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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 i1) 

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. 

~he 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

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

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

cies consisting of reconnaissance geologic mapping, 2etailed geologic mapping 

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

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

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

~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. 

The 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 locat:o~s 
during the aforementioned activities. 

Reconnaissance geologic mapping was ~erformed throughout the entire shaft 

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

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

interest :~ the Dewey Lake Redbeds and the Rustler formation. ~~ree zones 

::::m"Caining abundant gypsum filled :'ractures '..Jere selected in tt:e JeHey Lc.ke 
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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 Macping 

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). 

1n 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" ·.-~ire 

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 the construction contractor (Ohbayashi-Gumi Std.) to allow a mapping team 

of three to four geologists full control of the shaft. Reconnaissance mapping 

~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 of six exercises averaging 

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

any one time. A vertical strip, approximately f!ve ~eet wide, of the entire 

~apping interval was cleaned and mapped. 



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 vertical lines at five-foot intervals bach 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. :he 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 :~ull circumference of the shaft. All samples were r.;arked ;.;i 'ch an 

::.zimuch and an up arrow, so chey can be properly orienced. -=:-he sa.moles 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 vora- 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 

to 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 :raccures and morphology of their 

fillings were described. When viewing che 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. 

~etailed ~apping in the remainder of the shaf~ secticn ~as performed ~n 

previously identified zones of interest, as follows: 

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

• The Forty-Niner Member clays:one (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 consisting 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 :ormation. and the 

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

3.2. 1 Quaterr.arv Dune Sand 

The most recent wide-spread sedimentary jeposit in :he wiPP site area is a 

thin blanket of windblown sand. The sand. ~nown ~~cally as the ~escalero sar.a 
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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). ~he upper part o~ 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 debr~s from the underlying 

Santa Rosa Formation. 

3.2.4 Santa Rosa ?ormation 

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

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

;..;est of the site center (Powers et al., 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" 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", 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. ihe 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 first occurrence of gypswo

filled fraccures at various localities is ~ot clear. Preliminary comparisons 

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

from boreholes around the WIPP site indicate that :he first gypsum fracture 

:'illings do not occur in the same stratigraphic ::.nterval later2.lly. 
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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 ?ormation. ~~o 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 

jetl.-Jeen the Culebra and the Magenta -che Tamarisk M"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 !iustler formation occurs 

in -che 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 uoper ~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 a~d 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 gypsu.'Tl-free o..:;;per zone. 

The middle zone is about seven fee: thick and cc~sists of reddish-brown. 

:hinly laminated to cross-lamina:ed, silty clays:;one 1-Ji::-: varying amoun:s of 

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

structures; also, gypsum may occur as cement. T~e overall content o: ;ypslli~ 

in the claystone decreases with depth, and the bedding surrounding :ccal 

occurre!'"lces of gypsum usually shoi·IS evi::ience of soft sedimenr- :ie:'or:nation. 
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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-l21ninations 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 713.5 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 beddi~g. ~he basal contact of 

the uoper 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 en :he :asis 

of color; :he upper portion of the claystone is gray, and the ~ower ~orcion is 

reddish-brown. The contact between the cwo is diffuse. ~ndulatory uo :o 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 

~odular chicken-wire structure. The oasal contact of the T~~arisk Member 

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

'-lrldula tory. 
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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 subangular clasts 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 

deformed 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 ~ining-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 "...lp 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~s 8f 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. 7he 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. 

1he remainder of the unnamed lower member, with the exception of ~he aasal 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 



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 ~ocash 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 ~eds 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 che Carlsbad 

potash mining district. 

The top of the Salado occurs at an average ce~th of 850.5 ~eet ~n :he exhaust 

3haft. ~he Salado consists of halite, anhy~~ite, a~d polyhali:e with ~arying 

amounts of other potassium-bearing minera~s. About 85 to 90 percent of ~~e 

Salado is halite (Jones, 1973). 3eds of a~nydrite ~nd :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. Polyhalite and anhydrite may also occur in halite 

beds as disseminated, irregularly shaped blebs or as stringers. 

Several sedimentary features, previously unreported at the WIPP site, were 

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. 

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

brown laminae. The structure displayed in this i;,terval ~s remarkably similar 

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

fi~ely crystalline dolomite. 

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

Jccurs in the interval between 1353.6 and 1358.0 feet. The Vaca Trista is 

c~assified as a halitic siltstone. Abundant channel forms r'illed 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

ple+-.e. 'rrnere 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-oroducing zone (Mercer, 

:g83). 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, 

figure '0). ~his zone produced very little fluid. It was moist at ~he onset 



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 ~orty-Niner Member claystone (575.5 to 586.5 feet), the 

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

the unnamed lm.;er member (736.0 to 745.0 feet). 

3.3.4 Blast-Related Effects 

The effects of smooth wall blasting were visually assessed during the geologic 

mapping. In particular, two blasting-induced effec~s we~e observed: over

blast and blast-induced fracturing. 

~s used here, che term overblast refers to tb.e removal of ~aterial, by 

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

result of smooth wall blasting is a relatively smooth shaft wall with one-half 

2f eac~ of the outer~ost blasti~g drill-holes remaining. ~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 

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

configuration, 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 .l.ocations (Table 3) were selected based 

an the observed geology and construction-related cons~raints. 



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 chey 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: 

Upreaming Started: 

Upreaming 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 
Portion 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 i7, '985 



Top of Liner 

Magenta 

Culebra 

Top of Keyway 

TABLE 2 

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

Design Locatio? 1) As-Built Locati?9) Net 
Depth (Feet) Depth (Feet) 

Plate 

591 600 

701 710 

837 844 

Bottom of Keyway 900 907 

Notes: 

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

Adjustment( 2 ) 
(Feet) 

+9 

+9 

+7 

+7 

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



TABLE 3 

INSTRUMENT LOCATIONS IN THE EXHAUST SHAFT 

Instrument( 
Type 1) 

PE 

PE 

PE 

PE 

PE 

PE 

WE 

PE 

GE 

GE 

GE 

Notes: 

(l)Instrurnent Type: 

GE = Extensometer 
PE = ?iezometer 

Number 

3 

3 

3 

3 

3 

3 

4 

3 

3 

3 

3 

WE = Earth pressure cell 

Depth Elevation 
(feet)( 2 ) (feet) 

544 2865 

615 2794 

673 2736 

721 2688 

768 2641 

850 2559 

874 2535 

887 2522 

1078 2331 

1573.5 _l835. 5 

2066 1343 

(2)"Depths'' 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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AS AIM 
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CU:!IIISH-Q,l! UJIUCTia. SI'OTI (l/32" to 2" DIAKETU); IASAL COIITACT CIADATIOIIAL. 
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SILTY !'IIJDSTOK, DAU UDDISII-IIOWN, IIITRII!DDI:D VITI SILTSTOII!, U:DDISII-8.101111, 

TliiMLY LAIIIIIATD TO II!DD!II (1/32" 1'0 1-1/2"), sort; OCCASIONALLY CI.OSS-LAIIIIIAT!D, 

COirTAINI LOAD STRUCTIJI.U, OV!IALL S!DII!DrTA&! STRUCTUID All L!SS FIR TlWI OV£1.

LYIIIC UIIIT, CUI• Sill CO.U.SEn DOIMIAI.ll; 1• TO 2" TliiCJ: IIOIIZOIITAL CIEDIISH-GLU 

R!DUC!I) ZOIID, SPACID )" TO S"; FI.AC11Ju:S OCCUR BELOW 1)4.5', 111" THICJ:, riLL!!) 

IIITH CYPSUII; SUJY!ITIC.U. FI.ACTURES SPACED 2' TO l', SUBIIOIIZONTAL FI.ACT111l!S SPACED 

0.)' TO 1.)'; BASAL 2' COWTAIIIS CREEMISII-GI.AT .\MD REDDISH-SROWW INTERBEDDED 

l!UliSTON!; AliUIIDAJrT CU:DIISH-CUI REDUCTIOII SPOTS (l/32" TO 1" DU.'IfTU); BASAL CON

TACT SIIAU'. 

SILTSTONE, I.EDOISB-IIIOWV, THII~Y LAHINAT!D TO STRUCTUR!LESS; B!DDINC THICKENS A~ 

THINS (l/2• TO z•); OCCASIONAL CIEtMISH-ciAY !!OS 1/1" TO 1/2" THier, SPACED 3.0'; 

ONLY A F!W HI~ A1CL! FIACTUiES l/8" CJICl, CYPS~-FILL!D, STRIKINC N60'W; AT 167,)' 

C!Wili!L UC: COIICI.Oti!I.AT! OCCURS CONTAIIIIIIC SILTSTONE PESSI.!S; THINLY l.A.'!INATED SI~n 

!1UDSTONI!: FI.Otl 170.5' TO 171.3' WITll CR!DIISH-ci.AY REDUCTION ZONES 1" TO 3" THICK, 

SPACED 4"; NEAl 171.3' BECOH!S POORLY SOIT!D; THINlY LAMINATED WITH CROSS

l.A.'!ISATIOIS AND tROSIONAL TERMINATIONS NFAI SAS!: CONTAINS CREENISH-CRAY REDUCTION 

SPOTS UP TO 2" DI.AI'IETD.; BASAL CONTACT CUDATIONAL. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
liTHOLOGIC LOG 



PRELIMINARY 
STRATIGRAPHIC 

ELEV. DEPTH REMARKS 
(FT. IULJ (fT. I 

COLUMN 

3234 175 , as uow£ 
\. ' ~ 
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3229- f-180 L 
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~--=---= 3224- ,..- I 85 -------- WDSTOII! , I!DDISH-UCIIIII, Til liLY LAKUIATED TO I!DD!D ( 1/32" TO 1/2" THICK), SOFT; ,....:-_-_-_-:.._-_-_::_ 
I!DDI•c IJQ)zsn•cr: &AU GUEliiSH-cLU ll.!DUCTIOII SPOTS TO 1" DIAKETEI, I EDUCTION 

-=-=~-=-~~ -----=---=-----=-- SPOTS COIICEIITIAT!D .UOUIID UDUCED, GUDISH-c&AY, 1" WID! IOII%0WTAl lAND AT 191.7', 

!-_-____ -=------- VEI.Y FEll FUCTUUS; W&L 1.5' I!CCIIU SILTY; IASAL COIITACT SJIAI.P, SUCHTLY 
1-_-_-_:--=-----_-

I/IIDULAlO&Y, OYDLYI.C I!DS DIAl'! ovn COtiTACT, !IOSIOIIAL. !-_-_-_-_-_:-_-_-
3219- f-190 

-_-:.. -_-_:-_-_-:.._---------_-_-_-_-:.._-_-:...-:... 

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

i!mWJ1WK!t 
SANDSTOIIE, VDY rillE c;&AIIIED, ClAYISH-WHIT!, JIAI.D TO SOFT ; TIOUCH ClOSS-BEDDINC 

IECOKES APPAI.ort II!Aa WE; COllTAIIIS FIIIOUS CYPSUM-FILL!D FRACTURES WiiH VARIABLE 
3214- f-195 

OII!JrTATIOII, 1/•" TO 1" TIICX; IASAL COJITACT SILUP. 

J~~i\t@JJ;tw 
SANDSTOII! AT TOP CllADIHC TO SILTSTONE, I!DDISH-KAJ.OOII, LAMINATED TO liDDED, OCCA-

SIOIALLY ClOSS-LAKI.ATED, IAI.D; COLOR I!COKES WHITISH-KAIOON TOWARD BASE: LOWER 1. 3. 

IS SAJIDSTOII!, SDUCTUI!LESS DCEn FOI OCCASIOIIAL InD.B!DS OF IEDDISH-BROWll 

• i ~·. L·' -.~r;·· II LTSTOII£; AIUNDAIIT FIACTUI!S, ltOST HOIIZOn&L TO SUIHOII%0NTAl AND SLICHTLY UNDU-
\" \ . \ 

3209- t-200 f , , L4TOIY, FILLED WITH FIIIOVS CYPSUM, THICDIESS 1/16" TO 2", SPACED 1/1" TO 6": BASAL 

-_-_-_-_:-_-_-_- l COJrTACT SHARP, SLICII"TLY IIWIIULATORY. 

-------- CLAYSTOII!:, l.lDDISH-UOWII, TIIJrLY LAKIIIATED; CIOSS-l.AIIIIIATED, S!TS 1/2" ACIOSS, _-_:-_-_-_-....:--==-
-=-=-=-=-:-:-:- I!DDIIIC BOSIOIIALLY TDJUIArtD, COtrT.u•s SOFT S!Dilt!liT DUOIMATIOII FEATUl!ES; BECOMES -_-_-_-_:-_-____ SILTY TOW.UD W!; octAS I Otil. C&!EIII SH-GlA Y l!DUCTIOII SPOTS TO 1/2" DUr!tT£1, SPOTS 
-_-_-_-_-_-:...-..: 

OCCAS I Oil ALLY IIOC!JI 11' CYPSUK-F It.U:D FIACT\Il!S ; SE! FleuR! 6 FOI F"IACTUlt£ NOTES; -:._-_--:... -:...-_-_-_-
3204- -205 

--:_-_-:_-_-______ lA SAl COIITACT CIADI.!IOIIAL. 

--------
-=~-:-:::-:-:-1--------
-=~~=-:-:-:-= --------- 11\JDSTOII! WITH IITtRIEDDED SILTSTONE, DAil IEDDISH-BIOWN, rHIJrLT LAr!IIIATED, AIIIIIDAHT _-_-_-_-:._-_-_:-_ 

CROSS-LAKIIATICWS, IEDDIWC OFT£1 TEII1I.ATED !lOSIOIIALLY; ABUIIDANT SUBHOIIZOJrTAl 
3199- -210 ( ( 

l_ ..l CYPSU11-FILL!D FlACTUifS, SPACfD 6", 1/1" TO 3" THICK; VERTICAL AND SUBVEITICAL 
1-______ :..._-

FIACTUUS IAI.E; OCCAS IOIIAL Clf£11 SH-eilA Y lfDUCTIOII SPOTS; BASAL CONTACT CRADATIONAL. --------
----~----_-:.._-_-_:-_-_-_-
--------_-_-_-_-_-_ -:_:-_ 

3194- -215 
( ( 

~ \ } 
'-_ -- .:....-'_- ;_-
-----_-....:-_:-_-_--_-_ -:...-_-_:-_-_-
-----==-'7 0 0 0 • 0 •• 

"' 1 
3189 220 
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EXHAUST SHAFT 



PRELIMINARY 

ELEV. DEPTH 
(FT. MSll (FT.l 

3189 220 

3184-1-225 

3179-'-230 

3174- .... 235 

3169- '-240 

3164--245 

3159--250 

3154-1--255 

3149-1--260 

3144 265 

STRATIGRAPHIC 

COLUMN 

1.: r 
J 1 

I 

REMARKS 

SU.tSTOtll UrTEU!DD!D IIITII Y!l'l rtJrl SAa!DSTOWI, I!DDISH-BIOW, Tlllri.Y LAHUIAT!D TO 
I!DDD, e&OSS-LAHIIIATD, IDS ontJI !IOSIOIWJ.'l TUJIIIIAT!D, !lAID~ CIOSS-UIUIIATIOIIS 
IIICP!AS! I!LOW 223.0', IIOI.lZOIITo\.1. !IOIIOIIAL PUJI!S OCCUI. ltt.OW 223.0', SPACED 1.0' 
TO 7.0'; SUIIIOI.IZOIIT.U.CYPSUM-riLUD FUCTIJUS AIUWDAIIT, 1116" TO 1/4" TlllCJ:; LU! 
SUIV!IlTICAL FUCTUUSl L\SAl. COWTACt CJADATIOIW.. 

~ • .:UOISI-..,._, SILT! • Till .. ! I.»>IUTill lO KDD£D, OCCASIOIIW.Y CIIOSS-
1.»111&111; .-r ~IUW\'& GfPSIII-lllUJ PUC1UIIS, 1116• TO 1• THia, SPICa 
z- TO 1.0' • PUCniiiS lli'UICA'TI UJCjlJ.J; RAil SUiftftlCIL CYPSIM-I'ILtZII P'UCTVIa; 
lAS& CXIITICr SIIIIP. 

SANDSTON!, REDDISH-BROW, SILTY, STRUCTURELESS EXCEPT RAi! CROSS-LAMINATIONS AND 
HORIZONTAL LAMINATIONS; FEWER CYPSUM-FILLED FRACTUIES THAM OVERLYINC UNIT, FRAcrJRES 
TO 2" THICl; BASAL CONTACT GRADATIONAL. 

SANDSTOH!, REDDISH-BROW, SILTY, LOCALLY LAMIIATED AND CROSS-~,INATED; OCCASIONAL 
SUBHORIZONTAL CYPSUM-FILLED FRACTUa!S, 1/4• TO 112• THlCl, SPACED 2.8' TO 1.4'. 
FRACTURES IIFIJaCATE t.DCALU; SUIV!lTICAL FUCi'UI!S ll.U!: OCCASIONAL CREEIISH-CUY 
REDUC'l"IOII SPOTS TO I" DIAM!T!I; BASAL 1.0' COISISTS or REDDISH-BlOW SILTSTONE; 
BASAL CQITACT CIADATIOIAL. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOL06lC L06 



PRELIMINARY 
STRATIGRAPHIC 

COLUMN ELEV. DEPTH 
( F'T. NSLI I FT.) 

3144 265 

3139-~270 

3134--275 

3129--280 

3124-1-285 

3119--290 

3114--295 

3109--300 

3104--305 

3099 310 
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REMARKS 

SAJil)Stoft, I!DDISII-IIIOWII, SILn, ~~ KASSIVI VITI SOH! LOCAL L.VIINATIOIIS AIIV 

C.OSS-II!J)DUC; SUIIIOIIZOirTAL .uD SUIVOTIC.U. CTH111-FIWD FIACTUUS, SUIIIIOIIZOIITAL 

~ .UUifiWIT, S!l FICUII 7; WAL COin'.w:t CIWio\TIOIW.. 

AJ.(;Il.LAC!OUS SILTS'nld, I!I)DISB-IIIOW, TBIIILt WillArD TO UIUIIAT!D (111'" TO l/4" 

T11ICI:h .UIIIIDAft SEIIIMIIITA&Y SUUCTUID IIICLUDIJICZ nOUCII CIOSI-IAMIIIATIOIIS, 

EllOSIOIW. SUI.rAC!S DAC!AILI AllOtml CIRCUKFEIEIIC! or SHAFT, son S!DIMEWT DEFOI

llATICIII FEATUI..!S; CllOSS-WIIIATIOir SETS AI! 1" TO 4" ACROSS, INCllUSIIC TO 2.D' TO 

J.O' ACROSS N!AI liAS!; L011!1 1.1' COIITA.IIII 1/4" tiiCK II!DS ~ CLAYSTOIII; HORIZOIITAL 

AMD SUIIHOIIZOWTAL CYPSUN-riLLID FIACTUI!S 1/4" TO 1" THICI:, SPACED O.l' TO 2.0'; 

VERTICAL AMD SUIIV!RTICAL CYPSUM-riLLED FIACTUI!S 1/1" TO 1/4" THier, SPACED l.O' TO 

5.0'; OCC.ASIONAL CREDUSB-cUt ltDUCTIOir SPOTS TO 1" DIA11!TU; BASAL COIITACT SHARP, 

llAU!D Ill OCCUU.E!fCE or A lfUDSTONI 11!1). 

~S!O»i 1N!ER8EDDED WITH SILTY CLAYS!OM!, REDDISH-!IOWW, THIVLY LAMIMA!ED !0 VERY 

THIVLY BEDDED (<1/ 16" TO i/2" THier); AJUIIDAliT sm OF TROUCH CROSS-LA!1IMATIONS 1" 

TO 4" ACROSS, CLAY DRAP! OVER RIPPLE CIOSS-LAI1INATIOMS; OCCASIONAL SOF! SEDI~ENT 

DEFO~~TION; OCCASIONAL CREENISB-CRAY REDUCTION SPOTS (1/16" TO 1/2" DIAMETER); UNIT 

l SOUNDED IIY HORIZONTAL CYPSUM-FILL!D FIACTUlES, 1" THICJ: AT TOP CRADINC TO 1/2"' Tl!ICit 

AT BASE; IASAl. CON!ACT SIIAIP. . 

~UDS!ON! AT TOP CRADINC TO SILTS!ON! AT liAS!, l!DDISH-BIOWW, THIVLY LAI1INATED TO 

THINLY IIIDDID (1/6" TO 1" TBICJ:); ABUNDAIIT FIN! STIUCTUUS INCLUDINC: FLASEI 

BEDDINC, CROSS-LAI1INATIONS, TIOUCK CIOSS-~~IMATIOWS, FILLED DESICCATION CRACKS, 

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

ABUNDAM!, l/16" TO 1-1/2" THICK, ~ORIZOH!AL AND SUIIHORIZON!AL FRACTUlES SPACEn 1.0' 

to 4.0', VERTICAL AND SUBVER!ICAL FRACTURES SPACED 3.0' to S.O'; OCCASIONAL 

CREENISH-cRAY REDUCTION SPOTS (l/16" TO 1" DIA11!!EI); RAI! 2" TBICJC, SUBHORIZONTAL, 

CREEIIISH-CRAY REDUCED ZONES; BASAL CON!AC! SHAll. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOL061C l06 
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PRELIMINARY 

ELEV. 
(FT. IIISL I 

DEPTH 
(FT. I 

STRATIGRAPHIC 

COLUMN 
REMARKS 

3099 310 

3094--315 

3089--320 

3084--325 

3079--330 

3074--335 

3069--340 

3064--345 

3059- -350 

:'3054 355 

.,_ ______ ,:.:- !MISTOIII Af TOP, CUDIIIC TO SILnTOIII, OAU: I.!DDISII-1101111 TO UDDISII-1101111; 1111'11 

.::::_-_-_-_-_-_-_: !IIIIOI IIITEUIIIDED IIIJDSTOIII, TIIIJt.Y UIIIJU.T!D TO UIIIJU.TD (<1/lZ" TO 111"), IIAID; 

-----..:r-------= CIOSS-U,UJU.nD, I!CCIIIIIC !IOU .UUII1WI1' WITI DUTI; DCC.UIOIW. Cl!!JIISH-GIAY 

_L T ( I!DUCTII* SPOTS (l/16" TO 1/4" DIAKETDh FIIIOUS CTPSIIK-FIWD FIACTU&!S llc:ottl 

\ '! LISS .UUIIDAirf VI Til DUTil; IIOI.IZOirTAL .urD SUIIIOI.IZOIITAL ructUIIS 1/ U" TO 1" THICJ:, , { 
_! !PACED Z" TO 2.0'; vr:&UCAI. .urD SUIVI&UCAI. 1IACTUUJ 1/16" TO 1/4" TliiCI:, SPACID 2" 

