlAIU.

X IW.lTE, !I!IlIUK 'M COARSELT ClTSTALLIIII, W1fITE TO CL!A&; nACE POLYHALITI!. CONTEJn'

IlIcalASES WITH DEPTlI. OCCUllS AS &AU DISSDlINATED BLEBS AIID SUIHOlIZOKTAL

X snuCD.S; 'I\/O 3/4" THICIC BEDS or POLY1IA.LITE I/EAI. 1450'; BASAL CONTACT SHAa,.

1959- -1450 Ixxu IPOLTllALITE, rIIlELT CAYSTA1J:'IVE, IIDDISH-QUllCE, snUCTtII!L!SS acEn FOI tAU SUI-
X HOIIZOIITAL AND sUlVlInc.u. IW.ITE-nULIl FlACTIIIZS < lIS" TlIICIt; BASAL COITACT

xx
SIIAIP.xx

- IlALIn, J!EDIUlI TO COARSELY tafSTALLINE, W1fIT!; nACE SUBHOIIZONTAL CRAY CUT
X

STlIIIC!lS; &AU DISSEIlINATED IUBS AND SUIIlOIIZOKTAL SUINC!lS or POLYHALIrI!, CON-

1954- -1455 X X TEJIT INCRtASES WITH DEPTlI, II/CUASES ,\BRUnLY III town 4"; IlASAL CONTACT SHAaP.

- - - ARCILLACEOUS HALITE AND HALITIC CUYSTO.E; uppn 0.5' TO 1.0' CRAY, REXAINDEI

.............~ UDDISII-IROWN; KALIn OCCUllS AS IaRECULARLY-SIlAPED ZONES. DISCONTINUOUS IlEDS, DIS-

- - - PLACIV! ClYSTALS < lIs" ACROSS; IlASAL COIITACT DIFFUSE.

- - - HALITE. !IEDIUlI TO COARSELY CRYSTALLINE, WHITE TO CL!AI TO TINTED ORANCE; VERY

X ARCILLACEOUS TO 1459.0', CUY CONTENT DECREASES WITH DEPTlI. OCCURS AS lRAECULARLY·
1949- -1460 SHAPED ZONES or HALITIC CLAYSTONI! WITH DISPLAClVE IW.lTE CRYSTALS AND AS ~TRIX AND

- lANDOKLy-oRIENTED STRINCERS or CLAY IN ARCILLACEOUS YALlTI!. BELOW 1459.0' CLAY CON-

TEIIT DECREASES ABRUPTLY; TRACE POLYHALITE, CONTENT INCREASES WITli DEPTH, OCCURS AS

DISSEMINATED BLEBS AND RANDO~LY-oRIENTED TO SUBKORIZONTAL STRINCERS, STRINCERS

- BECOfIE HORIZONTAL AND 1/4" THICK SPACED 2" TO 4" III LOW!I 5.0', 0." THICIC BED OF

1944- -1465
POLYHALITE OCCURS AT 1469.0'; BASAL CONTACT CRADATIONAL.

xxuxxx POLYHALITE. FINELY CRYSTALLINE, iEDDISH-DIAMCE TO ORANCISH-RED: UPPEa 0." CONTAINS

DISCONTINUOUS BEDS OF IRRECULAaLY-SHAPED PODS or HALITE; BECOMES LAMINATED WITH

- CLAY PUTINCS BELOW 1470.0'; BASAL CONTACT SHARP, !WUI:ED BY 1" TO 4" THICIC lED OF

XXXXltX ClAY CLAYSTONE SPLIT IY BIFUJ.CATIIIC HALITE-FILLED" SUBHORIZONTAL FRACTURE,

UIIllULATORY UP TO 0.".
HALITE, COAl.SELY CiYSTALLIHE, WHITE. BEDDED WITH SUBHORIZOHTAL CONTINUOUS STRINeERS

1939- -1470 xxux xxxxxxxx xx
AI/D BEDS or POLYH.u.ITE 1/4" TO 3/4" THICK; POLYHALITE CONTENT OECRtASES WITH DEPTH,"X .;,ex

JQI'lI ABSENT BELOW 1475.0'; BEDDED WITH SUBHORIZONTAL STaINCERS or CRAY CLAY BELOW
xx

147'.0'; BASAL CONTACT SHARP.

X HALITE, fINELY TO MEDIUM CRYSTALLINE, WHITE TO CLEAI; CRAYISH-BLACIC CLAY OCCURS AS

IMTEiSTITIAL FILLINC AND AS DISCONTINUOUS SUBKORIZONTAL STRlI/CERS; BASAL CONTACT

X SHARP.

1934- -1475 - HALITE, J!EDIUK TO COAlS ELY CRYSTALLINE, WIIln TO CLEAI TO TI!fTED ORANCE, BANDED BY

- ORANCE-TINTED HALITE SPACED 1" TO 2"; 1" TlIO[ BED or CiEENISH-CiAY CLAYSTONE

- OCCURS 2" ABOV! LOWD COr-ACT; BASAL CONTACT SHAllP. Iaucuua, SLICIITLY UlIDULATORY.

I
HALITIC CLAYSTONE AND AlCILLACEOUS HALITE, IEDDISH-BROWII: HALITE OCCUllS AS DISPlA-

CIV[ CRYSTALS AI/D SUBHQaIZOVTAL FiACTUiE FILLINCS 1/4" TIlICK; UPPEa 4" CiEENISH-

----- cur; BASAL COITACT DI1F\JSl.
1929 1480 t=:=:=:=:=:=:=:~=:

FIGURE ~ (CONTINUED)

EXHAUST SHAFT
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PRELIMINARY

ELEV. DEPTH
Ir:T.MSLJ eFT.1

1929 1480

STRATIGRAPHIC

COLUMN

-:-:~-:-:-:-~:-:

:::::::::~:::::::-

AS AlOft

REMARKS

x
19Z4-1-148~

• ~.-.-: -: ~.-.-.-.'"1--~~=~==~~~==-==~::-::-=--:::::::::::-::=--,:,:",:::::-=:-:::::=-:::-:::="""'::-:::=:-:---;
BALIT'I. IWlIlIl lO COAaSIELY ClYSTALLIIiE. WIT! TO CLEd TO TIIITED OlAMCE; SLICHTLY

AACILLAC!OUI II upna 2.1' AS DISCOIITIIIUOUI LUIIlQHLY~I!llTED SnIIIC!lU TUCE

POLYllAUft Ar TOP. COIITDr IICU.lSU IIUI DU'm. OCCUU AS DISSDUllAnD lUIS AIID

STU':!lS, MSAL conACT SIIAU.

x

1919- -1490
IPOL'flIALIT!. FInLY CUSTALLIII!. l!DDISII~I. SnUCIUULESS; BASAl. COIITACT SKAU.

IIAUID If 1/2" lO 1" TIIICX CUY CLAYSTOn 10.

IlALIT'I, FIIII1.Y lO COAJ.SlLY CRYSTALLIIII, WIT! TO CL!.U; COIITAINS SUIHORIZOIITAL

snIlICns or lua:ISII-CUY CUY SPACED 2" lO 4"; IIASAl. COIITACT SHAl••

---1914--149S

x

x

HALIT'I. C04Ua.Y CUSTAl.LIII!. UlIIT! TO CUAA TO TIIIT!D OLUfCE. BAJCl)ED WHITE oUlD

olAlla. SPACD I" 10 2". TUCI POLYll&UT!; BASAl. COIITACT CL\IlATIONAl..

AlCILLAC!lXlI II&LITE. FInLY TO COAUELY CUSTAl.LIH. WIT! TO CL!.U; HAl.IT! OCCUl.I

AS PODS AIID III!I:ULAlLY-SIlAPD ZOII!! or Cl.YSTALS SUUOUllDEl) If UDDISI-IlOW CUY

/!Anu; CUY aJIrTDIT DEausES VITI DEPTH; UPP!l 4" CGfTAIIII SUIHOIIZOIITAl.

ST'lIIIC!aS or lua:ISII-CUY CUY SPACID I"; BASAl. COIITACT DIFFUSI.

IlALIT'I. COA&SELY CUSTALLIIII, WIIIT! TOCUAA TO OIAllCE; nACE POLYllALIT!. COlITm

III~II lITnI Dunl. OCCUl.S AS DISSDlIIATED aLlas AIIII LUIllOflLy-oUDlTED SnINCElS;

BASAl. COII'TACT SIlAU. IUEC'ULAI. UIIIlUtJoTOU UP TO 1", DISCONFORltAILE.x X·

...........+-------------------------------------1
X

1909- -1500

1904--/505

)(
POLYHALIT!, FIlltLY CRYSTALLIIIE, IEODISH-oIAMCE; HALITIC. COIITAINS IUECULAaLY­

SHAPED PODS O. HALITE TO 4" ACl.OSS; COIITAIIiI LOCAl. ZONES IICII IN AHIIYDRITE OR

UJlCIEIIITE 0); BASAL CONTACT SHAlP. UlItlUUlOlY. SLICHTLY IRUCUUR.

x

x

HALITE, I'!IlIlII 10 COARSELY CRYSTALLINE. WHITE TO CLUA TO TUTED OlWlCE; TRACE

POLYllALITE, COIITDIT INCREASts WITH DEPTH. OCCUllS AS DISSDlINATED BLESS AJCl)

1WIIlOKLY-OUDT!D snIliCEIS; IIASAl. CONTACT SIIAI.P, SLICHT1.Y UlItlIJUTORY.

1899--1510 X

X

POLYHALITE, rIVlLY CR1STALLIME, BROWII TO T~, STRUCTUIELESS; IIASAL CONTACT SHARP.

X

1894--1515

1889- H520

HALITE, rIMELY TO COARSELY CRYSTALLINE, WHIT! TO CLEAl; CONTAINS STRINCERS or

~-------I----,POLYllALITE AIIII CUY CUY SPACED 1" TO 2"; IASAL CONTACT SIIAI.P.

HALITE. IlEDIUM TO COARSELY CRYSTAl.LINE. WHIT! TO TINTED OIWiCE; UPPER 0." .oJl.CIL­

LACEooS, UDOISH-BROWIl, CONTENT DECREAS!S VITII DEPTH; TWO )" THICK BEDS OF REDDISH­

BROWlI ARCILLACEOUS HALITE OCCUI AT 1519.11' AIlD 1520.2'; BASAL 0." CONTAINS SUII­

HORIZONTAL CIAY CLAY STRINCERS, SPACED 1" TO 3"; TRACE POLYHALITE. OCCURS AS DIS­

SDIINATED BLESS AIIII IWfllOP!LY-<lIIElfTtD lO SUlIIORIZONTAl. STRIIIC£15; BASAl. CONTACT

S1iAIU'. 5LICIITLY U1IDI.ItJ,TOIY. DI SCOllf'OlItAJIL!.

X

1884 /525

FIGURE q (CONTINUED)
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PRELIMINARY

E LEV. DE PTH
(FT.IoISLl 1FT.)

1884 1525

1879-f-1530

STRATIGRAPHIC

COLUMN

x

cWy,

REMARKS

AS AlDV[

AlCILLACEOUS HALITE, MEDIUM TO COARSELY C1YSTAI.LIllE, WHITE TO ClLAl TO TINTED

OlAMCE; CLA! REDDISH-8ROVN. UPPER 1.0' TO J.O' ClAY ARCILLACEOUS HALITE WIT1f RAlE

SIlALL DISPUCIVE KALIn CRYSTAlS < 1/16" ACROSS; IlALIT! OCCURS AS ACCRECATES Of

CUSTW II PODS 01 ZOIlES: CLAY OCCURS AS IlATRIX II UPPEa PART, OCCURS AS 01 SSOII­

IATED III!CULAlLY-SHA1ED ZOIiES AND RANDOKLY-oRIEVTED STRIllC!BS WITlf DEPTH, CONTENT

DECRUSU WIn DEPTH; BASAl. CONTACT SlIAlP.

1874--/535

1869- f-f540

1864- >-:: 1545

1859--/550

1854-f-1555

UNloti AHHYDUTt

AlIHYDlllTE, IUERIATES WHITISH~IlAr TO ow GIlAY, FInLY CRrSTALLlNE, nfllltr LAHI­
IIAm TO nlIILY 8EJlDED; HALITIC, CONTAINS IWlE l1t6- CRYSTAU 011 HALITE; UPPER 2- TO

~ 5- POLYlW.ITIC, DIscarrllftlQIS POLYHALlTE l.DIS OCCURS CII IIOImlWEST SIDE r::E SHAFT

~ §:~~~::::~~::::::~:::~::~ TO

•. nu........... U>CAI.L. mo,,,,,,,,,,,, ......,.... ,moo mom.. ,,,,,,,,,no, eo"",
_ """,m,. """"... """tEl" lA"'" 'NO ""'.,, ..... ""'",, , ...... ,."" "
~ LOAD CASTS lITO lMlERLYING UlIIT (2" DEEP BY 1" TO )" ACROSS) AND f!.A.'iE STRUCT'JRES.

~':-IL: - -:-t: Al/HYnRITIC CUYSTOIf!. PIllELY LAKIllATED. CiAY TO WIIITISH-cUY; CONTAUS LOCAL, SMALL=-----=:::'-T--;-. ~-:--;..~----. EllnOLITlfIC STllUCTt1B.£5; BASAl. CONTACT CIIADATIONAL TO DIfFUSE.
~xxxxx HALITE, IttllllItl TO COARSELY CRYSTALLINE, WIll!! TO CLEAI. TO TINTED ORAIIGE, SLICHTLY

BEDDED BY DISCONTINUOUS SUBHORIZONTAL STllIllCE1S OP POLYHALI!! AND BANDS OP POLY­

HALITIC HALITE: BASAl. CONTACT SHARP, DISCOllfOaKABLE.
HALIT!, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO TINTED ORANCE. STRUCTURELESS:

SLICHTLY AlCILLACEOUS, ~ODERATELY ABUNDANT 1M UPPEa 1.0', CONTENT DECREASES WITH

DEPTH, OCCURS AS DISS~~INATED BLEBS AND RAHDOMLy-oRIENTED STRINCERS; BASAL CONTACT

CRAIlATIOIlAL.

I-- - - - -+-----------~-----------------~----__l

1849-f-1560

1844-- 1565

1839 1570

x X

X

HALIT!. FINELY TO COARSELY CRYSTALLINE, WHIT! TO CLEAR; ARCI~tACEOUS IN UPPER 1.5',

CRAY. AS SUBHORIZONTAL STRINCERS AND BEDS, CONTENT DECREASES WITH DEPTH, 1.0' 70

2.0' THICI 8ED OP CRAY ARCILLACEOUS HALI!E AT 1560.2' ; BELOW 1560.2' C~Y CONT~NT

INCREASES AND BECOHES REDDISH-~ROWN, OCCL~S AS STRINCERS AND DISCONTINUOUS aEDS OF

ARGILLACEOUS HALITE, CONTENT DECREASES WITH DEPTH, LOCALLY CRAY, CONTEN: DROPS 70

TRACE NEAl BASE: SOHE POLYHALI!E. CONTENT INCREASES TO 1560.2', BELOW WHICH IT

DECREASES WITH DEPTH, OCCURS AS DISS~~INATED 8LE8S AND RANDOHLY-ORIENTED TO

SUBHOi!ZOKTAL STRINCERS: BASAL CONTACT SlIAlP, DISCONFORItA8LE.

FIGURE 4 (CONTINUED)
EXHAUST SHAFT
LI THOLOG ICLOG
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PRELIMINARY STRATIGRAPHIC
ELEV. DEPTH COLUMN

REMARKS

(FT. MSLl ( FT.)

1839 1570 AS AlDYE

X

-
1834- -1575

X

-
-

1829-~1580

HALITE. KEDIUK TO COARSELY CIYSTALLINE. WHITE TO TIXTED OaANGE. STRUCTURELESS:

- UPPEI 0.5' SLICHTLY ARCILLACEOUS. REDDISH-BlOWN. CONTEIft DECREASES WITH DEPTH,

ABSEIft BELllW 1582.0', OCCURS AS DISCOIITIHtIOUS STRINCERS AND AS INTE1ClYSTALLINE

X KATaIl: TRACE DISSEKINATtD POLYHALITE BLEBS: BASAL CONTACT CRADATIONAL, HICHLY

I UECULAl , KAllEll 11' TH! OCCUUEllC! OF ARCILLACEOUS IlALIT!.

1824-~1585 X

- f----- - HALITE, Il!IlIlIf TO COARSELY CIYSTALLIn; WITE TO CUll; UPPU 0.5' HAS lEDDISH-

BlOWN ClAy KAnII. COIITEIft DECREASES SLICHTLY WITH DEPTH, CLAY BECOKES BOTH ClAY

-
Alltl REDDISH-BlOW. OCCURS AS RAHIlOKLy-oRIEllTED STRINCERS: TRACE POLYHALITE, CONTEIIT

INCREASES WITH DEPTH, OCCURS AS DISSEMINATED BLEBS ~ AS STRINCERS WITH DEPTH:

1819-~1590 BASAL CONTACT ClADATIOIIAL. OISCONFO~~LE.

X -

18/4- I- 1595
X

X

1809-~ 1600 X
I<XXXXXXX

----
- X

HALITE, MEDIUK TO COAiSELY CRYSTALLINE, WHITE TO CLEAR; SLIGHTLY ARGILLACEOUS, COII-

TEIIT DECREASES WITH DEPTH, REDDISH-BROWN, OCCURS AS INTERCRYSTALLINE ~TERIAL AND

RANDOKLY-QRIENTED STRINCERS, LOCALLY OCCURS IN CREATER CONCENTRATIONS; TRACE POLY-

1804- - 1605
HALITE, CONTENT INCREASES SLICHTLY WITH DEPTH. OCCURS AS OISS~~INArEO BLEBS, BLEBS

X - BECOME l.ARCEI WITH DEPTH (UP TO 2" " 1"); BASAL CONTACT SHARP.

X

1799- ~ 1610

-

X

X

1794 1615 -

FIGURE 4 (CONTINUFC)
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PRELIMINARY

ELEV. DEPTH
(FT. MSll (FT.)

1789 1620

/769 1640
X X

X

---------
1764 1645 X X

X

/759 /650

-------

X

1754 1655
X

1794

1784

1779

1774

1749

1615

1625

1630

1635

1660

STRATIGRAPHIC

COLUMN

x

X
1\1\1\11\ I \11\ 1\ \I \I I

x

REMARKS

ANHYDaITE, FINELY CRYSTALLINE, BIOWIISH-CRAY TO OIAMCISH-TAN, THINLY LAMINATED;

lOCALLY ALTERED TO POLYHAUTE; t..UIlllAE OFTD COMTOITED AND SLICHTLY KALlnC,

LOCALLY NODI/LAI., STJ.UCTUII.E OFTEII Ell'nOLITHIC; llASAL CONtACT CllAoATlONAL.

HALITE. FINELY TO COAilSELY CIYSTALLINE. \illITE TO TINtED OIWlCE; 3" THICK BED OF

OIlANCISH-IED POLYHALlTE AT 162••2' ; TRACE POlYHALITE, OCCUIS AS RANDO~LY-oRIENTED

TO SUBHOIIZolrTAL STIlINCEas AND AS DISSElUNATED BLEBS; THIll I" THICK IRRECULAlI. BED

OF AHIIYlltllTE AT 1628.3'; BASAL COIITACT SHAIU'. DlSCONFORlWlLE (?).

AHHYDIITE. FIIIELY CRYSTALLINE. BIOWIISH-CIlAY TO TAMlISH-CIlAY. EMTROLITHIC TO

MODI/LAI. TO 1633.0', BELOW 1633.0' ,B!CO"ES UltINATED TO THINLY BEDDED, lOCALLY CON­

TAlliS AHIIYDIITE PSEUDOMORPHS AFTEI CYPSUM SWALLOWTAIL CIYSTALS; LOCALLY POLY­

HALITIC; BASAL CONTACT SiIAIlP. i'WlKED BY 2.0" TO 4.0" THICK CIlAY THINLY LAliINATED

CLAYSTONE BED CONTAININC SEVERAL SUBHORIZONTAL FIBaOUS HALITE-rILlED rRACTURES 1/8"

TO 1/4" THICK. SPACED I" TO 2"; BASAL CONTACT CRAllATtONAL.

