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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 member (736.0 to 
800 feet, Figure 11) 

The Rustler/Salado Formation contact and the keyway 
(845.0 to 912.0 feet, figure 12). 
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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. 
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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 are part 

of this program. 

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

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

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

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

ties consisting of reconnaissance geologic mapping, detailed geologic mapping 

in specific zones of interest, geologic confirmation of instrument locations, 

and field adjustment and modification of the key and aquifer seal design were 

performed concurrently with construction from July 16, 1984 to January 18, 

1985. This report presents and discusses the findings from the 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 instrument locations 
during the aforementioned activities. 

Reconnaissance geologic mapping was performed throughout the entire shaft 

section, with the exception of the zones mapped in detail. Detailed, 360 

degree geologic mapping was performed in previously identified zones of 

interest in the Dewey Lake Redbeds and the Rustler Formation. Three zones 

containing abundant gypsum filled fractures were selected in the Dewey Lake 
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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 Mapping 

Reconnaissance geologic mapping was performed concurrently with construction 

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

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

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

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

when possible, representative samples were taken. 

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

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

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

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

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

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

pour were mapped (Figure 3). 

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

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

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

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

consisted of: a) excavation (similar to lined portion), and b) "hanging" wire 

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

tioning of the galloway during this phase of construction deterred mapping on 

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

from the construction contractor (Ohbayashi-Gurni Ltd.) to allow a mapping team 

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

was done on a weekly basis in the unlined portion of the shaft. The entire 

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

about five hours in length. Up to 250 feet of exposed section was mapped at 

any one time. A vertical strip, approximately five feet wide, of the entire 

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

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

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

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

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

maintain vertical control decreased and vertical control was established with 

survey chains hung from contractor-supplied survey control points. 

The procedural guide used for the reconnaissance geologic mapping is outlined 

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

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

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

1.2.2 Detailed Geologic Mapping · 

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 base of the previous pour, and horizontal 

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

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

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

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

was marked with spray-painted vertical lines at five-foot intervals both east 

and west of the south line around the circumference of the shaft. This 

procedure established a five-foot by five-foot grid on the shaft surface. 

Accurate map locations of lithologic contacts and features were established 

using the grid for survey control. The grid also provided a means for identi­

fying locations of samples, features of specific interest, and photographs of 

:he shaft wall. Photographic coverage of each mapped interval was provided 

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

azimuth and an up arrow, so they can be properly oriented. The samples 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. 

~s 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 void between the 

rock surface and the concrete lining to prevent hydrostatic pressure buildup 

before the concrete lining had reached its full strength. ~fter 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 during the period 

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. ~ summary of the exhaust shaft construction history is 

given in Table 1. 
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3.0 EXHAUST SHAFT GEOLOGY 

3.1 GEOLOGIC MAPPING RESULTS 

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

detailed mapping. Reconnaissance geologic mapping was performed in all shaft 

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

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

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

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

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

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

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

detailed information concerning previously identified zones of interest. 

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

the exhaust and waste shafts. Three intervals containing representative 

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

exhaust shaft: 

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

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

fillings were described. When viewing the figures, it is important to 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 

mapped in an effort to conserve the amount of time purchased from the 

construction contractor. 

Detailed mapping in the remainder of the shaft section was performed in 

previously identified zones of interest, as follows: 

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

The Forty-Niner Member claystone (575.5-586.5 feet, 
Figure 10) 
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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), the descriptions 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, the Santa Rosa Sandstone of 

Triassic age, and the Dewey Lake Redbeds, the Rustler Formation, and the 

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

3.2. 1 Quaternary Dune Sand 

The most recent wide-spread sedimentary deposit in the WIPP site area is a 

thin blanket of windblown sand. The sand, known locally as the Mescalero sand 
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(Vine, 1963), occurs as relatively inactive dunes, except in areas where local 

blowouts occur. 

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

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

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

3.2.2 Mescalero Caliche 

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

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

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

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

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

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

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

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

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

base. 

3.2.3 Gatuna Formation 

The Gatuna Formation was named by Robinson and Lang (1938). In the WIPP site 

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

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

middle Pleistocene in age (Bachman, 1980). 

The Gatuna Formation occurs in the depth interval from 17.2 to 34.0 feet. It 

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

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

Santa Rosa Formation. 

3.2.4 Santa Rosa Formation 

The Late Triassic Santa Rosa Formation is part of the Dockum Group. In the 

WIPP site area, the Santa Rosa occurs as an erosional wedge that pinches out 

west of the site center (Powers et al., 1978). 
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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 11 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 by 

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

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

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

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

a depth of 121.5 feet. The significance of the first occurrence of gypsum­

filled fractures at various localities is not clear. Preliminary comparisons 

of data gathered from the waste handling and exhaust shafts with data gathered 

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

fillings do not occur in the same stratigraphic interval laterally. 
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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 Pierce Canyon Redbeds (now recognized as the 

Dewey Lake Redbeds) and the Salado Formation. Two 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 

between the Culebra and the Magenta the Tamarisk Member. The clastic-rich 

interval below the Culebra was not named and herein is referred to as the 

unnamed lower member of the Rustler Formation. The Rustler Formation occurs 

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

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

polyhalite), clastic materials, and halite. The lower portion of the Rustler 

consists of clastics with some interbedded evaporites, and the upper portion 
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consists predominantly of anhydrite, carbonates, and clastic materials. As 

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 claystone, is divided 

into five lithologically distinct mapping units (Figure 10), but herein is 

divided into three compositionally distinct zones: an upper silty mudstone 

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

gypsiferous siltstone and argillaceous siltstone zone. 

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

top) and reddish-brown, thinly laminated, silty mudstone and silty claystone. 

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

The middle zone is about seven feet thick and consists of reddish-brown, 

thinly laminated to cross-laminated, silty claystone with varying amounts of 

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

structures; also, gypsum may occur as cement. The overall content or gypsum 

in the claystone decreases with depth, and the bedding surrounding local 

occurrences of gypsum usually shows evidence of soft sediment deformation. 
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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 10). 

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 truncated. 

Cross-bedding and cross-laminations are pervasive throughout the upper portion 

of the Magenta. The density of cross-laminations decreases with depth. Clay 

drape over ripple forms is locally abundant. The bedding often resembles 

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 laminated carbo­

nate are quite common and may be associated with anhydrite pseudomorphs after 

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

organic-rich (?) claystone containing fibrous gypsum-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 the middle 

claystone and is underlain by argillaceous anhydrite containing enterolithic 

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

the upper anhydrite with the middle claystone is sharp and occurs at a depth 

of 689.0 feet. 

The Tamarisk Member middle claystone is silty and is subdivided on the basis 

of color; the upper portion of the claystone is gray, and the lower portion is 

reddish-brown. The contact between the two is diffuse, undulatory up to 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. Between 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 thinly laminated 

carbonate occur with depth. 

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

nodular chicken-wire structure. The basal contact of the Tamarisk Member 

occurs at an average depth of about 713.5 feet, is sharp, and is slightly 

undulatory. 
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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 microlarninated 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 function 

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 content 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). 

The 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 member 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 

type structures are abundant in the zone and are indicated by abundant 

slickensides. The middle claystone and the middle fining-upward sequence are 

bent downward in the area directly adjacent to the zone and apparently thin in 

that direction. 

The upper claystone is gray to grayish-maroon and thinly laminated. Each of 

the 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 swallowtail crystals become 

abundant with depth. The pseudomorphs vary in size up 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 detrital content decreases 

with depth. The upper two feet of this zone consists of thinly laminated, 

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

section consists of halitic mudstone and argillaceous halite. Halite occurs 

as clear displacive crystals (e.g., Shearman, 1978). Deeper in the section, 

some halite crystals contain fluid inclusions aligned in zones parallel to 

crystal faces. Clay occurs as interstitial material and matrix. Several 

small channels were observed in the middle part of the section. The basal 

contact 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. The 

majority of the cross-laminations show current directions to the south. 

The remainder of the unnamed lower member, with the exception of the basal 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 

laminated and exhibits an abundance of sedimentary structures. A major por­

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

disturbed in a manner which resembles bioturbation. Clasts or nodules of 
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anhydrite, 1/8 inch to 1-1/2 inch in diameter, 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 potash zone) shows a relative abun­

dance of potassium and magnesium-bearing minerals. Due to the abundance of 

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

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

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

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

potash mining district. 

The top of the Salado occurs at an average depth of 850.5 feet in the exhaust 

shaft. The Salado consists of halite, anhydrite, and polyhalite with varying 

amounts of other potassium-bearing minerals. About 85 to 90 percent of the 

Salado is halite (Jones, 1973). Beds of anhydrite and polyhalite 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. 

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

brown laminae. The structure displayed in this interval is remarkably similar 

to that which occurs in an algal stromatolite. The lower bed consists of 

finely crystalline dolomite. 

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

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

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

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

to 1-1/2 inch on a side. 

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

Penecontemporaneous dissolution pits, similar to those described by Powers and 

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

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

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

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

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

3.3 ENGINEERING GEOLOGY 

3.3. 1 fractures and Hardness of ~ock 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

plete. Where observed, significant filled and unfilled fractures are 

described in the aforementioned figures. 

3.3.2 Groundwater Inflows 

Of the five formacions observed during geologic mapping in the exhaust shaft, 

only the Rustler formation contained obvious fluid-bearing zones. These zones 

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

The Rustler/Salado contact, often considered a fluid-producing zone (Mercer, 

1983), did not yield any observable fluid. 

In the Magenta Dolomite Member, the only zone observed producing fluid occurs 

in the depth interval from about 609.5 to 615.0 feet (Magenta mapping unit 5, 

figure 10). This zone produced very little fluid. It was moist at the onsec 
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of mapping and remained so even after the rock was washed and the rest of the 

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

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

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

lithologically distinct unit and cannot be attributed to any macroscopically 

visible lithologic features. The unit is neither fractured 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 a few intervals were 

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

and include the Forty-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 lower 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 effects were observed: over­

blast and blast-induced fracturing. 

As used here, the term overblast refers to the removal of material, by 

blasting, from outside the designed shaft wall circumference. The ideal final 

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

of each of the outermost blasting drill-holes remaining. An overblast 
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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 

was 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 

were 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 

With 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 

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

the waste handling shaft. As a result, the liner plated zones and the shaft 

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

Designed geomechanical instrumentation locations (Table 3) were selected based 

on the observed geology and construction-related constraints. 
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4.0 CONCLUSION 

The objectives of the geotechnical activities in the exhaust shaft were 

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

Geologic mapping of the shaft (including documentation from samples and 

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

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

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

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

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

tural or stratigraphic features were observed, although slight differences in 

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

general, stratigraphic units occurred slightly deeper in the exhaust shaft 

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

seal depths were adjusted downward seven and nine feet respectively. 

The Magenta and Culebra Dolomite Members of the Rustler Formation contained 

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

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

amounts of fluid. 
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TABLE 1 

ABRIDGED CONSTRUCTION HISTORY OF THE EXHAUST SHAFT 

Location: 

Elevation: 

Construction Contractor: 

Subcontractors for 
Raise Bore Shaft: 

Pilot Hole for 
Raise Bore Started: 

Pilot Hole Completed: 

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 
Portion 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 17, 1985 



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~~) 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 ( ) 
TyQe 1 

PE 

PE 

PE 

PE 

PE 

PE 

WE 

PE 

GE 

GE 

GE 

Notes: 

C1>rnstrurnent Type: 

GE = Extensometer 
PE = Piezometer 

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 1835.5 

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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PRELIMINARY 

ELEV. DEPTH 
(FT. MSU (FT.) 

3411.5-

3410-. 

3409- -o 

3404--5 

3399-- 10 

3394- ~ 15 

3389--20 
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3369 -40 

STRATIGRAPHIC 
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REMARKS 

CIX.UIPAD 

QUATEDAIY DUll! SAIID. SAIID, SILTY, l!DDISII-IIOWII, POOILY SOIT!D, SUIAIICUU& CL\IIIS, 

A Fill IIAriC CL\1111 (LESS TIWI 101:); W!ULY COIISOLUIATtD. 

MtSCAUIO CALICHI. CALICBI, Wllltl TO TAll, IIODUUI., SI%! AIID QUAIITITT or IIODUL!S 

IMCUI.SIIIC VlTII D!P1111 CAI.IOIIATI COIITEIIT BICIIIST I» LICHT COLOitD SUBHOIIZOIITAL 

STU»CDSI UPPD 1.1' IIAID, KAIDiftSI D!CitASlliC TOIIAID 11.511 IIOISTI COIITAIIIS LOCAl. 

COWCDITIATIOU 01 IILUTOIII AIID SAIIDSTOn; COLOI I!COII!S l!DDISII-BIOW TOIIAID IAS!I 

IU!CIILAILY-SIIAP!D DISCOWTiliUOUS B!DS or SILTSTOIII, CH!IT AIID SAIIDSTO•I P!IILI 

COIICLOti!IATI !UCUTI VDTICALLY AIID LAT!IALLY; TIIIa DISCOIITIIIUOUS I!DI Of OUIICISII­

IIOW SAIID occua lf!AI IASI; BASAL COIITACT D l FfliS! . 

CATUIL\ FOIUIATIOII. SANDSTOIII, FINI TO VEl! FI•! CUIIIED, REDDISH-8101111, POOILY 

SOIT!D, CALCAI!OUI, FII.ULI, DIYI BASAL 1.5' IS SAIIDSTOIII, COAISI TO Filii CUIII!D, 

POOU.Y SOIT!D, IOUIIDID, COIITAI•UIC AIICIILAI DElliS FIOII lMlEILYIIIC ltDIIEDS; BASAL 

COHTACT SHAIP, EROSIONAL, SLICHTLY UliDULATOl!. 

SAHTA IOSA FOIIIATIOII. SILTSTOIII AIID VDY Filii CL\III!D SAIIDSTOIII, SILT TO VDY FUll 

SAIII)-SlZ!D CL\1111, UDDISI-IIOW, CALCAI!OUS, POO&LY SOIT!D, COIITAINS P!IIU:S 01 

CIIDT AIID HAI'IC CIAIIfll UPPD 1.0' COWTAIU CALICHI II SUIHOIIZOIITAL STIIIIIC!ISI 

IASAL a.TACT DlrP'UII. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH 

(FT. MSLJ (FT.) 

3364-1-45 
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3349- ~so 
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REMARKS 

AS AID'I[ 

D!WEY t.u:l UW!DI 

IIIIDilOIII IIIT!III!DDD VITI'AlCILUC!OUI SILTStolfl. I!DDISH-UOWII, THIIILY LAIIINAT!D TO 

TIIIILf I!DDD (1/1• TO 1")• -I!DOUIC: SLICIITt.f UWULUOif. IIAID; S!DIMDITAIY snuc­
TUUI IIICLUD!I SIW.L TA!UUI IIP-Ul CLASTS (<1/4") ALICV!D IW THIW I!DS• ClOSS 

LAIUWATIOIIS• LOAD STI.UCTUI!S• FILUD D!SICCATIO. CUCJ:S; OCCASIONAL 1-l/l" IIITEliEDS 

M C:Uf SILTSTOR; lAU CIE!JilSII-ciAY I!DUCTIOII SPOTS (<l/16" DIAI'I!TEI); BASAL 

COirTACT CIADI.TIOIW.. 

EXHAUST SHAFT 



PRELIMINARY 

E LEV. DEPTH 
(FT.MSLI (FT.) 

33Z4 85 

3319-1-90 

3314-:...95 

3309-:...100 

3304--105 

3299--110 

STRATIGRAPHIC 

COLUMN 
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~- --~- _-_-:.. 
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REMARKS 

AS AIOV( 

!MIITOIII, Jl!l)DISB-IIOWII, THIJLT LAIIIJAT!D TO T11IJLJ BEDDED, IIAID; COIITAIIIS THIJ I!DS 

(1/1• TO 1'") OF CUT SILTY 11UDS1'0111; PI.ACTUIU PARALL!L TO I!DDIIfC, SPACED l'"; OCCA­

SICIUL C:U!JISB-caAJ I!DUCTIOII SPOTS (1/4• TO 1/Z'" DUK!T!I); COIITAIIIS OCCASIOIIAL 

LOAD STI.UCTUUS; IAUL COIITACI DIFFUSI. 

r;-.-;:-.-::-:-::-::-o~---------------------------------1 
r-_-:....-:....-:... --:__-_:---
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~~:}:----­,...=--~-:::t-:: :::: 
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_3 ___ 1 

tW1I~J 

SILTY KIIDS1'0III IIIT!U!DD!D WIT11 .UCU.I.AC!OUS SILTSTOft, R!DDISH-IROWII, T!IUIL'l u.KI­

IATD TO TIIIILJ IEDDID {<1/J:l" TO Z-1/Z"); OCCASIOIIAL CU:!IIISH-CIAY SILT5TOII! 

·IIrt!UI!DS; OCCASIOIIAL LOAD SDIICTUIIS; SIW.L OPD PIACTUUS PAJ.ALL!L TO BEDDIIIC, 

SPACID 1• TO Z-1/Z"; FIV SUIV!InCAL FIACTUUS, SPACID 1' TO :Z.5'; I.UAL COIITACT 

DirriiSI. 

SAIIDSTOIII, VDJ Filii CIAIII!D, R!DDISI-1101111, TIIJLJ LAIIIIIAT!D TO CROSS-u.KUIAT!D, 

HAID TO son, WI IM'T!IB!DS OF SILTY I!UDSTOft (lJ:z• TO 1" TIIICII:); THIJ (<1/l:Z'") 

SUIBOIIZOIITAL FIACTUI!I PAIALL!L to I!DDIIC, SPACED l" TO '"; TWO 1/:Z" THICII: 

PAIW.LEL HOIIZOIITAL FIACTUI.ES FILLED WIT11 CA&-.TI OCCUI AT 101.0' AJID 108.5'; 

OCCASIONAL CREEII.sH-GRAf II£DUCTI<JI SPOTS; BASAL COIT&CT DIF?USI. 

3294--110 • ~~~~S-I-~~-~~-~~~I~~~ED~D!D~-V-ITI~~~-5-~~~-.-U:~DD_I_H---.-~~-.-Tli~I-JL-T~u.K~I-~-T-!-D-TO~C-R-O-U--~ 
~=4=-=~-: u.KINATE!I, HAUl IAU CUDIISK-caAT U:DUCTIOII SPOTS (1/16'" TO 1/2" DIAKETEI); 

3Z89- t- 120 

3284- t- 12!5 

3279 130 

~~ --==-:::::-_-:::::- OCCASIOIW. 1/4" TO Z" TIIICII: CI!!JISI-GIAT IlfTEUEDS; OCCASIOIIAL son SEDil1EIIT 

f--::-:-::-::-::i: DUOUIATIOII FEATUUS; IIO&IZOIITAL FIACTUl!S PAI.W.EL TO II!DDIIIC, SPACEDI1" TO 4"; 

=:::£=:=:_::= ==-= =-~ IAUL COIITACT SIW.P. 

r- :.l:. 
~ ~L. 
~ 

~:c: 
r-:,:t.. 
~ ·-

:c 

·-
·-

J:.. 
~ 

SILTSlOift, I.EDDISB-BROWII, THIJLT LAKIJATED TO CIOSS-LAKI~TED; OCCASIONAL IIIT!UEDS 

OP SILTY !IIIDSTOII!; LOAD SnUCTURES, IIUDSTOIII UP-UP CLASn; ltODEIAT!LT ABUIIDAIIT 

CR!EMISH-CI.U R!DUCTIOII SPOTS {1/16" TO 1/4" DIAKET!I); OCCASIONAL CI!!IIISH-GRAT 

BEDS {1/:Z" TO 2'" THICI:); THU HO&IZOJTAL FIACTUJ.ES (<1/JZ") VITII CTPSUM FILLIIfC 

BELOW 12l.S', SPACED :Z'" to 1.S'; 1AUL COWTACT SHA&P. 

EXHAUST SHAFT 
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PRELIMINARY 

ELEV. DEPTH 
(,T.MSU (FT.I 
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REMARKS 

SILTY MUDS~!, lfDDISM-IIOWV, THIWLY LAKIIAT!D (<1/32"), LOCALLY IYT!II!DD!D WITH 

SILTSTOW!; COITAl .. CIOSS-LAKIIATIOII, FILLED D!SICCATIOI CIACIS; SUIV!ITICAL CLAY­

FILLED FUoCtUUS OCCIIa lfLU TOP, SPACED 3• TO 4"; LOCALLY, IEDDIIt; MAY I! CR!EJIISH­

CIAY II COLOa; OCCASIOIIAL CIE!IfiSH-cU.Y R!DUCTIOI SPOTS (1/U" TO 1" DUM!TEII; 

SUIHOIIZOifTAL CYHIII-FILL!D FUCTUIU, SPACED 3" TO 6"; SUIVERTICAL FRACTUI!S SPACED 

l" TO U"; I• LOIIII l', 111" TO l" THICI HO&IZOM'TAL CI.UIIISI-CRAY IEDUCTIOI ZON!S 

OCCW I• CIOUH, l'IDIVIDUAL ZOHS SPACED 112•, CIOUH SPAC!D 0.1' TO 1.5'; IASAL 

CONTACT SIIAaP, IIAU!J) IY 2" I!D or WITISI-cU.Y SILTSTOII! VITH A ClEEJIISH-CRAY 

li!:DUCTII* zau AIOV! AIID 1!1.011. 

MUOSTON!, DAll I!DDISI-IIOWW, IYTI!:II!DDED WITI SILTY KUDSTOKE, LICHT IEDDISH-BROWI, 

THIWLY LAKIIAT!D TO IEDDED (<1/32" TO 1/:Z"), LOCALLY FISSILI, OCCASIOtiALLY CIOSS­

LAKIIATED, IEDDIMC KAY TEL~IIAT! !IOSIOIALLY, STIUCTUR!S IECOKES LESS FIN! BELOW 

141.0'; lAII SuaYDTICAL TO Hic:ll AIICLI rucruus VITH CIAIIULAl t;YPSUM FILLIMC ( <111 u 

THICJ:h Flal 132.5' TO 147.5', .UUIIDAIT SUIIIOilZOifTAL FUCTUUS, SPACED 1'; AIUifOAYT 

CI!EJIISH-ciAY I!DUCTIO. SPOTS (1/l:Z" TO 2" DIAII!TEII: BASAL COITACT CIADATIONAL. 

SILTY MUDSTOII, DARI l!DDISH-IIOWN, INT!IIEDDED VITI SILTSTONE, IEDDISH-IIOWW, 

THUILY LAKIIIAT!D to IEDD!D (1/l:Z" TO 1-1/2"), son; OCCASIOWALLY CIOSS-WIIIAT!D, 

CONTAINS UWI STIUCTUUS, OV!RALI. SEDIK!IfTAIY STIUCTUlU AI! LESS FIR THAll OVli­

LYIMC UIIIt, CIAI. SIZI COARSOS DOWWAlD; 1" TO 2" THICJ: IIOUZOIITAL CIEENISII-cU.Y 

REDUCED ZOIIU, SPACED l" TO 5"; FIIACTUUS OCCW II!:LOW 154.5', 1/1" THict, FILLED 

WITH CYPSUK; SUIYDtiCAL FI!ACTURES SPACED 2' TO 3', SUIIIOIIZONTAL FIIACTUI!S SPACED 

0.5' TO 1.5'; IASAL 2' COIITAIMS CIEENISI-cRAY AND IEDDISH-IIOWW IHTEIBEDDED 

11UDSTONE; AIIMIAIIT CIEEJIISII-cRAY REDUCTIOI SPOTS (l/l2" TO 1" DIAMETER); BASAL CON­

TACT SHARP. 

SILTSTONE, ILDOIS.-IIOW., TIIII~Y LAMINATED TO STRUCTUIEL!SS; B!DDINt; THICKENS A~ 

THINS (1/2" TO 2"); OCCASIONAL CIE£1liSH-cLU IEDS 111" TO 112" THICJ:, SPACED 3.0'; 

OILY A FEll Hic:ll A11C:L1 F'L\CTUUS 1/a" !"JICJ:, CYPSUK-FILL!D, STIIIINC N60'W; AT 167.5' 

CIWIJII!:L UC COIICLOt!ElATI!: OCCURS COIITAINIIC SILTSTONE PEIIIL!S; THIMLY UJ1INATED SILTY 

KUDSTON! BOlt 170 • .5' TO 171.)' WITH CU!IfiSH-cRAr IEDUCTIOI ZONES 1" TO 3" TIIICI, 

SPACED 4"; lfLU 171.)' IECOKI!:S POOILY SOITDI; THIIITY WIIIATED WITH CROSS­

Ul11NATIONS AlrD EROSIONAL TEIUIINAT!ONS II!'AR lASE; CONTAINS CREI!:NISH-CUY REDUCTION 

SPOTS UP TO 2" DIAMETD.; !ASAL COHTACT CUI)ATIOIIAL. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOL06IC LOG 
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REMARKS 

AS AID¥[ 

IIUDSTONE, UDDISH-IIOWII, t11IIILY LAIIINATED TO IEDDED (1/32" TO 1/2" THICK), SOFT; 

IEDDUIC IIDISTIVCT; lAI! CUEIIISH-QAY l!DUCTIOII SPOTS TO 1" DIAKET£1, IEDUCTION 

SPOTS COIIC!IITRAT!D AI.OUIID UDUCED, Q.!DIISH-ci.AY, 1" WIDE MOliZOWTAL lAND AT 191.7", 

VUY FEW FIACTIIlES; IASAL 1.5' IECOfl£5 SILTY; IASAL COWTACT SII.UP, SLICHTLY 

UliDI1l.A !01 '(. OYDLYIIIC IEDS DRAPE OY£1 COWTACT, !IIOSIONAL. 

SANDSTONE, VERY FIXE CIAIXED, ClAYISH-IIIIITE, IWlD TO SOFT; TIOUCH CROSS·IEDDINC 

IECOKES APPAIEIIT IILU lASE; CONTAINS FIBROUS CTPSUM·FILLED FRACTURES WITH VARIABLE 

OIIEWTATION, 1/4" TO 1" THICK; BASAL COIITACT SIWlP. 

SANDSTON£ AT TOP CIADINC TO SILTSTOII£, I!DDISH-KAR.OON, LAIIINATED TO BEDDED, OCCA· 

SIOMALLY CIOSS-LAIIIMAT!D, IAI.D; COLOR I!COK!S VHITISH-KAAOON TOWAID lASE; LOWER 1.3' 

IS SAJIDSTOIIE, SDUCTIIlEL!SS EXCEPT FOI OCCASIOIIAL IIIT!IIEDS OF IEDDI SH·IROW!I 

SILnTOIIf:; ABUNDANT FIACTUI!S, MOST HOIIZOIITAL TO SUIHORIZONTAL AND SLICHTLY liNDU-

LATOlY, FILLED Wlt11 FlllOUS CYPSUM, t11ICD!SS 1/16" TO 2", SPACED 1/1" TO 6"; BASAL 

I COIIT ACT SIWlP. SLICBTLY UWDULATOIY. 

CI.AYSTON!, I!DDISH-IIOW, t11111LY LAIIIMATED; CIOSS-LAIIIMATED, SETS 1/2" ACIOSS, 

IEDDINC !IOSIOIW.LY TDIIIIIAT!D, COIITAIVS son S!DII'IDIT DUOIJIATION FU.TUUS; IECOIIES 

SILTY ~AilD lASE; DCC&SIOUJ. CI!!IIISH-QAY I!DUCTIOII SPOTS TO 1/2" DIA!t!T£1, SPOTS 

OCCASIOIIALLY IIOUlf IY c:YPSUti-Fll.LG FIACTIIlES; SEE FICUlE 6 FOI r&ACTIIlE IOTES; 

IASAL COIITACT CUDATIOIAL. .. 

IIUDSTOIIE WITH IIIT!IIEDD!D siLnTOIIE, DAlK I!ODISH-IIOWN, THIIILY LAIIINATED, AIUIIDANT 

CIOSS·LAIIIVATIOIS, I!DDIVC orTD1 TDMIIIATED !IOSIOIIALLY; ABUNDANT SUIHOUZONTAL 

<;YPSUM-PILL!D FIACTIII!S, SPACED 6", 1/1" TO 3" THI~; VElTICAL AND SUIVElTICAL 

FlACTIIl!S IAI.E; OCCASIOIIAL CIUJIISH-QAY I!DUCTIOII SPOTS; 

FIGURE " (CONTINUED) 

BASAL CONTACT GRADATIONAL. 

EXHAUST SHAFT 
LITHOLOGIC LOG 
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REMARKS 

SILTSTOMI IMT!IBEDD!D WITH V!lf Pill SANDSTOI!, IEDDISH-IIOWI, THIVLY LAKIIATED TO 

I!DD!D, CIOSS-LAHIIAT!D, BEDS OFT!I !IOSIOIALLf Tt~IMATED, HAID; CIOSS-LAHIWATIOVS 

IIICP!ASI IILI* 223.11', IIO&IZOifTAL EIOSIOMAL PLANES OCCUI BELOW 22l.D', SPACED I.D' 

TO ,,0'; SUIHOIIZOIITAL l:'fPSUM-PILL!D FUCltllES .UIJWDAIIT, 1/16" TO l/4" THICII:; LUI! 

SUIV!ITICAL FU.Cltli.ES; BASAL COIITACl CIADATIOVAL. 

~. IEDDISH-.._, SILT!, THI._J UMIVATID TO KDDED, OCCASlOIIILLf CIIOSS­

Uillii&TID; 1.-r ~IzmrfiL GYPSIM-liiLID P'UCIUIII, 1116• TO t• nna, SPICD 

z- TO 1.0', PUCTUIIS IIPUIC&TE LOCALLJ; RAM MIDTICAL GfPSII-f'IUI:D PUCTtliiD; 

u.w. corracr SIIUIP. 

SANDSTONE, li!DDISH-IIOWI, SILTY, STRUCltlR!LESS EXCEPT RAIE ClOSS-LAMINATIONS AND 

HORIZONTAL LAMINATIONS; FEW!l CYPSUM-FILLED FlACTUIES THAW OVEILYINC UNIT, FRACltliES 

TO 2" THICK; USAL CONTACT CIADATIOIAL. 

SANDSTONE, IEDDISH-IIOWI, SILTY, LOCALLY LAHIMATED AND CIOSS-LL~INATED; OCCASIONAL 

SUBHOIIZOMTAL CYPSUM-FILLED FRACTUIES, 1/4• TO 112• THICK, SPACED 2.8' TO 3.4'. 

FRACTURES IIFUICAT! LOCALLY; SUIVI!ITICAL FIACTUI!S IAI!; OCCASIOIAL CIEEIISH-cU.r 

IEDUCliOII SPOTS TO 1• DIAMml; BASAL l.D' COISISn OF IEDDISH-IICMI SILTSTOII; 

IASAL COIITACl I:UDATIOML • 

FIGURE ~ (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 
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REMARKS 

AICILLAC!OUI SILTSTOIII, HDDISH-IIOWII, THIIILT UIIIIL\TED TO UIIIIL\T!II (1/16" TO 1/4" 

TKICI:h .dimWIT S!DIMIIIT.d1' STIUCTUUS IIICLUDIJICI TIOUI:II taOSI-LAKINATIOIII, 

EIOSIOIW. SUI.FACES TUC!AILI AIOUIID CIICUKFEREIIC! OP SHAn, SOFT S!DIKDIT D!FOI­

ltATIOI F!ATUI.!S; CIOSS-UIIIIIATIOII SETS AI! 1" TO 4" ACROSS, IIICI!ASIIIC TO 2.0' TO 

3.0' ACJ.OSS IlEAl. liAS!; LOIID 1.1' COIITAIIII 1/4" THICI: BEDS Of CLAYSTONE; HOIIZOIITAL 

A110 SUBHOIIZOJITAL CYPSutl-rtLl.!ll FUCTUID 1/4" TO 1" THICK, SPACED 0.~· TO 2.0'; 

V!ITICAL A110 SUBV!ITICAL CYPSU!t-FII.L!D FIACTtiiiS 111" TO 1/4" THICX, SPACED 3.0' TO 

5.0'; OCCASIONAL CREEIIISH-GIAY IIIIUCTII* SPOTS TO 1" DIM!TEI; BASAL CONTACT SHARP, 

ltAIJC!D 11' OCCUU.EifC! OF A HUDSTOII! BED. 

------ ;_- l1tlllSTOIIE INTERBEDDED WITH SILTY CUYSTON!, REDDISH-IIIOWII, THIIILY LAKIIfATED TO VEIY 

~~:-:::-:::5;-: THIIILY BEDDED (<1/16" TO i/2" THICJ:); .UUWDAIIT SETS OF !ROUCH CIOSS-LAKINATIONS l" 

~~~==~~~=== TO 4" ACIOSS, CLAY DRAPE OVEI IIPPLI ClOSS-LAMINATIONS; OCCASIONAL SOFT SEDI~ENT 
~~~~~~"f--.., DEFOR.'tATIOII; OCCASIONAL CREEIIISH-CU.1' IEOOCTIOI SPOTS (1/16" TO 1/2" DIM!T!I); UlllT 

1-_-_-_-_:-_:-_-_- 110\JMDEO 11' HOIIZOKTAL Cl'PSUM-riU!II FJACTUI!S, 1" THICJ: AT TOP CL\DI!IC TO 112" THICIC 

1-------- AT BASI; BASAL CONTACT SILUP. • 
~ _:-_-_-_-_-_;-_ 

1-:-:::-:::::-:::::-:-:-:- MUDSTONE AT TOP CRADINC TO SILTSTONI AT lASt:, IIIIDISH-IIOWW, THIIILY LAKINATED TO 

1-_-:..._-_-_-_-_-_- THIIIL1' BEDDED (1/6" TO 1" THICJ:); .UIIIIlWIT Fill! STIUCTURIS IIICLUDINC: FLASEI. 1-_-_-_-_:-_-_-_-
1-_-:..._-_;-_;-_-_-_- BEDDIIIC, CROSS-LAKINATIONI, !lOUCK CIOSS-~~IIIATIOWS, FILL!O DESICCATION CRACKS, 

3109- r-300 1-_-:..._-_;-_;-_-_--:._- LOAD STIUCTUJ.ES, AIIUifDAIIT £1lOSIOIIAL COIITACTS; CTPSuti-FILL!D FRACTUIES AI! I!ODEaATELY 

3104--305 

3099 310 

1-_-_-:..._-_-_-_-_- ABUIIDAIIT, 1/16" TO 1-1/2" THICIC, HOitiZONTAL All1l SUBHOIIZONTAL FRACTURES SPACED 1.0' 
1--------
-:::-::-:::-::r-:-~- TO 4.0', VERTICAL AND SUBVEITICAL FRACTUJ.ES SPACED 3.0' TO 5.0'; OCCASIONAL 

1-----r:--- CREEIIISH-GRAY REDUCTION SPOTS (1116" TO 1" DIM!TEI); llAU 2" THICX, SUBHOIIZONTAL, 

~--~-------- CREEIIISH-CRA1' REDUCED ZONES; BASAL CONTACT SII.AIP. 
1-_:__~_;-_-~;_-

J 

\ 
} 

' , 

'-_-:..._-_;-_;-_;-_-_­.... _-_-:..._-_:-_;-_-_-
r--------

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOL061C L06 

q 
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REMARKS 

HUDSTOJrl At TOP, CIADI»G TO SILTSTOII, DARK l!DDISH-IIOWI TO l!DDISH-BIOWI; WITI 

!UIIOI InDI!DDID HUDSTOIII, THIWLJ UKIIAT!D TO LAKIIAT!D (<1132" TO 111"), IIAJ.D' 

CIOSS-LA!IIIAT!D, U:CQIII»G !tOill AIUIIIWIT WITH DEPTH; OCC.UIOIW. CI!DIISH-CIAJ 

IIDUCTIOI SPOTS (l/16" TO 1/4" DI.AII!TD)J FIBIOUS CJPSUK-FILUD FIACTUI!S B!COtt! 

li!SI AIUIIIWIT WITI DEPT111 IIOI.IZOIITAL AIID SUIIIO&IZOIITAL FIACTIIIES 1/16" TO 1" THIC:X, 

SPACED 2" TO 2.0'; V!ITICAl. A11D SUIV!ITICAl. FIACTUUI 1/16" TO 1/4". THICIC, SPACED 2" 

I TO 2 .1) • ; BASAL COIITACT SIIAIP. 

!IUDS TOll! AT TOP, CUDI»C TO SILTS TOll! WITI Dut11, D.u.r I!DDISB-BIOWI 1'1? I!DDISI-

&IOWI, UIIIT SIKILAI TO AIOYI !IC!PT FOI & l" 't11ICI lED Of HUDSTOII! WHICH OCCUIS AT 

316.2' AIID W & SIIAIP UPP!l COIITACT AIID ClADES to SILTSTOIII WITH DEPTH, HAJ.D; 

liUIISTOII!: STiuctUI!L!SJ; SILTSTOII!: FIII!LY LAKIIAT!D to CIOSS-UKIIIAT!D; FUCTUI!I 

SIIULAI TO O'IOLTIK UIIIT; OCCASIONAL CI!DIISH-CIAJ l!DUCTIOII SPOTS 10 1" DIAK!T!l; 

BASAL COIITACT KAlX!D IJ 3" THICI SUBIIOI.IZOIITAL CI!EIIISH-CIAY ZONE A11D DARK l!DDISII-

BlOW !!UDSTOIII , SIIAIP. 

KUDSTOII!, I!DDISH-BIOWII, STIUCT\IJ.ELESS; FIACTUUS SIKlLAI TO OVULYIIIC UIIIT; BASAL 

COIITACT CIADA!IOII&L. 