1:,...:= .~===~~~--, TO 2 .II' ; WAL COIITACT SIIAU. 

~~~==~~~ I!UDSTOIII AT TOP, ClADIK TO SILnTOIIE VITI DUTil, OAU: UDDISB-IIIOWII ~ UDDISI-

\. \: ~IOWII, UlfiT SIIIIUI TO A10V1 EXCEPT FO& 4 l" TBia lED tW /tUDSTOJI! WHICH DCCUU At 

t--'!-_.:_ __ .__~-~----. 316.2' .urD liAS A SIIAU UPP!I COITACT AIID COUDES TO SILnTOIII WITH D!PTB, IIAID; 

r::=~::::-:=::i=::=- IIUDSTOJI!: snucnJUL!SS; SILTSTOIII: FIIIELT UIIIIIATD TO QOSS-I.AitiiiATID; FRACTUUS 

!IKIUI TO OYIILJIIIC UIIIT; DCCASIOIIAL CUOIISH-GUY IEDUCTIOII SPOTS TO 1" DIAI!!T!I; 

{ r ( 
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BASAL COWTACT IL\U!D IY l" THia SUIIIOI.IZOIITAL c;uQIISH-GUT %011! A11D DAU I!DDISII

IIOWII /tUDSTOd, SILUP. 

!RJDSTOR, I.!DDISH-8101111, SnUctut!U:SS; FIACTtiUS SIIULAI TO OV!&LJUIC UIIIT; BASAL 

COWTACT CUDAUOIW.. 

CLAJSTOIII, DA&r l!DDISII-1101111, IWTtli!DD!D WITI SILTSTOIII, LICHT UDDISH-BIOW, 

l!IC~UIIIIIAT!D TO V!IY TIIn.Y liDDED (<1/32" TO 1/Z"); SILTSTOIII: CIOSS-I.AitiiiATC; 

CUJSTOIII: mucnJUL!Ss; AIIJIIDAJIT CU:DISI-ca&Y UDUCTIOII SPOTS; CLUI!S TO 

SILntolll At WI; AU rtACTUUS FILI.O WITII FIIIOUS CYPSUK; IIOI.IZOIITAL AIID 

SUI!IIOIIZOIITAL FIACTUID 111" TO 1" Tliia, SPACED l" TO 2.0'; VUTICAL A11D SUI

VERTICAL FllAC'IuaES 1/16" TO 1/4" TliiCJ:, SPACED 2.0' TO 3.0'; BASAL CONTACT SIIAI.P. 

CUYSTOIII, DAII REDDISII-8101111, liiCIG-I.AitlNATED TO Tl!IIILY UltiMATED (<1/ll" TO 

1/16"), SnUCTUI! POOILJ DEFINED DUI TO AJU!ft)AJn' F'RACTUIIIIC, OCCASIONAL CIOSS

I.AitiNATlOIS, IEDDINC OFT~ CONVOLUTED AND EiOSIONAI.LJ TERMINATED; AIUWOAMT GlffNISH

CRAY REDUCT!!* SPOTS (1/16" TO 1" DIA. .. tTEJ.); AIUWDANT GYPSUM-FILLED FRACTURES, -90% 

HORIZONTAL UD SUIHOIIZOIITAL; l\10 SCALE!: OF SPACINC: MIIIOI - 1/S" TO 2", l!AJOI - Z" 

TO 6" FIACTUII DENSITY INCREASES iOWAllD !lASE, THICIOIESS VAJ.IfS FRO!! 1/16" TO 1.0'; 

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

l/16" TO 1/4"; BASAL CONTACT SHAU. 

SILTSTONE, l!DDISH-BROWI, LAMINATED TO IIEDDED, caoss-LAKINAT!D, SOFT SEDIMENT 

DEFORHATIOI F!ATUR!S, liARD; AI.L FRACTURES FILLED WITH FIBROUS CYPSUM; SUIHOIIZONTAL 

AND HORIZONTAL FRACTURES l/16" TO l" THICX, SPACEll l" TO l.D'; VERTICAL AIID 

SUBVERTICAL FRACTURES l/8" TO 1/2" THICJ:, SPAC.ED 6" TO 2.0'; ABUNDANT CREEIHSH-CRAr 

REDUCTION SPOTS l/16" TO 1" DIA.'IE!Ei; BASAL COW! ACT SI!AilP. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 
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3054 355 

3049- r360 
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REMARKS 

I1UDSTCIIE CRADIIIG TO SILTSTQIE Ill VERTICAL CIIADATICIIAL SEQUIIfCa 1.0' TO 3.0' THiel, 

RlDDISH-8.0. (SILTS'nll!) AID DAJtl.REJ)I)ISH-BROWII (tiiDSTC*E), EACH SEQUDICE COII.SISTS 

Cl STIIUCTUIIELESS IIIDSTOIE AT TOP GIIADIIIG TO THUILJ LAMINATED TO BEDDED SILTSTOIIE AT 

BASE; AIOIIfl' at !EDIMEIITARJ STIIUCTUIIES IIICREASZ TO BASE CW EACH S£QUENCE, THESE 

srJIUCTUIES IIICUIDI: CRCISS-UMINATICIIS, TROUCN CIIIOSS-UHIIIATIOII.S, EDIOIAL .SUR

FACES, OCC&SICIIAL SOfT SEDIHDrr DUOIIMlTIOII FEATURES; UPPEI C<JITACT r. EACH SEQUEJICE 

IS EROSIOI&L; OCC&SIOIIAL GREDIISH-CR.U 11£DUCTIOII SPOTS ( 1116• TO 1• DIAMETER); ALL 

FRACTURES C!PSIM-FILL£D; VERTICAL AID HIGH AICLI FUCTUIIES APPEAR !DUIIG£1 THAll HORI

Z<JITAL AIID SUBHORIZtiiTAL FUCTUR£3; SUIIIfJIUZQITAL Fll&cnnt£ FILLING OCC:~IOII&LLJ 

SICK>IDAL DD/01 TILTED; FILLIIIG II VERTICAL AIID KICK AIIGL£ FRACTURES HAVE A. COHro

.IIEJIT at THJIIIST; THREE nPES CW HORIZ<JITAL AID SUBHOIIIZ<JITAL FRACTURES; THICl • 112• 

TO 1•, SPACED 1.0' TO 2.0'; IIJD£11ATELJ T11II • 118• To 112:, SPACED 1• TO 1.5'; T11II 

- < 118•, SPACED 11•• TO 1•; BASAL CGWT.IC'T SHARP. 

SILTSTONE, REDDISH·BROWII, WIT11 IIITERIEDDED CUi'STON!, DAIJC lt!DDISH·BROWJf, 1" TO 4" 

THICK FIIIINC UP\IIJlD SEQUEIIC!S, THIIILY !JJIIIIATED TO THIIILY BEDDED ( 1/16" TO 2" 

THICK), KAID; SEDIMENTARY STRUCTURES IIICLUD!: CROSS-LAMINATIONS, SOFT SEDIMENT LOAD 

STRUCTURES, EROSIONAL CONTACTS AT TOP OF EACH FilliNG UPWARD SEQUEIICE; LOCALLY 

ASUIIDAJIT CR££11ISH·CRAY REDUCTION SPOTS (1/16" TO 1" DI.METEII.), 5011! OCCUI IN ALICIIED 

ZONES; OVERALL CRAIII SIZE IIICREASES TO SASE; ABUNDANT HORIZONTAL, FIBROUS CYPSUM

FILLED FRACTURES occua Ill '1\10 SIZ! CIOUPS: 0" TO 1/4" TIIICJ:, SPACED 1/4" TO 1"; 1/4" 

TO 1/2" THICIC, SPACED O.S' TO 2.0'; VERTICAL AJID IIICH AliCL! FIBROUS CYPSUM·FILLED 

fRACTUa!S All! MODEIATELl' A.IIUIIDAHT, 1/16"' TO 1/2"' TIIICJ:, SPACED 2.~· TO ~·; BASAL 

CONTACT SijAJP, UIIDULATOIY, POSSIBLY EIOSIOIIAL. 

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- f-425 

2979- ~430 

2974--435 

2969- f-440 

2964 445 

STRATIGRAPHIC 

COLUMN 
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REMARKS 

SILTSTOIE, I!DDISH·IIOWI, WITK IWT!II!DDED CLAYSTOW!, DAlE I!DDISH-IROWN, 1" TO 4" 

THICC FIIIIIIC UI'VAJ.D SEQUElfcr;s, THINLY LA:tiiiATED TO TIIIlll.Y IEDDED (1/16" TO 2" 

TKICC), HA&D; SEDI~EWTAIY STIUCTUIES IIICLUDE: CIOSS-~~IIIATIONS, SOFT S!DIK[NT LOA~ 

STIUCTURES, EIOSIO.AL, COIITACTS AT TOP or !ACII FIIfiJIC UI'VAJID SEQUENCE; LOCALLY 

AJUJIDAJIT CIEDIISH-GI,\Y IEDUCTIOII SPOTS (1/16" TO 1" DIA.~!TD), SOft! occua IN ALICNED 

ZONES; OVELU.l. (;L\1111 SIZE INCI!ASES TO lAS!; AIUJIDAJIT HOIIZOIITAL, FUIOUS CYPSU!t• 

FILLED FIACTUI!S OCCUI Ill TWO SIZE CIOUPS: 0" TO 1/4" THICC, SPACED 1/4" TO 1"; 1/4" 

TO 112" TKICC, SPACED 0.-S' TO 2.0'; V!ITIC.U. .AifD HICK AJICL! FllllOUS CYPSU!t-FILLED 

FUttui!S AU l!ODEIATELY AIUNDAIIT, 1/16" TO 1/2" THICI:, SPACED 2.-S' TO .S'; IASAL 

CONTACT SHAIP, UIDULATOIY, POSSIBLY EIOSIONAL. 

SILTSTOII! AT TOP, CllADIJIC TO CLAYSTOW! AT lAS!, R!DDISH-BllOWV TO DAAI: llEDDISH-BROWW, 

TBAC! or IEDDI'IIC AT TOP CUDIIIC TO STIUCTUIE!.!SS AT BAS!, ILUD; COIITAINS OCCASIONAL 

CLAYSTOIIII CLASTS <1/1" DIAKETD; 1LU! IHT!II!DS or CLAYSTONE, 1/16" THICC; AIUIIDAIIT 

CIE!liiSH-ciAY IEDUCTIO. SPOTS (l/16" TO 2" DIAK!TD) OCCUI II ZONES; ABUNDAIIT 

HOlliZONTAL AJID SUIHOIUOIITAL FIIIIOUS c;YPSU!t-fiL!.!D FIIACTUIIES, ~OiliTY 1/16" THICK, 

·sPACED 1" TO 2"; ~DEIATtLY ABUIIDAWT VElllCAL AND SUSVEITICAL FISllOUS CYPSUM-FILLED 

FIACTURES UP TO 1/4" THICI:, SPACED 1.0' TO 3.0'; BASAl CONTACT OISCURED. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
L ITHOL06 IC l06 

,.. c:n 



PRELIMINARY 

ELEV. DEPTH 
(FT.MSLI (FT.) 

2964 445 

2959-1-450 

2949-~460 

2944- r-465 

STRATIGRAPHIC 

COLUMN 

I ( 
} I ) 

) 
t-

~---.:::c=---:t::--
~---_-;::---~---
€~-:..-::::-=-~-= t--------
f----_-_-:_-:,_-.,_-_: 
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t---J:--~-:;:---4-::. 
.. \ . . \· 
":...-=---'"\---_-_-. ( . . . . \ . 

·+- ,_, 

I 

REMARKS 

AS AIM 

SLICHTLY SAKDY SILTSTQII, IIDDISH•IIOWI, IIT!IBEDDED WITH SILTY-HUDSTOH!, DAil 

I!DDfSH-IIOW, 1" TlliCI: riiiii: UPVAIDI S!QUDCU, THIILr I!DD!D (1"); 1111101 ~ 

SIOIIAL COirT.ACTS A'f TOP Of '!ACII riJIII: UPVAID S!QUDfct; IIOIIZOII'fAL AlfD SUIHOIIZOII'fAL 

nUOUS CYPSUM-FILL!D FUCTUUS <l/1" TIICI:, SPACED 0" TO 6"; SUBV£lTICAL An 

VEl'fiCAL FIBROUS CYPSUM•FILL!D FIAC'fUUS AU L!SI .UUIIDAIIT A11D CROSS-CUT HOIIZOII'fAL 

AliD SUBHOIIZOITAL FRACTUUS; BASAL COirTACT SHARP • 

SILTSTOIIE A'f TOP CRADIIIC TO Ct.AYSTOIIE AT BAS!, REDDISH-IIIOWII TO DAH I.!DDISH-IIIOWI, 

\ TIAC! OP I!DDIJIC: AT TOP c:RADIIIG TO snUCTtJUL[$1 AT lAS!, HARD; .UUIIDAII'f CREElllSH• 
1---J-.--~-f 

't 

2939- '-470 

2934- t-475 

2929- t-480 

2924- --485 

. 2919 490 

. ' 
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( \ 
J I 

( 
I 

\" 
J ) 

( 
} 

:.r. 
·7 

t-_-:_ ------~:::::-....:---------1--:..:--=---------:.. 
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~-----_-_:-_-_-_-_ ---------------
~------------=---
~-=~-=-=-::::-==-::: 
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t---=------: -$---=--=--=---------=--=---:..:--=-...:-_:-_-_-:.. 
-~---±-- --- --_-_ -_-_-_ :-_ 

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

CUY I!DUCTIOII SPOTS (1/16" TO z• DUII!'TEI); HOIIZONTAL AIID SUIHOIIZONTAL FIBROUS 

CYPSUM·FILL!D FIACTUI!S <1/1" THICK; SUBV!ITICAL AND V!ITICAL CYPSUM•FILL!D 

FllACTUI!S All L!SS AIUIID~ AND CROSS-CUT HORIZONTAL AID SUIHORIZONTAL FRACTUIES; 

BASAL CONTACT SIIAIP. 

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

CYPSUM-FILLED FRACn!RES; IWt! SUBVERTICAL AND VEilTICAL FRACTURES PlESENT, O" TO 1/2" 

THICK; BASAL CONTACT CRADATIONAL. 

FIGURE 4 (CO~TINUEO) 
EXHAUST SHAFT 
LJTHOL06IC l06 

SHE 



PRELIMINARY STRATIGRAPHIC 
REMARKS 

ELEV. DEPTH COLUMN 
!FT. lUll ( FT.I 

2919 490 

2914-- 495 

2909-1-500 

2904- !- 505 

2899- HSIO 

2894--51 !5 

2889- '-520 

2884-f- 525 

2879 _,... 5:30 

2874 !5:3!5 
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SILrSTOHl, (flcua! 9). 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOL06lC L06 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH 

(FT.MSLI 
COLUMN 

2874 

2869 

2864 545 

28~9 sso 

2854 

2849 560 

2844 565 

2839 570 

2834 575 

2829 580 

SILTStoiK, (fiCUll t). 

IIISTUI ~Tll* 

POITT•IUO IlOilO 

REMARKS 

AIIIIYIIlltl, riJILT CITU&UJIII, CUT TO CUTISI·IIOW, WHITE Af UPPD COIITACT, IAIID!11 

TO OCWIOLUJ.T LUUIIAJD, SPACD 1/16• TO 1•; IAI1IS MD LAIIIIL\I UIIDULATOIT UP TO 

1/4• &liD OCCASICIIIALLT t!IIUIIAtl AJIUPTt.J, CUT IAI1IS USUALLY tllaEU, I!CCtl! StiUC

TVUUSI VITI DUD, 'LOC&Ll.T IIODULA&; UPPD 3.1' Cllltllll ln!UEDIID tlAY LA.'IliiAI, 

COIITEIIT D!CI.USIIIC VITI D!rtll; LOCALLY CYHilDOUI II UPPO 6•; IIW TOP, HOIUOIITA&. 

AIID SUIHOalZOITAL CYPSUII-flLLD ructUUS AU AJUIIDAIIT, llr TO 112• TVICI, SPAC!11 

1• TO J•; IEDIIIIIC TOIIIIIAtD EIOSIOIIALLT 4"1 IIPP!I Clllt.Aa; IDUZI*TAL Alii SIIIIIOI.I• 

ZoertAL CYPSIM-riLL!D RACTUUS SPACIII 1• ~ :t-.•', lftt"·'llt-~·'!IHI.f ~TICAL 
AIID SUIVUTlCAL I:TP5Uti•FII.UD ruc:nrus, 111• TO 1/4., 'TliiCI, SPACD J.O' TO 6.0'; 

BASAL COWTACT SIA.U. 

~HYDRIT!; S!! FICUR! 10. 

SILTY CLAYSTONE; S!! FICUl! 10. 

FIGURE 4 (CONTINUE~) 
EXHAUST SHAFT 
LITHOLOGIC LOG 

n.: r:::n 



PRELIMINARY !----.------!STRATIGRAPHIC 
ELEV. DEPTH COLUMN 

I FT. MSll ( 1T.I 

2829 580 

2824 585 

2819 590 

2814 595 

2809 600 

2804 605 

2799 610 

2794 615 

2789 620 

2784 625 

REMARKS 

AMBTD&IT!; S!l FICUII lD. 

~CEJrTA DOLOI!IT[ ~E.'IB£1 

COLOKITE, CYPSlFEIOUS; S£! FlCUI! 10. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC L06 

, r ,."' 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH 
(n. lUll 

2784 

2779 

2774 

2769 

{FT.) 

625 

2764 645 

2759 650 

2754 655 

2749 660 

2744 665 

2739 670 

COLUMN 
REMARI<S 

TA."'AA.ISI Kllll!l 
AIIII'IW~TI, Fllrll.Y CUSTAUIII!, ClAY to LIQIT IIOIIIIISI-i:IAY to TAll VIti D!PTI, LUll• 
JrAtD TO IOIIUUI, IIAUI l.OCAl.LJ' ~PIIFDOUS At IIJ'PO COftACr~ COirT.Uft IITDIItDI or 
UIII"Iltb CAUOIIATI LOCAU.t Alit •ua lAS&\ \MiliA& !lAY LOCALLY I& TDI'lliU.TD IW)

SIOULLYI 1• TO 2• Till Cit oac.\lllC ( T) lt.Aa CU.YSTOII& A! .. s.t', IX*TAlft FUICIUI 
CTPSIIt-PIUD PUCTUUS, PIIW OUDTD YOTICAU.1'·, lfl2• to t• liiCit, DISCOII

niiUOUI, I.OCALI.'r UFUICAnK; IICiaiZOrTAL PIIIOUI ~111-FIWD riACT1II.!S THIOUCJIOI1f 
WITS SPACIK I.S' TO 1.S', 1132• to 1/16• TIIICit; L\11 SUIVOtiCAL n.t.CTUIU; IASAl. 

COft.&Ct CUDt.TIOUI.. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOL06 IC l06 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH 

(FT ... SLI 
COLUMN 

2739 670 

2734 

2729 

2724 68!5 

2719 690 

2714 69!5 

2709 700 

2704 70!5 

2699 710 

2694 71!5 

REMARKS 

AIIIIYDIItt; SEI PICUU 11. 

AMHYD&Itt; $!1 PICUll 11. 

C1,ATSI"OR' SD PIC:UU 11. 

AJIIIYl)liT!. AJ.C:It.UC!OUS; SU PIC:UU 11. 

siLn CUYSTOII!; S!l PICUU 11. 

ANHYDaiT!: S!! FICUl! 11. 

CLAYSTONE· SEE fiC1JaE 11. 

AMHYDaitt; SEE FIC1Jal 11. 

C!ILEIIIlA DOLOIIJTI MC11EI 

DOLCitUTE CTHIFEIOUS• SEE riCUa! 11. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
LITHOL06IC LOG 
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PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH 

( I'T. MSL J ( FT.l 

2694 715 

2689- ~ 720 

COLUMN 
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~-:-L---=----J"--=-1--- _-_-_-___ -:.. 

-j---t- --;-

REMARKS 

U!CIIAM!D LOWD IIE.'IIEI. 

SILTY CLAYSTOW!; S!! FICUI! 11 • 

AKHYO&I!!; St! FICUIJ 11. 

SANDY ~UDSTON!; SE! FICUI! 11. 

HALI!IC ~S!ON! 01 AlCILLAC!OUI HALl!!; S!! FICUI! 11. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
LITHOL06IC L06 



PRELIMINARY 

ELEVO DEPTH 
STRATIGRAPHIC 

COLUMN 
(,T.MSLI (FT.) 

2649 760 

2644-t- 765 

- ' -\ -
2639-- 770 -, 

2634- - 775 - -

2629- .... 780 

2624-1- 785 

2619 -1- 790 

2614-1- 795 

2609-1- 800 
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REMARKS 

IW.In& su ncuu u. 

ADYJ~Un; sn neuu u. 

IW.ltl, .UCIU 4CD'CII IW.ltl; Sll rzc:wa U. 

A&Clt.UC!OUI IW.ln AIID IW.lTIC: IMIStOIII; S!! FICUU 11. 

AKILUC!OUS IW.ltl AIID IW.lTIC: IIIIDS1QII&; SU riC:UU 11. 

SAJil)Y IW.ITIC SH.TSTOU; SEE tiCUU 11. 

SILTSrol! A¥D SAXDT SIL!STON!, LICHT SIOWI TO IEDDISH-IIROWN WITH THI. LATtiS OF 

li!DIUIC CUT CLAYSTOIIE .urt1 KlltiSTONI, nunr BEDDED TO LAIHJIAT!l), DIVISIIIL! 1111'0 UIIITS 

I" TO 20• Tl!Itr; BrDDIIIG AlfD LAAIJfAnOIIS CEIIEIIALLY HOIIZOIITAL TO SUIII:IOII:i.Ol'!AL, SOli! 

WAVY lrDDIMC, SOK! MICIO CIOSS-LAMI&lTIOWS; flOK 792o0' TO 795.0' LARCEI CIOSS

CUTTIIIG I!LATIONSHIPS WITH SOH! UVITS PAITIALLY TO WHOLLY EROSIONALLY REHOVED, UNITS 

CtK!IALLT DOWV-CUT TO EAST AJil) SOUTHEAST: SMALL-SCALE CROSS-BEDDIIIC HAS VARIABLE 

CUli!WT DII!CTIOIIS WITH DEPTH, ~OST SOUTH; AT 794.0' S~ETRICAL RIPPLES WITH CLAY 

DRAPE; RIPPLE SETS l/4" !0 l /2" THICI; ~I !lOR SOfT SEDI~EMT OEFOR.'iATIOif, LOCAL f'rNINC 
UPWARDS SEQUENCES; BASAL CONTACT CRADATIONAL. 

2604 ~~-,~------------------~-------------------------------~ 805 )_ -+-

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOL06IC l06 



PRELIMINARY 
STRATIGRAPHIC 

ELEV. DEPTH 
I FT. MSll (FT.) 

COLUMN 

2604 805 c c 
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_\. \_ 

2559 850 1)-)x '\._""" "-. ~ ~ 

REMARKS 

SILTSTOIIt AMI! A&CILLACEOUS SILTSTOIIt'IIT!II!DDID IIITII CLAYSTCII!, CL\1' AMll DAB ClAY, 

T111111.1' LAIIUIATD (1/]2" TO 1/1"); UUWDAJIT filii STtiiCTVUS IIICLUDUIC HOAIZOWTAL 

LAIIUilTIOIII, LOII-AIIC;LI CIOSS-LAIIIIATI<* Stl'S Of YA&YIJIG SIZE (2" TO 3.0'); CUU!JIT 

DIIICTIOIII Ul S!ULL£1 Stl'S YAI1', CUUDT DII!CTIOIIS X. LAAC!a Stl'S l'tOSTl.f IIOITII!AST; 

LU.I L04D STtUCTUUS, !IOSIOIIAL SCOUI AIID FILL; lAII HICI-AIII;LI HALITt-FILL!D 

FIACTU'US; FUCTUU OCCUU!IICI UIC&!A.S!S WITJI DUTil, II!.U IASI LUE HOIIZOIITAL AIID 

SUIVOTICAL IIALIT!-FILL!D FUCTUUS 111" TO l" TJIICJ:, SPAC!D J.O' TO 1.0'; $0ftl 

LAAC!I. SUIHOI.IZOIITAL FIIAcnii!S ElJIIIIT All UST (TOP) WEST (IIOTTQ!f) SHEA&; COIITAIIIS 

DAU ClAY SPOTS .uiD ILUI (IIOTUIIATII*), COIITDIT IICUASIIII: IIITJI DEPTH; I!COit!S 

.UCILUCIOUS SILnTOIII WITH DEPTH; CUY WITH LOCAL l!DDISB-IIOWII AUAS, THIIIL1' 

LAIIIIIAT!D AMI! COIITAliiS IIOWIIISif cusn OF AIIHYDalT! (1/1" TO 1-1/2" DIAII!T!a) 

9.0UJfD!D AMI! OCCASIOIIALLY FUTTEJI!D Plo&ALL!L TO I!DDIJIG; cusn II.AliDOMLY SCATT!ltD 

THIOUCHOUT; LU.I LOII-AIICLI ClOSS-LAIIIIIATIOif S!TS; LUAL COWTACT CU.DATIOIIAL OY!I 

1/2", IU!CULA&, IW'P!D AS DIFFUSI .DUI TO EXnDI! COIITACT IJifDCJLATIONS. 

SANDY SILTSTONE; SEE FICUI! 12. 

SILTSTOIII; S!l. FICUII 12. 

POLYHALIT!, AlflfY1)l!T!, AIID AI.GILLACEO\JS AHHYDRIT!; 

FIGURE q (CONTINUED) 

SEE f'tCUU: U, 

EXHAUST SHAFT 
LITHOL06 IC LOG 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH 

(FT. fUll (FT. I 

2559 850 

COLUMN 

:..r:----:±-
r-~--=----- _-:.._ 
------:£----:.... ~ ..:-_-_-__ -_-_-:.._ 

REMARI<S 

SAUDO I'OII'CATI 011 

IIALITIC ~!; S!! FICUU 1%. 

---------+---------------------------------------------------X - KALIT!; S!! FlCUl! 12. 

2554-- 855 

X 
X 

X 
X 

2549-- 860 ............... +--------'-------~-------------------

2544- r- 865 

2 539- r- 870 

)( 

X 
X 

X 

ltXXXXX"XXXXX 
- X :X 

X- X -

- X -X -

X- X -X 

- X - X-

X- X

-X- X-

2534-- 875 X _ X _ 

X- X 
-:.r _____ -,..: 
----4----

X 
X -

2529-f- 880 X 
F-" ,.. ------:.r-_ -_-_-+__-:.... -:.t:. 
f-.-------_-:_ "7_.±-----±--_ -- -- --

KALIT!; S!! FICUl! 12. 

liA! c su Fu:;uu: 

KALIT!; SE! FICUl! 12. 

HALITIC CLAYSTONE; SE! FICUIE 12. 

HALITE; SEE fiCURE 12. 

liALITIC CLAYSTONE; SEE FICURE 12. 

: +=~-1-:::-:± ............... ·:r---------------------------------1 
2524--885 ARCILLACEOUS HALITE; SEE FICURE 12. 

-=:~~-~~~-~~------------~----~~---------------------------~ _--:..... -_ -_..;---:...-r:.-:-_ 
--'---1-- ·-

CLAYSTONE, SLICHTLY HALITIC; SEE FICURE 12. 

-------

---:-:::---:---:=-
-j:-=--=-~-~--

2519 -- 890 ..• ~ •••.•••.• t--------------------------------------t 

---
2514 895 

HALITE, ARGILLACEOUS; SEE FlCUiE 12. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 
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PRELIMINARY 
STRATIGRAPHIC 

ELEV. DEPTH COLUMN 
REMARKS 

(FT. MSLI I FT. I 

2514 895 

2509--900 

2504--905 

2499- r- 910 

2494- f- 915 

2489-- 920 

2484- f- 925 

2479 -f- 930 

2474- f- 935 

2469 940 

-
-
-

X 

X 

\ 

X 

-- -
-- -

X 

X 

\ 

X 

\ 

-5=-~=-=~ 

.uc:ILUC:!out JW.n't: sa rzcuu 12. 

IIALltt: sa rzcuu u. 

AICILUCEOUS IW.ITII sa riCUU Uo 

IIALlT!, SLlC:JITU AICIU.AC!OUII S!! IIC:UU 12. 

IIALITI, COAJSELt Cl.tSTALLIIII, WITI tO TIJ'T!JI GW.Aa, TIIILT I!IID!D WITB THII 

SUIIJo.IZCIIrT£1.. SmiiC!U OP AJIIITIIliT! AID POLYJW.IT!; SLlatl.T .W:II.LtC!OUI II UPP!I 

II.S'; IAJ£1.. COIITACT SIIAlP• SLlCBTLT UIIIIUUtoi.To 

SILtr CLAYStolfl, BIOWVISII-IED, VEIT Sort; IIALITIC, IW.IT! OCCUIS .U l/4" TO 1" DIS

Pt.ACIVI CUSTALSl COIITAIIIS LOCALLY llfJlUC!D CU.Ysn.&; USA!. COVTAC't DifFUSE, C!ft

TICALLT CUDATIOIIALo 

~=~====-~ ~~~~~~=-~T-~~~~~-----------------------------~ 
IIALIT!, l'I!DIUtl TO CO.US!LT CKYST.lLLIII!. WIIIT! TO C:U.U; COIITAUIS INTERSTITIAL RED 

CLAY II UPP!I 3.11', COWT!MT D!CI!AS!S WITI D!PTM; TIAC! lANDOKLY ORIENTED STIINCERS 

or POLTllALIT! Ill llCU.IND!I or UWIT; BASAL COWT.ACT DIFf'US!. 

X 
X 

X u X ..... • 0 0 • - --x 

HALIT! "IX!D WITH POLYHALIT!, FII!LY TO COARSELY CIYSTAI.LIV!, WIIIT! TO CLEAR; 

POLTllALIT! COWTDrT D!CUAS!S VITB D!PTB, COilTDT CI!AT!ST II UPP£1 0. 5', OCCUIS AS 

CRaun Of SUIIIOI.IZOilTAL STJ.IIICEIS, IIECOtllliC LESS AIUIIIWIT WIT11 D!PTII; SUBIIORIZOITAL 

STliiiiC!IS or AlllfY!)IIT! occua VITB D!Pnl, snnrc!U M POLTlL\LIT! UD ANIIYDRIT! 

_x- -X_ -1---!!_C_OI'I! __ UH.:..._DOtiL.:..._......:.,T_O_R_I_!NTtll __ w_r..:.Tli..:_D_f:_PTH_;;,_!A_S_AL_COtfT __ "_CT_CIAD __ "_T_I_OJ_AL_. --------~ 
X X X !lALIT!, l!!DIUJI TO COARSELY CRYSTALLINt, llliiT! TO OIAIIC! TO CI.EA!I; ABUMDAHT POLY-

\ !lALIT! n UPPR 3" TINTS HALIT! OR.UC!; SUBHORIZOITAL sniJCtiS br POLYHALIT! Ul) 

X ANIIYDiliTf: SPACED 1" TO 3"; BED OF VERY ?OLYHALITIC HALIU OCCUIS !!TWf:f:ll 729.4' .urt1 

\ X 
oo-•• __ • --o • h 730.0', UNIDENTIFIED CAS ORICINATES FROI'I THIS AI.U ALOJIC FIACTUUS; !ASAL COIITACT 

I I DIFFUSE. 
L--~AR::-:C:-::I7L~U.~C:-::E"'O,..,.US~HAL~I:::T:::E:-, -AR:-::-:C71 L:--:U.~C7EO:::U::S:-::-MA:-:T::;;E79.::-:IAL~9.:-:E:-::07D:-:I5::H:--I::::R::OWI:-=-,-::-HAL:-:-:I=tt~WII=n:::I:-::S~II--C::RA~T-,TO,---~ 

CL£Ail: IIALIT! OCCURS AS DISPLACIV! CIYST.U.S AIID ACICUC4TtJ 0. CUSTAJ.S; UJIIT COII-

TAIMS LOCAL CI!EJISH-caAY REDUCTIOI ZOI!S; CUT COIT!IT D!CI!AS!S WITH O!PTK, 

OECI!AS!S ABRUPTLY &!LOW 937 .0'; Roat 1!1.011 937 .I' CUSSIFI!D ASI HALIT!, Wit Itt, 

~EDIUK TO COARSELY CIYSTAU.IMI, Sl.ICKTLY ARCIL!AC!OUI, CUT COIIT!IIT D!CILUIIIC Vltw 

O!PTB, TIACI POU!IALIT! AlfD AIOIYDIIT! sniiiC!IS COIT!IT IIICI!ASIIIC Wltw O!Pn, 

STliiiiC!IS IAII1lOI'II.Y OI.IDrT!D AT I'OP, I!COIIIIIC SU ... IZOirT.U. VITI D!Pnl, SPAC!D 1" TO 

3"; IAS.U. COWTACT CRADATIOMAL. MARaD IT 1" THICI ZOI! Of CUTISH-IIIIIT! !lALIT!. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 

"' 



PRELIMINARY 

ELEV. DEPTH 
II"T. MSLJ I f'T.I 

2469 940 

2464- f- 94~ 

STRA~IGRAPHIC 

COLUMN 
REMARKS 

- \ AS AIOYI 
X 

\ 
-· X 

-
\ \ 

X X ----r-------------------------------i 

2459--950 

24~4-- 9~S 

2449- r- 960 

2444- r- 96~ 

2439-1- 970 

2434-- 975 

2429-- 980 

242.4 985 

X 

X 

X X 

X 

X X X X 

----=--=-------=--
----~----

X 

~X XXXXXXXXX 
')( 

X 

\ 
I , 

) 

( 

\ \ )_ 
\ { \ ( _\ 

X 

l( 
X 

X 

-:._-_-:...-:... -_-_-_-
-:.3:...-:..-:.. -_-_ -_-
-::::~-:...-_-_-:._-_-
---=--:...-:.. -_-_-:._-
-----,---
-\-

X -\ 
-\ 

X X 

AICIIJ.AaDUS !W.Ill, FIIIIU TO COAUD.f ClfiTAJ.l.ID, WIIITIU-cLlf TO CL!.AI., !I.USIVIJ 

!W.IT! OCCUU U am.AI. ACCaECATII II ZOIIII • PODIJ Ct.Af a.TDT D!CUASU 

AI&UPTl.f IILQW 94t.I'J tL\CI DISS!MIJUm POUBAI.IT! ILDS, COIITPfT IJCI!AS!S WID 

D!PD; IUOIIIS IEIIIICD II U11111 2.0' Wit11 ALTDJIATIIIG POLYIW.lnC IW.ITI AID CL!AI 

!W.IT! IEDS z• TO J• tiiiCX; 1.\L\L COIITACT SIIAU', DISCOWOIMAILI. 

.UCOILLAC!OUS !W.ITE II UPPD 2.0', 1.-J)DISK-IIOWI, CUr COIITOT D!CI!ASU 111111 D!PT11, 

CIAD!S Ilt'O POLYJW.ITIC IIALIT!; IW.ITI II WITI TO TIIIT!D OIAIIC& TO a.u&, IIIDIIIt TO 

CO.US!Lf Ql'ST.ALLII!; POLYIW.IT! C'CCUU AI IIZII An STIIIICDI, POLYIW.IT! liD AT 

961.5'; CIIITAIQ LOCAL CI!E<USH-CL\Y l!DUCTIOII SPOTS II A&COILL.AC!OUS IIATDIAL II!AI 

Til LUI; IASAL COITACT SILUP, JUilX!J) II J• THICX IIOIIZ<*TAL FIIIOUS IIALIT!-riLLD 

rucruu. 

SILT$7011, IEDDISH-IROWW, TRACI Of I!DDINC; COIITAlJS SKlLL 1/4~ IKIAY!D DISPL.ACIVI 

HALITE CIYSTALJ HfAI TOP; COHTAIJS lA&E SUIY!ITICAL IIALITI-FILLED FIACTUI!S; I!C~!S 

A»HYDIITIC (ClAY) II LOIIEI 2.0'; CQMTAIIIS DISPL.ACIV! IIALITI CIYSTALS <ltl•; IASAL 

CO liT ACT SJU.IP. 

ARCILLACEOUS HALIT!, AACILLACEOUS ~TEIIAL REDDISH-BROWH, HALITE CLEAR; BELOW 969.0' 

Ct.AY COMTEWT DECI!ASES ABlUPTLY, ~IT IEC~ES SLICHTLY AICILLACEOUS AHD POLYHALITIC, 

Ct.AY A11D POLTIIALIT! OCCUI AZ lAHJ)OI'{LY OUENT!:D sniiiCEIS; CYE&ALL Ct.AY COIITE.IIT 

D!CilAS!S IIITll DEPTI; POLYl!ALIT! COIITE11T IHCI!ASES WITll DEPTll; IASAL CONTACT 

CII.Do\TI OIIAL. 

POLrHALIT!, AXHYDIITIC, FINELY CIYSTALLIJ!, ORAHCt, KAID; KALITIC, HALIT! WHIT!; 