ARCILLACEOUS POLYHALITE. FINELY CRYSTALLINE, REDDISH-ORANCE; POLYHALITE OCCURS AS

IlEPLAC~~ENT OF ANHYDRITE OR GYPSUM NODULES IN GRAY CLAYSTONE ~TRIX; NODULE CONCEN­

TRATION INCREASES WITH DEPTH UNTIL ~TRIX IS POLYllALITE; NODULE DIAl1ETER I/B" TO

1/2"; UNDERLAIN BY I" TO 2" GRAY CLAYSTONE BED; BASAL CONTACT SHARP, UNDULATORY,

1RlECULAll.

HALITE,.~EDIUK TO COARSELY CRYSTALLINE, ~HITE TO TINTED ORANGE; POlYHALITIC, OCCURS

AS DISSEMINATED BLEBS AND AS RANDOMLY-ORIENTED TO SUBHORIZONTAL STRINGERS; GRAY

CLAYSTOSE BED OCCURS AT 16~q.o·; POLYHALITE COHTENT TRACE BElO~ 164Q.O'; LO_ER l.5'

CONTAINS TRAC! ~~OUNT OF CLAY STRINGERS; BASAL CONTACT SHARP, ;RREGUlAR ~ITH

DISSOLUTIOII PITS 0.3' DEEP, IlARJ(ED BY 2" 70 3" THICK GRAY CLAYSTONE BED.

HALITE, FINELY TO COARSELY CRYSTALLINE, .~ITE TO CLEAl TO ORANGE; POLYHALITIC,

OCCURS AS OISS!MINATED 8LEBS AND RANDOHLy-oiIENTED TO SU8HORIZONTAl STRINGERS;

TRACE DISS!MINATED ellAY C"'..AY; BASAL CONTACl SIlAIlP.

AS .£LOW

FIGURE ~ (CONTINUED)
EXHAUST SHAFT
LITHOLOGIC LOG
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1744 -.-1665

PRELIMINARY

ELEV. DEPTH
'''T.IoISlI (FT.l

/749 1660

STRATIGRAPHIC

COLUMN

x

x

REMARKS

HALITE. MEDIUM TO COARSELY ClYSTALLI¥!. WHIT! TO Ct!AJ; TRACE REDDISH-BROWN AND

CUY CUY, OCCUUUIC AS snacos AltD AS LOCALLr DISSEI1INATED MAnu, CUY COUtKT

IWCUASES AJlIUPTLY lnow 1662.0' AS UDDISH-8ROWIl snINcERS, CONTEIIT DECREASES IIITlI

DEPT1I, AllCILLACEOUS HALITE lED OCCURS IIITH CUY AS snI¥CEIS AND KAnIX BEi\lE£ll

1613.0' A¥D 1613.S'. ~EI z.'· corrAI¥S DISCONTINUOUS HORIZONTAL AND SUBHORIZONTAL

SnI¥C!lS or ClAY CLAY; flACI POLTKALIT!. CONTENT INCREASES IIITH DEPT1I. OCCURS AS

DISSDtIII"T!:D lUIS WIn SIZI I¥ClUUIIC WltlI DEPtlI 0" DIMEUR); 8ASAL CONTACT

SIIAIJI. llUCULAl, IJVtlIJUTOl'l TO 0.".

1739 -1-1670

1734 -~ 1675

1729 -I- 1680

x

x

- -
J 724 -I- /685

-

X

1719 -~ 1690
-

X

X

/714 -I- 1695

X -

-

1709 -I- 1700 -

x

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHIT! TO CLEAI TO TINTED O~CE;

ARCILUCEOUS HALIT! OCCURS SETIIEEII 1681." AND 1682.6' , ClAY CUY; REDDISH-BROWN

ARCILLACEOUS HALl!! OCCURS 8ETIIEEN 1682.6' AND 168'.1', CLAY OCCURS AS RANDOKLY­

ORIENTED snINeERS AND AS ~nIX; CUY CONTENT DECREASES ABRUPTlY BELOII '6SC.I';

TRACE POLYHALITE BELOW 1686.". CONTENT INCREASES IIITH DEPTK, OCCURS AS

DISS~~INATED BLEBS AND AS RANDOMLY-ORIENTED TO SUBHORIZONTAL STRINeERS; BASAL

CONTACT SHAllP.

ARCILLACEOUS HALITE, KEDIUK TO COARSELY CRYSTALLINE, WKITE TO CLEAR TO TINTED

ORANGE; VERY ARCILUCEOUS IN UPPER o.S', CUY REDDISH-BROWN, CONTENT DECREASES WITH

DEPTH. OCCURS AS INTERCRYSTALL!NE KATRIX AND RARE STRINGERS, CONTENT DECREASES

ABRUPTlY BELOW 1704.0'; TRACE POLYHALITE, OCCURS AS OISSE~INATEO BLEBS; BASAL

CONTACT SHARP. IlKECULAR. DISCONfORKAILl.

1704 1705

FIGURF 4 (CONTINUED)

EXHAUST SHAFT
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PRELIMINARY

ELEV. DEPTH
(FT.AlSll IFT.I

STRATIGRAPHIC

COLUMN

eN

REMARKS

1704 1705

x

AS AlOYE

1699 - f- 171 0

1694 -~ 1715

-
1689 - I- 1720

- X
--

X

-
1684 - ~ 1725 X

X X X

- X

1679 - 1-1730
X -

HALITE, M!lIII1K to COAl.SELt QYSTALLINE. WIIITE TO CLEAI.; UPPfl 0.3' TO 0•• ' All!)

LOWEI 0.7' PUll BALlTE, I!KAlK1l!l SlICHTLY ARCILLACEOUS. CLAY REDDISH-8ROWN,

8ECOftINC ClAY VITI DEPTH; IASAL CONTACT SHAlP. IliECULAI. DISCONfO~~SLE.

HALITE. MEDIUM TO COARSELY ClYSTALLINE. WIIITf TO CLEAR TO TINTED ORANGE; UPPER 1.0'

ARCtLLACEOUS. COWT!XT DECREASES WITH DEPTH: TRACE POlYHALITE, CONTENT INCREASES

VITH DEPTH. occuas AS 01 SSDlINATED IlESS All!) lA!I1IO!lLy-oar EN!ED STRINGERS, LOWER

1.0' YERT POLnlALITIC; BASAL eatTACT SHAllP. IRRECUUIl. U!ItlULATOIlf.

~ALITE. HEDIUM TO COARSELY CRYSTAL~INE. WHITE TO CLEAR; LOCALLY ARGILLACEOUS, CLAY

REDDISH-BROWN, CONTENT DECREASES WITH DEPTH: !RACE POLYHALITE, OCCURS AS DISSL~I­

NATED 8LEBS; 8ASAL CONTACT SHARP, IRRECutAl WITH DISSOLUTION PtTS 1.0' DEEP tNTO

UNDERLYINC UNtT.

1674 -f- 1735

1669-1-1740

1664-1--/745

x

x

- X

X -

HALITE, HEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR; UPPER 2.0' SLICHTLY ARCIL­

LACEOUS, CLAY REDDISH-8ROWN. OCCURS AS RAHDOHLy-oRIENTED TO SUBHORtZONT~L STRINGERS

AND DISSEMINATED INTERCRYSTALLINE MATERIAL; TRACE POLYHALITE AT TOP, CONTENT

INCREASES WITH DEPTH, OCCURS AS DISS£HtNATED BLESS AND RANDOHLY-ORIENTED STRINGERS;

8ASAL CONTACT CRAOATIONAL.

1659 1750 x

FIGURE 4 (CONTINUED)
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1659 1750 x AS aBovE

POLYHALITE. FIMELY C1YSTALLIM!. REDDISH-o&AHGE. iRACE THIM ~INATIONS; LOCALLY

HALITE, COAISELY CIYSTALLIlIE, WHITE TO C1.EAIl TO TINTED OIWlCE; POLYHALITIC, CONTENT

DECI!ASU WITH DEPTH, occuas AS snIIICEIS AIID ILUS; 0.1' TO 0.4' THICK ANIIYDIITE

lED OCCUU AT 1761.9'; BASAL COIlTACT SIIAIlP.

POL'lHALlTE, FIMELY CIYSTALLIME, IEDDISH-QIAIlCE; IlASAL CONTACT SIlAB.P, MAJeED BY I"

THICI ClAY CLAYSTONE IlED.

x

x

v "".. vvv 1 AIIlIY1lI.ITIC; IASAL CONTACT SIIAIlP.

L;:~··t:1-g:~~~~=~1~ II HALITE, ~IUM TO COARSELY CIYSTALLIKl, WHITE OCCASIONALLY TINTED ORANGE; SUBKOII-,.. - ,_.
ZOVTAL POLYlW.In SnIMGUS, 1/1" TlIICJ:; BASAL COIlTACT SIIAIlP, IUECULAJ..

1654 - -1755

1649 -- 1760
x

\\\\ \\ \\\\\ \\\ \ \ \ \ \ \

1644 - - 1765

POLYHALITE, FIMELY CRYSTALLINE. REDDISH-QIWlCE, THINLY ~INATED; 0.3' THICK HALITE

IlED AT 1763.", LOWEI 0.1' TO O.Z' HALITIC ClAf CLAYSTONE; BASAL CONTACT SHARP.

HALITE. K!DItlK to COARSELf ClrsTALLI.E. WHIT! OCCASIONALLY TINTED OIWlCE, KIh'l ~"

I!DDIIIC nlltl Sl7ISO&IZOJlTAL SnIIICEIS 0' POLYlIALlTE SPACED o.z'; 0.1' THICI BED or
AlCILlACEOUS HALln OCCl1RS AT 1767.3'; POLYHALIT! COIlTENT INCREASES ABRUPTLY N£Ai

BASE; BASAL COIlTACT SIIAIlP, DISCOIIFOIUUBLE.

AlCILlACEOUS HALITE. FINELY TO COARSELY CIYSTALLIHE. WHITE TO CLEA.i TO TINTED

ORANCE; ClAf CLAY OCCURS AS MAnII AND INTEIClYSTALLINE MATERIAL,CLAY BECO~ES

REDDISH-BROWI IlELOW 1773.Il', CLAY CONTENT DECIEASES WITH DEPTH; CLAY-FREE

POLYHALITIC KALIT! OCCURS BETWEEN 1773,3' AND 1773.8'; POLYHALITE CONTENT I~CREASES

WITH DEPTH; BASAL CONTACT SIIAJJ', IUECl1UJl.

KALITE, HEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEA.i TO TINTED ORANCE; ARCILLA­

CEOUS TO 1782.4', CONTENT' DECREASES ABRUPTLY BELOW, CLAY OCCURS AS MATRIX: TRACE

POLYllALITE, CONTENT INCREASES WITH DEPTH, OCCl1RS AS DISSElIINATED BLEBS AND

IWlDOKLY-QRIENTED STRINCEIS; BASAL CONTACT CRADAT:ONAL.

FIGURE 4 (CONTINUED)
EXHAUST SHAFT
LI THOLOG [C LOG
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STRATIGRAPHIC

COLUMN
REMARKS

1614 /795 AS nOVE

x -

- X
1609 - f- /800 llftDc~ll

1604-1-/805

HALITE, It!llIUM TO COARSELY ClYSTALtlIiE. WHIT! TO CL£AI: CONTAINS SUBHORIZONTAL CUY

cut Stl.IICEIS TO 1804.3', AISEIIT BELOW 1804.3': TRACE POLYHALITE, CONTENT

INca!ASES WITH DEPTH. occuas AS DISSEMINATED BLEBS AND SUBHORIZONTAL STilINCERS:

BASAL COIrTACT SHAI'. IlAU:ED Br 3" ZONE OF Gun 511 HALITE UNDERLAIN BY I" nil CIC GUY

CUYSTOIII.

X

X

1599 - .- 1810
X

- ---- - -
X

1594 - f- 1815

X

X

X - -
1589 - f- 1820

-
-

-
1584 - t- 1825

X

HALITE. MEDIUK TO COARSELY CIYSTALLINE. WHITE TO CL£AI: UP'EI 1.8' ARGILLACEOUS.

IEDDISH-BIOWN, COWTEIIT DECREASES WITH DEPTH: TIlACE POLYHALITE, CONTENT INCREASES

WITH DEPTH. OCCURS AS DISSEMINATED BLEBS. BLEBS AlICN!D IN ZONES AND STilINCERS

occua BELOW 1817.6': COIITAINS CRAY CLAY AS STilINCEiS AND DISSE.'UHATEO INTEi-

CIYSTAU,Ift KAT!11AL BEt\/EEM 1819.2' AND 1819.9': BASAl CONTACT SHAR', I RAECUl.A1l,

DISCONFOillA!LI.

HALITE, FINELY TO COARSELY CRYSTALLINE, WHITE TO CL£AI TO TINTED ORANCE; ARCILLA­

CEOUS, REDDISH-BROWN, CLAY OCCURS AS INTERCRYSTAlLINE ~TRIX AND STRINGERS, CONTENT

DECREASES WITH DEPTH, CONTENT DECREASES ABRUPTLY BELOW 182].0'; tRACE POLVHALI'E.

OCCURS AS DISSEKINATED BLEBS: BASAL CONTACT CRADATIONAL.

x

I 579 - f- 1830 f-- - - --+----::-:-:-=--===-=--=--c==:-;;,.....""=="""'":-=:;;-"="=--=,.....,,.,-;7.:-:::;;-;;=:::;:--=--:=:=--="""~~-_lHALITE, FINELY TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED ORANGE; SLICHTLY

ARCILLACEOUS IN UPPER 4.0·', CONTENT DECREASES WITH DEPTH, CLAY OCCURS AS STRINGERS

AHD INTERCRYSTAlLINE MATRIX, CONTAINS RARE SMALL «1/16") OISPLACIVE HALITE

CRYSTALS: TRACE POLYHALITE, OCCURS AS DISSE~INATED BLEBS: BASAL CONTACT SHARP,

~KED BY DISSOLUTION PITS 6" TO 8" DEEP INTO UliDERLYINC UliIT. IRRECUl.A1l, IJNDU­

LATORY.1574 -'- 1835

x
1569 1840

IHALITE, MEDIUM TO COARSELY CRYSTAlLINE, WHITE TO CLEAI: ARCILLACEOUS TO 18]9.8',r-------+---..J
OCCURS AS CIlAY STilINCEIS: TIlACE POLYHALITE, CONTENT IlfCR£ASES WlnI DEPTH, OCCURS AS

SLEBS AlfD lANDOKLy-oRIEVTlD TO SUBHOIIZONTAl STIlIIGEiS: BASAL CONTACT GRADATIONAL,

HICHLY IIiECULAI SLICHTLY UNDUlATORY.

FIGURE 4 (CONTINUED)
EXHAUST SHAFT
LI THOLOG ICLOG
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1569 1840 AS AlOY£

POLYHALlTE, FINELY CRYSTALLINE. REDDISH-DRAHGE; HALITIC; BASAL CONTACT GRADATIONAL.

VEar lauc;uua. UlIDULATOIY.

HALITt, KEDIUft TO COARSELY CRYSTALLINE. WHITE TO CL£AR; ARGILLACEOUS AT TOP. CON­

TEY! DECl1&SES WITH DEPTH, OCCURS AS RANDQKLY-DRIENTED STRINGERS; TRACE POLYHALITE,

OCCURS AS DISStMlKATED BLEBS: CONTAINS DISSOLUTION PITS 2.0' TO 3.0' DEEP. fILLED

WITH WHITE COAISELT CRYSTALLINE HALITE: BASAL CONTACT SIlAI.P TO A8SENT, :-wIKED BY t"

THICX GUJ CLAYSTONE BED.

HALITE. COAISELY CRYSTALLINE, WHITE TO TINTED ORANGE: POLYHALITIC, CONTENT

INCREASES WITH DEPTH, OCCURS AS DISS~~INATED BLE8S AND SUBHORIZONTAL 1/4" THICK

STRINGERS; BASAL CONTACT SHARP, SLIGHTLY UNDULATORY.

POLYHALITt. fINELY CRYSTALLINE. DARK REDDISH-DRAHGE, STRUCTUREL~SS; HALI!IC;

UNDERLAIV BY 4" THICK BED OF GRAY HALITIC CLAYSTONE; BASAL CONTACT GRADATIONAL.

HALITE. MEDIUM TO COARSELY CRYSTALLINE. WHITE TO CL£AR; SLIGHTLY ARGILLACEOUS,

CONTENT DECiEASES WITH DEPTH, OCCURS AS SUBHORIZONTAL STRINGERS; POLYHALITIC, CON­

TENT INCREASES WITH DEPTH. OCCURS AS DISSEMINAT!D BLEBS AND SUBHORIZONTAL

STRINGERS. POLYHALITE BED 0.1' THICK AT 1875.7'; BASAL CONTACT SHARP, IRREGULAR.

SLICllTLY tIIIIlULATORY.

ARGILLACEOUS HALITE, fINELY TO COARSELY CRYSTALLINE, WHITE TO CLEAR: CLAr REDDISH­

BROWN TO ClAY, OCCURS AS IRREGULAR SUBHORIZONTAL STRINGERS; HALITE OCC~RS IN PODS

OR ZONES Of CRYSTALS: TRACE ?OLYHALITE; SASAL CONTACT SHARP, SLIGHTLY ~DULATORY.

HALITE, COARSELY CRYSTALLINE, YHITE: SECOMES SLIGHTLY ARGILLACEOUS W[TH DEPTH:

POLYHALITIC. OCCURS AS BLEBS AND SUBHORIZONTAL STRINGERS: BASAL CONTACT SHARP,

IRREGULAI, SLIGHTLY tnlDUUTORY.
ARGILLACEOUS HALITE, REDDISH-BROWN WITH TRACE OF CRAY; HALITE, fINELY TO COARSELY

CRYSTALLllE. ~ITE TO CLEAR. OCCURS AS IRRECULARLY-SHAPED BEDS AND PODS, LOCALLY

POLYHALlnC AND fR!:E Of CLAY; TRACE POLYKALITE, CONTENT INCREASES WITH DEPTH,

OCCUIS AS DISSE."IINATED BLEBS AND IRREGULAJ. RANDOPlLY-DRIENTED STRINGERS: l!4" THICK

r-------+----..J Sf!) OF l'OI.YHALITE UNDERLAIN 8Y 1/4" THICK DISCONTIlIUOUS BED Of GRAY CLAYSTONE

OCCURS AT 1898.2'; BASAL CONTACT SHARP, !RRECUtAR. SLIGHTLY L~DULATORY.

X

1544 - '- 1865 X

X

x. )(

)(lll( "" x ~ 'WI: ::a: )(

- X
1539 - I- 1870

X -

X.

1534 - 1-1875
-

\ X

-
-X

1529 - f- 1880

-

-
X

1524 /885 -

EXHAUST SHAFT
~Tr.:"O~ 11 (I"nt.JTTt.Jf,rn) I ,Tun, nr::rr t f'lf"
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ELEV. DEPTH
(rT MSll I FT.I

1524 1885

1519 -r-1890

1514 - f- 1895

STRATIGRAPHIC

COLUMN

U ABovE

REMARKS

~--------

1509-1-1900

1504 - r-1905

1499--1910

1494-1-1915

rPOLY1IALIY!. FINELY CRYSTALLINE. DAlJC REDDISH-ORANGE, STRUCTURELESS; lINDERLAIN BY I"

=~(""'S:~~2a=~~TH~ICJ:i~CR~E~EII~lS~Ht-C~U~Y~C1.A~Y!STO;II~E~;~B~A~S~AL~C~O~NTiA~CT~isH;AR~P;.~-=~=::~~=::~~._.
HALlY!. FIIZLY TO COARSELY CRYSTALLINE. ~ITE TO CLEAR TO TINTED ORANCE; TRACE

AaCILLACEOUS KATElIAL BELOW 1901.0'. CONTENT DECREASES WITH DEPTH. TOTALLY ABSENT

BELOW 1904 •• '. OCCUIS AS lANDOKLy-oRIENTED TO SUBHORIZONTAL STRINGERS BECOMINC

BLEBS WITH DEPTH; 1/4" THICK SUBKOIIZONTAL STRINGERS OF ANHYDRITE OCCUR BELOW

1914.0'; AT 1916.S', A 0.2' THIC~ PIHXISK-RED POLYHALITE BED OCCURS; BASAL CONTACT

SHARP, SLIGHTLY IRRECI1LAII AND UlItlULATORY.