CLAJSTOIII, D.u.r l!DOISH-IIOWI, IVTEIIEDD!O WITH SILTSTOWI, LICHT I!DDISK-BlOWI, 

~IC&O-LAKIIIAT!D TO vtiJ TIIIILJ IEOD£D (<1/l2" TO 1/2"); SILTSTOII!: CIOSS-LAMIIIAT!DI 

CLAYSTOII!: STIIJCTUI!L!SII .UUIIDAIIT C:U:DIII-ciAJ UDUCTIOII SPOTS; ClADES to 

SILTSTOII! AT BASI; ALL FIACTUID FILL!D VITI FIIIOUS CYPSilll; IIOIIZOIITAL AJID 

SUIHORIZOIITAL FIACTUIU 1/1" to 1" THICI, SPACED 3" to 2.0'; VEITICAl. AJID SUI-

VEITICAL FUCTUIES 1/16" to 1/4" THICE, SPACED 2.0' to 3.0'; BASAL CONTACT SIWlP. 

CLAYSTONE, OAll REODISH-BlOWI, ~ICIQ-LAKINAT!D TO T!IIILJ LAMINATED (<1/32" TO 

1116"), SDUCTUI! POOILJ DEFINED DUI TO .UUIIll_AIIT FIACT\IJ.IIIC, OCCASIONAL ClOSS-

LAKINATIOIIS, IEDDINC OFT~ CONVOLUTED AIID EROSIONALLY TEa!IINATED; ABUNDAWT Cl!ENISH-

ClAY REDUCTIOII SPOTS (1/16" tO 1" DIA ... ml); .UUNOAIIT CYPSU!I-FILL!D FUCTUI.ES, -901 

KOIIZONTAL AIID SUBIIOIIZOIITAL; 'NO SCALE! Of SPACIIIC: MINOl • 1/8" to 2", ~01. - 2" 

TO 6" FUCl\II.E DENSITl INCREAS!S lOWAl\D liAS!, TIIICDESS VAIIES FROM 1/16" TO 1.0'; 

R~ININC ·101 VERTICAL AND SUBVERTICAL FUCT\Ji!S, SPACED 2" TO 2-S', TIIICICNESS 

1/16" to 1/4"; BASAL COIITACT SIIAIP. 

: 

SILTSTOII!, UDDISH·BROWII, LAKIIIATED TO BEDDED. CB.OSS-LAMINATED, son SEDIIIEIIT 

DEFORMAT.IOII FUTUR!S, II.AID; ALL FRACTURES FILL!D VITI FIBIOUS CYPSUM; SUBHOIIZOVTAL 

AND HORIZONTAL FRACTURES 1/16" TO 1" TIIICIC. SPACED 1" TO 1.0'; VERTICAL AIID 

SUBVERTICAL FIACTUI!.!S 1/8" TO 1/2" THICIC, SPACED 6" TO 2.0'; ABUNDANT CREDIISH-cUY 

REDUCTION SPOTS 1/16" TO 1" DIAKE!EI; BASAL COIITACT SIIAIP. 

FIGURE 4 (CONTI~UED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 
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REMARKS 

HUDSTQtiE GIWIIIIG TO SILTST<III IM VERTICAL GRADATUII&L S£QUEIICES 1.0' TO 3.0' TltiCl, 

REDDISH-BROW (SILTSTCIIE) liiD DARI:.REDDISH-BROWII (KJDS'rollt), EACH SEQUENCE COIISISTS 

Cl STRUCTUREL£SS I«<DSTCCIE AT TOP GRADIIIG TO THIIIU UHIJIATED TO BEDDED SILTSTCII£ AT 

BASE; AttOUVr Cl SEDIHEIITARI STRUCTURES IIICREASE TO BASE Cl EACH SEQUENCE, THESE 

STRUCTURD IIICUIOE: CROSS-LAHIMATUI13, TROOGH CROS3-UHIIIATIOIIS, EROSIONAL SUR· 

FACES, OCCI.SICII&L SOFT SEDIHEIIT DEFOIIHATICII FEATURES; UPPER COIITACT at EAQI S£QUEIIC£ 

IS EROSICII&L; OCCASIONAL GREENISH-CUI REDUCTICII SPOr3 ( 1116• TO 1• DilHET£11); ALL 

FRACTURES GYPSllt-FIWD; VERTICAL A11D HIGH A1CLE FRACTURES APPEAR YOUNGEI THAll !lORI· 

ZIIIT&L UID SUBIIORIZCIIT&L FRACTURES; SUBHORIZCIIT&L FRACTURE FILLING OC£1~IONALLY 

SIGMOIDAL AIID/01 TILTED; FILLIIIG Ill VEIITIC&L A11D HIGH liiGLE FRACTURES HAVE A. CIJKPO;. 

NEIIT OF THJUST; THREE nPES Cl HORIZONTAL UID SUBHORIZONTAL FRACTURES; THICK • 112• 

TO 1•, SPACED 1.0' TO 2.0'; I«)))£RATELI THIN • 1J8• TO 112:, SPACED 1• TO 1.5'; THill 

- <118•, SPACED 11•• TO 1•; BASAL COIITACT SHARP. 

SILTSTONE, REDDISH-BlOWII, WITH INTERBEDDED CLAYSTONE, DAU REDDISH-BROWN, 1" TO 4" 

THICit FININC UPVAJ.D SEQUENCES, THIIILJ l.A/UNA.TED TO THIIILJ BEDDED (1/16" TO 2" 

THICit), HAJ.D; SEDIMENTAIY STRUCTURES INCLUDE: CROSS-~INATIONS, SOFT SEDI~ENT ~OAD 

STRUCTURES, EROSIONAL CONTACTS AT TOP OF !ACH FININC UPVAID SEQUENCE; LOCALLY 

ABUWDAIIT GU!liiSl!-GIUIY REDUC!IOII SPOTS ( 1/ a" TO 1" DIAMETER), SOH! OCCUt Ill ALICIIED 

ZONES; OVEIALL CIUIIJ SIZE INCREASES TO BASE; ABUNDANT HORIZONTAL, FIBIOUS GYPSUM­

FILLED FIUICTUR!S OCCUl Ill TWO SIZE CROUPS: 0" TO 1/4" TI!ICl, SPACED 1/4" TO 1"; 1/4" 

TO 1/2" THICit, SPACED O.S' TO 2.0'; VERTICAL AND HICB ~!FIBROUS CYPSUK-FILLED 

FllACTUI!S AI! l!ODEIAT!LJ AIIUWDAKT, 1/1'" TO 1/l" THICl, SPACED 2.S' TO S'; BASAL 

CONTACT SHAIP, UIIOIJLATORY, POSSIBLY EROSIONAL. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOL06IC L06 
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REMARKS 

SILTSTOIIt:, IEDDISII-IROW, WITII INTERBEDDED CUYSTON!, DAAJ: REDDISH-BROW, 1" TO 4" 

THICK FIIIIIIC UPWUD SEQUEIICf:S, TIIIIILY LA.'1IIIATED TO TIIIVl.Y BEDDED (l/16" TO 2" 

THICIIt), HARD; SEDI~ENTAIY STIUCTUIES INCLUDE: CROSS-~~IIIATIOIIS, SOFT SEDIMENT LOA~ 

STRUCTURES, EIOSIONA~ CONTACTS AT TOP OF !ACH FININC UPWARD SEQUENCE; LOCALLY 

ABUNDANT CREENISII-CltAY !EDUCTIOI SPOTS (l/16" TO 1" DIA.~!TER)·, SOK! OCCtm Ill ALICIIED 

ZONES; OVERALL CIAIII SIZE INCREASES TO lASE; ABUNDANT IIOIIZONTAL, FIIIIOUS CYPSUK­

FILLED FltACTUIES OCCtm Ill T\10 SIZE CROUPS: 0" TO 1/4" THICK, SPACED 1/4" TO 1"; 1/4" 

TO 1/2" TIIICE, SPACED O.S' TO 2.0'; YEITICAL AND HICB ANCLE FIBROUS CYPSUK-FILLED 

FlACTUiES AI! ~DEIATELY ABUNDANT, 1/16" TO 1/2" THICK, SPACED 2.S' TO S'; BASAL 

CONTACT SHARP, UNDULATORY, POSSIBLY EIOSIOIIAL. 

SILTSTONE AT TOP, CIADINC TO CLAYSTON! AT liAS!, Rt:DDISH-BROWV TO DARI i!DDISH-BIOWN, 

TI.ACI OF I!DDIJIC AT TOP CIADIJC TO snuCTUUt.!SS AT BASI, I!A&D; COIITAIIIS OCCASIONAL 

CUYSTOIII CUSTS <1/1" DIMtTD.; lAll IICTD.IEDS Of CU.YS'TOII!, 1/16" TlllCIIt; ABUNDANT 

Cl!EtflSII-caAY lEIIUCTIOII SPOTS (l/16" TO 2" DIAK!TR) OCCtm Ill ZOIIIS; ABUNDANT 

HOIIZONTAL A11D SUIIIIORIZOIITAL FIIIOUS CYPSUK-FILLED FIACTUR!S, 1V.JO&lTY 1/16" TIIICit, 

·SPACED 1" 'TO 2"; ~D!IAnLY ABUNDANT VERTICAL AND SUBY!ltlCAL FIBROUS CYPSUK-FIUED 

FIACTUR!S UP TO 1/4" TIIICE, SPACED l.O' TO 3.0'; BASAL CONTACT OBSCURED. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOL061C L06 
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2934-1-475 

2929- f-480 

2924- f-48~ 

-~ 2919 490 

STRATIGRAPHIC 

COLUMN 

I ( 
} I ) 

) 

-------
f-:7:::-::-~=-= f----.----

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

-=~7=-=~-=------------------------------::.. 
.""( . . "t. 
• J.· • I . . , 

1---""J:" __ ...:._ 
~~-- ~------= 
-\ . . ) . 

~------:s.r---:..:-_-. ( . . . . \ . 
·r ..... 

\ 

\ , 

( 
_l_ 

~----:..-~-_-:_:-_-_-:._-_-_-_ 
r--:.:---_-_:-_:-_-:.. 
1--:.:-_-_-_-_:-_-:... 
1--:.:-_-_-:_:-_:-_-:... 

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

~------_-_:-_-_-_ 

::r.------=-:: -c:--­
s---~ -L---

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

~----=--~+--=----_-_:-_-_ _:-_-_-_ _ -_:-_-_-_-_:-_-_ 
--....:r...:..-_-:.:--t"---
-:-J-:::-~ +: 
-_-_-:_:--_-_-_:-
!----~------ ---1---- --­_-_-_-_-_:-_-_-_ 

REMARKS 

AS AIOYl 

SLICHTLY SANDT SILTSTOII, I!DDISH-IROWI, INTERBEDDED WITH SILTY-KUDSTOHE, DAll 

R!DDfSB-BIOWII, 1" THICX PIHIIC IIPWAIDI SEQUDIC!S, THinY BEDDED (1"); !II»>a ~ 

SIOIL\L COtrTACTS AT TOP CIP ·!ACI n•IIC UPWAJ.D SEQUDCI; HO&IZOJTAL A11D SIIBBOIIZOJTAL 

FIBROUS CYPSUM-FILL!D FIACTUI!S <1/1" THier, SPACED 0" TO 6"; SUBVERTICAL AHD 

VERTICAL FIBROUS CYPSUK•FILL!D FIACTUIIS All L!SS AIUIIDAI'T AHD ClOSS-CUT HORIZOIITAL 

AND SUBHORIZOIITAL FRACTUUS; BASAL COIITACT SIIAU • 

SILTSTOIII AT TOP CIADIIIC TO CLAYSTOR AT BASI, IEDOISH-BIOWII TO DAU U:DDISH-BROWI, 

!IACl oP B!DDIIC AT TOP CIADIJIC TO SnUCTUUL!SS AT lAS!, ll.UD; AIUIItiAJIT CI!!VISB­

CL\f li!:OUCTIOII SPOTS (1/16" TO 2" DIAI!l!EI); HOIIZOIITAL AND SUBHOIIZOIITAL FIIIIOUS 

CYPSUM-FILL!D FRACTUI!S <1/8" TlliCX; SUBV!ITICAL All1l VERTICAL CYPSU!I-FILL!D 

FUCTUI.ES AU LESS ABUJrDAIIT All1l CltOSS-CUT HOIIZONTAL AIID SUIHOIIZONTAL FRACTURES; 

SASAL COMTACT SHAIP. 

~S!OME, SILTY, DARK REDDISH-BROWJI, STRUCTURELESS; 110 HORIZOJITAL Ol SUBHORIZOJTAL 

CYPSUK-FILLED FRACTURES; RARE SUBVER!ICAL All1l VERTICAL FRACTURES PRESEMT, 0" TO 1/2" 

THICl; BASAL CONTACT CRADA!IOJIAL. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOL061C L06 

SHEET 13 0, 50 



PRELIMINARY STRATIGRAPHIC 
REMARKS 

ELEV. DEPTH 
I FT. MSL I (FT. I 

2919 490 

2914-- 495 

2909--500 

2904- i- 505 

COLUMN 

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

~::=-~~: 
--=---------::-.: -_-_-_-_-_-_-:.,:-________ 
_-_-_-_-_:-_-_-_ _ -_-_-_:_-_-_-_ _ -_-_ -_-_-_:-;_--:...,. 

~--=----------=--_ -------1-------­
~----_-_-_-_-_ 

~--=----_-_-_-_-_ 

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

~-==--=---...:.~~.-~--ClA-YS-TOIII--CIAD--I-IIC-TO-SI __ L_TstOII--I-W-ITH-D-E-PT11-,-~-~D-D-:-IS-H--8-I-OWII-TO-DAH:----RE-D-D-IS-H--8-:-l-:-OWM-:-:-,-::TH:":"I"::""II-1 

~--~_::_=--=-=--==--=_-_: __ =-_=-_--=--==:= 1" tO l" THta rtiiiiC UPVAIIIS SEQUIIIC!S, THUlL! B!DD!l); COIITAIIIS KIIIOI. EIOSIOIIAL 
~· . _ COIITACTS AT tor 01 UCI FIIIIIC UPVAI.DI SEQUEIICI; AIUIIDAIIT HOliZOIITAL AIID 

._-:_-_-_-_-_-_-:..: SUIIIOI.IZOIITAL FIIIOUI CYPSIII-fU.LID FUCTUUS 0" tO 1/1" THia, SPACE!) 0" tO 6"; 

_-_-_-_-_-_-_-:..: !tODD.At!L'f AIWDAIIt YlltlCAL AIID SUIVRTICAL FUlOUI c:YPSUK-fiLLID FIACTUIIS 1/8" TO 

-~----=-------= r=-.:--_-_-_-_-_;- liZ" THia; IASAI. COirf.at:r SWP. 

--------

~~~~~~~· 
--------t._-_-_-_:_-_-..::.. 

2899--510 - ---
:-+- ·\---
-~---...1..--

----r----
_;· --

---
---

~· - --:t---
2 8 94- r- 5 I 5 'I J 

( l 
l I 

2899- -520 
\ 
I 

I 

\ ) 
J 

\ 
SILTSTONE. (FICVII 9). 

2884- -525 I 

\. ' J ) 

_1 

2879- 1-530 
\ ( 
I ' 

\ 
' . 

_1 ( 

2874 535 l_ J 

EXHAUST SHAFT 
FIGURE 4 (CONTINUED) LITHOL061C l06 , ,, 

~" 



PRELIMINARY STRATIGRAPHIC 

COLUMN 
1FT. MSLl 
ELEV. DEPTH 

1FT.) 

2874 53!5 

2869 !540 

2864 545 

28!59 550 

2854 

2849 560 

2844 565 

2839 570 

2834 575 

2829 580 

SILTSTOII, (PICUll ,), 

IUSTLD FOI!tATIC. 

roan-11110 1\DIIO 

REMARKS 

AIIIIYiliiTI, FIIIEI.T QYSTw.Illl, C:UT TO CU.TISI-IICMI, WlTI AT UPPO COVTACT, IAIIDEll 

TO OCCAIIOIIAUT LAIIIIIATD, SPACP 1/16• TO 1•; IAIIDS Allll UllliiA! UIIDUUTOIT UP TO 

1/4• Allll OCCASIOULLJ tDIIIIIATI AIIUPTLT, CU. I IAIIDS USUALlY tBICX!ST, B!COftC snuc­
TUUUSI 111111 D!P111, I.OC.U.LJ JODULU; UPPD 3.1' CI*TAln Ilrt'DI!DO!D CUT U!UIIA!, 

conot DECIUSl.C: 111111 DEP'111& LOCALLY c:JPSIFOOUS II UPPO 6•; lUI TOP, HOIIZOIITAL 

AIID SUIHOIIZOIITAL c:JPSUII-FII.L!D FIACTUUS All AIUIIIWIT, 1/r TO 112• Tllla, SPACED 

1• TO 3•; I!DDliiC TniiiiATP OOSlOIIAUT .U UPPO CI*TACT; -JZIIrt'AL Allll SIIIIIClal­

ZOWTAL c:TPSIIII-fiLL!D ru.c;ruus SPACP 1• 'r. :t-.1'1 , 1/tt"- "r.-.,..., 'NiaJ ......UTI CAL 

Allll SUIVDTICAL CYPSUti-FILLED FIACTUI!S, 111• TO 1/4• tRia, SPACED 2.0' TO 6.CI'; 

IASAL COIITACT SBAU. 

ANHYDRITE; SE! FICUI! 10. 

SILTY CLAYSTONE; 5!! FlCUI! 10. 

FIGURE 4 (CONTINUE.D} 

EXHAUST SHAFT· 
LITHOLOGIC LOG 

SHEET 15 OF 50 



PRELIMINARY STRATIGRAPHIC 

ELEV. DEPTH COLUMN 
(FT.MSLI (FT.) 

2829 580 

2824 585 

2819 590 

2814 595 

2809 600 

2804 605 

2799 610 

2794 615 

2789 620 

2784 625 

REMARKS 

AIIIIYDtiT!; St:! FICUI! 10. 

~CEWTA DOLDKITE ~E~BEI 

DOLOMITE, CYPSIFEIOUS; SE! FICUR! 10. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOL061C LOG 

SHEET 16 Of 50 



PRELIMINARY 

ELEV. DEPTH 
('T. MSll (FT.) 

2784 625 

2779 630 

2774 635 

2769 640 

2764 645 

2759 650 

2754 655 

2749 660 

2744 665 

2739 670 

STRATIGRAPHIC 

COLUMN 
REMARKS 

TA.'IAIISr "DIIEI 

AIIIIYDIITI, FinLY CIYSTALLIIJII!, ClAY TO LICIIT IIOWIIISI-QAY TO TAll VI111 DEm, LAlli• 

IIATO TO MOIJUI.Aa, IIAIDI LOCALLY c:YPSiftiOUI At UPP!I tonACt; COIITAlft llltUI!DI Of 

UIIIIIATID CAUOIIATI LOCALLY AJID lEA& Wilt UIIIILU IU.Y LOCALLY U t!I.!IIIIATED !10-

SIDIALLYI l" TO z• Tiler OlC..IC (1) ILACr CLAYStolll AY 66S.t', COITAl .. FIIIOUI 
c:YPSIII-Fll.LD FIACTUIU, FIIW OliDITED Y!ltiCALLY·, 1/lZ" TO l" TIJCX, DJSCI*­

TIIUOUI, LOCALLY IJFIJICATIIIC; IOIJZOMTAL FJIIOUI c:YPSIII-FJLLD riAC1'UI!S t1IIOUCIIOVI' 

VJt11 SPACJIIC I.S' TO l.S', 1/lZ" TO 1/ II" T11JCK; llAU SUIYEITJCAL P'UCT\IUS; BASAL 

tonACt CIADATJOUL. 

FIGURE ~ (CONTINUED) 

EXHAUST SHAFT 
LITHOL06IC l06 

SHEET 17 0, 50 



PRELIMINARY STRATIGRAPHiC 
ELEV. DEPTH 

(FT. NSLI ( FT.l 
COLUMN 

2739 670 

2734 67!5 

Z729 680 

Z7Z4 68!5 

2719 690 

2714 69!5 

2709 700 

2704 70!5 

2699 710 

2694 715 

REMARKS 

AS AIM 

AMHYD&IT!; s££ ncuu 11. 

AHHYDIIT!; S!! FICUII 11. 

Cl.AYSTOIII; SU FIQJU 11. 

AIIIIYD&ITI. AI.Cil.U.C!OUS; S!! riCUII 11. 

SILTY CLAYSTOWI; S£1 FICUII 11. 

AlllfYDIIT!; S££ f"ICUll 11. 

CUTSTON!' Sf! FICUI£ 11. 

AIIIIYD&IT!; S!l FICUII 11. 

Clll.DIIA DOLQIIJT! 11!:.'11 

DOLOIIIT! c:YPSIFEIOUS• SU rtCUII 11. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOL061C LOG 

SHEET 18 0, 50 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH 

( F T.l 
COLUMN 

(FT. lULl 

2694 715 

2689 720 

2684 725 

2679 730 

2674 735 

2669 740 

2664 745 

2659 750 

2654 755 

-j---t---i-

2649 760 

REMARKS 

AS AIM 

lMIAIIED LCJIID. ftE!'IIID 

SILTY CLAYS!Dif; SEE FICUII 11. 

ANHYDIIT!; SE! FICUII 11. 

SANDY ~UDSTON!; SE! FICUR! 11. 

HALlTIC MUDSTONE Ol AICILLACEOUS HALlT!; S!l FICUll 11. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOL061C L06 

SHEET Of 5 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH COLUMN 

(I"T.IISLl (FT. I 

2649 760 - - -- -- - -
- --
- -

2644- - 76!5 -
~ 
- - \ 

- \ -- -
2639- r- 770 -, -

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

2634- - 77!5 - -- -
~···.:j·· •""tit ~~~..;..;~· 
~ --.--: ."- ·. 
- --- -- -

2629- r- 780 - -- -- -
- -- -
- -- -· - -

2624- r- 78 !5 - -
- -+---------:-1:---=---=-r- ---- ------- ---::-1.-_-_-_-_-_t.: 

..:J.·.·.:£;:.t: :~··::(.' 
·.·.·: <:1::. '.'·'l~· ... ·.·: . 

2619- '- 790 
• ::.: ~ .'<:"; ••• ·:. ~!:::: 

L 
::~:····.'···>.'/:.·: 

" ) 
.·.·: .·; •• •• ·.·::: •• ...... : 0 ---
;· .. :;: ... ;.· .. ·.· .. : ....... 

) 

2614- - 79!5 
:: ·. ·.·. ·:.: ... · ... ·:· 

---r---- -~--

r 

' - ---
1 

2609- -800 ~ -- ---
., . . ( ,. . '. 
~ 

--;;::- ( 

2604 80!5 ) - + 

REMARKS 

AS liM 

JI.U.ITI; SU IICUU 11. 

AOYDIITI; S!l IICual 11. 

Ul.ITI, AICILL4C!OUI IW.ITI; SU PICial 11. 

AICll.l.lC!OUI ULITI lJID IW.ITIC 1tUD$1011!; SU: riCUU 11. 

AKILL4C!OIIS JI.U.ITI AlAI Ul.ITIC lfiiDSlOdl SD riCUU 11. 

SANDY JI.U.ITIC SILTSTONE; SEE FICUII 11. 

SILTSTOII AND SANDY SILTSTONE, LICHT IIOWI TO IIDDISH-IIOWI WITH THII LAYtiS Of 

M!DIIIl ClAY CU.YS"TOII! AID !IIIDSTOII!, tllinY IlDDEII TO LAKIWAT!D, DIVISIILI! IIITO UIIITS 

I'" TO 21'" THICJ:; 8!DDIIIC: MD LAII.IWAnOIII CIN!IALLY HOIIZOIITAL TO SUIHOII2.01'TAL, SOME 

WAVY 8!DDIIIC, SOKI MICIO CIOSS-LAMIWATIOIIS; FIOK 792.0' TO 795.0' LAB.C~ ClOSS-

CUTTIIIC ULATIONSHIPS WITI SOME UIIITS PARTIALLY TO WHOLLY EROSIONALLY REMOVED, UNITS 

C!ti!IAU.T D<MI-CIIT TO EAST AND SOUTIIEAST; S!W.L-SCAL!: CIOSS-BEDDINC HAS VARIAILI 

CUiaEIT DIRECTIONS WITH DEPTH, MOST SOUTH; AT 794.0' SYMMETRICAL RIPPLES WIT! CLAY 

DIAP£; IIPPL! SETS 1/4" TO 1/2" THICK; MINOR SOFT SEDIMENT DEFO~~TIOI, LOCAL PINI NC 

UPWARDS SEQUENCES; BASAL CONTACT CRADATIONAL. 

I 

FIGURE ~ (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 

SHEET 20 0' 50 



PRELIMINARY 

· ELEV. DEPTH 
(FT. MSLJ (FT.) 

2604 805 

2599- r-810 

2594- -815 

2589- -820 

2584- -825 

2579- r- 830 

2574- r- 835 

2569- -840 

2564- -845 

2559 850 

STRATIGRAPHIC 

COLUMN 

( ( 

J • 
·-
·-

' ~ 
r- -
r- ·-

( ( 
.I " 

i- -
~ ~ 
-------

\ ") 

--
-------- \ -

.....:.... 
------ -
·-r- = 

_) _) 

--
\ ' -------

-------
I !. _,. I 

1-
1-

- ( '-.-,_ I 

r-
t"-7 - ... -

) I 

·-
-

_) 

-r-

' l 

-J } -
-

_{ ~ 
.I I 

r-
f-· 

\ \ 
1--------

----,- _I 

7- )_ 

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

I -
-> J---

( 
I 

--
---

\ \ 
,..,..._·r-;-:-·· ......... ·. 
:.~·:;:::_(;.::·.·.".· .. .. -................ 

' ~ 

hl_ "A~"\.~/\{_ 

REMARKS 

SILTSTOW! AND AICILLAC!OUS SILTSTOW£ IMT£liEDD£D WITH CLAYSTOWE, ClAY AlfD DAU ClAY, 

THJIILY LAIIIVATD (l/32" TO 111"); UUVDAIIT Fill! SnUCTUtl!S IIICLUDIIIC HOIIZOIITAL 

LAHIIIATIOIIS, LOW-AIICU ClOSS-UIIIIIATIOII SETS OF VAIYiliC SIZE (2" TO 3.0' ); CUUDIT 

Dll!CTIOIIS Ill SIW.LU SETS VAIY, CUUDrt DllECTIOIIS Ill LAICD SETS !IOSTLY IIOlTH!AST; 

LU! LOAD STaUCTUUS, UOSIOIIAL SCOUl AIID FILL; lAI! HICB-AIICU IW.IT!-FILUD 

FIACTUI.ES; FUCTIJU OCCUU!IICE IIICIWES WITH DEPTH, II!.U BASI LU! HOUZONTAL AlfD 

SUIV!ITICA1. IIALIT!-FILL!D PIACTUUS 111" TO 3" THICK, SPACED l.O' TO 8.0'; ~OIIE 

LAIC!l SUIIIOI.IZOIITAL FIACTUI.!S !liiiiiT All EAST (TOP) WEST (IOTTOK) SH!.U; COMTAIIIS 

DAIUC ClAY SPOTS AlfD lUIS (IIOTUIIATIOII), COliT!JIT IIICUASIIIC WITH DEPTH; IECOII!S 

AICILLAC!OUS SILTSTOII! WITH DEPTH; CUT WITH LOCAL UDDISH-IIOWII AIEAS, THIIILY 

LAHIIIAT!D AND OOIITAIIIS IIOWNISH CLASTS OF AHHYDIITI (1/1" TO 1-1/2" DIAK!TEI) 

ROUIID!D AlfD OCC.UIOIIALLY FLATTENED PARALLEL TO UDDIIIC; CLASTS llAHDOKLY SCATT!I!D 

THIOUCHOUT; RAAI LOW-AMCL! CIOSS-UIIIIIATIOII SETS; IASAL COIITACT CIADATIONAL OYEl 

1/2", IU.!CUI.AI, !tAPPED AS DIFFUSE 'our; TO E:ITREII! COIITACT UIIDULATIONS. 

SANDY SILTSTONE; SE! FICUII 12. 

SILTSTOIE; SEI PIGUII 12. 

POLY11ALIT!, AJIIITD&IT!, AlfD AICILl.ACEOUS AIIIIYDIIT!; SU FICUU 12. 

EXHAUST SHAFT 
LITHOL06IC L06 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH 

(FT. I 
COLUMN 

(FT. MSLl 

REMARKS 

2559 850 SALADO FOIJIATIOII :.:r_-_-_-_-:±--=-
:-I..:--- -- IW.ITI C IIUDS1011£; S£! FI CIJU 12 • 

-::-:-:-t:: ~-=-=-
~~-~--+--------------------------------------------------------- 11 

X -- HALIT!; SEE FICUIE 12. 

2554-1- 855 
X 

X 

X 
X 

2549-- 860 ............... t-------'------------~--------------

2544- ~ 865 

2539- ~ 870 

X 

X 
X 

X 

X- X -

- X -X -

X- X -X 

-X- X-

X- X­

- X- X-

2534-r 875 X- X­

X- X 

2529-'- 880 

:r-_-_-_-...:-_"t: ___ __. ___ _ 
X 

X -
X 

t-+------=+-=---1-,_-_--:.....-:...-:_-_-_:-_ 
,_-_-_-±:----:1:---= -- -- --

HALITE; SEE FICUI! 12. 

HAl '.SEE F CUll 

HALI!E; SEE FICUilE 12. 

KALI!IC CLAYS!ONE; S!E FICUIE 12. 

HALI!E; SEE fiCURE 12. 

KALI!IC CLAYSTONE; S!! FICUI! 12. 

I 

~+=-=+=-=-±-
••••••••••••••• .J.. ---------------------------------i 

ARCILLACEOUS KALI!E; SEE FICUI! 12. 
2524--885 ~-~.~---~~.-~----------------------------------------------------------~ 

~-=---~----;_-: CtAYS!OHE, SLlCHTLY HALI!IC: SEE FICURE 12. 
-:_+-_-_~--=-....:-..: 
-------=---=---=---:.r--""1=--
----------_-_-_ 
-~:-=-:!-=-~-

2519 - f- 8 90 •.• ·~ ••••••••• t-----------------------------------------------t 
HALITE, ARGILLACEOUS; SEE FICUR! 12. 

2514 895 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
L lTHOLOGl C LOG 

SHEET 22 OF 50 



PRELIMINARY 

ELEV. DEPTH 
(FT.I.Sll (FT.) 

2514 895 

2509--900 

2504- 1- 905 

2499- 1-910 

2494- -915 

2489- 1- 920 

2484- 1- 925 

2479-- 930 

2474-- 935 

2469 940 

STRATIGRAPHIC 

COLUMN 

X 

X 

- - -
- -- - -

- -... . . . . 
-

- - -- -

- X 
X -
- \ 

\ X 

X \ 

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

-- -
X 

X 

X 
X ....... . . - -- -x 

u 

REMARKS 

U.C:II.Ut!OIJI IW.ITE; SU riCUU U. 

lW.l T!; SIEI ri CUll 12. 

A&cm.uaous IW.ITII su ncuu u. 

liAUT!, SLICliTI.Y U.C:IWC:EOUS I S!l riCUI.I 12. 

IW.ITI, COAI.S!l.Y CIYSTALLllll, WITI 'fa TIIIT!D OIUCI, Tlllll.Y I!DD!D WITII THII 

SUIIIIORIZOIITAL STIIIIC!U Or AIIIIYD&lTI .AIID POLYIW.ITI; SUCIITI.Y U.C:Il.UC!OUI II UPP!I 

0. S ' ; BASAL COifT ACT SHARI,- SLI CIITt Y UIDUUTOI.Y. 

SILn Cl.\YSTOIIE, BIOWIIISH-1£0, VEAY SOFT; IIALITIC, IIALIT! OCCUIS AS 1/4" TO 1" DIS• 

PUCIVI CJ.YSTALS; COIITAIIIS LOCALLY IIDUClll Cl.\Ynwl; BASAL COIITACT DIFFUSI, CEII!­

TICAUY CIADATIOIIAL. 

HALITE, M!DIIIIl TO COAIS!U CIYSTALLIII!, WHin TO CUAI; COIITAIIIS INT!ISTITIAL RED 

CUT Ill UPP!I 3.0', COIIT!liT DECIIAS!S IIITI DEPTMI TIAC! IANDOKLY OII!IIT!D STIINC:EIS 

0. POLYIW.IT! II REMAIND!I or UIIIT; BASAL COIITACT DIFFUSE. 

HALITE KII!D WITH POLYIW.IT!, Fll!l.Y TO COAIS!l.Y OYSTALLIII!, WHIT! TO CL£AI; 

POLYHALITI COIITEIIT D!CIU.SES VITI DEPTI, COIIT!IIT CUAT!ST II UPP!1 0.5', occuas U 

CIOUPI or SUIIIOUZOIITAL STI.IIIC!U, IECOKI~ L!SS UUII\WI'T WITII D!PTB; SUBHOIIZOIITAL 

STI.IIIC!U or AJIIITDI.IT! OCC\la WITI D!PTII, STIIIIC!U M POLYIIALIT! AIID ~YDiliT! 
X 

X II!CCf!E I.UIDOI'ILY OIID1T!11 VITI D!PTII; &ASAL COifTACT GIADATIOIAL. -----+------~--~---------------~----1 
X X X HALITE, MEDIUM TO COAIS!LY CRYSTALLINE, WHIT! TO OIAIICI: TO CLI!All; ABUIIDAIIT POLY-

\ HALITE II UPP!1 3" TJIJITS HALITE OIAIIC!: SUBHO&IZOIITAL STI.IIICEAS or POLYIW.IT! AIID 

ANIIYDIITE SPACED 1" TO 3"; BED OF VERY POLYIIALITIC IW.IT! OCCUIS IETWEDI 729.4' AIID X 
\ 

• • • • • • • 730.0', L'!IIDEliTIFIED CAS ORICINATES FRO!! THIS AI!A ALO~ FUCTUlt!S; IASAL COIITACT 

- - - • l DIFFUS!. 
L-_,AR,.,C"'I:-:LU.,.......,C"""EO~U-:-::S-::-HAL~IT""E""",~AR:-:C"'I:-:LLA,.......,C"""EO""'U:-::S-,!IA"""'T:=EB."'I"'AL:--::8..,.E=:DD:-:I.,.S~H--:II.,-IOWI=~,-:IIAL:-:-:-:l:-:TI~WH=I-:=T:-:IS:::H~-C::':IA:-:-::Y-:TO:::----t 

X 

CU!All; HALITE OCCUI.S o\S DISPUCIV! C:USTALS AA IICCUCATD Of QYSTALSI UIIT COII­

TAIIlS LOCAL CU!liiSH--aAY REDUCTlotl ZOII!S; Cl.\Y a.rDT DICUASII IIITM D!PTII, 

OEQ!AS!S AJIIUPn.Y B!LOII 937 .I'; IOCit IELOII 937 .I' Cl.\SSIPID ASI HALITE, WHIT!, 

MEDIUM TO COAIS!l.Y QYSTALLIII, SUCIITU AIC:II.UC!OUI, Cl.\Y COIIT!IIT D!ta!ASIIIC VITI 

D!PTB, TIACI POLYIW.ITI AIID AIIIIYDIITI STIIIIC!U CX*T!It IIICUASI~ VITI D!PTII, 

STIIIIC!U IAIIDOffl.Y OI.IDIT!D AT TOP, II!COIII~ SU...IZOirTAL VITI D!PTII, SPACED 1" TO 

3"1 IASAL COIITACT CIADATIOIIAL, IIAU!D IY 1" THICK :zon or ClAYISH-WHIT! HALITE. 

FIGURE ~ (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 

ELEV. 
(FT. loiS L1 

2469 

DEPTH 
(FT.) 

940 

2464- r- 945 

2459-- 950 

2454-r- 955 

2449- r- 960 

2444--965 

2439--970 

2434- r- 975 

2429- .... 980 

242.4 985 

STRA~IGRAPHIC 

COLUMN 

\ 
X 

\ 
-· X 

-
\ \ 

X X 

-1 -

REMARKS 

---__,f----------------------------1 ---

X 

X 

X X 

X 

X X X X 
-:._:-_-_________ _ 
----::-_---

X 

)(X xxxxxxxxx 
)( 

X 

\ , 
I 

J 
( 

' ~ ' 

X 
X 

X 
'"X?'.. 

X X X 

-_-_-_-_:-_-:._-_:-
--:I._-:.;-_-:....-:...-:..:-
....:-....~""" _____ _ 
-:-:-::-:--:~~ -----:---
-\-

X -\ _, -
- X X 

AICILI.AA:!OUS IIALITI, riW!t.Y to COAIS!LY CIYSTALLIR, WIIITISI-cu.Y TO CL!AI, I'IASSIVII 

IW.IT! OCCUU U amAl. ACCJ.ECATt:S a ZOII!S C. PODSI CLAY a.r!IIT DtCIUSU 

AHUPTLY I!LDII 94,.1'; TUC! DISS!IUUT!D POLYIIALITI IUU, COifTDIT IIICIW!S VITI 

DtPTH; I!COK!I I!DDI!II II LOWD 2.0' WITll ALT!Uit.TIIIC POLYIW.ITIC IW.IT! AIID CLW 

IW.IT! B!DS 2" TO 1• TliiCJ:; BASAl. COIITACT SIIAU, DISCOIIFORIUILI. 

Alf:Il.LACEOUS IW.IT! II UPPD 2.0', I!DDISI-IROWII, CLAY COIITDT D!CIEAS!I WITll D!PTII, 

CIAD!S IIITO POLYIIALITIC HALITE; IW.ITI IS WITI TO TIIIT!II OUIIC:I TO c:t.!Al, H!DIIII TO 

COAlStLY CIYSTALLIII!; POLYHALIT! I'CCUIS AI BLIIS AIID STIIICDS, POLYKALIT! I!D AT 

96l.S'; cnrtAIIIS LOCAL CIEE"JISH-CIAY I!DUCTIOII SPOTS a AlCILLACtouS IU.TDIAL IIW 

THI IASI; llt.SAL COIITACT Slllt.IP, Mlt.IX!D IY l" t11ICX IIOIIZOIITAL FIBIOUI HALIT!-PILL!:D 

FIACTUU. 

SILTSTOII!, IEDDISH-IROWM, TRACE or BEDDIIIC; COIITAIIIS SKit.LL 1/4" IHIAY!:D DISPLACIV! 

IW.IT! CRYSTALS NW TOP; COWTAIIII IAII SUIV!:ITICAL IW.IT!-FILLED FIACTUI!S; BECOMES 

lt.XMTDIITIC (ClAY) II LOWER 2.0'; CQIITit.IIIS DISPLit.CIV! HALIT! CIYSTALS <1/B"; BASAL 

COWTACT SIIAIP. 

AIIGILLAC!OIJS IW.IT!, AIICILLAC!OIJS ~TRIAL REDDISH-BKOWM, IW.IT! CLEAl; BELOW 9U.O' 

CLAY COIIT!IT DECREASES ABRUPTLY, UVIT BECOK!:S SLICHTLY lt.IGILLACEOUS lt.IID POLTHALITIC, 

CLAY AIID POLTlllt.LIT! OCCUI AS llAIIllOifLY OIIEWTED STIIIICEIS; OVDALL CLAY COIITUT 

D!CIUS!S VITI DEPTI; POL~IT! COIITDIT IIICUAS~I VITI DtPTI; IASAL COIITACT 

CIADATI OIIAL. 

POLY!W.IT!, ANHTDIITIC, FIII!:LY CIYSTALLII!, OlAIICt, Hlt.ID; IW.ITIC, HALIT! WHIT!; 

AMHTDIIT! ClAY; DISCOIITINUOUS B!DI OF WHIT! FIV!LY CIYSTALLI~ HALITE NW TOP; AT 

9U.O', 1" THICJ: B!D or THINLY L/t.I'IINAT!D lt.IIHTD&IT! OCCUIS; UVIT CONTAINS CLW DIS­

Pl.lt.CIW lALIT! CRYSTALS IIW BAS!; BASAL CONTACT Slllt.IP. 

IW.IT!, POLTIW.ITIC, MEDIUM TO COARSELY CRYSTALLIN!, WHIT! TO TIWT!:D OIWIC!, THII TO 

MEDIUM BEDDED BY SUB!IORIZONT.U. STRINCERS or POLTIW.IT!; BASAL COWTACT Slllt.IP, :WUC!D 

1 BY A 2" THICJ: BED OF POLYIW.IT!. 

AICILLACEOUS HALITE, REDDIS!I-BRDWM, SLIC!ITLY lt.NHTDIITIC, CLAY COWTEIT D!CRUS!:S WITH 

DEPTH; NEAl TOP, HALITE OCCUIS AS DISPI.ACIVI CIYSTALII I!Qlii!S TH! DOI!IIIt.IIT !la!UL 

TYPE WITH DEPTH, BECOMES !I!DIUII TO COAISELY CIYSTALLIII!, WHIT! TO CLEAI, THIILY 

BEDDED II L0WU 2.0' WITll STIIICDS or POLYKALIT! stPAllt.TIJI: B!DI; lt.ICILI.AC!OUI 

ltlt.TD.IAL OCCURS AI IU.TIII II UPPD Plt.IT, STIIIICDS II LOWD Plt.ITI 501(1 Ga!!IISH-CIIt.Y 

I!DUCTIOII SPOTS OCCUI IW TOP; TUCI POLTIW.IT!, COIIT!IIT IIICIEASU VITI D!PTII 

LUAl. COIITACT SILUP, DISCOIIP'OIMIL!. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
Ll THOLOG I C L06 



PRELIMINARY 

ELEV. 
I FT. MSLI 

2424 

DEPTH 
I FT. I 

98~ 

STRATIGRAPHIC 

COLUMN ,_ 
X 

X \ --
X X X 
X X X 

2419-1-990 X 
X 

2414-- 99~ 

2409- f- I 000 

2404- '-100~ 

2399- t-1010 

2394- t- I 01~ 

2389- -1020 

2384- f-102~ 

2379 1030 

X-- X 
-X -

X 

X 

- X 

-
X -

- X 

X -
X X 
~ 

X 
X 

IYXYX' 
A X 

- - -- -
- - -

- -
X 

- X 

X -
X X 

X X X 

REMARKS 

AS AICWl 

.UC:II.UC!OUI IIALITI, lllDI Ill to COAISIL t C1 YST ALL I II, WIT! to T UIT!ll OIAIICI ; 

UDIIISI-1101111 CUt KAniX II UPP!I 4"; POLYlW.ITIC; CLAY AIIU POLYIW.IT! OCCUR AS 

SUIIIOaiZOIITAL sniiiC!U SPACID 1" to 4"; 1ASAL COIITACT SIIAI.f. 

IICILUC!OUI IIALIT! CIADIIIC: to HALITE VITI DEPTB; CLAY OCCUU AS U:DDISII-IIOWII 

!IAniX AT TOP, IIALIT! OCCUU AS DISPLACIVI CI.YSTALI AIIU CIYSTAL ACCI!CATU ALICII!ll 

II ZOIIU, CU.Y II UPP!I 1" C:U:UISI ClAY; CLAY COIITDIT DECIUSES VITII D!PTB, OCCURS 

AS SUiaa.IZ'*TAL sniiiCDS; HALITE IECOI!S DOtiiiWIT llOCit TYPI VITH DEPTB, liEDIUK TO 

COA&SELY CIYSTALLIII, WIT! to CL!AI; TRACE POLYlW.IT! lUIS AJID IAJIDOtiLY OIIENTE:D 

to SUIIIOIIZ'*TAL sniJCDSI IAU AIIIIYDIIT! sniiiCI!:IS; LDW!I l.O' TliiT!ll OIAIIC!; 

BASAL COirtACT SKAII. 

POLntALIT!, FIII!LY CIYSTALLIIIE, RE:DDISI-DIWICE; 1" TIIICI: ClAY CLAYSTOIIE BEDS l" 

AIOVI AIIU AT IASAL CONTACT; BASAL CONTACT SHAIP. 

HALITE, COA&S!LY ClYSTALLIII, WIT! to CUAI. to OIAIICE; TIACI POLntALIT! SniNCEilS 

AIID DISS!IIIIIAT!D BLEil; AT 1017 .I', 1" TIIICI I!D Of POLYIW.lT! OCCUIS UIIDEilLAIII 1Y A 

1/4" THiel: 1!11 OF CII.Y ct.AYSTOIIE; BASAL COIITACT SHAIP, !IAUEJI 1Y DISSOLUTIOI 
I 

nouc:Hs. 

AICILLACEOUS HALITE, WIT! TO CLEAR, lf!DIUK to COARSELY CRYSTALLIN!; CLAY OCCURS AS 

BIOWW SUIHOIIZONTAL STRINCERS, SPACED 1" TO 2"; sniNCEIS ARE TE~IIIATED EROSIONALLY 

AT UPPEJ. CONTACT, CLAY CO!IlEIIT DECREASES· WI Til DEP'T!I; TKACE POLYl!ALIT! sniNCERS AIID 

DISSEKIIIAT!D BLEBS, COIITEIIT INCREASES IN LOWEI l.O'; BASAL CO!IlACT SKAar, EROSIONAL, 

llliDUUTOIY UP to 1. 0' • 

FIGURE q' (CONTINUED) 
EXHAUST SHAFT 
L.I THOL06 I C L06 
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PRELIMINARY 

ELEV. DEPTH 
(FT.MSLI (FT.) 

2379 1030 

2374 10"35 

2369 1040 

2364 1045 

2"359 1050 

2354 1055 

2"349 1060 

2"344 1065 

2"339 1070 

2"334 1075 

STRATIGRAPHIC 

COLUMN 

X 

X 
X 

X 
X 

\M'B\ '1GiJ.' 
X \ 

X \ 

\\\\\\\\\\ 

X X 

X X 
X X X 

X 
--x-

X 

X 

X 

-x 
X 

REMARKS 

AIIHYDIITI, FIII!l.Y CI.YSTAI.LIII!, .U.T!IIIATIIIC LICHT All1l DAU ClAY, UIIIIIATI!D TO V!IY 

T!IIIILY I!DDD& I!DDIIIC IJIIDtll.lTU SUCIITLY, I!DS OFT!I COIITAII DITIOLIT!IIC STJ.UC­

TUI.!S; LDC.U. <1/4• CI.YST.U.S OP II.Al.Itl; UCIIT 1101111 CI.IIOIIATI! (l) IIITEII!DS; BASAL 

COIIT.&Ct CI.ADAtiOIAL. 

C.U.IOIIATI (DOLOIITI! ), Flii!LY CI.YSTALI.lll! 01. CIAIK!D, LICHT 1101111 WI Til CIAYISH-BIOIIII 

UIIIIIAI, THIJLY LAIIIIAT!D, UKIIIAI OCCIII. AS COIICAV! DOWIIW.U.O SETS AV!IACIHC 4" TO 7" 

AQOSS; l'tOIAIU: ALC.U. STJ.DtiATOLITIS; DAHD UKIHAl OICAIIIIC (?); BAS.U. COHTACT 

~ICED IY SUIHOIIZOIIT.U. CIAYISH-8101111 UltiiiA!, CI.ADATIOII.U.. 

DOLOititl, Flii!LY CIYSTAI.LII!, LICHT BROW, HIIIT or I!DDIIIC; IAS.U. COIITACT S!WlP, 

EIOSIOIW.. 

AIIHYDIITI, CARIOIIAT!-IICH, FINELY CIYSTALLIHE, ALT!IIIATIHC LICHT CRAY All1l ClAY, 

TliilfLY I.A.'HIIATD II UPP!I 0.9', IE.'IAIHDD STJ.UCTUI.!L!SS; BAS.U. COIITACT SHAI.P, EIG­

SION.U.. 

SILTY CUYSTOIII, CUT, LOCALLY THIJLY UltiiiAT!D; COIITAliiS DISPLACIV! II.ALIT! 

Cl. YST ALS; IASAL COirfAct SllAIP. 

IIALITI, 11!01111 TO COAII.S!L'f QYST.U.LIII!, llllltl TO CLUI. TO OI.AIIC!; CLAY IIATJ.ll Ill 

UPPD 1.1', IIALITI OCCUI.S AS DISPLACIVI QYST.U.S, CLAY COIITDit DEQW!S WIT11 DEPTH; 

CLAY !IDIPIIOLOc:l' CHAliCES FROII IIATJ.Il TO SUIHOIIZOIIT.U. STJ.IIICI!I.I SPACED 1" TO 2", 

8!1.011 lOU .I' .U.CILLACEOUI JniiiCDI I!COtl! DISCOIITIIIUOUI All1l OI.IDITn IAIIDOIILY& 

TJ.AC! DISCOIITIIIUOUS SUBHOIIZOIIT.U. STJ.IIICEIS All1l PODI Of' POLYHALITI, COIIT!IIT 

IIICUASU VIT11 DEPTH; At 1050.0' A G.l' TliiCIC UltiiiATED lED Of' AIIHYDIITI OCCUI.S, 

1!1.011 TillS lED CLAY COHTEIIT D!ctEASES ~IC!DLY All1l TJ.ACI AI10UIIT1 Of' POLYHALITE AIID 

AIIHYDilTI OCCIII. Ill DISCOIITUIUOUS STJ.IIICEIS; 2" !BICIC lED Of' AllliYl)IIT! OCCUI.S AT 

1055.0'; LOWII 1.0' IS V£11 POLYHALITIC; BAS.U. COIITACT SHAIP. 

.U.CILLACEOUS II.ALIT!, MEDI~ TO CO.U.SELY CIYSTALLIIIE, WIIITI TO CLEAJ.,CLAY OCCUI.S Ill 

IAXDOKLY-oiitNT!D STJ.IIIC£15; STJ.IIICEIS AIIU IL!IS or POLYHALITt; BASAL CONTACT SHAI.P, 

UIIDtiUTOit UP TO 1. 0 ' • 

POLYII.ALITI!, riiiELY CIYST.U.LIH!. ORANC!, STIUCTUIELESS EXCEPT NEAl· BAS!; LOCALLY 

HALITIC; TBII CRAY AIIHYDRIT! BED OCCUI.S At BAS!; BASAL CONTAct SH.U.P, !WUCED BY A 

Tliii lED OP ClAY CLAYSTONE. 

II.ALIT!, MEDIUM TO CO.U.SELY CIYSTALLIIE, IIIIItE TO CLEAI.; .U.CILLACEOUS At TOP, 

I.!DOISI-IIOW, COIIT!IIT D!CU.U!S WIT11 D!PTW, CLAY OCCUI.I II STJ.INCEIS& TI.ACI POLY­

II.ALITI! .U IAIIliOIILY-oiii!IITI!D STJ.UICI!U WHICI CIADI TO SUIHOIIZOIITAL Wlt11 DEPTH, 

COIITEIY IICUASU VIT11 DEPnl& At 1071,6, l" T111Cl ID or POLYlW.Itl OCCUI.I UIID!ILAII 

IT 1• t11ICZ ClAY CLAYSTOIII lED& CLAY COIItDit IIICUASEI ILICKTLY 1!1.011 1071.6', COLOI 

I!DDI5a-IIOWI 1'0 C::Ut& IICOKU VOl POLYJW.ItiC II LOWI!I 1.0'1 BASAL COIITACT SHAU. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
L ITHOL06 I C LOG 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH COLUMN 

(FT. MSll (FT.) 

2334 1075 X 

X 

X 
X 

2329- f-1 080 X 
X 

X X X l( 

- - -- -
X 

2324- -1085 X 
X 

I X. • ,...X ... X 
~----_-_:-_-_-__ 
--------
~7=-=-~-: 

2319- -1090 - -
- -

-
X 

2314- -1095 
X 

- -
X -

- - X 

2309- f- 1100 -
X 

- X 

-X 

-
2304- r-1105 XXXXXXXXXXX>OC 

X X 

X X 

2299- -1110 _X_ X X 

- - -
- -

- -
-x -

X -
2294- 1-1115 - - X 

X -
- -
X -x -

2289 1120 -

J 
I 

I 

REMARKS 

AS AIOY( 

POLY1W.ITI, FIII!l.Y CUSTALLIII!, OLUIC!; lJ)IDEILAIJ IY 1/2" THICJC CB.AY CLA¥STO!I! BED; 

IASAL COIITACT SIIAaP. 

IAUTI, II!DIIDI TO COA&SnY CiYSTALLift, CLUI. TO WIIIT!; UPPU 1.0' UCILUCEOUS 

STUIIC!IS, COIIT!JIT D!Cl!AS!S WIT11 D!PT11; POLYKALIT! STIINC!IS, CONTENT INCREASES 

WITI D!PTI; BASAL COIITACT SIIAlP. 

POLYRALIT!, FII!LY CIYSTALLIII!, OIANCE, STIUCTUI!LESS; lJ)ID!ILAIII ll'l 1" THICIC CRAY 

CUYS'!O'ft I!DI BASAL COIITACT SHAIP. 

IIALIT!, IIODEIAT!LY AICILUC!OUS Alii) POLYllALITIC, Kt:DIUM TO COU.S!L'l CRYSTALLIJI!, 

WIT! TO CL!A& TO TIIIT!D OIWic:!; LOCAL I!DDISH-IIICMI CUY ~TIII, I!ALIT! OCCUIS AS 

DISPUCIYI CIYSTALS, LOCAL Cl!!JIISH-c:IAY UIIUCTIO. ZOIIUI AICILLAC!OIII STIIIICW 

AaUIIIWIT II UPP!I J.O', CONTEIIT DECR!AS!S IIITI D!PTI, AaS!JT BELOW 1103.0'; 

POLY1W.IT! OCCUIS AS DISSEMINATED BLEBS AIID STIIIIC!IS, COIIT!JT INCR!ASIIIC WITI 

Df:PTI, 1" T!IICI[ POLYiw.ITE BED AT 1105.2'; BASAL COIITACT SHAIP. 

I!ALIT!, U.CILLACEOUS AND POLYIIALITIC, COUSELY CRYSTALLINE, IIlli!! TO CL!A&; CUY 

OCCUIS AS STRINCERS; POLYHALITE OCCURS AS DISSEMINATED BLEBS AND STBINCERS, 6" THICI[ 

IRIIECULAI BED OF POLYHALITE AT 1120.5', LOWER 6" V!l'l POLYHALITIC; BASAL CONTACT 

SHAIP. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
Ll THOL06lC L06 

'1'7 Ct\ 



PRELIMINARY 

ELEV. DEPTH 
(FT.MSLI (FT.l 

STRATIGRAPHIC 

COLUMN 

2289 1120 IX:J,yn... (~ 
X - A 

X 

2284- r- 1125 X 
X 

X 

X X 

X X X X 

2279--1130 ~& 
)( iX 

-- _ ... -------

2274 -I- 1135 

2269-1-1140 X 

X -
2264- ...... 1145 

X 

X X 
X 

X X 
2259--1150 X X X 

xxxxxx~~ 

2254--1155 

REMARKS 

AS AIOY[ 

POL'llW.IT!, FIII!LY CIYSTALLIII!, OUIIC!, STIUCTUI.!LESS; UIIDEILAIII IY 2" THICIC ClAY· 

CLAYSTOII! lED; IASAL COIITACT SIIAIP. 

HALITE, K!DIIII TO COAiSELY CIYST.u.t.III!, WIT! TO CL!AI. TO TIIIT!D ORAIICE; UPP!I 4" 

V!IY AICILL:AC!OUS, CLAY OCCUIS AS I!DDISil-IROWII DISCOIITIWOUS IAIIDOKLY-oRIENT!D 

STIIIICEIS; RDIAIIID!I cotrTAIIIS TIAC! CLAY STIIIC!IS, LOCALLY STIIIICERS IECOK! 

SUIHOIIZOIITAL AIID DDISin KAY IIICI!AS!; COIITAIIII TIAC! POLYIIALIT! WITH DEPTH; BAS,.._ 

CONTACT SHAIP, DISCOIIFOIKAILI. 

HALITE, COAIS!LY CJ.YST.u.t.III!, WHIT! TO CL!AI. TO OIAIICI; UPP!I 1" VERY AiCILLAC!OUS, 

SLICIITLY AICILLACEOUI TO 1146.0'; IIOD!IAT!LY AIUIIDAIIT IWIDOifl.Y-<liiEIITED STIINC!II 

AJID LAIC! IL!II or POLlliALIT!, COIIT!IIT IIICIUSIK VITI DEPTH, LOW!I 1. 5' VEl! POLY­

HALITIC:; BASAl. COIITACT SIIAU, DISCOIIFOIJIAILI. 

AICILL:AC!OUS IW.ITI, FIIIELY TO COAIS!LY CI!STALLIIII; LOCALLY IIIT!UEDD!D WITH 

HALITIC IIUDS'tOIII COIITAIIIIIIC DISPLACIV! HALITI CIYSTALS; I!DDIS8-IIOWII CLAY DISSDII­

NAT!D THIOUCIIOUT AS MATtiX, COIIT!IIT IICJ.EAS!S VITI D!PTI; IU!CULAILY SHAPED ZONES 

(1.0' a 2.0') or PUI! HALITE IAIIDOIIJ.Y SCATT!I!D THIOUCHOUT UIIIT; LOCAL SMALL ZONES 

OF REDUCED CIUIIISH-GIAY CLAY; DISSOLUTIOII PITS THIOUCI UIIIT FILUD WITH AICILLA­

CEOUS HALITE; POLYIIALlnC, COIITDIT INCREASES WITH D!PTI, DISCOIITIWOUS 1" THIIX 

POLYIIALIT! I!D AT BASAL CDIITACT; BASAL COIITACT CIADATIOIIAL, IU!CUUA WITH UP TO 

1.0' OF I!LIU, LOCALLY SBAIP, EROSIONAL. 

ANHYDRITE, FINELY CRYSTALLIII!, LICHT CRAY TO LICHT TAHIIISH-CIAY, THINLY LAMINATED TO 

THINLY BEDDED, BEllS SEPARATED IT DAII CRAY THill LAIIINA!; HALIT! PSEUDOMORPHS AFTEI 

CYPSUK SWALLOWTAIL CJ.YSTAU BECOME ABUIIllAIIT B!LOII 1155.0', 1/16" TO 2" HICK, BECOME 

~ORE ABUIIllAIIT AIID LAIC!I VITI DEPTH, HOST OCCUI ALOIIC SUBHOIIZONTAL BEDDINC PLANES, 

OCCASIONALLY PS!UDOHORPHS LIE PAIALLEL TO B!DDIIIC; AT UPPEI COIITACT DISSOLUTION PITS 

INTO ANHYDRITE OCCUI., FILLED WITH CRAY ARCILLACEOUS HALITI AIID RALITIC ~UDSTON!, 

0.5' TO 2.0' DEEP INTO AIIHYDIIT!, BEDDIIIC TEL~INATED EROSIONALLY AT SIDES OF 

DISSOLUTION PITS; LOCALLY, POLYHALITE IS INCLUDED Ill HALITE FILLIIIC OF HALITE 

PSE~ORPHS AIT!I CYPSUK SWALLOWTAIL CRYSTALS, POLYHALIT! ALSO OCCURS Ill 

IRJ.ECULAILY-SHAPED ZOII!S (2" • 3") AS IEPLACE."'!NT or AIIHYDIIT!; HALITE OCCUI.S ALONC 

B!DDIIIC PLANES I!LOII 1157.11'; LOWD 1" COIITAIIIS IIIT!RII!DS OF POLYHALITE; BASAL 

COWT ACT SIIAIP. 

POLYHALIT!, SLICHTLY HALITIC:, FINELY CRYSTALLIN!, REDDISM-oiAIIC!, HINT OF_BEDDINC Ill 

UPP!I 4", R!KAIND!I STIIICTUI.!LESS EXCEn POl llAil HALITE PS!IJDOI!ORPHS AFTEI SWALLOW­

TAIL CYPSUII CRYSTALS; COIITAID AIUIIDAJIT IU!CULAILY-SHAPED CIYSTALS OF HALITE ( 1/32" 

TO 1/2"); LOW!I l" IS AIIJIYDaiTIC 01 CAIBONAT!-IICR, COI.oa ClADES TO BROWV AT BAS!; 

BASAL COIITACT SHARP, UNDULATOIY 011 TWO SCALES: ~I'IIOa - UP TO 3", MAJOR - UP TO 

2.5', EXHIBITS SOFT SEDIKEIIT DEFORKATIOW DUE TO LOADIIIC. 

CLAYSTONE, LICHT ClAY AT TOP TO ClAY AT BAS!, STRUCTURELESS EXCEPT FOI FLOWAC! 

