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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
Gatufla 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).



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.



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 radiocactive wastes derived from the defense activities of the United
States. The WIPP project's mission consists of twc 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

radicactive 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



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 QF 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



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-Gumi 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 Geclogic Mapping

Dedicated shaft time was purchased from the construction contractor
(Ohbayashi~Gumi, 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
the 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.



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 periocd from September 22, 1983 to December
16, 1983. The raise-boring of the exhaust shaft commenced on December 31,
1983 and was completed on February 10, 1984. Excavation for the exhaust shaft
collar began on July 15, 1984, The collar liner plate was installed and the
concrete backfill was poured on July 17, 1984, The shaft was lined with
concrete from the top of the collar to the base of the shaft key at a depth of
907 feet. Concrete liner construction began on July 18, 1984 and was

completed on November 29, 1984,

As part of the shaft design, both the Magenta and Culebra Dolomite Members of
the Rustler Formation were covered with liner plate prior to the pouring of
the concrete liner. The liner plate provided for a temporary void between the
rock surface and the concrete lining to prevent hydrostatic pressure buildup
before the concrete lining had reached its full strength. After the concrete
lining had reached full strength, the area behind the liner plate was grouted
to seal off possible fluid inflow. The Culebra was grouted during the pericd
from December 2 to December 4, 1984, and the Magenta was grouted during the
period from December 4 to December 5, 1984. Rock-bolted wire mesh was
installed in the unlined portion of the shaft. Construction in this phase
began on December 7, 1984. On January 17, 1985, excavation in the exhaust
shaft was completed to the WIPP underground facility at a depth of approxi-
mately 2150 feet. A summary of the exhaust shaft construction history is

given in Table 1.

n
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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)



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

+ The Tamarisk Member claystone (6839.0-695.5 feet,
Figure 11)

s 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/Saladc 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. 4 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 Gatura 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



(Vine, 1963), occurs as relatively inactive dunes, except in areas where local

blowouts occur.
Nearly eight feet of unconsolidated sand ocecurs 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 mafiec.

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 Gatupa Formation
The Gatufia Formation was named by Robinson and Lang (1938). 1In the WIPP site

area the Gatunda i1s 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 Gatufla 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 Gatufia 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 ocecurs 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" was used as late as 1963 by
Vine in his descriptions of the Permian redbeds in Nash Draw. However, the
United States Geclogical 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 cohglomerates, fining-upward
sequences, and soft sediment deformation features. Loecally, 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.

A
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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 te 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 depth 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 clasties 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 of gypsum
in the claystone decreases with depth, and the bedding surrounding local

oceurrences 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 wWith
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 hecome larger with depth.

A zone containing abundant probable algal structures ocecurs 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 intc 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
eclaystone and is underlain by argillaceocus 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. Loecally, 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 reet, 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 T713.5 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
ineh to 1-1/2 inch. The dolomite is microlaminated to medium bedded, and
often, the thicker beds are microlaminated to thinly laminated to structure-

less, and are occasionally cross-laminated.

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

Py
!
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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 TH5.0 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 cobserved 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 te 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

ma jority 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; 1t 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.



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

classified as a halitiec 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

te 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 (1685), 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 GEQOLOGY

3.3.1 Fractures and Hardness of Rock Types

Engineering properties related to the occurrence of significant naturally
oceurring 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 formations 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 i0). 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 c¢onfined to a
lithologically distinet 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 72U4.5 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 635.5 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



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.



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 de in the waste handling shaft. As a result, the key and aquifer

seal depths uwere 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 Wwithin 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: Eddy County, New Mexico
New Mexico Grid Coordinates
Y 499287.23, X 667370.39

Elevation: Shaft Collar: 3411.5 feet MSL
Reference: 3409 feet MSL

Construction Contractor: Ohbayashi-Gumi, Ltd.
Subcontractors for Raisebore, Inc. and
Raise Bore Shaft: J. S. Redpath Co.
Pilot Hole for
Raise Bore Started: September 22, 1983
Pilot Hole Completed: December 16, 1983
Upreaming Started: December 31, 1983