\ \\ \ \\ \\ \\\\\ \\\\ \'

~xxxxxxxxxxxxxx

1489-1-1920 po;.. II Jl

x X

I-- --

1484 - r- 1925

x

X

POLYHALITE, FINELY CRYSTALLINE, DARK RED, STRUCTURELESS AT TOP GRADING TO LAMINATED

AT BASE; HALITIC, BASAL CONTACT SHARP TO GRADATIONAL, MARKED BY 0.1' TO 0.2' THICK

GRAY CLAYSTONE BED.
HALITE, MEDIUM TO COARSELY CRYSTALLINE, ~ITE TO CLEAR, SLICHTLY ARGILLACEOUS,

OCCURS AS RANDOHLy-oRIENTED STRINGERS; ABUNDANT POLYHALITE, OCCURS AS DISSEMINATED

BLEBS; CONTAINS LOCAL ZONES OF PURE HAlITE; BASAL CONTACT GRADATIONAL, lRREG~~.

~LIT!, HEDIUM TO COARSELY CRYSTALLINE, CLEAR ro WHITE; RANDOMLY-ORIENTED TO

SUBHORIZONTAL STRINCERS OF BLACK CLAY OCCUR BETWEEN 192).~' AND 1926.4';

POLYHALITIC, CONTENT INCREASES ABRUPTLY BELOW 1926.8', THEN DECREASES WITH DEPTK,

OCCURS AS DISSEMINATED BLEBS; BASAL CONTACT DIFFUSE.

1479 1930

FIGURE 4 (CONTINUED)
EXHAUST SHAFT
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1479

1474

1469

1930 " •••••••••••••

x

1935

x

1940

x

KALITE, fINELY TO COAaSELY CIYSTALLIWE, CLEAa TO WHITE; MODERATELY ARCILLACEOUS,

COIrTDIT D!CI!ASts WITH DEPTH, occuas AS BLACr BLUS AJlD SnINCER.S; TRACE POLY­

KALITE, CONTD'T I.caUSES WITlI DEPTII, OCCV.S AS DISCOIITINUOUS IUEC\1LAJ. llAlIDOPlLY­

ORIENTED TO SUlHOIl%ONTAL SnIJCElS AND DISS~~INATED BLEBS; CONTAINS LOCAL BEDS AHD

ZOliES or CLu-nu KALIn; POLY1IALIT! COIITDIT IIICREASES AlIUpTLY NEAB. BASE; BASAL

COIITACT SII.UJ'.

1464

1459

1454

1449

1945

1950

1955

1960

ANHYDIITE, fINELY CRYSTALLINE, LICHT TO DAIK CRAY, THINLY LAMINATED TO ~~INATED;

;....,"'T""'""-.-.,....,~ ......-+----J UPI'D D TO D.S' POLYIIA.lITIC; LOCALLY KALITIC. OCCURS AS DISCONTUruoUS aEDS AHD

PODS; SO!'! WIJAI: OI.CA.IIIl:-IICH (1); LAIlIIIAI: UlIDULAT! SLICliTLY; UNDERLAIN BY 0.1'

TO D.)' Tllla ClAY KALITIC CUYSi'OIIE; WAL CONTACT SIlARP, tRR!GULAR, SLIGHTLY

U1ItlULArot'l •
!!ALIT!. CO.u.SEL'{ ClYSTALLlJlE. WIn TO CL!A.& TO TINTED ORANCE, STRUCTURELESS;

SLIGHTLY AiCILLACEOUS II UpptI 5.0'. occuas AS ClAY DISCONTINUOUS SUBHORIZONTAL

STRINCERS, BELOW 1952.)' COIITE¥! INCREASES SllARpLY, THEN DECREASES WITII DEPTH,

DISCONTINUOUS I" TO 2" THICIC IRIECULAI ClAY CLAYSTONE BED OCCURS AT 1952.3'; ,RACE

POLYHALIT!. OCCURS AS LICHT OR.ANCISH-WHITE DISSEMINATED BLEBS; IN BASAL 1.0'

POLYHALIT! AND AHHYD1ITE OCCUi AS DISCONTINUOUS SUBHORIZONTAL StRINCERS; BASAL

CONTACT SIIAIU', IRRECUUJ..

x

x

1444

1439

1434

1965

1970

1975

ANHYDRITE, FINlLY CiYSTALLINE. CRAY ALTERNATINC WITH DARK CRAY, THINLY LAMINATED;

LOCALLY CONTAlNS PODS OF HALITE AND HALITE-RICH LAMINAE; 5ASAL CONTACT SHARP,

CONFOlUWlU:.

ANHYDRITE. F!NELY CRYSTALLINE. CRAY; HALITIC, OCCURS AS ABUNDANT HALITE PSEUDO­

~.ORPHS ~ER CYPSUM SWAt.t.OWTAIL CRYSTALS ALIGNED PARALl.El. TO BEDDIllC, 11 au TO 2"

HICH, ~ORlry ORIENTED VERTICALl.Y; LOCALl.Y, ANHYDRITE IS FREE OF PSEUDOMORPHS ~

THINLY LAMINATED, LAMINAE ALTE~~ATE FROPI l.ICHT TO DARK CRAY: [ALITE PSEUDOHORPHS

ABSENT BETWEEN 1966.6' AND 1967.5'; BASAL COIiTACT CRADATIOIiAL TO DIFFUSE.

ANHYDRITE, FINEl.Y CiYSTALLINE. ALTEllIATIIiC l.ICHT AND DARK CRAY, tHINLY ~~rNATED TO

LAMINATED: LAMINAE OFTtH COKTAIN INSIPIENT ENiiOLITHIC STRUCTURES AJlD ANHYDRITE

PSEUDOMORPHS ~EI GYPSUM SWALLOWTAIL CRYSTALS; UNDERLAIN 8Y 0.4' TO 0.5' THICI BED

OF "ICiOLAftlftATED TO THIVLt ~~IMAT!O CRAY CLAYSTONE CONTAININC SUBHORIZONTAL

BlfURCATIMC 0 TO 1M THIel HALrTE-FILLED FlACTURfS; BASAL CONTACT SHARP, IRRECULAl.

UNDULATOIY, DISCONFOlhABLE.

FIGURE ~ (CONTINUED)
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ELEV. DEPTH
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1434 1975

1429 - .... 1980

1424-f-1985

/394 -f- 2015

STRATIGRAPHIC

COLU M N

x

x

\\ \\ \\\ \\

REMARKS

HALIT!, ~EDIUK TO COARSELY CRYSTALLINE. WVITE TO CLEAI, STlUCTURELESS; ~ODERATELY

ARCILLACEOUS, CUY, COIITElIT DEaEASf:S WITH DEI'T1I, OCCUIlS AS DISSEMINATf:D RANDOMLY­

ORIEITED DISCONTINUOUS STRINCERS AND ILEIS; TRACE POLTHALITE BLf:BS; CONTAINS INTER­

UVIT DISSOLUTIDI PITS FILLED WITH RELAIIVtLY PUIlE HALITE; FRf:E OF CRAY CLAY FR~

19l1S.0' TO 1919.0'; THI. « 111") SUIHOIIZOIITAL STRINCEIS or ANHTDUU OCCUIl BELOW

191••0'; IIIECULlI BED or HALITIC ANHYDRITE I. LOWER 1" TO 3" OVERLIf:S HICHLY UNOU­

LATOIT IASAL COIITACT, COIITACT KAlXED IT ClAY CLAYSTOllE IN CllAHllEL nOUCHS, CONTACT

EJ.OSIOIIALLY TEIlIUNATES UNOEU.YUIC UVIT AT THE WEST SIDE OF SIIAYT; BASAL COIITACT

SIlAU.

HALITE, MEDIUM TO COARSELY CRYSTALLIllE, WHITE; CONTAINS DISCONTINUOUS SUBHORIZONTAL

STRIIIC~S CW AIIIITDRIT!, <1/4" THICX; tnIIT THICOESS VARIES FROK 0 TO 1.S· AS IT IS

nOSIOWALL1 TDltIIlATED AT UPPER CONTACT; SHAPE I.ElITICl1tA.I (0 TO 1.S' X 6'); BASAL

COIITACT SIlAU.

HALITE, H!IlIUlC 10 COARSELY CIYSTALLU'Z. WIT! TO CLEAI TO TINTED GIlAY, BAJlDED,

SPACED 1/2" TO 4", nu.CE CRAY CLAY; COIITAIJS CONTINUOUS IIIECtlIJJl SUBHORIZONTAL

STRINCfRS OF GIlAY CLAY; BASAL CONTACT SIlAU, SLICHny I1lIllUUTORY UP TO 4",
HALITf:, MEDIUM TO COARSELY CRYSTALLINZ, WHITE TO CLEAI TO TINTED GIlAY, BAJlDED ON

1/2" TO 2" SCALE, SLIGHTLY AIlGILLACEOUS, OCCUIlS AS SUBHORIZONTAL snINCERS AJID

LOCAL IlAIlDOKLy-oUENTED STRINCf:RS; nu.CE POLTHALITE, OCCURS AS DISSE.'HNATED BLEBS,

CONTElIT INCREASES WITH DEPTH; BASAL CONTACT SIIAIl.
HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR, STRUCTURELESS; SLIGHTLY

AlGILLACEOUS IN UPPER PAlT, CONTElIT DECREASES WITH Df:PTH,~CURS AS REDDISH-BROWN

RANDOMLY-ORIENTED STRINGERS; TRACE POLYHALITE, CONTENT INCRf:ASES WITH DEPTH; BASAL

CONTACT SllARP, SLIGHTLY IllREGlIUJl, SLIGHny UlIDULATORY OU),

AllCILLACEOUS HALITE, rINELY TO COARSELY CRYSTALLINE, WIIITE TO TINTED ORANCE; CUY

REDDISH-BROWN, CONTENT DECREASES WITH DEPTH, OCCURS AS INTERCRYSTALLISE ~TRIX.

CRADES TO SUBHORIZONTAL STRISGERS WITH DEPTH; HALITE OCCURS AS DISCONTINUOUS BEDS

AND ALIGNED PODS; BASAL CONTACT SHAllP, IRRECULAR, UNDULA70RY.

1389 2020

FIGURE 4 (CONTINUED)
EXHAUST SHAFT
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ELEV. DEPTH
Irr MSLI I FT.)

1369 2020

1364 -1-2025

1379 -I- 2030

1374 -I- 2035

1369 -I- 2040

STRATIGRAPHIC

COLUMN

-x-x-

x

x

x

~"""

)(

XYV

REMARKS

ASAlaY{

HALITE, fIWELY TO COARSELY CRYSTALLINE, WHITE TO TINTED ORAMCE, OCCURS AS IRRECULAR

DISCONTIHUOUS BEDS 1/2- TO 2M THICI AT TO', BECOHES MASSIVE WITH DEPTH; VERY ARCIL­

LACEOUS AT TOP, COIIT£IIT DECJlUSES WITH DEPTH, occuas AS INTERCRYSTALLINE MATRIX;

AlIl111DAIIT POLYllALIT! AT TO', COIlTDIT INCREASES WITH DEPTH, occuas AS DISSEl1INATED

BLEBS AND IA&I SUBHOIIZOVTAL STRINCERS; CONTAINS ABUNDANT VERTICALLY-QRIENTED

ELOWCAT! ZOIlU or PUU A!fIl POLYlIALITIC HALITE WITll IRREct1LU EDCES, 1.0' TO 2.0'

ACROSS, lIP TO 3.0' DEEP; BASAL CONTACT EXHIBITS CHANNEL fOJUi, WITH HICH SIDE

OCCUIAlHC OIl WEST SID! or SHAFT AT 2032.0' AND LOW POINT OCCURRINC ON EAST SIDE OF

SHAfT AT 2036.)'; CHANVEL FILL CONSISTS OF HALITE A!fIl POLYHALITIC HALITE BELOW

2032.0', A 0.5' TllICK BED OF fINELY CRYSTALLINE ANHYDRITE OCCURS AT 2032.3' AND

TEIftIWATES ACAIIST l1IIDERLYINC UNIT AT WEST SIDE Of SHAFT, FILL CONTAINS ABUNDANT

SUBHOIIZONTAL STRINeEI' OF ANHYDRITE THAT TElHINATE ACAINST UNDERLYINC UNIT AT WEST

SIDE OF SHAFT; BASAL COIlTACT SIIAR.P.

POLYHALITE, FINELY CRYSTALLINE, R£DOISH-QRANCE, srRUCTUlELESS EXCEPT FOR LOCAL

ZOIl!S COIrTAIIIIIlO HALITE: PSEUDOHORPHS AFT!R CYPSUK SWALLOWTAIL CRYSTALS AND LOCAL

ZONES WITH IODULAR STRUCTURE, LOCALLY THINLY LAMINATED NEAl BASE; UPPER 2.0' ON

WEST SIDE OF SHAFT CONSISTS OF THINLY LAMINATED ANHYDRITE: BASAL CONTACT

CRADATIONAL, UVDULATORY.

1364 -,- 2045

1359-1- 2050

1354-1- 2055

x

ANHYDRITE, FIMELY CRYSTALLINE, ALTERNATINC LIGHT AND DARK GRAY, THINLY ~~INATED,

~~INA£ UIIOOLATE SLICHny; 0.3' ABOVE LOIlER CONTACT, 0 TO 1" THIGK DISCONTINUOUS

I
PURE HALITE BED OCCURS, CONTAINS ONE DISCONTINUOUS STRINCER OF POLYHALITE: BASAL

CONTACT SHAU.
HALITE, ~EDIUft TO COARSELY CRYSTALLINE, wHITE TO CLEAR: SLIGHTLY ARCILLACEOUS,

CONTENT DECREASES WITH DEPTH, OCCURS AS REDDISH-BROWN TO GRAY RANDO~LY-ORIENTED TO

SUBHORIZONTAL STRINGERS ~ICH BECO~E SUBHORIZOSTAL wITH DEPTH; TRACE ?OLYHALITE,

OCCURS AS DISSEMINATED BloEBS AJlD SUBHORIZONTAL S7RINGERS NEAR BASE; I" 70 2" THICK

BED OF ANHYDRITE (NORTHWEST SIDE OF SHAFT) AND POLYHALITE (SOUTHEAST SIDE OF SHAFT)

AT 2059.3'; SUlHORIZONTAL STRINGERS OF ANHYDRITE IN LOWER 5.0'; NO CLAY OCCURS

BELOW 2059.3'; BASAL CONTACT SHARP, UNDULATORY TO 0.4', ~ISCONFO~~LE.

1344 2065

\ - \

x

x

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED ORANCE AND GRAY,

THINLY BEDDED TO GRAY ARCILLACEOUS HALITE WITH CLAY-FREE HALITE, BEDDINC TE~~INATED

AT UPPER CONTACT: TRACE POLYHALITE AT TOP, CONTENT INCREASES ~ITH )EPTH, OCCURS AS

DISS~INATED BLEBS; ARCILLACEOUS, CONTENT DECREASES WITH DEPTH, GRAY AT TOP GRADING

TO GRAYISH-BROWN WITH DEPTH, OCCURS AS DISCONTINUOUS RANDOMLY-QRIENTED STRINGERS

AND LOCAL ZOWES OF INTEiCRYSTALLINE MATERIAL, BECOMES REDDISH-BROWN BELOW 2070.2',

CONTENT DEClEASES ABRUPnY BELOW 2079.0', BASAL 2.0' SLICHTLY ARCILLACEOUS; BASAL

CONTACT SIlAU, SLICHTLY UNDlIUTOIY, IRRECULAll, IWUCED BY DISCONTINUOUS IRRECULAR 2"

Tl!IClC BtD or IW.ITIC AMllYDAITE.

FIGURE 4 (CONTINUED)

EXHAUST SHAFT
LITHOLOGIC LOG



PRELIMINARY

ELEV. DEPTH
1FT MSlI (FT.)

STRATIGRAPHIC

COLUMN
REMARKS

1344 2065
x AS AlOY[

1339-~ 2070

X

X

1334-1- 2075

x

x

1329 - - 2080 X

- X

1324- - 2085

-
X

1319 - I- 2090
X

111\\\\ '\II II

-

1314 - I- 2095
X

-
X

1309- - 2100

X

HALIT!, MEDII" TO COAiSELY CIlYSTALLIIl!, WHITE TO CllAII; TRACE POLYHALITE. OCCURS AS

DISSEMINATED ILEBS; ARGILLACEOUS III UPPER 1.2', OCCURS AS REDDISH-BROWN DISCONTINU­

OUS SUBHORIZOITAL STRINCERS AND IlAsSES 0' HALITIC MUDSTONE, CONTENT DECREASES WITH

DEP'TH; BASAL COIfTACT SHAIlP.
HALITE, H!IlIIlM TO COARSELY CiYSTAl.LIIIE, WIT! TO CllAII; nACE DISSE/1INATED BLUS

AND RANDQKLY-oIItJT!D STaIIICEiS 0' POLYHA1IT!; AIlGILLACEOUS IN UPPEi 1.0', CONTENT

DECl.EASES WI1B DEPTH; LOCAL A!II!YtlIIT! STaIIICElS OCCUR NEAll BASAL CONTACT; BASAL

CONTACT SIlAI.P, SLICHTLY IRB.ECt!U.B AXD UNDUUTOn.

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR; RARE DISSEMINATED

POLYHALITE BLEBS; ARCILLACEOUS AT TOP, CONTENT DECREASES WITH DEPTH EXCEPT FOR

LOCAL INCREASES, COHIENT DECREASES ABRUPTLY BELOII 2101.5', OCCURS AS DISCONTINUOUS

sUBHORIZONTAL STRINCERs; THIN DIsCOIITINUOUS sTRIIICERS or AXHYDRITE AND POLYHALrTE

OCCUR IN LOIIEI. 2.0'; BASAL CONTACT SIlAI.P, SLICHTLY UNDUUTORY.

ANHYDRITE, FIIIELY CRYSTAl.LINE, ALTERNATINC LICHT AND DARK CBAY, THIIILY lAHINATED;

UNDERLAIN BY liZ" THICK CBAYISH-BROWN euysTON! BED; BASAL CONTACT SHARP.HI\\\\I\
tKxxxxxxx
~M:E~nN~t:::jlllALln:, FINELY TO COAilsElY CaYSTAl.LIIIE, WIT! TO TINT!D OIWlCE. BEDDED AT TOP WIT!!

REDDISH-BROWN ARCILlACEOUs HALITE, SPACED 1" TO 2"; ARCILLAC!OUs. CONTENT DECREASES

WITH DEP'TH, OCCURS AS INTERCnsTAl.LIIlE IlATUX III ARCILLACEOUS HALITE BAXDS AT TOP

AlIlI IAHDOtlI.Y"OlIDIttD Snn'CEU Wl1B OEm, CONTnrT D!Cl.EAS!S A8J.UPTLY BELOII

Z111.)'~ lAIE DISS~INAT!D BLEBS 0' POLYKALITE: BASAL CONTACT DIFFUSE.1299 2110

1304-1- 2105

FIGURE q (CONTINUED)

EXHAUST SHAFT
LI THOlOG ICLOG



r------r------or--------------------------------.
PRELIMINARY

ELEV. DEPTH
(~·T MSl J (FT.l

STRATIGRAPHIC

COLUMN
REMARKS

1299 2110

x

AS AlOV[

1294- - 2115

••••••••••••• t-~~==_'~=_=_-:::==":':""":=~=___:'::=_=__=_=7:":"''":":"::_:_::=:7===:_7.~_:_::__:::____1
IlALIn:. /IEDIIm TO COAlS ELY CIYSTALLIJr!. WIn: TO CLUJ; RAIlE STRINGERS OF CLAY IN

urPEa 1.1'; TRACE SUBKOIIZOWTAL TO HOIIZOWTAL CONTINUOUS STRINGERS OF ANHYDRITE

BELOW 2111.0', BASAL CONTACT SKAlP.

1289---2120

1284- __ 2125

IlALITE. /IEDIIm TO COAlS ELY CnSTALLUlE. WIT! TO TINTED ORANCE, RAIlE RANDO!fL\'­

OIIEYTED CLAY STRINCERS TO 2125.2'; UPPEI CONTACT KARXED BY ANHYDRITIC CLAYSTONE

~ONTAINIHC DISPLACIVE HALITE C1YSTALS «1/4"); TRACE POLYHALITE BLEBS; ANHYDRITE

STRING!RS OCCUI BETWEEN 2128.1' AND 2128.5', BASAL CONTACT SHARP, SLICHTLY UNDU­

LATORY. IUlCULAl..