~~~ STRUCTURES; THICIQIESS RAIICES FROII 0.2' TO 1.0'; LOCALLY BROitDI IY 0" TO 2" THiCI 

~ ~ FRACTUllES FILLED Willi CL!AI. TO OIAIIC! HALITE; BASAL COIITACT SBAU, IMIUUTOIY UP TO -
2 2 49- 1- 116 0 f:3CIIIIbi::i.OdE,.,_~=~ 2.0', DISCOIIFORMAILI. 

2244 1165 X X 

I...:HAL::":":"I::n::-,~COAI==:s::!L=-=Y~CI=n::T::ALLI:-:-::::11!::-, -:CL=-!AI=::::-=TO::-:-:WH=Irt=;~eotrt==:l::l::II::S~CIA=-:-:::y~CLA=-:'::'y~S::Tl=-::III::C::!::-11::-:I::U-:U::P::-P=!I:--; 

2.1', COIITDrr D!CIUSU VITI D!PTI; TUC! POL!IIALITI, COIITDt IICIW!S VITI D!PTI, 

OCCUU &I ILDS, IAIIDOIILY-o&IDIT!II ITIIJC!IS, AIID AI THICK SUIHOIIZOIITAL STIIIICW 

1 /It" TI~CI; AIIIIYDIITI OCOJII VITI POL 'llW.ITI STIIIIC!IS, COIITDIT IIICIUS!S VITI 

D!PTB; IAIAI. COIITACT SBAU, UIIDUUTOIY UP TO l.O'. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 
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PRELIMINARY 

ELEV. DEPTH 
(FT. MSll (FT.) 

2244 1165 

2239- f- 1170 

2234--1175 

2229-'- 1180 

2224- f- 118!5 

2219--1190 

2214-r-119!5 

STRATIGRAPHIC 

COLUMN 

X '\ )( 

REMARKS 

J-..\r.nl\n\H...a~\~rct"Ln,~~rf----'..-TDIJTI, Fllf!LY CUSTALLIN!, CRAY TO LICHT CRAY, HJIIT OF THill LAKJNATIOIIS; COli-

I
TAIIS 1" tBICI AIIIIYJiaiT! LOCAL ZONES OF KIX!D HALITE AHD FIII!LY CRYSTALLIN!; 

a.TACT SIIAIP. 

BASAL 

~'"''''''' ' \\\\\\\\\ 

' \\\\\\\\\ 

HALITE, COUSELY CRYSTALLINE, WHITE TO CLEAR; COOAIIIS IIORIZOOAL STRINGERS Of' 

AIIIYDRIT!, 1" TO 3" THICIC BEDS Of' FINELY CRYSTALLINE ANHYDRITE WITH HALITE 

1------.....J---,PSEtJDCKliPIIS AFTEII GYPSUM SWALLOIII'liL CRYSTALS AT 1167.3', 1168.11', 1169.11'; 

~~~~~~t---,,IL~--~--~ ___ A_cr __ ~_A_RP_. ____________________________________________ ~ 
~~~~.::...~~' -

PAIALLEL 10 BEDDIIIC PLANES; BASAL CONTACT UIIDUUTORY DUE TO INFILLINC OF SHALLOW 

X X CIWIIIE:. FOlliS Ill UIID!ILYINC UNIT, SHAIIP, DISCONFOIUWIL!. 

X ABYDIITI AJib CUYSTOIIE; AIIHYDRITE OCCURS AS ISOUTED CRAY NODULES IN A POORLY 

X 
X 

X X 

X 
X 

-------
-- X-

X 
----====-______ 

- -x 

X X 
X 

X 

X 
X 

!IIDUIATD CRAY CUYSTOII! !lATRIX; SIZE OF NODULES INCREASES WITH DEPTH; TEXTURE OF 

IASAL 1.1' DI!FIII!D AS IIODULAI; BASAL CONTACT SHARP, DISCONFORKABL!. 

ABYDIITI, HALJTIC, FINELY CRYSTALLIII!, CRAY TO BROWIIISH-CRAY, MICRO TO THINLY LAKI­

II&Tm, LUIIIIAI ALTDIIAT! LICHT TO DARIC; CONTAINS LOCAL HALITE PS!IJDOI«lRPHS AFTEI. 

CTPSIIC !IVALLDIIT.AIL CRYSTALS, < 1/1" HICH; BASAL COIITACT SII.AIP, UIIDUUTOIY, LOCALLY 

DJSCOIIFOIIIIAIU, IIAIDII IY DISCOIITINUOUS 1" THICI POLYHAI.IT! BED. 

IIAL.ITI, mAISELY CRYSTALLIN!, WHIT! TO CLEAI TO TIIITED OIAIICE; POLYHALITIC AT TOP, 

COITEIT D!CI!AS!S VITI DEPTH; BASAL COHTACT SHARP, DISCONFORKABL!. 

POLYJW.ITI, FIII!LY CIYSTALLII!, PAL! ORANCJSH-BROVII, LOCALLY KICIOUIUNAT!D TO 

BAIIDED (< 1/32" TO 1" THICIC); LOCALLY 1/2" TO 1" THICI UlfALT!RED AJIHYDRIT! BEDS, 

WEAl TOP BEDS CONTAlll HALITE PSEUDOMORPHS AFTtl CYPSUK SWALLOWTAIL CRYSTALS 1/4" TO 

1/2" IIICI; BASAL CONTACT SHARP, UIIDUUTORY UP TO 0.5', DISCONFORKABL!, !IAIUCED BY Til!: 

OCCURREHa OF 1" TO 2" THICIC BED OF CRAY CUYSTONI!. 

HALITE, COARSELY CRYSTALLIN!, WHIT! TO CLEAI TO TIHTED ORAHC!; BLEBS AND SU&riORI­

ZOITAL STIIIICERS OF POLYHALIT! TO 1/2" THICIC; LOCAL CRAY SUBHORIZONTAL STi!~CERS OF 

CUY TE~IIIATED AT PENECONT~~PORANEOUS DISSOLUTION PITS; BASAL CONTACT SHARP, 

DISCONFOL~L!, UNDUlATORY UP TO 0.4'. 

HALITE AID ARCILLACEOUS HALITE; HALITE: WHITE TO CLEAI TO TINTED ORANCE; CLAY: 

ifDDISH-IROWII; UPPER 0.5' VERY ARCILLACEOUS, CONTAINS DISPUCIVE HALITE CRYSTALS 

(< 1/4") II MUDSTONE !lATRIX, UPPER 3" CREENISH-CRAY IN COLOR, CLAY CONTENT DECREASES 

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

1189.0', CUY CONTENT INCREASES ABRUPTLY, THEM DECREASES WITH DEPTH, CLAY MATERIAL 

OCCURS AS MATRIX MATERIAL OR AS RANDOKLY-QRIEHTED STIINCERS, CLAY CONTENT LOCALLY 

IICREASES BELOW 1200.0'; TRACE POLYHALIT! AT TOP, COIIT!HT INCREASINC WITH DEPTH, AS 

DJSSEKIIAT!D BLEBS AliD RANDOKLY-QRIEHTED DISCONTINUOUS STRINCERS; BASAL CONTACT 

SBAIP, SLICHTLT UNDULATORY, DISCONFORKAIL!. 

2209-f-1200 r=-.....:-_-_-:._-:_ 

X 
2204- -120!5 --x -x 

X X 

2199 1210 X X 

FIGURE 4 (CONTINUED) 
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PRELIMINARY 

ELEV. DEPTH 
I FT. MSLI (FT. I 

2199 1210 

2194- r-1215 

2189- r--1220 

2184- i- 1225 

2179- -1230 

2174- 1- 12 35 

STRATIGRAPHIC 

COLUMN 

X X X 

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

- -
X 

-
~~xxxllf x~x x 
~J!.J!.J!.JI.1i 1ili tX 

-
-

X 

-
X X 

- X 
X X 

X 

-
X X 

- --- - --- -- - -
X -

- X 

X -

2169-1-1240 ----

2164--1245 

2159 -I- 1250 

2154 1255 

X X X 
X X X 

)( X ~ 

XX 

)( 

X 

I 

REMARKS 

HALITE, KEDIIJII TO COAIULY CUSTALLIU, WHITE TO OLUICISH-WHITE; UPPEI 2,a• I!DDISII­

BIOWI HALITIC NUDTOME COWTAIMIMC DISPLACIVE HALITE CIYSTALS, ClADES INTO SLIGHTLY 

AICILLACEOUI IW.ITE; IDIAUID!I COVTAilll CUI CUJ DISSEKIIIAT!D THIOUCHOUT AI IIIIT!I­

CIYSTALLIII! KATEIIAL; POLY1W.ITE OCCUU .U LUIDOtCLY-o&IDrn:D STIIMCEU AIID DISS!KI · 

MATED BLEil, IETV!!J 1217.0° AID 1219.0', 2• THICK POL~IT! BEDS SPACED a.~' TO 

1.0° OCCUI, 3• THICK DISCOIITIIIUOUI lED or POLY1W.ITE UIIDEILAIII BY A THill BED or ClAY 

CUYSTOII OCCUU AT 12U.O', I!D or FIIIEI.Y CIYSTALLIIIE OIWICISII-WIIITE POLYIIALITE 

OCCUII BITV!!J 1227.1° TO 1227.~'; 111• TO 1/4• THICK SUBHOIIZONTAL STIINCEIS or 

POLY1W.IT! OCCUI. Ill Till IIIT!&VALI FIO!t 122~ .1 ° TO 1227.1' AIID 1227.5 ° TO 1229.5' ; 

BASAL COIIUCT SIIAIP, SLICHTLI IMIIJl.ATOIY, DISCOIIFOR.'IA!LE. 

HALITE, COAISELY CIYSTALLINE, WIIIT! TO CL!AI; CLAY AIID POLYIIALITE OCCUR AS IWIDO!ILY­

OIIEIITED DISCOIITIIIUOUS STIIliCEIS; UPPEI 2.a 0 AICILLAC!OUI HALITE, HALITE OCCURS Ill 

DISCONTIIIUOUS ZONES AIID PODS or CRYSTALS Ill CUY AID HALITE HATIII, CLAY CONTENT 

DECIEASES WITH DEPTH; BASAL COIIITACT SHA&P, UIIDULATOIY. 

HALITE, COAIS£LY CIYSTALLINE, WHITE TO CL!Al; POLY1W.ITIC AliD AIICILLACEOUS; AIICIL­

LACEOUS HALITE OCCUII Ill UPP!I a.5', COIIT!JIT DECIEASES WITH DEPTH; POLYHALITE OCCURS 

.U DISCOIITIIIUOUS STIIIICEIS, BELOW 124l.a' POLY1W.ITE I!CO!t!S Al!UNDAHT; BASAL CONTACT 

SIIAIP, UIIDIJLATOIY UP TO 1 • a 0 
, 

POLYIIALITE, FIIIELY CIYSTALLINE, REDDISH-DIA»C!, COIITAINI ZONES OF LICHT OIWICE; 

APPEAII TO HAVE IIOUIID FORKS AT UPP!& COIITACT; COIITAIMI IRAECULARLY-SHAPED CRYSTALS 

or HALITE (1/16• TO )/4") DISSCIIIIAT!D THIOUCHOUT; BASAL CONTACT SHARP, ~KED BY 1" 

TO 2-112• THICK CUY CLAYSTOIII CONTAIIIIIIC HALITE. 

HALITE, !I!DIIII TO COAISELY CIYSTALLIIII, WHITE TO CL!Al TO TIIITED OIWICE; TRACE CRAY 

CLAY, COliT!liT DECIEASEIIIIT11 DEPTll, BETV!!J 1255.1° AID 1257.a' SUBHOI.IZONTAL 

STIIliCD.S at IEDOISII-IIOWII CU.Y All COVTIIIIIOUI AII.OUIID THE CIRCUI'IFEIENCE or THI 

SHAn; DISS!KIIIAT!D POLY1W.ITE BLEil, COIITIIIT IliCU.UEI IIIT11 DEPTll; BASAL COIIITACT 

SIIAIP. 

fiGURE q (CONTINUED) 

EXHAUST SHAFT 
llTHOL061C L06 
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PRELIMINARY 

ELEV. DEPTH 
(FT.MSLI (fT.) 

2154 1255 

2149-1-1260 

STRATIGRAPHIC 

COLUMN 

X 

-x- x 

X X 
X 

REMARKS 

AS AIIO¥( 

IIALITI, 11!111111 to COAIS!LY CIYSTALLII!, WIIITI TO CUAI; UPP!I 0.5' AJ.CILUCEOUS, 

CLAY OCCUU lllTI lALIT! AS ltlTIII, I!LQII 1260.7' CUT OCCUI.S AS STIINCEIS, COIITEIT 

DECUASU IIITI DUTil DISSDIIJAT!D POLYJW.ITI IU:IS; BASAL COIITACT SHAJ.P. I POLYIIALITI, rtii!I.Y CIYSTALLIII!, OIAJICISII-l!D, snucruuu:ss; UIIDERLAIJ IT 1" THICK 

QAT CLAnton I!DI WAL CIWTACT SIIAIP. 

2144--1265 - X IW.ITI, WITI TO CUAI, COAIS!LY CI.YSTAWI!, SLICIITLY AJ.CILLACEOUS; CLAY OCCURS II 

STIIIIC!U, CCWTOr D!CIU.S!S WITH D!PTII, AISEIT BELOW 1261.0': TRACE POLYHALIT! 

!LEIS; IIASAL CIWTACT SIIAU. -

2139- 1- 1270 

-

2134- f- 127!S 

2129- -1280 

2124- r-128!S 

2119- -1290 

2114- -129!S 

2109 1300 

X 

X 

l)(ll{ 
~X'lCllX 

X lUWtll 

POLYIIALITI, PlnLI CIYSTALLIR, l!DDISI-oRAIIC!, STIUCTUUL!SS; UIIIT SPLIT IT 4" 

~!!!2~~~~--....,1 THICit CLUI ULitl ID, OCC:UU l" ULGI UPP!I COIITACT& W.U. COilTACT SIIAIP, ~!D 
IT 2" TBICit QAT CLAYSTOifl· 10. 

~~•xxx 

X 

-

-
-

X 

-

X XXXI 

X 

-

-

-
X 

XXXXXl 

-

-

- -

- -

X 

X 

lOIXXXXl 

X 

XJtMX 

X 

-
-

-

IW.ITI, IIEDIIII TO COAJ.S!LY CIYSTAI.LIR, WIIITI TO OLUIC:I TO CUAI; TIAC! POLYliALlTI, 

OCCUIS AS DISCOIITUIOUS IWII)()tQ.J-oi.IEIT!D STIIJC!I.S AID AS DISSEKIIAT!D IU:IS; 

SLICITLY AJ.CILLAC!OUS, QAT CLAY STIIHCDS TO 1216.0', AISEIT IETII!DI 1216.0' AIID 

1280.0', CUI STIIWCDS Ill 1.0' TIIICit BARD !!LOW 1210.0', BELOW 1284.0' CLAY COVT!HT 

IWCUASES AS SUIIIORIZOIITAL STIINC!RS; BASAL COIITACT SHAJ.P, SLICIITLY lllillULATOIY. 