Upreaming Completed: February 10, 1984
Collar Excavation Began: July 15, 1984

Liner Plate and Concrete
Backfill Completed: July 17, 1984

Concrete Liner Started: July 18, 1984
Concrete Liner Completed: November 29, 1984
Culebra Dolomite Grouted: December 2-4, 1984
Magenta Dolomite Grouted: December 4-5, 1984

Construction of Unlined December 7, 1984

Portion Began:

Construction of Unlined
Portion Completed: January 17, 1985



TABLE 2

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

Design Locatio?1) As-Built Locati?q) Net Adjustment(z)
Depth (Feet) Depth (Feet) (Feet)

Top of Liner Plate

Magenta 591 600 +9

Culebra 701 710 +9
Top of Keyway 837 844 +7
Bottom of Keyway 900 907 +7
Notes:

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

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



TABLE 3
INSTRUMENT LOCATIONS 'IN THE EXHAUST SHAFT

Instrument Depth Elevation
Type (1) Number (feet)(?) (feet)
PE 3 544 2865
PE 3 615 2794
PE 3 673 2736
PE 3 721 2688
PE 3 768 2641
PE 3 850 2559
WE 4 374 2535
PE 3 887 2522
GE 3 1078 2331
GE 3 1573.5 1835.5
GE 3 2066 1343
Notes:

(1)Instrument Type:

GE = Extensometer
PE = Piezometer
WE = Earth pressure cell

(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 |srpaTiGRAPHIC REMA
ELEV. [DEPTH| coLumn EMARKS
(fFr. sy (FT)
34145 -
COLLAR PAD
3410 -
QUATERNARY DUNE SAND. SAND, SILTY, REDDISH-BROWM, POORLY SORTED, SUBANCULAR GRAINS,
34091-0 A FEW MAPIC CRAINS (LESS THAM 10T); VEAKLY COMSOLIDATED.
34041~ 5
MESCALERO CALICHE. CALICER, WHITE TO TAM, NODULAR, SIZE AND QUANTITY Of NODULZS
INCREASING WITH DEPTH; CABBOWATE CONTENT HICHEST IN LIGHT COLORED SUBHORIZONTAL
33991 10 STRINGERS; UPPER 1.0" HARD, HARDNESS DECREASING TOVARD BASE; MOIST; CONTAINS LOCAL
CONCENTRATIONS OF SILTSTONE AND SANDSTONE; COLOM BECOMES REDDISH-BROWN TOWARD DASE;
IRRECULARLY-SHAPED DISCONTINUOUS BEDS OF SILTSTOME, CHERT AND SANDSTONE PEBBLE
CONGLOMERATE MICRATE VERTICALLY AND LATERALLY; THICK DISCONTINUOUS BEDS OF ORANCISH-
BROWM SAND OCCUR WEAR BASE; BASAL CONTACT DIFFUSE.
33944 IS5
GATUMA FORMATION. SANDSTOME, FINE TO VERY FIME GRAIMED, REDDISH-BROVN, POORLY
SORTED, CALCAREQUS, FRIABLE, DRY; BASAL 1.5' IS SANDSTONE, COARSE TO FINE CRAINED,
POORLY SORTED, ROUNDED, COMTAIMING ANGULAR DESRIS FEON UNDERLYING REDBEDS; BASAL
3389-1-20 COWTACT SHARP, EROSIOMAL, SLICHTLY UNDULATORY.
3384125
3379130
]
3374435 SANTA ROSA FORMATION. SILTSTONE AND VERY FINE CRAINED SANDSTONE, SILT TO VERY FINE
SAND-SIZED CRAINS, REDDISH-BROWM, CALCAREOUS, POORLY SOATED, CONTAINS PEBBLES OF
CHERT AND MAFIC GRAINS} UPPER 1.0° CONTAINS CALICHE IN SUBHORIZONTAL STRINCERS:
BASAL CONTACT DIFFUSE.
3369 | -40