X

1279 - - 2130 -'"''"''"'".:"'"''"',",'-
\

1274 - - 2135 \

-

-

1269-
X

r- 2140

-

X

1264- I- 2145

- 2/46.4
FACILITY /

LEVEL

--

IW.lTE. HEDIUIt TO COAlSELY CIYSTALLINE. WIT! TO CUAI; RAIl CLAY STliINCERS TO

2131.5'; SUBSOIIZONTAL STRiliCEas OF AII'IIYDRITE SPACED 2" TO 4" OCCUR BELOW 2134.0',

BASAL CONTACT SHAIP.

HALITE; MEDIUM TO COARSELY CRYSTALLIN!••~IT! TO CLEAR; RARE SUBHORIZONTAL CLAY

STRINCERS AT TOP, CONTENT DECREASES WITH DEPTH; VERY RAIlE BLEBS Of POLYHALITE;

BASAL CONTACT NOT OBSERVED.

FIGURE 4 (CONTINUED)
EXHAUST SHAFT
LITHOLOGIC LOG

en en
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EXHAUST SHAFT

EXPLANATION
DEPTH

546. 5 1_4"""?"~~

602.5':=1~~~
627'

7/3.S'==t~~~.
736'

850 5 '--+--=-=-==..(
907'

"'--'"""",,,,"+~-:L-~DUNE SAND AND CALICHE
GATUNA AND SANTA ROSA

.0 _

DEWEY LAKE REDBEDS

r
~~~:5'-- FORTY-NINER MEMBER

MAGENTA MEMBER 0::: ~

TAMARISK MEMBER ji=
~<t

t~g~~~-CULEBRAMEMBER ~~

UNNAMED LOWER MEMBER 0::: ~

BASE OF THE KEY

z
o
~

<t
~
0:::
o
l.L.

o
o
<t
...J
<t
en

~
~
~
~

~

o
~

SAND AND SANDSTONE

MUDSTONE AND SILTSTONE

ANHYDRITE

ROCKSALT

DOLOM ITE

2/46.4'-------~ "---__----'-- WI PP FACt LlTY LEVEL FIGURE 5

GENERALIZED
EXHAUST SHAFT
STRATIG RAPHY

NOTES:
I. ALL ROCKS BELOW SANTA ROSA ARE

PERMIAN IN AGE.
2. ALL DEPTHS ARE MEASURED FROM A

REFERENCE ELEVATION AT 3409' MSL.

PREPARED FOR

WESTINGHOUSE ELECTRIC CORPORATION
CARLSBAD. NEW MEXICO

IT CORPORATION
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LRTH

)--' >-
tr

tll
trf- I<t~

z .... ~~-u.
!- !:x:

EAST SOUTH
-'> -'f-

WEST NORTH

W..J Wll.
DISTANCE FROM SOUTH LiNE, (FEErJ

tr...J trw 25 20
ll.w ll.O

IS Ip ~
0

~
10 IS 20

32/9 /95

25 28

FI

F98 ~~ , r.... F20 \ F26 \ \"

-.E.!J!.!..-FI'~08//F£1J.....~~ F6./ ,,~l. ::0 I F36

FI~ Fl07~ F4 F23 F28 W, 32 T ""
F94 r F4;;'4 ~ \ _,~.10 ') F34

r12' 'C""F14 'F18 F24 ~25 Fl7 /
FI F3 6_ FIJ\ Ii';" F24

(F3J

F9.1

F95
F58' F80

FBl

F87- -
F58

F730;::.7~ F2

~F~a_F,-,8""J'----'H F85

F76 ".j F 71 _---+fV:..-::~::~,--...0''£--F-9:::O---=-==:----F-9-,-

F70

F58

Fill

F52

F64

F53

5'"
F6/

F50

I

FI
205

20032/4

3209

(J)

o
I.LJ
CD
o
I.LJ
0:::

I.LJ
Y:
«
....J

>­
I.LJ
~
I.LJ
o

F69

3204 2/0
(

\

1>
2)

3)

4)

5)

THIS INTERVAL WAS MAPPED ON 10-3-84.
THE LITHOLOGY OF THIS"INTERVAL IS DESCRIBED IN
FIGURE 4.
DEPTHS AND EVALUATIONS ARE RELATED TO THE REFERENCE
ELEVATION OF 3409 FEET ABOVE MSL.
ONLY FRACTURES THAT WERE DEEMED "MAPABLE" AT ASCALE
OF ONE INCH EQUALS FIVE FEET ARE INCLUDED ON THE MAP.
MAPPING EFFORTS WERE CONCENTRATED IN THE DEPTH
INTERVAL FROM 195.0 FEET TO 200.0 FEET.

EXPLANATION

MAPPED FRACTURE #20. SEE FRACTURE NOTES FOR
DESCRIPTION
SAMPLE LOCATION. EXHAUST SHAFT DETAILED MAPPING SAMPLE
#24
MAPPED FRACTURE #29. FRACTURE SURFACE EXPOSED FIGURE 6 - SHEET 1 OF 11

FRACTURE LOG IN
T~E DEWEY LAKE REDBEDS

DEPT~ 190.0 T~ROUG~ 205.0 FEET
EXHAUST SHAFT

WASTE ISOLATION PILOT PLANT

CARLSBAD. NEW MEXICO

PREPARED FOR

WESTINGHOUSE ELECTRIC CORPORATION

CARLSBAD. NEW MEXICO

IT CORPORATION



WI PP EXHAUST SHAFT
FIGURE 6 - SHEET 2 OF 11

FRACTURE NOTES

---------

** * Cross-CuttingI, (',Ie till',; lJip of I\zimuth Fr'a c Llwe Fill Structure
rJlIllibel' Fl'ac Lure of Pole Thickness Material Within Vein Relationships

Fl hOI'izonLZll 1/11-1/2" fg Fibers perpendicular to No terminations
fractured surface, second
growth 1/4 inch from base

F2 70-85° 230 1/11- 3/4" fg Sigmoidal growth of fibers
suggesting slight left
lateral movement

F'3 56° 000 1/ Jl II fg Fibers are straight, but F2 and Fl terminate F3
at angle of 30° to the
fractured surface

FI1 15° 330 0-1/4 11 fg Fibers oriented vertically F4 cut by F2
with slight inclination
to the fracture plane;
contains small si ltstone
inclusions in center of
vein

1i7i7i
11 110 <1/16"F5 055 fg Fibers oriented vertically

Ft) ~-;lIbllot' j ZUfl La 1 0-1/ 1jll fg Fibers oriented vertically F6 intersects F16, F18, F28
with small siltstone relationships not determined
inclusions in middle to
lower 1/2

F'l 2U') 270 1/4" fg Fibel'S 01' iented vertically F7 inter'sects F8, F2

1:8 llut'izOIILI] 1/8-1/1l" fg Fibers oriented vertically F8 terminated at F2, F18

,~1'2, ., 1'llJl'OII~ gyp:;;llill
"""iti<I\ZIII"dll of pule d(:~';L:I'itJ(::;; LIi(~ direction of dip; quadrant notation describes the strike of the plane.

Fl'iH:Lill't: not. nlClj..lped



WIPP EXHAUST SHAFT
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FRACTURE NOTES

"I'ae tu r'c
Number'

F9

FlO

***F11

F12

F13

F14

FI6

F1'f

F18

Dip of
Fractur'e

hor'i:Lontal

hOl'i:Lontal to
undulator'y

subhor' izon tal
to undu] ator'y

Azimuth
of Pole

070

010

090

340

350

260

Fracture
Thickness

1/16"

1/8"

<1/32"

0-1/16"

1/16"

1/4-1/2"

1/16"

1/16-1/4"

1/16-1/2"

Fill
Material

fg

fg

fg

fg

fg

fg

fg

fg

Structure
Within Vein

Fibers oriented vertically

Fibers oriented vertically
to subvertically

Fibers oriented vertically

Fibers oriented subverti­
cally

Fibers oriented subverti­
cally

Gypsum displays subhori­
zontal slickensides

Fibers oriented vertically,
suture line is fibrous

Fibers oriented horizon­
tally forming angle of 30°
to fracture plane, bifur­
cates with inclusions of
siltstone up to one inch
between branches

Cross-Cu t ting
Relationships

F9 intersects F7 and F16

Fll terminates at F2 & F18

F12 terminates in F13

F13 terminates in Fl

F14 terminates in F18, F13

F16 terminates in Flll

F17 terminates at Fl11

F14, F23, F24 terminate
F18
F4, F6, F20, F21 intersect
F18



WIPP EXHAUST SHAFT
FIGURE 6 - SHEET 4 OF 11

FRACTURE NOTES

l.'I':iC LU1'8 Dip of Azimuth Fracture Fill Structure Cross-Cu tt ing
tJllmbel' Fracture of Pole Thickness Material Within Vein Relationships

*** 26° 1/~" Fibers oriented vertically F19 terminates at F8 & F18F19 350 fg
with suture line

F20 hOI'izontal 0-1/~" fg Consistent vertical sig- F20 cut by F28, F18
moidal fibers F20 intersects F30, F35,

and F33

F21 horizontal 0-1/2" fg Fibers oriented vertically, F21 intersects F18, F28,
suture contains frequent no, F33 and F35
thin lenticular siltstone F21 terminates at F37
inclusions

F22 38° 100 1/4" fg Fibers oriented vertically F22 terminates at Flll
and F18

F23 subhorizontal 11l~" fg Fibers oriented vertically F23 terminates at F18

F2lj subhol'lzontal 1/4-2 11 fg Fibers oriented vertically, F24 terminates at F18
undulatory fibers are straight to F24 intersects F33

sigmoidal, bifurcates with
inclusions of siltstone up
to one inch thick

F25 75° 080 1/16" fg F25 terminates at F24, F27

F~G 22" 350 0-1/8" f'g Fibers oriented vertically F26 terminates at F28

F2'i 110 I' i zan tal 1/16" fg Fibers oriented subverti- F27 terminates at F28
cally F27 intersects F30

F2S '10° 090 0-1/16" F28 terminates at Flll
and Fl
F28 intersects F20, F21,
F6, and F24



WIPP EXHAUST SHAFT
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FRACTURE NOTES

__ .0_______

FI ' .ll: L1I l'l; Dip of' Azimuth Fl'acture FiU Str'ucture Cross-eu tting
!'JwnbCl' F,'actUl'e of Pole Thickness Material Within Vein RelationshiQs---

*** 1/1611 F29 terminates at F28F29 hOI'l:wntCll fg Fibers oriented subverti-
cally and nO

F3U oS ubve r't i cal mOE <1/16" fg F30 terminates at Flll
F27, F21 and F20 intersect f30

*** 0-1/16"F31 subvertical Nl0H fg

F32 23° 350 0-1/8" fg Fibers perpendicular to F32 terminates at F33
fracture plane and F30

F33 65° 080 0-1/8" fg Fibers oriented subverti- F33 cut by F21 and F20
cally F33 intersects F24

F33 terminates at Fl11

F3 l j ~ubhorlzontal 1/8" fg Fibers oriented vertically F34 terminated by F33
F34 cut by F35

Fj':J ~G') ogo 1/8" fg Fibers oriented subverti- F35 terminates at Fll1
cally

l"jb ~ll bhol' i zon ta 1 1/8" fg Fibers oriented subverti- F36 terminates at F37
cally F36 cut by F35

[,' 3'{ '::J'::J0 060 1/11" fg Fibers oriented subvert i- F37 terminates at Flll
cally F37 joins F41

F]8 - not described

1'3Y ~llbvCI'L i cal EW to S30E 1/8-1/1~1I fg Fibers oriented horizon- Inde tel'minab Ie
tally



WIPP EXHAUST SHAFT
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FRACTURE NOTES

h' ,1,; Lll r'e Dip or Azimuth Fracture Fill Str'ucture CI'OSS-Cu tt ing
Number fractut'e of Pole Thickness Material Within Vein Relationships
~~---

r-QU 35° 300 1/8" fg Fibers oriented vertically F40 terminated at Flll and
F41

F41 6:i° 070 1/8-1/4" fg Fibers oriented subverti- F24andFlll terminate F41
cally

[.'112 ~ublJ()t' j LOll La 1 1/8-1/2" fg Fibers oriented vertically F42 cut by F53
llfldulatol'y

f1i 3 ::>u IJhor ,izontal 1/8-1/4" fg Fibers oriented vertically, F43 cut by F53
includes siltstone clasts

Fl14 - not de::>ct'ilJed

Fli S 65° 160 1/16-1/8" fg Fibers oriented subhori- F45 terminates at Flll
zontally and F51

[,l1G oll" 010 1/8" fg Fibers perpendicular to
fractul'e plane

[,'lj '7 7i x1;

::>uLJllul' i ~:on La 1 1/2" fg Fibers oriented vertically
x x-x

[<liS ~ubl1or' i ~on lCit 1/8" fg Fibers oriented vertically

[-'11'3
;.;**

~lIbvct'L i cal N70E none
,,;1i*

[·'~U 3U" 000 1/16-1/8" fg Fibers oriented subvert i- F50 terminates at F52
cally

F51 ~ubhol' izontal 1/8-1/4" fg Fibers oriented vertically F51 cut by F52



WIPP EXHAUST SHAFT
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FRACTURE NOTES

!"r' ,i~ Llll'~ Dip of Azimuth Fr'acture Fill Structure Cross-Cu tt ing
tJlllnbet' Fractur'e of Pole Thickness Material With in Vein Relationships------

F52 subver't ical N30E 1/8-1/4" fg Fibers oriented subhorizon- F52 terminates at F53
tally

F53 vel' t i ca 1 N35E 1/4-1/2" fg Fibers oriented subhori- F53 terminates at F111
zontally with suture line F53 intersects F42

F5 11 subhorjzontal 1/ lj" fg Fibers oriented vertically F54 terminates at F53

*it 'X F53 and F56 terminateF55 subtlOt'izontal 1/8" fg fibers oriented vertically
F55

F56 sllbvertical S60E 0-1/4" fg Gypsum filling is discon-
tinuous, fibers oriented
subvertically

*- *" xF57 subhot, i:c.otl tal 1/8" fg Fibers oriented subverti- F53 and F56 terminate
cally F57

F~)8 ::ill bhor' L.Wtl ta 1 1/8" fg Fibers oriented vertically F58 intersects F60

**x
1/8-1/4"[':' 9 sllbllOl' i ~Otl tell fg Fibers oriented vertically F56 and F60 terminate

F59

FoO 85° OljQ 0-1/8" I F111 terminates F60

F61 ::;ubhol' i zan tcll 0-1/8" fg Fibers oriented vertically

F62 ::iubhot'i:;.onLal 0-1/2" fg Fibers or iented vertically F62 intersects F60 and F69



WIPP EXHAUST SHArT
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rRACTURE NOTES

r: I '"' c LIll' t; Dip of Azimuth rractul"e rill Structure Cross-Cutting
Numbel' Fractul'e of Pole Thickness Material Within Vein Relationships-----

F63 su bhol" iZOli La 1 0-1/8" fg ribers oriented vertically

rGli ~LJ IJhor i :LOll LiJ. 1 0-1/4" fg ribers oriented vertically r69 terminates F611

r65 sulJhori:LonLal 0-1/4" fg ribers oriented subverti-
cally

F66*"* 65° 190 1/8" r1 and F65 terminate F66

F6 cI su bhol'l :Lon tel 1 0-1/8" fg ribers oriented subverti-
cally

F68 subhol'izontal 1/ 11-1/2" fg ribers oriented subverti- r68 terminates at F93
cally, is a continuation F68 intersects F69, F70
of F58 and F61 and F2

F6g sllbvet'L i cal 110 1/ 11-1/2" fg Fibers oriented horizon- F69 cu t by F62, F68, F64,
tally and F1 j F111 cut by F69

F7U SUbVCI'L i Cell 110 F70 cu t by r68

F71 ~llbh(.Jl'izOlILil 1/ 11- 1/2" fg Fibers oriented vert ically no cu t by nl

F'I:..' 25° 060 1/ 11- 1/2" n2 ter'minates at F111
and F68

F'/) subllo!' 1ZOII La I 1/8-1/2" fg Fibers oriented vert i cally F72 and no terminate F73

l:{ II subllOl' i :!.Oll La I 1/ 11" fg Fiber's oriented vertically no and F72 terminate F74
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FRACTURE NOTES

----------

1:1 ;,c tllt't: Dip of Azimuth Ft'acture Fill Structure Cross-Cutting
Numbel' Ft'3ctUt'e of Pole Thickness Material Within Vein Relationships

F89~** 1/16-1/4" F89 joins F68 and F80~ubhot'izonta] fg Fibers oriented vertically

F90 ~llbhot' izon Lell 1/8" fg Fibers oriented vertically

F91 subhot, izon tal 0-1/8" fg Fibers oriented vertically Discontinuous

F92 subhOt' izon ta 1 0-1/8" fg Fibers oriented vertically F68 terminates F92

F93 68" 090 1/8" fg Fibers oriented subverti- F111 terminates F93
cally

F9 11 subhot' iL:on tal 1/8-1/4" fg Fibers oriented vertically F94 terminates at F93

F9~ Sll bl10r' i L:on ta 1 1/8-1/11" fg Fibers oriented vertically F95 terminates at F93

F9G ::ill btlor' i zon ta 1 1/8" fg Fibers oriented vertically F96 terminates at F93
F96 joins F97

F~'I ~;lIllllOl' izullLa I 1/8" fg Fibers oriented vertically F97 terminates at F93
F97 joins F96

F98 su bhor' i L:on ta 1 1/4-1/8" fg Fibers oriented vertically F93 ter'minates F98

F99 :.;ubhul' j ZUIJL:ll 0-1/8" fg F2 terminates F99

FIOO :3ubhor'izocIL:ll 1/8" fg Fibers oriented vertically Fl00 Joins Fl0l

F1Ul ~ll bllOl' i :Lon ta 1 1/8"
;;;;*

F1U2 subllOt' i L:ol1la] 1/16" fg Fibers oriented vertically F102 terminates at F93
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FRACTURE NOTES

Fr'acture Fill Structure Cross-Cutting
Thickness Material Within Vein Relationships

1/16" fg Fibers oriented subhori- F98 terminates Fl02
zontally

1/16" fg Fl04 terminates at Fll1
and Fl0l

0-1/8" fg Fibers oriented vertically Fl05 cut by Fl04
Fl05 tel'mina tes at F2

0-1/6" fg Fibers oriented vertically Fl06 terminates at F104

0-1/8" fg Fibers oriented vertically Fl01 terminates at F2

1/8-1/4" fg Fibers oriented vertically Fl08 terminates at F2

FI :~H; tlll 'l: Dip of Azimuth
fJulfitlet' Fracture of Pole

***F103 subve l't ical

"Hi xF1(J/i subvertical N20E

***F105 subhot' izon tal

Fl06*** subhor' izon tal

FlO? subhorizontal

F108 subhorizontal

x**flOg - no t dCSCI'ib.:;d

l; 110 subhol'izontal

F111 subhot, izon tal

0-1/8"

1-2"

fg

fg

Fibers oriented vertically

Fibers oriented vertically,
frequent siltstone clasts
along suture, suture
closer to top

Fll0 terminates at F2
Fll0 joins F99

Fll1 terminates most ver­
tical fractures except
F2, F69, and F10
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FRACTURE LOG IN THE DEWEY LAKE REDBEDS
DEPTH 256.5 TO 280.5 FEET, EXHAUST SHAFT
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WI PP EXHAUST SIIAFT
FIGURE 7 - SHEET 2 or 9

EXPLANATION

MAPPED FRACTURE #20, SEE FRACTURE NOTES FOR
DESCRIPTION.
SAMPLE LOCATION, EXHAUST SHAFT DETAILED MAPPING SAMPLE
#24.

1>
2)

3)

4)

5)