IW.ITI, II!Dllll to COAJ.S!LY CI.YSTALLIII!, 1111111 TO CL!AJ.; AJ.ClLLACEOUS, Uii'ER 1.5' TO 

2.0' AICILLACEOUI IW.ITI lllTI CLAY AIID IW.ITI !UTili, IIALITI OCctiJtS AS ZONES AIID 

PODS or CI.YSTALS AIID DISPLACIV! CI.YSTALS TO 1/2" ACROSS, CLAY CONTEIIT DECREASES IIITII 

D!PTII; POLYIW.lTI OCCUIS AS SU!IIORIZOIITAL STlliiC!I.S AIID DISSEMINATED BLEBS, COIITEIIT 

IIICIEAS!S lllTII DEPTH; BASAL COIITACT SIIAIP, t111DtJ1ATORY. 

I 
POLYHALITI, FIII!LY CRYSTAL~IV!, OIAIICISII-RED, STRUCTVRELESS EXCEPT FOR 1" TIIICI 

IIITEIIEDS or IW.ITI; BASAL COIITACT SIIAIP, SLICIITLY UNDULATORY. 

IW.ITI, COAI.S!LY CIYSTALLIVI, WIIITI TO CUAI; COIITAIIIS SUBIIOIIZOIITAL COIITINIJOUS 

STliiC!U or POLYJW.ITI II UPP!J. 0.5', II Till IEKAIJIDD. 01 Til! UIIIT POLYJW.IT! 

OCCUIS AS lAU DISSDIIIATID IU:ISI BASAL COITACT SIIAU. 

IW.ITI, C:OUS!LI CIYSTALLIR, IIIIITI TO CL!All AJ.CILLAC!OUS AT TOP, CUI OCCUU AS 

lAIIDOICLY-GaiDmll ·sniK!I., COIITDT D!CI.!AS!S IIITI D!PTI; IASAL COIITACT 

CIADATICI&U.. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
LITHOL061C LOG 
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2074-1-1335 

2069- ~1340 

2064 1345 

REMARKS 

AS AIOV( 

~~c::.t.~~c::.t,~-..., POLYBALI'tl, PIIILY CUITAU.II!, UDDISI-oiAIICI; COIITAift IU!CULAI. CRYSTALS AIID BEDS 

I or IW.lT'Ja IAIAL conACT sHAU, !Xn!!I!Lt IU!c:uua. 

IW.lT!, PI!DIIII 10 COA&SII.Y CRYSTAU.III!, IIHITI 10 CLUI 10 niiT!D OIWICII POLYIW.IT! 

OCCUU AI IIUI:UI.Aa IAIIDOtiLY-oiiDI'Jlll AIID SUBHOaiZOITAI. miiCDS AIID AS 

OISS!IUIIATID BL!IS, COITUt IIICI!ASES IIITII D!PTII; 1!1'11!!11 1307.0 1 AIID 1308.0 1 

IIOI.IZOITAL AIID SUIIIOUZOIITAL STIIIICW or CUY OCCUBI BASAl. CC*TACT DIFFUst.. 

AICILLACIOUI IALITI, UIJDISB-BIOWII CUY, IW.lT! IIHITI 10 CLUI; !lALIT! OCCUBS Ill 

P0D1 AD IUICo1JUIJ.J-SIIAP!D ZOIIU AID AI CIOUPS fW CI.YITALI DISPI!U!D THJ.OUCHOUT, 

liOTII ClAY AIID BALIT! OCCIJI· AI IIATIIll IASAL COIITACT CL\D&IIObl.. 

HALITE, COAI.SII.Y CUSTAU.III!, WHITI to CL!AI.; SLICJITLJ A&CILLACEOUS, REDDISH-8101111, 

CU.Y COIIT!IIT DECR!AS!S VITI DUTil; !UCI DISS!IIIIIATD POLYBALIT! BL!II, CONT!IIT 

IIICI.!AS!S WITH DEPT11, ACII 1320.4 1 to 1320.9' A I!DDISI-oiAIIC;I, PIIIEI.J CIYSTAU.IIIE 

t-=---:=----:----t---, POLJIW.ITI 1!11 OCCUISI BASAl. CONTACT SIIAU. 

HALITE, COAISII.J CRYSTAU.IIIE 1 WHIT! TO CLEAI; UPPD 4" AICILLACEOUS 1 CLAY OCCUIS AS 

Filii DISCOITIIIUOUS STIIMCEIS, CONTENT DECREASES WITH DEPTH, ABSEIIT BELOW 1326.0 1
; 

BECOMES POLYIW.ITIC BELOW 1326.0 1
, COliTlliT INCI.EASES WITH DEPTH; BASAl. CONTACT 

CUDATIOIW.. 

I AIIHYDRITE, PIIID.Y anTAU.IIIE, LICIIT AIID MEDIIIII ClAY; IIITEUEDS or HALITE II UPPER 

~~~~~~~==l PART, COirTDit DECREASES iiiTH DEPTH; 1.0110 1" COIITAIHS 110 IIITEII£DS or HALITE; BASAL 

toe COIITACT SIIAIP. 

POLJIW.IT!, BAI.ITIC, FIIIELY CIYSTALLIIIE, IEDDISH-oRA»CE; COITAINS IaatCULAI DISCOI-

,,~"'rv">.E""'~ >(< TIIIUOUS BEDS or Cl.!AI HALITE AIID IU!CULAILY-SIIAP!D CRYSTALS Or HALITE! 1/32" TO 1/1" 

~0~~X::lQIQClfo:+..----, ACROSS; OCCASIOIIAI. HALITE PSEUDOMOIPIIS AFTD CYPSlllf SVAI.LOWTAIL CRYSTALS Ill UPPEI 

X 

\\\\\\\\\ \ 

\ \\\\\\\ 

\\\\\\\\\ 

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

1"; FICII 1331.5' TO 1331.1 1 or ClAY riNII.Y CRYSTAU.IH AIIIIYDUT! lED OCCUIS; BASAL 

t.O!fTACT SIIAU, MAUED IY 1" THICJ: 1!11 or ClAY CLAYSTOII!. 

HALITE, COAISII.Y CIYSTALLIII!, WHITE TO CL!AI.; VDJ SLICHTLJ ABCILLACEOUS; TRACE 

POLYIW.IT! AIID AIIHYDIITI, IUECULAI BL!BS or POLYIW.IT! OCCUBS ABOVI 1335.0', 

AIIIIYDI.ID OCCUU AI COIITIIIUOUS AIID DISCONTINUOUS STII'IIC!I.S BELOW 1335.0 1
, BASAL 2.0" 

a.TAift 114" TBICI: SUBIIOI.IZOIIT.ai. STIIIICEU or o\NIIYDI.IT!; BASAL COIITACT SIIAU. 

POLYBALITI IJrDUEDD!D VITI AIIIIJDIIT!, PIIIII.Y CI.YSTALLIII!, LICBT ClAY to LICHT 

CI.AJISI-GIAIICI, THI'ILJ LUIIIIAT!D TO STIUCTUI!l.!SS; IW.lTI 1!11 1!1'11!!11 1343.1 1 A11D 

1343.4"1 BASAl. cowrACT SIL\IP, IIAH!D IY 1" THICJ: ClAY CLAYSTOIII I!D. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



2054- '-1355 

2049--1360 

2044- f-1365 

2039- -1370 

2034- -1375 

2029- f-1380 

2024- -1385 

2019 1390 

REMARKS 

HALITE, COAU!LY CB.YSTALLIR, WHIT! TO CL!AI.; POLYIW.IT! OCCUU AS CONTINUOUS 

HOIIZI*TAL AIID SUJHOIIZOWTAL STIIWCUS AJID AS IUECULAI.LY-SIIAP!D BLEBS, COWT!IIT 

IIICI!ASU VITI D!PTI; WAL COWTACT SIIAU'. 

J AICILLAC!OUI HALITE, FINELY TO COAIS!LY CIYSTALLIW!, IEDDISH-BIOWV HALITIC CLAYSTONE 

t-------+----' IIATIII, IW.IT! CL!AI. TO WHIT!; IW.IT! OCCUIS AS IUECULA&LY-SIIAP!D ACCB.ECAT!S OF 

CI.YSTALS; COirTAIWS 1/4" TO 2" THICB.: SUBHOI.IZOWTAL HALIT!-FILL!D FRACTUK!S; BASAL 

COirTACT tnmULATOIY UP TO 2.0', CIADATIOWAL TO SHAIP, DI SCONFOiilKAIL!. 

~~==--===-===-=~--= _-_:.r-_-----_t.,.-_-_ 

~~~~~=~=~=~=~= ---------t:::E:£::::::=J:::: ------------------
- X -

-
X 

- XXlUXX 

-
putltlWIXXX X 

X 

XXXXXXlO 

X 

X 
X 

-
-
X 

-

X 
--------

- -

KcNUTT POTASH ZON! 

VACA TRISTA KARlEI BED 

HALITIC SILTSTONE, B.EDDISH-BROWW, THIWLY LAKINATED TO STIUCTUIELESS; HALITE OCCUIS 

AS ISOLATED DISPLACIV! CIYSTALS UP TO 1-1/2" ACB.OSS; LOCAL CHANNEL FILL STRUCTURES 

PRESENT; CONTAINS BOTH SUBVERTJCAL IJID SUBHOIIZONTAL IW.IT!-FILLED FRAC'TUB.£5 111" TO 

Z" THICI; CIIIJIIIEL INTO UNDElLYIIIC UNIT 3.0' DEEP (EAST SID£ OF SHAFT); NU!!EROUS 

FILLED CIWIVEU THIOUCIIOUT UNIT; OCCASIONAL CIOSS-LAIIINATIONS; IASAL CONTACT CRA­

DATIONAL TO LOCALLY SIIAU, UNDULATOIY UP TO 3.0'. 

IW.IT!, KEDIUK TO COARSELY CRYSTALLIN!, WHIT! TO CLUI; ARGILLACEOUS TO llU.t', 

CUY OCCUU AS II!DDISH-1101111 !IATIII, COIITIIIT DECREASES WITH D!PTI, IW.IT! OCCUIS AS 

!UECULA.ILY-SIIAPED CRYSTAL !lASSES; TRACE POLYliALIT!, COWTENT INCREASES WITH DEPTH AS 

SUIHOIIZONTAL CONTINUOUS 1J1D DISCOJrTINIJOUS STIINCEIS 1J1D THI• IEDS, ALSO AS DISSE!I­

INATED BLEBS; BELOW 1)63.0' AICILLAC£0US KATEIIAL OCCUIS AS LOCA!. SUIHORIZONTAL 

STRINGERS; I" THICK BED OF POLYliALIT! O.:CUIS AT llU •• '; nllll 1)1).4' TO 1)1).9' 

ARCILLACEOUS HALITE OCCUIS; BASAL CONTACT SIIAIP, DISCOIIFOIIIAILE. 

HALITE, MEDIUM TO.COARS!LY CRYSTALLIN!, WHIT! TO CLEAI TO TIIITED ORAHC!, CB.UDELY 

THIW TO KEDIUII BEDDED; POLYIW.IT! OCCIJI.S AS SUBHOI.IZOWTAL PARALLEL STRINGERS GROUPED 

II UPP!I 2.0', IAKDOMLY-oiiENT!D STIIMC!RS BELOW 1380.4', DISSEMINATED BLEBS, CON­

T!In' D!CI.US!S WITH DEPTH; LOCALLY SLIGHTLY ARGILLACEOUS, COLOI WHITISH-GRAY, SUB­

HOIIZOWIAL STIIWG!IS AWD LOCAL lRIEGULAlLY-SHAPED ZONES OF CLAY, CONTENT DECRFASE! 

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

SLIGHTLY UIIDULAIORY, DISCONFORKABL!. 

HALITIC CLAYSTONE AND ARGILLACEOUS HALIT!, CLAY REDDISH-BROWh, aALIT! WHIT! TO CLEAR 

AND FINELY CB.YSTALLIN!; HALITE CONTENT INCREASES UITS DEPtH, OCCURS AS DISPLACIV! 

caYSTA!S (1/S" TO 1/2" ACROSS) AND PODS OF RELATIVELY PURE HALITE; LOCAL PODS OF 

POLYHALITE; BASAL CONTACT GRADATIONAL. 

HALITE, KEDIUI! TO COARSELY CRYSTALLIN!, WHIT! TO CLEAI; LOCALLY ARGILLACEOUS, -::-:-:-:-:-::-:-:-:-=--=----:::..::.. -·==!-----' REDDISH-BROW CLAY OCCURS AS RANDOKLY-ORIElfTED STIINCEilS IW SUBHORIZONTAL ZONES, 

- X 

-
-

CONTENT D!CB.!AS!S WITH DEPTll, D!CIEAS!S A!IUPTLY BELOW 1390.1'; TRAC! POLYHALIT! AS 

!Wl! DISSD'IIJAT!D lAIIIXIfiLY-ot.lDIT!D STIINC!IS AlfD BLEBS, CONTDIT IIICIEAS!S WITH 

DEPTH, POLY1W.IT! II!D OCCUIS B!n/!!11 1390.9' AlfD 1391.1', COIITDIT IIICI!AS!S A!IUPTLY 

NEAl BAS!; LOCAL ZORS AlfD STIINCEIS OF ARGILLACEOUS HALITE CONTAIWING ClAY CLAY! 

BASAL CONTACT SII.UP, DISCOIIFORKA!L!. 

FIGURE 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOL061C L06 



PRELIMINARY 

ELEV. DEPTH 
(FT. MSL I (FT. I 

2019 1390 

STRATIGRAPHIC 

COLUMN 

AS AIOYE 

REMARKS 

20l 4 -~ 1395 X_ X_ ~-· __j HALITIC CU"(STOII!, UPPEJ. 2" CRAY, REKAIIIDEIIl!DDISH-BIOWII, STRUCTUllELESS EXCEPT FOR 

2009- f-1400 

2004- '- 1405 

1999- -1410 

1994- r-14 15 

1989- r 1420 

1984- f- 1425 

1979- r- 1430 

1974 1435 

t---:-{-------=--J-:---= DISPLACIVI CaYSTALS (1/8" TO 1/2"); LOCAL CIEEIIISH-cllAY REDUCTION SPOTS; HINT OF t-_-_ ----:-t--- ----
~:-:-:-_-:::-:---- RELICT BEDDIJIC; BASAL COIITACT CIW)ATIONAL, UIIDULATORY. 

X X X HALIT!, KEDIUII TO COAlSfLY CI!YSTALLINf, WHITf TO CL!Wl TO TIIITED ORAHCE: VERY POLY­

HALITIC tv 1400.0', OCCUUINC AS ABUIIDAHT RAHDOHLY-QI!IEIITED TO SUBHORIZONTAL 

X X X 

X 

- -
X 

- -
-

- - -
- -

X X -
XlOlXXllXXX 

X X 

xxxxxxx 

X 

X}{~ 

~~ 

-
X -

X 

-

-

-

-

STRINCEI!S AMD ZOV!S; BELOW 1400.0' RARE POLYHALITE AND SUBHORIZONTAL CRAY STRINCERS 

OF CLAY; WAL CONTACT SI!AJI.P, DISCONFO!U'WILE. 

HALIT!, l'I!DIUK TO COAIISELY CRYSTALLIN!, WHITE TO CLEAJ. TO TINTED ORAHCE; AIICILLA­

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

ZONES OF CLAYSTONE, CLAY ALSO OCCURS AS RANDOMLY-oRIENTED AND SUBHORIZONTAL 

STRINCEIS; MODERATELY ABUNDANT POLYHALIT!, OCCURS AS DISSEMINATED BLEBS AIIIJ 

SUBHORIZONTAL DISCOIITINUOUS STRINCERS; CLAY ABSENT BELOW l41S.O'; BASAL CONTACT 

SHAIIP, SLICHTLY UNDULATORY UP TO 4". 

POLYHALITE, FINELY CRYSTALLINE, REDDISH-ORANGE; THIN SUBHORIZONTAL HALITE-FILLED 

FRACTURES <1/16" THICK; COIITAINS RARE CRYSTALS OF HALITE 1/16" TO l/4" ACROSS; 

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

liNDULATOIY 011 TWO SCALES: IVJOR- 0.8', MINOR- 0.1', !iA!lKED BY l" THICK CREENISH­

CRAY CLAYSTONE BED. 

HALITE, ~DIU!! TO COAIISELY CIYSTALLINf, WHIT! TO CLEAJ.; RARE IRREGULAR DISCONTIN­

UOUS STII»CERS AID BLEBS OF POLYHALITE; LOCAL TRACE ~~UIITS OF CRAY SUBHORIZONTAL 

STRINCERS OF CLAY; BASAL CONTACT SHAIIP, SLIGHTLY UNDULATORY, DISCONFO~~BLE. 

HALITE, :'IEDIUK TO COAIISELY CRYSTALLIN!, WHIT! TO CL!Wl; :10DERATELY AB.CILLACEOUS, 

CLAY REDDISH-BROWN TO CRAY WITH DEPTH, OCCURS AS INTEI-CRYSTALLINE MATERIAL AND 

SUBHORIZOITAL TO IANDOKLY-QRIENTED STRIIICERS, CONTENT D!CR!ASES WITH DEPTH; TRACE 

POLYHALlT! BLEBS, COIITENT INCREASES WITH DEPTH, AT 1437.5' A 0.1' THICK BED OF 

R!DDISH-GRAMC! POLYHALIT! OCCURS; BELOW POLYHALIT! II!D CLAY CONTENT INCREASES 

SLICHTLY THEil D!CI!AS!S WITH DEPTH; BASAL COIITACT DIFFUSE, CONFO~'V.!LE. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 
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1959- r-1450 
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u POLTIIALITE, FIIIELT CITSTALLIIIE, U:DDISH-oiAIIC!, ·sn.UCTUIEUSS; JIALITIC Ill UPPD 

l.S', HALITE OCCIIaS AS DISCOIITIIIUOUS Tlllll BEDS A!ID IUECUt..ULY-SIIAPED ZONES, WHIT! 

TO CLEAI; RDIAIIIDEJ. HALITE-FIE£; BASAL COIITACT SIIAIP, MIXED BY 1" TO 2" !!liCK 

CU:ENISB-aAY CLAYSTOII! BED, DISCOIIFOIUWIL! • 

HALITE, :tEDIUM TO COAIS!LY CIYSTALLIII!, WHIT! TO CLEAR; TRACE POL'lHALITE, COIITENT 

INCREASES Wltll D!P!II, OCCURS AS IAR! DISSEMINATED BLEBS AND SUBHORIZONTAL 

STI.IIICDS; TWO 3/4• THICX BEDS OF POLTIIALITE IlEAl 14SO'; BASAL CONTACT SHARP. 

I POLTIIALITE, rili!LY CIYSTALf:-IIIE, REDDISH-oiAIIcz, sn.uCTURtuss r:xctn Foa RARE sua-

HOIIZOIITAL A!ID SUIYDTICAL HALITE-FILLED rRACTUUS < l/1" THICJ:; BASAL COIITACT 

SHAIP. 

HALITE, !IEDIUH TO COAitS!LT CRYSTALLIN!, WHIT!; TRACE SUBHOIIZONTAL CRAT CLAY 

STIIIICEIS; IAI! DISSEMINATED BLEBS AIID SUBHOIIZONTAL STI.IIICERS OF POLTHALIT!, COli-

TDIT INCREASES WI!!! DEPTH, IIICREASES ABRUPTLY Ill LOWEI. 4"; BASAL CONTACT SHARP. 

AICILLACEOUS HALITE AND HALITIC CLAYSTONE; UPPD O.S' TO 1.0' ClAY, REHAIKDEI 

r---1 REDDISH-BROWN; HALITE OCCURS AS IlllECULARLY-SHAPED ZONES, DISCONTINUOUS BEDS, DIS-

PLACIVE CITSTAI.S c 1/1" ACROSS; BASAL CONTACT DIFFUSE. 

I 

HALITE, !IEDIUH TO COA!SELT CRYSTALLINE, WHIT! TO CLEAR TO TINTED OIAIICE; VERY 

AICILLACEOUS TO 1439.0', CLAY CONTENT DECREASES III!!! DEPTH, OCCURS AS Illl!Ctlt.ARLT-

SHAPED ZON!S or HALITIC CLAYSTOII! WITH DISPLACIV! HALITE CRYSTALS AND AS ~TRIX AND 

LUIDClKLY-<JIIENT!D STRIIICERS or CLAY IN ARGILLACEOUS HALITE, BfiOW 1459.0' CLAY CON-

TD1T DECREASES ABRUPTLY; TRACE POLYHALITE, CONTENT INCREASES WITH DEPTK, OCCURS AS 

DISSEMINATED BLEBS AND RANDOKLT-<JRIENTED TO SUBHORIZONTAL STRINCERS, STRINCERS 

BECOtiE HOIIZONTAL AND 1/4" THICX SPACED 2" TO 4" Ill LOWEI 5.0', O.S' THICK BED OF 

POLYHALITE OCCURS AT 1469.0'; BASAL CONTACT CRADATIOIIAL. 
POLTHALIT!, FINELY CRYSTALLIN!, REDDISH-oaANCE TO ORANCISH-RED; UPPER 0.~· CONTAINS 

DISCONTINUOUS BEDS OF IRI!CULAILY-SIIAP!D PODS or HALITE; BECOMES LAMINATED WITH 

CLAY PAITINCS BELOW 1470.0'; BASAL CONTACT SHARP, KARaD BY 1" TO 4" THICK BED OF 

CUT CLAYSTONE SP.LIT BY BIFUICATIIIC HALIT!-riLL£D· SUBHORIZONTAL FRACTURE, 

UIIDULA TORT UP TO 0 • 5 ' • 
HALITE, COARSELY CRYSTALLIN!, WHITE, BEDDED WITH SUBHORIZONTAL CONTINUOUS STRINCERS 

AND BEDS Or POLTIIALITE 1/4" TO 3/4" THICK; POLYHALITE CONTENT DECREASES WITH DEPTH, 

ABSENT BELOII 1475.0'; BEDDED WITH SUBHORIZONTAL STI.IIICERS or ClAY CLAY BELOW 

1475.0'; BASAL CONTACT SHARP. 
HALITE, FINELY TO KEDIUK CRYSTALLINE, WHIT! TO CLEAR; ClAYISH-BLACK CLAY OCCURS AS 

IITERSTITIAL FILLINC AND AS DISCONTINUOUS SUBHORIZONTAL STRINCERS; BASAL CONTACT 

SHAIP. 
HALITE, KEDIII!t TO COAitSELY CRTSTALLIII!, WHIT! TO CLEAR TO TUfTED ORAIIC!, BAIIIIED IT 

ORAHC!-TIIIT!D HALITE SPACED 1" TO 2"; 1" TRICE I!D OF CI!ENISH-ClAY CLAYSTONE 

OCCURS 2" ABOVE LOWD COr.ACT; BASAL CONTACT SJWUI, IIUCUL.U, SLICIITtT UIIDULATORT. 

JIALiiiC CLAYSTONE AKD ARCILLACEOUS HALITE, R!DDISH-BROI/ll; HALITE OCCURS AS DISPLA-

CIV! CIYSTALS AND SUIHOilZOIITAL riACTUIE FILLINCS 

CUT; BASAL COIITACT DIFFUSI. 

FIGURE ~ (CONTINUED) 

l/4" THICK; UPPER 4" CI!EIIISB-

EXHAUST SHAFT 
LITHOLOGIC LOG 
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REMARKS 

AS AIM 

IW.ITE, ll!DIIII TO COAIS!LT CITSTALLHIE, WHITE TO CL!A& TO TIIITED OIWICE; SLICHTLT 

AI.CILLAC!OUI II UPP!I 2.1' o\1 DISCOIITIWOUI IAIIllOitl.T-«IDITED STIIIICERS; TIACE 

POLTIW.ITI At TOP, COIITI!llf IICI.!ASI!S IIITI D!PT11, OCCUU AS DISSDIUIATED IL!IS AIID 

STIIJC!U; WAL COIITACT SIIAI.I. 

.. 
I POLTIIALITE, FII!LT CUSTALLIR, I!DDISH-olAIICI, SUUCTUI!L!SS; BASAL COIITACT SHAU, 

IIAI.IC!D IT 1/2" TO 1" THICJ: CUT CLATSTOII! BED • 

IW.ITE, FUI!LT TO COAI.S!LT CITSTALLIHI, WHITE TO CL!A&; COIITAINS SUIHOIIZONTAL 

STIINCERS Of ILACltiSH-CLU CLAY SPACED 2" TO 4";_ BASAL CONTACT SILUP. 

HALITE, COAI.S!L! CITSTALLIME, IIIIITE TO CUAI. TO TINTED OLUICE, BANDED WIT! AND 

ORAJICE, SPACID 1" TO 2", TIACI POLTIW.ITE; BASAL COIITACT CIIADATIONAL. 

AI.CILLAC!OUI IW.ITE, P"II!L! TO COAU!LT CITSTALLIII, IIHITI TO CUAI.; HALITI OCCURS 

AS PODS AND IU!CULAI.LT-SIIAP!D ZOII!S or CITSTALS SUUOUIID£D IT I!DDISII-IIOWII CLAY 

KATIII; CLAY COifT!JT DECI.!ASES IIITI DEPTH; UPPD. 4" COirTAIIIS SUBHOIIZOIITAL 

STIIIICEJ.S or BLACICISH-ciAT CLAY SPACED 1"; IIASAL CONTACt DirrUSI. 

HALITE, COARSELY CITSTALLUII, WITI TO "CUAI. TO OIAIICI; TUCI POLTIIALITI, COIITI!llf 

III~!S IIITI DEPTH, OCCURS o\1 DISSDIIIIATID ILEIS AJIII IWIIIOMLJ-QII!IIT!D STIINCEIS; 

BASAL COIITAC'I SIIAlP, IUECUUI, UNDULATOU UP TO 1", DISCONFOL'!ABLE. 

POLTIIALITE, FINELY CITSTALLIIIE, REDDISH-«AJCI; HALITIC, CONTAINS IIIECULAI.LT-

SIW'!D PODS or HALITE TO 4" ACIOSS; COIITAIIII LOCAL ZONES RICH IN AIIKYlliiT! 01 

LAIICIDIITI (!); BASAL COIITACT SHAJ.P, UNDULATOIT, SLICH'TLT IIUl!CUUI. 

HALITI, IIIDIIII TO COAIS!LT CITSTALLINE, IIHITI TO CUAI. TO TINT!D OIAJICE; TL\CI 

POLTIIALITI, COIIT!IIT IJCIWES WITH DEPTH, OCCURS AS DISSDIINATID BLEBS AND 

RAJIDOMLT-oRir::IT!D STBIIICEIS; BASAL CONTACT SILUP, SLICHTLT tiNDULATOIT. 

POLTilALITE, FII!LT Cl"tSTALLIII!, BIOWII TO TAll, SUUCTUIELESS; BASAL CONTACT SHAU. 

HALITI, rii!LT TO COAIS!LT CITSTALLIIII, IIHITI TO CLEAI; CONTAINS SUINCEIS or 

POLTIIALITI AJIII ClAY CLAY SPACED 1" TO 2"; BASAL CONTACT SILUP. 

HALITI, IIIDIIII TO COARSELY CITSTALLINI, IIHITI TO TINT!D OLUIC!; UPPD. 0.5' AICIL-

LACEOUS, UDDISH-BIOWII, CONTEIIT DECI!AS!S IIITH D!PTH; TWO 3" THICII: BEDS or REDDISH-

BROWII AI.CILLAC!OUS HALITI OCCUR AT 1519.8' AND 1520.2'; BASAL 0.5' COIITAINS SUI-

HOIIZOIITAL CUT CLAY STIIIICEIS, SPAC!D 1" TO 3"; TL\CI POLTHALIT!, OCCURS AS DIS-

SDIINAT!D BLEIS AIID RAIIDOKLJ-QIIENT!D TO SUIIIO&IZONTAL STIIIICEIS; BASAL COIITACT 

SIIAJ.P, SLICHTLT UMDULATOI!, DISCONFOIN.ILI. 

FIGURE q (CONTINUED). 

EXHAUST SHAFT 
LITHOLOGIC LOG 
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PRELIMINARY 

ELEV. DEPTH 
(I'T. MSLJ (FT.) 

1884 1525 

1879 1530 

1874 1535 

1869 1540 

1864 .. 1545 

1859 1550 

1854 1555 

1849 1560 

1844 1565 

1839 1570 

STRATIGRAPHIC 

COLUMN 

X 

REMARKS 

AS AIOVE 

AIGILLAC!OUS HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED 

ORANCE; CLAY l!DDISH-BROWII, UPPER 1.0' TO 3.0' ClAY ARGILLACEOUS HALITE WITH RARE 

SMALL DISPL&CIV! HALITE CRYSTALS < 1/16" ACROSS; HALITE OCCURS AS ACCRECATES OF 

CRYSTALS II PODS OR ZOIIES; CLAY OCCURS AS MATRIX Ill UPP!l PART, OCCURS AS DIS SEMI­

IIATED IRR!CULAILY-SHAPED ZONES AHD RAIIDOKLY-QRIEIITED sniiiCI!IS WITH DEPTH, CONTENT 

DECJ.EASES IIITH DEPTH; BASAL CONTACT SHARP. 

lJNIOW ANHYDIIT[ 

AIIHYDRITE, ll.TERIIATES WHITISH-GRAY TO DARI CRAY, FIIIEL! CRYSTAU.IHE, THINLY LAili­

IIlTED TO THIILY BEDDED; HALITIC, CONTAINS RARE 1/16" CRYSTALS OF HALITE; UPPER 2" TO 

5" POUHALITIC, DISCOirTIIIUOUS POLYHALI"n: LDIS OCCURS C* IIORT!IWEST SIDE OF SHAFT 

IIE'niEEII 1539.5' AJID 15-1.6'; !..OWER 1.0' TO 2.0' CCJITAIIIS llltiTE LAKIIIAE INTERBEDDED 

IIITlt AIIHYDIITE, POSSIBLY CARIIOIIATE; BASAl. CCJIT&CT CRADATIC*AL, ALTERNATION COIITACT, 

CCJIFOIIItAILI:. 