AXYTDIIT! ClAY; DISCOIITIHUOUS BEDS or WHIT! FIN£LY ClYSTALLIIE HALITE NeAl TOP; AT 

97S.O', 1• TliiO:: B!tl OF THIHLY L»>IIIATID AJIIITDI.lf! OCCUU; UHIT CONTAINS CLeAt DIS

PLACIV! HALITE ClYS!ALS NeAl BAS!; BASAL CONTACT SHARP. 

HALIT!, POLYHALI!IC, MEDIUM TO COARSELY CRYSTALLIN!, WHITE TO !IHT!D ORANC!, IHIH TO 

~EDIUK BEDDED BY SUBHORIZONTAL S!RINCERS or POLYHALIT!; BASAL CONTACT SHAJP, ~ED 

l BY A 2" THIO: BED OF POLYHALIT!. 

ARCILLACEOUS HALITE, REDDISH-BROWN, SLICHTLY AHHYDIITIC, CLAY CONTtwT DECitAS!S WITH 

DEPTH; NW TOP, HALITE OCC1JIS AS DISPL.ACIV! CIYSTALSI I!COft!S !VI DOl! I NAn !'llii[IAL 

TYPE WITH DEPTH, BECOHES l!EDIUII TO COAIS!LT CIYS!ALLIJII, WlfiTI TO CL!Al, !IUJILY 

BEDDED II LOIIEI 2.0' IIITll sniHCEIS OF POLYHALIT! SEPAIATIIIC I!DS; AICILL.AC!OUS 

IIATEUAL OCCUIS AS IIAniX r• UPP!l PAST, STIINC!II II UIWD PAIT; 501'11 CKEElUSH-clAY 

IDXICTIOII SPOTS OCCUI lUI TOP! TU.CI POLYHALIT!, COIITDIT IIICI!AS!S WITll D!PT111 

IASAL Cl*TACT SK.UP, DISCOII~L!. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 

• 7 • 



PRELIMINARY 

ELEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
I FT. MSLI I FT. I 

2424 985 

2~19-- 990 

2414 _,__ 995 

2409- r- I 000 

2404- -1005 

2399- f-1010 

2394- 1- I 015 

2389- r- 1020 

2384- i-1025 

,_ 
X 

X 
\ -

-
X X )( 

)( X )( 

-
X 

X 
X-- X 
-X-

X 

X 

- X 

-
X -

- )( 

X -
)( )( 

f)~HX.::n!I1CX' 

X 
X 

)(' XJU( 

" X 

- - ------
- -

X 

- X 

X -
X X 

X )( X 

2379 1030 • 

REMARKS 

AI.CIU.\CEGUI lALIT!, 1'1!111111 tO COA&SEI.T Ql'ST.u.LID. IIIIITE TO TIIIT!D OI.Aa!C!; 

UDDII8-...... CU.T IIATIIl II UPPD 4"1 POL1'1W.ITIC; CLAY AA POLJ1W.ITE occua AS 

SUIIIO&IZCIIITAL STIIIICDI SPACD 1" TO 4"; W.U. ca.tACT SHAD. 

UCIUAC!OI. IW.ITI C&ADIIIC TO IW.ITI IIITII D!PTII; CLAY OCCUU AI UDDISIII•IIOW 

IIATIIl A!' toP, IW.ITE OCCIIU AS DISPLACIVI QISTAJ.I Ad c&YSTAL ACCUCATU ALIC11tD 

II zons. CUI II UPPD 1" a!IJIISI CUI; CLAY COirTDrr D!C&US!S IIITII DUTil, OCCUIS 

AI SUI-IZGnAL STIIJCDJ; IW.ITI lfcatlS DOtiiiWit lOCI nPI VITII D!Pnl, :!!DIUK !0 

COA&S!LI C&ISTAU.ID, WITt TO CUAI; T14CI POLYJW.ITI IL!IS AJID IAJIDOifl.l' OII arftD 

TO SUIIIOIIZGnAL STIIICDS; IAU AIIIIYlliiTI STIIICDS; LOWD 3.0' niiT!D OIAIIC!; 

IASAL CCIWrACT SHAD. 

POLr!IA1.ITE, tiNELl' CRYSTALLINE, RfDDISII-QIUJICE; 1" T!IICit .CilAY C!Jt.YSTON! BEDS )"' 

.\IOV! 1\lfD AT BASAL COIITACT; BASAL COIITACT SHAJlP. 

HALITE, COAIS!LY Cll'ST.U.LII!, WHIT! TO CLEAI TO ORAMC!; TIAC! POLYHALIT! STRINCERS 

Ad DISS!ftl.AT!D IL!IS; At 1017.1', 1• TVICit I!D OF POLl'KALirt OCCURS UNDERLAIN BY A 

l/4" TIIIICI lED OF CIAl' CLAYSTOII!; BASAL COIITACT SHAIP, ~to IY DISSOLUTIOII 

nOUCHs. 
AICILLACEOUS HALITE, WHIT! TO CLEAI, :lfDlUit TO COAISELY CRYSTALLINE; C!Jt.Y OCCl!RS AS 

BlOWN SUBBOIIZONTAL STRINCfRS, SPACED 1• iO 2"; SniNCERS ABE TERMINATED EROSIONALLY 

AT UPP!I COWTACT, CLAY CONTENT DECREASfS·WITH DEPTH; TRACt POLYHALIT! STRINCERS ~D 

OISSEMINA!!D BLEBS, CONTENT INCREASES IN LOWER J.O'; BASAL CONTACT SKAIP, EROSIONAL, 

UliDU!Jt.TORT UP TO l. 0 I. 

AS IEUI 

FIGURE q" (CONTINUED) 
EXHAUST SHAFT 
LITHOL061C L06 

c:n 



PRELIMINARY 

ELEV. DEPTH 
(FT. loiSll (FT. I 

2379 1030 

2374 1035 

2369 1040 

2364 104!5 

STRATIGRAPHIC 

COLUMN 

X 

X 
X 

X 
X 

2359 1050 \M-6\ \ 10.iJ. \ 
X \ 

X \ 

2354 1055 \\\\\\\\\\ 

X X 

X X 
X X X 

2349 1060 - -
- - X 

--x -
X 

X 

2344 1065 
X 

2339 1070 
-x 

X 

2334 1075 

REMARKS 

AIIHYn&IT!, FIII!I.Y CIYSTALLIII, .U.T!IIATIIIC: LICIIT AJID DAU: ClAY, UIIIIIU!D TO V9Y 

TIIIIII.Y I!DDD& I!DDIIIG UIIDUUrD SUCII11.Y, I!DS OP'T!II COWTAII DITIOLITHIC snuc

TUUS; LOCAL <1/4• CIJSTALS (1f IW.ITI; UCIIT IIOW CAIIOIIAT! (?) IIIT!U!DS; BAS.U. 

COIITACt CUDATIOUL. 

CAUOIIAT! (DOLOIIIT!!), FIULY CIJSTAU..Ul 01 Cl.t.III!D, LICHT BIOWII WITH CIAJISH-BIOWII 

LNIIIIAI, TlllnY LAIIIIIAT!D, LNIIJIAI OCCUR AS COIICAVI DOIIWA.lD SETS AV!IACIIIC 4" TO 7" 

AQOSS; nOUILI ALCAL SnOIIATOLirD; bAUD L.AHIIIAI OICAIIIC (!); BASAL COIITAct 

~ IT SUIIIOIIZOIITAL Cl.t.JISH-BROWII LAIIIIIA£, CIADATIOIIAL. 

DOLOIUTI, Flllt.T QJSTAUIIIE, LICHT IIOW, HIIIT OP I!DDUIC; BASAL COIITAct SHARP, 

EaOSIOIW. • 

.unn'Dalt!, CAUOIIATI-liCI, FIII!LT CIJSTAUIIIE, ALTtiiiAtiiiC LICHT CRAY AJID ClAY, 

THIIII.Y L.&.,IIL\T!D II UPP!l D.t', I!:.'UUID9 snuCTUUU:SS; BASAL COIITACT SIIAIP, EJ.~ 

SIOIIAL. 

SlUT CUYS10a, CUT, LOCALLY THIIILY L.AHIIIAT!%1; COIIT41111 DISPI.ACIVI HALITE 

CITST.AtS; WAL <X*TACT SIIAIP. 

ULITI, II!DIIIC TO COAilS!LT CI.YSTALLIII!, Win TO c;UAI TO OIAIIC!; ClAY MAnU Ill 

UPPD 1.1', ULJTI OCCUU AS DJSPI.ACIVI QYSTALS, CU.T COIITDIT D!ca!AS!S WITH D!PTH; 

CLAY !tOU'IOLOC:1' CIWIC!S FIOII MATIII TO SUBHOIUon'.U. STIIIICDS SPACED 1" TO 2", 

B!IJlll 1047 .I' AICILI.ACEOUS sniiiCOS B!CO!tl DJSCOIITIIIUOUS AID OIIDITED IAJIDOKLY; 

TRACE DISCX*t'IIIUOUS SUBHOIIZOIIT.U. STIIIIC!IS AID PODI OP POLYIW.IT!, COIIT!IIT 

IIICI.!ASU WITH D!PTH; AT lD,O.O' A ~.3' THICII: LAHUAT!D BED Of AIIIITDIIT! OCCURS, 

B!IJlll THIS BED CI.AY COIITEIIT OECifAS!S ~K!DLY AJID TIAC! AMOUVTS Of POLYHALIT! AND 

AIIJIYDIITI OCCUI Ill OJSCOIITIInJOUS STIIIIC!IS; Z" TliiCJ: liD Of AMHYDIIT! OCCtiiS AT 

10,.0'; LD11D 1.0' IS V!lT POLYHALITIC; BASAL COIITACT SHARP. 

AACILLACEOUS HALITE, MEDIUM TO COARSELY ClYSTALLIH!, WHIT! TO CLEAR 1 CLAY OCCURS tN 

IAHDOKLY-GIIENT!D STIINC!IS; STIINCEIS AND ILEIS OF POLYHALIT!; BASAL CONTACT SHARP, 

UJIDUI.ATOI.Y UP TO 1. a' • 

POLYHALir!, FINELY CRYSTALLlNE, ORANC!, STRUCTURELESS EXCEPT NEAR·BASE; LOCALLY 

HALITIC; THill CRAY ANHYDR!Tl BED OCCURS AT !AS!; BASAL CONTACT SHARP, MARKED BY A 

THill !ED OP CRAY CLAYSTONE. 

HALitr., MEDIUM TO COAilS!LY CIYSTALLIII!, WHIT! TO CLW; AACILLACEOUS AT TOP, 

lEllDISH-IIOW, COIITDIT DECIL\.S!S WIT11 O!P'Tll, CLAY OCCtiiS Ill STIINCEU; TRACE POLY

IU.l.Ilt AS LUIDOffl.Y-4li.I!IJIT!1) STIHICEI.S WIIICII CRAOI TO SUIHOIIZOIITAL WITH DEPT!I, 

COirTEIIT IJICUAS!S 11IT11 D!PTH; AT 1071.6, 1" TIIICI lED OF POLYlfALIT! OCCURS liWDEII.Alll 

IT 1" TWICI: ClAY CLAYSTOIII I!D; CU.Y COIITDIT IIICI!AS!I SLICIITLY B!LOW 1071.6', COLOR 

I!DOIY-1&01111 TO ClAY; l!eott!S VUY POLYlfALITIC U LOW!l 1.0'1 BASAL COIITACT SH.UP. 

J:Tf.:JIDJ: lJ. (rnt.JTTfiJIICn\ 

EXHAUST SHAFT 
Ll THOLOG lC LOG 



PRELIMINARY 
STRATIGRAPHIC 

ELEV. DEPTH REMARKS 
I FT. MSLI (FT.) 

COLUMN 

2334 107~ X ASUM 

X 

X 
X 

2329 -~1080 X 
X 

t;iXi:.:::la:Xu:DXu:i)(~~j POLTIIALITI, flllll.Y C8.YSTALLIH, OII.Uia; UWDEU.A.II IY 1/2" THICX ClAY CLAYSTONE ll!D; 

[ IASAI. a.TACT 511411. 

X X 
X 2324-- 1085 

JC... ~x .... X 

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

2319- r-1090 

- -
-

)( 

2314- -109~ 
)( 

- -
)( -
-- X 

2309- r- 1100 -
X 

X 

X 

.2304- r 1105 P<XXXXXXXXXX)Q< 

X X 

X X 

.2.299- -1110 _x_ X_ X 

- - -
- -

- -
-x -

X -
.2294- -Ill 5 - - X 

X 

x -x 
2289 1120 

IIAI.ITI, IIEDIIII TO COA&SELY ClYSTALl.III'I, CLt4l. to WIT!; UPP!a 1.0' .UCIL!.AC!OUS 

miiCDJ, toiTD'I DEC8.U.S!S WIT11 DUTil; POLY114LIT! STIINC!IS, COIITEIIT INCR!ASES 

WITI DUTil IWIAl. COII'IACT SIIAU. 

POLl'IW.IT!, fiHLY CIYSTALLIIf!, OLUICE, STIUCTIJUUSS; UVDEIUIIf IY 1" THICl CIA! 

1 CUYSTOR I!DI 14541. COIITACT SIIAIP. 

IIAI.ll'R, IIODEIAT!LY AllCILI.AC!OUS AJfl) POLYJIALITIC, H!DIIJK TO COAilSELT CIYSTALLIN!, 

WIIIT! TO CLUa TO TIIIT!D OIAIIC!; LOCAL UDOISH-BIOW CUY !UTili, IIALITE OCCUIS AS 

DIIPLACIVI CIYST.lU, LOC4L CI!!IISI-QAY I.!DUCTIO. ZOIIUI AICILI.AC!OUI STIIIIC!.U 

41Uimd'f II UPP!I J.O', COIITEIIT DECIU.SU WlTI D!.PT1l, AlSO!' II!LOII 110).0'; 

POLYJW.ITW OCCUU AS DISSEMINATED llL!IS oUID STIIIIC!IS, COIIT!ft IIICIU.SIIIC WITI 

DEPTI, t• TlllCK POLriiAI.IT! BED AT 1105.2'; IASAL COWTACT SHA&P. 

HALIT!, ARCILUCEOUS AHD POLYHALITrC, COARSELY CRYSTALLINE, WHITE TO CLEAR; CUT 

OCCURS AS STRINCERS; POLYHALITE OCCURS AS OISS~~INATED BLEBS AHD STRINGERS, 6" THICK 

[IUIECUI.AI BED OF POLYHALITE AT 1120.5', l.O'oiER 6" VEIY POLYHAUTIC; BASAL CONTACT 

SHARP. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOL06IC L06 



PRELIMINARY 

ELEV. DEPTH 
(FT. lULl I FT.) 

2289 1120 

2284-1-112!5 

2279- ... 1130 

2274-1-113~ 

2269--1140 

2 264- f- 1145 

STRATIGRAPHIC 

COLUMN 

X 

X 
X 

X 
X X 

X X X X 

- ------------

X 

X 

X 

X X 
X 

X X 
2259-1-1150 X X X 

2254-f-1155 

REMARKS 

AJ UOY( 

POLT11ALITE, FinLY QTSTALLIIIE, OUIIC!, STIUCTUUUSS; IMIUWII IY 2" TlllCJt ClAY· 

CLAYSTOII! II!D; L\S4L COin'ACT SIIAU. 

HALITE, lt!Dll .. TO COA.IS!LT QYST.U.Uit, WIIITI TO CUA& TO TIIIT!D OII.AHC!; UPPEI 4" 

VDT AICILLAC!OUI, CUT OCCUU AS Ul)DISI-IIIOWII DISCOIITIIIIJOUS IAIIDO!tLY-QilENT!D 

STIIIICUS; HJW:IIDQ CDIITAIIIS TIACI CUT STIIIICOS, LDCALLY STIIIICERS I!CO!t! 

SUIHOalZOIITAL .AIID DEIISin MY liCUAS!; COin'AIIS TIACE POLY!W.lT! WITH DEm; IIASAi. 

COIITACT SIIAU, DISCOd'OUIAILI. 

HALITE, COAI.S!LT C&YSTAI.LIII!, WITI TO CUA& TO OLUICI; UPPll 1• VliY AICILLACEOUS, 

SLICIITLT AaCILLAC!OUI lO 1141.0' J IIOODAT!l.Y AIIMWIT IAIIDOtfl.Y-o&I!JIT!D STIIIICEIS 

A11D LAIC! IILDI M POLTIW.ITI, COIITOT IIICI.USIK WITI D!PT'I, towEl 1.5' VEIY POLY

HALITIC; I4SAL CllftACf SIIAU, DISCaiFOUUL!. 

AICILLAC!OUS IAI.Itl, fiiiD.T 10 COAU!LT CITSTALLIII; LOCALLY IIT!I.I!DDED WITI 

IIALITIC l!UDS'tOR COITAIIIII: DISPUCivt IW.ITI CIYSTALS; I!DOISI-IIOWII CLAY DJSSDU

NAT!D T1110UCII0Ut AS MDIX, COirTDT IIICI!AS!I WITI DEPT'I; IU!CULAILY SIW'!D ZONES 

(1.0' a 2.0') M Pill! IIALITI LUllOIILY SCATT!I!D T1110UCHOUT UIIIT; LOCAL SHALL ZONES 

OF REDUCED QEEIJISH-cRAt CLAY; DlSSOLllTIOif PITS T1110UCI UIIIT FILLED WITH AaClLLA

C!OIIS ·HALITE; POLYHALinC, COI'TDIT UIClEAS!S WITH DEPTI, DISCOirTIIIUOUI 1• THICI 

POLYIIALIT! BED AT IASAL alnACT; USAL COIITACT CIADATIONAL, IUECIII.Aa WIT11 UP TO 

1.0' or l!UU, LOCALLY SIIAIP, EROSIONAL. 

AMHYDIIT!, FIV!LT CIYSTALLIVE, LICIT ClAY TO LICHT TANMlSH-CiAY, THINLY LAitiNATED TO 

THINLY IEDDED, IEDS SEPARATED IT DAal ClAY THI• LAIUIIA!; HALITE PSEUDOMORPHS AFTEI 

CYPSU!t SWALLOWTAIL CI.YSTALS I!COPIE A.BUifDAIIT IC.OW 1155 .0', 1116• TO 2" HlCH, BECO!tE 

~OlE AIIUIIDAIIT AIID LABC!l WITI DEPTI, ~ST OCCUI ALOMC SUIIHOllZONTAL BEDDINC PLANES, 

OCCASIONALLY PStuDOHORPHS LIE PARALLEL TO IEDDIIIC; AT UPPEI COIITACT DISSOLUTION PITS 

INTO ANHYDIITl OCCUI, fiLLI:D WITH CIIAY ARCILLACEOUS HALIT! AHD HALITIC ~UDSTOIIZ, 

0.5' TO 2.0' DEEP INTO ANHYDIITE, BEDDiliC TE~~INATED EROSIONALLr AT SIDES OF 

DISSOLUTIOV PITS; LOCALLY, POLYHALITE IS INCLUDED IN KALITE FILLINC OF HALITE 

PSEUDO!'ORPHS AtTEI CYPSU!t SWALLOWTAIL CRYSTALS, POLYHALITE ALSO OCCURS !N 

IRRECULAlLr-SHAPED ZOIIES (2• a l") AS REPLAC~!WT OF ANHYDIITE; HALITE OCCURS ALONC 

BEDDIMC PLANES I!LOW 1157.0'; LOWEI 1• COIITAIIIS INTERBEDS OF POLYHALITE; BASAL 

CONTACT SIIAIP. 

~ STRUCTURES; THICIOIESS RAIIC!S FROPI 0.2' TO 1.0'; UlCALLY BROKEII IIY O" TO 2" TMICIC 

\~~ FRACTURES FILLED WITll CUAa TO OI.A»CE KALIT!; BASAL COIITACT SIIAU, UMDUUTORY UP TO 
2 2 49- f- I I 6 0 

2244 1165 

~:'aoob£1oo.>.d~--~=~ 2.0', DISCONFOR!'IAIU:. 

L.:HAL::::-:--:In:::-,--::::CO.U.:-:-::=sn:::-::Y:-Ci=Y~S':'TALL':":"':'":'lll!:=-,""""=cL~EAI.::-:-=~TO=--:-:WH-::I~T!=-;-C~O::-IIT:::-:-Al::li::S:-=ClA::":":T:-CLA=:-:-:::Y-S::TI=IN::-C:-:!,_l-S-I-ll-liP-P-EI--1 

X 

2.1', COIITDrt D!CUASU WID D!.PTI; TIAC! POLYHAUT!, COIITDT IJICILU!S WITI D!m, 

OCCUI~ U lUIS, IAIIliOtiLT~lDrr!D STilliCUS, .uiD AS TlllCi SUIIIOIIZOIITAL SDIIIC!IS 

l/4• nr~a:; AlfHTD&ITE OCr.\1111 IIIT'I POLYIIALITI STIIIIC!l!, COIITDfT IIICl!AS!S WITI 

D!P'TII; IIASAL COlT ACT SllAI.P, U11DULA TOU UP TO l • 0 ' • 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 

ELEV. DEPTH 
lrT.MSLI (rT.I 

2244 1165 

STRATIGRAPHIC 

COLUMN 

X )( 

REMARKS 

f"'\r-.hi\Jr\Hm-'t"'\,-l'C'"J..:._"tft-...... ---J~ITI, Flii!LY QYSTAl.LIJ!, ClAY TO LIC11T ClAY, lliKT or THill UIIUIATIOIIS; COli-

lTAift 1" 11Ia: .uiiiYDUT! LOCAL ZONES or MIXED W.U.IT! IUfD Flii!LY CRYSTALLIN!; 

alft..u:t SIIAU • 

BASAL 

2239- r- I 170 

"''\'''''' 
\\\\\\\\\' 

' \\\\\\\\\ 

HILITt, COUSELI CRYSTAU.IIIE, WHITt TO CL£1R; CCJITIIIIS HORIZOIITAL STRIHCERS OF 

AIIIYDRI11, I" '!0 ]• THICI BEDS OF f"UIELY CRYSTAU.II£ IIIHYDRITt WITH HALITE 

t---------if----. I'!5EIJDCiaPHS IF1D GYPSUM SWIU.OIIT AIL CRYSTALS IT 1167. 3' , 1 168 .II' , 1 169.'' ; 
IBI!AI. ttiiTIC1' SHARP. 

2234--1175 

2229- r- 1180 

2224- .._ 1185 

2219--1190 

2214-1-1195 

X 

X 

X 

X X 
)( 

X 

X 

X 

--=------
- X-

X 
.-_----=-===-______ 

- -x 

X 
X 

X 

X 

X 
X 

2209-- 1200 ..:-......:-_-_ -_-:._ 

X 
2204-1-1205 -x -x 

X X 

2199 1210 X X 

~ITI, riii!LY QYSTAl.LIM!, LICHT ClAY TO ClAY, FIII!LY IAIIINATED; CONTAINS HALITE 

PS!UDOtiDUIIS AfTD CYPSUM SWALLOWTAIL CRYSTALS, 1/4" TO 1-l/2" HICII, _OCCUUINC 

PAIALLEL to I!DDIJIC PUJI!S; BASAL CONTACT tlllOUUTOIY DU! to lllriLLINC OF SHALLOW 

CIIAWIIr.. FUaiCS Ill IIIID!ILYIIIC UJIIT, SIIAIP, DISCOIIFOIUUIL!. 

~ITI .uftl CLAYSTON!; AHIIYDIIr! OCCUIS AS ISOLATED ClAY NODULES Ill A POORLY 

!IDUUtm CUY CLAYSTONE !iAnU:; SIZE or NODULES IIICREAS!S WITH DEPTH; TEXTUJ.! Of 

IASAL l.l' D!Flli!D AS IIODULAI; IIASAL CONTACT SH.AJ.P, DlSCOJIFOIIKAIL!. 

~ITI, HAI.ITIC, FINELY CIYSTALLIJI!, ClAY TO BROWNISH-ClAY, KICIO ro THINLY IAIII-

14T!D, UIIIIIAE ALl'!UAt! LIC11T TO DAU; CONTAIIIS LOCAL ILU.ITE PSEUDOitOUHS AFTEI 

C"I'PSIII !IIIALUIIITAII. taYSTALS, < 1/1" HICK; BASAL eotn'ACT SIIAIP, UlllM/LATOIY, LOCALLY 

tiiSc:oem.IIIU, !lAUD IY DISCOIITINUOUS 1" TIUCI: POLTHALit! 11!11. 
IW.It!, CDAU!LI QYSTAl.LUIE, WHIT! TO CLLU TO TIIITED OIAIIC!; POLYIW.ITIC AT TOP, 

CWTDrT DraW!S VITB DEPlll; IIASAL CONTACT SIIAIP, DISCOIIFORKASL!. 

POLTHALITI, FIIIELY CIYSTAl.LIII!, PALl! OIWICISH-IIOWII, LOCAUY KIClO!AitlliAtr:D to 

B.UIDED (< 1/32" 10 1" THICJ[); LOCALLY 1/2" TO 1" THICK UIIALT!I!D AIIHYllRITI! BEDS, 

K!AI TOP II!DS eotn'Alll HALITE PSEUDOMORPHS AFTEl CYPSUM SWALLOWTAIL CIYSTALS 1/4" TO 

1/2" HICI; BASAL COIITACT SH.AJ.P, UliDUUTOIY UP 10 O.J', DISCONfORI1ABL!, !URXED BY rH! 

OCCURR!liCE OF 1" TO 2" THICJ[ BED 01' ClAY CLAYSTONE. 

BALI!!, COAISELY CRYSTALLIN!, WHIT! TO CLEAA TO YiliTED ORANC!; BLEBS AliD SUbriORI· 

ZOITAL STIIHCEIS OF POLYHALIT! TO 1/2" THICK; LOCAL ClAY SUIIHORIZONTAL STA!~CERS OF 

CLAY TERNIIATED AT PENECOliT~~PORANEOUS DISSOLUTION PITS; BASAL CONTACT SHARP, 

DISCONFOL,._L!, UNDULATORY UP TO 0.4'. 

HALITE AID AICILLACEOUS HALITE; HALITE: WHITE TO CLEAR TO TINTED ORAHCE: CLAY: 

i!DDISH-!IOWV; UPPER 0.5' VERY AACILLACEOUS, CONTAINS DISPLACIVE HALITE CRYSTALS 

(< 1/4") Ill millSTON! ~TRIX, UPPER 3" CREENISH-CRAY Ill COLOR, CLAY CONTENT DECREASES 

WITH DEPTI TO 1189.0', 0.5' THICK REDDISY-BROWN ARCILLACEOUS HALITE BED OCCURS BELOW 

1189.0', CLAY COVTEllt INCREASES ABRUPTLY, THEN DECREASES WITH DEPTH, CLAY ~.!ERIAL 

OCCURS AS KATIII ~!ERIAL OR AS RAHDOHLY-DRIEliTED STRINCE~S, CLAY CONTENT LOCALLY 

!.CREASES BELOW 1200.0'; TRACE POlYHALIT! AT TOP, CONTEHi !NCREASlNC WITH DEPTH, AS 

DISSEMIIATID ILEIS AND RANDOHLY-DRIENTED DISCONTINUOUS STRINCERS; BASAL CONTACT 

SHARP, SLICHTLY UNDULATORY, DISCONFO~~aLE. 

FIGURE Q (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 

ELEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
C,.T. MSLI (FT.I 

2199 1210 

2194- f-121 ~ 

2189-f-1220 

2184- f- 122~ 

2179-- 1230 

2174--1235 

2169-r-1240 

2164--1245 

2 159 - r- 1250 

2154 1255 

)( X X 

-------_:-_-_-_-_-_-_-:_ 
r--------r-:_ -:.:-_-_-_-:_-:=-

X 

X 

X X 

X X 
X 

X X 

X 

X 

X X X 
X X X 

X 

X 

X 

1 

REMARKS 

IIAl.ITI, II!DI\11'1 tO COA&S!t.Y CUST.U.LIR, WITI TO OIWIC:ISH~Wit!; UPPI!I 2.0' RI!DDISII

IIOW IW.lTIC IIUliTOtiE COII'TAIIIIIIc: DISPU.CIVI IIALITI QYST&U, CUDI!S IIITO SLIGHTLY 

A&CILLAC!OUI JW.ITIJ IDIAIIIDD COifTAlll CUT CLAY DISS!I'IliiAT!D THIOUCHOUT AI IIIT!l

CIYST.u.Llll MATDIAl.J POUIW.lTI OCC'UU AI IAIIIIOMI.T-OI.Ibl'tO STIIIIC!I.I A11D DISS!J'II • 

IIATID lUll, II'!V!I!I 1217.0' An 1219.0', 2• T11Ic:l: POL~IT! ll!liS SPACI!D O.S' TO 

1.0' OCCUI, 3• THiel: DISCOn'IJIUOUI I!D CW POI.fliA.LITI UIID!lLAll IT .l THill B!D or CUT 

CLAYSTOII OCQIU At 1219.0', I!D or Flli!LY QYST.lLLIJII OIWICISH-WIIIT! POLYIIA.t.IT! 

OCCUI.I ll!lV!!J UZ7.1' tO 12%7.5'; 1/1" TO 1/4• T11ICI SUIIIOIUZONT.U. STIINC!IS or 
POLYHALITI OCCUI. II T111UrtiiYALI FlOit 1225.1' TO 1227.1' AIID 1121.5' TO 1229.5'; 

IIASAL COIITACT SHAlf, SUCIITLY IIIIDUI.ATO&T, DISCOIIFOL'IMU. 

HALl!!, COA&SELT CIYSTALLIII!, WHITI TO CLUJ.; CUT Alii) POLYHALIT! OCCUl AS l\AII~L1-

0IIENTED DISCOMTIIUOUS STIINCEIS; UPPER 2.0' A&CILUCEOUS HALITE, HALITI! OCCURS Ill 

DISCOIITINUOUS ZONI!S AND POOS or CRYSTALS Ill CUT AMD HALl!! ~Till, CLAY CONTENT 

DECREASES WITH DEPTH; BASAL CONTACT SHARP, IJlfDUUTOIT. 

HALirt, COARSELY CRYSTALLIN!, WHITt TO CL£A1; POLTHALITIC AND ARCILLACEOUS; ARCIL

LACtOUS IIALIT! OCCliiS II UPP!l 0.5', COII'f!JIT D!CIEAS!S WITH DEPTH; POLYHALIT! OCCURS 

AI DISCOIITIIIIJOUS STIIIICEIS, II!LOW 1243.0' POLYIIALITI! !!CO!II!S A!UliDAHT; BASAL COIITACT 

S ltAlP, U!IDIJLA TOU UP TO 1. 0 ' • 

p0LYHALIT!, FIM!LY CRYSTALLIN!, oEDDISK-DRAHCI!, CONTAINS ZONES OF LICHT ORAHC!: 

~PP~S TO HAV! ~UliD FO~S AT UPP£1 COKTACT; CONTAIN! !RRECULARLY-SHAPED CRYSTALS 

OF HALITE ( l/16" TO J/4'•) DISSE."'INATED THROUCHOUT; !ASAL CONTACT SHAJI.P. :-tARJCED BY 1" 

TO 2-112• THICI: CUT CLAYSTONE CONTAINIIIC llALITl. 

MALI!!, l!!IIIlll TO COARSELY CIYST.U.LIIJI!, WIIIrt TO CLE.AI TO !lilTED ORAHCE; TRACE (;11.\Y 

CLAY, COITEWT DECREASES WITI DEPTH, lltTW!~ 1255.8' AND 1257.0' SUSHORIZONTAL 

STIIIIC!U at 11!1101511-IROW CLAY AU COIITIIIIJOUS AROUliD TH! CIRCUMFERENCE or !HI! 

SHAtT; DISSI!!IIII.lTI!ll P<lLTIIALirt BL!IS, COIITDIT INCJ.!AS!S WITH DEPTH; BASAL CONTACT 

SHA&P. 

fiGURE q (CONTINUED) 

EXHAUST SHAFT 
LI THOL061 C L06 



PRELIMINARY 

ELEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
(FT. MSLI {FT.I 

2154 1255 

X 

2149 -~ 1260 
-x- x 

X X 
X 

2144-1-1265 - X 

X 

2139- -1270 X 

~ITTX 
IX 

-
X XllUU 

-
2134- 1- 1275 

~·xu X 

XXlDCII 

X 
2129- 1- 1280 

- -
-

- - -2124- 1-1285 

-

X - -
- X 

2119- 1-1290 

XXX XX X 

X lllllllllCXl 

X 

2114- t- 1295 >(I)( Jt.'X' 

X 

- -
-

2109 1300 - -

J 

REMARKS 

IW.ITI, 111111111 to COA&S!Lr CUSTAU.III, WITI TO CU.U; UPP!I O.S' UCILI.ACEOUS, 

cur OCCUU llltl IIALITI AI IIADIJ, IIELOII 1260. 7' CUT OCCVIS AS STIIIICEIS, COIITDIT 

DECUASD Witl DUtil DISSIIIIII&T!D POLTJW.I'n ILDS; WAL COIITACT SHAIP. 

J. POLTIW.ITI, FliiELT CUSTAU.IR, OIAIICISI•UD, SUUCTUUU:SS; IJ1Il)f:IWI 11' 1" THICJ: 

CUT CUntan ID. LUAI. COftACT SKA&P. 

IW.ITE, IIIIITI10 CtUI, COAISU.T QYSTAU.IIE, SLIClltl.Y UCILLACEOUS; CLAY OCCURS II 

STIIJCDI, COITD! IIUUASD WITH D!Pn, AISDn" BELOW 1261.0'; TI.ACE POLYHALIT! 

IU:IS; IAUI. COftAC:f SIIAU. • 

POLYl!Al.ITI, niii.J QJSTAlJ.IR, UDDISI-ou»CC, STIUCTUI!L!SS; UIIIT SPUT 1Y 4" 

I 
THlct CLIAI liALITI Ill, OCC:UU 3• UUIIf UPPD COWTAC:f' IAUI. COIITACT SHAU, !'IAU!D 

IT 2• TBICI: CUT curJTOR· ID. 

IW.ITE, 11!111111 to COAIS!Lr QYSTALLIIII, WHITI TO OI.UICI TO CU.U; TUCE POLVlW.IT!, 

OCCUIS AI DISCOIITIIIOUS IAIIlXllll.Y-ol.llJIT!D S"BIIICDS AIID AS DISSDIIIATD IU:IS; 

SLICliTLr UCILUCEOUI, CUT CLAY S"BIIICDS TO 1276.0', AISDn" I!TW!D 1276.0' AIID 

1210.0', CUT STIIICEIS II 1.0' THICJ: lAND I!LOW 1210.0', BELOW 1214.0' CI.Ar COHTtNT 

IICUASD AI SUIIIOaiZOIITAI. S"niiCEU; BASAL COIITACT SHAV, SLICHTLY IJ1Il)UUTOIY. 

IW.ITE, KEDIIII TO COAIS!LY C&YSTALLIIE, lilllTI TO CUAI; AACILLACEOUS, UUER 1.5' TC 

2.0' ARCILUC!OUI 11Al.IT! Witl cur A11D !lALIT! KATIIX, IIALIT! OCCliJlS AS ZONES AlfU 

PODS or CIYSTAU AlfD DISPLACIV!: C&YSTAU TC 1/2" ACROSS, CLAY CONTEHT DECREASES WIT!! 

DEPTll; POLTIW.IT! OCcuaS AS SU8HOW.IZOIITA1. STIUICEIS AIID DISSE!IIMATED BLEBS, COHTEHT 

INCIIEAS!S WITH DEPT!!; BASAL COIITACT SIIAIP, l111DU1.ATOIY. 

POLYHALIT!, FINELY CRYSTAL~IN!, OLANCISH-RED, STRUCTURELESS EXCEPT FOI l" THICK 

IIITEU!DS a. !lALIT!; LUAI. COIITACT SKAIP, SLICIITLY UlfDUUTOtlr. 

!lALIT!, CO.US!LY QYSTALLINI, WHIT! TO CLEAII; COJITAINS SUBIIOIIlOIITAL COIITINUOUS 

STIIIIC!U a. POLfliALITI IN UPPEI 0. ~', II THE REMAIIID!I 01 Tlll UliiT POUHALITI 

OCCVIS AS U&l DISSDUWAT!D lUllS; BASAL COIITACT SILU.P. 

IIALITt, COAISELY CIYSTAU.IR, IIHITI TO ct.!AI; AICILUC!OUS AT TOP, Cl.AI OCCUIS U 

UJII)QffL'f-<lai!:rrm ·snliiC:D •• COIITDIT D!CILU!S WITI D!P'rl; IIASAL COJITACT 

CUDATIOII&I.. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG ..... 



PRELIMINARY 
STRATIGRAPHIC 

COLUMN ELEV. DEPTH REMARKS 
IFT.IULJ 1FT.) 

2109 1300 

2079-t-1330 

2074-t-133!5 

2069-1-1340 

2064 1345 

AS Alii¥( 

POLYJW.Ill, finLY CJ.YITALUII, UDDIU-ouJCI; COWTAIII IIUCULA& C:USTALS AJID BEDS 

Of IW.IIJI WAI. aii1'ACT SIIAU, atUMILY IU!CVLA&-

IW.ITI, IIIDIIII 10 COAUII.r CJ.YST.u.Llll, WIIITI TO CUAa TO TIIttll OIWICII POLYIIALITI 

OCCUU .U IIIICULAI LUIJIOIILY-oli!JrrD AIID StriiiOIIZOIIrAI. STIIIJICDS AIID AS 

OISSOUIIATD ILUS, COWf!JIT IWCUASQ VI111 Dim; IITII!D 1307.0' AIID 1308.0' 

IIOIIZOIIrAI. AID SUIIIOUlmrtAt. SUIIII:!U Of cur OCCUI& WAI. COWTACT DIFFUU.. 

AJCIUACmlll IALltl, UliiiiU-1101111 CU.r, IW.ITI Will 10 Cl.!AII IW.Itl OCCUIJ II 

PODI AD III&'UUILf-SIIAI!ll lOWU A8 .U caouPI Off CJ.YSTAI.J DISP!IS!D THIOUCHout, 

DGTII CI.Ar £.a IALltl OCCUI· AI IU.DIJI UUI. con.&a GIADltiOUI.. 

ULITI, CXIAIS!Lr CJ.YSTALLIIE, llliiTE TO CUAil; UPPO 4• AllCILI.ACEOUS, CLAY OCCUIS AS 

rz.- DISCOITIVUOUS STIINC!IS, CONTENT DECREASES WITH DEPTH, ASSEMT BELOW 1326.0'; 

IECO!t!S POLYIIALITIC BELOW 1326.0', COIITEliT INCJ.EASES WITH DEPTH; BASAL CONTACT 

CIADATIOIW.. 

AHHYDIIT!, FIMELY CIYSTALLIME, LICHT AND MEDIUM ClAY; IWTEaiEDS or HALIT! IN UPP£1 

j::-~~· --~~9~~f==] PAilT, COirT!IT DECIEAS!:S illTH DEPTH; l..OWO 1" CONTAINS 110 IWT£11£DS or HALITE; USAL 
~ >y< M 0''9 CONTACT SIIAilJ'. 

~ :9 POLYHALIT!, I!ALITIC, FINEU CRYSTALLINE, ifDDISH-oR.UIC!; CotrTAlliS IIUl£C\Il.Aa DISCOII-

X X ~ TIIIUOUS I!DS or CL!AA !lALIT! AJfD IltUCI11.AilLY-SllAPED ClYSTALS OP I!ALITE. 1/32" TO 1/8" 