THIS INTERVAL WAS MAPPED ON 10-3-84.
THE LITHOLOGY OF THIS INTERVAL IS DESCRIBED IN
FIGURE 4.
DEPTHS AND ELEVATIONS ARE RELATED TO THE REFERENCE
ELEVATION OF 3409 FEET ABOVE MSL.
ONLY FRACTURES THAT WERE DEEMED NMAPABLE N AT A SCALE
Of ONE INCH EQUALS FIVE FEET ARE INCLUDED ON THE MAP.
MAPPING EFFORTS WERE CONCENTHATEO IN THE DEPTH)
INTERVAL FROM 269.0 FEET TO 280·5 FEET.



WIPP EXHAUST SHAFT
FIGURE 7 - SHEET 3 OF 9

FRACTURE NOTES

FI'dl~lul'2

NIlIlIb,-,"

F 1

F2

F3

F4

F5

Djp of
Ft'actljt·~"

not deset'ibed

!lot descl"ibcd

subver'l i Cd}

subhot'izontal

su bhod zon ta 1

Azimuth( 1)
of Po Ie

280

Fracture
Thickness

1/4"

liB"

1 - 1-112"

Fill(2)

Material

wfg

wfg

wfg

Structure
Within Vein

Fibers perpendicular to
fractured surface, with
suture

Fibers perpendicular to
fractured surface

Suture closer to upper
fractured surface (1/3
distance), contains small
fragment of wall rock
material at suture

Cross-Cutting
Relationships

F4 & F5 terminate at F3

F4 terminates at F3

F5 terminates at F3 & F7

f'b 89° 100 1/16" wfg

F7 79" 100 1/4" wfg

Fd Sllbvel't ieal 90 1I lj" wfg

[.'9 .JllbllOI' j zun ta I 1I II" wfg

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

No terminations

F5, FB, FlO terminate
at F7

F9 terminates at F8
FB terminates at F7

F9 terminates at F8
& F12

(1) A:.dlllllLlI of pole dt:SCI'ib8S the dir'ection of dip; quadt'ant notation describes the strike of the plane.
U) 11ft!; - \Jhitc fibl.:['oUS gypsuHI



WIPP EXHAUST SHAFT
FIGURE 7 - SHEET 4 OF 9

FRACTURE NOTES

Fl'dt.: III t'(; Dip of Azimuth Fracture Fill Structure Cross-Cutting
Number' Fracture of Pole Thickness Material Within Vein Relationships------

FlO horizontal 1" wfg Fibers perpendicular to FlO terminates at F7 &F13
fractured surface, suture
closer to top

F11(3) subllOl'izontal 1/4" wfg Fibers dip W80° not mapped

F12 Sllbvel't ieal 80 1/4" wfg Fibers dip SE

F13 subve I't ieal 70 1/4" wfg Fibers perpendicular to FlO, F14 & F17 terminate
fractured surface at F13

FPI 32.o(appar'ent) undetermined 5/8" wfg Fibers perpendicular to F14 terminates at F13
fractured surface

F15 subhot'izontal 5/8" wfg Fibers dip Wof No termination
perpendicular

F16 sutJhor i Lon ta 1 0-1/4" wfg Fibers dip Wof F16 terminates at F20
perpendicular

F17 subho[' i:!.on tal 1/2" wfg Fibers perpendicular to F17 terminates at F13
fractured surface

£-'18 hot'i zontal 1/16-3/8" wfg Fibers perpendicular to F18 terminates at F12
I fractured surface

F19 subhol'i'Lontal 0-1/4" wfg Fibers perpendicular to F19 terminates at F20
fractured surface

F~~( ) 49" 115 1/8-3/8" wfg Fibers dip SW of F16, F19, & F24
perpendicular terminate at F20



WIPP EXHAUST SHAFT
FIGURE 7 - SHEET 5 OF 9

FRACTURE NOTES

----

l.'r'.:.tctuce Dip of Azimuth Fracture Fill Structure
tJumber Fr'acture of Pole Thickness Material Within Vein

F21 ( 3) horizontal 1/8-1/1~" wfg Fibers perpendicular to
fractured surface

F22(3) 36° 45 1/16" wfg Indeterminable

F23 75° 110 1/4" wfg Perpendicular to fracture
surface

F2 11 1'l°(appat'ent) undetermined 1/4" wfg Fibers oriented vertically

F25 subhor' izon ta 1 0-5/8" wfg Fibers perpendicular to
fractured surface

F26 .:iU bllOr' i zan ta 1 3/8-3/4" wfg Fibers perpendicular to
fractured surface

F21 subhol'izontal 1/2" wfg Fibers vertical to sub-
vertical, dip N

F28 subvertical 130 3/16" wfg Indeterminable

F29 83° 130 <1/16-1/8" wfg Fibers perpendicular to
fractured surface

nO 7Lj 0 30 1/16-1/8" wfg Fibers perpendicular to
fractured surface

t'31 8Ll ° 120 0-3/8" wfg Fibers perpendicular to
fractured surface

f.'.:i.~ '!Gu 135 undetermined wfg Indeterminable

(3)
Nul IIdpped

Cross-Cutting
Relationships

F21 terminates at F20

F24, F25, F26, F27
terminate at F23

F24 terminates at F20 &
F23

F25 terminates at F23

F26 terminates at F23 &
F28

F27 terminates at F23 &
F28

F26 & F27 terminate at F28

F37 & F38 tel'minate at F29

no terminations

no terminations

no terminations



WIPP EXHAUST SHAFT
FIGURE 7 - SHEET 6 OF 9

FRACTURE NOTE?

l,'!'",cLUI'c

Numbet'

F33

F36

F37

F38

F39

Olp of
Fracture

not desct'ibed

subhorizontal

110[' i 'Lori Lcd

() to 60°

hOI' i zunli:.d

~uLho[' izollta 1

subtlOl' j ZOIl ta 1

Azimuth
of Pole

90

150

43

170

Fracture
Thickness

1/8"

118"

1/16-1/11"

1/2"

7/16"

1/4"

0-1/2"

1/ 11- 3/8"

1"

Fill
Material

wfg

wfg

wfg

wfg

wfg

wfg

wfg

wfg

wfg

Structure
Within Vein

Fibers oriented vertically

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

Fibers oriented vertically,
suture closer to top

Cross-Cutting
Relationships

F33 terminates at F34

F33 terminates at F34
F34 intersects F21 (rela­
tionship indeterminable)

F41, F38 & F37 terminate
at F36

F37 terminates at F39 &
F36

F38 terminates at F39 &
F36

F39 terminates at F~3
F40 & 42 terminate at F39

F40 terminates at F39

F41 terminates at F39, F36

F42 terminates at F39 &
F45



WIPP EXHAUST SHAFT
FIGURE 1 - SHEET 1 OF 9

FRACTURE NOTES

---------~----

FC'dcLlH'e Dip of Azimuth FractUl'e Fill Structure Cross-Cutting
Numbet' Fr'actut'e of Pole Thickness Material Within Vein Relationships

Flj 3 66° 190 1/4" wfg Fibers perpendicular to F39 terminates at F43
fractured surface F43 terminates at F45

FLI~ subhorizontal 0-1" wfg Fibers perpendicular to F44 terminates at F45
fractured surface

Flj5 71 0 80 0-1/4" wfg Fibers perpendicular to F46, F44, F43, F42
fractured surface terminate at F45

F~6 horizontal 0-1" wfg Fibers perpendicular to F46 terminates at
fractured surface &F48

FIn hot'izontal 0-1" wfg Fibers perpendicular to F47 terminates at F48
fractured surface

FII () 61 u 50 1/11" wfg Fibers oriented horizon- F46, F47 & F49 terminate
tally at F48

Fljy 32.0 25 not measured clear Fibers perpendicular to F49 terminates at F48 &
fg fractured surface F50

F50 82 U 60 1/4" wfg Fibers oriented horizon- F52 & F49 terminate F50
tally

P::i1 15') 15 3/16" wfg Fibers perpendicular to F51 tel'minates at F52
fractured surface F53 terminates at F51



WIPP EXHAUST SHAFT
FIGURE 7 - SHEET 8 OF 9

FRACTURE NOTES

FtdCLur'e Dip of Azimuth Fracture Fill Structure Cross-Cutting
Nlll1lber' Frae tlll'C of Pole Thickness Material Within Vein Relationships

F5~ ::5ubI101' i zon ta 1 3/4" wfg Fibers oriented vertically F52 terminates at F50 &
F55

F53 ::5ubhorizontal 3/4" wfg Fibers oriented vertically F53 terminates at F51 &
F58

F5 11 80° 45 1/4" wfg Fibers perpendicular to No terminations
fractured surface

F55 88° 20 1/8-1/4" wfg Fibers perpendicular to F52 terminates at F55
fractured surface F53 intersects F55 ( rela-

tionship indeterminable)

F56 = F53

F5 'I

F58

65"(var'iable)
(20 G appar'cnt
ill J mJcr' pal't)

70

45

1/4-3/8" wfg

wfg

Fibers perpendicular to
fractured surface

Fibers perpendicular to
fractured surface

No terminations

F64, F59 & F53 terminate
at F58; F61 intersects
F58 (relationship
indeterminable)

F59 :;1I bhOl' i 2011 ta 1 1/4" i fg Fibers oriented vertically

F6U sulJho\' i:!.Ollta I 1/ 11" wfg Fibers oriented vwetically

FG 1 d~') 120 1/8" \-Jfg Fibers perpendicular' to
<25° <.tt Lop) fractured surface

F59 terminates at F58 &
F61

F60 terminates at F61

F59 & F60 terminate at
F61; F61 intersects F58
(relationship indeter­
minable)



WIPP EXHAUST SHAFT
FIGURE 7 - SHEET 9 OF 9

FRACTURE NOTES

-----------

!'t'dCLur'tc Dip 0 f Azimuth Fracture Fill Structure Cross-Cutting
tJumbel' Fraclur'e of Pole Thickness Material Within Vein Relationships-----

fti~' 65° 45 1/ 11" wfg Fibers dip S F62 terminates at F63i
F61 terminates at F62

F~3 70° go 1/8-1/4" wfg Fibers dip W F64, F62, F66 terminate
at F63

F6 11 su bhol' izon ta 1 3/4" wfg Fibers oriented vertically F64 tet'minates at F63
& F58

F65 8go 0 1/4 11 wfg Fibers perpendicular to Terminations indetermin-
fractured surface able

F66 subhorizontal 3/811 wfg Fibers perpendicular to F66 terminates at F63
fractured surface

F67 80° 35 1/ 11 11 wfg Fibers oriented horizon- Termination indetermin-
tally able
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FIGURE 8 - SHEET 1 OF 6

FRACTURE LOG IN THE DEWEY LAKE REDBEDS
DEPTH 353.5 TO 380.0 FEET, EXHAUST SHAFT

WASTE ISOLATION PILOT PLANT

CARLSBAD, NEW MEXICO

PREPARED FOR

WESTINGHOUSE ELECTRIC CORPORATION

CARLSBAD, NEW MEXICO

IT CORPORATION



WIPP EXIIAUST SHArT
FICURE 8 - SIIEET 2 OP 6

EXPLANAT[ON
F2~ MAPPED FRACTURE #20, SEE FRACTURE NOTES FOR

DESCR[PT[ON.
.24 SAMPLE LOCAT[ON, EXHAUST SHAFT DETA[LED MAPP[NG SAMPLE

#24.

1>
2)

3)

4)

5)

TH[S INTERVAL WAS MAPPED ON 10-R-84.
THE L[THOLOGY OF TH[S [NTERVAL [S DESCR[BED [N
F[GURE 4·
DEPTHS AND ELEVAT[ONS ARE RELATED TO REFERENCE
ELEVAT[ON OF 3409 FEET ABOVE MSL.
ONLY FRACTURES THAT WERE DEEMED NMAPPA8LEM, AT A SCALE
OF ONE [NCH EQUALS F[VE FEET ARE [NLUDED ON THE MAP.
MAPPING EFFORTS WERE CONCENTRATED [N THE DEPTH
[NTERVAL FROM 365.0 FEET TO 375.0 FEET.



WIPP EXHAUST SHAFT
FIGURE B - SHEET 3 OF 6

FRACTURE NOTES

I,'l'dl: llll'l: Dip of Azimuth(2) Fracture Fill(1) Structure
Numbel' Frae tUl'e of Pole Thickness Material Within Vein

Fl subhorizontal 1/8-1/4" wfg Fibers perpendicular to
fracture surface ,(fracture
at top of mudstone bed)

F2 subhorizontal 1/4-1/2" wfg Fibers perpendicular to
fracture surface (fracture
at top of mudstone bed)

F3 subhorizontal 0-112" wfg Fibers perpendicular to
fracture surface

Fli 62"E 80 wfg Fibers perpendicular to
fracture surface (thrust

'components of movement
l/4-inch)

l'~ ::>1101101' i 2Ull Lil 0-3/8" wfg Fibers perpendicular to
fracture surface

lob SUbl10l' i zan till 1/8-1/4" wfg Fibers perpendicular to
fracture surface

F't :::illb1101' i ZOCI td 1 0-1/4" wfg Biful'cates, sigmoidal
fibers indicating W/E

Cross-Cutting
Relationships

F1B, F17, F16, F12, Fl1,
FlO & F4 cuts Fl

F1B, F16, F12, Fll, FlO,
& F4 cuts F2 1/4" down­
ward displacement of F2
E. of F16

not cut

F4 cuts F1 & F2

not cut

not cut

Cross-cut by several minor
subvertical fractures dip­
ping East with thrust com­
component of movement,
displacement 1/B-inch

(1) \JI'!j = \Jlllte l'ibl:I'OU::> r;yp::>um
(.!)

IL:iIIIIILh of pole descl'ibes the dir'8ction of dip; quadrant notation describes the strike of the plane.



WIPP EXHAUST SHAFT
FIGURE B - SHEET 4 OF 6

FRACTURE NOTES

Fr'dL:tul'C

~Iumbet'

F8

F9

Flu

F 11

F12

F13

F 1JI

F16

F17

Dip of
Fracture

subhor'izontal

subhor izon ta 1

67"SE

Azimuth
of Pole

80

45

110

25

N

25

60

135

Fracture
Thickness

1/4 11

0-1/4"

1/4"

1/2"

1/8"

1/8"

1/ 11"

0-1/ 11"

Fill
Material

wfg

wfg

wfg

wfg

wfg

wfg

wfg

wfg

wfg

wfg

Structure
Within Vein

Fibers perpendicular to
fracture surface

Fibers perpendicular to
fracture surface, fracture
bifurcates

Indeterminable

Indeterminable

Indeterminable

Indeterminable

Indeterminable

Fibers perpendicular to
fracture surface

Fiber are not perpendi­
cular, indicate thrust
displacement

Cross-Cutting
Relationships

Cross-cut by several minor
subvertical fractures dip­
ping East with thrust com­
ponent of movement liB-in.

F9 terminates at FlO

FlO cross-cuts many hori­
zontal fractures

Cross-cuts many horizontal
fractures, may have a com­
ponent of thrust

No terminations obvious

No terminations obvious

Indeterminable

No terminations obvious

F16 cuts F31, Fl & F2

F17 cuts F33,F31 & Fl



WIPP EXHAUST SHAFT
FIGURE 8 - SHEET 5 OF 6

FRACTURE NOTES

FI:a::lu['C
Numbel'

F18

F19

F20

F21

F22

F23

F2G

£-'27

1"29

Dil-l or
Fr'actul'e

62"'E

61"NE

75°N

su bhol' i:.::on ta 1

Azimulh
of Pole

135

135

135

110

45

80

80

280

Fractul'e
Thickness

1/8-1/4"

Indeterminable

Indeterminable

1/16-1/8"

1/8"

Indeterminable

1/8"

Indetel'lninable

Indeterminable

Indetel'lninable

Indeler'lIIinable

1"

Fill
Material

wfg

wfg

Structure
Within Vein

Fibers perpendicular to
fracture surface

Indeterminable

Indeterminable

Fibers pel'pendicular to
fracture surface

Fibers perpendicular to
fracture surface

Indeterminable

Fibers perpendicular to
fracture surface

Indeterminable

Indeterminable

Indeterminable

I ndetel'minable

Fibers are not perpendi­
cular to fracture surface,
but inclined out to the
South at edges and to the
North at the suture

Cross-Cutting
Relationshi ps

Cross-cuts many horizontal
fractures

No terminations

No termi na ti ons

'No terminations

No terminations

Indeterminable

Indeterminable

Indeterminable

Indeterminable

Indetet'minable

Indeterminable

F13 cuts F29



WIPP EXHAUST SHAFT
FIGURE 8 - SHEET 6 OF 6

FRACTURE NOTES

Fl'dCllll'c
Numbel'

F30

Dip of
Fracture

subtlOl'i zon ta 1

Az imu th
of Pole

Fracture
Thickness

1/16-3/8"

FiJl
Material

Structure
Within Vein

Fibers similar to F29

Cross-Cutting
Relationships

No terminations or cross­
cuts discernible

F31 subhor' i~on ta 1

F32 subhorizontal

F33 not described

F311 not descr'i bed

F35 no t de~cl' i bed

1/4-314"

1/8-1/2"

Suture near base

Sigmoidal fibers with SIN
displacement, bifurcates

F11 & FlO cut F31

FlO cuts F32
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z .... z"- LITHOLOGIC DESCRIPTION-,,- §:; NORTH EAST SOUTH WEST NORTH::i_
:i:> ...J,.. OlsrANCE FROM SOUrH LINE, (FEErl
ww wQ. 0
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2879 530
W

OEWEY LAKE REOBEDS~ en« 0 I UNIT 1. SILTSTONE, REDDISH-BROWN, STRUCTURELESS, CONTAINS ABUNDANT GREENI:H-GRAY REDUCTION SPOTS, 1/16' TO 1/2' DJA~ETER;
...J W 2874 535

UNITI

EXTENSIVELY FRACTURED, THIN 1/16' TO 118" THICK FIBROUS GYPSU~-FILLED FRACTURES, ORIENTATIONS VARIABLE BuT ~AJQRITY ARE>- a:l
LLI 0 HOR I lONTAL TO SUBHOR I lONTAL, SPACED I' TO 2": BASAL CONTACT SHARP, SLl GHTLY UNDULATORY.
~ W I
LLI a:
0 2869 540 I

I I / ~/OIF6 I F5

.31 JUNIT 2. AR61 LLACEOUS SILTSTONE, REDD ISH- BROWN, STRUCTURELESS; CONT AINS FRACTURES SI~ ILAR TO UN IT 1; APUNDANT GREEN ISH-GRAY

J FII~ REDUCTION SPOTS; GRADES TO SILTY CLAYSTONE IN UPPER 1/4" TO 3/4'; LOWER 114' TO 1/2" CONSISTS OF GREENISH-GRAY
2864 545 V' UNIT 2 ,32 •• 33 ARG ILLACEOUS SILTSTONE; FRACTURES IN UN IT 00 NOT EXTEND INTO UNDERLYING ANHYDR ITE; BASAL CONTACT SHARP, UNDULATORY UP TO

.:37''\.36 F!I 34 - loS', EROSIONALLY TER~INATES LA~INAE IN UNDERLYING ANHYDRITE.

:E cr:

~~ -J' -35l)FI2 .38 RUSTLER FORMATION
.39 40 ANHYDRrlE, FINELY CRYSTALllNE, ALTERNATING ~EDIUM GRAY TO GRAYISH-HOWN, WHITE AT UPPER CONTACT, B~NDED TO OCCASIONALLYu. a:l 2859 550 F2 .41 Fa UN IT 1.