POLYHALIT!, FIJ!lY CRYSTALLINE, ORAMCISH-IED TO REDDISH-QIANC!, THINLY LAMINATED TO 

THINLY BEDDED, LOCALLY STRUCTURELESS, LAMINAE OFTEN SLICHTLY CONTORTED; LOCALLY 

AIIIIYDIITIC, OCCURS AS UNALTERED LAMINAE AHD ZONES; BASAL COIITACT SHARP, !WI-ICED BY 

LOAD c.un liTO UNDERLYING UNIT (2" DEEP BY 1" TO 3" ACROSS) AH1l Ft.Al1E STRUCTURES. 

~~~~~::?'::~---1 AIIIIYDiliTIC CLUSTON!, FINELY LAMINATED, CRAY TO WHITISH-GRAY; CONTAIIIS LOCAL, SI1ALL 

ENTiOLITHIC snUCT111lE5; BASAL COIITACT GRADATIONAL TO DIFfUSE. 
HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED ORAMCE, SLICHTLY 

BEDDED Bt DISCONTINUOUS SUBHORIZONTAL SniNCERS OF POLYHALITE AH1l BAHDS OF POLY­

HALITIC HALITE; BASAL CONTACT SHARP, DISCONFORKABLE. 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO TINTED ORANCE, STRUCTURELESS; 

SLIGHTLY AICILLACEOUS, MODERATELY ABUNDANT Ill UPPER 1.D', CONTENT DECREASES WITY 

DEPTH, OCCUIS AS DISS~~INATED BLEBS AND RANDOMLY-oRIENTED STRINCERS; BASAL CONTACT 

CRAilATIOIIAL. 

-----r---------------------------------1 

X X 

X 

HALITE, FIIIELY TO COARSELY CRYSTALLINE, WHITE TO CLEAR; ARGILLACEOUS IN UPPER l.S', 

CRAY, AS SUIHORIZONTAL SniNCERS AND BEDS, CONTEIIT DECREASES WITH DEPTH, 1.0' TO 

2.0' THICl BED OF CRAY ARGILLACEOUS HALITE AT 1560.2'; BELOW 1560.2' CLAY CONTENT 

INCREASES AIIU BECOMES REDDISH-BROWN, OCCURS AS STRINCERS AND DISCONTINUOUS BEDS OF 

AKCILt.ACEOUS HALITE, CONTENT DECREASES WITH DEPTH, LOCALLY CRAY, CONTEN7 DROPS TO 

TRACE NEAR lASE; SOHE POLYHALITE, CONTENT INCREASES TO 1560.2', BELOW WHICH IT 

DECREASES WITH DEPTH, OCCURS AS DISSEMINATED BLEBS AND RANDOMLY-oRIENTED TO 

SUBHOI!ZONTAL STRINCERS; BASAL CONTACT SHARP, DISCOIIFOIKABLE. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 

LITHOLOGIC LOG 
nr c::n 
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REMARKS 

AS AIOV[ 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO TIHTED ORANCE, STRUCTURELESS; 

UPPER O.S' SLICHTLY ARGILLACEOUS, aEDDISH-BROWW, CONTEHT DECREASES WITH DEPTH. 

ABSENT BELOW 1582.0', OCCURS AS DISCONTINUOUS STRINGERS AND AS INTERCRYSTALLIN! 

MATRIX; TRACE DISSEMINATED POLYHALITE BLEBS; BASAL CONTACT GRADATIONAL, HICHLY 

IRilEG\ll.Ail, KAIJtED IY THE OCCURilENCE OF ARGILLACEOUS HALITE. 

KALin, lt!DIUK TO COARSELY CRYSTALLIII!; WHIT! TO CI.EAa; UPPER O.S' HAS REDDISH-

BROWII CLAY IIATRil, COHT!IIT DECREASES SLIGHTLY WITH DEPTH, CLAY BECOMES BOTH GRAY 

AND REDDISB-BROWW, OCCURS AS RANDOKLY-DRIENTED STRINGERS; TRACE POLYHALITE, CONTENT 

INCREASES WITH DEPTH, OCCURS AS DISSEMINATED BLEBS AND AS STRINGERS WITH DEPTH; 

BASAL CONTACT GRADATIONAL, DISCONFORMABLE. 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHIT! TO CLEAR; SLICHTLY ARGILLACEOUS, CON-

TENT DECREASES WITH DEPTH, REDDISH-BROWN, OCCURS AS INTERCRYSTALLINE MATERIAL AND 

RANDOKLY-DRIEHTED STRINGERS, LOCALLY OCCURS IN GREATER CONCENTRATIONS; TRACE POLY-

HALITE, CONTENT INCREASES SLIGHTLY WITH DEPTH, OCCURS AS DISSEMINATED BLEBS, BLEBS 

BECOME LARGER WITH DEPTH (UP TO 2" " 1"); BASAL CONTACT SHARP. 

FIGU~E 4 (CONTINUFD) 
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(FT.MSll (FT.) 

1794 1615 

1789 1620 

1784 1625 

1779 1630 

1774 1635 

1769 1640 

1764 1645 

1759 1650 

1754 1655 

1749 1660 

STRATIGRAPHIC 

COLUMN 

X 

X 

REMARKS 

ANHYDRITE, FINELY CRYSTALLINE, BROWIIISH-CRAY TO ORANCISH-TAN, THINLY LAMINATED; 

LOCALLY ALTERED TO POLYHALITE; LAIIIIIAE OFT!JI CONTORTED AND SLICHTLY KALITIC, 

LOCALLY NODULAa, STRUCTURE OFTEN EIITROLITHIC; BASAL CONTACT CRADATIONAL. 

HALITE, FINELY TO COARSELY CRYSTALLINE, Iilli!! TO TINTED ORANCE; 3" THICK BED OF 

ORAIICISH-RED POLYHALIT! AT 162-.2' ; TRACE POLYHALITE, OCCURS AS RANDOMLY-QRIENTED 

TO SUBHORIZONTAL STRINCERS AND AS DISS~~INATED BLEBS; THIN l" THICK IRRECULAR BED 

OF ANHYDRITE AT 1628.3'; BASAL CONTACT SHARP, DISCONFORMABLE (?). 

ANHYDRITE, FINELY CRYSTALLINE, BROWIIISH-CRAY TO TANIIISH-cRAY, ENTROLITHIC TO 

NODULAa TO 16)3.0', BELOW 1633.01 ,B!COHES LAIIINATED TO THINLY BEDDED, LOCALLY CON­

TAINS ANHYDRITE PSEUDOHORPHS AFTEI CYPSUK SWALLOWTAIL CRYSTALS; LOCALLY POLY­

HALITIC; BASAL CONTACT SHARP, HARKED BY 2.0" TO 4.0" THICK CRAY THINLY ~~INATED 

CLAYSTONE BED CONTAININC SEVERAL SUBHORIZONTAL FIBROUS HALITE-FILLED FRACTURES 1/8" 

TO l/4" THICK, SPACED 1" TO 2"; BASAL CONTACT CRADATIONAL. 

ARCILLACEOUS POLYHALITE, FINELY CRYSTALLINE, REDDISH-ORANCE; POLYHALITE OCCURS AS 

REPLAC~~ENT OF ANHYDRITE OR CYPSUK NODULES IN CRAY CLAYSTONE ~TRIX; NODULE CONCEN­

~~::..l!l::~:l~E:.:lo£),!.:!oo!l----, !RATION INCREASES WITH DEPTH UNTIL MATRIX IS POLYHALITE; NODULE DIAMETER 1/8" TO 

X X 

X 

---------X X 

X 

-------
X 

X 

X 

1/2"; UNDERLAIN BY 1" TO 2" CRAY CLAYSTONE BED; BASAL CONTACT SHARP, UNDULATORY, 

IRilECULAR. 
HALITE,.HEDIUH TO COARSELY CRYSTALLINE, WHITE TO TINTED ORANCE; POLYHALITIC, OCCURS 

AS DISSEMINATED BLEBS AND AS RANDOMLY-ORIENTED TO SUBHORIZONTAL STRINCERS; CRAY 

CLAYSTONE BED OCCURS AT 164-.0'; POLYHALITE CONTENT TRACE BELOW 164-.0'; LOWER 1.5' 

CONTAINS TRACE AMOUNT OF CLAY STRINCERS; BASAL CONTACT SHARP, !RRECULAR WITH 

DISSOLUTION PITS 0.3' DEEP, !'lARKED BY 2" TO 3" THICK CRAY CLAYSTONE BED. 

HALITE, FINELY TO COARSELY CRYSTALLIN!, Iilli!! TO CLEAR TO ORANCE; POLYHALITIC, 

OCCURS AS DISSEMINATED BLEBS AND RANDOHLY-QRIENTfD TO SUBHORIZONTAL STRINCERS; 

TRACE DISSEMINATED CRAY CLAY; BASAL CONTACT SHAilP. 

AS IELOV 

FIGURE ~ (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 
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PRELIMINARY 

ELEV. DEPTH 
(FT.MSLI (FT.) 

1749 1660 

1744- f-1665 

1739- f-16 70 

1734 - r- 1675 

1729 -f- 1680 

1724- r- 1685 

1719 - ,_ 1690 

1714 - ,_ 1695 

1709- t- 1700 

1704 1705 

STRATIGRAPHIC 

COLUMN 

X 

X 

X 

X 

- -

-

X 

-
X 

X 

- - -
X -

-

-

X 

REMARKS 

HALITE, KEDIIJK TO COARSELY CJ.YSTALLIME, WHITE TO CLU!l; TRACE REDDISH-BROilN AIID 

CRAY CLAY, OCCUUIIIC AS STRIIICEIS AJID AS LOCALLY DISSEMINATED KATRIX, CLAY COIITEIIT 
INCREASES ABRUPTLY I!LOW 1662.0' AS IEDDISH-BROWM STRINCERS, CONTENT DECREASES WITH 

DEPT!!, AiCILUC!OUS IW.IT! lED OCCURS WITH CLAY AS STRINCERS AIID KATB.IX BETWEEN 
1673.0' AIID 1673.8', LOW!I 2.5' COIITAIIIS DISCONTINUOUS HORIZONTAL AND SUBHORIZONTAL 

STRIIIC!RS OP ClAY CLAY; TIAC! POLYIW.IT!, CONTENT INCREASES WITH DEPTH, OCCURS AS 
DlSSDIIIIAT!D I LEIS WITH SIZ! IIICJ.I!ASIIIC WITH DEPTH (l" DIAMETER); BASAL CONTACT 

SIIAJJ', IUl:CULAi, UVDULATOIY TO 0.5'. 

HALITE, KEDIIJK TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED CRANCE; 

ARCILLACEOUS HALITE OCCURS BETWEEN 1681.'' AND 1682.6', CRAY CLAY; REDDISH-BROilN 

ARCILLACEOUS HALITE OCCURS BETWEEN 1682.6' AND 16a-.1•, CLAY OCCURS AS RANDOMLY­
ORIENTED STRINCERS AND AS KATRIX; CLAY CONTENT DECREASES ABRUPTLY BELOW 16a-.1•; 

TRACE POLYIW.ITE BELOW 1686.-', CONTENT INCREASES WITH DEPTH, OCCURS AS 
DISSEMINATED BLEBS AND AS RANDOMLY-ORIENTED TO SUBHORIZONTAL STRINCERS; BASAL 

CONTACT SHARP. 

ARClLLACEOUS HALIT!, KEDIIJK TO COARSELY CRYSTALLIN!, WHITE TO CLEAR TO TINTED 
CRANCE; VERY ARCILLACEOUS IN UPPER O.S', CLAY REDDISH-BROilN, CONTENT DECREASES WITH 

DEPTH, OCCURS AS INTERCRYSTALLINE KATRIX AIID RARE STRINCERS, CONTENT DECREASES 
ABRUPTLY BELOW 1J04.0'; TRAC! POLYHALIT!, OCCURS AS DISSEMINATED BLEBS; BASAL 

CONTACT SHARP, IRKECULAR, DISCONFORKABL!. 

FIGURf 4 (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 
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PRELIMINARY 
STRATIGRAPHIC 

ELEV. DEPTH 
(FT. MSLl (FT.) 

COLUMN 

1704 1705 -
X 

-

1699- -1710 

-

-1694- -1715 

-

1689- r- 1720 
- X 

X 

-
1684- - 1725 X 

X X X 
~ 

- X 

1679- r- 1730 
X -

- X 

1674- r- 1735 

X -

1669- 1- I 740 

- X 

1664- - 1745 

X -
1659 1750 X 

REMARKS 

AS AIOVE 

HALITE, MEDIUM to COARSELY CIYSTALLIN!, WHIT! TO CLEAR; UPP!I O.l' TO 0.4' AND 

LOWER 0 .• 7' PUU IIALITE, IDIAUitlEI SLICHTLY AICILLACEOUS, CLAY IEDDISH-BROIIII, 

B!COKINC ClAY WITH DEPTH; BASAL CONTACT SHARP, IRa!CULAl, DISCONFO~~BL!. 

HALITE, KEDIUK to COARSELY CRYSTALLIN!, WHITE TO CLEAR TO TINTED ORANGE; UPPER 1.0' 

ARGILLACEOUS, COWT!NT DECREASES WITH DEPTH; TRACE POLYHALITE, CONTENT INCREASES 

WITH DEPTH, OCCURS AS DISSEKIMAT!D BLEBS AND RAHDOKLY-QRIEVTED STRINCERS, LOWER 

1.0' V£RY POUHALITIC; BASAL catTACT SHARP, IRREGULAR, UNIXILATORY. 

I POLYHALIT!, FI~LY CRYSTALLINE, ORANCISH-RED, STRUCTURELESS; UNIT VERY UNDULATORY; 

BASAL 0.4' CONSISTS OF CREENISH-CRAY CLAYSTONE; BASAL CONTACT SHARP, UNDULATORY, 

l DISCONFORKABL!. 

~ALITE, KEDIUK TO COARSELY CRYSTAL~INE, WHIT! TO CLEAR; LOCALLY ARGILLACEOUS, CLAY 

REDDISH-BROWN, CONTENT DECREASES WITH DEPTH; TRACE POLYHALITE, OCCURS AS DISSEMI-

NATED BLEBS; BASAL CONTACT SHARP, IRREGULAR WITH DISSOLUTION PITS 1.0' DEEP INTO 

UNDERLYING UNIT. 

HALITE, MEDIUM TO COARSELY CRYSTALLIN!, WHITE TO CLEAR; UPPER 2.0' SLIGHTLY ARCIL-

LACEOUS, CLAY REDDISH-BROWN, OCCURS AS RANDOKLY-QRIENTED TO SUBHORIZONTAL 5TRINCERS 

AND DISSEMINATED INTERCRYSTALLINE KATEIIAL; TRACE POLYHALITE AT TOP, CONTENT 

INCREASES WITH DEPTH, OCCURS 

BASAL CONTACT GRADATIONAL. 

FIGURE q 

AS DISSEMINATED BLEBS AND RANDOMLY-ORIENTED STRINGERS; 

EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY STRATIGRAPHIC 
ELEV. DEPTH 

(FT. hiSL) (FT.) 
COLUMN 

1659 1750 X 

~ 

- JCIXUXJ! 

""- ·-
1654- -1755 X 

X 

1649- -1760 
X 

I\\\\\\\ I\\\\\\\\\\\\\\ 

~ ~XX'X: 
1644- - 1765 

- - -

1639- f- 1770 
X X 

- - -
X X X 

1634- -1775 - -

-

-
1629- f-1780 

-
-

1624- - 1785 
X 

,.. 

M"'x~ 
Xl"¥1'~ 

f- 1790 
~xY'V< 

1619 - - -
-
X 

-1614 1795 

REMARKS 

AS AIOY£ 

POL 'IIIALI TE, FINELY CRYSTALLINE, RfDDISH-OIANC!, TRACE THIN LAMINATIONS; LOCALLY 

L AIIIIYDIITIC; BASAL CONTACT SIIARP. ll HALITE, II!DIUM TO COAISE!.Y CRYSTALLIII!, WHIT! OCCASIONALLY TINTED OIANCE; SUBHORI-

ZOWTAL POLrHALITE STRINCEI.S, 1/8" THICK:; BASAL COIITACT SI!.AIP, IRRECUL.U. 

POL'IIIALIT!, FINELY CRYSTALLIN!, REDDISH-oiiANC!; BASAL CONTACT SI!.AIP, !WI.KED BY 1" 

THICK: ClAY CI.AYSTON! BED. 

HALITE, COAISELY CRYSTALLIN!, WHITE TO CL!AI TO TINTED OIANCE; POLYHALITIC, CONTENT 

DECREASES WITH DEPTH, OCCURS AS STRIICERS AIID BUBS; 0.1' TO 0,4' THICK ANHYDRITE 

BED OCCUlS AT 1761.9'; BASAL CONTACT SRAIP. 

POLYHALITE, FIIELY CRYSTALLINE, REDDISH-olANCE, THINLY LAMINATED; 0.3' THICK HALITE 

BED AT 1763.9', LOWER 0.1' TO 0.2' HALITIC ClAY CLAYSTONE; BASAL CONTACT SHARP. 

li.ALITE, IIEDIUM TO COAilS!LY CIYSTALLIII!, WHIT! OCCASIONALLY TINTED OIANC!, HII'"l .)"' 

B!DDIIIC PIOtr SUBHOIIIZONTAL STRIIICRS Of' POLYBALIT! SPACED 0.2'; 0.1' THICK: BED Of' 

AICILLACEOUS HALITE OCCURS AT 1767.3'; POLYHALIT! COIITEVT INCREASES ABRUPTLY NEAll 

BASE; BASAL CONTACT SHAB.P, DISCONFOII.IWIU. 

AICILLACEOUS HALITE, FINELY TO COARSELY CRYSTALLIN!, WHITE TO CLEAil TO TINTED 

ORAIC!; ClAY CI.AY OCCURS AS MATRIX AIID INT!RCIYSTALLIN! MATERIAL,CLAY BECOMES 

REDDISH-BROWN BELOW 1773.11', CLAY CONTENT DECREASES WITH DEPTH; CLAY-FREE 

POLrHALITIC HALITE OCCURS BETWEEN 1773.3' AND 1773.11'; POLYHALITE CONTENT INCREASES 

WITH DEPTH; BASAL CONTACT SIWlP, IRRECt/UR. 

HALITE, MEDIUM TO COARSELY CRYSTALLIN!, WHIT! TO CLEAR. TO TINTED ORANCE; AACILLA-

CEOUS TO 17112.4', CONTENT· DECREASES ABRUPTLY I!LOW, CLAY OCCURS AS MATRIX; TRACE 

POLYHALITE, CONTENT INCREASES WITH DEPTH, OCCUIS AS DISSEMINATED BLEBS AND 

RANDOKLY-DRIENTED STRINCEI.S; BASAL COIITACT CIW)ATIONAL. 

J POLYHALITE, FINELY CRYSTALLINE, DARK REDDISH-oRANCE, HINT OF THIN LAMINATIONS; 

TRACE HALITE; BASAL CONTACT Sl!AR.P, !WUCED BY 1" THICK: CRAY CLAYSTONE BED, SLICHTLY 

UNDULATORY, OlSCONFORIIABLE. 

I ARCILLACEOUS HALITE, FINELY TO COARSELY CiYSTALLUIE, CL!AI; CRAY CLAY AT TOP, 

CRAOINC TO REDDISH-BROWN WITH DEPTH, COIITENT DECB.EAS!S WITH DEPTH UNTIL ABSENT AT 

1792.3'; CI.AY CONTENT INCREASES AS IIITERCUSTALLIII! MATERIAL AIID STRINCERS BELOW 

1792.3', CONT!IIT DECREASES WITH DEPTH, ABSENT BELOW 1794.0'; TRACE POLYHALITE, 

COWT!IIT IIICR!ASES WITH DEPTH, OCCilaS AS DISSI!IIINAT!D BLEBS AND RANDOHLY-oRIEVTED to 

SUBIIOI.IZOIITAL STRIICDS; BASAL COIITACT SJIAU', K.UJCED BY 0.1' THICK: BED OF 

POLYIW.IT! UND!IUIW BY 1/4" THICX ClAY CLAYSTONE BED. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 

LITHOLOGIC LOG 
SHEET 4 OF 



PRELIMINARY 

ELEV. DEPTH 
(FT.MSL! (FT.) 

1614 1795 

STRATIGRAPHIC 

COLUMN 

X -

- X 

REMARKS 

AS AIOY[ 

1609- -1800 ~~d~·~~~'XX~~~~~·X~--------~~~~-=----~--~~~~~~~~~~~~~~~~~ 
KALil!, K!DIUH TO COAASELY CRYSTALLINE, WHIT! TO CLEAR; CONTAINS SUBHORIZONTAL CRAY 

1604--1805 

X 

1599- I- 1810 

-

1594- -1815 

X 

X 
1589- -1820 

-

1584- r- 1825 

X 

-
-
X 

-

-

X 

X 

-

X 

-

-

-

CUY STI.IJC!RS TO 1804.3', AISEIIT &!LOW 11104.3'; TRACE POL'f!IALITE, CONTENT 

INCREASES WITH DEPTH, OCCURS AS DISSEMINATED BLEBS AND SUBHORIZONTAL STRINCERS; 

BASAL CONTACT SIIAI.P, IWUCED BY 3" ZON! OF CRAYISH HALITE UIIDERLAIN BY 1" THICK CRAY 

CLA YSTOII!. 

KALil!, KEDIUH TO COARSELY CRYSTALLINE, WHITE TO CLEAR; UPPER 1.8' ARGILLACEOUS, 

REDDISH-BlOWN, CONTENT DECREASES WITH DEPTH; TRACE POL'f!IALIT!, CONTENT INCREASES 

WITH DEPTH, OCCURS AS DISSEMINATED BLEBS, BLEBS ALICHED IN ZONES AND STI.INCERS 

OCCUR BELOW 1817.6'; CONTAINS CRAY CLAY AS STI.INCERS AND DISS~~IYATED INTER­

CRYSTAU.III'! KAT!IlAL BETWEEN 1819.2' AND 1819.9'; BASAL CONTACT SHARP, IRllECUUII., 

DISCONPORKABL!. 

HALITE, FINELY TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED ORANCE; ARGILLA­

CEOUS, REDDISH-BROWN, CLAY OCCURS AS INTERCRYSTALLINE ~TRIX AND STRINCERS, CONTENT 

DECREASES WITH DEPTH, CONTENT DECREASES ABRUPTLY BELOW 1823.0'; TRACE POlYHALITE, 

OCCURS AS DISSEMINATED BLEBS; BASAL CONTACT CRADATIONAL. 

15 79 - - 18 3 0 --- --+------::-.,..,.-:,=---==:==-:::-:::--:::::-:-:-:::=::-===:-::-=;--=-;;:;;:-=--=-:::-:-;:-""'"'..,.....,=,..-::;=:;;:'7""""'"'==--t HALITE, FINELY TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED ORANCE; SLICHTLY 

1574 -1-1835 

1569 1840 

X 

ARGILLACEOUS IN UPPER 4.0·', CONTENT DECREASES WITH DEPTH, CLAY OCCURS AS STRINCERS 

AND INTERCRYSTALLINE MATRIX, CONTAINS RARE SMALL (<1/16") DISPLACIVE HALITE 

CRYSTALS; TRACE POlYHALITE, OCCURS AS DISSE~INATED BLEBS; BASAL CONTACT SHARP, 

!WUCED BY DISSOLUTION PITS 6" TO 8" DEEP INTO UIIDERLYINC UIIIT, !RllECULAR, UIIDU­

LATORY. 

I HALITE, KEDIUH TO COAASELY CRYSTALLIN!, WHIT! TO CLEAI; ARGILLACEOUS TO 1839.8', 
r-----------r-~ 

X 

OCCURS AS CRAY STRIIIC!IS; TRACE POLYHALIT!, CONTENT IIICR!ASES WITH DEPTH, OCCURS AS 

BLEBS AND IANDOKLY-DRI£1!!0 TO SUBHOIIZONTAL STRINC!IS; BASAL CONTACT CRADATIONAL, 

RICHLY IU!CULAI SLICHTLY UIIDUU.TOIY. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
liTHOLOGIC LOG 
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PRELIMINARY 

ELEV. DEPTH 
(FT. M S L I ( FT.) 

1569 1840 

1564- -1845 

1559- -1850 

1554- r- 1855 

1549- '-- 1860 

1544- -1865 

1539- r- 1870 

1534- -1875 

\ 

1529- -1880 

1524 1885 

STRATIGRAPHIC 

COLUMN 

X 

X 

X 

REMARKS 

AS AIDY[ 

POLYHALITE, FINELY CRYSTALLINE, REDDISH-QRANGE; HALlTIC; BASAL CONTACT GRADATIONAL, 

VERY IU.ECULAR, UNDULATORY. 

~ ~~~ 

II HALITE, FII!LY TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED ORANGE; ARGILLA­

JC~Qr;f""--'1 CEOUS, GRAY AT TOP GRADING TO REDDISH-BROWN WITH DEPTH, CONTENT DECREASES WITH 
p.....o:::v:....o.r...c...~'-'~+--...J DEPTH, CLAY OCCURS AS SUBHORIZONTAL STRINGERS AND AS !lATRIX !tATERIAL IN 

- X 

X -

X 

- - -
X 

-
X 

F=--=-=-= --
X 

X 

X 

X 

~~A~J< 
)(~""')<. :J: 

- X 

X -

X. 

-
X 

-
-X 

-
-

X 

-

IRREGULARLY-SHAPED ZONES OF ARGILLACEOUS HALITE; POLYHALITIC, CONTENT INCREASES 

WITH DEPTI, OCCURS AS DISSEMINATED BLEBS AND RANDOHLY-QRIENTED DISCONTINUOUS 

STRINGERS; CONTAINS LARGE IRREGULAR ZONES (SEVERAL SQUARE FOOT AREA) OF PURE WHITE 

HALITE WHICI ARE CONTINUOUS INTO UNDERLYING UNIT (DISSOLUTION PITS ?); BASAL 

CONTACT SHARP, IRREGULAR, DISCONFORHABLE. 
HALITE, HEDIUK TO COARSELY CRYSTALLINE, WHITE TO CLEAR; ARGILLACEOUS AT TOP, CON­

TE»T DECI!ASES WITH DEPTH, OCCURS AS RAHDOKLY-QRIENTED STRINGERS; TRACE POLYHALITE, 

OCCURS AS DISSEMINATED BLEBS; CONTAINS DISSOLUTION PITS 2.0' TO l.O' DEEP, FILLED 

WITH WHITE COAUELY CB.YSTALLINE HALITE; BASAL CONTACT SHAIP TO ABSENT, ~KED BY 1" 

THICJC GB.AY CLAYSTONE BED. 

HALITE, COARSELY CRYSTALLINE, WHITE TO TINTED ORANGE; POLYHALITIC, CONTENT 

INCREASES WITH DEPTH, OCCURS AS DISSEMINATED BLEBS AND SUBHORIZONTAL 1/4" THICK 

STRINGERS; BASAL CONTACT SHARP, SLIGHTLY UNDULATORY. 

POLYHALITE, FIHELY CRYSTALLINE, DARK REDDISH-oRANGE, STRUCTVRELESS; HALITIC; 

UNDERLAIN IY 4" THICK BED OF GRAY HALITIC CLAYSTONE; BASAL CONTACT GRADATIONAL. 

HALITE, HEDIUK TO COARSELY CRYSTALLINE, WHITE TO CLEAR; SLIGHTLY ARGILLACEOUS, 

CONTENT DECIU.SES WITH DEPTH, OCCUltS AS SUBHORIZONTAL SniNGERS; POLYIIALITIC, CON­

TENT INCR!ASES WITH DEPTH, OCCURS AS DISSEMINATED BLEBS AND SUBHORIZONTAL 

STB.INGERS, POLYHALITE BED 0.1' THICK AT 1875.7'; BASAL CONTACT SHARP, IRRECULAR, 

SLICHTLY a.DULATORY. 

ARGILLACEOUS HALITE, FINELY TO COARSELY CRYSTALLINE, WHITE TO CLEAR; CLAY REDDISH­

BROWN TO ClAY, OCCURS AS IRREGULAR SUBHORIZONTAL STRINGERS; HALITE OCCURS IN PODS 

OR ZONES OF CRYSTALS; TRACE POLYHALITE; BASAL CONTACT SHARP, SLIGHTLY UNDULATORY. 
HALITE, COARSELY CRYSTALLINE, WHITE; BECOMES SLIGHTLY ARGILLACEOUS WITH DEPTH; 

POLYHALITIC, OCCURS AS BLEBS AND SUBHORIZONTAL STRINGERS; BASAL CONTACT SHARP, 

IRRECULAI, SLIGHTLY UNilULATORY. 
ARGILLACEOUS HALITE, REDDISH-BROWN WITH TRACE OF GRAY; HALITE, FINELY TO COARSELY 

CRYSTALLII!, WHITE TO CLEAR, OCCURS AS IRREGULARLY-SHAPED BEDS AND PODS, LOCALLY 

POLYHALinc AND FREE OF CLAY; TRACE POLYHALITE, COIITEJIT INCREASES WITH DEPTH, 

OCCURS AS DISS!.'IINATED BLEBS AND IRREGULAR IWIDOHLY-oRIENTED STRINGERS; 1/4" THICK 

BED or I'OLYIIALITE UNDERLAIN BY 1/4" THICIC DISCOIITIIIUOUS lED OF GRAY CLAYSTONE 

OCCURS AT 1198.2'; BASAL CONTACT SHARP, IRB.EGULAR._ SLICHTLY UNDULATORY. 

FIGURE q (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 

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

1524 1885 

1519 --1890 

1514--1895 

1509--1900 

1504- r-1905 

1499--1910 

1494--1915 

STRATIGRAPHIC 

COLUMN 

AS AIOYE 

REMARKS 

I POLYIIALIT!, FINELY CRYSTALLINE, DIJUC REDDISH-ORANGE. STRUCTURELESS; UNDERLAIN BY 1" 

~~~=~~~~~X=~~~:~~g~~===~~TH~ICX~~CI~E=!W~IS~ti~-C~lA~Y~C~LA~YS~nl~N~E;~B~AS~AL~~CO~NT~A~CT~S~HAR~P~.~--~--~----~~--~---· 
HALITE, FI~T TO COAIS!LY CRYSTALLIN!, WHITE TO CLEAR TO TINTED ORANGE; TRACE 

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

~xxxxxxxxxxxxx 

ARGILLACEOUS NATEIIAL B!LOW 1901.0', CONTENT DECREASES WITH DEPTH, TOTALLY ABSENT 

BELOW 1904.1', OCCUIS AS &AKDOKLY-QRIENTED nl SUBHORIZONTAL STRINGERS BECO~ING 

BLEBS WITH DEPTH; 1/4" THICK SUBHORIZONTAL STRINGERS OF ANHYDRITE OCCUR BELOW 

1914.0'; AT 1916.S', A 0.2' THICK PIHXISH-RED POLYHALITE BED OCCURS; BASAL CONTACT 

SHAIP, SLIGHnY IllREGUl.AI. AND UNDUl.AnlRY. 

POLYIIALITE, FINELY CRYSTALLIN!, DIJUC RED, STRUCTURELESS AT TOP GRADING TO LAMINATED 

AT BAS!; HALITIC, BASAL CONTACT SHARP TO CIADATIONAL, HARKED BY O.l' TO 0.2' THICK 

14 89 - '- 19 20 ~ )(/'O)j'-"'~A..,.--'_.";...""~ .... ~~---C;:;.:RA::..:..:..Y...:C:.:LA::.cY:..:Sc.:.TO:::.:N!=-B::..:!:::D.:..• --------------------------1 
HALITE, MEDIUM nl COARSELY CRYSTALLIN!, WHITE TO CLEAR, SLICHTLY ARGILLACEOUS, 

X X 

---

1484 -r- 1925 

X 

1479 1930 

X 
OCCURS AS RAHDOHLY-QRIEHTED STRINGERS; ABUNDANT POLYHALITE, OCCURS AS DISSEMINATED 

BLEBS; CONTAINS LOCAL ZONES OF PURE HALITE; BASAL CONTACT CRADATIONAL, IRREGULAR. 

HALITE, MEDIUM nl COARSELY CRYSTALLIN!, CLEAR TO WHITE; RANDOHLY-QRIENTED TO 

SUBHORIZONTAL STRINGERS OF BLACK CLAY OCCUR BETWEEN 1923.S' AND 1926.4'; 

POLYHALITIC, CONTEIIT INCR!AS!S ABRUPnr B!LOW 1926.8', THEN DECREASES WITH DEPTH, 

OCCURS AS DISSEMINATED BLEBS; BASAL COIITACT DIFFUSE. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 



PRELIMINARY 

ELEV. DEPTH 
STRATIGRAPHIC 

COLUMN 
REMARKS 

( rr MSLI ( rT.) 

1479 193 0 ••••••••••••••• 
HALITE, FINELY TO COAiSELY CRYSTALLINE, CLEAR TO WHITE; MODERATELY ARCILLACEOUS, 

CONTEJIT DECI!ASES WITH DEPTH, OCCURS AS IILACIC BLEIIS AND STRINCEIS; TRACE POLY· 

!!ALIT!, COVTENT INCI!ASES WITH DEPTH, OCCURS AS DISCONTIIIUOUS IIIECIJLAi RANDOMLY­

OIIEHTED TO SUIIHOIIZONTAL STRIHC!IS AND DISS~~IHATED BLEBS; COHTAINS LOCAL BEDS AND 

ZOHES OF CLAY-FIE! HALITE; POLYHALITE CONTEHT IHCI!ASES ABRUPTLY NEAR BASE; BASAL 

COIITACT SIIAIP. 1474 1935 

1469 1940 

1464 1945 

1459 1950 

1454 1955 

1449 1960 

1444 1965 

1439 1970 

1434 1975 

X 

X 

X 

~~~~~-.-1-.....J 

X 

X 

ANHYDRITE, FINELY CRYSTALLINE, LICHT TO DARIC CRAY, THINLY LAMINATED TO ~~INATED; 

UPPEI 0 TO 0.5' POLYHALITIC; LOCALLY BALITIC, OCCURS AS DISCONTINUOUS BEDS AND 

PODS; SOfll WIJA! OICAIIIC·IICH (?); WINA! UNDULATE SLICHTLY; UNDERLAIN BY 0.1' 

TO 0.3' THiel: ClAY BALITIC CLAYSTONE; BASAL CONTACT SHARP, IR.R!CIJLAi, SLICHTLY 

UVDUUTOIY. 
HALITE, COAIS!LY CIYSTALLIJ!, WHITE TO CLEAI TO TINTED OIWICE, STB.UCTURELESS; 

SLICHTLY AICILI.ACEOUS II UPPtl 5,0', OCCU&S AS ClAY DISCONTINUOUS SUBHORIZONTAL 

STIINCERS, BELOW 1952.3' CONTENT INCI!ASES SHARPLY, THEN DECREASES WITH DEPTH, 

DISCONTINUOUS 1" TO 2" THICit IRIECUL.U ClAY CLAYSTONE BED OCCURS AT 1952.3'; TRACE 

POLYHALITE, OCCURS AS LICHT ORANCISH-WHIT! DISSEMINATED BLEBS; IN BASAL 1.0' 

POLYHALIT! AND ANHYDRITE OCCUR AS DISCONTINUOUS SUBHOIIZONTAL STRINCEIS; BASAL 

CONTACT SIIAIP, IIR!CULAI, 

ANHYDIUTE, Flll!l.Y CRYSTALLINE, ClAY ALT!IUIATINC WITH DAIUC CRAY, THINLY LAMINATED; 

t-.->....,A~~..,._,.....,.,\---, lOCALLY CONTAIWS PODS OF HALITE AND HALITE-RICH LAMINA!; BASAL CONTACT SHARP, 

CONFOIMA!L!. 
ANHYDRITE, FINELY CRYSTALLINE, CRAY; HALITIC, OCCURS AS ABUNDANT HALITE PSEUDO­

MORPHS AFTER CYPSIIH SWALLOWTAIL CRYSTALS ALICN!D PARALLEL TO BEDDINC, 1/8" TO 2" 

HICK, MAJORITY ORIENTED VERTICALLY; LOCALLY, ANHYDRITE IS FREE OF PSEUDOMORPHS AND 

THINLY WINATED, LAMINAE ALTEIUIATE FROK LICHT TO DARK CRAY; HALITE PSEUDOMORPHS 

ABSENT BETWEEN 1966.6' AND 1967.5'; BASAL CONTACT CRADATIONAL TO DIFFUSE. 

ANHYDRITE, FINELY CRYSTALLINE, ALTERNATING LICHT AND DAIUC ClAY, THINLY LAMINATED TO 

LAIIINATED; LAMINAE OFTEJI CONTAIN INSIPI!NT ENTIOLITHIC STRUCTURES AND ANHYDRITE 

PSEUDOtiORPHS AFTER CYPSIIH SWALLOWTAIL CRYSTALS; UVDERLAII IIY 0.4' TO 0. 5' THICIC BED 

OF I'IICIOUKIIIATED TO THIIILY LAMINATED ctiAY CUYSTOHE CONTAIHINC SUBHORIZONTAL 

BIFUICATIJIG D TO 1" THICit HALIU-PILLED FIACTUUS; BASAL CONTACT SIIAilP, Illllr!Cilt.Ail, 

UIIDULATOIY, DISCONFOUIAIL!. 

FIGURE ~.(CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 

hi:. c:n 



PRELIMINARY 

ELEV. DEPTH 
(FTMSlJ (FT.) 

1434 1975 

1429-r-1980 

1424 -r- 1985 

1419- -1990 

1414- r- 1995 

1409- -2000 

1404- -2005 

1399- r-2010 

1394--2015 

1389 2020 

STRATIGRAPHIC 

COLUMN 

X 

X 

\\\\11\\\ 

\1\\\\\\\ 

REMARKS 

HALITE, ~EDIUK TO COARSELY CRYSTALLINE, WHITE TO CLEAR, STIUCTURELESS; ~ODERATELY 

AICILLACEOUS, ClAY, CONTENT DECREASES WITH DEPTH, OCCURS AS DISSEMINATED IANDOHLY­

OIIEITED DISCOIITINUOUS STIINC!RS AND BLEBS; TRACE POLYHALITE BLEBS; CONTAINS INTEI­

UNIT DISSOLUTIOW PITS FILLED WITH I!LATIV!LY PURE HALITE; FREE OF ClAY CLAY FIOK 

1915.0' TO 1989.0'; THIN (<1/8") SUBHOUZOIITAL STIINCERS OP ANHYDRITE OCCUR BELDW 

19U.O'; IU!CULAil BED OP HALITIC AIIIIYDIIT! IV LOWER 1" TO 3" OVERLIES IIICIILY UNDU­

LATOIY BASAL CONTACT, COIITACT MAJUC!D BY ClAY CLAYSTONE IN CIIAIINEL TROUCIIS, COIITACT 

EROSIONALLY TEiftiNATES UND!ILYIVC UNIT AT TH! WEST SID! OF SHAFT; BASAL CONTACT 

SIIAU. 

HALITE, ~!DIU!! TO COARSELY CRYSTALLINE, WHITE; CONTAINS DISCONTINUOUS SUBIIORIZONTAL 

STIIVC!IS OP AIIHYDUT!, <1/4" THICK; UNIT THICIQIESS VARIES FRO~ 0 TO 1.5' AS IT IS 

EJ.OSIOIIALLY T!IKINAT!D AT UPPER CONTACT; SHAPE UNTICULAR (0 TO 1.5' X 6' ); BASAL 

COIITACT SIIAU. 

_] AIIIIYDaiT!, FINELY CRYSTALLINE, LICHT ClAY, LOCALLY THINLY LAKINATED; CONTAINS ABUN­
~~~~~~~~ ' ._'JJIS'<l-3.3.'\. t->'-'LlLL_.....,_...,..,..,o....;:"'---. DdT HALITE PSEUDOHOIPHS AFTER CYPSUK SWALLOWTAIL CRYSTALS; BASAL COIITACT SHAll', 

l !IAIJt!D BY 1/4" TO 1/2" THICK ClAY CLAYSTOII! BED. -

-

X 

X 

-

-

-

-

X 

-

-

-

-

HALITE, ~!DIUK TO COARSELY CRYSTALLIN!, WHITE TO CLEAR TO TINTED CRAY, BANDED, 

SPAC!D 1/2" TO 4", TRACE CRAY CLAY; CONTAINS COIITINUOUS IUECULAR SUBIIOIIZOIITAL 

STIINCERS OP CRAY CLAY; BASAL COIITACT SIIAII, SLICIITLY UNDULATORY UP TO 4". 
HALITE, ~EDIUM TO COARSELY CRYSTALLINE, WHIT! TO CLEAR TO TINTED CRAY, BANDED ON 

1/2" TO 2" SCALE, SLICIITLY ARCILLACEOUS, OCCUIS AS SUBIIOIIZONTAL STRINCERS AND 

LOCAL RANDOKLY-DIIENTED STIINCEIS; TRACE POLYHALIT!, OCCURS AS DISS~~INATED BLEBS, 

CONTENT INCREASES WITH DEPTH; BASAL CONTACT SHAIP. 

HALITE, ~EDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR, STRUCTURELESS; SLICIITLY 

ARCILLACEOUS IN UPPER PART, CONTENT DECREASES WITH DEPTH, OCCURS AS REDDISH-BROWH 

RANDOKLY-ORIENTED STRINCERS; TRACE POLYHALITE, CONTENT INCREASES WITH DEPTH; BASAL 

CONTACT SHARP, SLICIITLY IRRECULAR, SLICIITLY UNDULATORY (3"), 

ARCILLACEOUS KALITE, FINELY TO COARSELY CRYSTALLINE, WHITE TO TINTED ORANCE; CLAY 

REDDISH-BROWH, CONTENT DECREASES WITH DEPTH, OCCURS AS INTERCRYSTALLINE ~TRIX, 

CRADES TO SUBKORIZONTAL STRINCERS WITH DEPTH; HALITE OCCURS AS DISCONTINUOUS BEDS 

AND ALIGNED PODS; BASAL CONTACT SHARP, IRRECULAR, UNDULATORY. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 
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PRELIMINARY 

ELEV. DEPTH 
(F'TMSLI (FT.) 

1389 2020 

1384-1-2025 

1379-1-2030 

1374-1-2035 

1369--2040 

1364--2045 

1359 -f- 2050 

STRATIGRAPHIC 

COLUMN 

-x-x-

X 

X 

X 

~~ 
X~ ~ 
A fJ(Ii!)( 

~I} 

REMARKS 

AS AIOV( 

HALITE, FINELY TO COARSELY CRYSTALLINE, WHIT! TO TINTED ORANGE, OCCURS AS IRREGULAR 

DISCONTINUOUS BEDS 112• TO 2" THICI AT TOP, BECOMES ftASSIV! WITH DEPTH; VERY ARGIL­

LACEOUS AT TOP, CONTENT DECREASES WITH DEPTH, OCCURS AS INT!RCRYSTALLINE ftATRIX; 

ABUNDANT POLYIIALIT! AT TOP, CONT!MT INCREASES WITH DEPTH, OCCURS AS DISSEMINATED 

BLEBS AND RAl! SUIHORIZOWTAL STRINGERS; CONTAINS ABUNDANT VERTICALLY-ORIENTED 

ELONCAT! ZOII!S or Pill.! AND POLYliALITIC HALITE WITH IRilEGUUll EDCES, l.O' TO 2.0' 

ACROSS, UP TO l.D' DEEP; BASAL CONTACT EXHIBITS CHANNEL FORM, WITH HIGH SID! 

OCC\IUINC 011 WUT SlOE OP SHAFT AT 2012.0' AND LOW POINT OCCUIUllNC ON EAST SIDE OF 

SHAFT AT 20)6.3'; CHAN»!L FILL CONSISTS OP HALITE AND POLYHALITIC HALITE BELOW 

2032.0', A 0.5' THICX 8!0 OF FINELY CRYSTALLIN! ANHYDRITE OCCURS AT 2032.3' AND 

TERMINATES ACAIWST UNDERLYING UNIT AT WEST SIDE OF SHAFT, FILL CONTAINS ABUNDANT 

SUBHOIIZONTAL STRINGERS OF ANHYlliiT! THAT TERKINATE AGAINST UNDERLYING UNIT AT WEST 

SIDE OF SHAFT; BASAL CONTACT SHARP. 

POLYHALIT! 9 FIM!LY CRYSTALLINE, REDDISH-DRANGE, STRUCTUIELESS EXCEPT FOR LOCAL 

ZONES CONTAlMINC HALITE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAIL CRYSTALS AND LOCAL 

ZONES WITH JODULAR STRUC!URE, LOCALLY THINLY LAMINATED NEAR BASE; UPPER 2.0' ON 

WEST SIDE or SHAFT CONSISTS OF THINLY LAMINATED ANHYDRITE; BASAL CONTACT 

GRADATIONAL, UNDULATORY. 