~~~;a~~~L---. ACJ.OSS; OCCASIONAL IIALITE PS!UD0!10J.PIIS AFTB CYPSUM SIIALI..OWTAIL CRYSTALS IN UPPEI 

X 

II I \Ill II 

\ IIIII\\ 

\\\\\\1\\ 

\\\\\\11\\\\1 

1•; FIOft 1331.5' TO 1331.1' OF C&AY FINELY CRYSTALLIN! AMMYDIIT! BED OCCURS; BASAL 

C.O!fTACT SIIAilP, ~D BY 1• !!IICJ: BED OF ClAY CI.AYSTOJI!. 

HALITE, COAilS!LY CJ.YSTAI.LIII!, Wl!IT! TO CL!AA; VOY SLICHTLf AllCILLACEOUS; TllAC! 

POLl11ALIT! AJID AIIHYDIIT!, IU!C\11.Ail IL!BS OF POLYIIALIT! OCCtlaS .UOV! 133).0', 

AIWrDIIT! OCCUlJ AI COWTINUOUS AND DISCONTINUOUS STJ.INCEJ.S BELOW 1335.0', BASAL 2.0' 

COIITAIII 1/4• 11111:1: StriiiOII2011T.U. STJ.INCW OF ANMYDUT!; BASAL eotrTACT SIIAIP. 

POLYJIAI.Ill Irrz:li!DO!D WITH AJIVYDIIT!, FIII!LY CIYnALLin, LICHT cur TO LICHT 

CUYISI~, THIWLY LAIIIIIAT!D TO STJ.UCTUI!L!SS; IW.IT! liD Bnv!:D 1343.1' AND 

1343.4"; WAI. COWTACT SIIAI.P, MAilUD 1Y 1• TKICJ: cur CI.AfSTOJI! II!D. 

~J~II~F=" 1.J (rnNTTNII~n) 

EXHAUST SHAFT 
LITHOL06 I C l06 



1-P_R_E_L_I M"T"""'I N_A_R_Y~STRATIGRAPHIC 
REMARKS ELEV. 

(F"T. MSLJ 

2064 

DEPTH 
(FT.) 

1345 

2059 -1-1350 

2054--1355 

2049- '-1360 

2044- -1365 

COLUMN 

X 

X 

X X 

HALITE. COAUa:r CITSTALLIII!, WIT!~ TO ct.UJ.; POLYIW.IT! OCCIIIS AS COIITIIIUOUS 

IIOIIZOftAL AID SUBIIOIIZOirTAL sniiiC!&S AJID AS IIUCUI.AALT-SIW'!D IL!IS, COIIT!IIT 

IIICU.UU VlrJ D!PTI; IASAL COIITACT SIIAU. 

X X X I AICILLACEOUS HALITE, FIW!LT TO COAIS!LT CIYSTALLI.!, l!DDISH-BIOWW HALITIC CLAYSTONE 

t-------..... ---1 !IADU• IW.IT! CU.U TO WHITE; HALITE OCCUIS AS Illl!CUU&LT-SHAP!D ACCB.ECAT!S OF 

CIYST.U.S; CDWrAliS 1/4• TO z• nua SUBIIOI.IZOIITAL HALIT!-FILL!D FIACTUI!S; BASAL 

CDWr.ACr UIIDUUTOIT UP TO 2.0', CUDATIOIIAL TO SIIAD, DISCOIIFOB.K.UL!. 

- X -

-
X - XXX XXX 

-

"~MUTT POTASH ZOI! 

VACA niSTA MAirtl BED 

HALITIC SILTSTOII!, IEDDISII-1101111, THIIILT LAIUIIATED lO SnUCTUI!LESS; IW.ITE OCCUIS 

AS ISOLATED DISPLACIV! CIYSTALS UP TO 1-112• ACIOSS; LOCAL OWQI£L FILL STIUCTURES 

PR!SEJIT; COIIUIJS IOT1I SUIVEITICAL IJID SUIIIOI.IZOIITAL IW.ITE-FILLED FIAalJIES 111• TO 

z• THia:; CllAIIIIEL IIITO UIIDDLYIIIC UIIIT l.O' DEEP (WT SID! CW SIIAFT); IIUitEIOUS 

FILLDI CWIII!U THIOUCIIOUT UIIIT; OCCASIOIIAL CIOSS-LAIIIJATIOIIS; IASAL CONTACT CIA

DATIOIW. TO LOCALLY SIIAIP, UllllULATOIT UP TO ],0'. 

IW.ITE, K!DIIIC TO COAISELT CIYSTALLIII!, WIT! TO CW&; AICIWCEOUS TO 1363.1', 

CUI OCC\111 AS IDDISH-1101111 IIAnn:, COIIttliT ll!CIW!S VITI DEm, IW.IT! OCCUIS AS 

!UECULA&LY-SilAFED CIJSTAL !'lASSES; TUCI POLYliALIT!, CDIITEIIT INCUASES IIITH DEPTll AS 

SUBHOIIZOIITAL CONTINUOUS AJIII DISCOirTIIIUOUS SniiiCDS AIID THII I£DS, ALSO AS DISSE!I

INATED BLEBS; IELOII 1363.0' AICILLAC£0Ut !IAT!IIAL OCCUIS AS LOCA!. SUBHORIZONTAL 

STIINCERS; 1• THICK BED OF POLTHALIT! OCCUIS AT 136,.6~; rtON 1373.4' TO 1373.9' 

AICILLACEOUS I!At.ITE OCCUIS; BASAL COIITACT SIIAIP, DISCOIIFOIMAILE. 

!Jcxxxxxxn X 

2039-- -1370 
X 

X 
2034- -1375 

-

2029-t- 1380 

X 

2024- c-1385 

2019 1390 

XXXXXXlOI 

X 

X 

-
X 

X 

IW.ITE, MEDIUM TO.COARSELY CB.YSTALLINE, ~YIT! TO CLEAR TO TINTED CRANCE, CRUDELY 

THIN TO KEDIUM BEDDED; POLYHALITE OCCUB.S AS SUBYORIZONTAL PARALLEL STRINCERS CROUPED 

IN UPP~ Z.O', IAWDOKLT-DRIENT!D STRINC!IS BELOW 1380.4', DISS~~INATED BLEBS, CON

T!XT DtCI!AS!S VITH DEPTB; LOCALLY SLICHrLT ARCILLACEOUS, COLOR WHITISY-CRAY, SUB

YOIIZOWIAL STIIIIC!IS ~LOCAL IRRECULAALY-SHAPED ZONES OF CLAY, CONTENT DECREASE! 

WITH DEPTH; 1/4• TO 1/2" THIC~ CLAYSTONE BED AT 1383.8'; BASAL CONTACT SHARP, 

SLICYTLT UNDULATORY, DISCONFORXABLE. 

HALITIC CLAYSTONE AHD ARGILLACEOUS HALITE, CLAY REDDISH-BROYh, dALITE WHITE TO CLEAR 

AND FINELY CKYSTALLINf; HALITE CONTENT INCREASES ~ITS DEP1H, OCCURS AS DISPLACIVE 

CaYST~ (1/8" TO 1/2" ACROSS) AND PODS OF RELATIVELY PURE HA[.ITE; [.OCAL PODS OF 

PO[.YHALITE; BASAL CONTACT CRADATJONAL. 

I HALITE, KEDIU!t TO COARSELY CRYSTALLIN!, ~HIT! TO Ct.E.AR; t.OCALLY ARGILLACEOUS, 

REDDISH-BROWV CLAY OCCURS AS RANDOMLY-ORIENTED STRINCERS Ill SUBHORIZONTAL ZONES, 

CONTEJIT DECI!ASES VITH DEPTB, DECaEASES URUPTLY BELOW 1390.1'; ntACE POLY!!Al.ITE AS 

RARE DISSEMIKATED IANDOKLY-ollfXTED STIINCEIS AND BLEBS, CONT!VT INCREASES IIITH 

DEPTH, POLYlW.IT! B!D OCCURS 1!1!1'\IE[II 1390.9' AlfD 1391.1', CONTENT INCR!.ASES ABRUPn'! 

NI!:AI BAS!; LOCAL ZOII!S ~ STiiNCEIS OF AlCILLACEOUS HALITE CONTAINING CllAY CLAY; 

BASAL CONTACT SHARP, DISCONFORMAI!IL!. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
ll THOLOG IC LOG 



PRELIMINARY 

ELEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
REMARKS 

(FT.MSLI (FT.) 

2019 1390 

2014-J-=- 1395 

2009- f- 1400 

2004- 1-1405 

1999- i--1410 

1994- f-1415 

1989- t- 1420 

1984- t- 1425 

1979- t-1430 

1974 1435 

AS AID¥( 

X _ ~ ~J .. __ _j liALITIC ct .. u:sTOIII, Ul'PU l" CII.AY, lD\AIWEI lEDDISH-BROWII, STilUCTURELESS 

~::::f:.::f:::f::E:~:== DISPt.ACIYI tlYSTALS (1/8" TO 1/l"); LOCAL CI.EEIIISH-GII.AY Rt:DUCTION SPOTS; 

EXCEPT fOR 

HINT OF 

~~~--:::--~--~------~-E_L~I-CT __ B~~~~-¥C~;-B_~ ____ co_~ __ A_CT __ c_U» ___ AT_I_O_N_AL_,~UN--mnA ___ TO_R_Y_. ________________________ ~ 

X X X 

X X X 

X 

- --
X 

- -
-

- - -
- -

X X -
~XXXllllXXX 

X X 

XXX X XXX 

X 

IX}{ ~-.,eV 

~ 

-
X -

X 

-
-

-

-

liALIT!, M!DIIDI TO COAISELY CIYSTALLIBE, IIIIIT!: TO CL!AI. TO TINTED Oll.ANCE: VERY POLY-

liALITIC TO 1400.0', OCCUUIIIC AS ABUNDAJIT R.AliDOMt.Y-DRIENTED TO SUBHOIIZONTAL 

STI.INCEJlS AIID ZOII!:S; BELOW 1400.0' RARE POLYIIALITE AW SUBHORIZOIITAL GRAY STIINCEIS 

OF Ct.AY; BASAL COIITACT SHAAP, DISCONFOIIMAIILE. 

ARGILLACEOUS !iAL.IT!; CII.AY Ct.AY IN UPPER 1.0', ID\AINDU REDDISH-BlOWN; HALITE OCCURS 

AS vn.t.-ROUIItiED PODS OR COBBUS (?) 1" TO 4" DlAKETU, FIN! ClAIMED 01 CRYSTALLINE 

CO.U.SEHIM; TOWARD ·cEVTER, IIIIIT! TO CU.U. III !II LU.! ORANGE TINT, PODS BREAIC IN SPHEil

ICAL PAt"TEU; LOCALLY HALITE OCCUIS AS CL!AI. TO IIIIIT! IliECUI.IJlLY SHAPED ZON£5, 

HALITE ALSO OCCIIU AS S!IAl.L DISPt.ACIVE CRYSTALS <1/32" TO 1/1" ACROSS; LOCAL 1/8" TO 

1/4" DISCUITIWUOUS HAllTE-PILLED (FIBROUS) FII.ACTUkES; CONTAINS LOCAL POLYHALITE 

ZONES; USA!. CO~ACT SIWI.P. 

liALIT!, !1l!JIUK TO COAilSELY CRYSTALLINE, IIIIIT! TO CLEAR TO TIIITED OIWiCE; ARCILt.A

CEOUS AT TOP, COITEKT DECREASES WITH DEPTH, LOCAL DISCONTINUOUS IRREGULARLY-SHAPED 

ZONES OF CLAYSTONE, Ct.AY ALSO OCCURS AS RANDOKLY-DRIEIITED AHD SUBHORIZONTAL 

STRINCERS; !10DEIATELY ABIINDAHT POLYHALITE, OCCURS AS DISSE.'!INATED BLEBS ANI> 

SUBHOIIZOMTAL DISCOIITINUOUS STRINGERS; CLAY ABSENT BELOW 1415.0'; BASAL CONTACT 

SHAilP, SLIGHTLY tiNDl!LATORY UP TO 4". 

POLYHALITE, FINELY CRYSTALLINE, REDDISH-ORANGE: THIN SUBHORIZONTAL HALITE-fiLLED 

fllACTUIES <1/16" Tl!ICK: CONTAINS RAll.E CRYSTALS OF HALitE 1116" 70 l/4" ACROSS; 

LCWER 4" CONTAINS BLACK LAMINAE PARALLEL TO LOWER CONTACT; BASAL CONTACT SHARP, 

UNDULATORY ON TWO SCALES: MAJOR- 0.!', ~INOI- 0.1', ~KED BY 1" THICK CREENISH

CRAY CLAYSTONE BED. 

HALITE. ~DIUH TO COARSELY CRYSTALLINE, WHITE TO CLEAR; RARE IRREGULAR DISCONTIN

UOUS STRI»CERS AND BLEBS OF POLYHALlTE; LOCAL TRACE ~~UNTS OF CRAY SUBHORIZONTAL 

STRINGERS OF CLAY: BASAL CONTACT SHARP, SLIGHTLY UNDULATORY, OISCONfO~~BLE. 

HALITE, ~DIUH TO COARSELY CRYSTALLIN!, WHITE TO CLEA&; ~OOERATELY ARGILLACEOUS. 

CLAY REDDISH-BROWN TO GRAY WITH DEPTH, OCCURS AS INTER-CRYSTALLINE MATERIAL AHD 

SUBHORIZONTAL TO IAHDOMLY-DRIEHTED STRINGERS, CONTENT OECR~SES WITH DEPTH; TRACE 

POLYHALIT! BLEBS, CONTENT INCREASES WITH DEPTH, AT 1437.5' A 0.1' THICK BED OF 

R!DOISH-oRANC! POLfHALIT! OCCURS; BELOW POLYHALITE BED CLAY CONTEHT INCREASES 

SLIGHTLY Tlltx D!CI!AS!S WITH DEPTH; BASAL COHTACT DIFFUSE, CONFO~~~LE. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 
STRATIGRAPHIC 

REMARKS ELEV. DEPTH 
('T.IIISLI I FT.I 

COLUMN 

1974 1435 -
n .... , 

- -
4 •• • - . 

1969- f-1440 -

. J-."AW.A"A..)o," . 
>« X 

1964- -1445 )\,Vi ·~ 
X 

">Sc.f-
X 

X 

1959- -1450 ~xx:u 

X 

J?XX~ 

- X 

1954- -1455 X X 

- - -............. 
---
- - -

X 
1949- -1460 

-

-
1944- -1465 

xx:uxxx 

-
XXX XXX 

1939- -1470 ~,X_!XXXXU: 
J0t'Yx' 

Xlli'IJI::IX)(;&::~)( 
f.;<XXxxx 

X 

X 
1934- -1475 - -

-

-----
1929 1480 t=:=:=::=:=:=:=: ~ =: 

AS AIOY[ 

J fOLrHALITE, FIJIELY QYSTALLlJit, U:DDISJI-QUIIC!, SUUCttJUL!SS; IW.ITIC Ill UPPD 

1.)', IW.ITE OCCUU AS DISeotrriJIIJOUS THill II!DS AHD IUECUt.Aal.Y-SILU'ED ZONES, WHir! 

'M CL!AI; lEMAINDEJ. IIALITE-fUI!; BASAL COIITACT SILUJI, MAU!D IIY 1" TO 2" THICIC 

CUI!IIISI-QAY CLAYSTOVI liED, DISCOIIFOIUIAIU. 

IIAJ.ITE, li!DIUK 'M COAIS!LT CITSTALLIII!, WHIT! TO CL!A&; nACE POLYHALITI!, CONTEMT 

IIIC&!ASI!S WITJI D!PTI, OCCURS AS IAl! DISSEMINATED BLEBS AIID SUIHORIZOKTAL 

SUIJICD.S; 'I\10 3/4" TIIICIC I!DS or POLYliA.LITE IlEAl. 1450'; BASAL CONTACT SHARP. 

I POLTIW.ITE, FIIIELT e&YSTALI:'IVE, li!DDISH-oLUcr:, snuetuawss acl!n roa tAlE sua-

HOIIZOIITAL AIID SUIVDnC.U. IW.ITE-FIULII FIACTUIZS < 111" THICJC; IAS.U. COITACT 

SJIAIP. 

lALIT!, l!EDIUll TO COARSELY CUSTALLI!II!, WHIT!; nACE SUIHOIIZONTAL ClAY CLAT 

SniVC!IS; IAl! DISSEMINATED IL!BS AND SUIHOIIZOKTAL SUINCE&S OF POLYHALITI!, CON-

TENT INCREASES Willi DEPTll, IIICUA.SES ABRUPTLY Ill town 4"; BASAL CONTACT SHARP. 

AICILLACEOUS HALITE AND IW.ITIC CLAYSTONE; UPPD 0.5' TO 1.0' ClAY, R!XAINDEI 

~ U:DDISJI-BROWN; HALIT! OCCURS AS IaRECULARLY-SHAPEO ZONES, DISCONTINUOUS BEDS, DIS-

PLACIV! CIYSTAU < 1/8" ACROSS; BASAL COIITACT DIFFUSE. 

I 

HALITE. !'IEDIUll TO COARSELY CRYSTALLINE, WHITE TO CLEAI TO TINTED ORAJI'CE; VERY 

AICILLACEOUS TO 1459.0', CLAY CONTENT DECREASES WITH DEPTll, OCCURS AS IRRECULARLY-

SHAPED ZONES or HALITIC CLAYSTONE WITH DISPLACIVE HALITE CRYSTALS AND AS ~TRIX AND 

IANDOKLY-QRIENTED STRINCERS OF CLAY IN ARCILLACEOUS YALlTI!, BELOW 1459.0' CLAY CON-

TENT DECREASES ABRUPTLY; TRACE POLYHALITE, CONTENT INCREASES WITH DEPTH, OCCURS AS 

DISSEMINATED BLEBS AND RANDO~LY-PRIENTED TO SUBKORIZONTAL STRINCERS, STRINCERS 

BECOfiE HORIZONTAL AND 1/4" TliiCJC SPACED 2" TO 4" Ill LOW!& 5.0', 0.5' THICK BED OF 

POLYHALITE OCCURS AT 1469.0'; BASAL CONTACT CRADATIONAL. 
POLYHALITE, FINELY CIYSTALLIME, IEDDISH-QIAMCE TO ORAMCISH-RED; UPPEI 0.)' CONTAINS 

DISCONTINUOUS BEDS OF IRRECULAILY-SHAPED PODS OF HALITE; BECOMES LAMINATED WITH 

CLAY P.UTINCS B!LOV 1470.0 1
; BASAL CONTACT SHARP, !WUI:ED BY 1" TO 4" THICK UD OF 

ClAY CLAYSTONE SPLIT IY BIFUJ.CATIIIC IW.ITE-FILU:D. SUBHORIZONTAL FIACTURE, 

UIIDULATORT UP TO 0.)'. 
HALITE, COAI.S!Ll' CUSTAI.LINE, WHITE, BEDDED WITH SUBHORIZONTAL CONTINUOUS STRINCERS 

All1) BEDS or POLl'liAI.ITE 1/4" TO J/4" THICK; POLYHALITE CONTENT DECREASES WITH DEPTH, 

ABSENT BELOW 1475.0'; BEDDED WITH SUBHORIZOHTAL STHINCERS OF CRAY CLAY BELOW 

147).0'; BASAL CONTACT SHARP. 
HALITE, fiNELY TO MEDIUM CRYSTALLINE, WHITE TO CLEA&; CRAYISH-BLACIC CLAY OCCURS AS 

INTERSTITIAL FILLIIIC AND AS DISCONTINUOUS SUBKORIZOHTAL STRINCERS; BASAL CONTACT 

S!IAIP. 
HALITE, MEDIUM TO COA.RS!LY CRYSTALLINE, WIT! TO CLEAI TO TIKTI':D ORAMCE, BANDED BY 

ORAMCE-TINTEII HALITE SPACED 1" TO 2"; 1" TBIO[ BED or CREENISH-CIAY CLAYSTONE 

OCCURS 2" ABOV! LOWD COr.ACT; BASAL CONTACT SIUJlP, IIUCtiLAa, SLICIITLY UHDULATORY. 

KALlTIC CLAYSTONE AND .UCILLACEOUS HALITE, lEDDISH-BROWII; HALITE OCCURS AS DISPLA-

CIVE CRYSTALS All1) SUIHOIIZONTAL FIACTUIE FILLINCS 

CU.Y: BASAL COITACT DI1FUS!. 

FIGURE ~ (CONTINUED) 

1/4" THICK; UPPI!& 4" CREEMISH-

EXHAUST SHAFT 
Ll THOL06l C LOG 

n., en 



PRELIMINARY 

ELEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
REMARKS 

(F'I'.MSLJ (1''1'.1 

1929 1480 

1924-1-148~ 

1919--1490 

1914--149S 

1909--1500 

-:-:-c-:-:-:-::r:-: 
=:=:=:=:=~:=:=:=t:-

AS AlOft 

.... ~ .-. """:-: ~ .-.-. -.t---~=,--..,....-=~~:==="7.:=~~~'"':"::::::::::-::::-~:-:-:-=:-:::::=-:::-:::-:-:""""::":':=~--; 
IIALIT"I, IWIIlll 10 COAI.SIELY CIYSTALJ.III!, WIT! TO CL!A& TO TIIIT!D OIAMC!; SLICHTLY 

X 

X 

X 

X 

---

.UCILLAC!OUI II UPPD 2.1' lJ DISCOIITIIIUOUI LUIDQHLY-o.I!IIT!D SniiiC!lU TUC! 

POLYIIALJ:ft Ar TOP, COIITDf IICU.lSU 111111 DU'm, OCCUU U DISSDUIIAT!D IL!IS AIID 

STUIC!lSl MSA&. conACT SIIAU. 

j POLYliAUTI, FinLY custALLII!, l!DDISII-ouKI, snucruuuss; BASAl. conACT sKAU, 
11AU1D If 1/2" 10 1" TIIICX CUI Cl.AYSTOR 10. 

HAl.IT"I, riiiil.Y 10 COAJ.S!LY ClYSTALJ.llll, WIT! TO CL!.U.; COIITAINS SUIHORIZOIITAL 

sniiiC!lS OF ILACJtiSJI-QAY CLAY SPACED 2" 10 4"; BASAl. COIITACT SHAIP. 

HALITE, C:O.US!LY CUSTAl.LIII!, UIIITI TO CL!AA TO TIIIT!D OI.UfC!, BA!ID!D WHIT! oUID 

ORAIICE, SPAC!J) 1" TO 2", TUCI POLYK&UTI; BASAl. COIITACT CL\DATIONAl.. 

AICILLAC!OUI II&LIT!, FinLY TO COAU!LY CUSTAl.LIH, WIT! TO CL!.U.' HAl.ITI OCCUI.I 

AS PODS AIID IIJ!I:ULAILY-SIIAPD ZOIIU or CRYSTAl.S SUUOUIID£1) If UDDISI-IlOWII CLAY 

KAnlX; CLAY COirTDIT D!a!AS!I 111111 DEPTH' UPP!l 4" CC.TAIIII SUIIHOIIZOIITAl. 

STUIIC!lS or IILACJtiSII-QAY CLAY SPACID 1"; BASAl. COIITACT DIFFUSI. 

........... +-------------------------------------1 
X 

X X· 

HAl.IT"I, COA&S!LY CUSTALLIIII, WIIITI TO CL!AA TO OIWIC!' nAC! POLYKALIT!, COIITM 

111~11 11Tl11 Dun!, OCCUI.S lJ DISSDIIIATED IU:II AIID R.UfllOMLY-QliDIT!D SniNCElSJ 

BASAl. COII'TACT SHAU, IU!C'ULAI, IJIII)U[.ATORY UP TO 1", DISCONFORltAIL!. 

>Q~ POLYHALITI, FIII!LY CRYSTAl.LIII!, KEDDISH-QIAMC!; HALITIC, COIITAINS IUECULARLY

SHAP!II PODS Of HALIT! TO 4" ACROSS; COIITAIIII LOCAl. ZONES IICII IN AHIIYDRIT! 01 

UJICIEIIIT! (!); BASAL CONTACT SIIAII.P, UlltlUU101Y, SLICHTLY IRUCUUR. 
1904--1505 ~ 

~~~~~--------------------------------------------------------------~ 
X 

X 

HALITE, lm!IIII TO COARSELY CIYSTALL!N!, WHIT! TO CLU& TO TI!iT!D OIWIC£; TRACE 

POLYllALIT!, COIITDIT INCREASES WITH DEPTH, OCCUllS AS DISSDIINAT!D BLEBS A!ID 

llAliDOKLY-QU!JrT!D Sn!liCEIS; IIASAl. COIITACT SI!AI.P, SLICHTl.Y UlltliJUIORY. 

1899--1510 X 

1894--1515 

1889- H520 

1884 1525 

X 
X 

POLYHALIT!, FIV!LY CRYSTALLI»!, BROWII TO TAl, STRUCTUI!LESS; BASAL COIITACT SHARP. 

HALITE, FIM!LY TO COARS!LY CRYSTALLIN!, WHIT! TO CLEAR; CONTAINS STRINCERS or 
r--------1-----. POLYKALIT! AIID CUY CLAY SPAC!D 1" TO 2"; BASAL CONTACT SI!AI.P. 

X 

X 

HALITE, IIEDIUM TO COARSELY CRYSTAl.LIN!, WHIT! TO TINTED OIWIC£; UPPER 0.,' AB.CIL

LACEOUS, I!DDISH-BROWII, COIITENT DECREASES VITII D!PTH; TWO l" THICit BEDS OF REDDISH

BROW ARCILLAC£005 HALITE OCCUI AT 1519.11' AIID 1520.2'; BASAl. O.S' CONTAINS SUB

HORIZONTAl. ClAY CUI sniNCERS, SPAC!D 1" TO 3"; TRACE POLYliALIT!, OCCURS AS DIS

SDI!NAT!D BU:U AIID IWIDOP!LY-otiElfT!D 10 SUIIIORIZONTAl. sniiiC!RS; BASAl. CONTACT 

S liAilP, S LI CIITL Y U1101.1LATOI Y, D I SCONf'OIMJI L!. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
L ITHOL061 C LOG 



PRELIMINARY 

E LEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
REMARKS 

(FT.IIoiSLl (FT.) 

1884 1525 

1879-r-1530 

1874--1535 

1869- f-1540 

1864- >-:: 1545 

1859--1550 

1854-f-1555 

1849-f-1560 

1844--1565 

1839 15 70 

X AS AIOY£ 

AICILLAC!OUS HALITE, HEDIUM TO COARSELY CRYSTALLIN!, WHITE TO CLEAR TO TINTED 

ORAMC!; CLAY IEDDISH-BROVN, UPPEI 1.0' TO J.O' ClAY ARGILLACEOUS HALITE WITH RARE 

SMALL DISPL&CIVE KALITE CRYSTALS < 1/16" Acaoss; !lALIT! OCCUIS AS ACCIECATES OF 

CUSTW II POOS 01 ZOIIES; CLAY OCCURS AS IIATIIX II UP PEa PART, OCCURS AS DI SSEMI

IAT!D Iat!CULA&Lr-SRAPED ZOIIES A!1D RAHDOKLY-oRIEVTED STIIIIC!AS WITH DEPTH, CONTENT 

OECUASES WI Til DEPTH; BASAL CONTACT S!IAIP. 

UNiotl AHHYDIITt 

AIIHYDIIITE, IU!:RIATES WHITISH~RAY TO DAR& GliAl, flltl.f Cllr.STALLINE, THIIIU LAHI
IIATD TO T1111LY 8EDDED; HALITIC, COIITAIIIS IWIE 11f6• CRYSTALS Oil HALITE; UPPER 2• TO 

5• POLY!W.ITIC, DI.scan'IJIUOUS POLYHALITE !.DIS OCCURS Cll IIOimiWEST SID£ r::E SlllFT 

IIE'T1IEill 1539.5' &1111 15111.6'; LOWEll 1. 0' TO 2 .D' CCIITAIIIS WHITE LAMINAE INTERBEDDED 

VITI! AIIK!DIITE, POSSIBL! CAIIBCIIATE; BASAL can'ACT CIIADATICIIAL, ALTtRNATIOII COtrrACT, 

CCIIFOIIWIU:. 

POLYBALIT!, PIIILY CRYSTALLINE, OIAHCISH-aED TO REDDISH-o&AHCE, THINLY LAMINATED TO 

THI.U BEDD!D, LOCALLY STRUCTl/ULESS, LAMINA! OFTDI SLICIITLY CONTORTED; LOCALLY 

~;>...~~,.....:::."\.~?.. ~f--.....1 AIIIIYDaiTIC, OCCURS AS UliALTERED LA!HN.U: A!ID ZONES; BASAL CONTACT SHARP, !'V.RKED BY 

~ LOAD CASTS liTO UliDEiLYIIfC UliiT {2" DEEP BY l" TO 3" ACROSS) AND fLA.'iE STRUCT'JRES. 

=
--_ ~-_-:---:::t:-:.:- AIIHYllRITIC CUYSTOII!, PI liEU LAMINATED, CiAY TO WIIITISH-cRAY; CONTAIHS LOCAL, SMALL 

- - T • • • • • ENnOLITHIC ST11UCTUB.E5; BASAL CONTACT CIIADATIOifAL TO DIFFUSE. 

~xxxxx HALITE, K!DIUK TO COARSELY CRYSTALLIN!, WHIT! TO CLEAI TO TINTED ORAHCE, SLICHTLY 

BEDDED BY DISCONTINUOUS SUBHOilZONTAL STIIIfCERS OP POLYHALIT! AND BANDS OP POLY

HALITIC HALITE; BASAL CONTACT SHARP, DJSCONFORMABLE. 
HALIT!, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO TINTED CRANCE, STRUCTURELESS; 

SLICHTLY AICILLACEOUS, ~ODERATELY ABUNDANT IN UPPtl 1.0', CONTENT DECREASES WITH 

DEPTH, OCCURS AS DISS~~INATED BLEBS AND RAHDOMLY-DRIEHTED STRINCERS; BASAL CONTACT 

GRADATIONAL. 

r-_-~----+---------------------------~--------~------------------------~ 
HALITE, FINELY TO COARSELY CRYSTALLINe, WHITE TO CLEAR; ARCI~I.ACEOUS IN UPPER 1.5', 

X X 

X 

CRAY, AS SUBHORIZONTAL STRINGERS AND BEDS, CONTENT DECREASES WITH DEPTH, l.O' 70 

2.0' THICl BED OF CRAY ARGILLACEOUS HALI7e AT 1560.2'; BELOW 1560.2' C~Y COHT~NT 

INCREASES AND BECOHES REDDISH-~ROWN, OCCL~S AS STRINGERS AHD DISCONTINUOUS BEDS OF 

ARCIL!.ACEOUS HALITE, CONTENT DECREASES WITH DEPTH, LOCALLY CRAY, CONTEH7 ~ROPS 70 

TRACE NEAl BASE; SOHE POLYHALI7E, CONTENT INCREASES TO 1560.2', BELOW WH!CH IT 

DECREASES WITH DEPTH, OCCURS AS DISS~~INATeD BLEBS AND RANDOHLY-ORIENTED TO 

SUBHOI!ZONTAL STRINGERS; BASAL CONTACT SHARP, DISCONFORXABLE. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 

ELEV. DEPTH 
(FT.MSLJ (FT.) 

1839 1570 

1834--1575 

1829 -f-1580 

1824- f-1585 

-

1819- f-1590 

1814-f-- 1595 

1809-f- 1600 

1804-- 1605 

1799-f-1610 

1794 1615 

STRATIGRAPHIC 

COLUMN 

X 

X 

REMARKS 

AS AIOYE 

r-----------~----------------------------------------------------------·-HALITE, MEDIUM TO COARSELY CRYSTALLIN!, WHIT! TO TIXT!D ORAHC!, STRUCTURELESS: 

X 

X 

f------ -

-

X -

X 

X 

X 

UPP!l 0.5' SLICHTLY ARCILLAC!OUS, l!DDISH-BlOWN, CONTENT DECREASES WITH DEPTH, 
ABSElft B!LCW 1582 .0', OCCURS AS DISCOIITIHtiOUS STRIIICERS AND AS IHTERCRYSTALLIN! 
MATaili TRACE DlSSEKINAT!D POLYHALITE BLEBS; BASAL CONTACT GRADATIONAL, HIGHLY 
IUECULAl, MAllED IT TH! OCCUUEIIC! OP ARGILLACEOUS HALITE. 

HALITE, ll!DIIIf TO COARSELY ClYS!ALLIItE; WHIT! TO CUll; UPPER 0.5' HAS REDDISH
BlOWN CJ,.\Y KAnil, COIIT!VT DECR.EAS!S SLIGHTLY WITH DEPT!!, CLAY BECOMES BOTH ClAY 
ANti t!DDISB-1101111, OCCURS AS RAHilOKLY-oRHliTED STRINGERS; TRACE POLYHALITE, CONTEIIT 
INCREASES WITH D!PTII, OCCURS AS DISSEMINATED BLEBS ~ AS STRINCERS WITH DEPTH; 
BASAL CONTACT CIADATIONAL, OISCONFO~~LE. 

I<XXXXXXX - -- -- -- --t------------------------:---~-~----------1 __ X HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHIT! TO CLEAR; SLICHTLY ARGILLACEOUS, CON-

X 

X 

X 

X 

TENT DECREASES WITH DEPTH, REDDISH-BROWN, OCCURS AS lNTERCRYSTALLlNE ~TERIAL AND 
RANDOKLY-QRIENTED STRINGERS, LOCALLY OCCURS IN GREATER CONCENTRATIONS; TRACE POLY
HALITE, CONTENT INCREASES SLIGHTLY WITH DEPTH, OCCURS AS OISS~~INATED BLEBS, 5LEBS 
BECOME LARGER WITH DEPTH (UP TO 2" " 1"); BASAL CONTACT SHARP. 