~ • LA~INAlfD, BANDS SPACED 1116' TO 1", BANDS AND LA~INAE UNDULATE UP TO 1/4" AND OCCASIONALLY TERMINATE ABRUPTLY, GRAYa:: ./
W a: BANOS ARE USUALLY THICKER; UPPER 3.0' CONTAINS AN INCREASING ABUNDANCE UPWARD OF CLAY INTERBEDS; FRO~ 0 TO 6' OF GYPSUM
...J LLI OCCURS AT UPPER CONTACT; CONTA I NS ABUNDANT HORI lONTAL TO SUBHOR I lONTAL FI BROUS GYPSUM-F ILLED FRACTURES, liS" TO 1/2"I- Z ANHY DRITE
en z 2854 555 THICK, SPACED I" TO 3'; BASAL CONTACT NOT OBSERVED.
=> I
a:: >-

I-
a:
0
u.

EXPLANATION

FRACTURE NOTES

ONLY FRACTURES WITH OBTAINABLE ATTITUDES WERE MAPPED AS
THERE WERE TOO MANY SMALL FRACTURES TO BE INCLUDED ON THE
MAP,

SHARP CONTACT
SAMPLE LOCATION, EXHAUST SHAFT
DETAILED MAPPING SAMPLE #24
MAPPED FRACTURE

Fl
F2
F3
F4
FS
F6
F7
FS
F9
FlO
Fl1
F12

AZIMUTH OF
ill THE POLE
7S· 90°
7So 170°

NOT MEASURABLE
64° SOO
5~0 2S0·
7So 315·
69° 2S0°
90° 4SO
72· 340°
SOO 315·
54· 2S0·
S2· 165°

THICKNESS
lIS"
liS"
liS"
114"
118"-112"
liS"
lIS"
liS"
118"-1/4"
liS"
lIS"
1/4"

I> THIS INTERVAL WAS MAPPED ON 10-lS-S4,
2> THE DEPTHS ARE RELATED TO THE SHAFT REFERENCE LOCATION

AT 3409.0 FEET ABOVE MSL,
3> STANDARD GEOLOGIC SYMBOLS ARE NOT USED IN ORDER TO

ENHANCE THE CLARITY OF THE LOG COLUMN.

FIGURE 9

GEOLOGIC LOG OF
DEWEY LAKE REDBEDS - RUSTLER FORMATION CONTACT

DEPTH 530 THROUGH 555 FEET
EXHAUST SHAFT

WASTE ISOLATION PILOT PLANT

CARLSBAD, NEW MEXICO

PREPARED FOR

WESTINGHOUSE ELECTRIC CORPORATION

CARLSBAD, NEW MEXICO

IT CORPORATION
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2844 56S I 'OW-IINEt CI"U

~4a5\56B.5 CON eRETELIN E R UIIT I- ilKYORllL FI.ELY CRYSlILlI'L ~EDI"" TD DAR' GRAY, ,D,SIBLE 'ODULAR STRtlClURE, K"D, ""ER C"'IACT NOT OBSERVfD, BASAL climCT SKARP,

UNIT 2 844 J UNI1 3· SJLTY I'IUDSTO_E, GRAY (IIEO[;[[O). THINLY LA~INAHD. SOFT; FIU,CTURES fllOr. UNDERLYING lINIT COIHlliJOUS !NiO \J1I11 3: j\.AS.t.l [OIlTACT GRADATIONAL·

r
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;;- ""84'r - COMHC1 SHA~;>, UNDUlATOJi.Y, DISCO"FOR~ABLE. !'lARKED By T~.£ OCCURRENCE OF A FINElY U!'oINHEtl SLIGHTLY FISSILE DAR.: REnotsH-~ROIl'lrl: SILTY

• .." " ", 43 ',0 I ~UDS10'E.
5z-a:57~2 .53 ~ UNIT 5../ .;r.:.~4 (3 UNIT 5· SILTI CLAYSTONE, RHO'S"""'" LOCALLY TKI'LY LA~INATED, CO'TAINS LOCAL 10.ES OF GYPSU~ 'ODULES AND CRYST'LS, HDDI.G LOCALLY OISRUPTEO I'

.54 IF5 GYPS"~-RICK ZONES, LOCAL PODP.LI-DEFI.ED 'KITE ZONES IGIPSIFEROUS ClAYSTONE ?" B'SAL CONTACT SKARP, UNDULATORY, OISCO.FDR"ABLE, ~ARKED BY
FI UNIT 6 FI'ST OCCUR'E'CE 0' GIPS",..

55 UIUT &,. SillY (LAYS tONe R(eDrS~~BRGWN. LARGE GREENISH-GRAY AREAS IN LOWER 1.0' TO 1.5'. THlJiIlY lAI'IINAT[£I, lAf";JIriA.£ OFTEI sur,HIll IIW[llllATQRY ANti
2824 585 ".,.-- ---.5" ---~8 '- ........ __ _ - -- -- - - _52.1 5.2-. - - - - -' I------.--.- TER!",lMATED ERO~lONA~lY, TRA[£ CROSS-LAI'l/NArIONS. SOFT; UPPER 0 TO 5- DEFINED AS GYP~IFEROUS CLAYSTONE; GYPSUf'I, Nf"lOUlE!i «112-) AND fiNE

.60 - -6~UNIT 7 .62 [NHOLlTHIC STRUCTunS OCCUR. HIROUGHQUI. CONTENT DECREASES TOII'ARO TilE RASE. CLAYSTONE LMWlAE SIJRROUNDlIiG GYPSU" MODIILES UD E)lTROUTHIC
STRlICTUkES EXHIBIT SOFT-SEtll',Et;T DEFOR!1AHON, LA'HNII.E ARE CONTORTED. COMVOLUTED, AlHl D1SRUPTEn P.Y GYPSlIJIo STRUCTURES; G~EEN!SH-r.RIlY REOUCT10N
~POTS LOCAllY ABUNDANT, OFTEN f1AvE I'tORPHOLOGY S!fliILAR TO GYPSU", SEVERAL!" THICk HORIZO~7AL TO SUBHORlloNTAL 10tl£5 f.(lMTAIN!tiG ABIlNPANT

2819 590 GP.H'IS'-GRAY SPOTS OCCUR I' UPPER 2.0', BAS'L CD.TACT SHARP TO GRADATIONAl, DISCONFOR~ABLE.

UNIT]. SIUSTOlE GRADING TO ARGILlACEuUS SILTSTONE WlTH DEPTH. LIGHT GRAY WITH RARE DARK GRAY <ORGANIC-RICK 11 LA~IN~L THI/llL'f LAI'IINIITED TO VERY
TK(NLY BEDOED, LA~I'AE U.DULATllllGKTLY PARALLElI.G LO.ER CO. TACT, RARE SOFT-SEDI~ENT OEFOR"ATIO', UPPER O-Z' TO 0.1' STRU(JURELESS 'ITH
FAI'T KINT\ OF TKI' LA~,INAlID'S, SIRUCTURELESS ZONE BOUNDED AT BASE BY ~I'D' EROSIONAL SURFACE .KICH TER~INA1[S UNDERLYING BEDDING, CONTAINS

2814 595 'OOULES OF WKlTE GYPS", '<In' DIA"E1[", CD.TENT DECREASES 'ITH DEPTK, HDwO.TAL AND SUBHGRIZONTAL GYPSU'-FILLEO FRACTURES 1I1G' TO 11"
TKIC<, UNOULATeRY, FOLLOWS BEDDI'G PLANES, AVERAGE SPACI.G 3' TO 5', VERTiCAL ANO SUBVERT ICAL GYPSI\~-FILLED FRACTURES 1IlG" TO 11'" THICK,
SPACED 0·25' TO 1·5', ABSENT IN UPPER 0.2' TO 0.5'; BASAL COtlTACl SHARP, UIrl.DULATORY, EROSIONAL.

SHARP con AC T
GRADA TI DoAL CO, TAC T (DEF INED

wlHllN 2 Iii.)
nIFf'US[ COli7AU (DUIIiED

WlTH IN 6 Iii. J

SAf'I,PL£ lOCA11QIi EXHAUST S~Hl
DElAILED !'IA~P1NG SA!'IPlt _210

!'\APP[O fRACTURE 13

.!!Q!ll
1) THIS [HUVAL WAS RAPPED ON 1011718~,

2) DEPTHS ARE RELATED TO THE REFERENCE ELEVATION AT 31109.0
FEET ABOVE ~Sl.

3) STANDARD GEOLOGIC S~BOLS ARE NOT USED IN ORDER ;0
ENHARCE THE CLARITY OF THE LOG COLU~N.

2784 625

UMJ1 8· ANHYDRITE. F!NELY:RYSTALliNL tiRAY TO GRA'([SH-BROWN, THJNU' LAo"lINATED IN UPPER 1.0' TO 2.0' f.RA!llNti TO NODULAR wITn DEPTt'; LOCAL2809 600 GYPSIFE'DUS AREAS NEAR TDP AND BASE ARE ~EDIU~ CRYSTALLINE, "JOR/TY DF FRACTURES KDRIZONTAL TO SUBHORIZONTAL, FlLLEO wm FIBROUS GYPSII~,
1/16' TO lIZ" THIC', SPACED I' TO 1.0', BASAL CO, TACT SKARP, OISCONFOR",RLE.

-12~8~0~4L6§'.o~sj~~~~~~~~~~j~~~~~~~~~~7~~§~~~~~~~~~~1~~ ~7~ii8~~7§of~~~~~IUN~I~TJM~p~GrE:iN~'r~A~D~OL~QM~'~T~E~~~Er~E:'R~~:~::=:~::~:~:::::~:=::~:~~:~::~~~::~:~:~-l~ / UNIT 3 I. DOLO~ITL GYPSIFEROUS, SO~E ARENACEOUS "ATER\AL. FI'ELY CRYSTAllI.E AND FINE-GR'INED, IRONN A'D L1GKT B'o"" TKI' 10 .'EDIU' ElDDED, BEDS
w '- -.,74_t- :-:-:-:-:-;- .L87,.::3-+-F..:6:;:O:..-__--i _ I.TERNALLY STRUCT~RELESS EXCEPT FOR RARE THI' L"INATIO'S AND RARE CROSS-L"INATID'S, LO_ER l' CONTAIN EROSIO'ALLY TER"INATED TABULAR BEDS,
..- I .4 I UNIT I 4 CONTArNS 6YPSUI'l-F(LL£Q VUGS UP TO I/Il- O\A"ETER. 8ASAL CONTACT SHARP. TERI'lINATES UflOERLY[WG BEDDING. D1S(D~fOR"ABLE.

~ 2799 610 75 UNIT z. DDLO~ITL GYPSIFEROUS, ABUNDA'! ARENACEOIIS ~A1ERIAL, ~ED1U'-GRAINED SAND, ~AJOP.ITY DF GR'I'S 'nEAR TO 'E OOLnMITE, LESS AIU",AN! D'R'
o Z 77 ~I· .76 G'AINS, ALTER.ATING LIGHT AND REDIUM 8ROWN, ~ICROL",INATED TO VERY TKI'" BEODED, ABUNDANT CROSS-LAMINATiONS AND RIPPLE FO'MS, CROSS'
...Jo: .80 FlO .79 '78 UNIT 5 LA~INAIIO' SETS BRO'D, VARY FR'''' Z· TD'· ACROSS, BEDOING TABULAR TO LE'TICULAR OFTEN TE'~INATED EROSIONALLY, LOAD STRIlClUP.ES, OVERALL
Ow .82 .81 .83 STRUCTURE MRE BROAD AWO LESS VARIABLE AND GRAI. SIZE LARGER TKAN UNDERLll'G UNIT~, Z" TKI« STRUCTURELESS 'ED 'ITK LOAD CASIS Al BASE
o II) 2794 61S J~ \_J!85 f--- OCCURS BELD. UPPER CO.TAn, GY1SU~-FILLEO VUGS UP TO 112" DIA~ETE" DE'SITY OF SEDI~ENTARY STRUCTliPH INCREASES MR<EDLY IN LO'ER 2' TO l",
<:E r=-:...::.,:...::.=-t-- - - - - -:11\- - - - - --- F6b - T'IN CLAY BED AT UPPER CONTACT, BASAL CO.TACT SKARP, ~ARKED BY TKIN (LAY LA~INAL EROSIDNALLY TE"INAIES BEnOING OF UNOERLYI'G II.IT.

t- w F9 F8 F7 86 UNIT 3. DDLO~ITE, GYPSIFE'OUS, SOME ARlNACECJS MTERIAL, FI'E-GRAINED AND FINElY CRYSTALLINE, ALTERNATI"" LIGHT ANn OAP' "0'", "ICRDLA~INATED TO
Z:E UN T I 6 THI.LY BEDDED, CROSS-LA~INATED, OCCASIONAL TROUGK CROSs-LA~INATIONS NI1K VARIABLE CURRE.T DIRECTIO.S, CROSS-LA~INATlO' SETS VARY FRO~ 2' TO
W 2789 620 \ !II " ACROSS, OCCASIONAL RIPPLE FOR"S, LARGER BEDS USUALLY CO'TlNUDUS AROUND CIRCU~FERE'CE OF SHAFT, BUT ARE OCCASIONALLY TARIIL"., "vERALL
~ \FIZ IFI3 FII BEDDING "ORE CO.TINUOUS THAN UMDERLll.G U'IIS, "ODERATELY ABUNDANT GYPSU~-rILLED VUGS liP TO I'" nl.,ETER, BASAL CO.TACT SHARP, ~AR'ED BY"
:E THICK STRUCTU'EL[SI L1GKT-CDLO'ED BED OVERLYING CLAY LAMINAL TER~INATES BEDDI.G OF U'OERLYI'G IIN1T.

\ j. 87 UNIT 7 /I! / UNIT~, OOLORITE. GYPSIFEROUS, ABUNDANl ARENACEOUS <ATERIAL FINE-GRAI.ED, LIGHT BRO" WITK RARE DARK BRO"" INTERREOS, ~ICROLA~INATED TO TKINLY
BEOOEO, STRUCTURE I' UPPER " VERY fiNE, INCLUDI.G FI'E CRDSS'LA~INATlO'S, FINE STRUCTURE LOCALLY OISRUPTEn AROUND ABU.DANT ",PSUM-FILLED

y:~~);Y;88 ?;?-);: UNIT I 8 92 -?:;J90 \ VUGS 1116' TO In" DI,"[1ER, B[1'EE. " AND B' 8ELOW UPPER CO'TACT. DDLo~m IS THINLI REODED '11K FE' ClAYSTONE LARINAE AS ,.TERBEDS,

r- 2779 630~.~.::?~Ar."~;~~~- ;~~~:~:YO~:E~~ ::. I~D;::~L;x~:~~:~~E:I~:T~E~:~~~;;:~I~~:;~~~R:~:::~~~; ;~~~;-~~;;:A~:~~S~A~~~~:~~:~I~:T~~.T~E~; ;~~'A~~L;;U~~:D~;,1::~:ALEN1
LDWCR 0·1' LlGHH' COLORED, .0,[ COARSELY GRAmD. CO'TAI'S DARHOLO'ED SAtlD-SmD GRAINS <lIlZ', POU'DED RY LOAD SlRUCTU~ES. TKI'LY REDOED
EXCEPT FOR THINLY LAMINA-TEO IN1£RB(OS O~ DARK JIoA,ERIAl, BEDS 1H10:£N AND tHIN DUE TO LOADING STRUCTURES. CO~TAINS Af\UNOANT GYPSUfIi-FlllED
VUGS; BASAL COIH,lCT SHARP, I'1ARKEP BY LDAD CASTS INTO lJNOERLYlMti UNIT. EIl.OSI0NALLY TERl'Hh"ATES BEatllNG nF UNn£RlYJNG IINIT-

UNIT 5, DDLD"ITE, GIPSIFEROUS, so"E mNACEOUS ~ATERIAL, FINE-GRAINED ANO FINELY CRYSTALLINE, ALTERNATI.G DAR' AND Llr,KI RRO,", "ICROLA"INAlED
(USUAllY DAR' BRDW., TO TKINLY BEDDED, UPPER I,D' D.R, BROWN vlTK ~INOR MOUnS OF L1GKT BRO," INTERREOS, FI'ELY LA~INAHn, CROSS-LA"INATEO,
TROUGK CROSS-L"INA110'S, cuRREHT DIRECliONS VARIABLE. CONTAINS CONCAVE UP.ARO BEOS OF L1GKT-CDLORED ~AHRIAL ERnSloNALLY PLANED OFF, RIPPLE
FDRRS MOERATELY ABUNDANT, All. CROSS-LA~INAE CONTAIN lIGK! BRONN PEBBLES FLATTEWED PARALL£L TO BEDDING, REMI.DER L1GKT RRO," COLOR
DO~INATES, ~ICROLA"I",TEO TO TKINlI BEDDED. THIC<£R BEDS LENTICULAR TO TABULAR. OFTE'CONTAINS CROSS-LA~INAlIO'S, CROSS-LA~INATIO'S AND
TROUGH CROSS-LAM,INATIO'S 'ITK VARIABLE CURRENT DiRECTlONS VERY ABUNDANT, CROSS-LA~INATlDN SETS VARY FRD~ I'" TO Z· ACROSS, BEDDI.G BECO~ES

"ORE SUBKDRIZO.TAL ANO WAVY W1TM DEPTK, DENSITY OF CROSS'L'~INATIONS DECREASES '11' DEPTK, FE' BEDS ARE CO'IINUOUS AROUND TKE CIRCU~FERENCE

OF TKE SKAfT ~AR'ING ~I'OR EROSIDWAL CO.TACTS, UNI1 5 IS ~AJOR FlUID·PRODUCING 10'E IN RAGE.TA, '[1 AT OUTSET OF ~APPING, RE~'INED wET AFT£R
OTKER IDNES WERE WAS KED AND ..0 DRIED, .0 OBViOUS SOURCE OF FLUID vAS OBSERVED, BAS'L CONTACT GRADATiD'AL·

UNIT 6, DOLO~IIE, GYPSIFEROUS, SO"E ARl.ACEOUS ~AIE'IAL, FI.E-GRAI.ED AND FINELY CRYSTALLINE, 'UER'ATING lIGKT AND DARK BROWN, RICROLA~I'AlED TO
TKINLY BEDDED, L1GKT BRO," COLOR DO~I"TES, STRUCTURE S,"ILAR To U'11 5 EXCEPT FEWER CROSS'LA~INATIONS, BEDDI.G IS COARSER, MRE KORl1D.T'L,
NAVY AND CO.TINUOUS, BASAL CDmCT SKA~P, ~ARKEO BY I" TO Z· TKIt< BED OF FINE-GRAINED DOLO~IH '11K NO INTERNAL STRUCTURE EXKIBITING RIPPLE
FOR~S ALONG UPPER SURFACE·

UNIT 1· DOLO"ITE. GYPSIFEROUS, ABUNDANT ARENACEOUS ~ATERIAL, FI.E-GR'I.EO, ALTERNATING LIGHT AND DARK BRQ,", TKINLY LA~INAlED 10 VERY TKINLY BEODED.
BEODI'G TABULAR TO LE'TICULA" T'I. LA~INAE OF DAR'-COLORED MlERIAL DRAPE OVER RIPPLE FORRS AT TNE UPPER SURFACE OF TKICK£R REDS. BEDDING
CONTI'UOUS FOR UP TO Z.O' AND EROSIDNALLY TER~INAlED, FE' BEOS 'AvE I'TERNAL STRUCTURE, BEDS THICKEN AND IKIN 'I1K BOTK UPPER AND LOWER
SURfACES EXHIBITING UNDUlATJON~, ABUNDANT DRAPE OF DA.!lKEIl lAJ'llNAE OVER UNDULATORY SURFAC.ESl CONTAINS 1/16- TO 1It1- THICK fIBIlOU!i 6'1'PSU""­
FILLEO FRACTURES PARALLEl TO BEDDING, OCCASIO.AL GYPSU~-FlllED VUGS UP TO 114' OIA~ETER, BASAL CDNTACT SKARP, ~'R<ED RY BLACK CLAY LA~I'AE,

ERDSIDN'lll TER~INAHS BEODI.G OF UNDERLYING UNII.
UNIT B· OOLO~ITL GYPSIFEROUS, ORGANIC OF CLAY-RICK, SO~E "ENA£EOUS "ATERIAL. VERY Fm-GRAINED A.D FI.ElY CRYSTALLINE ALTEINATING BROWN A.D DAR'

BROWN, THINLY lAl'IlUTEO, DAR¥ 8ROWN lMW'AE POSSIBLY OIUiANIC-RICH. LA"JNAE ARE fliOUNDED. LAPIINAE Of lEN CONTINUOUS FROrf I'l:O~IiD TO MUIIlI.
LA~INAE DIP FRO~ lO' TO 10' ON SIDES DF ~OUNDS, Fill BET'H' "DUN OS IS 'EDGE FOR~ TD LE'TlCULAR-SNlPED FILL. OFTEN OCCURS AS ALTERNATiNG
SEQUENCES OF CONVE' AND CONCAVC LENS FOR~S V/TK CLAl-RICK LA~INAE DRAPED OVER EROSIONAL ~ARGINS OF LENTICALS, KIGKESI DIPS OF LA~INAE /v
CENTER OF "OUMaS, WAVELENGTH 8lh'EEN TROUGHS lie TD B"; NEAR THE BASE UfIi!NAE BfCOI'lE SllBHORIlOtITAL AND WAVY. NO MUND FQRfIl'S; UPPER 1· TO ~ ..
VERY IKINlY BEDDEO, FIBROUS GYPSU~'FILLED FRACTURES lIl6" TO 1/8' TK!C' OCCUR PARAllEl TO BEDDIIIG SPACED 1,.' TO l', GYPSU~'FILLED VUGS TO
I/lI- DIAI'IETE:R OCCUR, LOCAL lOti[S CONTAIN GYPSUI'II BROWIrIISH-BLACk ORfiANJC-AICH ZONE OCCURS IIEAR BASE. SA!iAl CONTACr 6RADW.DNAL TO DIFFUSE.
OOLO"ITE LMIN" OCCUR LOCALLI, SURROUNDED BY GreSU" OF UNDERLYING UNll, IN R'RE CASES 1n.ES DF GYPS'" ARE INCORPORATED I.TO DOLO"ITE,

TAMARISK "EMBER

UMn). ANHYlIRITL GYPSIFEROUS AT TOP. (OMTENT DECREASES WITH ~EPTH. FINELY CRYSTALLINE TO 1'"o£DIUI'I CRYSTALLINE (GVPSUII.J. DARk £,;RAY TO WHITE. 1I0DULAR,
BASAL CONTACT 'OT OBSERVED·

faMIl!SE NOTES

ALL FRACTURES ARE FILLED ./TK FIBROUS GYPS,".
Fl 118'-l/ll ' !NICK, NORIZO.TAL FIBER ORIE.TATlO'.
FZ lI16'-I1" TKICX, KO"ZONTAL FIBER O"E.TATlO',
F3 - 111£-·118· 1HICI:. HORIZONTAL FIBrR ORIEN.1AlIOIrI.
F'- - JlS··1I4' THICk. HORIZONTAL FIBER ORIEJlTAllON.
F5 - lIlG'-IIB' THlex, HORIZONTAL FIBER ORlE.1ATI0',
F6A • liZ- TNIO:. SrS,lllOIDAl FJLlI~G IMDICATING SOUTH SiDE

UPTKROWN RElATIVE TO NORTK SIDL DIP WN, SIRI<[
11I80· ...

F6, ~ 112" THiCk. FIBCRS DRIENTED 3D· FROf'lo FRACTURE PLAHE.
'EST SIDE UPT'RO," RELAT IVE TO EASI SIDE.

FI - 1111" TKICK, STRIKE '"5", DIP 'D'S,
F8 - lIB' TKIe<, FIRERS ORlEVTED PEiPE.DICULAR TO FRACTURE

PLANE, STRIKE .lO'W.
F9 - 1I8·-1I~" THICK. FIBERS ORIENTED PCRPE~D1CULAlI 10

FRACTUR[ PLANE. STI1IK[ /1170· ...
FlO - liZ' TKlex, FIBERS ORIENTED 60' FRD~ FRACTURE PLANE

AHD LOCALLY SJ6MIDAL. SOUTH SIDE UPTJlROW~ RElATIVE TO
NORTK SIDL STRm N80'" DIP 6Z".

Fll - II~' TKICK, STRIKE N1I5'., DIP BO'S.
F12 - 1/8·~l/tj· THICK. FiBERS O~IENTED PERPENDICULAR TO

FRACTURE PLAN£, STRI'E N50'£, DIP GG'S.
Fil - I,,'-IIZ' lHICl, FIBERS ORIENTED PERPENDICULAR TO

FRACTUR( PLANE. STRIt:£ BaDE.

FIGURE 10

GEOLOGIC LOG OF THE FORTY-NINER
MEMBER CLAYSTONE AND THE MAGENTA

DOLOMITE MEMBER, RUSTLER FORMATION
DEPTH 568.5 THROUGH 630 FEET

EXHAUST SHAFT

WASTE ISOLATION PILOT PLANT

CARLSBAD, NEW HEXICO

PREPARED FOR

WESTINGHOUSE ELECTRIC CORPORATION

CARLSBAD, NEW HEXICO

IT CORPORATION



UNIT II. HALITE. ~,EDIUM TO COARSELY CRYSTALLINE. WHiTE TO PINK TD REDDISH-BROWN; ARGILLACEOUS,S: TO lOX CLAY. CLAY OCCIIRS AS INTERSTITIAL MATERIAL
AND AS LENllCULAR CLAYSTONE PODS, CONTENT DECREASES WITH DEPTH; SUBHORIZONTAL DISCONTINUOUS STRINGERS OF CLAY AND ANNYDRITE SPACED 2" TO ~',

BASAL CONTACT SHARP.

FIGURE 12

UNIT 15. flALITE. MEDIIIM TO COARSELY CRYSTALLINE. WHITE TO SLIGHTLY ORANGE. THICKLY BEDDED; TRACE SUBHOR1ZONTAL STRINGERS AND BEDS OF POLYHALITE.
SPACED 2' TO 5". CONTENT DECREASES WITH DEPTH, RARE STRIN.ERS OF CLAY NEAR BASE; BASAL CONIACT SHARP.