-~~~"<0~-----,ANII=Yll=RI::T::E,.-,"""'F::-::I"'•::::!L::-:Y:;-::C:=-RY""S::-::T;-;cAL~L'"'I"'N:::E,.-,-A:-:L-::T::;ERN=A-::T:=-IN""C;;-;"L=Ic:::H:::T:-:"AND=--::D~AR::-:K:;-::C:=-RA:-:Y-:-,--;TH""I'"'NL=Y-;-cLAl;-;:M;;I"NA"'T"'E:;:D,.-,--I 
1~ ~ LAIIINAE UIIOOUT! SLICHnY; 0. 3' ABOVE LOWER CONTACT, 0 TO l" THICK DISCONTINliOl/S 

X 

l
PURE HALITE lED OCCl/RS, CONTAINS ONE DISCONTINUOUS STRINGER OF POLYHALITE; BASAL 

CONTACT SHAD. 
HALITE, MEDIUM TO COARSELY CRYSTALLINE, WKITE TO CLEAR; SLIGHnY ARGILLACEOUS, 

CONTENT DECI!ASES WITH DEPTH, OCCURS AS REDDISH-BROWN TO GRAY RANDOMLY-ORIENTED TO 

SUBHORIZONTAL STRINGERS WHICH BECOME SUBHORIZONTAL WITH DEPTH; TRACE POLYHALITE, 

OCCURS AS DISSEI!INATED BLEBS AND SUBHORIZONTAL STRINGERS NEAR BASE; l" TO 2" TtiiCK 

BED OF ANHYDIIT! (NORTHWEST SIDE OF SHAFT) AHD POLYHALITE (SOUTHEAST SIDE OF SHAFT) 

AT 2059.3'; SUIHORIZONTAL STRINGERS OF ANHYDRITE IN LOWER S.O'; NO CI.AY OCCURS 

BELOW 2059.3'; BASAL CONTACT SHARP, UNOUI.ATORY TO 0.4', DISCONFO~~LE. 

1354-f- 2055 -

\ 

X 

1344 2065 X 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR TO TINTED ORANGE AND GRAY, 

THINLY BEDDED TO GRAY ARGILI.ACEOl/S HALITE WITH CLAY-FREE HALITE, BEDDING TE~~INATEO 

AT UPPER CONTACT; TRACE POLYHALITE AT TOP, CONTENT INCREASES WITH DEPTH, OCCURS AS 

DISSEMINATED BLEBS; ARGILLACEOUS, CONTENT DECREASES WITH D!PTH, GRAY AT TOP GRADING 

TO CRAYISH-IROWN WITH DEPTH, OCCURS AS DISCONTINUOUS RAHDOHLY-DRIENTEO STRINGERS 

AND LOCAL ZONES OF IWTERCIYSTALLI.! MATERIAL, BECOHES REDDISH-BROWN BELOW 2070.2', 

CONTENT DEcaEASES ABRUPTLY BELOW 2079.0', BASAL 2.0' SLIGHnY ARGILLACEOUS; BASAL 

CONTACT SHAU, SLICliTLT UNDULATORY, IR!I.ECULAR. IWIXED IY DISCONTINUOUS IRilEGULAR 2" 

TH I Cl lED OP IALITI C AIIIIYDRI TE • 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 

n.: r:;n 



PRELIMINARY 

ELEV. DEPTH 
( FT MSLI (FT.) 

1344 2065 

1339- -- 2070 

1334-1- 2075 

1329- 1- 2080 

1324-1- 2085 

1319- '- 2090 

1314- -2095 

1309- -2100 

1304- 1- 2105 

1299 2110 

STRATIGRAPHIC 

COLUMN 

X 

-

X 

X 

-
X 

X 

X 

-

- X 

-
X 

X 

\1\\\1\ \\\\\\ 

-

X 

-

X 

X 

11\1\\\\\ 
1xxxxxxxx 

~ 

- -

REMARKS 

AS AIOV( 

HALITE, ~EDIUK TO COARSELY CRYSTALLINE, WHITE TO CLEAR; TRACE POLYHALITE, OCCURS AS 

DISSEMINATED BLEBS; ARGILLACEOUS IN UPP[I 1.2', OCCURS AS REDDISH-BROWN DISCONTINU-

OUS SUBHOIIZOITAL STRINGERS AND KASSES or HALITIC ~UDSTONE, CONTENT DECREASES WITH 

DEPTH; BASAL COIITACT SHARP. 

HALITE, KEDIUK TO COARSELY CRYSTALLINE, WHIT! TO CLEAI; TRACE DISSEMINATED BLEBS 

AliD RAIIDOIILY~IDITED STRINGERS or POLYHALIT!; ARGILLACEOUS IN UPPER 1.0', CONTENT 

DECRWES Wl'T11 DEPTH; LOCAL ANHYDRITE STRINGeRS OCCUR NEAR BASAL CONTACT; BASAL 

CONTACT SHARP, SLIGHTLY IRREGUL.Ail AND liNDULATORY. 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO CLEAR: RARE DISSEMINATED 

POLYHALIT! BLEBS; ARGILLACEOUS AT TOP, CONTENT DECREASES WITH DEPTH EXCEPT FOR 

LOCAL INCREASES, CONTENT DECREASES ABRUPTLY BELOW 2101.)', OCCURS AS DISCONTINUOUS 

SUBHORIZONTAL STRINGERS; THIN DISCONTINUOUS STRINCERS OF ANHYDRITE AND POLYHALITE 

OCCUR IN LOIIEJ. 2.0'; BASAL CONTACT SHARP, SLIGHTLY UNDULATORY. 

ANHYDRITE, FINELY CRYSTALLIN!, ALTERMATIHC LICHT AliD DARK GRAY, THINLY LAMINATED; 

liNDERLAIN BY 1/2" THICK ClAYISH-BROWN CLAYSTONE BED; BASAL CONTACT SHARP. 

'I HALITE, FINELY TO COARSELY CRYSTALLINE, WHIT! TO TINTED OIWIGE, BEDDED AT TOP WITH 

REDDISH-BROWI ARGILLACEOUS HALITE, SPACED 1• TO 2"1 AICILLAC!OUS, CONTENT DECREASES 

WITH DEPTH, OCCURS AS IIITEJ.OYSTALLIII! IIATUI Ill AICILLAC!OUS HALITE BANDS AT TOP 

AliD IAIIDOt!LY-OUENT!D sniiiC[IS WITH DEPTH, CONTM DI!OEASES ABRUPTLY BELOII 

211l.l'l RAil! DISSEMINATED ILEIS or POLYHALITE; BASAL CONTACT DIFF'US!. 

FIGURE q (CONTINUED) 

EXHAUST SHAFT 
LITHOLOGIC LOG 

n~ c;n 



PRELIM I NARY 

ELEV. DEPTH 
IF"T MSLJ I FT.) 

1299 2110 

1294- r- 2115 

1289--2120 

1284-r-2125 

1279- r- 2130 

1274- - 2135 

1269- 1- 2 140 

1264- - 2145 

-2146.4 

- -

STRATIGRAPHIC 

COLUMN 

X 

REMARKS 

AS AIOYE 

·············r-------------------------------~----------~~------------~ HALITE, MEDIUM TO COARSELY CRYSTALLIN!, WHITE TO CLEAI; RARE STRINCERS OF CLAY IN 

r- - --r -or . -

X 

UPP!I 1. 7'; TRACE SUBHORIZOII'TAL TO HOIIZONTAL CONTINUOUS STII.INCERS OF ANHYDRITE 

BELOW 2117.0'; BASAL CONTACT SHAIP. 

HALITE, MEDIUM TO COARSELY CRYSTALLINE, WHITE TO TINTED OR.ANCE, RARE R.ANOO!'fl.Y­

OIIENTED CLAY STRINCERS TO 212~.2'; UPPEI CONTACT MARKED BY ANHYDRITIC CLAYSTONE 

-CONTAININC DISPLACIV! HALITE CRYSTALS (<1/4"); TRACE POLYHALITE BLEBS; ANHYDRITE 

STRINCERS OCCUI B!TWE!H 2128.1' AXD 2128.~'; BASAL CONTACT SHARP, SLICHTLY UNDU­

LATORY, IUlCUl.AI. 

] AMHYDRIT! (A), FINELY CRYSTALLINE, LICHT ClAY, THINLY LAMINATED, LAMINAE SLICHTLY 

io'r'O:""''~~....-""'rlt---' COIITORTED; LOCALLY CONTAINS SKALL HALITE CRYSTALS (<1/16"); BASAL CONTACT SHARP, ,"-."' "'"' '·<', "'"' -
\ 

\ 

-

l SLICHTLY UVDULATORY. 

HALITE, IIEDIUK TO COARSELY CIYSTALLIN!, WHIT! TO CL!AI; RARE CLAY STli.INCERS TO 

2131.~'; SUBHOIIZONTAL STRINCERS OF AJIIIYDIITE SPACED 2" TO 4" OCCUR BELOW 2134.0'; 

BASAL CONTACT SIWIP. 

J AMHYDRITE (8), FINELY CRYSTALLINE, LICHT ClAY, HIII'T OF THIN LAMINATIONS; HALITIC, 
f==:::s:::::l:::s:::::s::::f~ I BASAL CONTACT SIWIP, IRRECIJt.All, SLICBTLY UNDI1LATORY. -

X 

-

X 

FACILITY _/ 
LEVEL 

HALITE~ MEDIUM TO COARSELY CRYSTALLIN!, WHITE TO CLEAR; RARE SUBHORIZONTAL CLAY 

STRINCERS AT TOP, CONTENT DECREASES WITH DEPTH; VERY RARE BLEBS OF POLYHALITE; 

BASAL CONTACT MOT OBSERVED. 

FIGURE 4 (CONTINUED) 
EXHAUST SHAFT 
LITHOLOGIC LOG 
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EXHAUST SHAFT 

546.5'--F~~~ 

602.5'=~$~~ 
627' 

713.5'==t~~~· 

DUNE SAND AND CALICHE 
GATUNA AND SANTA ROSA 

DEWEY LAKE REDBEDS 

FORTY-NINER MEMBER 

f~~~~~- MAGENTA MEMBER 

TAMARISK MEMBER 

~~~~-CULEBRA MEMBER 

z 
a::o 
LLJ­
_ll-
1-<( 
Ul::!; 
~a:: 736' 

UNNAMED LOWER MEMBERa::~ 
85 0 5 '--+-=-=-=-="'-"f.' 

907' BASE OF THE KEY 

2 I 4 6. 4 '-'-------' -----'-- WIPP FACILITY LEVEL 

NOTES: 

I. ALL ROCKS 8ELOW SANTA ROSA ARE 
PERMIAN IN AGE. 

z 
0 

1-
<( 

::!: 
a:: 
0 
LL. 

0 
0 
<( 
_j 
<( 
(/) 

EXPL/\NATION 

ED SAND AND SANDSTONE 

~ MUDSTONE AND SILTSTONE 

~ ANHYDRITE 

D ROCKSALT 

~ DOLOMITE 

FIGURE5 

GENERALIZED 

EXHAUST SHAFT 

STRATIGRAPHY 

PREPARED FOR 

2. ALL DEPTHS ARE MEASURED FROM A 
REFERENCE ELEVATION AT 3409. MSL. 

WESTINGHOUSE ELECTRIC CORPORATION 

CARLSBAD, NEW MEXICO 

JT CORPORATION 
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3) 

4) 

5) 

NORTH EAST 

2S zo IS 

THIS INTERVAL WAS MAPPED ON 10·3·84. 
THE LITHOLOGY OF THIS INTERVAL IS DESCRIBED IN 
FIGURE 4. 

F6' 
F60 

DEPTHS AND EVALUATIONS ARE RELATED TO THE REFERENCE 
ELEVATION OF 3409 FEET ABOVE MSL· 
ONLY FRACTURES THAT WERE DEEMED ·~APABLE• AT A SCALE 
OF ONE INCH EQUALS FIVE FEET ARE INCLUDED ON THE MAP. 
MAPPING EFFORTS WERE CONCENTRATED IN THE DEPTH 
INTERVAL FROM 195·0 FEET TO 200.0 FEET. 

10 

F54 

F69 

SOUTH 
OISTANCE. FROM SOUTH LINE, {FEET) 

0 

EXPLANATION 

5 

MAPPED FRACTURE #20, SEE FRACTURE NOTES FOR 
DESCRIPTION 

WEST 

10 

SAMPLE. LOCATION, EX"AUST SHAFT DETAILED MAPPING SA"PLE 
1124 
MAPPED fRACTURE #29, FRACTURE SURFACE EXPOSED 

IS 20 

NORTH 

25 28 

FIGURE 6- SHEET 1 OF.ll 

FRACTURE LOG IN 
THE DEWEY LAKE REDBEDS 

DEPTH 190·0 THROUGH 205·0 fEET 
EXHAUST SHAFT 

WASTE !SOLATION PilOT PLANT 

CARLSBAD, NEW MEXICO 

PREPARED FOR 

wESTINGHOUSE ElECTRIC CORPORATION 

tARLSBAO, NEW MEXICO 

IT CORPORATION 



I·!' ac tu f'<2 
Number· 

F1 

F2 

F3 

F4 

F5 

F6 

F7 

F8 

*** 

Dip of 
Fracture 

horizontal 

subhorizontal 

horizontal 

** Azimuth 
of Pole 

230 

000 

330 

055 

270 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 2 OF 11 

FRACTURE NOTES 

Fracture 
Thickness 

1/4-1/2" 

1/4-3/4" 

1/4 11 

0-1/4 11 

<1/16" 

0-1/4" 

1/4" 

1/8-1/4 11 

Fill* 
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 growth 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 

Fibers oriented 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 

F7 intersects F8, F2 

F8 terminated at F2, F18 

*:t·g = flbt'ous gypsum 
***Azi1nuth of p0le descf'ibes the direction of dip; quadrant notation describes the strike of the plane. 

fr'Ci(!tttt'e not mapped 



F r· a.; tu re Dip of Azimuth 
Number- Fracture of Pole 

F19 *** 26° 350 

F20 horizontal 

F21 horizontal 

F22 38° 100 

F23 subhor izontal 

F24 subhorizontal 
undulatory 

F25 75° 080 

F26 22° 350 

F27 horizontal 

F28 70° 090 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 4 OF 11 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1/4" fg Fibers oriented vertically 
with suture line 

0-1/4" fg Consistent vertical sig-
moidal fibers 

0-1/2" fg Fibers oriented vertically, 
suture contains frequent 
thin lenticular siltstone 
inclusions 

1/4" fg Fibers oriented vertically 

1/4" fg Fibers oriented vertically 

1/4-2" fg Fibers oriented vertically, 
fibers are straight to 
sigmoidal, bifurcates with 
inclusions of siltstone up 
to one inch thick 

1/16" fg 

0-118" fg Fibers oriented vertically 

1/16" fg Fibers oriented subverti-
cally 

0-1/16 11 

Cross-Cutting 
Relationshi12s 

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 atF111 
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 atF111 
and F1 
F28 intersects F20, F21, 
F6, and F24 



ft·acture Dip of Azimuth 
Numbet' Fracture of Pole 

F29 *** hodzontal 

F30 subvertical N70E 

F31 *** subvertical N10W 

F32 23° 350 

F33 65° 080 

F34 subhorizontal 

F35 56° 090 

F36 .su bhor i zon ta 1 

F37 55° 060 

F38 - not described 

F39 sub vertical EW to S30E 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 5 OF 11 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1/16" fg Fibers oriented subverti-
cally 

<1/16" fg 

0-1/16" fg 

0-118" fg Fibers perpendicular to 
fracture plane 

0-1/8" fg Fibers oriented subverti-
cally 

1/8" fg Fibers oriented vertically 

1/8" fg Fibers oriented subverti-
cally 

1/8" fg Fibers oriented subverti-
cally 

1/4" fg Fibers oriented subverti-
cally 

1/8-1/4" fg Fibers oriented horizon-
tally 

Cross-Cutting 
RelationshiQS 

F29 terminates at F28 
and F30 

F30 terminates atF111 
F27, F21 and F20 intersect F30 

F32 terminates at F33 
and F30 

F33 cut by F21 and F20 
F33 intersects F24 
F33 terminates at F 111 

F34 terminated by F33 
F34 cut by F35 

F35 terminates at F111 

F36 terminates at F37 
F36 cut by F35 

F37 terminates atF111 
F37 joins F41 

Indeterminable 



Ft·dctur·o:; Dip of Azimuth 
N urn bet' Fracture of Pole 

F40 35° 300 

F41 65° 070 

F42 subhor izon tal 
undulatory 

F43 subhol' izontal 

F44 - not described 

F45 65° 160 

F46 80° 010 

*** F47 subhorizontal 

FilS*** subhorizontal 

*** F49 subver·t ical N70E 

*** F50 30° 000 

FS 1 subhorizontal 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 6 OF 11 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1/811 fg Fibers oriented vertically 

1/8-1/4 11 fg Fibers oriented subverti-
cally 

1/8-1/211 fg Fibers oriented vertically 

1/8-1/4 11 fg Fibers oriented vertically, 
includes siltstone clasts 

1/16-1/811 fg Fibers oriented subhori-
zontally 

1/811 fg Fibers perpendicular to 
fracture plane 

1/211 fg Fibers oriented vertically 

1/811 fg Fibers oriented vertically 

none 

1/16-1/8" fg Fibers oriented subverti-
cally 

1/8-1/4" fg Fibers oriented vertically 

Cross-Cutting 
RelationshiQS 

F40 terminated at F 111 and 
F41 

F24 and F111 terminate F41 

F42 cut by F53 

F43 cut by F53 

F45 terminates atF111 
and F51 

F50 terminates at F52 

F51 cut by F52 



t~·r·dctLu·e Dip of Azimuth 
Number Fracture of Pole 

F52 subvertical N30E 

F53 vertical N35E 

F54 subhorizontal 

F55 *** subhorizontal 

F56 subvertical S60E 

*** F57 subhorizontal 

F58 subhorizontal 

*** F59 subhorizontal 

F60 85° 040 

F61 subhorizontal 

F62 subhorizontal 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 7 OF 11 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1/8-1/4" fg Fibers oriented subhorizon-
tally 

1/4-1/2" fg Fibers oriented subhori-
zontally with suture line 

1/4" 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" 

0-1/8" fg Fibers oriented vertically 

0-1/2" fg Fibers oriented vertically 

Cross-Cutting 
Relationshi(2S 

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 

F 111 terminates F60 

F62 intersects F60 and F69 



f' r ac tut'e Dip of Azimuth 
Numbe t' Fracture of Pole 

F63 subhorizontal 

f64 subhorizontal 

F65 subhorizontal 

*** 65° F66 190 

F67 subhor izontal 

f68 subhor- izon tal 

F69 subvertical 110 

F70 subvertical 110 

F71 subhor izontal 

F72 25° 060 

F73 subhor izontal 

F74 subhor izontal 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 8 OF 11 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

0-1/8" fg Fibers oriented vertically 

0-1/4" fg Fibers oriented vertically 

0-1/4" fg Fibers oriented subverti-
cally 

1/8" 

0-118" fg Fibers oriented subverti-
cally 

1/4-1/2" fg Fibers oriented subverti-
cally, is a continuation 
of F58 and F61 

1/4-1/2 11 fg Fibers oriented horizon-
tally 

1/4-1/2" fg Fibers oriented vertically 

1/4-1/2" 

1/8-1/2" fg Fibers oriented vertically 

1/4" fg Fibers oriented vertically 

Cross-Cutting 
Relationships 

F69 terminates F64 

F1 and F65 terminate F66 

F68 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 F68 

F70 cut by F71 

F72 terminates at F111 
and F68 

F72 and F70 terminate F73 

F70 and F72 terminate F74 



f!'actur·e Dip of Azimuth 
Number· fracture of Pole 

F75 subver't ical 110 

F76 subhorizontal 

F77 *** subhor izontal 

F78 - not described 

*** F79 - not desct" ibed 

F80 subhorizontal 

*** F81 subhor izontal 

F82 subhorizontal 

F83 subhorizontal 

*"* F84 " 37° 000 

*** F85 subhor' i.zon ta 1 

F86 subhot' izon tal 

F87 subhot" izontal 

F88 subhor izontal 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 9 OF 11 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1/8-1/4" fg 

1/8" 

1/8" fg Fibers oriented vertically 

1/4" fg Fibers oriented vertically 

0-1/8 11 fg Fibers oriented vertically 

0-1/2" fg Fibers oriented vertically 

1 /8" fg Fibers oriented vertically 

1/16" fg Fibers oriented subverti-
cally 

1/4" fg Fibers oriented ver'tically 

1/16-1/4" fg Fibers oriented vertically 

1/16-1/4" fg Fibers oriented vertically 

1/8-1/4" fg Fibers oriented subverti-
cally 

Cross-Cutting 
Relationships 

F75 joins F70 and F72 

F75 and F70 terminate F76 

Joins with F78 and F79 

F80 joins F72 
F93 terminates F80 

F81 joins F68 

F82 terminates at F93 

F83 terminates at F2 

F2 termina.tes F86 

F80 terminates F84 

F80 terminates F88 
F88 joins F87 



F1·E1ctut'e Dip of Azimuth 
Number Fracture of Pole 

*** F89 subhot' izontal 

F90 subhorizontal 

F91 subhorizontal 

F92 subhorizontal 

F93 68° 090 

F91! subhorizontal 

F95 subhorizontal 

F96 subhorizontal 

F97 subhorlzontal 

F98 subhor izontal 

F99 subhorizontal 

f100 subhor izon tal 

F101 subhorizontal 

F102 *** subhorizontal 

WIPP EXHAUST SHAFT 
FIGURE 6- SHEET 10 OF 11 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1/16-1/4" fg Fibers oriented vertically 

1/8" fg Fibers oriented vertically 

0-1!8" fg Fibers oriented vertically 

0-1/8 11 fg Fibers oriented vertically 

1/8" fg Fibers oriented subverti-
cally 

1/8-1/4" fg Fibers oriented vertically 

1/8-1/4 11 fg Fibers oriented vertically 

1/811 fg Fibers oriented vertically 

1/8" fg Fibers oriented vertically 

1/4-1/8 11 fg Fibers oriented vertically 

0-1/8" fg 

1/8" fg Fibers oriented vertically 

1/8" 

1/16" fg Fibers oriented vertically 

Cross-Cutting 
RelationshiQS 

r89 joins r68 and F80 

Discontinuous 

F68 terminates F92 

F 111 terminates F93 

F94 terminates at F93 

F95 terminates at F93 

F96 terminates at F93 
F96 joins F97 

F97 terminates at F93 
F97 joins F96 

F93 terminates F98 

F2 terminates F99 

F100 joins F101 

F102 terminates at F93 



F1 d.c tu r'e Dip of Azimuth 
Number Fracture of Pole 

F103 *** subvertical 

*** F104 subvertical N20E 

F105 *** subhor izon tal 

*** F106 subhor izon tal 

F107 subhorizontal 

F108 subhorizontal 

*** F109 - not described 

F 110 subhor izon tal 

F 111 subhorizontal 

WIPP EXHAUST SHAFT 
FIGURE 6 -SHEET 11 OF 11 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1 I 16" fg Fibers oriented subhori-
zontally 

1/16" 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" fg Fibers oriented vertically 

0-1/8 11 fg Fibers oriented vertically 

1-2" fg Fibers oriented vertically, 
frequent siltstone clasts 
along suture, suture 
closer to top 

Cross-Cutting 
Relationshi~s 

F98 terminates F102 

F104 terminates at F 111 
and F101 

F105 cut by F104 
F105 terminates 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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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 

15 20 25 



WIPP EXHAUST SllAF'T 
F'IGURE 7 - SHEET 2 OF 9 

EXPLANATION 

MAPPED FRACTURE #20, SEE FRACTURE NOTES FOR 
DESCRIPTION. 
SAMPLE LOCATION, EXHAUST SHAFT DETAILED MAPPING SAMPLE 
#24· 

1} 

2> 

3> 

4) 

5> 

THIS INTERVAL WAS MAPPED ON 10-3-84· 
THE LITHOLOGY OF THIS INTERVAL IS DESCRIBED IN 
FIGURE 4. 
DEPTHS AND ELEVATIONS ARE RELATED TO THE REFERENCE 
ELEVATION OF 3409 FEET ABOVE MSL· 
ONLY FRACTURES THAT WERE DEEMED •MAPABLE• AT A SCALE 
OF ONE INCH EQUALS FIVE FEET ARE INCLUDED ON THE MAP. 
MAPPING EFFORTS WERE CONCENTRATED IN THE DEPTH 
INTERVAL FROM 269·0 FEET TO 280.5 FEET. 



WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 3 OF 9 

FRACTURE NOTES 

Ft'actur·e Dip of Azimuth ( 1) Fracture Fill (2 ) Structure Cross-Cutting 
N urn be r· Fr·acture of Pole Thickness Material Within Vein Relationships 

Fl not described 

F2 not described 

F3 subvertical 280 1/4" wfg Fibers perpendicular to F4 & F5 terminate at F3 
fractured surface, with 
suture 

F4 subhor· izon tal 1/8" wfg Fibers perpendicular to F4 terminates at F3 
fractured surface 

F5 subhorizontal 1 - 1 -1 /2 II wfg Suture closer to upper F5 terminates at F3 & F7 
fractured surface ( 1 I 3 
distance), contains small 
fragment of wall rock 
material at suture 

F6 890 100 1/16" wfg Fibers perpendicular to No terminations 
fractured surface 

F7 79° 100 1/4" wfg Fibers perpendicular to F5, F8, F10 terminate 
fractured surface at F7 

F8 subvertical 90 1/4" wfg Fibers perpendicular to F9 terminates at F8 
fractured surface F8 terminates at F7 

F9 subhorizontal 1/4" wfg Fibers perpendicular to F9 terminates at FB 
fractured surface & F12 

~~~ Azimuth of pole de~cribes the direction of dip; quadrant notation describes the strike of the plane. 
11fg - \-Jhite fiberous gypsum 



fr'actur'e Dip of Azimuth 
Number rracture of Pole 

F10 horizontal 

F11(3) subhor izontal 

F12 subvertical 80 

F13 subvertical 70 

F14 32°(apparent) undetermined 

F15 subhor izon tal 

F16 subhorizontal 

F17 subhOPizontal 

F18 hot' i zontal 

F19 subhorizontal 

F20 49" 45 

(3) Not fll<t~~ed 

Fracture 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 4 OF 9 

FRACTURE NOTES 

Fill Structure 
Thickness Material Within Vein 

1'' wfg Fibers perpendicular to 
fractured surface, suture 
closer to top 

1/4 11 wfg Fibers dip w 80° 

1/4 11 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 
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 



F1·acture Dip of Azimuth 
Number Fr'acture of Pole 

F21 ( 3) horizontal 

F22(3) 36° 45 

F23 75° 110 

F24 17"(apparent) undetermined 

F25 subhor izontal 

F26 .subllorizontal 

F27 subhor izon tal 

F28 subvet'ti.cal 130 

F29 83° 130 

F30 74° 30 

F31 84° 120 

F32 76<> 135 

( 3) Nut n,apped 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 5 OF 9 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1/8-1/4" wfg Fibers perpendicular to 
fractured surface 

1/16" wfg Indeterminable 

1/4" wfg Perpendicular to fracture 
surface 

1/ 4" wfg Fibers oriented vertically 

0-5/8" wfg Fibers perpendicular to 
fractured surface 

3/8-3/4 11 wfg Fibers perpendicular to 
fractured surface 

1/2" wfg Fibers vertical to sub-
vertical, dip N 

3/16" wfg Indeterminable 

<1/16-1/8" wfg Fibers perpendicular to 
fractured surface 

1/16-1/8" wfg Fibers perpendicular to 
fractured surface 

0-3/8 11 wfg Fibers perpendicular to 
fractured surface 

undetermined wfg Indeterminable 

Cross-Cutting 
RelationshiQS 

F21 terminates at F20 

F24, F25, F26, F27 
terminate at F23 

F24 terminates at F20 & 
F23 

F25 terminates at F23 

F26 terminates at F23 & 
F28 

F27 terminates at F23 & 
F28 

F26 & F27 terminate at F28 

F37 & F38 tet'minate at F29 

no terminations 

no terminations 

no terminations 



Fractut'e Dip of Azimuth Fracture 
Number Fracture of Pole Thickness 

F33 65° 90 1/8" 

F34 70° 150 1/8" 

F35(3) not described 

F36 76° 43 1/16-1/4" 

F37 subhor izon tal 1/2" 

F38 horizontal 7/16" 

F39 0 to 60° 170 1/4" 

F40 horizontal 0-1/2" 

F41 subhorizontal 1/4-3/8" 

F42 .subhorizontal 1 II 

(3) Not mapped 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 6 OF 9 

FRACTURE NOTES 

Fill Structure 
Material Within Vein 

wfg Fibers oriented vertically 

wfg Fibers perpendicular to 
fractured surface 

wfg Fibers perpendicular to 
fractured surface 

wfg Fibers perpendicular to 
fractured surface 

wfg Fibers perpendicular to 
fractured surface 

wfg Fibers perpendicular to 
fractured surface 

wfg Fibers perpendicular to 
fractured surface 

wfg Fibers perpendicular to 
fractured surface 

wfg Fiber·s 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 F43 
F40 & 42 terminate at F39 

F40 terminates at F39 

F41 terminates at F39, F36 

F42 terminates at F39 & 
F45 



Fcactuce Dip of Azimuth 
Number Fracture of Pole 

F43 66° 190 

F44 subhorizontal 

F45 71° 80 

F46 horizontal 

F47 horizontal 

F48 61° 50 

F49 32° 25 

F50 82° 60 

F51 75° 75 

Fracture 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 7 OF 9 

FRACTURE NOTES 

Fill Structure 
Thickness Material Within Vein 

1/4" wfg Fibers perpendicular to 
fractured surface 

0-1" wfg Fibers perpendicular to 
fractured surface 

0-1/4" wfg Fibers perpendicular to 
fractured surface 

0-1" wfg Fibers perpendicular to 
fractured surface 

0-1" wfg Fibers perpendicular to 
fractured surface 

1/4" wfg Fibers oriented horizon-
tally 

not measured clear Fibers perpendicular to 
fg fractured surface 

1/4" wfg Fibers oriented horizon-
tally 

3/16" wfg Fibers perpendicular to 
fractured surface 

Cross-Cutting 
RelationshiQS 

F39 terminates at F43 
F43 terminates at F45 

F44 terminates at F45 

F46, F44, F43, F42 
terminate at F45 

F46 terminates at 
& F48 

F47 terminates at F48 

F46, F47 & F49 terminate 
at F48 

F49 terminates at F48 & 
F50 

F52 & F49 terminate F50 

F51 terminates at F52 
F53 terminates at F51 



1-r·acture 
Number 

F52 

F53 

F54 

F55 

F56 = F53 

F57 

F58 

F59 

F60 

F61 

Dip of 
Fracture 

subhorizontal 

subhorizontal 

65°(Variable) 
(20° apparent 

in l mJer part) 

subhor· izon tal 

subhorizontal 

ago 
( 25 o at top) 

Azimuth 
of Pole 

45 

20 

70 

45 

120 

WIPP EXHAUST SHAFT 
FIGURE 7 - SHEET 8 OF 9 

FRACTURE NOTES 

Fracture 
Thickness 

3/4" 

3/4" 

1/4" 

1/8-1 /4" 

1/4-3/8" 

1/4 11 

1/4" 

1/4 11 

1 I 8" 

Fill 
Material 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

wfg 

~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) 



Fl'actuce Dip of Azimuth 
Number· Fractur·e of Pole 

F62 65° 45 

F63 70° 90 

F64 subhot' izontal 

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 

1/4 11 wfg Fibers dip s 

1/8-1/4 11 wfg Fibers dip W 

3/4 11 wfg Fibers oriented vertically 

1/4 11 wfg Fibers perpendicular to 
fractured surface 

3/8 11 wfg Fibers perpendicular to 
fractured surface 

1/4 11 wfg Fibers oriented horizon-
tally 

Cross-Cutting 
RelationshiQS 

F62 terminates at F63; 
F61 terminates at F62 

F64, F62, F66 terminate 
at F63 

F64 terminates at F63 
& F58 

Terminations indetermin-
able 

F66 terminates at F63 

Termination indetermin-
able 
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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 



WlPP EXHAUST SIIAFT 
FIGURE 8 - SHEET 2 01-' 6 

EXPLANATION 
F2~ MAPPED FRACTURE #20, SEE FRACTURE NOTES FOR 

DESCRIPTION. 
.24 SAMPLE LOCATION, EXHAUST SHAFT DETAILED MAPPING SAMPLE 

#21.j. 