FIGURE 4 (CONTINUFC) 

EXHAUST SHAFT 
Ll THOLDG I C LOG 



PRELIMINARY 

ELEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
REMARKS 

(FT. MSL I (FT.) 

1794 1615 

1789 1620 

1784 1625 

1779 1630 

1774 1635 

1769 1640 

1764 1645 

1759 1650 

1754 1655 

1749 1660 

X 

X 
Ill Ill Ill I II II Ill\ II I 

ANHYDaiTE, FINELY CRYSTALLINE, BIOWIISH-CRAY TO OIAMCISH-TAN, THINLY LA!1INAT£D; 

LOCALLY ALTERED TO POLYII4LITE; t.AfiUIA! OFTDI CONTOITED AND SLICHTLY KALITIC, 

LOCALLY NODIJLAI., STRUCTURE OFTEII EJ'nOLITHIC; BASAL CONTACT GRADATIONAL. 

llALitt, FINELY TO COAilSELY CIYSTALLINE, IIHITE TO TIWTED OII.ANCE; l" THICK BED OF 

ORANCISH-IED POLYHALIT£ AT 162 •• 2' ; TRACE POLYHALIT!, OCCURS AS RANDO~LY-QRIENTED 

TO SUBHOIIZOWTAL STiliNGEilS AND AS DISSEMINATED BLEBS; THIN 1" THICK IRRECULA!I. BED 

OF AHIIYlltliT£ AT 1628.3'; BASAL COIITACT SHAIU', DISCONFOil!WILE (?). 

AHHYDIITE, FINELY CRYSTALLINE, BIOWIISH-GII.AY TO TAMIISH-GII.AY, EMTROLITHIC TO 

MODIJLAI. TO 1633.0', BELOW 1633.0',B!COMES LAMINATED TO THINLY BEDDED, LOCALLY CON

TAINS AHIIYDIIT! PSEUDOMORPHS AFT£1 GYPSUM SWALLOWTAIL CRYSTALS; LOCALLY POLY

IlALITIC; BASAL CONTACT Sli.ARP, i'WlKED BY 2.0" TO 4.0" THICK CII.AY THINLY LA.'1INATED 

CLAYSTONE BED CONTAININC SEVERAL SUBHOIIZONTAL FIBIOUS llALITE-riLLED FRACTURES 1/8" 

TO l/4" THICK, SPACEO l" TO 2"; BASAL CONTACT CII.AllATtONAL. 

ARGILLACEOUS POLYHALlT£, FINELY CRYSTALLIN£, REDDISH-ORANGE; POLYHALITE OCCURS AS 

REPLAC~~EWT OF ANHYDRITE OR GYPSUM NODULES IN GRAY CLAYSTONE ~TRIX; NODULE CONCEN

J=i.:<S~~::.£l!IQ.a,4--~ !RATION INCREASES WITH DEPTH UNTIL ~TRIX IS POLYII4LIT£; NODULE DIAMETER 1/8" TO 

X X 

X 

---------X X 

X 

-------
X 

X 

X 

l/2"; UNDERLAIN BY l" TO 2" CII.AY CLAYSTONE BED; BASAL CONTACT SHARP, UNDULATORY, 

I RRECULAJI. 
llALITE,.~EDIUK TO COARSELY CRYSTALLINE, ~HIT£ TO TINTED ORANGE; POLYKALITIC, OCCURS 

AS DISSEMINATED BLEBS AND AS RANDOHLY-ORIENTEO TO SUBHORIZONTAL STRINGERS; GRAY 

CLAYSTONE BED OCCURS AT 16~q.o•; POLYHALITE CONTENT TII.ACE SELO~ 164q,o•; LO•ER l.5' 

CONTAINS TRACE ~~OUNT OF CLAY STRINGERS; BASAL CONTACT SHARP, :RREGUlAR ~ITH 

DISSOLUTION PITS O.J' DEEP, !'IARXEO BY 2" 70 3" THICK GRAY Cl.AYSTONE SED. 

HALITE, FINELY TO COARSELY CRYSTALLINE, -~ITE TO CLEAA TO ORANGE; POLYHAL11IC, 

OCCURS AS OISS!MINATED BLEBS AND RAHDOHLY-QiiENTEO TO SUBHORIZONTAL S7R!NGERS; 

TRACE DISS!MINATED CRAY C'~Y; BASAL CONTACT SHA&P. 

AS IELOW 

FIGURE ~ (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 

n~ c;n 



PRELIMINARY 

ELEV. DEPTH 
(FT.I.ISLI (FT.) 

1749 1660 

1744 _..,._ 1665 

1739 -f-1670 

1734 _.,_1675 

1729 -I- 1680 

I 724 -I- 1685 

1719 _.,._ 1690 

1714 -I- 1695 

1709 -1- 1700 

1704 1705 

STRATIGRAPHIC 

COLUMN 

X 

X 

X 

X 

- -
-

X 

-
X 

X 

X -

-

-

X 

REMARKS 

IW.IT!, !I!DIU!C TO COA&S!Lr CI.UTALLIII!, WHIT! TO ctLU; TRACf REDDISH-BROWII AIID 
cur cur, OCCUUIIIC AS sniiiC!J.S AlfD AS LOCALLr DISSEI1INATED !!AniX, cur COIITtKT 
IIICUAS!S AJIIUPTLY BELOW !662.0' AS UDDISH-8101111 SniNCERS, CONTEIIT DECREASES IIITII 
DEPTII, AJI.CILLAC!OUS IW.IT! I!D OCCURS \liTH cur AS sniiiCEIS IJitl KAniX BETIIEtll 
J6T3.0' AIID 161].8', 1.011!1 Z,,' COIITAIIIS DISCONTIIIUOUS HORIZONTAL AND SUBIIOIIZONTAL 
sniiiC!lS OP ClAY CLAY; TIACI POLTKALIT!, CONTENT INCl!ASES IIITII DEPTH, OCCURS AS 
DISSD<IIIAT!:D lUIS WtTII SI%1 IIICI.U.SIIIC Wltll DEPtll (l" DIAIIETER); BASAL CONTACT 
SIIAIJI, IIUCUUI, IJ)It)IJUTOR'l TO 0.'' • 

HALITE, !IEDIUK TO COARSELY CRYSTALLIN!, WHIT! TO CLEAR TO TINTED O~CE; 
AICILUC!OUS HALITE OCCURS BETWEEII 1681.•• AND 1682.6', GRAY CLAY; REDDISH-BROWN 
ARGILLACEOUS HALITE OCCURS SETWEEV 1682.6' AND 168 •. 1', CLAY OCCURS AS RANDOMLY
ORIENTED sniNCElS AND AS ~niX; CLAY CONTENT DECREASES ABRUPTLY BELOW 168C.I'; 
TRACE POLYHALITE BELOW 1686 •• ', CONTENT INCREASES WITH DEPTK, OCCURS AS 
DISS~~INATED BLEBS AND AS RAHDOKLY-ORIENTED TO SUBHORIZONTAL STRINGERS; BASAL 
CONTACT SHAJ!P. 

ARGILLACEOUS HALITE, MEDIUM TO COARSELY CRYSTALLINE, WKITE TO CLEAR TO TINTED 
ORANGE; VERY ARCILLACEOUS IN UPP~R 0.5', CLAY REDDISH-BROWN, CONTENT DECREASES WITH 
DEPTH, OCCURS AS INTERCRYSTALL!NE !lATRIX AND RAR! STRINGERS, CONTENT DECREASES 
ABRUPTLY BELOW 1704.0'; TRACE POLYHALIT!, OCCURS AS OISSE~INATEO BLEBS; BASAL 
CONTACT SHARP, IlK!CULAR, DISCONFORKAJL!. 

FIGURF 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 

SHEH 40 



PRELIMINARY 

ELEV. DEPTH 
(FT.AISll (FT.) 

1704 1705 

1699 - r- l 710 

1694 -~ 1715 

1689- 1- 1720 

--

1684- ~ 1725 

1679-1-1730 

1674 -f-1735 

1669 -1- 1740 

1664-1--1745 

1659 1750 

STRATIGRAPHIC 

COLUMN 

X 

-

- X 

X 

-
X 

REMARKS 

AS AIOYE 

HALITE, M!DIIIK to COARSELY CRYSTALLIN!, WIIIT! TO CLE.U; UPPI!:R O.l' TO 0.4' AllD 
LOWER 0.7' PUll BALIT!, R!KAJKD!I SLICHTLY AICILLACEOUS, CLAY REDDISH-BROWN, 
BECOftiNC ClAY VITI DEPTH; IASAL CONTACT SHARP, IRR!CULAI, DISCONFO~~BL!. 

HALITE, MEDIUM TO COARSELY CRYSTALLIN!, WIIITE TO CLEAR TO TINTED ORANGE; UPPER 1.0' 
AICILU.CEOUS, OOWT!XT D!CR!AS!S WITH DEPTH: TRACE POLYHALITE, CONTENT INCREASES 
WITH DEPTH, OCCUIS AS DISSEMINATED BLEBS AllD IAHDOKLY-DRIEHTED STRINGERS, LOWER 
1.0' VERY POUliALITIC; BASAL CQITACT SHARP, !RRECUUII, UlltliiUTOR:f. 

r POLYHALIT!, FI~LY CRYSTALLINE, ORANCISH•RED, STRUCTURELESS; UNIT VERY UNDULATORY; ~faf!~~B3~t~ BASAL 0.4' COIISISTS Of GREENISH-ClAY CU.YSTONE; BASAL CONTACT SHARP, UNDULATORY, l DISCOliFORMABU;. 

X X X 
.'>olliC ~ 

- X 

X -

X 

X 

- X 

X -

X 

~ALITE, HEDIUM TO COARSELY CRYSTAL~IN!, WHITE TO CLEAR; LOCALLY ARGILLACEOUS, CLAY 
REDDISH-BROWN, CONTENT DECREASES WITH DEPTH; TRACE POLYHALITE, OCCURS AS DISSL~I
NATED BLEBS; BASAL CONTACT SHARP, IRRECULAi WITH DISSOLUTION PITS l.O' DEEP INTO 
UNDERLYING UNIT. 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITt TO CLEAR; UPPER 2.0' SLIGHTLY ARGIL
LACEOUS, CU.Y REDDISH-BROWN, OCCURS AS RANOOHLY-QRIENTED TO SUBHORIZONT~L STRINGERS 
AND DISSEMINATED INTERCRYSTALLINE MATERIAL; TRACE POLYHALITE AT TOP, CONTENT 
INCREASES WITH DEPTH, OCCURS AS DISSEMINATED BLEBS AND RANOOHLY-ORIEMTED STRINGERS; 
BASAL CONTACT CRAOATIONAL. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 
STRATIGRAPHIC 

ELEV. DEPTH 
(FT.MSL) (FT.) COLUMN 

1659 1750 X 

~-
~)t&>C")t 

~~ .... n,. -• .... ... - ,_. 
1654- -1755 X 

X 

1649- -1760 
X 

\\\\\\\\\\\\\\\\\\\\ 

W6xlhh?X 
~x~1~ 

1644- -1765 

- - -

1639-~ 1770 
X X 

- - -
X X X 

1634- r-1775 - -

-

-1629- r-1780 

-
-

~ 

1624- - 1785 
X 

-

1619- f- 1790 
~ 

- -
-

X 

-1614 1795 

REMARKS 

AS AIO'f£ 

POL YIIALIT!, FINELY CIYSTALLIK!, REDDISH-o&AHG!, rRAC! THIK LAMINATIONS; UOCALLY 

l AIIIIYD&ITIC; IASAL CONTACT SIIAilP. 

llllALIT!, lt!DIIIM TO CO.U.S!LY CIYSTALLIR, WHIT! OCCASIONALLY TINTED Oll.UIGE; SUBKOU-
ZOVTAL POLYIW.IT! sniKGUS, 1/1" TliiCJ:; BASAL COilTACT SIIAilP, IUECUL.u.. 

POL'lllAl.lT!, FlM!LY CRYSTALLIK!, I!DDISH-oi.AIIC!; IIASAL CONTACT SI!AB.P, MAJeED BY l" 

THICI ClAY CLAYSTONE SED. 
HALIT!, COARSELY CRYSTALLIN!, WHIT! TO CL!A& TO TINTED CRANCE; POLYHALITIC, CONTENT 

DECREASES WITH DEPTH, OCCURS AS sniiiCERS AIID ILUS; 0.1' TO 0.4' THICK ANHYCIIT! 

I!D OCCURS AT 1 761. 9' ; BASAL COMTACT SIIAilP. 

POLYHALITE, FINELY CRYSTALLIN!, REDDISH-oRANC!, THINLY ~INATED; 0.3' THICK HALITE 

liED AT 1763.9', LOWER 0.1' TO 0.2' HALITIC CIAf CLAYSTONE; BASAL CONTACT SKABP. 

llALIT!, K!DIUK TO CO.U.S!Lf ClfSTALLI.!, WHIT! OCCASIONALLY TINTED OIWIC!, Hih"l ~" 

I!DDIIIC nDH SUIHO&IZONTAL sniiiCEIS OP p0LY!W.IT! SPACED 0.2'; 0.1' THICI BED OF 

AICILlACEOUS llALIT! OCCURS AT 1767.3'; POLYHALIT! CONTENT INCREASES ABRUPTLY NEAi 

BAS!; BASAL CONTACT SIIAilP, DISCOIIFOIUUBL!. 

AICILlACEOUS HALIT!, FIN!LY TO COARSELY CRYSTALLIH!, WHIT! TO CLEAi TO TINTED 

ORANC!; CIAf CLAY OCCURS AS MAniX AND INTERCIYSTALLINE KATERIAL,CLAY BECO~ES 

R!DDISH-BROWI BELOW 1773.8', CLAY CONTENT DECI!ASES WITH DEPTH; CLAY-FREE 

POLYIIALITIC IW.ITI!: OCCURS BETVEE!I 177 3. 3' AND 1773.8'; POLYHALITE CONTENT !~CREASES 

WITH DEPTH; BASAL CONTACT Sll.UJ', IUECl1I.Ail. 

IW.ITE, HEDIUM TO COARSELY CRYSTALLIN!, WHIT! TO CLEAR TO TINTED ORAHCE; ARCILLA-

CEOUS TO 1782.4', CONTENT· DECREASES ABRUPTLY BELOW, CLAY OCCURS AS MATRIX: TRACE 

POLYl!ALITE, CONTENT INCREASES WIT!! DEPT!!, OCCURS AS DISSEMINATED BLEBS AHD 

IWIDOMLY-QRIENTED STillNCEiS; BASAL CONTACT GllADAT:ONAL. 

POLYHALITE, FINELY CRYSTALLINE, DARK REDDISH-oRANGE, HINT OF THIN ~~I~ATIONS; 

TRACE IW.IU; BASAL CONTACT SliAllP, ~ED BY !" THICK CRA'i' CLAYSTONE BED, SLIGHTLY 

UNDULATOi'i', DISCONFORXABLE. 

ARGILLACEOUS HALITE, FINELY TO COARSELY CRYSTALLINE, CLEAR; GRAY CLAY A! TOP, 

GRADINC TO REDDISH-BROWN WITH DEPTH, CONTtNT DECREASI!:S WITH DEPTH UNTIL ABSENT AT 

1792.3'; CLAY CONTENT INCREASES AS INTERCRlSTALLIN! HAT!RIAL AND STRINGERS BELOW 

1792.3', COIITEVT D!CIEASES WITH D!PTH, ABSENT S!LOW 1794.0'; TRACE POL'i'HALITI!:, 

CONTDIT INCI.LUES WITH DEPTH, OCCURS AS DISS!MIMAT!D BLEBS AND RANDOMLY-oRIENTED ro 

SUBIIOI.IZOII'TAL sniJIG!IS; BASAL CONTACT S!IAI.P, l'WU:ED BY 0.1' 

POLYHALIT! UND!ILAI• !T 1/4" THICJr GRAY CLAYSTOM! liED. 

FIGURE q (CONTINUED) 

THICK B!D OF 

EXHAUST SHAFT 
Ll THOLOG l C LOG 



PRELIMINARY 

ELEV. DEPTH 
(FT.MSLJ (FT.} 

1614 1795 

1609 - f- 1800 

1604-1-1805 

1599- ,_. 1810 

STRATIGRAPHIC 

COLUMN 

X 

X 

X 

X 

X 

~ ---- - -
X 

1594- f- 1815 

X 

X 

X - -
1589- f- 1820 

-
-

-
1584- t- 1825 

X 

REMARKS 

AS UO¥( 

HALITE, lt!DIUK TO COARSELY CIYSTALLliiE, WHIT! TO CL£.AI; CONTAINS SUBIIORIZONTAL CIU.Y 

c:t..\'1 Sti.IICEIS TO 1804.3', AISEIIT BELOW 1804.3'; TRACE POLYHALITE, CONTENT 

INcatAS!S WITH DEPTH, OCCUIS AS DISSEMINATED BlEBS AND SUBHORIZONTAL STiliNCERS; 

BASAL COirTACT SI!A&P, IIAU:ED Br 3" ZON! OF GIU.ri Sll HALITE UNDERLAIN BY 1" n!I CIC CIU.Y 

ct..\ YSTOIII. 

IW.ITE, MEDIUM TO COARSELY CIYSTALL!llf, WHITE TO CL£.AI; UPPEI 1.8' ARGILLACEOUS, 

IEDDISII-BIOWN, COWTEVT DECREASES WITH DEPTH; TllAC! POLYHALITE, CONTENT INCREASES 

WITH DEPTH, OCCURS AS DISSEMINATED BLEBS. BLEBS ALICN!D IN ZONES AND STiliNCERS 

OCtua B!LOW 1817.6'; CONTAINS CllAY CLAY AS STIINCERS AND DISSL~IIIATED INTER

CIYSTAU.IN! MATEUAL BEl\IEEli 1819.2' AND 1819.9'; BASAL CONTACT SHARP, IRAECULAR, 

DISCONFORIIA!LI. 

HALITE, FINELY TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED CRANCE; ARGILLA

CEOUS, REDDISH-BROWN, CLAY OCCURS AS INTERCRYSTALLINE ~TRIX AND STRINGERS, CONTENT 

DECREASES WITH DEPTH, CONTENT DECREASES ABRUPTLY BELOW 1823.0'; tRACE POLYHALI7E, 

OCCURS AS DISSEMINATED BLEBS; BASAL CONTACT GRADATIONAL. 

I 5 79 - f- 18 3 0 ~ __ --t----::-:-:-:-::::--::==-=--=--c==:-;;,....-:::=="'""'":-=:;;--=-c=-=,.....,.,-;7.:-:::;;-;;=:::;:--::-::--:=:=-.,...,~~--l 
HALITE, FIN~LY TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED CRANCE; SLIGHTLY 

1574 -'- 1835 

1569 1840 

X 

ARGILLACEOUS IN UPPER 4.0·', CONTENT DECREASES WITH DEPTH, CLAY OCCURS AS STRINGERS 

AND INTERCRYSTALLINE MATRIX, CONTAINS RARE SMALL (<1/16") D!SPLACIVE HALITE 

CRYSTALS; TRACE POLYHALITE, OCCURS AS DISSE~INATED BLEBS; BASAL CONTACT SHARP, 

~KED BY DISSOLUTION PITS 6" TO 8" DEEP INTO UliDERLY!NC Uli!T, IRRECULAR, IJNOU

LATORY. 

I HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAI: ARGILLACEOUS TO 1839.8'. r-------+---..J 

X 

OCCURS AS CllAY STiliNCEIS; TllACE POLYHALITE, CONTENT IlfCR£.ASES Win! DEPT!!, OCCURS AS 

SL!BS AND RANDOKLY-DRI!VT!D TO SUIHOIIZONTAL STiliNCERS; BASAL CONTACT GRADATIONAL, 

HICHLY Ill!CULAI SLICHTLY UNDULATORY. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 
STRATIGRAPHIC 

COLUMN ELEV. DEPTH REMARKS 
(FT.MSLI (FT.) 

1569 1840 AS AIOY( 

X 

1564 -r-1845 

1559- '-1850 

1554 - f-1855 

1549-'-1860 

1544- '-I 8 65 

15:39- 1- I 8 70 

15:34- 1-1875 

I 

1529-f-1880 

1524 1885 

X 
POLYHALITE, FINELY CRYSTALLINE, REDDISH-DRAHCE; HALITIC; BASAL CONTACT CRADATIONAL, 

X VERY Iauc;uu&, UliDULATOIY. 

HALITE, FI.ZLY TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED CRANCE; ARCILLA-

~ CEOUS, ClAY AT TOP CBADINC TO REDDISH-BROWN WITH DEPTH, CONTENT DECREASES WITH 
,....~...,>L,.L>o.L'<'-"<+--..J DEPTH, CLAY OCCURS AS SUBHORIZONTAL STRINCERS A!ID AS /lATRIX MATERIAL IN 

X 

X 

X 

X 

X 

IRIECULAILY-SHAPED ZONES OF ARGILLACEOUS HALITE; POLYHALITIC, CONTENT INCREASES 

WITH DEPTI, OCCURS AS DISSEMINATED BLEBS AND RANDOMLY-DIIENTED DISCONTINUOUS 

STIINCEIS; CONTAINS LA&CE IRRECULA& ZONES (SEVERAL SQUARE FOOT AREA) OF PURE WHITE 

HALITE WHICI AI! CONTINUOUS INTO UNDERLYINC UNIT (DISSOLUTION PITS ?); BASAL 

COHTACT SRAIP, IliECULAR, DISCONFORKABL~. 

HALITE, KEDIUft TO COARSELY CRYSTALLINE, WHITE TO CLEAR; ARGILLACEOUS AT TOP, CON

TEHT DECll&SES WITH DEPTH, OCCURS AS RANDOKLY-DIIENTED STRINCERS; TRACE POLYHALITE, 

OCCURS AS DISSEMINATED BLEBS; CONTAINS DISSOLUTION PITS 2.0' TO 3.0' DEEP, FILLED 

1/Itll WHITE COAISELY CRYSTALLINE HALITE; BASAL CONTACT SI!AIP TO ABSENT, !".ARKEO BY 1" 

THICX CUJ CLAYSTONE BED. 

F:-~~-~-~---~~~~~~~==~~~~~~~=-~==~~~~~~~~----~ HALITE, COAISELY CRYSTALLINE, WHITE TO TINTED CRANCE; POLYHALITIC, CONTENT 

X INCREASES WITH DEPTH, OCCURS AS DISS~~INATED BLEBS AND SUBHORIZONTAL l/4" THICK 

STRINCERS; BASAL CONTACT SHARP, SLICHTLY UNDULATORY. 

X 

X 

X 

~X.~ 
:t~::t::X 

- X 

X -

X. 

-
X 

X 

POLYHALITt, fiNELY CRYSTALLINE, DARK REDDISH-DRANCE, STRUCTUREL~SS; HALITIC; 

UNDERLAIM BY 4" THICK BED OF CRAY HALITIC CLAYSTONE; BASAL CONTACT CRADATIONAL, 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR; SLIGHTLY ARCILLACEOUS, 

CONTENT D£CiEASES WITH DEPTH, OCCURS AS SUBHORIZONTAL STRINGERS; POLYHALITIC, CON

TENT INCREASES WITH DEPTH, OCCURS AS DISSEMINAT!D BLEBS AND SUBHORIZONTAL 

STRINCEKS, POLYHALIT! B£D 0.1' THIC~ AT 1875.7'; BASAL CONTACT SHARP, rRRECULAR, 

SLIGHTLY orDULATORY. 

ARGILLACEOUS HALITE, FINElY TO COARSELY CRYSTALLINE, WHITE 70 CLEAR; C~¥ REDDISH

BROWN TO CRAY, OCCURS AS !RRECULAR SUBHORIZONTAL STRINCERS; HALITE OCC~RS IS PODS 

OR ZONES Of CRYSTALS; TRACE ?OLYHAl!TE; SASAL CONTACT SHARP, SL:CHTLY ~OULATORY. 
HALITE, COARSELY CRYSTALLINE, YHITE; SECOMES SLICHTLY ARCILLACEOUS WITH DEPTH; 

POLYHALITIC, OCCURS AS BlEBS AND SUBHORIZONTAL STRINCERS; BASAL CONTACT SHARP, 

IRRECUUI. SLICHTLY UN~ULATORY. 
ARCILLACEDUS KALITE, REDDISH-BROWN WITH TRACE OF CRAY; HALITE, FINELY 70 COARSELY 

CRYSTALLII!, ~ITE TO CLEAR, OCCURS AS IRRECULARLY-SHAPED BEDS AND PODS, LOCALLY 

POLYHALint A!lll FR£E OF CLAY; TRACE POLY!!ALITE, CONTENT INCREASES 1/ITH DEPTH, 

X OCClJi.S AS DISSE."'INATED BLEBS AND IRRECut.AJ. RANDOMLY-oRIENTED STRINCERS; l/4" THICK 

r------+-___j SfD OF I'OI.THALITE l1JIDERLAI!f BY 1/4" THICIC DISCONTIIIUOUS BED OF CRAY C:.AYSTONE 

OCCURS AT 1898.2'; BASAL CONTACT SHARP, !RRECULAR, SLICHTLY L~DULATORY. 

EXHAUST SHAFT 



PRELIMINARY 
STRATIGRAPHIC 

ELEV. DEPTH REMARKS 
COLUMN 

( I"T MSLI I f'T.I 

1524 1885 

1519 -r-1890 

1514- f- 1895 

1509-1-1900 

1504-r1905 

1499--1910 

1494-r-1915 

1489-r-1920 

1484- r- 1925 

1479 1930 

- U AIOVE 

r---------
bi::JA;rf!QI';DI!I~d----Jr POLYKALIT!, FINELY CRYSTALLINE, DAIJC REDDISH-ORANGE, SiRUCTURELESS; !JNDERLAIN BY !" 

p&~~ur~(~~~XX~~~:~X~---!TH!l~ot~CR~E=EM~l~S~H:-c~IA~Y~C~U~YS~!O~NE~;~B~AS~AL~~C~ONT~A~CT~S~H~AR~P.~~~~~~~~~~~---·-· 

\\\\\\\\\\\\\\\\\\' 

~xxxxxxxxxxxxxx 

HALIT!, FIIZLY TO COARSELY CRYSTALLINE, ~ITE !0 CLEAR TO TINTED ORANGE; TRACE 

AaCILLAC!OUS KATEIIAL BELOW 1901.0', CONTENT DECREASES WITH DEPTH, TOTALLY ABSENT 

BELOW 1904.1', OCCURS AS IANDOKLY-QIIENTED TO SUBHORIZONTAL STRINGERS BECOMING 

BLEBS WITH DEPTH; 1/4" THICK SUIKOliZONTAL STRINGERS OF ANHYDRITE OCCUR BELOW 

1914.0'; AT 1916.5', A 0.2' THIC~ PIHXISK-RED POLYHALITE BED OCCURS; BASAL CONTACT 

SHARP, SLlCHnY IRRECI1L.AII AND UlltlULATORY. 

K>< ~ ~ POLYHALIU, l'Ilf!LY CRYSTA.l.LINI!, :JAJUC RED, STRUCTURELESS AT TOP GRADING TO LA!1INATED 

""'"""?bJ"":;)('"' :K.% ">( AT BASI!; !L\l.ITIC, BASAL CONTACT SHARP TO GRADATIONAL, MAPJCED BY 0.1' TO 0.2' 7HICK 

~~.~~~~~-~CRA~Y_C~U~YS~T~O~~~B~ED~·~-------------~~~~~~~~~~~~~----~ 
HALITE, MEDIUM TO COARSELY CRYSTALLINE, ~ITE 70 CLEAR, SLIGHTLY ARGILLACEOUS, 

X X X 

1----

X 

OCCURS AS RANDOHLY-DRIENTED STRINGERS; ABUNDANT POLYHALITE, OCCURS AS DLSSEH!NATED 
BLEBS; CONTAINS LOCAL ZONES OF PURE HALITE; BASAL CONTACT GRADATIONAL, !RREG~~. 

~LIT!!, ~EDIUM TO COARSELY CRYSTALLINE, CLEAR !0 WHITE; RANDOMLY-ORIENTED TO 

SUBHORIZONTAL STRINGERS OF BLACK CLAY OCCUR BETWEEN 1923.~' AND 1926.4'; 

POLYHALITIC, CONTENT INCR!ASES ABRUPTLY B!LOW 1926.8', THEN DECREASES WITH DEPTH, 

OCCURS AS DISSEMINATED BLEBS; BASAL CONTACT DIFFUSE. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 

ELEV. DEPTH 
(FTMSLI (FT.) 

STRATIGRAPHIC 

COLUMN 

1479 193 0 ••••••••••••••• 

X 

1474 1935 

X 

1469 1940 

X 

REMARKS 

KALIT!, FINELY TO COA&S!Lf ClfSTALLIWE, CLEA& TO WMITE; MODERATELY ARCILLACEOUS, 

CONTDIT D!CI!AS!S WITH Df:PTH, OCC!/aS AS I!LACJC BLEBS AJID SniNCtltS; TR.ACE POLY

KALIT!, CONTD'T INCILU!S IIITII DEPTH, OCCU.S AS DISCOIITINUOUS IiaECULAJ. li.A!IDOl'ILY

ORIEIITED TO SUI!HOillONTAL SniJC!IS AND DISS~~INATED BLEBS; CONTAINS LOCAL BEDS AJID 

ZONES or Ct..U-FRU IIALIT!; POLY11Al.IT! COIITEIIT IIICIEASES AIIUPTLY NEAB. BASE; BASAL 

COIITACT SII.UJ'. 

AMHYDIIT!, FINELY CIYSTA.LLIJE, LICHT TO DARK ClAY, THINLY LA.KISATED TO ~~INATED; 

h~~~~.-.--.-4-__.J UPPU 0 TO O.S' POLYIIA.LITIC; LOCALLY KALITIC, OCCURS AS DISCONTINUOUS BEDS AJID 

PODS; SO!t! LAIIIJ.U OI.CA.IIU:-UQI (?); LA.l'IIN.U UliDULAT! SLICIITLY; UNDERLAIN BY 0.1" 

TO 0.3' T!IIC: ClAY IIALITIC CUY5i011!; WAL CONTACT SHARP, IRRECUUJI., SLIC!!TLY 

UVDULATOI'I. 

1464 1945 

1459 1950 

1454 1955 

1449 1960 

1444 1965 

1439 1970 

1434 1975 

X 

X 

!!ALIT!, CO.US!L'l CITSTALLUI!, 1111ITE TO CL!A.& TO TINTED ORANCt, STRUCTURELESS; 

SLICHTLY AICILLACEOUS II UPP!I 5.0', OCC!IaS AS CRA.T DISCONTINUOUS SUBHORIZONTAL 

STRINCERS, BELOW 1952.3' COIITEIT IIICI!ASES SHARPLY, THEN DECREASES WITH DEPTH, 

DISCONTINUOUS I" TO 2" THICJC IRIECULA.I CRA.Y CLAYSTONE BED OCCUltS AT 1952.3'; iRACE 

POLYHALITE, OCCUltS AS LICHT OR.ANCISH-WHITE DISSEMINATED BLEBS; IN BASAL 1.0' 

POLTHALITE AND ANHYDIITE OCCUi AS DISCONTINUOUS SUBHORIZONTAL STRINCERS; BASAL 

CONTACT SHAIP, IIUtECUUJ.. 

AHHYDRlT!, FIN!t.Y CiYSTA.LLINE, CltAY ALTERNATINC WITH DARK CRA.Y, !HINtY LA.l'IINA!ED; 

LOCALLY CONTAINS PODS OF HALITE AND HALITE-RICH LA.l'IINAf; 5ASA.L CONTACT SHAAP, 

CONFOIIMAJII.!, 

ANHYDRITE, F!NELY CRYSTALLINE, CRAY; !!A.LITIC, OCCURS AS ABUNDANT HALITE PSEUDO

~.ORPHS ~ER GYPSUM SWI\LLOWTI\IL CRYSTALS ALIGNED PARAI.LEL TO SEDDlliC, 116" TO 2" 

HICH, ~ORITY ORIENTED VERTICALLY; LOCALLY, ANHYDRITE IS FREE Of PSEUDOMORPHS~ 

THINLY LAMINATED, LA.l'IINAE ALTE~~ATE FROl'l LICHT TO DARK GRAY; KI\LITE PSEUDOl'IORPHS 

ABSENT BETWEEN 1966.6' AND 1967.5'; 81\SAL COliTACT CRADI\TIONAL TO DIFFUSE. 

ANHYDRITE, FINELY CIYSTI\LLIN£, ALTElNI\TINC LICHT AND 01\RX CRAY, THINLY ~~INATED TO 

LA.Kilii\TED; LA.MINI\E OFTEN CONTAIN INSIPIEHT ENiiOLITHIC STRUCTURES ANO ANHYDRITE 

PSEUDOMORPHS ~EI CYPSUK SWALLOWTI\IL CRYSTALS; UVDERLAIM BY 0.4' TO 0.5' !HICX BED 

OF "ICiOLAl'llftATED TQ THIVLt ~~IMAT!O CRAY CI.A.YS!ON! COHTAININC SUBHORIZONTAL 

BIFUICA.TIMC 0 TO t• THICl HA.LIT£-fit.t.ED fRACTUafS; BASAL CONTACT SHARP, !RR[CULAI, 

UVDULA!Oif, DISCONFOlhABLE. 