UNll 3. SlllSTONE. REDDISH-BROWN, THINLY LAMINATED. CROSS-LAMI~ATED, FINES UPWARD, SOFT SEDIMENT LOADING OF OVERLYING UNIT AT TOP; BASAL CONTACT
GRADAT tONAL.

U",,"· ~ULHI1'IIH.. 1J InlU '''\1 LITHOLOGICALLY DISTINCT SUBU~IITS:

'A. ANHYDRITE AND POLYHAllTE. FINeLY CRYSTALLINE. REDDISH-BROWIJ TO WHITISH-GRAY, POORLY REDDED TO STRUCTIJRELF.SS, LOCALLY NODULAR TO
ENTROLITHIC; 3' TO J.O' THICK, BASAL CONTACT S~ARP, MARKED BY FIRST OCCURRENCE OF OISPLACIVE HALITE·

.B. ARGILLACEOUS POLYHALITE AND ANHYDRITE, REDDISH-BROWN TO WHITE. LAMINATED; UPPER CONTACT ~ARKED BY 112" TO I" THICK BED OF GREENISH-GRAY
ARGILLACEOUS ANHYDRITE CONTAINING SMALL DISPLACIVE HALITE CRYSTALS, OCCURS AROUI/D 70X OF CIRCUMFERENCE OF. SHAFT; SMALL, <1/3' ACROSS,
DISPLACIVE HALITE CRYSTALS OCCUR THROUGHOUT, BASAL CONTACT DIFFUSE. MARKED BY CHANGE IN MATRIX FRO~ ANHYDRITE TO CLAY.

UNIT 12. ARGILLACEOUS HALITE. REDDISH-BROWN. FAINTLY LAMINATED; HALITE OCCURS AS DISPLACIVE CRYSTALS, RASAL CONTACT SHARP. MAPPED AS GRADATIONAL AS IT
WAS OBSCURED.

LITHOLOGIC DESCRIPTION

UNIT 14. ARGILLACEOUS HALITE. REDDISH-BROWN,HALITCOCCURS AS DISPLACIVE CRYSTALS TO 3/~" ACROSS; I' THICK BAND OF HALITE OCCURS 2" BELOW UPPER
CONTACT; BASAL CONTACT DIFFUSE •

SALADO FORMATlO"

UNll I· HA~lTIC nUDSTDNE. REDDISH-BROWN. CONTAINS CLEAR DISPLACIVE HALITE CRYSTALS 1132" TO 1/16" ACROSS AND II" TO 3" PODS OF WHITE TO ORANGE
HALITE; LARGE GREENISH-GRAY SPOTS UP TD 2' DIAMETER, BASAL CONTACT GRADATIONAL.

UNIT 7. HALITCMEDIUM TO COARSELY CRYSTALLINE. WHITE TO PINK; CDARSELY BEDDED wITH-HORIZONTAL fOSUBHDRrtnNTAL STRINGERS OF POLYHALITE AND
ANHYDRllE, SPACED I' TO 3"; BASAL COIIlACT SHARP. • ,

UVIT 8. HAllTIC CLAYSTONE. REDDISH-BROWN, STRUCTURELESS. CONTAINS DISPLACIVE HALITE, nODERATELY ABUNDANT SUBHDRIZON;AL REDUCED GREENISH-GRAY LONES
1/2" THICK, 11," TO I' THICK RANDOMLY-ORIENTED HALITE-FILLED FRACTURES, BASAL CONTACT DIFFUSE·

UWIT 9. ARGILLACEOUS HALITE. MEDIUM TO COARSELY CRYSTALLINE. MHRIK RED ISH-BROWN. HALITE PINK TO WHITE TO CLEAR, CijARSELY BEDDE~; TRACE POLYHALlTE;
TRACE SUBHOR IZONTAL ANHYDR ITE STR INGERS; OCCASIONAL GREEN ISH-GRAY ZONES, BASAL CONTACT GRADATI ONAL.

UNIT 10. CLAYSTDNE. SLIGHTLY HAUTIC. REDDISH-BROWN. UPPER 1-5' STRUCTURELESS AND CONTAINS DISPLACIVE HALITE CRYSTALS, REMAINDER THIlILY LAMINATED;
HALITE CONTENT INCREASES WITH DEPTH; SUBVERTICAL HALITE-FILLED FRACTURES SPACED 1·0' TO ~.O'. 112" TO I' THICK; BASAL CONTACT DIFFUSE.

UNIT J5. HALITE. COARSELY CRYSTALLINE. WHITE TO TINTED ORANGE. COARSELY BEDDED BY HALITE. CONTAINING HORIZONTALLY ALIGNED PDDS OF ARGILLACEDUS HAllTE.
SEPARATED BY BEDS OF WHITE HALITE; LOWER 2.0' CONTAINS STRINGERS OF CLAY. POLYHALlTE, AND ANHYDRITE SPACED I' TO 2", BASAL CONTACT SHARP.

UNIT 6. HALllIC CLAYSTONE. REDDISH-BRO'NTOGRlffisH=GRAY IIlUPPER 1-0'. STRUCTURELESS. CONTAINS DISPLACIVE HALITE CRYSTALS;- MDERATELY ARUNDANT
GREENISH-GRAY STRINGERS DISSEMINATED THROUGHOUT; RARE RANDOMLY-ORIENTED HALITE-FILLED FRACTURES; BASAL CONTACT SHARP.

UNIT 5· HALITE. COARSELY CRYSTALLINE. WHITE, COARSELY BEDDED WfTH CONTINUOUS TO DISCONTINUOUS SUBHORIZONTAL STRINGERS OF PDLYHALITE AND CLAY IN UPPh
1·0'. STRINGERS SPACED 0·3' TO 0.6'; BASAL COWTACT SHARP.

UNIT~. HAllUC CLAYSTONE VITH POLYHAllTE AND ANHYDRITE; UPPER 0.2' TO 0.3' CONSISTS OF STRUCTURELESS PINK POLYHALlTE; THIN DISCONTINUDUS BED OF
ANHYDRITE UNDERLIES POLYHAlITE; LOWER 0·1' 100·2' CONSISTS OF STRUCTURELESS HAlITIC CLAYSTDNE; BASAL CO~TACT SHARP.

UNIT 2. SANOY SILlSTONE NITH ARGILLt.CEOUS SILlSTONE AT TOP, REDDl~;H-BROWN WITH LOCAL GRAY AREAS, FINELY LAMINtTED, LO' ANGLE CROSS-LA~INATIONS

MODERATELY ABUNDANT, BROWN CLASTS OF ANHYDRITE OCCuR THROUGHOUT BUT CONCENTRATED IN UPPER PART. SMALLEf CLASTS ARE LOCALLY ALiGNEO IN ZONES
PARALLEL TO BEDOING, LOWER I" TD 2' DEFINED AS SANDSTONE PEBBLE CONGLOMERATE, WHITE TO LIGHT GRAY TO BLACK, MATRIX SILTSIONE, PODRLY SORTEO;
FINE SANDSTONE PEBBLES ROUNDED TO SUBANGULAR, GRAY AND REDUCED. TO I" HIGH AND 3" LONG, FLATTENED PARALLEL TO BEODING; CONTAINS FOSSIL
BIVALVE HASH; THIN BLACK LAMINATIONS OCCUR THROUGHOUT; EXHIBITS PETROLIFEROUS ODOR WHEN BROKEN; ROCK AND MATRIX ABOVE PEBBLES REDUCED, LOWER
1/32" CONTAINS SAND-SIZEO CLASTS, BASAL CONTACT SHARP, EXIHBITS SOFT SEDIMENT LOAOING INTO UNDERLYING UNITS. LOCALLY BEDDING AND CONGLDMERATE
BEO ARE BENT ANO SQUEEZEO DOWNWARD INTO UNDERLYiNG UNIT, LAMINAE OF UNIT AT BASE PA'ALLEL LOWER CONTACT tND COMMONLY EXHIBIT ROOM PROBLEMS
HiGHER IN SECTION DUE TO LOADIN; OEFDRMATlDN, LOCAL CLAY DRAPE OVER BASAL CONTACT INOICATES THAT IT is EROSIONAL CONTACT UNDULATORY,

RUSTLER FORMATlO" - U.... AMED LOWER MEMBER

UNIT I •• ARGILLACEOUS SILTSTONE. GRAY WITH LOCAL REODISH-BROWN ARElS, THINLY LAMINATED, RARE LOW-ANGLE CROSS-L'~INATIONS; CONTAINS BROWN CLASTS OF
ANHYDRIlE RANDOMLY SCATTEREO THROUGHOUT UNIT, 1/8" TO 1-112" DIAMETER. ROUNDED AND FLATTENED PARALLEL TO REnOING; BASAL CONTACT GRADATIDNAL
OVER I/Z', IRREGULAR. UNDULATORY, REDUCT ION-OX IOAT ION CON;ACT. MPPEO AS nIFFUSE DUF TO Ex TREME CONTACT uNnULAT IONS.

I--
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tUII1 I' ~IIDT\IV'T".:::n hlTn Tun

m
UNIT 2· HALITE. FINELY TO COARSELY CRYSTALLINE, SLIGHTLY ARGILLACEOUS AND POLYHALITIC. PINK TO WHITE TO CLEAR, ~~SSIVE EXCEPT FOR DISCONTINUOUS CLAY

STRINGENS; CLAY CONTENT INCREASES WIT~ DEPTH, CLASSIFIED AS ARGILLACEOUS HAUTE AT BASE; BASAL CONTACT ~IFFIJSE_

UNIT 3. HALITE. MEDIUM TO COARSELY CRYSTALLINE. WHITE TO PINK. LOCALLY REDDISH-DRANGE AND REDDISH-BROWN; TRACE POLYHALITE RLEBS, LOCALLY ARGILLACEOUS
NEAR lOP, CONTENT DECREASES WITH DEPTK. CLAY OCCURS IN STRINGERS NEAR BASE; BASAL CONTACT GRADATIONAL.

WEST NORTH

I
(FEET)
/0 /5 20 25 30 35 40
I I I I I I ,

EAST SOUTH

I
DISTANCE FROM SOUTH LINE,

/5 /0 5 0 5
I I I I 1

20
I

25
1

NORTH

I
30

I

UNIT I I 238 239
- - - - - - - - - - .237 • • 241 240 245-- UNIT 2 2~-- ~~ - -

242_ - - - __ __ 246 --

-:-UNIT 4.·........ CBJsut0~~D , ·~-:~ -:-:-:.~.-:-:-:.~.~?1r 7:? .. .A' .___=~~ ~CK__~~~_I ~~4~ _

I
UNIT I 2

" , \ .

=-

UNIT I 3

I _

UNIT -:-"').,..---1- ~ - --=- '::::.:.=...--.::::::::..::=-=-----

UNIT 5
I

----------;;;UN~ITf6 -

.. .. .. .. ... .. .. .. .. .......... . ............ 0 .

UNIT I II

UNIT 12 =:.., I _._,
UNIT 1~13=_ _

35
I

UNIT I 14.. ··~~'·~T::·"""·"· ..

40
I

::;
;,-1./) >-

Z cr::;; cr~

<l: - <l:f-
0 Zf- ZLL.-LL. :E-t- ::;;-

::::;>
_:1:

<{ ..Jf-
~

ww we..
cr..J crw

a: e..w e..o
0
lJ..

ffi 125691 840
....J
r-
OO
:::::> 2564 845a:

2559 850

2554 855

2549 860

2544 865

2539 870

Z /2534 875
0
i=
~ 125291880
a:
0
lJ..
o 125241885

a
<{

<i. 125191 890
00

I
25141895

2509 900

2504 905

2499 910

2494 915

.!I.O.ill-

1l THIS INTERVAL WAS MAPPED DN 1111118\ AND 11116/8\.
21 THE DEPTHS ARE RELATED TO THE SHAFT REFERENCE ELEVATION

AT 3~09.0 FEET ABOVE MSL.
I) STANDARD GEOLOGIC SYMBOLS ARE NOT USED IN ORDER TO

ENHANCE THE CLARITY OF THE LOG COLUnN.
0) THE INTE<VAL FROM 815-855 FEEl WAS MAPPED FRon THE

bENCH.
\) A PORTION OF THE ROCk WAS OBSCURED BY THE DRILLING

JUMBO.
0) THE MAPPING INTERVAL VISIBLY PRODUCED '0 WATER.

HOwEVER, MAPPING CONDITIONS WERE wEl FRO~. CULEBRA
DISCHARGE.

.2q

.E.llW!ll:lll

SHARP CONTACT
GRADATIONAL CONTAl! (DEFINED

WllHIN 2 IN.I
DIFFUSE CONTACT (DeFINED

WITHIN 6 IN.)
SAMPLE LOCATION, E:(HAUST SHAFT

DEIAllED MAPPING SAMPLE 'Z~

GEOLOGIC LOG OF
RUSTLER-SALADO FORMATION CONTACT

AND THE KEYWAY AREA
DEPTH 835 THROUGH 915 FEET

EXHAUST SHAFT

WASTE ISOLATION PILOT PLANT

CARLSBAD, NEW MEXICO

PREPARED FOR

WESTINGHOUSE ELECTRIC CORPORATION

CARLSBAD, NEW MEXICO

IT CORPORATION



APPENDIX A

WORK PLAN OF GEOTECHNICAL ACTIVIT\ES
IN THE WASTE AND EXHAUST SHAFTS ( )
WASTE ISOLATION PILOT PLANT (WIPP)

CARLSBAD, NEW MEXICO

(l)ThiS plan is a working document to provide overall guidance for the
field geotechnical activities. Its recommendations are subject to
modification according to the actual field conditions and further
analysis of the technical issues.



WORK PLAN OF GEOTECHNICAL ACTIVITIES
IN THE WASTE AND EXHAUST SHAFTS

WIPP FACILITY, CARLSBAD, NEW MEXICO

1.0 INTRODUCTION

The purpose of this work plan is to describe the upcoming geotechnical

activities during enlargement of the waste shaft (previously referred to as

the ventilation shaft) and sinking of the exhaust shaft and to provide

background information for the planning of field activities. The previous

results of the geologic mapping of the 6-foot diameter vent shaft will be

confirmed by additional geologic mapping in zones of interest (e.g., Magenta

and Culebra dolomites, Rustler/Salado formation contact) and by observations

of the geology exposed during the enlargement of the shaft to a 19-foot

finished diameter. In the new exhaust shaft, a geologic strip log to total

depth will be produced, along with more detailed geologic mapping in zones of

interest. Because the strata above the Salado Formation will be covered by a

concrete liner in both shafts, emphasis will be directed to gathering geologic

information on the overlying strata during shaft sinking.

Information from the geologic mapping will be used to:

o Provide additional confirmation and documentation of
the strata overlying the WIPP facility horizon.

o Provide detailed information of the geologic conditions
in the vicinity of the Magenta dolomite, Culebra
dolomite, washout zones and the Rustler/ Salado
Formation contact.

o Confirm geomechanical instrument levels/locations.

o Provide basis for field adjustment and modification of
key and aquifer seal design, based on t~e observed
geology

cor the purposes of geologic mapping, the field proceaures given in Appendix A

of the Site Validation field Program Plan (McKinney :::.nd Newton, 1983) will ::Ie

followed; a copy of Appendix A is included as Attac~TJent A to this work

plan. Certain references in Attacr~ent A are specifi~ to the exploratory

shaft mapping, but the principles and methods are dopropriate to the vJaste and

exhaust shaft mapping effort as well.



2.0 SCOPE OF WORK

Prior to performing the geotechnical activities in the waste and exhaust

shafts, the following work items will be addressed:

o Hazard training for shaft work for all personnel who
will perform shaft mapping. Training will be performed
at the WIPP Site.

o Familiarization with the geology overlying the facility
horizon as necessary by review of appropriate
literature and selected core in the WIPP core library.

o Preparation of inspection and geologic mapping forms
for use in the shafts.

o Coordinate with OSM personnel to establish horizontal
survey control (by use of tightlines or laser) and
vertical survey control (relative to known construction
features to be surveyed in later).

o Coordinate with OSM personnel for shaft access, timing
of mapping activities relative to on-going shaft
sinking operations, galloway lighting, ventilation,
etc.

o Check, clean, and procure supplies and equipment needed
to support the mapping activity.

The specific activities to be performed in the two shafts are described below.

2. 1 TtlASTE SHAFT

Geologic mapping, both detailed and reconnaissance level, has been performed

in the existing 6-foot diameter ventilation shaft (to become the new waste

shaft) from a depth of 97 to 2168 feet, as described in "Geotechnical field

Data Report No.4." The geotechnical activities planned for the new waste

shaft will concentrate on confirming the previous mapping results and noting

any change of conditions from that previously observed. The activities will

include geologic inspection and observation of the exposed shaft surface

during sinking operations and detailed mapping in specific zones of inter-

est. Identified zones of interest incl~de:

o Magenta dolomite - Approximate map depths 590-625 feet

o Culebra dolomite - Approximate map depths 700-735 fee~



o Keyway and the Rustler/Salado Formation contact ­
Approximate map depths 840-900 feet

o Washout zones observed during the vent shaft mapping -
Approximate map depths: 565-580 feet

675-695 feet
725-735 feet
745-785 feet

o Any anomalous areas in the Rustler Formation indicative
of dissolution, brecciation, etc.

In addition, a strip log near the major instrumentation levels not already

covered by the above activities will be provided in the following areas:

Piezometers - Approximate depths: 530 feet
610 feet (Covered by mapping of

Magenta dolomite)
665 feet
720 feet (Covered by mapping of

Culebra dolomite)

Extensometers - Approximate depths: 1073 feet
1568 feet
2058 feet

The detailed geologic mapping in the zones of interest will consist of map

coverage at a map scale of 1 in. equals 5 ft., horizontally and vertically,

supplemented by continuous 360 0 photo coverage. Geologic observations and

photographs will be made prior to placement of each segment of concrete

liner. The shaft inspection form~s included in figure 1. Of particular

concern during the inspection will be areas producing observable amounts of

water, vuggy areas, zones of possible dissolution, or any change of conditions

from previous observations.

2.2 EXHAUST SHAFT

Reconnaissance mapping, resulting in a strip log at a scale of 1 in. equals 10

ft., will be performed in the exhaust shaft from the first available exposed

jedrock down to the facility level. The mapping will be performed following

upreaming of the exhaust shaft to a six-foot di~~ecer. Should the exhaust

shaft be unavailable due to safety considerations or access limitations after

up-reaming, the mapping activities will be performed concurrent with shaft

enlargement activities. In addition to the reconnaissance ~eologic log,



detailed 360 0 geologic mapping at a scale of 1 in. equals 5 ft., both

horizontally and vertically, and a photo log will be made in zones of

interest. Known zones of interest are similar to those previously described

in the waste shaft.

2.3 PRESENTATION OF MAPPING RESULTS

The results of the geologic mapping effort will be summarized in a memo after

the shaft mapping and inspection has been completed. Photo coverage and other

information will be presented as the project needs dictate.

3.0 PERSONNEL

The reconnaisance geologic mapping and photo log effort will be typically