1> 
2) 

3) 

l.j) 

5) 

THIS INTERVAL WAS MAPPED ON 10-R-SI.j. 
THE LITHOLOGY OF THIS INTERVAL IS DESCRIBED IN 
FIGURE q. 
DEPTHS AND ELEVATIONS ARE RELATED TO REFERENCE 
ELEVATION OF 31.j09 FEET ABOVE MSL· 
ONLY FRACTURES THAT WERE DEEMED NMAPPABLEw, 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. 

i 



Fr·actur·e 
~Jumbet" 

Fl 

F2 

F3 

F4 

F5 

F6 

F7 

Dip of 
Fracture 

subhorizontal 

subhorizontal 

subhorizontal 

subhorizontal 

subhorizontal 

subhot· izon tal 

Azimuth( 2 ) Fracture 
of Pole Thickness 

1/8-1/4" 

1/4-1/2" 

0-1/2 11 

80 

0-318" 

1/8-1/4 11 

0-1/4" 

WIPP EXHAUST SHAFT 
FIGURE 8 - SHEET 3 OF 6 

FRACTURE NOTES 

Fill{l) 
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, Fll, 
FlO & F4 cuts F1 

F18, F16, F12, Fll, FlO, 
& F4 cuts F2 1/4" down­
ward displacement of F2 
E. of F16 