FIGURE ~ (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 

ELEV. DEPTH 
II'TMSLI CFT.) 

1434 1975 

1429---1980 

1424-r-1985 

1419- -1990 

1414- r- 1995 

1409- r 2000 

1404- -2005 

1399- r- 2010 

1394 -f- 2015 

1389 2020 

STRATIGRAPHIC 

COLUMN 

X 

X 

\\\\\\\\\ 

\\\\\\l\1 

' ,'MH"'-. ~5. '\.. 

-

- X 

X -

X 

-
-

-
-

-
-

-

REMARKS 

HALITE, ~!DIUK TO COARSELY CRYSTALLIN!, WHIT! TO CLEAR, STIUCTURELESS; ~ODERATELY 

ARCILLAC!OUS, CUY, COIITEliT DECI.EASf:S WITH DEI'T1I, OCCURS AS DISSEMINATED RANDOMLY• 

ORIEIT!D DISCONTINUOUS STIINC!RS AND IL!IS; TRACE POLTHALIT! BLEBS; CONTAINS INT!I· 

UIIIT DJSSOLUTII* PITS FILLED WITH RELAtiVELY PUll! HALITE; Flf:! OF ClAY CLAY FlOtt 

198S.O' TO 1989.0'; THIJ (<1/8") SUIHOIIZOWTAL STIINC!IS or ANHYDRITE OCCUil BELOW 

1916.0'; IIIECULll B!D or HALITIC ANHYDRITE IJ LOWER 1" TO 3" OVERLIES HICHLY UNOU

LATOIT IASAL COIITACT, COIITACT KAIX!:D 1Y ClAY CLAYSTONE IN Cl!AHliEL rROUCHS, CONTACT 

EJ.OSIOIIAl.LY TEIIIUNATES UNOEILYUIC UIIIT AT THE WEST SID! OF SHAYT; BASAL COIITACT 

SHAU. 

HALITE, MEDIUM TO COARSELY CIYSTAl.LIIIE, WHIT!; CONTAINS DISCONTINUOUS SUBHORIZONTAL 

STIIIIC~S CW tUIIIYDIIT!, <1/4" THICX; UIIIT TliiCICNESS VARIES FROM 0 TO 1.S' AS IT IS 

DOSIOWA1.1.1 T!lltiiiAT!D AT UPPER CONTACT; SHAPE l.EliTICULAI (0 TO 1.S' X 6'); BASAL 

COIITACT SHAU. 

HALITE, H!DIUIC TO COARSELY CIYSTAU.IJI!, WIT! TO CLEAR TO TINTED CllAY, BANDED, 

SPACED 1/2" TO 4", ntAC! CRAY CLAY; COIITAIJS CONTINUOUS IIIECtli.All SUBHOIIZONTAL 

STIINCfRS OF ClAY CLAY; BASAL CONTACT SHAU, SLICHnY 11!1llUI.ATORY UP TO 4". 
HALITE, MEDIUM TO COARSELY CRYSTAl.LIN!, WHIT! TO CLEAR TO TINTED ClAY, BANDED ON 

1/2" TO 2" SCALE, SLIGHTLY AllCILLAC!OUS, OCCURS AS SUBKORJZONTAL SrRINCEiS AND 

LOCAL RANDOMLY-DiiENTED STIINCERS; TltAC! POLTHALIT!, OCCURS AS DISS~~INATED BLEBS, 

CONTEliT INCREASES WITH DEPTH; BASAL CONTACT SIIAil. 
HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR, STRUCTURELESS; SLIGHTLY 

AICILLACEOUS IN UPPER PAIT, CONTENT DECREASES WITH OEPTH,~CURS AS REDDISH-BROWN 

RANDOMLY-ORIENTED STRINGERS; TRACE POLYHALITE, CONTENT INCREASES WITH DEPTH; BASAL 

CONTACT SHARP, SLIGHTLY IllRECIILAR, SLICHnY UNDULATORY (3"). 

AIICILLACEOUS HALITE, riNELY TO COARSELY CRYSTALLINE, loi!IITE TO TINTED ORANCE; CLAY 

REDDISH-BROWN, CONTENT DECREASES WITH DEPTll, OCCURS AS INTERCRYSTALLlSE ~TRIX, 

ClADES TO SUB!IORIZONTAL S!R!SCERS WITH DEPTH; HALITE OCCURS AS DISCONTINUOUS BEOS 

AND ALIGNED PODS; BASAL CONTACT SHARP, IRRECULAR, UNDULA70RY. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
Ll THOLOG IC LOG 

nr: en 



PRELIMINARY 

ELEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
REMARKS 

IF"T MSLI I FT.) 

I 369 2020 

1364 2025 

1379 2030 

1374 2035 

1369 2040 

1364 2045 

1359 2050 

1354 2055 

1349 

1344 2065 

-x-x 

X 

X 

X 

AS AIOY£ 

HALITE, fiW!Lf TO COARSELY ClfSTALLIHE, WHITE TO TINTED ORAMCE, OCCURS AS IRRECULA& 

DISCONTIHUOUS BEDS 112• TO 2• THICK AT TOP, B!COH!S MASSIVE WITH DEPTH; VERY ARGIL

LACEOUS AT TOP, COIITEIIT DECJ.!ASES WITH DEPTH, OCCUBS AS INTERCRYSTALLINE MATRIX; 

AIIUIIDAIIT POLYIIAUT! AT TOP, COIITDIT IIICR!ASES WITH DEPTH, OCCUBS AS DISSEl1INATED 

BLEBS AND IA&I SUBHOIIZOVTAL STaiHCERS; CONTAINS ABUIIDAIIT VEITICALLY-DIIENTED 

ELOWCAT! ZOIIU Of PUR! A!fD POLYliALITIC HALITE WITH IU.!CULU EDCES, 1.0' TO 2.0' 

ACIOSS, I1P TO l.D' DEEP; BASAL CONTACT EXIIIIIITS CHANNEL fOitli, WITH HICH SIDE 

OCCUIIlHC 01 WEST SID! OF SHAFT AT 2032.0' AND LOW POINT OCCURRING ON EAST SIDE OF 

SHAFT AT 2036.3'; CHANVEL FILL CONSISTS OF HALITE A!fD POLYHAI.ITIC HALITE BELOW 

2032.0', 1 0.5' TliiCX BED OF fiNELY CRYSTALLIN! ANHYDRITE OCCURS AT 2032.3' AND 

TEIMIWAT!S ACAIIST UIID!ILYINC UNIT AT WEST SIDE OF SHAFT, FILL CONTAINS ABUNDANT 

SUBHOIIZONTAL STalNC!IS OF ANHYDRITE THAT TEIHINATE ACAINST UNOERLYIHC UNIT AT WEST 

SIDE OF SHAFT; BASAL COHTACT Sl!AR.P. 

POLYHALIT!, FINELY CRYSTAI.LINE, REDOISH-DRANC!, STIUCTUIELESS EXCEPT FOR LOCAL 

ZONES COirTAIIIIIIO HALITE PSEUDOMORPHS AFT!I CYPSUM SWALLOWTAIL CRYSTALS AND LOCAl. 

ZONES WITH IODULAR STRUCTURE, LOCALLY THINLY LAMINATED NEAl BASE; UPPER 2.0' ON 

WEST SIDE OF SHAFT CONSISTS OF THIIILY LAMINATED ANHYDRITE; BASAL CONTACT 

CRADATIOHAL, UVDULATORY. 

ANHYDRITE, fiVELY CRYSTALLINE, ALTERNATINC LICHT AND DARX CRAY, THINLY ~~!HATED, 

~~INA£ UVOULAT! SLICHTtY; 0.3' ABOVE LOWER CONTACT, 0 TO 1" THICK DISCONTINUOUS 

p-->...~_,.__,.._-,.....::,_~+---, PURE HALIT! BED OCCURS, CONTAINS ONE DI SCONTIHUOUS STRINCER OF POLYHALITE; BASAL 

X 

X 

X 

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 

SUBllORIZOHTAL STRINGERS wrliCH BECO~E SUBHORIZOSTAL \liTH DEPTH; TRACE ?OLYHALITE, 

OCCURS AS DISSEMINATED BLEBS AJID SUBHORIZONTAL S7RINCERS NEAR BASE; l" 70 2" :niCK 

BED OF AHHYDIITE (NORTHWEST SIDE Of SHAFT} AND POLYHALITE (SOUTHEAST SIDE OF SHAFT} 

AT 2059.3'; SUBHORIZONTAL STRINGERS OF ANHYDRITE IN LOWER 5.0'; NO CLAY OCCURS 

BELOW 2059.3'; BASAL CONTACT SHARP, UNDUI.ATORY TO 0.4', ~ISCONFO~~LE. 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED ORANCE AND GRAY, 

THINLY BEDDED TO GRAY ARCILLACEOUS HALITE WITH CI.AY·FREE HALITE, BEDDINC TE~~INATED 

AT UPPER CONTACT; TRACE POLYHALITE AT TOP, CONTENT rNCREASES IIITH )EPTH, OCCURS AS 

DISS~INATED BLEBS; ARCILLACEOUS, CONTENT DECREASES WITH DEPTH, CRAY AT TOP CRADINC 

TO GRAYISH-BROWN WITH DEPTH, OCCURS AS DISCONTINUOUS RANDOMLY-QRIENTED STRINGERS 

AND LOCAL ZOWE5 OF INTEiCRYSTALLINE MATERIAL, BECOMES REDDISH-BROWN BELOW 2070.2', 

COHTEWT DECIEASES ABRUPTLY BELOW 2079.0', BASAL 2.0' SLICHTLY ARCILLACEOUS; BASAL 

CONTACT SI!AU, SLIGHTLY UNDliUTOIY, IU.ECUI.All, IWUCEO BY DISCONTINUOUS IRRECULA& 2" 

THIClC B!D or IALITIC AH!!YDRIT!. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 

ELEV. DEPTH 
( FT MSLI (FT.) 

I :3 44 2065 

I :339- ,_ 2070 

1:334-1-2075 

STRATIGRAPHIC 

COLUMN 

X 

X 

X 

X 

X 

REMARKS 

AS AIIIY[ 

1:329-- 2080 X 

1324- -2085 

1319- 1- 2090 

1314-1- 2095 

1309- - 2100 

1304-f- 2105 

1299 2110 

-

-

X 

\1\\\\\ 

-

-

X 

X 

X 

\\\1 \I 

X 

X 

!lALIT!, MEDIUM TO COARSELY CRYSTALLIII!, WHITE TO CLLAI; TRAC! POLYHALIT!, OCCURS AS 
DISSEMINATED BLEBS; ARGILLACEOUS Ilf UPP!I 1.2', OCCURS AS REDDISH-BROWN DISCONTINU
OUS SUBHORIZOITAL STRINCERS AHD KASS!S or HALITIC MUDSTONE, CONTENT DECREASES WITH 
DEP'Tll; BASAL COifTACT SHAilP. 
HALITE, H!DIUM TO COARSELY CB.YSTALLINE, WIT! TO CLLAI; TlACt DISSEMINATED BLEBS 
AHD RAIIDOKLY-<lUDITED STRINC!B.S or POLYKALIT!; AllCILLACEOUS Ill UPPEB. 1. 0', CONTE!IT 
DECl.EASES Wl'TB D!PTH; LOC.U. A!II!YDIIT! STRI!ICEIS OCCUB. NEAll BASAL CONTACT; BASAL 
CONTACT SI!AI.P, SLICHTLY IRB.ECUU.II. AND UNllUUTOiY. 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHIT! TO CLEAR; RARE DISSEMINATED 
POLYHALITE BLEBS; ARGILLACEOUS AT TOP, CONTENT DECREASES WITH DEPTH EXCEPT FOR 
LOCAL INCREASES, CONTENT DECREASES ABRUPTLY BELOW 2101.5', OCCURS AS DISCONTINUOUS 
SUBHORIZONTAL STRINCERS; THIN DISCONTINUOUS STRINCERS OF ANHYDRITE AND POLYHAL!TE 
OCtua IN LOWE.I 2.0'; BASAL CONTACT SI!AI.P, SLICHTL'f UN!llll.ATORY. 

ANHYDRITE, FINELY CRYSTALLINE, ALTERNATINC LICHT AND DARK CRAY, THINLY LAMINATED; 
~XXXXXli:X UNllERLAIN BY 1{2" THICK CRAY!SH-BROWW CUYSTONE BED; BASAL CONTACT SHARP. 
~fill:i'J~nN~t:::::j HALITE, FINELY TO COAIISELY CIYSTALLllfE, WIT! TO TINT!D OIWICE, BEDDED AT TOP WITH 
~'\: 

IIIII\\\\ 

REDDISH-BROWN A!CILLACEOUS HALITE, SPACED 1" TO 2"; ARCILLAC!OUS, CONTENT DECREASES 
WITH DEP'Tll, OCCUIS AS INTERCUSTALLIII! KATI.IX !If ABCILLACEOUS HALITE BANDS AT TOP 
AND IAHDOtll.Y-Oll!llttD STI.lltC!U Wl'TB D!PTII, CONTnrT DECl.EASES ABRUPTLY BELOW 
2111.3'; lAI! DISS~INAT!D BLEBS or POLYKALITE: BASAL CONTACT DIFFUSE. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
liTHOLOGIC LOG 



.-----------~----------T--------------------------------------------------------~ PRELIMINARY 

ELEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
REMARKS 

( ~·T MSL J (FT.) 

1299 2110 

1294--2115 

1289-f-2120 

1284-f-2125 

1279- -2130 

1274- - 2135 

1269- r- 2 140 

1264- 1-2145 

-2146.4 

-t-

AS AIOV[ 

X 

••••••••••••• t-~~==-'~=-=--::==":':"""':=~=---:-:::=-=--=-=-:-:-:---:-:-::-:-::::-:-:-:=:-:-:::~-:-::--:::---l 
HALITE, K!DIUM TO COAIS!LY CIYSTALLIW!, WHIT! TO CL!AI; RARE STRINGERS OF CLAY IN 

X 

UPP!I. 1.7'; TP.AC! SUBKOIIZOWTAL TO HOIIZOIITAL COII'TIIIUOUS STliiNCERS OF ANHYDRITE 

BELOW 2117.0'; BASAL CONTACT SKAIP. 

HALITE, KEDIUM TO COAISELY CIYSTALLUI£, WHIT! TO TINTED ORA.NCE, RARE RANDO!fLY

OIIEYT!D CLAY STIINCEBS TO 2125.2'; UPPEI CONTACT KARXED BY ANHYDRITIC CLAYSTONE 

CONTAlNINC DISPLACIV! HALITE CIYST.U..S (<1/4"); TRACE POLYHALITE BLESS; ANHYDRITE 

STIINC!RS OCCUI B!TW!EN 2128.1' AND 2128.5'; BASAL CONTACT SHARP, SLIGHTLY UNDU

LATORY, IUlCULAI.. 

I AMHYDRIT! (A), FINELY CRYSTALLIN!, LICHT ClAY, THINLY LAMINATED, LAMINAE SLICIITLY 
~~""'C""'"'~'r"df--...J 

,"'. """ ""~ '"" COIITORT!D; LOCALLY COII'TAlNS S!W.L HALITE CIYST.U..S ( < 1/16"); BASAL CONTACT SHARP, 
1'--'_,_~~..:.....:~~~ 

-
\ 

\ 

-

1 SLIGHTLY UIIDIIUTOIY. 

IW.IT!, M!DIUit TO COAISELY CIYSTALLIN!, WIIITE TO CUAI; UU CLAY STRINCEBS TO 

2131.5'; SUBHOIIZONTAL STIIIICEIS OF AII'IIYDRII'! SPACED 2" TO 4" OCCUR BELOW 2134.0'; 

BASAL CONTACT SIIAIP. 

P:==s::::!==q==~j ANHYDRITE (B), FINELY CRYSTALLIN!, LICHT ClAY, IIINT OF THIN t.»IINATrONS; HALITIC, 

l BASAL CONTACT SHARP, IRRECUUJ., SLICHTt.Y \JIIlll1UTORY. -

X 

-

X 

FACILITY / 
LEVEL 

HALITE; MEDIUM TO COARSELY CRYSTALLIN!, -~IT! TO CLEAR; RARE SUBHORIZONTAL CLAY 

STRINCERS AT TOP, CONTENT CECR!ASES WITH DEPTH; VEIY RARE BLEBS Of POLYHALITE; 

BASAL CONTACT NOT OBSERVED. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



EXHAUST SHAFT 

s 46. s '-4"-'?"~~ 
602.5'==1~~~ 

627' 

7/J.s'==t~~~· 
736' 

8 50 5 '--+--=.=..==-"( 

907' 

2 I 4 6. 4 I -'--------1 

NOTES: 

,..._,"""'""'"+~-:t-~ DUNE SAND AND CALICHE 
GATUNA AND SANTA ROSA 

DEWEY LAKE REDBEDS 

TAMARISK MEMBER 

z 
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...JI-
1-<t 
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=>a::: 

UNNAMED LOWER MEMBER o::: ~ 

BASE OF THE KEY 

....._ __ ___. __ WIPP FACILITY LEVEL 

z 
0 

1-
<t 
:!: 
0::: 
0 
La... 

0 
0 
<t 
...J 
<t 
(f) 

EXPLANATION 

em SAND AND SANDSTONE 

m MUDSTONE AND SILTSTONE 

~ ANHYDRITE 

D ROCKSALT 

~ DOLOMITE 

FIGURE 5 

GENERALIZED 
EXHAUST SHAFT 
STRATIGRAPHY 

PREPARED FOR 
I. ALL ROCKS BELOW SANTA ROSA ARE 

PERMIAN IN AGE. 

2. ALL DEPTHS ARE MEASURED FROM A 
REFERENCE ELEVATION AT 3409. MSL. 

WESTINGHOUSE ELECTRIC CORPORATION 
CARLSBAD. NEW MEXICO 

IT CORPORATION 
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200 

205 

210 

I> 
2> 

3) 

4) 

5) 

NORTH EAST 

25 20 IS 10 

F63 

5 

F61 

F60 

F65___/ 
~7 F! Fl 

THIS INTERVAL WAS MAPPED ON 10-3-84. 
THE LITHOLOGY OF TH!S.IMTERVAL 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 A SCALE 
OF ONE INCH EQUALS FIVE FEET ARE INCLUDED ON THE ~AP. 
MAPPING EFFORTS WERE CONCENTRATED IN THE DEPTH 
INTERVAL FROM 195.0 FEET TO 200.0 FEET. 

F70 

Flit 

62 

68 

F64 

F69 

SOUTH 
DISTANCE FROM SOUTH LINE, !FEET) 

0 

F87 

F82 

F86 

5 

--r9~ 

•s .9 

EXPLANATION 

MAPPED FRACTURE #20, SEE FRACTURE NOTES FOR 
DESCRIPTION 

10 

Fl 

SAMPLE LOCATION, EXHAUST SHAFT DETAILED MAPPING SAMPLE 
#24 
MAPPED FRACTURE #29, FRACTURE SURFACE EXPOSED 

WEST 

15 20 

NORTH 

25 28 

Fl 

FIGURE 6 - SHEET 1 OF 11 

FRACTURE LOG IN 
T~E DEWEY LAKE REDBEDS 

DEPT~ 190.0 THROUG~ 205.0 FEET 
EXHAUST SHAFT 

WASTE ISOLATION PILOT PLANT 
CARLSBAD, HEW MEXICO 

PREPARED FOR 

WESTINGHOUSE ELECTRIC CORPORATION 
CARLSBAD, HEW MEXICO 

IT CORPORATION 



WI PP EXHAUST SHAFT 
FIGURE 6- SHEET 2 OF' 11 

FRACTURE NOTES 

------------ -------------------------------------------------------------------------------------------------

I· r·;,ct ltr·,: 

tlull!ber· 

Fl 

F2 

IJip of 
Ft'ac ture 

l!Ot'iZOfiLZ!] 

15° 

~-;ubi tOt' i ZUfl La 1 

2U'' 

llut·izortLtl 

. ~ I't!. -- l'il!I'Oll:.i gyp:;;tllll 
"" 

** Azimuth 
of Pole 

230 

000 

330 

055 

270 

F r·a c L twe 
Thickness 

1/11-1/2 11 

1/ll-3/4'' 

0-1/4 11 

<1/16 11 

1 I 4'' 

1/8-1/ll'' 

F'i ll * 
Material 

fg 

fg 

fg 

fg 

fg 

fg 

fg 

fg 

Structure 
Within Vein 

Fibers perpendicular to 
fractured surface, second 
growth 1/4 inch from base 

Sigmoidal growt~ of fibers 
suggesting slight left 
lateral movement 

Fibers are straight, but 
at angle of 30° to the 
fractured surface 

Fibers oriented vertically 
with slight inclination 
to the fracture plane; 
contains small siltstone 
inclusions in center of 
vein 

Fibers oriented vertically 

Fibers oriented vertically 
with small siltstone 
inclusions in middle to 
lower 1/2 

F iber·s Ot' iented vertically 

Fibers oriented vertically 

Cross-Cutting 
Relationships 

No terminations 

F2 and F1 terminate F3 

F4 cut by F2 

F6 intersects F16, F18, F28 
relationships not determined 

F'7 intersects F'B, F'2 

FB terminated at F'2, F'18 

l<it*l\:l.illildlt of pule.: dt:~.;L:J'itJt;:;; Llir~ dir-ection or dip; quadrant notation describes the strike of the plane. 
Fl'iH!Llll'<~ (10\. nr<:tppcd 



I· 1'aC tu r·c 
Number· 

F9 

FlO 

*** F 11 

F12 

F13 

F14 

I· 15 = Fl~ 

F\6 

F 1'{ 

F18 

Dip of 
Fractur·e 

19" 

hor·i:Lontal 

hot· i:Lontal to 
undulator·y 

75" 

subhor· izon tal 
to undul ator·y 

80-50" 

Azimuth 
of Pole 

070 

010 

090 

340 

350 

260 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 3 OF 11 

FRACTURE NOTES 

Fracture 
Thickness 

1/16 11 

1/8" 

<1/32 11 

0-1/16 11 

1 I 16 11 

1/4-1/211 

1/16 11 

1/16-1/4 11 

1/16-1/2 11 

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-Cutting 
Relationships 

F9 intersects F7 and F16 

F11 terminates at F2 & F18 

F12 terminates in F13 

F13 terminates in F1 

F14 terminates in F18, F13 

F16 terminates in F111 

F17 terminates at F111 

F14, F23, F24 terminate 
F18 
F4, F6, F20, F21 intersect 
F18 



l-' t · ::,c Lu r·e Dip of Azimuth 
Nt1mbe1· Fracture of Pole 

*** 26° F19 350 

F20 hor·izontal 

F21 horizontal 

F22 38° 100 

F23 subhorizontal 

F2li subhor·1zontal 
undulatory 

F25 75° 080 

F~G 2~'' 350 

rZ/ l10 J' i zon tal 

F2S ·roo 090 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 4 OF 11 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1/~" fg Fibers oriented vertically 
with suture line 

0-1/~" fg Consistent vertical sig-
moidal fibers 

0-1/2 11 fg Fibers oriented vertically, 
suture contains frequent 
thin lenticular siltstone 
inclusions 

1/4" fg Fibers oriented vertically 

1 I 1~" fg Fibers oriented vertically 

1/4-2 11 fg Fibers oriented vertically, 
fibers are straight to 
sigmoidal, bifurcates with 
inclusions of siltstone up 
to one inch thick 

1/16 11 fg 

0-1/8" f'g Fibers oriented vertically 

1/16 11 fg Fibers oriented subverti-
cally 

0-1/16" 

Cross-Cutting 
Relationshi~s 

F19 terminates at F8 & F18 

F20 cut by F28, F18 
F20 intersects F30, F35, 
and F33 

F21 intersects F18, F28, 
F30, F33 and F35 
F21 terminates at F37 

F22 terminates at F111 
and F18 

F23 terminates at F18 

F24 terminates at F18 
F24 intersects F33 

F25 terminates at F24, F27 

F26 terminates at F28 

F27 terminates at F28 
F27 intersects F30 

F28 terminates at F111 
and Fl 
F28 intersects F20, F21, 
F6, and F24 



-···----· -~ 

F I." L: L ll t 'l; Dip of Azimuth 
Nwnbet· Ft'actur-e of Pole ---

*** F29 hot' iL.ontal 

F)u s ubve r·t i cal N70E 

F31 *** subvertical N10H 

F32 23° 350 

F33 65u 080 

F3LJ ::;ubhor-lzontal 

FJ':J ~lJ'' 090 

l·'jt, ~ll bhot· i zort ta 1 

[.' 3 '{ ':J':J" 060 

F38 - not described 

l· 3Y ~liUVCI'L i ca.! EW to S30E 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 5 OF 11 

FRACTURE NOTES 

Ft·acture Fill Str·ucture 
Thickness Material Within Vein 

1 I 16 11 fg Fibers oriented subverti-
cally 

<1/16 11 fg 

0-1/16 11 fg 

0-1/8 11 fg Fibers perpendicular to 
fracture plane 

0-1/8 11 fg Fibers oriented subverti-
cally 

1/811 fg Fibers oriented vertically 

1/811 fg Fibers oriented subverti-
cally 

11811 fg Fibers oriented subverti-
cally 

1 I lj II fg Fibers oriented subverti-
cally 

1/8-1/l~ll fg Fibers oriented horizon-
tally 

Cross-Cutting 
RelationshiQS 

F29 terminates at F28 
and F30 

F30 terminates at F111 
F27, F21 and F20 intersect F30 

F32 terminates at F33 
and F30 

F33 cut by F21 and F20 
F33 intersects F24 
F33 terminates at F111 

F34 terminated by F33 
F34 cut by F35 

F35 terminates at F111 

F36 terminates at F37 
F36 cut by F35 

F37 terminates at F111 
F37 joins F41 

In de tet'minab le 



l-1 · .ic: Lu r·e !Jip or Azimuth 
Number fractut'e of Pole 
~~---

fq(l 35° 300 

F4 1 6:JO 070 

F1!2 ~ub!Jor· j LOll La l 
lmdulator·y 

Fli 3 :::~ubhm· izot1tal 

F114 - not desct'ibed 

Fli S 65" 160 

l·liG au" 010 

[·' lj '( 
7ddi 

sullltot· i .:on La 1 

X X "X 
[<lj8 ~ublwr· i ~on tCJ.l 

[o'lj (j ;.;** 
~ullvcr·t i cal N70E 

....;;.* 
l·'~U 3Uu uoo 

f51 subhot· izonta1 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 6 OF 11 

FRACTURE NOTES 

Fracture Fill Str·ucture 
Thickness Material Within Vein 

1/8" fg Fibers oriented vertically 

1/8-1/4" fg Fibers oriented subverti-
cally 

1/8-1/2" fg Fibers oriented vertically 

1/8-1/4" fg Fibers oriented vertically, 
includes siltstone clasts 

1/16-1/8 01 fg Fibers oriented subhori-
zontally 

1/8" fg Fibers perpendicular to 
fractut'e plane 

1/2" fg Fibers oriented vertically 

1/8" fg Fibers oriented vertically 

none 

1/16-1/8'' fg Fibers oriented subverti-
cally 

1/8-1/4" fg Fibers oriented vertically 

Ct·oss-Cu tt ing 
Relationships 

F40 terminated at F111 and 
F41 

F24andF111 terminate F41 

F42 cut by F53 

F43 cut by F53 

F45 terminates at F111 
and F51 

F50 terminates at F52 

F51 cut by F52 



l"r· .i~ Lut·~ Dip of Azimuth 
tJttmbet· Fractur·e of Pole ------

F52 subver·t ical N30E 

F53 vertical N35E 

f5li subhorizontal 

* 7i: 'X F55 subtlOt' izontal 

F56 subvertical S60E 

**"X F57 subhor· i::.on tal 

F~J8 ::;11 bhor· i : .. wn ta 1 

**X [·:, 9 ::;ublJOt' i ~or1 t<tl 

FGCJ 85° QljQ 

F61 :.:;ubhor· i zon L:1l 

F62 ::;ubhOt'i:C.OtlLal 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 7 OF 11 

FRACTURE NOTES 

Fr·acture Fill Structure 
Thickness Material Within Vein 

1/8-1/4" fg Fibers oriented subhorizon-
tally 

1/4-1/2 11 fg Fibers oriented subhori-
zontally with suture line 

1 I lJ" fg Fibers oriented vertically 

1/8" fg fibers oriented vertically 

0-1/4" fg Gypsum filling is discon-
tinuous, fibers oriented 
subvertically 

1/8" fg Fibers oriented subverti-
cally 

1/8" fg Fibers oriented vertically 

1/8-1/4" fg Fibers oriented vertically 

0-1/8" I 

0-1!8" fg Fibers oriented vertically 

0-1/2" fg Fibers oriented vertically 

Cross-Cutting 
Relationships 

F52 terminates at F53 

F53 terminates at F111 
F53 intersects F42 

F54 terminates at F53 

F53 and F56 terminate 
F55 

F53 and F56 terminate 
F57 

F58 intersects F60 

F56 and F60 terminate 
F59 

F111 terminates F60 

F62 intersects F60 and F69 



J.'t·c,CLitr·.:: Ulp of Azimuth 
Numbet' Fractur'e of Pole -----

F63 SU bhot' i LOll L:d 

roll ~ul.Jhor i :LOti L . .1 1 

1'65 sul.Jhorizontal 

F66*";; 65° 190 

F6 r/ su bhor· i zan L1l 

F68 subhor·izontal 

F69 SllbVQt·L i ca] 110 

F7U :subVCI'L ic::.tJ 110 

F? 1 ~ltbhur' i:.cortL1 l 

F'/:..' 25" 060 

F'/) sub! tor· i zu11 La l 

j.' { lj subl1ur· i :/.(I!J La I 

WIPP EXHAUST SHArT 
riGURE 6- SHEET 8 Or 11 

rRACTURE NOTES 

rractUt"e rill Structure 
Thickness Material Within Vein 

0-118" fg ribers oriented vertically 

0-114" fg ribers oriented vertically 

0-114 11 fg ribers oriented subverti-
cally 

118 11 

0-118 11 fg ribers oriented subverti-
cally 

1111-112 11 fg ribers oriented subverti-
cally, is a continuation 
of F58 and F61 

1111-112 11 fg Fibers oriented horizon-
tally 

1 I 11- 1 I 2" fg Fibers oriented vertically 

1/11-11211 

118-112'1 fg Fibers oriented vertically 

1 ILl" fg Fiber's oriented vertically 

Cross-Cutting 
Relationships 

r69 terminates F61l 

r1 and F65 terminate F66 

r68 terminates at F93 
F68 intersects F69, F70 
and F2 

F69 cut by F62, F68, F64, 
and F 1 ; F 111 cut by F69 

F70 cut by r68 

no cut by n1 

n2 ter'minates at F 111 
and F68 

F72 and no terminate F73 

no and F72 terminate F74 



WIPP EXHAUST SHAFT 
fiGURE 6 - SHEET 9 OF 11 

FRACTURE NOTES 

--------

l·r'dClut2 Dip of Azimuth Fracture Fill Structure Cross-Cutting 
Number· Fracture of Pole Thickness Material Within Vein Relationships 

F75 sub vet' t i cal 110 1/8-1/4 11 fg F75 joins F70 and F72 

F76 subhot· i zon tal 1/8" F75 and F70 terminate F76 

*** 1/811 Fibers oriented vertically Joins with F78 and F79 F7cl subhori:iontal fg 

Fc/8 - not described 

*** F79 - not descr·ibed 

F80 subhor-izontal 1/4" fg Fibers oriented vertically F80 joins F72 
F93 terminates F80 

*** 0-1/8" F81 subhor· izontal fg Fibers oriented vertically F81 joins F68 

F82 Sll bt 101' i :iOil tal 0-1/2 11 fg Fibers oriented vertically F82 terminates at F93 

F83 SttbllOt' b:o11 La] 1/8 11 fg Fibers oriented vertically F83 tet'minates at F2 

F8ll *** 37u 000 1/16" fg Fibers oriented subverti-
cally 

ii** 
Ft\:J SUlJitOt' i ZUttl<tl 1 I !I" fg Fiber'S oriented vertically 

[·'86 suLitOI' i:iOCl tal 1/16-1/4 11 fg Fibers oriented vertically F2 terminates F86 

Hl'/ SttbltOl' i Z(JII td. l 1/16-1/!1" fg Fibers oriented vertically F80 ter'minates F84 

F88 sttbhor·i:iontaJ 1/8-1/4" fg Fibers oriented subverti- F80 terminates F88 
cally F88 joins F87 



WIPP EXHAUST SHAFT 
FIGURE 6 - SHEET 10 OF 11 

FRACTURE NOTES 

----------

1:, ;,c tllt'e Dip of Azimuth Ft'acture Fill Structure Cross-Cutting 
Number· Fr·actur·e of Pole Thickness Material Within Vein RelationshiQS 

F89 ~** 1/16-1/4" ~ubhot'izontal fg Fibers oriented vertically F89 joins F68 and F80 

F90 ~ubhot' izon Ltl 1/8" fg Fibers oriented vertically 

F91 subhot· izon tal 0-1/8 11 fg Fibers oriented vertically Discontinuous 

F92 subhor· izot1 tal 0-1/8 11 fg Fibers oriented vertically F68 terminates F92 

F93 68" 090 118" fg Fibers oriented subverti- F 111 terminates F93 
cally 

F911 subhor· i:c:on tal 1/8-1/4" fg Fibers oriented vertically F94 terminates at F93 

F9~ ~u bl1or· i zon ta 1 1/8-1/11" fg Fibers oriented vertically F95 terminates at F93 

F9G su bt1or· i zon ta 1 1/8" fg Fibers oriented vertically F96 terminates at F93 
F96 joins F97 

Fl) 'I ~;ulllwr· izuttLal 1/8 11 fg Fibers oriented vertically F97 terminates at F93 
F97 joins F96 

F98 su bh or· i:.:: on ta 1 1/4-1/8" fg Fibers oriented vertically F93 ter·minates F98 

F99 :.;ubllut· i ZO!lld 1 0-1/8" fg F2 terminates F99 

FlOO :Jubhor·izor1tal 1/8" fg Fibers oriented vertically F100 joins F101 

F1U1 ~ll bl10l' i ZO!l ta 1 1/8" 

*** F1U2 sublwr· i :.con LaJ 1/16" fg Fibers oriented vertically F102 terminates at F93 



Ft :jL;LlJt'~ Dip of Azimuth 
fJumtlet· FracttJre of Pole 

*** F103 subve t't ical 

F 1 fJ!i 
1HtX 

subvertical N20E 

*** F105 subhor' izon tal 

F106*** subhor· izon tal 

F107 subhorizontal 

F108 subhorizontal 

*** f1Ll9 - llO t dcscr·itJ(;d 

l; 1 1 Ll subhorizontal 

F 1 11 subhor· izon tal 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 11 OF 11 

FRACTURE NOTES 

Fr·acture Fill Structure 
Thickness Material Within Vein 

1/16" fg Fibers oriented subhori-
zontally 

1/16 11 fg 

0-1/8" fg Fibers oriented vertically 

0-1/6" fg Fibers oriented vertically 

0-1/8" fg Fibers oriented vertically 

1/8-1/4 11 fg Fibers oriented vertically 

0-1/8" fg Fibers oriented vertically 

1-211 fg Fibers oriented vertically, 
frequent siltstone clasts 
along suture, suture 
closer to top 

Cross-Cutting 
RelationshiQS 

F98 terminates F102 

F104 terminates at F111 
and F101 

F105 cut by F104 
F105 tet•mina tes at F2 

F106 terminates at F104 

F107 terminates at F2 

F108 terminates at F2 

F 110 terminates at F2 
F110 joins F99 

F 111 terminates most ver-
tical fractures except 
F2, F69, and F70 
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DISTANCE FROM SOUTHLINE,(FEET) 
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CONCRETE LINER 

FIGURE 7 - SHEET 1 OF 9 

FRACTURE LOG IN THE DEWEY LAKE REDBEDS 
DEPTH 256.5 TO 280.5 FEET, EXHAUST SHAFT 

WASTE ISOLATION PILOT PLANT 

CARLSBAD, NEW MEXICO 

PREPARED FOR 

WESTINGHOUSE ELECTRIC CORPORATION 

CARLSBAD, NEW MEXICO 

IT CORPORATION 

/0 

WEST NORTH 

/5 20 25 



WIPP EXHAUST SIIAFT 
FIGURE 7 - SHEET 2 OF 9 

EXPLANATION 

F2y MAPPED FRACTURE #20, SEE FRACTURE NOTES FOR 
DESCRIPTION. 