EXHAUST SHAFT
FIGURE 4 (coNTINUED) LITHOLOGIC LO6




PRELIMINARY |orpatiGRAPHIC REMARKS
{(FT. MSL) {FT.)
3369 40 AS ANOVE
3364145
3359-1-50
DEWEY LAKE AEDAEDS .
3354455 NUDSTOME INTERBEDDEZD WITH 'ARGILLACEOUS SILTSTONE, REDDISH-SROWN, THINLY LAMINATED TO
THIWLY BEDDED (1/8" TO "), .Dmln SLICHTLY UNDULATORY, HARD; SEDIMENTARY STRUC-
TURES. INCLUDE: SMALL TABULAR RIP-UP CLASTS (<1/4") Al-n‘:'n IN THIN BEDS, CROSS
LAMIMATIONS, LOAD STRUCTURES, FILLED DESICCATION CRACKS; OCCASIONAL 1-1/2" INTERBEDS
OF CRAY SILTSTONE; RARE CREENISH-GRAY REDUCTIOM SPOTS (<i/16" DIAMETER); SASAL
CONTACT CRADATIOMAL. ) ’
3349460
3344—} 65
3339470
3334175
3329J—ao
3324 | 85

EXHAUST SHAFT
CICIIOE It oA T yantierny LITHOLOGIC | 06



PRELIMINARY

STRATIGRAPHIC

ELEV. [ DEPTH| coLumn REMARKS
(FT.mst)l (FT)
3324 85 AS ABOVE
MUDSTOME, REDDISH-BROWM, THINLY LAMIVATED TO THINLY BEDDED, HARD; CONTAINS THIN BEDS
33)19~4-90 (1/2" 70 17) OF GRAY SILTY MUDSTONE; FRACTURES PARALLEL TO BEDDING, SPACED 3"; OCCA-
SIONAL GREENISH-CRAY REDUCTION SPOTS (1/4™ TO 1/2" DIAMETER); CONTAINS OCCASIONAL
LOAD STRUCTURES; BASAL COMTACT DIFFUSE.
3314495 SILTY MUDSTOME INTERBEODED WITM ARGILLACEOUS SILTSTONE, REDDISH-BROWM, THINLY LAMI-
MATED TO THIWLY BEDDED (<1/32" TO 1-1/1"); OCCASIOMAL GREENISH~GRAY SILTSTONEZ
-INTERBEDS; OCCASIONAL LOAD STRUCTURES; SMALL OPEN PRACTURES PARALLEL TO BEDDING,
SPACED 1™ 10 2-1/1"; FEV SUBVERTICAL FRACTURES, SPACED 1' TO 2.3'; BASAL CONTACT
DIFFUSE.
33091100
3304 ' IO;;“ SANDSTONE, VERY FPINE GRAINED, REDDISH-BROWN, THINLY LAMINATED TO CROSS~-LANINATED,
HARD TO SOFT, RARE INTERBEDS OF SILTY MUDSTOWE (1/2% TO 1™ TMICK); THIN (<1/32%)
SUBBORIZONTAL FRACTURES PARALLEL TO BEDDINC, SPACED 3" TO 9"; TWO 1/2" THICX
PARALLEL HORIZOWTAL FRACTURES FILLED WITH CARBOMATE OCCUR AT 103.0° AND 108.5°;
OCCASIONAL GREENISH-GRAY REDUCTION SPOTS; BASAL COWTACT DIFFUSE.
32991110
32941113 SILTY MUDSTONR INTERBEDDED WITH MUDSTOMNE, REDDISH-BROWM, THINLY LAMINATED TO CROSS-
LAMINATED, HARD; RARE CREENISH-CRAY REDUCTION SPOTS (1/16" TO 1/2" DIAMETER);
OCCASIOMAL 1/4" TO 2" THICK CREENISH-CRAY INTEMBEDS; OCCASIONAL SOFT SEDIMENT
DEFORMATION FEATURES; HORIZOMTAL FRACTURES PARALLEL TO BEDDING, SPACEMN 1" TO 4";
BASAL CONTACT SHARP.
32891120 SILTSTONE, REDDISH-BROWM, THINLY LAMINATED TO CROSS-LAMINATED; OCCASIONAL INTERBEDS
ekt o OF SILTY MUDSTONE; LOAD STRUCTURES, MUDSTOME RIP-UP CLASTS; MODERATELY ABUNDANT
GREENISH-CRAY REDUCTION SPOTS (1/16" TO 1/4™ DIAMETER); OCCASIONAL GREEWISH-CRAY
BEDS (1/2" TO 2" THICK); THIN HORIZONTAL FPRACTURES (<1/32") WITH CYPSUM PILLING
BELOW 121.5°, SPACED 2 TO 1.5'; DASAL CONTACT SHARP.
32841125
3279 130

EXHAUST SHAFT
ETICURE B €onNT INUERY LITHOLOGIC LOG6




PRELIMINARY

STRATIGRAPHIC

ELEV. | DEPTH
(FT.MSL)] (FT.)