not cut 

F4 cuts Fl & 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 

~~~ wfg = white fiberous gypsum 
Azimuth of pole describes the direction of dip; quadrant notation describes the strike of the plane. 



Fr<:tcture 
~lumber' 

F8 

F9 

F10 

F 11 

F12 

F13 

F14 

F15 

F16 

F17 

Dip of 
Fracture 

subhor· izon tal 

subhorizontal 

70"E 

82"NE 

vertical 

Azimuth 
of Pole 

80 

45 

40 

25 

N 

25 

60 

135 

WIPP EXHAUST SHAFT 
FIGURE 8 - SHEET 4 OF 6 

FRACTURE NOTES 

Fracture 
Thickness 

Fill 
Material 

Structure 
Within Vein 

1/4" wfg 

0-1/4" wfg 

1/4" wfg 

1/2" wfg 

1/8" wfg 

l/4" wfg 

1 /8" wfg 

wfg 

0-1/4" wfg 

0-1/8" wfg 

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 F10 

F10 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, F1 & F2 

F17 cuts F33,F31 & F1 



Ft·actut·e Dip of Azimuth 
Number· Fr·acture of Pole 

F18 62"E 135 

F19 62'"E 135 

F20 61 °SE 135 

F21 30°NH 340 

F22 67°SW 110 

F23 61 °NE 45 

F24 68°E 80 

F25 85"'E 80 

F26 75'"N 345 

F27 71 °N 340 

F28 58°W 280 

F29 subhor· izontal 

WIPP EXHAUST SHAFT 
FIGURE 8 - SHEET 5 OF 6 

FRACTURE NOTES 

Fracture Fill Structure 
Thickness Material Within Vein 

1/8-1/4 11 wfg Fibers perpendicular to 
fracture surface 

Indeterminable Indeterminable 

Indeterminable Indeterminable 

1/16-1/811 wfg Fibers perpendicular to 
fracture surface 

1/811 Fibers perpendicular to 
fracture surface 

Indeterminable Indeterminable 

1/811 Fibers perpendicular to 
fracture surface 

Indeterminable Indeterminable 

Indeterminable Indeterminable 

Indeterminable Indeterminable 

Indeterminable Indeterminable 

1 II 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 
RelationshiQS 

Cross-cuts many horizontal 
fractures 

No terminations 

No terminations 

No terminations 

No terminations 

Indeterminable 

Indeterminable 

Indeterminable 

Indeterminable 

Indeterminable 

Indeterminable 

F13 cuts F29 



Ft·acture Dip of Azimuth 
Numbet' Fracture of Pole 

F30 subhorizontal 

F31 subhot' izon tal 

F32 subhorizontal 

F33 not described 

F34 not described 

F35 not descl'ibed 

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" 

Fill 
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 

F11 & 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 
ru.e. THE PQLE THICKNESS 

Fl 75° goo l/8. 
F2 78° 170° l/8" 
F3 NOT MEASURABLE l/8. 
F4 54° 80° l/4. 
F5 51! 0 280° 1/1!·-1/2. 
F5 78° 315° l/8. 
F7 6go 280° l/8. 
F8 goo 45° l/8. 
Fg 720 340° 1/8"-1/4. 
FlO goo 315° 1/8. 
Fll 54° 280° l/8. 
Fl2 82° 165° l/4. 

WEST 

'f " _j 

.33 
.34 

.38 
401 F8 • 

1> 
2> 

3> 

I 
NORTH LITHOLOGIC DESCRIPTION 

~" 
2, 

DEWEY LAKE. REDBEDS 

UNIT 1· SILT~TONE, REDDISH-BROWN, STRUCTURELESS; CONTAINS ABUNDANT GREENI:H-GRAY REDUCTION SPOT S 1/16" TO 1/2" DIA"ETER; 
EXTE~SIVELY FRACTURED. THIN 1/16" TO 1/8" THICK FIBROUS GYPSU"-FILLED FRACTURES, ORIENT A 1'( DNS VAR l ABLE BUT "AJOR ITY ARE 

-

HORIZONTAL TO SUBHORIZONTAL, SPACED 1" to 2"; BASAL CONTACT SHARP, SLIGHTLY UNDULATORY· 

J UNIT 2· ARGILLAC[OUS SILTSTONE, REDDISH-BROWN, STRUCTURELESS; CONTAINS FRACTURES SI"ILAR TO UNI 
REDUCTION SPOTS; GRADES TO SILTY CLAYSTONE IN UPPER 1/4" TO 3/4•; LOWER 1/4" TO 1/2" CO 

. ARGILLACEOUS SILTSTONE; FRACTURES IN UNIT DO NOT EXTEND INTO UNDERLYING ANHYDRITE; BASA 
1-5', EROSIONALLY TER"INATES LAMINAE IN UNDERLYING ANHYDRITE· 

RUSTLER FORMATION 

UNIT 1. ANH•~RITE, FINELY CRYSTALLINE, ALTERNATING "EDIU" GRAY TO GRAYISH-BROWN, WHITE AT UPPER 
LA"INATED. BANDS SPACED 1/16" To 1", BANDS AND LAMINAE UNDULATE UP TO 1/4" AND OCCASION 
BANDS ARE USUALLY THICKER; UPPER 3-0' CONTAINS AN INCREASING ABUNDANCE UPWARD OF CLAY I 
OCCURS AT UPPER CONTACT; CONTAINS ABUNDANT HORIZONTAL TO SUBHORIIONTAL FIBROUS GYPSUM-F 
THICK, SPACED 1" TO 3"; BASAL CONTACT NOT OBSERVED. 

EXPLANA1l.QJ! · 

SHARP COIHACT 
SAMPLE LOCATION, EXHAUST SHAFT 
DETAILED MAPPING SAMPLE #24 
MAPPED FRACTURE 

THIS INTERVAL WAS MAPPED ON 10-15-84· 
THE DEPTHS ARE RELATED TO THE SHAFT REFERENCE LOCATION 
AT 34Qg.o FEET ABOVE MSL· 
STANDARD GEOLOGIC SYMBOLS AHE NOT USED IN ORDER TO 
ENHANCE THE CLARITY OF THE LOG COLUMN. 

T 1; APIINDANT GREENISH-GRAY 
NSISTS OF GREENISH-GRAY 
L CONTACT SHARP, UNDULATORY UP TO 

CONTACT, B~NDED TO OCCASIONALLY 
AI.LY TERMINATE ABRUPTLY, GRAY 
NfERBEDS; FRO" 0 TO 6" OF GYPSUM 
ILLED FRACTURES, 1/8" TO 1/2" 

FIGURE 9 

GEOLOGIC LOG OF 
DEWEY LAKE REDBEDS - RUSTLER FORMATION CONTACT 

DEPTH 530 THROUGH 555 FEET 
EXHAUST SHAFT 

WASTE ISOLATION PILOT PLANT 

CARLSBAD, NEW MEXICO 

PREPARED FOR 

WESTINGHOUSE ELECTRIC CORPORATION 

CARLSBAD, NEW MEXICO 

IT CORPORATION 
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11 !HIS INTERVAL WAS ~APPED ON 11/ll/84 AND llll&/B4. 
Zl !HE DEPTHS ARE RELAIED TO THE SHAFT REFERENCE ELEVATION 

AT lo09-0 FEET ABOVE ~SL. 

ll STANDARD ~EOLOGI( SY~BOLS ARE NOT USED IN OROER 10 
ENHANCE TH[ CLARITY OF !H[ LOG COLU~N. 

,, IH[ INTE<VAL FRO~ Bl5·BII FEEl WAS MPPED FRO~ THE 

b[N(H • 
I 1 A PORTION OF !HE ROCK WAS OBSCURED BY THE DRILLTN~ 

JU~BO • 
ol THE r.APPIN~ INTERVAL VISIBLY PRODUCED NO WATER. 

HOWEVER. ~APPING CONDITIONS WERE WEI FRO~ CULEBRA 
DISCHARGE· 

SHARP CONTACT 
GRADATIONAL CON!All !DEFINED 

WITHIN 2 INol 
DIFFUSE CONTACT IDI'FINED 

WITHIN & IN.) 
SA~PL£ LOCATION, EXHAUST SHAFT 

UETAILED ~APPING SA~PLE •zo 

LITHOLOGiC DESCRIPTION 

RUSTLER FORMATION - UNNAMED LOWER MEMBER 

UNIT 1- ARGILLACEOUS SILTSTONE. GRAY WITH LOCAL REDDISH-BROWN AREAS, THINLY LAMINATED. RARE LOW·ANGLE CROSS·LJ~INATIONS; CONTAINS BROWN CLASTS OF 
ANHYDRITE RANDO~L Y SCATTERED THROUGHOUT UNIT, 118" TD 1·112" DIAMETER, ROUNDED AND FLATTENED PARALLEL TO REDDING; BASAL CONTACT GRADAlJONAL 
OVER 112", IRREGULAR, UNDULATORY, REDUCTION·OXIOATION :ONliCT. MAPPED AS DIFFUSE DUF. TO EXTRE~E CONTACT UNOULATIONS· 

UNIT 2· SANDY SILTSTONE WITH ARGILLACEOUS SlllSTOHE AT TOP, RDDISH·BROWN WITH LOCAL GRAY AREAS, FINELY LA~INATED. LOW ANGLE CROSS·LA~INATIONS 
MODERATELY ABUNDANT; BROWN CLASTS OF ANHYDRITE OCCUR T~ROUGHOUT BUT CONCENTRATED IN UPPER PART, SMALLER CLASTS ARE LOCALLY ALIGNED IN ZONES 
PARALLEL TO BEDDIN~; LOWER I" TO 2" DEFINED AS SANDSTO!IE PEBBLE CONGLOMERATE: WHITE TO LIGHT GRAY TO BLACK, MATRIX SILTSTONE. POORLY SORTED; 
FINE SANDSTONE PEBBLES ROUNDED TO SUBANGULAR, GRAY AND REDUCED. TD I" HJr,H AND 3" LONG, FLATTENED PARALLF.L TO BEDDING; CONTAINS FOSSIL 
BIVALVE HASH: THIN BLACK LAMINATIONS OCCUR THROUGHOUT; EXHIBITS PETROLIFERDUS ODOR WHEN BROKEN: ROCK AND MATRIX ABOVE PEBRLES REDUCED; LOWER 
l/l2' CONTAINS SAND-SIZED CLASTS; BASAL CONTACT SHARP, EXHIBITS SOFT SEDJ~ENT LOADING INTO UNDERLYING UNITS. LOCALLY REDDING AND CONGLOMERATE 

6l 
BED ARE BENT AND SQUEEZED DOWNWARD INTO UNDERLYING UNIT. LAMINAE OF UNIT AT BASE PARAlLEL LOWER CONTACT AND COHMNLY EXHIBIT ROOM PRDRLEMS 
HIGHER IN SECTION DUE TO LOADING DEFORHATION, LOCAL CL:iY DRAPE OVER BASAL CONTACT INDICATES THAT IT IS EROSIONAL. CONTACT UNDULATORY. 

f--- UNIT l· SILTSTONE. REDDISH-BROWN, THINLY LAMINATED. CROSS·LAMlllATED. FINES UPWARD; SOFT SEDIMENT LOADING OF OVERLYING UNIT AT TOP; BASAL CONTACT 

- GRADATIONAL· 
L-~ .. ~~~7.~~~~~~~~~~~----------------------------------------~ 

m 

r----t 
---. 
I 

J 

UNJI 4. SUBDIVIDED INTO TwO LITHOLOGICALLY DISTINCT SUBUNITS: 
4A. ANHYDRITE AND POLYHALITE, FINELY CRYSTALLINE. REDDISH-BROWN TO WHilJSH-GRAY, POORLY REDDED TO STRUCTIIRELESS, LOCALLY NODULAR TO 

ENTROLITHJC; 3" TO 1·0' THICK; BASAL CONTACT SHARF, MARKED BY FIRST OCCURRENCE OF OJSPLACIVE HALITE· 
4B. ARGILLACEOUS POLYHALITE AND ANHYDRITE. REDDISH·BRmiN TO WHITE. LA~INATED; UPPER CONTACT ~ARKED BY 112" TO I" THICK RED OF ~REENJSH·GRAY 

ARGILLACEOUS ANHYDRilE CONTAINING SnALL DISPLACIVE HALITE CRYSTALS, OCCURS AROUIID 70% OF CIRCUMFERENCE OF SHAFT; SMALL. <1/3" ACROSS, 
DISPLACIVE HALilE CRYSTALS OCCUR THROUGHOUT; BASAL CONTACT DIFFUSE. MARKED BY CHAN~E IN MATRIX FROM ANHYDRilE TO CLAY· 

SALADO FORMATION 

UNil 1. HAciTIC RUDSTONE. REDDISH-BROWN, CONTAINS CLEAR DISPL~:JVE HALITE CRYSTALS 1132" TO 1116" ACROSS AND 11~· TO 3" PODS OF WHITE TO ORANGE 
HALITE: LARGE GREENISH-GRAY SPOTS UP TO 2" DIAnETER: MSAtCONTACl 6RADA1JONAL· 

UN 11 2. 

UNIT 3. 

UN 11 4. 

UNil 5· 

UN IT 6. 

UNIT 7. 

UNIT 8. 

UNIT g. 

HALITE. FINELY TO COARSELY CRY~TALLINE. SLIGHTLY ARGILLACEOUS AND POLYHALITIC, PINK TO WHITE TO CLEAR, MASSIVE EXCEPT FOR DISCONlJNUOUS CLAY 
STRINGEHS; CLAY CONTENT INCREASES WITH DEPTH, CLASSJFH.D AS ARGILL~CEOUS HALITE AT BASE: BASAL CONT~CT DIFFUSE. 

HALl TE. ftEDI UM TO COARSELY CRYSTALLINE. WHITE TO PINK, cOCALLY REDO ISH-ORANGE AND REDO I SH·BROWN; TRACE POL YHAUTE RLEBS; LOCALLY ARGILLACEOUS 
NEAR TOP, CONTENT DECREASES WITH DEPTH, CLAY OCCURS IN STRINGERS NEAR BASE; BASAL CONTACT GRADAlJONAL· 

HAL! TIC CLAYSTONE WITH POLYHALITE AND ANHYDRITE: UPPER 0·2' TO 0-3' CONSISTS OF STRUCTURELESS PINK POLYHAUTE; THIN DISCONTINUOUS BED OF 
ANHYDRITE UNDERLIES POLYHALITE; LOWER O.J' TO 0·2' CON~JSTS OF STRUCTURELESS HALJTIC CLAYSTONE; BASAL CONTACT SHARP. 
HALITE. COARSELY CRYSTALLINE. WHITE. COARSELY BEDDED WfTH CONTINUOUS TO DISCONlJNUOUS SUBHORJZONTAL STRINGERS OF POLYHALilE AND CLAY IN UPP!.K 
·1·0'. STRINGERS SPACED 0·3' TO 0-6'; BASAL CONTACT SHAJ 0 • 

HALilJC CLAYSTONE. REDDISH-BROWN TO GREENISH·GRAY IN UrPER 1-0', STRUCTURELESS, CONTAINS DJSPLACIVE HALITE CRYSTALS; MODER~TELY ABUNDANT 
GREENISH-GRAY STRINGERS DISSEMINATED THROUGHOUT; RARE ~ANDOMLY·ORIENTED HALITE-FILLED FRACTURES; BASAL CONTACT SHARP. 
HALITE, ~EDIUM TO COARSELY CRYSTALLINE. WHITE TO PINK; i:OARSELY BEDDED WllH HORIZONTAL TD SUBHORJZONTAL STRINGERS OF POLYHALJTE AND 
ANHYDRITE. SPACED I" TO l"; BASAL COIITACT SHARP. 
HALITIC CLAYSTONE. REDDISH-BROWN, STRUCIURELESS, CONTAi:tS DJSPLACIVE HALITE; MDERATELY ABUNDANT SUBHORIZONTAL REDUCED GREENISH-GRAY tONES 
1/2" THICK; l/4' TO I" THICK RANDOMLY·GRIENTED HALITE-fiLLED FRACTURES; BASAL CONTACT DIFFUSE· 
ARGILLACEOUS . HALl TE. MEDIUM T D COARSELY CRY S T ALLJ N E, Ml.i'"'R ~I X;:.R,.:,E,;;D;;-;0 lr;,S;TH -"B~RO;,Wi,N'-", o;,H;:;.A;-iLI~TTE c;;P:?,I Ni;;:K,:.o.;T 0;'-7,-WH:;.ii~T;:-E 'TT'no "'c"L"E A;;;R-. "c"nA"R"'S;::;EL"Y'B"E'"'DD"'E'"'D:-; 'T"RA"'c"FE "'P"'OL'-Y;;;H:,~L'I"i'TF"E ,-1 
TRACl SUBHORIZONTAL ANHYDRilE STRINGERS; OCCASIONAL GREENISH-GRAY ZONES; BASAL CONTACT GRADATIONAL· 

UN IT 10. CLAYSTONE. SLIGHTLY HALl Tl C, REDO ISH· BROWN, UPPER 1. 5' s·r-=='RU-:C-:'TU-:R':'EL-:E':'S':'S ..:cA.:.:ND:-:-C:'ON-::T"-A J:"N':'S-::D-:I':'SP:-:-L.:.AC:-:1-':V=-E ~H':'AL-::1::-T=-E '=c7Ry'=s7TA:-:L-:S-, -:R7EM:::A71 N:::D::-E:-R -:T::-H 1:-:ti::-L Y::-:-L:-:AM:-:1::-NA:-:T-:E:-0;--1 

HALITE CONTENT INCREASES WITH DEPTH; SUBVERTJCAL HALJH·FILLEO FRACTURES SPACED 1-0' TO 4·0', 112" TO I" THICK; BASAL CONTACT DIFFUSE • 

UNIT lJ. HALITE, MEDIUM TC COARSELY CRYSTALLINE. WHilE TO PINK 10 REDDISH-BROWN; ARGILLACEOUS, 5% TO 10% CLAY, CLAY OCCURS AS INTERSTITIAL MATERIAL 
AND AS LENTICULAR CLAYSTONE PODS, CONTENT DECREASES WI1H DEPTH; SURHORIZONTAL DISCONTINUOUS STRINGERS OF CLAY AND ANHYDRITE SPACED 2" TO 4"; 
BASAL CONTACT SHARP. 

UNIT 12· ARGILLACEOUS HALITE. REDDISH-BROWN, FAINTLY LAMINATED; IIALITE OCCURS AS DJSPLACIVE CRYSTALS; RASAL CONTACT SHARP, MAPPED AS GRADAlJONAL AS 11 
WAS OBSCURED· 

UNIT J3, HALl TE, ~ED I liM TO COARSELY CRYSTALLIN E. WH Ill TO SLI GfTLY ORANGE. THICKLY BEDDED; TRACE SUBHOR I ZONI AL SIR I NGERS AND BEDS OF POLY HALl TE, 
SPACED 2' TO 5', CONTENT DECREASES WITH DEPTH, RARE ST>INGERS OF CLAY NEAR BASE; BASAL CONTACT SHARP. 

UNIT 14· ARGillACEOUS HALITE. REDDISH-BROWN; HALITE OCCURS AS PISPLACIVE CRYSTALS TO 3/4" ACROSS; I" THICK BAND OF HALITE OCCURS 2' BELOW UPPER 
CONTACT; BASAL CONTACT DIFFUSE· 

UNIT 15· HALITE. COARSELY CRYSTALLINE. WHilE TO TINTED ORANGE. CJARSELY BEDDED BY HALITE, CONTAINING HORIZONTALLY ALIGNED PODS OF ARGILLACEOUS HALITE, 
SEPARATED BY BEDS OF WHITE HALITE; LOWER 2·0' CONTAINS STRINGERS OF CLAY, POLYHALITE, AND ANHYDRITE SPACED I" TO 2"; BASAL CONTACT SHARP. 

FIGURE 12 

GEOLOGIC LOG OF 
RUSTLER-SALADO FORMATION CONTACT 

AND TH~ 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 
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DISTANCE FROM SOUTH LIN£, (F££T) 

WEST NORTH 

I I 
LITHOLOGIC DESCRIPTION 

FO~lY-N!N£P MEMBER 

AREAS IN LONER J.O' TO 1.\", THINLY LAMINATED. LA.INAE OFTEN SLIGHTLY IINPIILATORY ANP 
TER,,INATED EROSIONALLY, TRACE CROSS·LA•TNATIONS, SOFT; UPPER 0 TO I" DEFINED AS GYPSIFERDUS CLAYSTONE: GYPSUM NODULES 1<112"> AND FINE 
ENTRDLITHIC STRUCTURES OCCUR THROUGHOUT, CONTENT DECREASES TOWARD THE BASE. CLAYSTONE LAMINAE SIIRROUNDING GYPSUM NODIILES AND ENTROLITHIC 
STRUCTUHS EXHIBIT SOFT·SEDI•ENT DEFOR•ATION, LA.!NAE ARE CONTORTED. CONVOLUTED, AMP DISRUPTED RY GYPSIIM STRUCTURES; GREENISH-GRAY REDUCTION 
SPOTS LOCALLY ABUNDANT, OFTEN HAVE •ORPHOLOGY Sl•ILAR TO GYPSUM, SEVERAL I" THICK HORIZONTAL TO SUBHDRIIDNTAL lONES f.()NTAINING ABIINPANT 
GREENISH-GRAY SPOTS OCCUR IN UPPER 2-0'; BASAL CONTACT SHARP TO GRADATIONAL, DlSCDNFDi"ABLE. 

UNIT 7. SILTSTONE GRADING TO ARGILLACEOUS SILTSTONE NITH DEPTH, LIGHT GRAY WITH RARE DARK GRAY IORGAN!C·R!CH ?l LAMINAE, THINLY L'"INATED TO VERY 
THINLY BEDDED. LA•INAE UNDULATE SLIGHTLY PARALLELING LOWER CONTACT, RARE SDFT·SEDT•ENT DEFORMATION; UPPER 0-2' TO D-1' STRUCTURELESS WITH 
FAINT HINTS OF THIN LAMINATIONS, STRUCTURELESS lONE BOUNDED AT BASE BY MINOR EROSIONAL SURFACE WHICH TER•INATES UNDERLYING BEDDING, CDNTAIWS 
NODULES OF WHITE GYPSUM 1<1/2" DIA•ETERl, CONTENT DECREASES WITH DEPTH; HORIZONTAL AND SUBHPRIIONTAL GYPSUM·FILLED FRACTURES 1/IG" TO 1/0" 
THICK, UNDULATORY, FOLLOWS BEDDING PLANES. AVERAGE SPACING l" 10 I"; VERl!CAL AND SUBVERT!CAL GYPSU•·FILLED FRACTURES l/16' TO 1/q' THICK, 
SPACED 0-21' TD 1-1'. ABSENT II UPPER D-2' 10 0-1'; BASAL CONTACT SHARP, UNDULATORY, EROSIONAL. 

UNIT 8. ANHYDRITE. FINELY CRYSTALLINE. GRAY TO GRAYISH-BRONN, THINLY LA"INATED IN IlPPER J.o• TO 2-0' GRADING TO NODULAR WITH DEPTH; LOCAL 
6YPSIFEROUS AREAS NEAR TOP AND BASE ARE •£DIU" CRYSTALLINE; MAJORITY OF FRACTURES HORIZONTAL TO SUBHDRIIDNTAL, FILLED WITH FIBROUS GYPSII•. 
1/IG" TO 112" THICK, SPACED I" 10 J.O'; BASAL CONTACT SHARP, DISCONFDR•ARLE. 

~'\AGENT A PO! OM liE MEMBER 

1- DOLMITE, GYPSIFEROUS, SOME AREIACEOUS MATERIAL, FINELY CRYSTALLINE AND FINE-GRAINED, BRONN AND LIGHT BROWN, THIN TO ~EDIU" !EDDED. BEDS 
INTEKNALLY STRUCTURELESS EtCEPT FOR RARE THIN LA•INATIONS AND RARE CROSS·LA•TNAl!ONS, LOWER l" CONTAIN EROSIONALLY TER•TNATED TABULAR BEDS; 
CONTAINS GYPSUM-FILLED VUGS UP TO 1/0' DIAMETER; BASAL CONTACT SHARP, TER•INATES UNDERLYING BEDDING, D!SCONFDRMABLE· 

DOLOIIITE, GYPSIFEROUS, ABUKDANT ARENACEOIIS MATERIAL, MEDIUM-GRAINED SAND. MAJORITY OF GRAINS APPEAR TO RE DOLO•ITE. LESS ABUNDANT DARK 
GRAINS, ALTERNATING LIGHT <ND ftEDIU" BRONN, MICROLA.INATED TO VERY THINLY BEDDED, ABUNDANT CROSS·L'"INATIONS AND RIPPLE FOR~S. CROSS· 
LA•INAl!ON SETS BROAD, VARY FR(If( 2" TO 6" ACROSS, BEDDING TABULAR TO LENTICULAR OFTEN TERMINATED EROSIONALLY, LOAD STRIJCTURES; OVERALL, 
STRUCTURE •ORE BROAD AND LESS VARIABLE AND GRAIN SIZE LARGER THAN UNDERLYING UNIT~; 2" THICK STRUCTURELESS RED WITH LOAD CASTS AT BASE 
OCCURS SELOW UPPER CONTACT; ,GYPSUM·F ILL ED VUGS UP TO 112" DIA•ETER; DENSITY Of SEDIMENTARY STRUCTIIRES INCREASES MARKEDLY IN LONER 2" TD l"; 
THIN CLAY BED AT UPPER CON)ACT; BASAL CONTACT SHARP, MARKED BY THIN CLAY LAMINAE. ERQS.li!I<AL\.Y ltR•LOATES !E.DDLNG OF UNDERLYING IIN!l. 

UNIT l· DOLO•IH. GYPSIFEROUS, SOM! ARENACEOUS MATERIAL. FINE-GRAINED AND FINELY CRYSTALLINE, ALTERNATINC, LIGHT ANP PARK RROWN, MICROLA•INATED 10 
1 HJNLY BE ODED. CROSS·LAMINIJED, OCCAS l ONAL TROUGH C RDSS·L A" INA 11 ONS WITH VAAl ABLE CURREN! DIRECTIONS, CROSS·LAMI NA Tl ON SETS VARY FRO• 2" TO 
,. ACROSS, OCCASIONAL RIPPLE FOR•S. LARGER BEDS USUALLY CONTINUOUS AROUND CIRCUMFERENCE Of SHAFT, BUT ARE OCCASIONALLY TABULAR; OVERALL, 
MEDDING •ORE CONTINUOUS THnN U~DERLYING UNITS; MODERATELY ABUNDANT GYPSUM-FILLED VUGS liP TO J!q" PIAMETER; BASAL CONTACT SHARP, MARKED RY ,. 
THICK STRUCTURELESS LIGHT-~OLDRED BED OVERLYING CLAY LAMINAE. TERMINATES REDDING Of UNDERLYING liN!!. 

UIIT -· DOLO•llL GYPSIFEROUS, ABU,DANT AR[NACEOUS MATERIAL. FINE-GRAINED. LIC,HT BROWN WITH RARE DARK RAOWN INTERBEDS, •ICROLAM!NATED TO THINLY 
BEDDED; STRUCTUH IN UPPER q• VERY FINE, INCLUDING FINE CROSS·L.,o!NAT!ONS, FINE STRUCTURE LOCALLY DISRUPTED AROUND ABUNDANT r,ypsu•·F!LLEP 
VUGS 1/lb" TO 112" DIA•ETB: BETWEEN q• AND B" BELOW UPPER CONTACT, DOLD•ITE IS THINLY REDDED WITH FEW CLAYSTONE LA•INAE AS INTERBEDS; 
"AJORITY OF UNIT IS THINLY LAMINATED WITH CROSS·LAMINATIDNS AND TROUGH CROSS-LAMINATIONS, CROSS-LA•INATION SETS Jtq" TO 2" ACROSS, PREVALENT 
CURRENT DIRECTION SOUTH, EITRE•ELY FINE SEDT•ENTARY STRUCTURES, RIPPLE FDR"S OCCUR WITH WAVELENGTHS OF I" TD 2" AND A .. PLITUDES OF )/q"; 
LOWER 0-1' LIGHTER COLORED. MORE COARSELY GRAINED. CONTAINS DARK-COLORED SAIJD·S!IED GRAINS <l/l2", ~OUNDED RY LOAD STRUCTURES, THINLY BEDDED 
EXCEPT FOR THINLY LA•INATED INTERBEDS Of DARK MAlERIAL. BEDS THICKEN AND THIN DUE TO LOADING STRUCTURES, CONTAINS ABUNDANT GYPSU•·FILLED 
VUGS; BASAL CONTACT SHARP, MARKED BY LOAD CASTS INTO UNDERLYING UNIT, EROSIONALLY TERMINATES BEDDING OF UNDERLYING IINIT-

UNIT I· DOLOMITE. GYPSIFEROUS, ,SOMF. APENACEOUS •ATERIAL. FINE-GRAINED AND FINELY CRYSTALLINE. ALTERNATING DARK AND LIC,Hl RRONN, •ICROLA.INATEO 
!USUALLY DARK· BROWN> TO THINL! BEDDED; UPPER 1-0' DARK BROWN WITH •THOR AMOUNTS Of LIGHT BROWN !NTERREDS, FINELY LA•INATEO, CRDSS·LA.INATED, 
1 ROUGH CROSS· LAM l NA 11 ONS, lURPENT D I REC Tl ONS VARIABLE, CON! A INS CONCAVE UPWARD BEDS Of LIGHT-COLORED MA TEAl AL EROSIONALLY PLANED OFF, AI PPLE 
FDR•s MODERATELY ABUNDANT, All CRDSS·LA•INAE CONTAIW LIGHT BROWN PEBBLES FLATTENED PARALLEL TO BEDDING; RE•ATNDER LIGHT !ROWN COLOR 
DOMINATES, MICROLAMINATED iD THINLY BEDDED. THICKER BEDS LENTICULAR TO TABULAR, OFTEN CONTAINS CROSS·LAM!NATIDNS; CROSS·LA.INATIONS AND 
TROUGH CROSS·LA•JNATIONS WITH VARIABLE CURRENT DIRECTIONS VERY ABUNDANT, CRDSS·LA.!NATION SETS VARY FRO• J!q" TO 2" ACROSS; BEDDING BECO•Es 
"ORE SUBHORIIONTAL AND WAVY WITH DEPTH, DENSITY Of CRDSS·LA.INATIDNS DECREASES WITH DEPTH, FEN BEDS ARE CONl!NUDUS AROUND THE CIRCUMFERENCE 
Of THE SHAFT •ARKING MINOR EROSIONAL CONTACTS: UNIT I IS •AJOR FLUID-PRODUCING !ONE II MAGENTA, WET AT OUTSET OF MAPPING, RE•AINED NET AFTER 
OTHER ZONES WERE WASHED ANO HAD DRIED. NO OBVIOUS SOURCE OF FLUID WAS OBSERVED: BASAL CONTACT GRADATIONAL. 

Ulll 6- DOLO.llE. GYPSIFEROUS, SOM>: ARENACEOUS MATEKIAL. FJNE·GRAINED AND fiNELY CRYSTALLINE, ALTERNATING LIGHT AND DARK BROWN, •ICRDLA•INATED TO 
THINLY BEDDED. LIGMT BROWN COLOR DO.INATES. STRUCTURE SIMILAR TO UNIT I EXCEPT FEWER CROSS·LAMIN~TIONS, BEDDING IS COARSER. •ORE HORIZONTAL, 
WAVY AND CONTINUOUS; BASAL CONTACT SHARP, •ARKED BY I" TO 2" THICK BED Of FINE-GRAINED ODLD•ITE WITH NO INTERNAL STRUCTURE EKHIBITING RIPPLE 
FOR•S ALONG UPPER SURFACE. 

Ul !1 7 • DOLO.!TE, GYPS I FE ROUS, AB.UN::D:-:AN::T-:A-:-RE:-N:-:A-:-CE:-:0:-:US~M-,A 1:-:E-:-R-,l A-L-, -:F-:-IN-:E:-:·-G R-A-1 N-E-0-, _A_LT_E_R-,NA-:1-,IN_G_L-:1-G-,HT,..-AN_D_D_A_RK_B-RD_W_N .-1 H-1-NL_Y_L A-.-!N_A_T_E D-:-1 O~VE:-:R-:Y-:1:-:H-:IN-:L-:Y-:8:-:E-:-DD:-:E-:--D, 

BEDDING TABULAR TO LENTICULAR, THIN LAMINAE OF DARK-COLORED MATERIAL DRAPE OVER RIPPLE FORMS AT THE UPPER SURFACE OF THICKER BEDS, BEDDING 
CONTINUOUS FOR UP TO 2·0' .\ND EROSIONALLY TER•INATED. FEW BEDS HAVE INTERNAL STRUCTURE, BEDS THICKEN ANP THIN WITN lOTH UPPER AND LONER 
SURFACES EXHIBITING UNDULAIIDNS, ABIINDANT DRAPE Of DARKER LA.INAE OVER UNDULATORY SURFACES: CONTAINS 1/IG' TO J!q" THICK FIBROUS f.YPSUM· 
FILLED FRACTURES PARALLH TD BEDDING; OCCASIONAL GYPSUM-FILLED VUGS UP TO Jtq" DIAMtTER; BASAL CONTACT SHARP, "ARKED ~y ~LACK CLAY LA•TNAE, 
EROS I 

UNIT a. DOLO•ITE. GYPSIFEROUS, ORG .. !C DR CLAY·R!CH, SOME ARENACEOUS "ATERIAL. VERY F!NE·GRAINEP AND FINELY CRYSTALLINE ALTERNATING BROWN AND DARK 
BROWN. THINLY LAMINATED. D"RK BROWN LAMINAE POSSIBLY ORGANIC· RICH. LAMINAE ARE MOUNDED, LAMINAE OFTEN CONTINUOUS FROM MOUND TO MOUND, 
LAMINAE DIP FROM lO' TO JO' 0~ SIDES Of MOUNDS, FILL BETWEEN MOUNDS IS WEDGE FORM TO LENT!CULAR·SHAPED FILL. OFTEN DCCIIRS AS ALTERNATING 
SEQUENCES Of CONVEX AND CONCAVE LENS FORMS WITH CLAY-RICH LA.INAE DRAPED OVER EROSIONAL MARfoiNS Of LENT!CALS, HIGHEST DIPS OF LA•INAE IN 
CENTER Of •ouNDS, WAVELENG1H BETWEEN TROUGHS q• TO 8"; NEAR THE BASE LAMINAE BECD•E SIIBHORIIDNTAL AND NAVY, NO MOUND FORMS; UPPER I" TO,. 
VERY THINLY BEDDED; FIB~OUS GYPSUM·FiLLED FRACTURES 1/IG" TO 1/B" THICK OCCUR PARALLEL TO BEDDIIIG SPACED J!q" TD l", GYPSU•·F!LLED VUGS TO 
J!q" DIA•ETER OCCUR, LOCAL lONES CONTAIN 6YPSU•; BROWNISH-BLACK ORGANIC-RICH ZONE OCCURS NEAR BASE; BASAL CONTACT GRADATIONAL TO DIFFUSE, 
OOLO"ITE LAMINAE OCCUR LOC·ALLY, SURROUNDED BY GYPSUM Of UNDERLYING UNIT, IN RARE CASES ZONES OF GYPSUM ARE INCORPORATED INTO DDLO•JTE. 

JA•AR I SK MEMBf R 

UNIT J. ANHYDRITE. GYPSIFEROUS AT TOP.' CONTENT DECREASES WITH PEPTH, FINELY CRYSTALLINE TO MEDIU• CRYSTALLINE IGYPSU•>. DARK GRAY TO WHITE, NODULAR; 
BASAL CONTACT NOT OBSERVED· 

.2q 

~y 

llfWlliJlll 

SHARP CONI ACT 
GRADATIONAL CONTACT !DEFINED 

WITHIN 2 IN. l 
DIFFUSE CONTACT !DEFINED 

WITHIN 6 IN. l 
SA•PLE LOCA 1 I ON ElHAUS 1 SHAFT 

DETAILED •APPING SA•PLE 12• 
•APPED FRACTURE ll 

!Q!il 
1) THIS INTERVAL WAS ~APPED ON 10/17/84. 
2> DEPTHS ARE RELATED !0 THE REFERENCE ELEVATION AT 3409.0 

FEET ABOVE ~SL. 
3l STANDARD GEOLOGIC S'fflBOLS ARE NOT USED IN ORDER TO 

ENHANCE THE CLARITY OF THE LOG COLUMN, 

FRACTURE NOTES 

ALL FRACTURES ARE FILLED WITH FIBROUS GYPSu•. 
F1 • 118"·1/q' THICK, HORIION!AL FIBER ORIENTATION. 
F2 •• !/16"·1/q" THICK, HORIIDN!AL FIBER ORIENTATION. 
Fl • 1/li"·l/8" !HICK, HORIZONTAL FIBER ORIENTATION. 
Fq • 1/B"·J/q" THICK, HORIZONTAL FIBER DRIENiATION. 
Fl • 1/li"·l/B" THICK, HORIZONTAL FIBER ORIENTATION. 
F6• • 1/2" THICK, SIGMOIDAL FILLING INDICATING SOUTH SIDE 

UPTHROWN RELATIVE TO NORTH SIDE. DIP 6l"N, STRIKE 
Nao•w. 

F6t • 1/2" THICK, FIBERS ORIENTED lO" FRO• FRACTURE PLANE, 
WEST SIDE UPTHRONN RELATIVE TO EAST SIDE-

F7 • 1/0" THICK, STRIKE NOI'W, DIP 80'S. 
FB • 1/B" THICK, FIBERS ORIENTED PERPENDICULAR TO FRACTURE 

PLANE. STRIKE NlD'W. 
F9 • 1/B"·J/q" THICK, FIBERS ORIENTED PERPENDICULAR TO 

FRACTURE PLANE, STRIKE N70'W, 
FlO • 1/2" THICK, FIBERS ORIENTED 60' FROM FRACTURE PLANE 

AND L,OCALLY SIGMOIDAL. SOUTH SIDE UPTHROWN RELATIVE TO 
NORTH SIDE, STRIKE NBD'W, DIP 62'N. 

Fll • Jtq" THICK, STRIKE NOI'N, DIP BD'S. 
Fl2 • l/8"·1/q" THICK, FIBERS ORIENTED PERPENDICULAR TO 

FRACTURE PLANE. STRIKE NIO'E. DIP 66'S. 
fll • J!q"·l/2" THICK, FIBERS ORIENTED PERPENDICULAR TO 

FRACTURE PLANE, STRIKE SlO"E. 

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 MEXICO 

PREPARED FOR 

WESTINGHOUSE ELECTRIC CORPORATION 

CARLSBAD, NEW MEXICO 

IT CORPORATION 



APPENDIX A 

WORK PLAN OF GEOTECHNICAL ACTIVIT\ES 
IN THE WASTE AND EXHAUST SHAFTS ( ) 
WASTE ISOLATION PILOT PLANT (WIPP) 

CARLSBAD, NEW MEXICO 

( 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, CARLSBAD, 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 the observed 
geology 

For the purposes of geologic mapping, the field procedures given in Appendix A 

of the Site Validation Field Program Plan (McKinney and Newton, 1983) will be 

followed; a copy of Appendix A is included as Attachment A to this work 

plan. Certain references in Attachment A are specific to the exploratory 

shaft mapping, but the principles and methods are appropriate to the waste 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 WASTE 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 l:ield 

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 include: 

o Magenta dolomite - Approximate map depths 590-625 feet 

o Culebra dolomite - Approximate map depths 700-735 feet 



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 10 

ft., will be performed in the exhaust shaft from the first available exposed 

bedrock down to the facility level. The mapping will be performed following 

upreaming of the exhaust shaft to a six-foot diameter. 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 geologic 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 will 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 

primarily be limited to a several hour block of time following blasting and 

slashing operations, but before the concrete liner is placed. Due to the 24-

hour construction activities, the geologist assigned to the shaft activities 

would be available on-call to cover the construction activities. Following 



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 ramset 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 shaft activities. 

5.3 ADMINISTRATION 

All geotechnical work described in this plan will be performed under the 

technical and administrative direction of Roy McKinney. It 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 sample 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 sample along the 
circumference of the shaft. This notation means that the sample 
location is ten feet west of the south line along the circumference 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 

ESS-350 Dewey Lake 

ES9-393.5 Dewey Lake 

ESl0-421 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 

ESB-350 Dewey Lake 

ES9-393.5 Dewey Lake 

ES10-421 Dewey Lake 

ES 1 1-435 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 Contact 

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' E. 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. of S. 
ESM36-546/2' W. of S. 
ESM37-546/2' E. of S. 
ESM38-548/13' E. of S. 
ESM39-549/4' W. of S. 



Mapping Exercise 

Dewey Lake/ 
Rustler Contact 

Forty-Niner Member 
Claystone 

Magenta Dolomite 
Member 

APPENDIX 8-2 
(Continued) 

Date Collected 

10/15/84 

10/17/84 

10/19/84 

Sample No. 

ESM40-550/11' W. of S. 
ESM41-550/4' W. of S. 
ESM42/No location 

above D/R contact 
ESM43/No location 

below D/R contact 

ESM44-573/13' W. of S. 
ESM45-575/24' W. of S. 
ESM46-575/19' E. of S. 
ESM47-576/23' E. of S. 
ESM48-577/26' E. of S. 
ESM49-577/24' W. of S. 
ESM50-577/25' W. of S. 
ESM51-578/27' E. of S. 
ESM52-578/28' E. of S. 
ESM53-579/22' E. of S. 
ESM54-580/18' E. of S. 
ESM55-583.5/15' W. of S. 
ESM56-584/15' W. of S. 
ESM57-584/24' E. of S. 
ESM58-584/17' E. of S. 
ESM59-584/15' W. of S. 
ESM60-585.5/12' E. of S. 
ESM61-586/4' E. of S. 
ESM62-586/5' W. of S. 
ESM63-587/14' E. of S. 
ESM64-587/6' W. of S. 
ESM65-588/18' 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. 
ESM74-608/19' E. of S. 
ESM75-610/3' W. of S. 
ESM76-611/16' W. of S. 
ESM77-611/6' S. of S. 
ESM78-612/6' E. of S. 
ESM79-612/12' E. of S. 
ESMS0-612/24' E. of S. 
ESM81-613/6' E. of S. 
ESM82-613/11' E. of S. 



Mapping Exercise 

Magenta Dolomite 
Member 

Tamarisk Member 
Claystone 

Culebra Dolomite 
Member 

APPENDIX B-2 
(Continued) 

Date Collected 

10/19/84 

10/29/84 

11/1/84 

Sample No. 

ESM83-613/10 1 W. of S. 
ESM84-614/24 1 E. of S. 
ESM85-614/11 1 E. of S. 
ESM86-618/23 1 W. of S. 
ESM87-624/8 1 E. of S. 
ESM88-626/24 1 E. of S. 
ESM89-626/24 1 E. of S. 
ESM90-626/10 1 W. of S. 
ESM91-626/27 1 E. of S. 
ESM92-627/6 1 W. of S. 
ESM93-627/14 1 W. of S. 
ESM94-627/7 1 W. of S. 
ESM95-627/8 1 W. of S. 
ESM96-627/10 1 W. of S. 
ESM97-629/10 1 W. of S. 

ESM98-678/16 1 w. of S. 
ESM99-680/16 1 W. of S. 
ESM100-685/No location 
ESM101-688/17 1 E. of S. 
ESM102-689/20 1 W. of S. 
ESM103-689/12.5 1 W. of S. 
ESM104-687/6 1 W. of S. 
ESM105-690/20 1 W. of S. 
ESM106-690/3 1 W. of S. 
ESM107-690/14 1 E. of S. 
ESM108-691/3 1 W. of S. 
ESM109-692/16 1 W. of S. 
ESM110-693/17 1 W. of S. 
ESM.111-693/25 I E. of S. 
ESM112-694/10 1 W. of S. 
ESM113-695/6 1 E. of S. 
ESM 114-695/23 I E. of S. 
ESM115-695/21 1 W. of S. 
ESM116-695/21 1 W. of S. 
ESM117-696/22 1 w. of S. 
ESM1 18-697 I 17 1 W. of S. 
ESM119-697/17 1 W. of S. 
ESM120-698/20 1 W. of S. 
ESM121-698/No location 
ESM122-Unoriented sample 

ESM123-No location 
ESM124-702/8 1 E. of S. 
ESM125-702/3 1 W. of S. 
ESM126-703/4' E. of S. 

Unit 4 
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Culebra Dolomite 
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Unnamed Lower 
Member 

APPENDIX B-2 
(Continued) 

Date Collected 

11/1/84 

11/3/84 

11/3/84 

Samole No. 

ESM127-707/5' W. of S. 
ESM128-708/No location 
ESM129-710/N. line 
ESM130-710/30' W. of S. 
ESM131-711/7' E. of S. 
ESM132-712/28.5' E. of S. 
ESM133-714/10' W. of S. 
ESM134-714.25/10' W. of S. 
ESM135-714/1' W. of S. 
ESM136-713.5/5' E. of S. 
ESM137-715/13' W. of S. 
ESM138-715.5/5' W. of S. 
ESM139-716/17.5' W. of S. 
ESM140-716/17.5' W. of S. 
ESM141-717.5/0.5' E. of S. 
ESM142-720/28' W. of S. 
ESM143-720/28' W. of S. 
ESM144-720/12.5' W. of S. 
ESM145-720/28' W. of S. 
ESM146-720.5/10' E. of S. 
ESM147-721/2.5' E. of S. 
ESM148-722/16' E. of S. 
ESM149-722/19' W. of S. 
ESM150-723/3' E. of S. 
ESM151-723/3' W. of S. 
ESM152-724/21' W. of S. 
ESM153-725/12.5' E. of S. 
ESM154-725/8' W. of S. 
ESM155-727/8.5' E. of S. 
ESM156-728/9' E. of S. 
ESM157-728/N. Line 
ESM158-730/14' W. of S. 
ESM159-732/9' W. of S. 

ESM160-738/17.5' W. of S. 
ESM161-736.5/19' W. of S. 
ESM162-736/24' W. of S. 

ESM163-737/12' W. of S. 
ESM164-739/17.5' W. of S. 
ESM165-739/5' W. of S. 
ESM166-739/21' W. of S. 
ESM167-740/5' W. of S. 
ESM168-741/5' E. of S. 
ESM169-741/19' W. of S. 
ESM170-741/22' E. of S. 
ESM171-742/3' W. of S. 



Mapping Exercise 

Unnamed Lower 
Member 

APPENDIX B-2 
(Continued) 

Date Collected 

11/3/84 

11/6/84 

11/8/84 

Samole 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' W. of S. 
ESM181-750/No location 
ESM182-751/6' W. of S. 
ESM183-751/1' W. of S. 
ESM184-751/7' E. of S. 
ESM185-752/15' W. of S. 
ESM186-755/12' E. of S. 
ESM187-756/6' E. of S. 
ESM188-756/10' E. of S. 
ESM189-760/21' W. of S. 
ESM190-761/29' W. of S. 
ESM191-762.5/5' E. of S. 
ESM192-763/14' W. of S. 
ESM193-763/13' E. of S. 
ESM194-763.5/9' E. of S. 
ESM195-767/6' E. of S. 
ESM196-767/22' E. of S. 
ESM197-767/27' E. of S. 
ESM198-767/27' W. of S. 
ESM199-767/2' W. of S. 
ESM200-768/6' E. of S. 
ESM201-769/18' W. of S. 
ESM202-769/25' E. of S. 
ESM203-770/11' E. of S. 
ESM204-770/21' E. of S. 
ESM205-771/4' E. of S. 
ESM206-771/29' E. of S. 
ESM207-771/3' W. of S. 
ESM208-771/25' E. of S. 
ESM209-775/12' W. of S. 

ESM210-775/1' W. of S. 
ESM211-776/6' W. of S. 
ESM212-777/2' E. of S. 
ESM213-77719' E. of S. 
ESM214-778/11' W. of S. 
ESM215-778/17' W. of S. 



Mapping Exercise 

Unnamed Lower 
Member 

Rustler/Salado 
Contact 

Assorted Samples Near 
Basal Conglomerate 

APPENDIX B-2 
(Continued) 

Date Collected 

11/8/84 

11/11/84 

Sample 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. 
ESM228-7g0.5/4.5' 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. 
ESM24D-847/15' W. of S. 
ESM241-847/13' E. of S. 
ESM242-847/18' E. of S. 
ESM243-848/14' E. of S. 
ESM244-848/25' E. of S. 
ESM245-849/20' W. of S. 
ESM246-849.8/14.7' W. of S. 
ESM247-850.5/15' W. of S. 
ESM248-850.5/22' W. of S. 
ESM249-851/2' W. of S. 

ESM250 
ESM251 
ESM252 
ESM253 
ESM254 
ESM255 
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LITHOLOGICAL DESCRIPTION 

.LINE. LIGHT GRAYISH-BROWN TO TAN, THINLY LA~INATED TO BEDDED, BEDDING ~AY TER~INATE E~OSIONALLY, CARBONATE 
'CREASES AND COLOR BECOMES GRAY TO DARK GRAY WITH DEPTH; BASAL CONTACT G~ADATIONAL. 
cLINE. BROIINISH-GRAY, MICRO TO THINLY LAMINATED, LAMINAE UNDULATE WITH CRESTS ABOUT 1·0' APART AND TROUGHS 1/2" 
f, MA~KED BY 1/2" BED OF BLACKISH-GRAY ORGANIC C7l CLAYSTONE. 
IY TO BROWNISH-GRAY, THINLY LAMINATED TO THINLY BEDDED, LOCALLY CONTAINS ANHYDRITE PSEUDOMORPHS AFTER GYPSUM 
IONTAL TO SUBHORIZONTAL FIBROUS GYPSUM-FILLED FRACTURES WHICH FDLLDW BEDDING PLANES, LOCALLY BIFURCATE AND 
ro 1/2"; BASAL CONTACT LOCALLY SHARP, MAPPED AS GRADATIONAL, UNDULHORY UP TO•!"· 

IINLY LAMINATED, LAMINAE CONTORTED AND DIP AT HIGH ANGLES IN UPPER PART; CONTAINS ABUNDANT FIBROUS GYPSUM-FILLED 
BIFURCATE AND TERMINATE, UP TO 2" THICK, LOCALLY DISTORTS REDDING; LOWER 0 TO ~· CONSISTS OF SOFT CLAYSTONE WHICH 
~p. 

REENISH-GRAY TO GRAY, THINLY LAMINATED TO THINLY BEDDED, LOCALLY ENTROLITHIC. CONTAINS NODULES OF ANHYDRITE 
TO ~· LONG; 112" TO I" THICK BEDS OF ANHYDRITE OCCUR NEAR TOP; LOCAL NODULAR GYPSUM, VERY SMALL CRYSTALS OF PYRITE 
.ANES IN LOWER PART; BASAL CONTACT UNDULATORY, SHARP, MARKED BY FIRST OCCURRENCE OF GRAY CLAY. 
>HAPED ZONES OF REDDISH-BROWN, LOCAL WHITISH-GRAY ZONES, CONTAINS FAINT HINTS OF THIN LAMINATIONS, LOCALLY THINLY 
JLES OF GYPSUM AND IRREGULARLY-DEFINED CLASTS OF ANHYDRITE. 1/8" TO 3" DIAMETER, GYPSUM NODULE CONCENTRATION 
IRS LOCALLY; LAMINAE SLICKENSIDED IN MIDDLE AND LOWER PORTION OF UNIT, OVERALL UNIT APPEARS TO HAVE UNDERGONE 
i/OXIDATION CONTACT, HIGHLY IRREGULAR, UNDULATORY· 

EGULARLY-SHAPED ZONES OF GREENISH-GRAY, COLOR GRADES TO DARK BROWNISH-GRAY IN LOWER 2" TO 1-5', ALL COLOR CONTACTS 
THIN LAMINATIONS, LOCAL STRINGERS OF VERY FINE-GRAINED ORANGE SAND; ABUNDANT GYPSUM NODULES TO 3" DIAMETER AND 

lNCENTRATION INCREASES WITH DEPTH; GRAY ZONE AT BASE LOCALLY ANHYDRITIC; STRUCTURE SIMILAR TO OVERLYING UNIT; BASAL 
JN WEST SIDE OF SHAFT· 
GRAY, NODULAR; UPPER Q.J' TO 0-2' CONTAINS BROWN GYPSUM STARS OR ROSETTES; LOWER J.Q' ARGILLACEOUS AND LAMINATED• 

ED, CONTAINS LA~INAE OF SILT AND SAND NEAR BASE; EXHIBITS CLAY DRAPE OYER UNDULATORY BASAL CONTACT; LAMINAE OFTEN 
';CONTAINS SUBHORIZONTAL FIBROUS GYPSUM-FILLEO FRACTURES WITH VERTICAL FIBERS, LOCALLY TERMINATE AND BIFURCATE; 
lF GYPSUM UP TO 11~· ACROSS, BASAL CONTACT SHARP, EROSIONAL. 

lMINATED TO BANDED, UNDULATORY BEDDING SHOWS CROS5-CUTTIN6 RELATIONSHIPS, UPPER 3-0' CONTAINS GYPSUM CRYSTALS TO 
UPPER CONTACT; BEDS THICKEN TO 3/~" WITH DEPTH; CARBONATE LAMINAE OCCUR WITH DEPTH; LOWER 2-0' GYPSIFEROUS, 
~ONTAL FIBROUS GYPSUM-FILLED FRACTURES OCCUR NEAR BASE. SPACED I" TO 3", J/32" TO !/~" THICK, FIBERS SIGMOIDAL, 
:NT; BASAL CD~TACT SHARP, UNDULATORY, POSSIBLY EROSIONAL. 

·AMINATED, CROSS-LAMINATED, STRUCTURE BECOMES LESS OBVIOUS WITH DEPTH; UPPER ~· CONTAINS COARSE SAND-SIZED GRAINS OF 
ERAL LAMINAE OF DARK BLACKISH-BROWN ORGANIC !?l CLAYSTONE NEAR MIDDLE AND BASE OF UNIT; CONTAINS WHITE TO CLEAR 
IAMETER; FRACTURE SURFACES LOCALLY STAINED RED; LOWER I" CONTAINS A FINING UPWARDS SEQUENCE OF SMALL GYPSUM GRAINS 
D FRACTURE SURFACES; BASAL CONTACT SHARP, UNDULATORY, MARKED BY CLAY LAMINAE EROSIONAL· 
CEOIIS MATERIAL, FINELY CRYSTALLINE ANO FINE-GRAINED, LIGHT AND DARK RROWN, THINLY TO MEDIU~ BEDOED WITH THINLY 
EOUS DOLOMITE POORLY TO MODERATELY INDURATED. DOLOMITE WELL INDURATED; S~ALL GYPSUM-FILLED YIIGS IN ARGILLACF.OIIS 
L CONTACT SHARP TO GRADATIONAL. 

. L, FINELY CRYSTALLINE AND FINE-GRAINED, MEDIUM BROWN, THINLY LAMINATED TO STRUCTURELESS, MODERATELY WELL INDURATED; 
ABUNDANT SMALL <1/16" DIAMETER GYPSU~·FILLEO AND UNFILLEO YUGS, LARGER FILLEO YUGS UP TO I" DIAMETER MODERATELY 
TERN, INDIVIDUAL BLOCKS AVERAGE ~· HIGH BY ~· LONG, MOST FRACTURE SURFACES COLORED WITH ORANGE STAIN; BASAL CONTACT 
IRE· 

STALLINE AND FINE-GRAINED, MEDIUM BROWN, VERY THINLY BEDDED TO THINLY BEDDED WITH LAMINATED TO CROSS-LAMINATED 
SUM-FILLED AND UNFILLED YUGS TO I/~" DIAMETER, VERY RARE LARGE GYPSUM-FILLEO YUGS TO J-1/2" DIAMETER; CHARACTERIZED 
lURED THAN OVERLYING UNIT, ORANGE STAIN APPARENT ON MOST FRACTURE SURFACES; BASAL CONTACT SHARP, MRKEO BY GRAY 

CEOUS MATERIAL, FINELY CRYSTALLINE AND FINE-GRAINED, BROWN, THINLY TO MEDill~ BEDDED WITH FINELY LAMINATED INTERNAL 
.TED, LOCAL ZONES OF MODERATELY INDURATED DOLOMITE; RARE LARGE I" DIAMETER GYPSUM-FILLED AND UNFILLED YUGS; FRACTURE 
N ON FRACTURE SURFACES; BASAL CONTACT DIFFUSE TO GRADATIONAL. 

EDS OF ARGILLACEOUS DOLOMITE, SOME ARENACEOUS MATERIAL, FINELY CRYSTALLINE AND FINE-GRAINED, LIGHT BROWN, VERY 
ATED TO MICRO CROSS-LAMINATED INTERNAL STRUCTURE. VERY POORLY INDURATED; VERY WET. FLUID OBSERVED ORIGINATING FROM 
ANT SMALL <1132" DIAMETER UNFILLED YUGS, MODERATELY ABUNDANT LARGE GYPSUM-FILLED YUGS TO 1-1/2" DIAMETER; FRACTURE 
ORANGE STAIN ON FRACTURE SURFACES OCCURS LESS OFTEN, MAJORITY OF FRACTURE SURFACES MARKED BY RELICT GYPSUM FRACTURE 
AL; BASAL CONTACT SHARP, POSSIBLY EROS I DIAL· 

STALLINE AND FINE-6RAINED, ALTERNATING THICK BROWN AND THIN DARK BROWN LAMINAE. THINLY LAMINATED TO LAMINATED, 
RGANIL:.RIJ:H..l?l LAMINAE. LAMUAf r.nNTnRTFD PARA! I F1 Tn RA~AL CDITAr.T. RfD~ I nr.AII Y DIP liP TO Q~' AID UF 

EXPLANATIOI 

SHARP CONTACT 
6RADATIOUL CONTACT IDEFIUD 

WITHIN 2 IN· l 
DIFFUSE CONTACT !DEFINED 

WITHIN & IN-l 

sAm~ 1 ~r~A~l~~~~P~:~~[E smr 
MAPPED FRACTURE f~. SEE FRACTURE 

NOTES 
HALITE FILLED FRACTURE 

1) T~IS INTERVAL NAS MAPPED IN FIVE PARTS: UTERYAL 
675.0-698.5 FEET ON 10-29-B~. UTERYAL 69~.5-730.0 
FEET ON 10-31-8~; INTERVAL 730.0-7~8.0 FEET ON 11~3-

SQ; INTERVAL 7~~.0-775.0 FEET ON 11-6-B~; I"TERYAL 
775.0-BOO.O FEET ON 11-8-Bq, 

2) THE MAJOR FLUID PRODUCING ZONE IN THE CULEBRA OCCURS 
IN THE INTERVAL FROM 72~.5 FEET TO ABOUT 735.5 FEET 
ICULEBRA MAPPING UNIT 61. 

3J THE S~AFT CIRCUMFERENCE NAS MEASURED DURING EAC~ 
MAPPUG EXERCISE. AS A RESULT. VARIATIONS IN THE 
SHAFT CIRCU~FERENCE ARE RECORDEP ON THE MAP. 

~~ DEPTHS AND ELEVATIONS AlE IELATED TO !HIE •EfEIEIIC£ 
ELEYATIOII AT J.Ot.O fEET AIICM NSL • 

51 STANDARD GEOLOGIC SYMBOLS ARE NOT USED U ORDER TO 
ENHANCE THE CLAR lTV OF THE LOr, COLUMN, 



ARP, UNDULATORY. 

T TOP THICKENS WHEN LOWER CONTACT DROPS LOWER, RE"AINDER GRAYISH·MAROON WITH THIN <118" INTERBEDS COLORED RED AND 
LEL UPPER CONTACT, NEARLY FISSILE, POORLY INDURATED, SOFT, SLICKENSIDES OCCUR PARALLEL TO BEDDING; BASAL CONTACT 

STONE AT TOP, REDDISH-BROWN TO MAROON, CONTAINS LOCAL RED ANO GRAY INTERBEDS. LOWER 1·0' WELL INDURATED, POORLY 
lE; CONTAINS LOCALLY BROKEN INTERBEDS OF GRAY, FINELY TO "EDIU" CRYSTALLINE ANHYDRITE; LOCAL 1/q" THICK GYPSIFEROUS 
TRUCTURESJ VERY FEW GYPSUM-FILLED FRACTURES; BASAL CONTACT DIFFUSE, VERY UNDULATORY· 
LLY THINLY LA"INATED, LA"INAE SLICKENSIDED, POORLY TO MODERATELY POORLY INDURATED, UNIT DEFINED ON BASIS OF COLOR 

<1/q" FIBROUS GYPSU"·FILLED FRACTURES CONTINUOUS THROUGH UNIT INTO UNDERLYING AND OVERLYING UNITS; UPPER AND LOWER 
UT MPPED AS DIFFUSE DUE TO EXAGGERATED UNDULATIONS. 

Y CLAYSTONE AT TOP, REDDISH-BROWN, SILTSTONE THINLY LA"INATED, CLAYSTONE STRUCTURELESS WITH HINTS OF THIN 
Y INDURATED; LONER 1-0' TO 1·5' CONSISTS OF ARGILLACEOUS SILTSTONE, WHERE UNIT THINS DRA"ATICALLY ARGILLACEOUS 
ILLACEOUS SILTSTONE CONTAINS I" TO 2" THICK LOCALLY BROKEN BED OF ARGILLACEOUS ANHYDRITE; ABUNDANT 1/2" TO I" THICK 
IONS, "AJORITY OF FRACTURES HORIZONTAL TO SUBHORIZONTAL; BASAL CONTACT GRADATIONAL. UNDULATORY. 

GREENISH-GRAY, LOCALLY THINLY LAMINATED, "ODERATELY POORLY INDURATED IN LOWER 1·5', REftAINDER VERY POORLY 
DIA"ETER OF GYPSU" IN LOWER 1-5'; FIBROUS GYPSUM-FILLED FRACTURES WITH VARIABLE ORIENTATION, 1132" TO llq" THICK, 
J BASAL CONTACT SHARP, SLIGHTLY UNDULATORY. 

INATED TO NODULAR; UPPER 0-5' TO 1-5' WHITE, GYPSIFEROUS, CONTAINS RADIAL GYPSUM STRUCTURES, 1·0' THICK ZONE OF 
PS IFEROUS ZONE, POL YHAL ITE REDO ISH· PINK, CONTENT INCREASES WITH DEPTH, THEN ABRUPTLY DECREASES J 112" TO 2" HIGH 
RYSTALS OCCUR 10" TO H" ABOVE LOWER CONTACT J BASAL CONTENT GRADATIONAL "ARKED BY ZONE WITH PRO"INENT HORIZONTAL 

;RAY, THINLY LAMINATED TO LA"INATED, BEDDING FLAT TO SLIGHTLY UNDULATORY; LOWER THIRD HAS ABUNDANT SMALL <112" HIGH 
iYSTALS; RIDDLE THIRD HAS UP TO 2" HIGH HALITE PSEUDOMRPHS AFTER GYPSUft SWALLOWTAIL CRYSTALS SEPARATING LA"INAR 
:o, UPPER THIRD LESS WELL BEDDED, GRAYER, CONTAINS FEWER PSEUDOftORPHS, BASAL CONTACT SHARP, SLIGHTLY UNDULATORY. 

·GRAY IN UPPER 6" TO 8", THINLY LAMINATED TO THINLY BEDDED; CONTAINS I TO 2Z HALITE; BASAL CONTACT SHARP, POSSIBLY 

ISH-BROWN, THINLY LA"INATED NEAR BASE; HALITE OCCURS AS CLEAR DISPLACIVE CRYSTALS, CRYSTAL SIZE IS LARGE, >I" NEAR 
12") GREENISH-GRAY SPOTS ARE SCATTERED THROUGH LOWER HALF OF UNIT, SMALL CHANNELS AT 5E OF S AND 25E OF S; BASAL ,. 
ITE LIGHT PINK TO WHITE. SO"E HALITE CRYSTALS CONT!IN FLUID INCLUSIONS ALIGNED IN PARALLEL AND PERPENDICULAR ZONES; 
TRIX ALIGNED IN CRUDE BEDDING, CLAY CONTENT 10 TO 15Z, CONTENT INCREASES WITH DEPTH; BASAL CONTACT GRADATIONAL. 

TO THINLY BEDDED IN LOWER q• TO 6", BEDDING NOT DISPLAYED OR DEVELOPED WELL IN "I DOLE R" TO 12" J UPPER 10" TO 12" 
\LITE IN IRREGULARLY-SHAPED HORIZONTAL VUGS OR SPACES, HALITE OCCURS IN SLIGHTLY DISTORTED ANHYDRITE BEDS, BEDDING 
<SI"ILAR TO CARBONATE TEPEE STRUCTURES); UPPER CONTACT SLIGHTLY UNDULATORY AND REFLECTS STRUCTURE '""EDIATELY 

!; LONER I" CONSISTS OF GRAY ANHYDRITE WITH SMALL DISPLACIVE HALITE CRYSTALS; ARGILLACEOUS HAUTE WITH INCREASING 
iALITE WHITE TO PINK, MSTLY CLEAR, SOft£ CRYSTALS CONTAIN FLUID INCLUSIONS, GRADES TO REDDISH-BROWN "UDSTONE IN 
IHICK LA"INATED GRAY ANHYDRITE OVERLIES REDDISH-BROWN "UDSTONE, INTERBEDDED WITH THIN LA"INA£ OF "UDSTON£, CONTAINS 
.S1 HALITE, COARSELY CRYSTALLINE, CLEAR TO WHITE TO TINTED PINK, 10 ro 20% CONTAIN FLUID INCLUSIONS ALIGNED 
12" TO 1116" THICK LA"INAE OF ANHYDRITE, LA"INAE EROSIONALLY TER"INATED AT TOP, INTERVAL 2-0' THICK; DARK REDDISH· 
lHARP. 
JDSTONE NEAR BASE, REDDISH-BROWN "ATRIX, ftODERATELY DISTINCT THIN LAftiNATIONS TO VERY THIN BEDS; LOWER 3·3' "ORE 
\LITE CRYSTALS, 1112" TO 1• ACROSS; RE"AINOER CONTAINS ABUNDANT S"ALL !<1/q" ACROSS) DISPLACIVE HALITE CRYSTALS, 
) DISRUPTED WHERE LARGER DISPLACIVE HALITE CRYSTALS OCCUR, POSSIBLE CROSS-LA"INATIONS II SLIGHT TROUGH 22E TO 25E 
, POSSIBLY 0 I SCONFORMABLE • 

REDDISH-BRONN, CRUDELY BEDDED NEAR BASE, COARSE TO THINLY BEDDED AT TOP; UPPER 1·0' AND LOWER 1·3' CONSIST OF 
DF ARGILLACEOUS HALITE. HALITE CONTENT DECREASES WITH DEPTH, HALITE OCCURS AS DISPLACIVE CRYSTALS AND AS CLEAR 
ITE 61ZE DECREASES FRO" I" ACROSS AT TOP TO 1132" ACROSS AT BASE; I"" TO 112" THICK BED OF GRAY ANHYDRITIC !?l 
, SLIGHTLY UNDULATORY, POSSIBLY DISCONFORftABLE· 

ROWN AND GRAY, THINLY BEDDED TO THINLY LA"INATED. BEDDING HORIZONTAL TO WAVEY TO CROSS·LA"INATED, CROSS·LA"INATIOI 
DIRECTIONS, BUT SOUTHEAST PREVALENT; CONTAINS SCATTERED S"ALL !<1132" ACROSSJ DISPLACIVE HALITE CRYSTALS1 BASAL 

OF GRAY COLOR. 

IEDDISH-BROWN, INTERBEDDED WITH THIN LAYERS OF "EDIU" GRAY CLAYSTONE AND "UDSTONE. THINLY BEDDED TO "ICROLA"INATED, 
iORIZONTAL TO SUBHORIZONTAL WITH SO"E WAVY BEDDING AND CROSS·LA"INATIONS; LARGE CROSS-CUTTING RELATIONSHIPS WITH 
10WNCUTIIN6 TREND TO EAST AND SOUTHEAST; S"ALL-SCALE CROSS·LA"INATIONS SHOW VARIABLE CURRENT DIRECTION, BUT SOUTH 
:AL RIPPLES WITH CLAY DRAPE OCCUR; RIPPLE SETS AVERAGE 1/q" TO 112" THICK; CONTAINS OCCASIONAL ANHYDRITE CLASTS 
lENT DEFOR"ATIOI DUE TO FLUID SHEAR; IASAL COlTACT NOT OBSERVED· 

FRACTLIRE NOTES 

ALL FRACTURES IDENTIFIED IIITH AN F AND FOLLOWED BY A N""BER 
ARE FILLED IIITH FIBROUS GYPSU". ALL OTHER "APPED FRACTURES 
ARE HALITE FILLED. 
FTA - 112"-T" THICK 
FIB - 112"·1" THICK 
F2 - 2" THICK, SIGIIOIDAL FILLING. TOP HAS "DYED NORTH 

RELATIVE TO BOTTOIO. 
F3 112"·3/q• THICK 
Fq I" THICK, SIGIIOIDAL FILLING. TOP HA~ MVED NORTH WFST 

RELATIVE TO BOTTOIO 
F5 11q"-112• THICK. SIGIIOIDAL FILLING. TOP HAS MVED EAST 

RELATIVE TO BOTTOI1. 
F6 0-1" THICK. SIGIIOIDAL FILLI~G. TOP HAS "DYED EAST 

RELATIVE TO BOTTOI1. 
F7 0·112" THICK. 
F8 112" - Htq• THICK. SIGIIOIDAL FILLING. TOP HAS IIOVED 

IIEST RELATIVE TO BOTTOI1, 
F9 1• THICK. SIGIIOIDAL FILLING, TOP HAS MVED IIOIITH 

RELATIVE TO BOTTOI1 
FlO 112• THICK 
Fit 3tq• THICK 
fl2 1" THICK 

FIGURE II 

6EOLOGIC LOG OF 
THE TMARISK ftE"IER CLAYSTOIE, 

THE CULEIRA DOLOI11TE "EftiEI, AID THE UPPEI PORTIOI 
DR THE UUMED LOIIER ftE"IEI, RUSTLER FOIIIATIOI 

DEPTH 675-0 FEET TO 800.0 FEET 
EXHAUST SHAFT 

•AITI IIOUIITIOII PILOT .f't..A•T 

CIUILIIAD, •1• "IXICO 

PIIIPAIIID FOil 

VIITI•IHOVII IUCTIIIC COIIPOIATI..-

CARLIIAD, •ew "IJCICO 

IT CDIIPDIIATIO• 
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UIIT 1· ANHYDRITE VITH RllOR CARIOMATE, FINHY CRYSTAl' 
INTERBEDS "ICROLA"INATED; CARBONATE CONTENT Dt 

UIIT 2· ANHYDRITE VITH "!NOR CARBONATE. FINELY CRYSTA\ 
DEEP; BASAL CONTACT SHARP, SLIGHTLY UNDULATORI 

UNIT 3· ANHYDRITE. FINELY CRYSTALLINE. ALTERNATING GR 
SNALLONTAIL CRYSTALS 1/4" HIGH; ABUNDANT HORI 
TERMINATE, SPACED 112" TO 3", THICKNESS 1/4" 

UNIT '· CLAYSTONE. ALTERNATING LIGHT AND DARK GRAY, T 
FRACTURES, MOST PARALLEL TO BEDDING, LOCALLY 
THICKENS AND THINS LOCALLY; BASAL CONTACT SHA 

UNIT 5. AR61LLACEOUS ANHYDRITE, FINELY CRYSTALLINE. Gl 
FLATTENED PARALLEL TO BEDDING, Jlq" HIGH, 2" I 
OR MARCASITE OCCUR, SCATTERED ALONG BEDDING P 

UIIT G· SILTY CUYSTOIIE, GRAY NITH LOCAL IRREGULARLY·! 
LAMINATED IN UPPER 1·0' TD 2-0'; CONTAINS NOD\ 
INCREASES NITH DEPTH; PYRITE OR MRCASITE DCC 
DUCTILE FLON; BASAL CONTACT DIFFUSE. REDUCTIO 

UIIT 7. SILTY CLAYSTONE. REDDISH-BROWN WITH LOCAL IRR 
IRREGULAR AND DIFFUSE OYER I" TO 6", HINTS OF 
SUBANGULAR ANHYDRITE CLASTS TO 3" DIAMETER, C 
CONTACT SHARP, UNDULATORY, EROSIONAL CHANNEL 

UNIT a. ANHYDRITE, FINELY CRYSTALLINE. LIGHT GRAY TO 
BASAL CONTACT SHARP. 

UUT g. CLAYSTONE. DARK GREENISH-GRAY, THINLY LAMINAT/ 
DISTORTED; CONTAINS SMLL REDDISH SPOTS <1/32' 
LONER PORTION GYPSIFEROUS, CONTAINS CRYSTALS 

UIIT 10· ANHYDRITE, FINELY CRYSTALLINE. GRAY. THINLY Li 
11q• DIAMETER; LAMINAE IN UPPER 1-0' PARALLEL' 
EXHIBITS NODULAR CHICKEN NIRE STRUCTURE, HORd 
INDICATING WEST <TOP)/EAST (BOTTOM) DISPLACEMI 

CULEBRA DOL OM liE MEMBER i 
UUT 1· DOLOMITIC RUDSTONE. BROWN, MICROLAMINATED TO ! 

UNKNOWN CLEAR MINERAL !GYPSUM 7), CONTAINS SEI 
DISPLACIYE NODULES OF GYPSUM, <1/16" TO Jlq" ri 
OR CRYSTALS; FLUID ORIGINATES ALONG BEDDING A~ 

UNIT 2. DOLO"ITE AND ARGILLACEOUS DOLORITE. SOME ARENl 
LAMINATED TO STRUCTURELESS INTERIORS; ARGILLAI 
DOLOMITE; RED STAIN ON FRACTURE SURFACES; BAsi 

UMIT 3· DOLORITE, GYPSIFEROUS, SO~E ARENACEOUS MATER!/ 
CONTAINS LOCAL BEDS OF ARGILLACEOUS DOLO~ITE; l 
ABUNDANT, CHARACTERIZED BY BLOCKY FRACTURE PAl 
GRADATIONAL. MARKED BY ABSENCE OF BLOCKY TEXT 

UUT '· DOLORITE, SOME ARENACEOUS MTERIAL. FINELY CR\ 
INTERIORS, MODERATELY NELL INDURATED; RARE GYI 
BY TABULAR FRACTURE PATTERN, OVERALL MORE FRA( 
CLAYSTONE BED 118" THICK· . 

UMIT 5. DOLORITE AND ARGILlACEOUS DDLOMITL SOME ARENI 
STRUCTURE. ARGILLACEOUS DOLOMITE POORLY INDURI 
PATTERN BLOCKY TO RANDOMLY SHAPED, ORANGE STAI 

UNIT 6. DOLORITE INTERBEDDED NITH 114" TO 112" THICK E 
THINLY BEDDED TO THINLY BEDDED WITH MICROLAMIN 
S~ALL UNFILLED VUGS AND FRACTURE PLANES; ABUN~ 

PATTERN BLOCKY TO TABULAR TO RANDOMLY-SHAPED,! 
FILLING, LOCAL ZONES WITH ABUNDANT CLAY MATERi 

UNIT 1· DOLOMITE. SO~E ARENACEOUS 1\ATERIAL. FINELY CRI 
.. D.OLOMITE.LAI\INAE.. O.VERLAIN .. BY THIN DARK ... BROWN C 
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BRECCIA ZONE 

1-1· AI&ILLACEDIS IOl•tTE. BROWN, 80S ANGULAR TO SUBANGULAR ClASTS OF DOLOIIITE. APPARENT SOURCE OF DOLO"ITE IS UNIT 7 OF CUlEBRA, 

DOLO"ITE "ATRIX WITH NO "IXIIG OF UNDERLYING CLAY, OVERLYING BEDS FRACTURED AND TREND DOWNWARD; IlPPER AND LONER CONTACTS GRADATIONAL. 

1-2. ClAYSTOIE, EQUIVALENT TO UNIT 1 AID POSSIBLY UNIT 2 OF UNIA"ED LOWER "E"BER, SLICKENSIDED; SURROUNDING BEDS THIN TOWARD ZONE; 

BASAL COITACT DIFFUSE. 

OCCASIONALLY BENT AND BROKEN BASAL CONTACT S' 

UNIT 1· CUYSTONL GRAY AT TOP AND BOTTO", GRAY ZONE I 
HROMNISH-GRAY, THINLY LAMINATED, LAMINAE PARAl 
GRADATIONAL· ' 

UIIT 11· ANHYDRITE. FINELY CRYSTALLINE. GRAY, LAMINATED 
LIGHTER IN COLOR AND CONTAINS 5 ro 101 CLEAR H,; 
FREQUENTLY T I LIED SLIGHTLY UPWARD TOWARD PEAKS 

IONAL.!· 
CLAYSTO~ 

CLAY CONTENT UPWARD OVERLIES ANHYDRITE LAYER, ( 
UPPER I"; ABDUl 1.0' ABOVE LOWER CONTACT A 2" f 
SMALL l<l/32" ACROSS) DISPLACIVE HALITE CRYSTAl. 
PARALLEL TO CRYSTAL FACES, INTERBEDDED WITH 111 
BROWN MUDSTONE 

T 13· ARGILLACEOUS HALITE WITH LOCAL HAll TIC SANDY Ml 
HALITIC THAN UPPER PART. CONTAINS DISPLACIVE Hi 
LESS HALITE (501 OF ROCk>; BEDDING DEFORMED ANI 
OF BASAL 

UIIT i'· AR6llLACEOUS HALITE AID HALITIC IIUDSTOIE, DARK 
SliGHTLY HALIIIC MUDSTONE; REMAINDER CONSISTS I 
CRYSTALS WITH FLUID INCLUSIONS, DISPLACIVE HAL; 
MUDSTONE I 782·5'; BASAL CONTACT SHARP 

UIIT 15. SAIDY HALITIC SllTSTOIE. ALTERNATING REODI 
SETS l/4" 10 112" THICK WITH VARIABLE CURRENT '· 
CONTACT GRADATIONAL. MARKED BY LAST OCCURRENCE' 

UIIT 16· SllTSTOIE AID SAIDY SllTSTOIE, LIGHT BROWN TO 
DIVISIBLE INTO UNITS 8" 10 20" THICK, BEDDING . 
SOME UNITS PARI!ALLY 10 WHOLLY REMOVED, SHOWS I 
IS PREVALENT NEAR 794.0'; NEAR 794·0' SYM"EIR!I 
112" TO 1" DIA"EIER AT 792.5'; "I NOR SOFT 