11
24 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 NMAPABLEN AT A SCALE 
Of ONE INCH EQUALS FIVE FEET ARE INCLUDED ON THE MAP. 
MAPPING EFFORTS WERE CONCENTHATEO IN THE DEPTH 1 

INTERVAL FROM 269-0 FEET TO 280·5 FEET. 



Fc·u.L~lut·e 

N lllllbt:t· 

F 1 

F2 

F3 

F4 

F5 

F6 

F7 

Fd 

[."9 

l.J i p of 
Ft·actttr·~" 

not desct'ibed 

not desct"ibcd 

subver·l i cdl 

subhot'izontal 

su bhor'i z on tal 

89" 

'/9 J 

subvel't ical 

.~HtblJO!' i :LUll tal 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 3 OF 9 

FRACTURE NOTES 

Azimuth(l) Fracture 
of Pole Thickness 

Fill( 2 ) 
Material 

Structure 
Within Vein 

280 114" 

1 18" 

1 - 1-112" 

100 1 I 16'' 

100 114" 

90 1 I lj II 

1 I lj II 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

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 

Fibers perpendicular to 
fractured surface 

Fibers perpendicular to 
fractured surface 

Fibers perpendicular to 
fractured surface 

Fibers perpendicular to 
fractured surface 

Cross-Cutting 
Relationships 

F4 & F5 terminate at F3 

F4 terminates at F3 

F5 terminates at F3 & F7 

No terminations 

F5, F8, FlO terminate 
at F7 

F9 terminates at FB 
F8 terminates at F7 

F9 terminates at FB 
& F12 

( 1 ) A:.ciuHtlll of pole clt:sct·ibes the dir·ection of dip; quadr·ant notation describes the strike of the plane. 
U) 11t't2; - \Jhitc fibl.:r·ous gypsum 



Ft'dClllt'E: Dip of Azimuth 
Number· Fracture of Pole ------

FlU hor-izontal 

F11(3) subt10t' izontal 

F12 Stlbver't ical 80 

F13 subve t'l ical 70 

FPl 32"'(appar·ent) undetermined 

F15 :::;ubhor' izontal 

F16 Stlbhor i zon ta 1 

F17 subhOt' izon tal 

f-'18 hot· i zontal 

F19 subhor· izontal 

F~~~' 49" lJ5 

Fracture 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 4 OF 9 

FRACTURE NOTES 

Fill Structure 
Thickness Material Within Vein 

1 II wfg Fibers perpendicular to 
fractured surface, suture 
closer to top 

1/4" wfg Fibers dip w 80° 

1/4" wfg Fibers dip SE 

1/4" wfg Fibers perpendicular to 
fractured surface 

5/8" wfg Fibers perpendicular to 
fractured surface 

5/8" wfg Fibers dip W of 
perpendicular 

0-1/4" wfg Fibers dip W of 
perpendicular 

1/2" wfg Fibers perpendicular to 
fractured surface 

1/16-3/8" wfg Fibers perpendicular to 
I fractured surface 

0-1/4" wfg Fibers perpendicular to 
fractured surface 

1/8-3/8" wfg Fibers dip SW of 
perpendicular 

Cross-Cutting 
Relationships 

F10 terminates at F7 & F13 

not mapped 

F10, F14 & F17 terminate 
at F13 

F14 terminates at F13 

No termination 

F16 terminates at F20 

F17 terminates at F13 

F18 terminates at F12 

F19 terminates at F20 

F16, F19, & F24 
terminate at F20 



l:r·.:tctuce 
tJumber 

F23 

F25 

F26 

F21 

F28 

F29 

F3CJ 

F31 

1-'j.~ 

Dip of 
Ft·acture 

hori:contal 

Azimuth 
of Pole 

45 

110 

1'{ 0 (appar·ent) undetermined 

subhor· izon tal 

::;u blwr· i zan tal 

subhot· izontal 

subvertical 130 

130 

30 

120 

135 

( 3) Nul 11"-l(lped 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 5 OF 9 

FRACTURE NOTES 

Fracture 
Thickness 

1/8-1/l~ll 

1/16" 

1/4" 

0-5/8" 

3/8-3/4" 

1/2 11 

3/16" 

<1/16-1/8 11 

1/16-1/8" 

0-3!8" 

undetermined 

Fill 
Material 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

Structure 
Within Vein 

Fibers perpendicular to 
fractured surface 

Indeterminable 

Perpendicular to fracture 
surface 

Fibers oriented vertically 

Fibers perpendicular to 
fractured surface 

Fibers perpendicular to 
fractured surface 

Fibers vertical to sub
vertical, dip N 

Indeterminable 

Fibers perpendicular to 
fractured surface 

Fibers perpendicular to 
fractured surface 

Fibers perpendicular to 
fractured surface 

Indeterminable 

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 

F37 & F38 tet·minate at 

no terminations 

no terminations 

no terminations 

F28 

F29 



[."t·::,cLLlt'L: 

Numbet' 

F33 

F36 

F37 

F38 

F39 

f-'112 

Olp of 
Fracture 

not desct'ibed 

subhorizontal 

!lOt' i 'LOti led 

() to 60° 

hot· i :zunli:.d 

~uLhor' izonta l 

subttOt' i zon tal 

Azimuth 
of Pole 

90 

150 

43 

170 

Fracture 
Thickness 

1/811 

l/811 

1/16- 1/11 II 

1/2" 

7/16 11 

1/4 11 

0-1/2 11 

1/ 11-3/811 

1 II 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 6 OF 9 

FRACTURE NOTE? 

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 

-- ------~----

Fr·uclut·e Dip of Azimuth Fractut'e Fill Structure Cross-Cutting 
Numbet' Fr·actur'e of Pole Thickness Material Within Vein Relationships 

flj 3 61> 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 7 1 ° 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 

F1J7 hOt'iZOIILal 0-1" wfg Fibers perpendicular to F47 terminates at F48 
fractured surface 

Fli () 61 u 50 1 I lj II wfg Fibers oriented horizon- F46, F47 & F49 terminate 
tally at F48 

FliY 32° 25 not measured clear Fibers perpendicular to F49 terminates at F48 & 
fg fractured surface F50 

F5CI 82u 60 1/4" wfg Fibers oriented horizon- F52 & F49 terminate F50 
tally 

F:i 1 75'' 75 3/16" wfg Fibers perpendicular to F51 ter'minates at F52 
fractured surface F53 terminates at F51 



F t dC LlH't2 

N ttiTtbe r· 

F5~ 

F53 

F5ll 

F55 

F56 = F53 

F5 'I 

F58 

F59 

F6U 

FG 1 

Dip of 
Fracttlt'C 

::;ubl10t' izon tal 

::;ubhorizontal 

80° 

88° 

65"(var·iable) 
( 20c appar'ent 
in JmJer· pa.t·L) 

.Sll bhot· i ZOII ta 1 

sul.Jhot· i:~.ottla I 

d~·l 

(250 c.tt Lop) 

Azimuth 
of Pole 

45 

20 

70 

45 

120 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 8 OF 9 

FRACTURE NOTES 

Fracture Fill 
Thickness Material 

314" wfg 

314" wfg 

114 11 wfg 

118-114" wfg 

114-318" wfg 

wfg 

1/4" ifg 

1 I lj II wfg 

1 I 8" \-Jfg 

Structure 
Within Vein 

Fibers oriented vertically 

Fibers oriented vertically 

Fibers perpendicular to 
fractured surface 

Fibers perpendicular to 
fractured surface 

Fibers perpendicular to 
fractured surface 

Fibers perpendicular to 
fractured surface 

Fibers oriented vertically 

Fibers oriented vwetically 

Fibers perpendicular· to 
fractured surface 

Cross-Cutting 
Relationships 

F52 terminates at F50 & 
F55 

F53 terminates at F51 & 
F58 

No terminations 

F52 terminates at F55 
F53 intersects F55 ( rela-
tionship indeterminable) 

No terminations 

F64, F59 & F53 terminate 
at F58; F61 intersects 
F58 (relationship 
indeterminable) 

F59 terminates at F58 & 
F61 

F60 terminates at F61 

F59 & F60 terminate at 
F61; F61 intersects F58 
(relationship indeter
minable) 



-----------

l't·dCLUC'tc Dip of Azimuth 
rJumbel' Fraclur·e of Pole -----

hi~· 65° 45 

F~3 70° 90 

F61i su bhot' izon tal 

F65 890 0 

F66 subhorizontal 

F67 80° 35 

Fracture 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 9 OF 9 

FRACTURE NOTES 

Fill Structure 
Thickness Material Within Vein 

1 I Li II wfg Fibers dip s 

118-114 11 wfg Fibers dip W 

314 11 wfg Fibers oriented vertically 

114 11 wfg Fibers perpendicular to 
fractured surface 

31811 wfg Fibers perpendicular to 
fractured surface 

1 I Li II wfg Fibers oriented horizon-
tally 

Cross-Cutting 
Relationships 

F62 terminates at F63; 
F61 terminates at F62 

F64, F62, F66 terminate 
at F63 

F64 tet'minates at F63 
& F58 

Terminations indetermin-
able 

F66 terminates at F63 

Termination indetermin-
able 
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/0 
I f 

CONCRETE 

F35 

0 

LINER 

/0 
I 

3044 365 
VFIO 

~ F33 / 1 F33 _ F33 IB, 1 

F31 ~F/1 F31 F2~ F4 • \F/1'~ ~6 
Fl \ ..::::. ff28 __, F1 FI8~F31 \ '-·~ 

3039 370 

3034 375 
t----f--·---

3029 380 

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 

28 



WIPP EXIIAUST SIIArT 
FlCURE 8 - SIIEET 2 Or 6 

EXPLANATION 
F2~ MAPPED FRACTURE #20, SEE FRACTURE NOTES FOR 

DESCRIPTION. 
.24 SAMPLE LOCATION, EXHAUST SHAFT DETAILED MAPPING SAMPLE 

#24. 

1) 

2> 

3) 

4) 

5) 

THIS INTERVAL WAS MAPPED ON 10-R-84. 
THE LITHOLOGY OF THIS INTERVAL IS DESCRIBED IN 
FIGURE 4· 
DEPTHS AND ELEVATIONS ARE RELATED TO REFERENCE 
ELEVATION OF 3409 FEET ABOVE MSL. 
ONLY FRACTURES THAT WERE DEEMED NMAPPABLEM, AT A SCALE 
OF ONE INCH EQUALS FIVE FEET ARE INLUDED ON THE MAP. 
MAPPING EFFORTS WERE CONCENTRATED IN THE DEPTH 
INTERVAL FROM 365.0 FEET TO 375.0 FEET. 



l:t·ac: Llli'L: 

Numbet· 

F1 

F2 

F3 

t-6 

F'l 

Dip of 
Frac tut·e 

subhorizontal 

subhorizontal 

subhorizontal 

62"E 

::lltOI\Clt' i ZOII L!l 

subhot· i zan tal 

:::illUilOt' i ZOfl td 1 

Azimuth( 2 ) Fracture 
of Pole Thickness 

1/8-1/4 11 

1/4-1/2 11 

0-1/2 11 

80 

0-318" 

1/8-1/4 11 

0-1/4 11 

WIPP EXHAUST SHAFT 
FIGURE 8 - SHEET 3 OF 6 

FRACTURE NOTES 

Fill( 1) 

Material 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

Structure 
Within Vein 

Fibers perpendicular to 
fracture surface,(fracture 
at top of mudstone bed) 

Fibers perpendicular to 
fracture surface (fracture 
at top of mudstone bed) 

Fibers perpendicular to 
fracture surface 

Fibers perpendicular to 
fracture surface (thrust 

'components of movement 
1/4-inch) 

Fibers perpendicular to 
fracture surface 

Fibers perpendicular to 
fracture surface 

Bifurcates, sigmoidal 
fibers indicating W/E 

Cross-Cutting 
Relationships 

F18, F17, F16, F12, F11, 
FlO & F4 cuts F1 

F18, F16, F12, F11, FlO, 
& F4 cuts F2 1/411 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 1/8-inch 

(l) \Jl'tj = ~Jltttc !'iul:t'OU::> [!;Y]J::>Um 
(.!) 

JL:ittlttlh of pole de::;cl'ibes th~ dir·ection of dip; quadrant notation describes the strike of the plane. 



Fr'et.::tur·c 
~lumber· 

F8 

F9 

Flu 

F 11 

F12 

Flj 

F J!l 

F16 

F17 

Dip of 
Fracture 

subhor·izontal 

subhor izon tal 

67"SE 

Azimuth 
of Pole 

80 

45 

l]Q 

25 

N 

25 

60 

135 

WIPP EXHAUST SHAFT 
FIGURE 8 - SHEET 4 OF 6 

FRACTURE NOTES 

Fracture 
Thickness 

114" 

0-1/4" 

1/4" 

112" 

1 I 8" 

1 I 8" 

1 I li" 

0-llli" 

0-118" 

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 1/8-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 



1:1 :a::luc·c 
Number· 

F18 

F19 

F20 

F21 

F22 

F23 

F2G 

F27 

F29 

DiiJ or 
Fr·actut'e 

61"NE 

75oN 

su bh01· i:.::on tal 

Azimuth 
of Pole 

135 

135 

135 

1 10 

45 

80 

80 

280 

WIPP EXHAUST SHAFT 
FIGURE 8 - SHEET 5 OF 6 

FRACTURE NOTES 

Fractur·e 
Thickness 

1/8-1/4" 

Indeterminable 

Indeterminable 

1/16-1/811 

1/8" 

Indeterminable 

1/8" 

Indetenninable 

Indeterminable 

Indetenninable 

lndelet·minable 

1 II 

Fill 
Material 

wfg 

wfg 

Structure 
Within Vein 

Fibers perpendicular to 
fracture surface 

Indeterminable 

Indeterminable 

Fibers per·pendicular to 
fracture surface 

Fibers perpendicular to 
fracture surface 

Indeterminable 

Fibers perpendicular to 
fracture surface 

Indeterminable 

Indeterminable 

Indeterminable 

I ndeter·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 
Relationships 

Cross-cuts many horizontal 
fractures 

No terminations 

No terminations 

'No terminations 

No terminations 

Indeterminable 

Indeterminable 

Indeterminable 

Indeterminable 

Indete1·minable 

Indeterminable 

F13 cuts F29 



l .. t.dclLtt·t: 

Numbe1· 

F30 

F31 

F32 

F33 

F311 

f3'J 

Dip of 
Fracture 

sublwr' i zon tal 

subhot' i~on tal 

subhorizontal 

not described 

not descr· i Led 

llO t de~ct· i bed 

Azimuth 
of Pole 

WIPP EXHAUST SHAFT 
FIGURE 8 - SHEET 6 OF 6 

FRACTURE NOTES 

Fracture 
Thickness 

1/16-3/8" 

1/4-3/4" 

1/8-1/2 11 

FiJl 
Material 

Structure 
Within Vein 

Fibers similar to F29 

Suture near base 

Sigmoidal fibers with S/N 
displacement, bifurcates 

Cross-Cutting 
Relationships 

No terminations or cross
cuts discernible 

Fll & FlO cut F31 

FlO cuts F32 
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FRACTURE NOTES 

ONLY FRACTURES WITH OBTAINABLE ATTITUDES WERE MAPPED AS 
THERE WERE TOO MANY SMALL FRACTURES TO BE INCLUDED ON THE 
MAP. 

AZIMUTH OF 
.ill. IHE eQLE THICKNESS 

F1 75° 90° 1/S" 
F2 7S" 170° liS" 
F3 NOT MEASURABLE liS" 
F4 64° so· 1/4" 
F5 5il" 2so• 118"-1/2" 
F6 7S" 315• 1/8" 
F7 69° 2S0° 1/S" 
FS go• 45° 118" 
F9 no 340" 118"-1/4" 
FlO so• 315° 1/8" 
Fl1 54° 2S0° 118 .. 

Fl2 S2° 165° 1/4" 

WEST 

'/ 

•• 33 
34 .38 

40 FB • 

1> 
2> 

3> 

t' 

I 
NORTH LITHOLOGIC DESCRIPTION 

25 

OEWEY LAKE REOBEOS 

UNIT J. SILTSTONE, REDDISH-BROWN, STRUCTURELESS; CONTAINS ABUNDANT GREENJ:H-GRAY REDUCTION SPOTS, J/16" To 1/2" DIA~ETER; 
EXTENSIVELY FRACTURED, THIN 1116" TO 1/S" THICK FIBROUS GYPSUM-FILLED FRACTURES, ORIENTATIONS VARIABLE BUT ~AJQRITY ARE 
HOR l ZONTAL TO SUBHOR I ZONTAL, SPACED 1" To 2"; BASAL CONTACT SHARP, SLIGHTLY UNDULATORY· 

J UNIT 2· AR61 LLACEOUS SILTSTONE, REDDISH- BROWN, STRUCTURELESS; CONTAINS FRACTURES S I~ I LAR TO UN IT 1; APIINDANT GREENISH-GRAY 
REDUCTION SPOTS; GRADES TO SILTY CLAYSTONE IN UPPER 1/4" TO 3/4"; LOWER 114" TO 1/2" CONSISTS OF GREENISH-GRAY 

- ARGILLACEOUS SILTSTONE; FRACTURES IN UN IT DO NOT EXTEND INTO UNDERLYING ANHYDRITE; BASAL CONTACT SHARP, UNDULATORY UP TO 
1-5', EROSIONALLY TERKINATES LAIIINAE IN UNDERLYING ANHYDRITE. 

RUSTLER FORMATION 

UN IT 1· ANHYDRI'IE, FINELY CRYSTALLINE, ALTERNATING ~EDIUII GRAY TO GRAYISH-FROWN, WHITE AT UPPER CONTACT. BANDED TO OCCASIONALLY 
LAIIINAlfD, BANDS SPACED 1116" To 1", BANDS AND LA~INAE UNDULATE UP TO 1/4" AND OCCASIONALLY TERMINATE ABRUPTLY, GRAY 
BANDS ARE USUALLY THICKER; UPPER 3.0' CONTAINS AN INCREASING ABUNDANCE UPWARD OF CLAY INTERBEDS; FRO~ 0 TO 6" OF GYPSUM 
OCCURS AT UPPER CONTACT; CONTAINS ABUNDANT HORIZONTAL TO SUBKOR I ZONTAL Fl BROUS GYPSU~-F I LLED FRACTURES, 1/8" TO 1/2" 
THICK, SPACED 1" TO 3"; BASAL CONTACT NOT OBSERVED· 

EXPLANATION 

SHARP CONTACT 
SAMPLE LOCATION, EXHAUST SHAFT 
DETAILED MAPPING SAMPLE #24 
MAPPED FRACTURE 

FIGURE 9 

GEOLOGIC LOG OF 
DEWEY LAKE REDBEDS - RUSTLER FORMATION CONTACT 

DEPTH 530 THROUGH 555 FEET 
EXHAUST SHAFT 

THIS INTERVAL WAS MAPPED ON 10-15-84. 
THE DEPTHS ARE RELATED TO THE SHAFT REFERENCE LOCATION 
AT 3409.0 FEET ABOVE MSL· 
STANDARD GEOLOGIC SYMBOLS ARE NOT USED IN ORDER TO 
ENHANCE THE CLARITY OF THE LOG COLUMN. 

WASTE ISOLATIO~ PILOT PLA~T 

CARLSBAD, ~EW MEXICO 

PREPARED FOR 

WESTINGHOUSE ELECTRIC CORPORATION 

CARLSBAD, NEW MEXICO 

IT CORPORATION 
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LITHOLOGIC DESCRIPTION a; -'o.. I DISTANCE FROM SOVTH LINE, (FEET) 

"'"' :r'w 
0..-' a.. D .JO Z5 zp ~5 110 f ~ 5 l!O '( Zf ~5 28.5 w 

2844 5&5 

~4Q5\56B.5 CONCRETE LINER 
I 'Oflt·!IN£t Cl "l.R 

UIIT 1- AIKYORITL FINELY CRYSHLLJirtf. 1'1[0\U~ TO DARK GRAY, t'OSSIBLE NODULAR STRUCTURE, HARD; nPPER Cn!HACT NOT OBSf.RVfD: BASAl CONTACT SHARP. 

UNIT 2· ANHYDRITE. fl~ELY TO I'·EOIU!'! CRfSfAlliNE. ALTERlfATIJIIU lJf,HT TO DARK GRAY, SlRUClURE.LtsS AT TOP B£(01'1\NG BANDED WiTH DEPTH, HAPO; GYPSIFEROUS 
NEAR BA~E: BASAl CONTACT Sfloi!RP. 

J UNI1 3. SJLTY I'IUDSTONE. GRAY (REOt:CEO>. THINLY LAt-.INAHD. SOFT; FIU.CTURES fROr. UfWERU'!NG UNIT COIH\NJOUS !NTO UIIIT 3: RAS.t.l COtrrnACl GRADATIONAL· 

r2~8~3~4~5~T.~~~~~~~~~~~~-~4~6~::~~~~U~N~IT~~4~~3;==~~-'~U~N~I~T~3~==~~:;;:~~~~===~··
4~5~~~~~~~~~;~U~N~I~l~.~.--~S~Il~ll~Cl~A~YS~T~O~N£~.~R~E~DD~I~S>--~,,~,~,,~ .• -T~>-IN~.,-Y~L-,-,I~N~,l~E~D~.~CO~N~l~II-NS~I1~1~b.~T~O~I~1R~.~l~H~IC~<-S~U~BH~O~R~IZ~O~Nl~A-L~G~YP~S-Ilr~•-~F~IL~L-l0--FR-A-C1~U~R£~S~S~P~,C~£~D~1~.~T~O~l~'-,~B7AS~A7L---t 

;;..- ~ - CONH.Cl SHA~», UNDUlATOJ.',Y, D!SCO,.FOR~ABLE. PIARKED BY T~.£ OCCURRENCE OF A FINELY U!'.JNHEtl SLIGHTLY FISSILE DARK REtlOtSH-~ROIIIrl: S!lTY 

~.., ""-'-, 43 "·O I "UOSlONE. 

5<-a!57~2 .53 ~854 UNIT 5..../ IF5--.......~4 73 UNil 5. SILTY CLAYSTONE, RHDISH;WI, LOCAllY lHINLY L'"INATED; CONTAINS LOCAL ZONES OF GYPS"" NODULES AND CRYSTALS, B£DDIOG LOCALLY DISRUPTED IN 
GYPSIJI'1-R\CH lOWES; LOCAL PODP.LY-OEFIIiED WHITE ZO)IfS I&YPSlFEROUS CLAYSTONE?>; BASAL CONTACT SHARP. UNDULATORY. tllSCONFORf"!ABLE. f'loARKED BY 2829 580 

F! UNIT 6 FIRST OCCURRENCE O' GYPSU' .. 
55 UIUT &,. SILlY CLAYSTONL R(CDIS~-BRGWN, LARG£ GREENISH-GRAY AREAS IN LOWER J,Q' TO }.5', THUILY LAI'\INATE£1, lAf"!JiriA.£ OFTEI sur,HTLY IIW[II\LATORY ANti 

2824 SBS ,.,--- _..-.5"' ---~8 ....._ ......._ --- - ------ _ 52.1 5-2_.-- -- _,~-----.--.--._ TER!".\NATED ERO~!ONA~LY, HAC£ ':ROSS-LAI'I/h'ATIONS, SOFT; UPP[R 0 TO s• D[FIN£0 AS GYPSJFEROUS CLAYSTONE; GYPSUI"o Nf)OULE!i (<1/2•) AND FINE 

.60- -6~UN,':!;IT71770j%~-~,6~2;;;;;;.;.:00;'?;?/;-c"7"";":77>.,...._-:"~'//;d---l ENHIOLJTHIC STRUCTU~.ES OCCUR. THROUGHOUT, CONTENT DECREASES TOI!'ARO THE RASE, CLAYSTONE LMWlAE SIJRROUNO!IiG GYPSU .. MOO\ILES UO EMTROLITHIC 

0 
STRliCTUHS EXHIBIT SOFT-SEtJI',[t;T OEFORI'IAHON. LAP'IINII.E ARE CONTORTED, CONVOLUTED, AN(} OJSRUPTEn P.Y GYPSIIJI. STRUCTURES; G~EEN!SH-GRIIY REOUCTTON 
~POTS LOCALLY ABUNDANT, OFTEN IIAVE 1'\QRPHOLOGY SlflillAR TO GYPSUPI, SEVERAL I" THICk tt0Ril0~7AL TO SUBHORilONTAl IOtlES r.(lMTAJNitiG ABIINPANT 

2819 590 GREENISH-GRAY SPOTS OCCU~ I~ UPPER 2·0'; BASAL CDMTACl SHARP TO G"O.TIOHAL. OISCONFOR'IBLE· 

UNIT ]. SILTSTOlE GRA[!JNG TO ARGILLACEUUS SILTSTONE WlTH DEPTH, LIGHT GRAY WITH RARE DARK GRAY <ORGANIC-RICK ?J LA~/N~E. THJNL'f LA/'IINATED TO VERY 
THINLY B£OOED, LA"INA[ UNDULITliLIGHTLY PARALLELING LOWER CONTACT_ RARE SQFT·SEOI"ENT OEFOR"ATION; UPPER 0-2' TO Q.S' STRUUURELESS WITH 
fAIMT HINTS OF THIM L•~.INAliONS. ST~UCTURELESS ZON£ BOUNDED AT BASE BY "'NOR EROSIONAL SURFACE WHICH TER~IHATES UNDERLYING !EDDING, CDNUINS 

2814 595 NODULES OF WHJT£ GYPSU' 1<112' Dl'"£1£0\, CONTENT DECREASES WITH DEPTH; HORIZONTAL AND SUBHGRIZONTAL GYPSUe·FILL£0 FR,CTURES lllG" TO 11;• 
THIC<. UNOULATCRY, FOLLOWS BEDDING PLANES, AVERAGE SPACING 3' TO 5"; VERTICAL AND SUBVERTICAL GYPSI'"·FILL£0 FRACTURES lllG' TO 110" THICK, 
SPACED 0-25' TO l-5', ABSflrH IN UPPER 0-1' TO 0·5'; BASAL COtiTACT SHARP, Ulri.DULATORY, EROSIONAL. 

UMJ1 8· ANHYDRITE, FINELY :RYSTALLINL tiRAY TO GRA'([SH-BROWN. THJNLY LA."I!IIATED IN UPPER l·O' TO 1·0' F.RAil!NG TO NODULAR WI Hi DEPT!'; LOCAL 
2809 600 GYPSIFERDUS AREAS NE>R TOP AND BASE ARE "EOIUM CiYSTALLINE; "JQRJTY OF FRACTURES HORIZONTAL TO SU!HORIZONTAL, FILLED WITH FI!ROUS GYPS\'", 

1116" TO 112" THICK, SPACED 1" TO 1·0"; BAS'L COMJACT SHARP, DISCONFORMRL£. 

-----1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~M~p~.GrUN~'!~A~D~Ql~QM~'~!~E~"~Er~E:'R~~::~::::::~~::~~::::::~~~~~~~~-:::~~~~::~~~~~::~::~~:---~ ~2804 605 
/ UNIT 

7

3 
7

'8 70 
luNIT 1. DOLO"m. GYPSIFERous. so~E ARENACEOus MATERIAL FINELY CRYSTALLINE •ND FINE·GRAIN£0, IROwN AND LIGHT BRo,., THIN TO .'EDIU' IEDOED, BEOS 

W '---------------.,74"--f---------:-:-:-:-:-;-----------------L•7'.::3...ji:_•F.:6:,:0:._ __ -j _ INTERNALLY STRUCT~RELESS EXCEPT FOR RARE THIN LA"INATIONS A'D RAR£ CROSS·LA<INATIONS, LOWER l' CQNlAIN EROSIONALLY TER•IN>TED TABULAR B£0S; 
t- I • 4 I UNIT I 4 I CONTAtNS 6"iPSUI'I-FILL£0 VUGS UP TO l/~· 0\A"ElER; BASAL CONTACT SHARP~ TERI'IJNATES lUWERLYrNG BEDO!HG, DlSCD~fOR.,ABLE· 
~ 2799 6/0 75 UNIT 2. DOLO,!TE, GYPSIFEROUS, ABUNDANT AREMACEOIIS "ATERIAL, "EOIU'·GRAI~ED SA<D, "AJQP.ITY OF GRAINS I.PP£AR TO 0£ OOLnrm, LESS A!U!JAHl DARk 
O z 77 J . a 76 GlAINS, ALTERNATI~G LIGHT AND XEOIU" BROWN, "ICR0L"·INAT£D TO VERY THINLY BEDDED, ABUNDANT CROSS·LA~INATIONS AND RIPPLE FOR~S, CROSS· 
...Jo: FlO a 79 178 uNIT 5 L'"!N.TION SETS BROAD, VARY"'"' 2" TO •• ACROSS, BEOQING TABULAR TO LENTICULAR OFTEN lE'"INATED EROSIONALLY. LO'D STR!ICTUR£!; OVER'LL. 
0 W • 82 gBI gB3 STRUCTURE MRE BROAD ANO LESS VARIABLE AND GRAIN SIZE LARGER THAN UNDERLYING U.IT~: 2" THIC< STRUCTURELESS REO WITH LOAO CASTS AT BASE 

_,f-0 ~W c:2::.:...79::....:4+-6:::..:..;15::__r--- J - -~-F9..1!
85 -- -:B---1\ ____ - -- f---- OCCURS BELOW UPPER CONTACT; 6Y1SU"-FILL£D VUGS UP TO 112" Dl'"ETER, DENSITY OF SEDI"ENTARY STRUCT\iP,ES INCREASES MRkEOLY IN LOWER 2" 10 3"; 

-... .c r r. ,1 I --- F6tJ THIO CLAY B£0 •T UPPER CONTACT; BASAL CONTACT SHARP, "ARKED BY THIN CLAY LA"'NAE. EROS!ONOLLY TER'INAl£S BEnDING OF UNDERLYING !\NIT. 