performed on a non-interference basis, concurrent with the Contractor's

construction activities by a geologist dedicated to the activity. Detailed

geologic mapping of zones of interest will also be performed concurrent with

the Contractor's construction activities, using a second geologist to

supplement the dedicated full-time geologist. However, shaft time limitations

for performing the detailed mapping may require four or more geologists

working simultaneously in teams of two in order to expedite the data collec­

tion, or it may become necessary to negotiate a dedicated block of shaft time

from the Contractor. The actual field conditions will dictate how the mapping

personnel will be scheduled. Support for the mapping effort will be provided

by either on-site personnel or home office support, depending on availability

and other project commitments.

4.0 SCHEDULE

According to the latest available Contractor's schedule, geologic mapping

activity will begin immediately in the waste shaft and will continue through

May 1984. Subsequent activity in the exhaust shaft ~ill begin in JUly 1984

and will be completed in January 1985. It is expected that the mapping within

the concrete-lined portions of the shafts (above the Salado formation) will

~rimarily be limited to a several hour block of time following blasting ana

slashing operations, but before the concrete li~er 13 placed. Due to the 24­

hour construction activities, the geologist assignea to the shaft activities

~ould be available on-call to cover the construction activities. ?ollowir.~



completion of the field activities, a final report describing the geologic

conditions will be produced.

5.0 ADDITIONAL ITEMS

5.1 SURVEY CONTROL

In order to perform the geologic mapping of the shafts, it is necessary to

establish survey control in the shaft for both depth and orientation. Since

the working conditions are a typical shaft sinking operation, the survey

control methods must be quick and reliable. Horizontal survey control can be

established by using Contractor installed tightlines and marking an

orientation (compass direction) on the exposed rock below the concrete and on

the finished concrete surface of the lift above the zone to be mapped. Depth

control for geologic mapping control can be tied into two systems. General

approximate depths can be obtained from the Contractor by using the concrete

curb ring for a particular concrete placement as a reference level during

mapping. In addition, a reference point (such as a rarnset nail with an

identifying tag) can be installed in the concrete liner lift immediately above

the zone to be mapped. Placing the reference point at a predetermined orien­

tation (compass direction) would provide both a horizontal and vertical

reference for the zone being mapped. The identified reference points would be

later surveyed using an EDM device to establish elevations. The actual method

that will be used will depend on the field conditions.

5.2 QUALITY ASSURANCE

Quality assurance will be performed by R. A. Lundstrom (D'Appolonia) in

accordance with the Quality Assurance Plan which was presented in the Site

Validation field Program Plan (McKinney and Newton, 1983). The following

exception is noted: there will be no field audit of the shaft activities.

However, field records will be audited as a part of a project and report audit

of the presentation memo. Also, references in the QA plan to subcontractors

or equipment calibracion are not applicable to the snaft activities.

5.3 ADMINISTRATION

All geotechnical work descrLbed in this plan will be performed under the

cechnical and administrative direction of Roy McKinney. =t will be Mr.



McKinney's responsibility to coordinate activities of all permanent,

temporary, and consultant-type personnel utilized during the performance of

these tasks and to insure that the tasks performed are coordinated with the

schedules of the project participants or interested individuals/organizations.

REFERENCES

Geotechnical Field Data Report No.4, 1983, "Geologic Mapping and Water Inflow
Testing in the SPDV Ventilation Shaft, Waste Isolation Pilot Plant," compiled
for U.s. Department of Energy by TSC/D'Appolonia, January 8, 1983.

McKinney, R. F., and R. S. Newton, 1983, "Site Validation Field Program Plan,"
in Results of Site Validation Experiments, S. R. Black, R. S. Newton, D. K.
Shukla, editors, Supporting Document 3, TME 3177, March 1983.
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APPENDIX B
EXHAUST SHAFT SAMPLE CATALOG

All samples taken during the geotechnical activities in the exhaust
shaft are permanently stored in the WIPP core storage library at the
WIPP site for future reference. They are cataloged in two parts: a
catalog of samples taken during reconnaissance geologic mapping (Appen­
dix B-1) and a catalog of samples taken during detailed geologic mapping
exercises (Appendix B-2). In each case, the notation used for sample
identification also describes the depth and, in the case of detailed
mapping samples, the location of the sample with respect to the shaft
wall. The notations are described below.

RECONNAISSANCE GEOLOGIC MAPPING SAMPLES

The method of identification used for samples taken during geologic
inspections is as follows:

ES24-466

The notation ES24 indicates that the sample is exhaust shaft
reconnaissance geologic mapping sample number 24. The number 466
indicates that the sample was taken at the depth of 466 below the
reference elevation.

DETAILED GEOLOGIC MAPPING SAMPLES

Samples taken during detailed geologic mapping exercises are identified
using the following notation:

ESM49-115/10' W. of S.

As above, ~he ESM49 indicates that the s~~ple is the exhaust shaft
sample number 49, and the number 115 corresponds with the depth. In
addition, 10' W. of S. indicates the location of the s~~ple along the
circumference of the shaft. This notation means that the sample
location is ten feet west of the south line along the circiliT.ference of
the shaft.



APPENDIX B-1

CATALOG OF SAMPLES TAKEN DURING
RECONNAISSANCE GEOLOGIC MAPPING

Sample No. Formation

ES1-196 Dewey Lake

ES2-197 Dewey Lake

ES3-199 Dewey Lake

ES4-212 Dewey Lake

ES5-225 Dewey Lake

Es6-324 Dewey Lake

ES7-344 Dewey Lake

ES8-350 Dewey Lake

ES9-393.5 Dewey Lake

ES10-421 Dewey Lake

ES11-435 Dewey Lake

ES12-645 Rustler

ES13-665.9 Rustler

ES14-667 Rustler

ES15-812 Rustler

ES16-814.5 Rustler

ES17-822 Rustler

ES18-822 Rustler

ES19-823 Rustler

ES20-828 Rustler

ES21-828 Rustler

ES22-833 Rustler

ES23-835 Rustler

ES24-835 Rustler

ES25-836 Rustler



APPENDIX B-1

CATALOG OF SAMPLES TAKEN DURING
RECONNAISSANCE GEOLOGIC MAPPING

Sample No. Formation

ES1-196 Dewey Lake

ES2-197 Dewey Lake

ES3-199 Dewey Lake

ES4-212 Dewey Lake

ES5-225 Dewey Lake

ES6-324 Dewey Lake

ES7-344 Dewey Lake

ES8-350 Dewey Lake

ES9-393.5 Dewey Lake

ES10-421 Dewey Lake

ES 11-435 Dewey Lake

ES12-645 Rustler

ES13-665.9 Rustler

ES14-667 Rustler

ES15-812 Rustler

ES16-814.5 Rustler

ES17-822 Rustler

ES18-822 Rustler

ES19-823 Rustler

ES20-828 Rustler

ES21-828 Rustler

ES22-833 Rustler

ES23-835 Rustler

ES24-835 Rustler

ES25-836 Rustler



APPENDIX B-2

CATALOG OF SAMPLES TAKEN DURING DETAILED
GEOLOGIC MAPPING EXERCISES

Mapping Exercise

Dewey Lake

Dewey Lake/
Rus tler Con tact

Date Collected

9/29/84

1013/84

10/8/84

10/15/84

Sample No.

ESM1-200/17'W. of S.
ESM2-201/14' W. of S.
ESM3-203/24, E. of S.
ESM4-203.5/20' W. of S.
ESM5-204/19' W. of S.
ESM6-204/16' W. of S.
ESM7-204/19' W. of S.
ESM8-205/6' W. of S.
ESM9-206/6' W. of S.

ESM10-276/18' W. of S.
ESM11-277/16' E. of S.
ESM12-277/3' E. of S.
ESM13-277/26, E. of S.
ESM14-277/6' E. of S.
ESM15-278/15' W. of S.
ESM16-280/4 1 E. of S.
ESM17-280/3' E. of S.

ESM18-366/18 1 W. of S.
ESM19-370/22' W. of S.
ESM20-371/3' W. of S.
ESM21-371/12' W. of S.
ESM22-372/12' W. of S.
ESM23-372/16' W. of S.
ESM24-372/16' E. of S.
ESM25-372.5/14' S. of S.
ESM26-373/14' E. of S.
ESM27-373/17' W. of S.
ESM28-374/22.5 1 W. of S.
ESM29-375/22, W. of S.
ESM30-376/6' W. of S.

ESM31-543/7' W. of S.
ESM32-544/4.5' W. of s.
ESM33-545/13' W. of S.
ESM34-545.5/12' W. of S.
ESM35-546/2' E. or ~.

ESM36-546/2' W. of S.
ESM37-546/2' E. of s.
ESM38-548/13' E. of 3.
ESM39-5U9!4' W. of S.



APPENDIX B-2
(Continued)

Mapping Exercise Date Collected Sample No.

Dewey Lake/
Rustler Contact

Forty-Niner Member
Claystone

Magenta Dolomite
11ember

10/15/84

10/17/84

10/19/84

ESM40-550/11' W. of S.
ESM41-550/4' W. of S.
ESM42/No location

above D/R contact
ESM43/No location

below D/R contact

ESM44-573/13, W. of s.
ESM45-575/24, W. of s.
ESM46-575/19' E. of S.
ESM47-576/23, E. of S.
ESM48-577/26, E. of S.
ESM49-577/24, W. of s.
ESM50-577/25, W. of S.
ESM51-578/27' E. of s.
ESM52-578/28' E. of S.
ESM53-579/22, E. of S.
ESM54-580/18' E. of S.
ESM55-583.5/15' W. of S.
ESM56-584/15' W. of S.
ESM57-584/24, E. of S.
ESM58-584/17' E. of S.
ESM59-584/15' W. of S.
ESM60-585.5/12' E. of S.
ESM61-586/4' 2. of S.
ESM62-586/5' W. of S.
ESM63-587/14' E. of S.
ESM64-587/6' W. of S.
ESM65-588/i8' E. of s.
ESM66-589/13' E. of s.
ESM67-589/i3' W. of S.

ESM68-603/7' W. of S.
ESM69-603/6' W. of S.
ESM70-604/26, W. of S.
ESM7i-605/25' W. of S.
ESM72-605/S. Line
ESM73-607/18' W. of S.
ESM74-608/;9' E. of S.
ESM75-6iO/3' W. of S.
ESM76-611/~6' W. of S.
SSM77-611/6' E. of S.
:SM78-bi2/6' E. of S.
ESM7Q-612/'2' E. of S.
2SM80-612!24' E. of S.
ESM81-613!6' E. of S.
ESM82-613il1 I ~. of S.



Mapping Exercise

APPENDIX B-2
(Continued)

Date Collected Sample No.

Magenta Dolomite
Member

Tamarisk Member
Claystone

Culebra Dolomite
i1ember

10/19/84

10/29/84

11/1/84

ESM83-613/10' W. of S.
ESM84-614/24, E. of S.
ESM85-614/11' E. of S.
ESM86-618/23' W. of S.
ESM87-624/8' E. of S.
ESM88-626/24, E. of S.
ESM89-626/24, E. of S.
ESM90-626/10' W. of S.
ESM91-626/27' E. of S.
ESM92-627/6' W. of S.
ESM93-627/14' W. of S.
ESM94-627/7' W. of S.
ESM95-627/8' W. of S.
ESM96-627/10' W. of S.
ESM97-629/10' W. of S.

ESM98-678/16' W. of S.
ESM99-680/16' W. of S.
ESM100-685/No location
ESM101-688/17' E. of S.
ESM102-689/20' W. of S.
ESM103-689/12.5' W. ()f s.
ESM104-687/6' W. of S.
ESM105-690/20' W. of S.
ESM106-690/3' W. of S.
ESM107-690/14' E. of S.
ESM108-691/3' W. of S.
ESM109-692/16' W. of S.
ESM110-693/17' W. of S.
ESM111-693/25' E. of S.
ESMl12-694/10' W. of S.
ESM113-695/6' E. of S.
ESM114-695/23' E. of S.
ESM115-695/21' W. of S.
ESM116-695/21' W. of S.
ESM117-696/22' W. of S.
ESM118-697/17' W. of S.
ESM119-697/17' ~. of S.
ESM120-698/20' W. of S.
ESM121-698/No location
ESM122-Unoriented sample Unit 4

ESM123-No location
ESM124-702/3' E. of S.
ESM125-702/3' W. of S.
ESM126-703/4' E. of S.



Mapping Exercise

APPEND IX B-2
(Continued)

Date Collected Samole No.

Culebra Dolomite
Member

Unnamed Lower
~1ernber

11/1/84

1113/84

11/3/84

ESM127-707/S' W. of S.
ESM128-70B/No location
ESM129-710/N. line
ESM130-710/30' W. of S.
ESM131-711/7' E. of S.
ESM132-712/2B.S' E. of S.
ESM133-714/10' W. of S.
ESM134-714.2S/10' W. of S.
ESM13S-714/1' W. of S.
ESM136-713.S/S' E. of S.
ESM137-71S/13' W. of S.
ESM13B-71S.S/S' W. of S.
ESM139-716/17.S' W. of S.
ESM140-716/17.S' W. of S.
ESM141-717.S/0.S' E. of S.
ESM142-720/28' W. of S.
ESM143-720/28' W. of S.
ESM144-720/12.S' W. of S.
ESM145-720/28' W. of S.
ESM146-720.S/10' E. of S.
ESM147-721/2.S' E. of S.
ESM148-722/16' E. of S.
ESM149-722/19' W. of S.
ESM1S0-723/3' E. of S.
ESM151-723/3' W. of S.
ESM152-724/21, W. of S.
ESM153-725/12.5' E. of S.
ESM154-725/B' W. of S.
ESM155-727/8.5' S. of S.
ESM156-728/9' E. of S.
ESM157-728/N. Line
ESM158-730/14' ~. of S.
ESM159-732/9' W. of S.

ESM160-738/17.5' W. of S.
ESM161-736.5/19' W. of S.
~SM162-736/24' W. of S.

ESM163-737/12' ~. of S.
ESM164-739/17.5' ~. of S.
ESM165-739/5' W. of S.
ESM166-739/21, W. of S.
ESM167-7~O/5' W. Df S.
cSM16a-7~1/5' S. of s.
ESM169-7~1/19' ~. of S.
ESM170-741/22' ~. of S.
ESM171-7~2/3' W. Df S.
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Date Collected Samole No.

Unnamed Lower
Member

11/3/84

11/6/84

11/8/84

ESM172-743/4' E. of S.
ESM173-743/1.5' E. of S.
ESM174-745.5/4' W. of S.
ESM175-744/S. Line
ESM176-745/S. Line
ESM177-747/S. Line
ESM178-747/10' E. of S.
ESM179/No location

ESM180-750/4' W. of S.
ESM181-750/No location
ESM182-751/6' W. of S.
ESM183-751/1' W. of S.
ESM184-751/7' E. of S.
ESM185-752/15' W. of S.
ESM186-755/12' E. of S.
ESM187-756/6' E. of S.
ESM188-756/10' E. of S.
ESM189-760/21, W. of S.
ESM190-761/29' W. of S.
ESM191-762.5/5' E. of S.
ESM192-763/14' W. of S.
ESM193-763/13' E. of S.
ESM194-763.5/9' E. of S.
ESM195-767/6 1 E. of S.
ESM196-767/22' E. of S.
ESM197-767/27' E. of S.
ESM198-767/27' w. of S.
ESM199-767/2' W. of S.
ESM200-768/6' E. of S.
ESM201-769/18' W. of S.
ESM202-769/25, E. of S.
ESM203-770/11' E. of S.
ESM204-770/21, E. of S.
ESM205-771/4' E. of S.
£SM206-771/29' E. of S.
£SM207-771/3' W. of S.
£S1'1208-771/25' £. of S.
£SM209-775/12' W. of S.

£S1'1210-775/1' W. of S.
£SM211-776/6' W. of S.
£SM212-777/2' ~. of S.
ESM213-777/9' ~. of S.
£S1'1214-778/11' W. of S.
ESM215-778/17' W. of S.



~apping Exercise

APPENDIX B-2
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Date Collected Samcle No.

F·. "-.

Unnamed Lower
Member

Rustler/Salado
Contact

~ssorted Samples Near
Basal Conglomerate

11/8/84

11/11/84

ESM216-779/9' W. of S.
ESM217-782/17' W. of S.
ESM218-782/21, W. of S.
ESM219-782.5/16' E. of S.
ESM220-786/2' E. of s.
ESM221-787/15' W. of S.
ESM222-787/6' W. of S.
ESM223-788/4' W. of S.
ESM224-788/11, W. of S.
ESM225-789/14' W. of S.
ESM226-790/14' W. of S.
ESM227-790/14, W. of S.
ESM228-790.5/4.5' W. of S.
ESM229-792.5/No location
ESM230-792.5/21, W. of S.
ESM231-792/18' E. of S.
ESM232-794/16' W. of S.
ESM233-794.5/16' W. of S.
ESM234-797/7' W. of S.

ESM235-846/2' W. of S.
ESM236-846/S. Line
ESM237-846/2' W. of S.
ESM238-846/5' W. of S.
ESM239-846/11, W. of S.
ESM240-847/15' W. of S.
ESM241-847/13' E. of S.
ESM242-847/18' E. of S.
ESM243-848/14' E. of S.
ESM244-848/25' E. of S.
ESM245-849/20' W. of S.
ESM246-849.8/14.7' W. of s.
ESM247-850.5/15' W. of S.
ESM248-850.5/22' W. of S.
ESM249-851/2' W. of S.

ESM250
ESM251
ESI1252
ES~'1253

ESM254
ESM255
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