COLUMN

REMARKS

3279 | 130

32741135

3269—J~l40

32641145

32591150

32541155

32491160

32441165

32391170

3234 175

EEae

SILTY MUDSTONE, REDDISH-BROUN, THINLY LAMINATED (<1/32"), LOCALLY INTERBEDDED WITH
SILTSTONE; CONTAINS CROSS-LAMINATIONS, FILLED DESICCATIOM CRACKS; SUBVERTICAL CLAY-
FILLED FRACTURES OCCUR NEAR TOP, SPACED 3" TO 4“; LOCALLY, BEDDING MAY BE CREEMISH~
CRAY IN COLOR; OCCASIONAL GREEMISH~CRAY REDUCTION SPOTS (1/16" TO 1™ DIAMETER);
SUBHORIZONTAL CYPSUM-FILLED FRACTURES, SPACED 3" TO "; SUBVERTICAL FRACTURES SPACED
3 T0 12%; Im LOWER 3°, 1/8" YO 3" THICK HORIZONTAL CREENISN-CRAY REDUCTION ZONES
OCCUR 1IN CROUPS, INDIVIDUAL ZOMES SPACED 1/2, CROUPS SPACED 0.8' TO 1.5°'; BASAL

' COMTACT SHARP, NARKED BY 2% BED OF WHITISEH-CRAY SILTSTONE VITH A GREENISH-GRAY

REDUCTION ZONE ABOVE AND BELOW.

MUDSTONE, DARK REDDISH-BROWM, INTERBEDDED WITH SILTY MUDSTOME, LICHT REDDISH-BROWM,
THINLY LAMINATED TO BEDDED (<1/32" TO 1/2"), LOCALLY FISSILE, OCCASIOMALLY CROSS-
LAMINATED, BEDDING MAY TERMINATE EROSIONALLY, STRUCTURES BECOMES LESS FINE BELOW
148.0"5 RARE SUBVERTICAL TO HIGN ANGLE FRACTURES WITH CRANULAR GYPSUM FILLING (<1/8"
THICK); FRON 132.3° TO 147.5°, ADUNDANT SUBHORIZONTAL FRACTURES, SPACED 1°’; ABUNDANT
CREENISH-CRAY REDUCTION SPOTS (1/32™ TO 2" DIAMETER): BASAL CONTACT CRADATIONAL.

SILTY MUDSTOME, DARK REDDISH-BROWN, INTERBEDDED WITH SILTSTONE, REDDISH-BROWM,
THINLY LAMINATED TO BEDDED (1/32" TO 1-1/2"), SOFT; OCCASIONALLY CROSS-LAMINATED,
CONTAINS LOAD STRUCTURES, OVERALL SEDIMENTARY STRUCTURES ARE LESS FINE THAN OVER-
LYING UNIT, GRAIN SIZE COARSENS DOWNWARD; 1" TO 2" THICK HOMIZOMTAL CREENISH-CRAY
REDUCED ZONES, SPACED 3" TO 5"; FRACTURES OCCUR BELOW 1354.5°, 1/8" THICK, FILLED
WITH GYPSUM; SUBVERTICAL FRACTURES SPACED 2' TO 3", SUBHORIZONTAL FRACTURES SPACED
0.5' TO 1.5"; BASAL 2° COMTAINS CREENISH-GRAY AND REDDISH-BROWM INTERBEDDED
NUDSTONE; ABUNDANT GREENTSH-GRAY REDUCTION SPOTS (1/32" TO 1" DIAMETER); BASAL CON-
TACT SHARP. ’