J F7 86 UNIT 3. DOLO"IT£, GYPSIF£RQUS, SO"' ARlNACEOJS "AT[RIAL, FINE-GRAINED AND FINELY CRYSTALLINE, ALT£RN011Nr, LIGHT''" DAP< RROWN, <ICROLA"INATED TO 
Z:!: UN T 6 THINLY BEDOEO, CROSS·L'"INATED, OCCAS!OMAL TROUGH CROSs-LA'IN,TIONS WiTH VARIABLE CURRENT DIRECTIONS, CROSS-L'"INATION SETS VARY FRO" 2' TO 
w 2789 620 \ ! II ,. ACROSS, OCCASIONAL RIPPLE FOR"S· LARGER BEDS USUALLY CONTINUOUS AROUND C!RCU,FERENCE OF SH>FT, BUT ARE OCCASIONALLY TAB\ILAP.; OVERALL 
~ \F12 JFI.J F/1 BEDDING •oRE coNTINuous TH>N UNDERLYING UN liS: •ooERATELY ABUNDANT GYPSU,·FILLED vuGs uP TO 1'"" ""'ETER, BAs•L coNr.cr SHARP, "'"ED RY ,. 
:!: lHIU SHUCTURELESI LIGHT-COLORED BEO OVERLYING CLAY LA"INA£, TER'INATES REDDING Of UNDERLYING !\NIT. 

\ J • 87 UNIT 7 
1
1 f L UK IT ~. DOLO,lTE. GYPSIFERous, ABUNDANT "'"C£ous 'ATERIAL F!NHRAIHED. LIGHT BRow• wllH RARE DARK BROWN JNTERREOS, "ICROL'"INmD To THINLY 2784 625 

B£00£0; SIRUCTURE IN UPPER,. VERY fiNE, INCLUDING FINE CROSS·LA"INATIONS, FI•E STRUClURE LOCALLY OISRUPT£n AROUND ABUND"T r.YPSU'·FILLED 

2779 

•1 ~•88 ~-~· UNIT 1 8 92 a::~5 so 1 vuGs 1116" To 112· DIMETER, BnwEEN ,. AND B" BELow UPPER coNTAcT, Dot.o"m 1s THrwtr R£OOED WITH nw CLAYSTONE LA<INAE As INTERBEDs, 

6
•Q ;iPffi • 'ljjz .. ~.-.~~./@.%.~/,)/~.@J.:/.~ .. w.~~r-.. ~$? .. ~/fl .. ~.'.%//?:@'~./.J??~&t!~.~~~~ .. 'j~/,$//~.0-.·/::Cg/.~./'_.%,';;?//--- 'AJORITY Of UNIT IS THINLY LA'IIAT£D 'ilH CRQSS·L'"INAJIONS AND TROUGH CRQSS·L'"INATIONS, CROSS·LAr!NATION SETS 11'" TO z• <CROSS, PRE"LENT 

J f-;;~ //W$_:::;;..;%~/,;;//~~:?'f%~~-0-///•W//,,////;"~ .. ~;:;//W'ij~W CURRENT DIRECTION SOUTH, EXT~E~ELY FINE SEOI~ENTARY STRUCTURES, RIPPLE FOR"S OCCUR WITH W.VELCNGJHS OF 1' TO 2' AND A~PLITUDES OF 114"; 
LOW(R Q.\' LIGHTER COLORED. MRE COARSELY GRAINED, CONT,INS DARK-COLORED S"ID·S!IEO GRAINS <1132', POUNDED BY LOAD SlRUCTUBES, THINLY BEDDED 
EXCEPT FOR THINLY LAMlNt..H.D IN1ERBEOS OF DARK "AIER!Al. BEDS THICKEN AND iHIM DUE TO LOAD!IriG STRUCTURES, CO~TAINS Af\UNOANT GYPSUfli-FlllED 

UNIT 5. 

Ulll 6· 

YUGS; BASAL COIHHT SHARP. I'IARKEO BY LDAD CASTS INTO UNDERLYING UNIT, EII.OSIONALLY TERI"ilh"ATES BEOfl!NG nF UNn£RLYJNG IINIT-

DOLO"lTE, GYPSIFEROUS, SOr[ Af.lWACEOUS ••TERIAL. FINE-GRAINED AWD FINELY CRYSHLLIN£, ALTERNATING DARk AND LJC,Hl RROWN, ~ICROL'"INA!ED 
!USUALLY DARK BROWNJ TO lHINLY BEDDED: UPP£R 1·0' DAR< BROWN WITH "!NOR MOUNTS Of LIGHT BROWN INTERREDS, FINELY L'"INAT£0, CROSS·l'"lNAI£0, 
TROUGH CROSS·LA"'NATIOWS, CURREHT DIRECTIONS VARIABLE, CONTAINS CONCAVE UPWARD BEDS OF LIGHT-COLORED "'HRIAL EROSIONALLY PLANED OFF, RIPPLE 
FOR~S MDERATELY ABUNDANT, All. CROSS·LA"INAE CONHIN LIGHT BROWN P£BBLES FL•TTEWED PORALLEL TO BEDDING; REMINDER l!GHl PROWN COLOR 
DO"'NATES, "ICROLA"INA1£0 10 THINLY BEDD£0, THIC<£R BEOS LENTICULAR TO TABULAR, OFTEN CONTAINS CRQSS·L'"INATIONS, CROSS·L••INATIONS '" 
TROUGH CROSS·L.,,JNATIONS WITH VARIABLE CURREN! DIRECTIONS VERY ABUNDANT. CROSS·LA"'NATIDN SETS VARY FRO" 114" TO 2' <CROSS; BEDDING BECO,ES 
~ORE SUBHORIZONTAL ANO WAVY W!TH DEPTH, OENSilY OF CROSS·L'"IN,TJONS DECRE,SES WITH DEPTH, FEW BEDS ARE co•TINUOUS AROUND THE C!RCU"FERENCE 
Of THE SHAfT •ARk lNG "iNOR £ROSIO>AL CONTACTS; UNil 5 IS 'IJOR FLU!O·PROOUCING ZONE IV ~AGENT A, WET AT OUTSET OF "APPING, RE"'INEO WET •FTER 
OTHER ZONES WERE WASHED AHD HAD OR!ED, NO OBVIOUS SOURCE OF FLUID WAS OBSERVED; B•SAL CDNT•CT 6"DA110"L· 

DOLO"IlE. GYPSIFEROUS, SO•E ARlNACEOUS "'TENIAL, FINE·GRAINEO ANO FINELY CRYSTALLINE, ALTERNATING LlGHl ANO D"K BROWN, 'ICROL'"IN•TED TO 
THINLY BEDOED. LIGHT BROWN COLUR OD"INATES, STRUCTURE SI'ILAR TO UNIT 5 EXCEPT FEWER CROSS·L'"INATIONS, BEDDING IS COARSER, MRE HORIZONT<L, 
NAVY AHO CONTINUOUS; BASAL CONTACT SHARP, "'RKED BY !'TO 2" THICk BED OF FINE-GRAINED DOLO"IH WllH NO INTER"L STRUCTURE EXHIBITING RIPPLE 
FO'"S ALONG UPPER SURFACE· 

UUT 7• DOLO"ITE. GYPSIFEROUS, ABUODANT ARENACEOUS "'HR!AL, FIM£·GRAINEO, ALTERNATING LIGHT AND DARK BROWN, THINLY LA"INATED TO VERY THINLY BEDDED, 
BEDDING lOBULAR TO LENTICULAR, lHIN L'"INAE OF DARK-COLORED "'TERIAL DRAPE OVER RIPPLE FOR~S A1 THE UPPER SURF'CE OF THICKER REDS, BEDDING 
CONTINUOUS FOR UP TO 2·0' AWD EROSIONALLY TER"INAHD, FEW BEDS HOVE iNTER"'L STRUCTURE. B.EDS THICKEN AND THIN WIIH BOTH UPPER AND LOWER 
SURFACES EXHIBITING UNDUlATION~, ABUNDANT DRAPE OF DA.RK£11 LAI'IJNAE OVER UNDULATORY SURFAC.ES 1 CONTAINS l/16• TO l!t~• THICK fiBROUS li'I'PSUI".
FILL£0 FRACTURES PORALLEL TO BEDDING; OCCASIONAL GYPSU"·FILLED VUGS UP TO 114' OIMETER; BAS'L CONTACT SHARP, MAR<EO AY !LACK CLAY LA"!NAL 
EROSIONALLY TER"INATES BEDDI»G OF UNDERLYING UNIT· 

UKIT g. DOLQ"ITE. GYPSIFERQUS, ORGANIC OP CLAY-RICH, SOME ARENACEOUS "AlERIAL. VERY FIME·GRA!W[D AND FINELY CRYSTALLINE ALTE! .. TING BROWN AND DAR' 
BROWN, THINLY LAI'IIIri:ATEO, OAR¥ 8ROWN l.Ai'WIAE POSSIBLY OIUiANIC-RJCH, LAI'IJNAE ARE !liOUNDED. LAPIINAE OflEN CONTINUOUS FROI'f I'!:O~IiO TO fliOUNll~ 
L'"!NAE DIP FRO" 30" TO 10" ON SIDES OF "OUNDS, FILL BETWEEN "OUNDS IS WEDGE FO'" TO lENTICULAR-SHAPED FILL, OFTEN OCCURS AS ALTERNAliNG 
SEQUENCES OF CONVEX •NO CONCAVE LENS FOR'I WIT< CLAY-RICH LA"INAE DRAPED OVER EROSIONAL "ARniNS OF LENTICALS, HIGHEST DIPS OF LA"INAE IN 
CENTER OF PIOUMOS, WAVELENGTH BlTVEEN TROUGHS ll• TD a•; NEAR THE BASE lAfliiNAE BfCOI'IE SIIBHORIZOtiTAL AND WAVY, liD MUNO FORfii'S; UPPER 1• TO ~· 
VERY THINLY BEOOEO; FIBROUS GYPS'"·FILLEQ FROCTUR£S 1115" TO 118" THICK OCCUR PA"LlEl TO SEDOIIIG SPACED 11•• 10 3", GYPSU"·FILLED VUGS TO 
ltl&• DIAI'IETE:R OCCUR, LOCAL l0ti£S CONTAIN GYPSUI'I 1 BROWIIISH-BlACk ORUANJC-RICH ZONE OCCURS NEAR BASE,; BASAL CONTACT 6RAOW.DNAL TO DIFFUSE. 
DOLO"IH LMINAE OCCUR LOC'LLY, SURROUNDED !Y GYPSU" Of UNDERLYING UNil, IN "RE e<SES ZONES OF GYPSU• ARE INCQRPO"l£0 INTO DOLO"ilE· 

lMABlSK rtEMBfR 

UMIT J. AWHYllltJTL GYPSIFEROUS AT TOP~ (OMTENT DECREASES WITH ~EPTH. F!NELY CRrSULLIME TO 1'".£DIUI'I CRYSTAlliNE tGVPSUII.I, DARK LRAY TO WHilE. IIODULAR, 
BASAL CONTACT NOT OBSERVED· 

SHARP CO ItT ACT 
ORADATIONAL CON1AC1 <OUINED 

W!Til!N 2 Jli. l 
nJFf'US[ C0117AU 1DUI1i£D 

WITH !N 6 Jli. l 
SAI"<PLE LOCA1101i EXHAUSl S~IIFl 

DElAIL(D I'IA~PlNG SA!'IPLt •21.1 

1'\APPEO FRACTURE 13 

.!!Qru 
1) !HIS !H!ERVAL WAS ~APPED ON 1011718~. 

2) DEPTHS ARE RELATED TO !HE REFERENCE ELEVATION AI 3"09.0 
FEET ABOVE ~SL. 

3) STANDARD GEOLOGIC S~BOLS ARE NOT USED I~ ORDER ;o 
E~HANCE THE CLARITY OF !HE LOG COLU~~. 

fRACI!!Rf NOTES 

'LL FRACTURES ARE FILLED WITH FIBROUS GYPS"". 
F1 118"·114' lHICK, HORIZONTAL FIBER ORIENTATION. 
F2 !116"·110" THICK, HORIZONTAL FIBER ORIENTATION· 
F3 - l!l£•·118• THICI:, HDRJlONTAl FIS£R ORIEN.lAliOM. 
F'- - ua•-114' THICk, HO~llONTAL FIBER DRJENlATJDN· 
F5 • 1116"-118' THIC<, HOR!ZO~lAL FIBER ORIENTATION· 
f6A - liz- THICK~ SI61'10IDAl FJLLI~G PIDICATING SOUTH SIDE 

UPTHROWN RELATIVE 10 NORTH SlOE. DIP 51"N, SlRikE 
11180 .... 

F6e • 112"' THICk, FIBERS ORIENTED 30• FROI"o FRACTURE PLANL 
wEST SIDE UPTHROWN RELAT IV[ TO EASI SiDE. 

Fl • 1J4• THICK, STRIKE ~45"W, DIP 30"S. 
F8 • 118' THICK, FIRERS ORI£NT£0 PERPENDICUL" TO FRACIURE 

PLANE, STRIKE NJO"•· 
F9 - l/8'-11~· THICK~ FIBERS ORIENTED P£RPE~DltULA!I 10 

FRACTUR£ PLANE. SHIJKE N70"W. 
flO • 112' lHIC<, fliERS ORit~TEO 60" FRO" FRACIURE PLAN£ 

AND lOCAllY SJ£,/'tOIDAl~ SOUTH SIDE UPTI!ROWN RELATIVE TO 
NORTH SIDL STRIKE NBO"W. DIP 61"N. 

Fll • 114• THICK, STRIKE N45"W, DIP BO"S. 
fll - lt8•·I/ti" THICK~ FIBERS ORJEHTED PERPENDICULAR TO 

FRACTURE PLANE. STRikE W50"E. DIP 66"S. 
fll • 11''·112" THJC!, FIBERS ORIENTED PERPENDICUL'" TO 

FRACTUR£ PLANE.. STRikE S30'£. 

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 
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UNIT 15 

2494 9/5 

.!I.O.ill. 

ll THIS INTERVAL WAS MPP[D ON 11/ll/84 AND 11/16/B~· 

21 THE DEPTHS ARE RELATED TO THE SHAFT REFERENCE ELEVATION 
AT 3~09·0 FEET ABOVE ~SL· 

It STANDARD GEOLOGIC SYMBOLS ARE NOT USED IN ORDER TO 
ENHANCE THE CLARI IY OF THE LOG COLUMN. 

•1 THE INI[NVAL FROM 815·B55 FEET WAS MAPPED FROft THE 
bENCH. 

51 A PORTION OF THE ~Otk WAS OBSCURED BY THE DRILLING 
JU~BO. 

ol IH[ r-APPING INTERVAL VISIBLY PRODUCED NO WAI[R. 
HOWEVER, MAPPING CONDITIONS WERE w[l FRO"· CULEBRA 
DISCHARGE. 

.2q 

.f.llW!liill! 

SHARP CONTACT 
GRADATIONAL CONTALT !DEFINED 

WITHIN 2 IN.J 
DIFFUSE CONlACT <DCFINED 

WITHIN 6 IN.t 
SAMPLE LOCAl ION, [:!HAUST SHAFT 

DEIAILED MAPPING SAMPLE oz~ 

LITHOLOGIC DESCRIPTION 

RUSTLER FORMATION - UNNAMED LOWER MEMBER 

UNil 1 .. ARGILLACEOUS SILlSlONL GRAY WITH LOCAL REDDISH-BROWN ARElS, THINLY LAMINATED, RARE LOW·ANGL£ CROSS-LI~INATIONS; CONTAINS BROWN CLASTS OF 
ANHYDRllE RANDOMLY SCATlERED IHROUGHOUT UNIT, 118' TO 1·112• DIAMETER. ROUNDED AND FLATTENED PARALLEL TO REDDING; BASAL CONTACT GRADATIONAL 
OVER l/2', IRREGULAR, UNDULATORY, REDUCT I ON-OXIDATION CON: ACT. MAPPED AS 0 I FFUSE DUf TO [!!REM£ CONTACT UNOULAT I DNS • 

UNll 2· SANDY SlllSIONE WllH ARGILLA.CEOUS S!LlSIONE AI lOP, REDDI!;H·BROW~ WITH LOCAL GRAY AREAS, FINELY LMINtlED, LO' ANGLE CROSS·LA~lNAllONS 
MODERATELY ABUNDANT; BROWN CLASTS OF ANHYDRITE OCCUR THROUGHOUT BUT CONCENTRATED IN UPPER PART. SMALLEf CLASTS ARE lOCALLY ALIGNED IN /ONES 
PARALLEL 10 BEDDING; LOWER I' TO 2' DEFINED AS SANDSTON[ PEBBLE CONGLOMERATE, WHITE 10 LIGHT GRAY TO BLACK, MATRIX SILTSTONE, POORLY SORTED; 
FINE SANDSIONE PEBBLES ROUNDED TO SUBANGULAR, GRAY AND REDUCED. TO I' Hl[,H AND 3• LONG, FLAITENED PARALLeL TO BEDDING; CONTAINS FOSSIL 
BIVALVE HASH; THIN BLACK LAMINATIONS OCCUR THROUGHOUT; EXHIBITS PETRDLIHRDUS ODOR WHEN BROKEN; ROCK AND ~ATRIX ABOVE PEBRlES REDUCED; LOWER 
l/32' CONTAINS SAND-SIZED CLASTS; BASAL CONTACT SHARP, EX1HBITS SOFT SEDIMENT LOADING INTO UNDERLYING UNITS. LOCALLY REDDING AND CONGLOMERATE 
BED ARE BENT AND SQUEEZED DOWNWARD INTO UNDERLYING UNll, LA~!NAE OF UNIT AT SASE PA'ALLEL LOWER CONTACT tND COMMONLY EXHIBIT ROOM PROBLEMS 

I HIGHER IN SECTION DUE TO LOADIN; DEFOR~ATION, LOCAL CLAY DRAPE OVER BASAL CONTACT INDICATES THAT IT IS EROSIONAL. CONTACT UNDULATORY· 

tJ UNIT 3. SILTSIONL REDDISH·BROWN, THINLY LAMINATED, CROSS·LAMI~ATED, FINES UPWARD; SOFT SEDIMENT LOADING OF OVERLYING UNIT AT TOP; BASAL CONTACT 
GRADATIONAL. 

r-

UNIT 4. SUBDIVIDED INTO TWO LITHOLOGICALLY DISTINCT SUBUfllTS, 
GA. ANHYDRITE AND POLYHALIIL FINeLY CRYSTALLINE. REDDISH-BROWII TO WHITISH-GRAY, POORLY REDDED TO STRUCTI!RELF.SS, LOCALLY NODULAR TO 

ENTROLITHIC; 3' TO 1.0' THICK; BASAL CONTACT SHARP, MARKED BY FIRST OCCURRENCE OF OISPLACIVE HALITE. 
48. ARGILLACEOUS PDLYHALIH AND ANHYDRITE. REDDISH·BROWN TO WHilE. LAMINATED; UPPER CONTACT ~ARKED BY 112' TO I' lHICK RED OF r,R[ENISH-GRAY 

ARGILLACEOUS ANHYDRITE CONTAINING SnALL DISPLACIVE HALITE CRYSIALS, OCCURS AROUtiD 70X OF CIRCUMFERENCE OF SHAFT; SMALL, <1/3' ACROSS, 
DISPLACIVE HALliE CRYSTALS OCCUR THROUGHOUT; BASAL CONTACT DIFFUSE. MARKED BY CHAN[,[ IN MATRIX FROM ANHYDRITE TO CLAY. 

SALADO FORMATION 

UNIT 1· HA~ITIC ftUDSTONL REDDISH-BROWN. CONTAINS ClEAR DISPLACIVE HALITE CRYSTALS 1132' TO 1116' ACROSS AND J/q' TO 3• PODS OF WHITE TO ORANGE 
HALITE; LARGE GREENISH·GRAY SPOTS UP TO 2• DIAMETER; BASAL CONTACT GRADATIONAL. 

m:i" T 3· 

HAlliE. FINELY TO COARSELY CRYSTALLINE, SLIGHTLY ARGILLACEOUS AND POLYHALITIC. PINK TO WHITE TO CLEAR, ~~SSIVE EXCEPT FOR DISCONTINUOUS CLAY 
STRINGE~S; CLAY CONTENT INCREASES WIT~ DEPTH, CLASSIFIED AS ARGILLACEOUS HALITE AI BASE; BASAL CONTACT ~IFFIISE. 

HAUTE. "EDIUM TO COARSELY CRYSTALLINE, WHITE TO PINK, LOCALLY REDDISH·DRANGE AND REDDISH-BROWN; TRACE POLYHALITE RLEBS; LOCALLY ARGILLACEOUS 
NEAR TOP, CONlENl DECREASES WllH DEPlH, CLAY OCCURS IN STRINGERS NEAR BASE; BASAL CONTACT GRAOAIIDNAL. 

w 

UNIT ~. 

UNIT 5· 

UNIT6. 

Uiil]. 

UNIT 8. 

UN IT g. 

HALITIC CLAYSIONE WITH POLYHALIT£ AND ANHYDRITE; UPPER 0.2' TO 0.3' CONSISTS OF STRUCTURELESS PINK POlYHALITE; THIN DISCONTINUOUS BED OF 
ANHYDRITE UNDERLIES POLYHALITE; LOWER 0.1' TO 0-2' CONSISTS OF STRUCTURELESS HALITIC CLAYSTONE; BASAL CONTACT SHARP. 
HALliE. COARSELY CRYSTALLINE. WHITE, COARSELY BEDDED W(TH CONTINUOUS TO DISCONTINUOUS SUBHORIZONTAL STRINGERS OF POLYHALITE AND CLAY IN UPPh 
J.O', STRINGERS SPACED 0·3' TO D-6'; BASAL CONTACT SH~RP. 

HALl TIC CLAYSTONE. -REDDISH-BROWN TO GREENISH-GRAY IN UPPER 1-0', STRUCTURELESS, CONI A INS DISPLACIVE HALITE CRYSfALS;- MDERATELY ABUNDANT 
GREENISH·GRAY STRINGERS DISSEMINATED IHROUGHOUT; RARE RANOOftLY-ORIENTED HALITE·FILLED FRACTURES; BASAL CONTACT SHARP. 
HA[ITC "ED I Uft TO COARSELY CRYSI ALLIN E. WH llf 10 PINK; CDARSEL Y BEDDED WITH-HORIZONTAL fo SUBHDR ftl\NlAL STRINGERS OF POLYHALI TE AND 
ANHYDRITE. SPACED 1• TO 3•; BASAL COtiTACT SHARP. • ' 
l!AITT I CCLAYSTOHL Rl:DDJSH·BROWN, STRUcTURELESS, CONTAINS DISPLAUVEHALJTE;MDDERAIELY -ABUHDANf SUBHORI ZOHl AL REDUCED GREEN ISH·GRAY LONES 
l/2' lH!CK; Ill' TO 1• THICK RANOOMLY·OR!ENTED HALITE·FILLEO FRACTURES; BASAL CONTACT DIFFUSE· 
ARGILLACEOus-HALITLMEDIUM- TO COARSELY CRYSTALLINE. MHRIX REDO ISH-BROWN, HALITE PINK TO WHITE TO CLEAR, CijARSELY BEDDED; TRACE POLYHALffi; 
TRACE SUBHOR IZONTAL ANHYDRITE STR 1 NGERS; OCCASIONAL GREENISH-GRAY ZONES; BASAL CONTACT GRADAT 1 ONAL • 

UNIT 10. CLAYSIONE. SLIGHTLY HALITIC. REDDISH·BROWN, UPPER 1.5' STRUCTURELESS AND CONlAINS O!SPLACIVE HALITE CRYSlALS, REftAINDER lHIIILY LAMINATED; 
HALITE CONTENT INCREASES WITH DEPIH; SUBVERT!CAL HALITE·F!LLED FRACTURES SPACED J.O' TO ~-0', l/2' TO I' THICK; BASAL CONTACT DIFFUSE. 

UNIT 11· HALITE, r,EOIUM TC COARSELY CRYSTALLINE. WHITE TO PINK 10 PEDDISH-BRDWN; ARGILLACEOUS, 51 TO 10% CLAY, CLAY OCCIIRS AS INTERSIITIAL MATERIAL 
AND AS LENTICULAR CLAYSTONE PODS. CONTENT DECREASES WITH DEPTH; SURHORIZONIAL DISCONTINUOUS SIR!NGERS OF CLAY ANO ANHYDRITE SPACED 2' TO~·; 
BASAL CONI ACT SHARP. 

UN!l 12· ARGILLACEOUS HALITE. REODISH·BROWN. FAINTLY LAMINATED; HALITE OCCURS AS DISPLACIVE CRYSTALS; RASAL CONTACT SHARP, MAPPED AS GRADATIONAL AS IT 
WAS OBSCURED· 

UNIT 15. HALITE. MED!IIM TO COARSELY CRYSTALLINE. WHITE 10 SLIGHTLY ORANGE. IH!CKLY BEDDED; !RACE SUBHORIZONTAL STRINGERS AND BEDS OF POLYHALITE. 
SPACED 2• TO 5', CONTENT DECREASES WITH DEPTH, RARE STRIN&ERS OF CLAY NEAR BASE; BASAL CONTACT SHARP. 

UNIT 14· ARGILLACEOUS HAUfE. REDDISH-BROWN)HALITCOCCURS AS DISPLACIVE CRYSTALS TO 3/~· ACROSS; I' THICK BAND OF HALliE OCCURS 2' BELOW UPPER 
CONTACT; BASAL CONTACT DIFFUSE· 

UNIT 15. HALITE. COARSELY CRYSTALLINE. WHITE TO TINTED ORANGE. COARSELY BEDDED BY HALITE, CONlAINING HORIZONlALLY ALIGNED PODS OF ARGILLACEOUS HALITE, 
SEPARATED BY BEDS OF WHITE HALITE; LOWER 2·0' CONTAINS STRINGERS OF CLAY, POLYHALITE. AND ANHYDRITE SPACED 1' 10 2•; BASAL CONTACT SHARP. 

FIGURE 12 

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 {W!PP) 

CARLSBAD, NEW MEXICO 

( 1)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. 



1.0 INTRODUCTION 

WORK PLAN OF GEOTECHNICAL ACTIVITIES 
IN THE WASTE AND EXHAUST SHAFTS 

WIPP FACILITY 7 CARLSBAD 7 NEW MEXICO 

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 

For the purposes of geologic mapping, the field proceaures given in Appendix A 

of the Site Validation field Program Plan (McKinney ::.nd Newton, 1983) will ::~e 

followed; a copy of Appendix A is included as Attac~TJent A to this work 

plan. Certain references in ;.lttacrtlnent 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 TtJASTE 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 

Magenta 
665 feet 
720 feet (Covered 

Culebra 

Extensometers - Approximate depths: 1073 feet 
1568 feet 
2058 feet 

by mapping of 
dolomite) 

by mapping of 
dolomite) 

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° 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 iO 

ft., will be performed in the exhaust shaft from the first available exposed 

6edrock down to the facility level. The mapping will be performed following 

upreaming of the exhaust shaft to a six-foot diamecer. 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° 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 i3 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. ?ollowin~ 



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 calibration are not applicable to the snaft activities. 

5.3 ADMINISTRATION 

All geotechnical work described in this plan will be performed under the 

technical 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: 

ESM49-715/10' W. of S. 

As above, ~he ESM49 indicates that the s~~ple is the exhaust shaft 
sample number 49, and the number 715 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 8-1 

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 



Mapping Exercise 

Dewey Lake 

Dewey Lake/ 
Rustler Con tact 

APPENDIX B-2 
CATALOG OF SAMPLES TAKEN DURING DETAILED 

GEOLOGIC MAPPING EXERCISES 

Date Collected 

9/29/84 

10/3/84 

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' E. of S. 
ESM17-280/3' E. of S. 

ESM18-366/18' 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' 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. 
ESM38-5~8/13' E. of 3. 
ESM39-5U9/4' W. of S. 



Mapping Exercise 

Dewey Lake/ 
Rustler Contact 

Forty-Niner Member 
Claystone 

Magenta Dolomite 
11ember 

APPENDIX B-2 
(Continued) 

Date Collected 

10/15/84 

10/17/84 

10/19/84 

Samole No. 

ESM40-550/11' W. of S. 
ESM41-550/4' W. of S. 
ESM42/No location 

above D/R contact 
ESM43/No location 

below 0/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. 
ESM67-589/13' W. of S. 

ESM68-603/7' W. of S. 
ESM69-603/6' W. of S. 
ESM70-604/26' W. of S. 
ESM71-605/25' W. of S. 
ESM72-605/S. Line 
ESM73-607/18' W. of S. 
ESM74-608/;9' E. of S. 
~SM75-610/3' W. of S. 
ESM76-611/~6' W. of S. 
SSM77-611/6' ~- of S. 
~SM78-6i2!6' 2. of S. 
2SM70-612/'2' E. of S. 
ESMB0-612!24' 2. of S. 
2SM81-613!6' E. cf S. 
ESM82-613/11' ~- of S. 



Mapping Exercise 

Magenta Dolomite 
Member 

Tamarisk Member 
Claystone 

Culebra Dolomite 
i1ernber 

APPENDIX B-2 
(Continued) 

Date Collected 

10/19/84 

10/29/84 

11/1/84 

Sample N'o. 

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. 
ESM112-694/10' 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' W. of S. 
ESM120-698/20' W. of S. 
ESM121-698/No location 
ESM122-Unorienced 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 Exe~cise 

Culeb~a Dolomite 
Membe~ 

Unnamed Lower 
11ember 

APPENDIX B-2 
(Continued) 

Date Collected 

11 I 1 I 84 

1113/84 

11/3184 

Samole No. 

ESM127-70715' W. of S. 
ESM128-7081No location 
ESM129-7101N. line 
ESM130-710130' W. of S. 
ESM131-71117' E. of S. 
ESM132-712128.5' E. of S. 
ESM133-714110' W. of S. 
ESM134-714.25110' W. of S. 
ESM135-71411' W. of S. 
ESM136-713.515' E. of S. 
ESM137-715113' W. of S. 
ESM138-715.515' W. of S. 
ESM139-716117.5' W. of S. 
ESM140-716117.5' W. of S. 
ESM141-717.510.5' E. of S. 
ESM142-720128' W. of S. 
ESM143-720128' W. of S. 
ESM144-720112.5' W. of S. 
ESM145-720128' W. of S. 
ESM146-720.5110' E. of S. 
ESM147-72112.5' E. of S. 
ESM148-722116' E. of S. 
ESM149-722119' W. of S. 
ESM150-72313' E. of S. 
ESM151-72313' W. of S. 
ESM152-72~121' W. of S. 
ESM153-725112.5' E. of S. 
ESM154-72518' W. S. 
ESM155-727/8.5' S. of S. 
ESM156-72819' E. of S. 
2SM157-7281N. Line 
ESM158-730/14' W. of S. 
ESM159-732/9' W. of S. 

ESM160-738117.5' W. of S. 
ESM161-736.5119' W. of S. 
C:SM162-736124' \·i. of S. 

ESM163-737112' ~. of S. 
ESM~64-739/17.5' ~. of S. 
ESM165-739/5' W. S. 
ESM166-739!21' W. of S. 
ESM167-7~0/5' W. of S. 
ESM168-7~1/5' S. of S. 
ESM169-7~1/19' ~. of S. 
ESM170- 1/22' ~- of S. 
ESM171-7~213' W. of S. 



Mapping Exercise 

Unnamed Lower 
Member 

APPENDIX B-2 
(Continued) 

Date Collected 

11/3/84 

11/6/84 

11/8/84 

Sarnole No. 

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 1 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 1 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 1 E. of S. 
ESM192-763/14 1 W. of S. 
ESM193-763/13 1 E. of S. 
ESM194-763.5/9 1 E. of S. 
ESM195-767/6 1 E. of S. 
ESM196-767/22 1 E. of S. 
ESM197-767/27 1 E. of S. 
ESM198-767/27 1 W. of S. 
ESM199-767/2' W. of S. 
ESM200-768/6 1 E. of S. 
ESM201-769/18 1 W. of S. 
ESM202-769/25 1 E. of S. 
ESM203-770/11 1 E. of S. 
ESM204-770/21 1 E. of S. 
ESM205-771/4 1 E. of S. 
ESM206-771/29 1 E. of S. 
ESM207-771/3 1 W. of S. 
ESM208-771/25 1 E. of S. 
ESM209-775/12 1 W. of S. 

ESM210-775/1 1 W. of S. 
ESM211-776!6' W. cf S. 
ESM212-777/2' ~. of S. 
ESM213-77719' ~. of S. 
ESM214-778!11' W. of S. 
ESM215-778/17' W. of S. 



Mapping Exercise 

Unnamed Lower 
Member 

Rustler/Salado 
Contact 

~ssorted Samples Near 
Basal Conglomerate 

APPENDIX B-2 
(Continued) 

Date Collected 

11/8/84 

11/11/84 

Samole No. 

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' ~ of S. 
ESM243-848/14' E. of S. 
ESM244-848/25' E. of S. 
ESM245-849/20' W. of S. 
ESM246-849.8114.7' W. of S. 
ESM247-850.5/15' W. of S. 
ESM248-8S0.5/22' W. of S. 
ESM249-85i/2' W. of S. 

ESM250 
ESM251 
ESt~252 

ESH253 
ESM254 
ESM255 
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