SILTSTONE, REDDISH-BROWN, THINLY LAMINATED TO STRUCTURELESS: BEDDINGC THICKENS AND
THINS (1/2* T0 2"); OCCASIONAL GCREEMISH-GRAY BEDS 1/8" 10 1/2% THICK, SPACED 3.0';
ONLY A FEW YICH ANCLE FRACTURES 1/8“ [UICK, GYPSUM-FILLED, STRIKING N60'W; AT 167.5°
CHANNEL LAG CONCLOMERATE OCCURS CONTAIMING SILTSTONE PEBBLES; THINLY LAMINATED SILTY
MUDSTONE FROM 17.5' TO 171.3' WITH CREEMISH-CRAY REDUCTIOM ZONES 1" TO 3" THICK,
SPACED 4™; WEAR 171.3° BECOMES POORLY SORTED; THINTY LAMINATED WITH CROSS-
LAMINATIONS AND EROSIOMAL TERMINATIONS NEFAR BASE; CONTAINS CREENISH-GRAY REDUCTION
SPOTS UP TO 2" DIAMETER; BASAL CONTACT CRADATIONAL.

EXHAUST SHAFT
LITHOLOGIC LO6

‘eUPEY [ -4 nere CN

FIGURE 4 (CONTINUED)




PRELIMINARY

STRATIGRAPHIC

ELEV. [DEPTR] coLumn REMARKS
{(FT. MSL) (FT.)
3234 175 P AS ABOVE
N\
P} 7
L
3
32294180 [
/X
D)
_\
)
32241 185 NUDSTONE, BEDDISH-BROWN, TMINLY LAMINATED TO BEDDED (1/32" TO 1/2" THICK), SOFT:
BEDDING IWDISTINCT; RARE CREENISH-GRAY REDUCTION SPOTS TO 1" DIANETER, REDUCTION
SPOTS COMCENTRATED AROUND REDUCED, CREENISH-CRAY, 1% WIDE HORIZONTAL BAND AT 191.7°,
VERY FEV FRACTURES; BASAL 1.5' BECOMES SILTY; BASAL CONTACT SHARP, SLICHTLY
UNDULATORY, OVERLYING BEDS DRAPE OVER CONTACT, EROSIONAL.
32194190
SANDSTONE, VERY FINE CRAINED, CRAYISH-WHITE, BARD TO SOFT; TROUGH CROSS-BEDDING
BECOMES APPARENT WEAL BASE; CONTAINS FIBROUS CYPSUM-FILLED FRACTURES WITH VARIABLE
3214—1-195 ORIENTATION, 1/4" TO 1" THICK: BASAL CONTACT SHARP.
SANDSTONE AT TOP GRADING TO SILTSTONE, REDDISH-MAROON, LAMINATED TO BEDDED, OCCA-
SIOMALLY CROSS-LAMINATED, MARD; COLOR BECOMES WHITISK-MAROON TOWARD BASE; LOWER 1.3’
IS SANDSTONE, STRUCTURELESS EXCEPT FOR OCCASIONAL INTERBEDS OF REDDISH-BROWN
SILTSTONE; ABUNDANT FRACTURES, MOST HORIZONTAL TO SUBHORIZONTAL AND SLICHTLY UNDU-
LATORY, FILLED WITH FIBROUS CYPSUM, THICKNESS 1/16" TO 2%, SPACED 1/8” TO 6": BASAL
32094200 | CONTACT sARP, SLICETLY taDULATORY.
CLAYSTONE, REDDISH-BROVN, THINLY LAMINATED; CROSS-LAMINATED, SETS 1/2" ACROSS,
BEDDING EROSIOMALLY TERMIMATED, COWTAINS SOFT SEDIMENT DEFORMATION FEATURES; BECOMES
SILTY TOMARD BASE; OCCASIONAL CREEWISH-CRAY REDUCTION SPOTS TO 1/2% DIAMETER, SPOTS
OCCASIONALLY BROKEW BY CYPSUN-FILLED FRACTURES; SEf FICURE & FOR PRACTURE MOTES;
3204205 BASAL CONTACT CRADATIONAL. :
NUDSTOME WITH INTERBEDDED SILTSTONE, DARK REDDISH-BROWN, THINLY LAMINATED, ABUNDANT
CROSS-LAMINATIONS, BEDDINC OFTEM TERMINATED EROSIONALLY; ABUNDANT SUBHORIZONTAL
3199210 GYPSUM-FILLED FRACTURES, SPACED 6, 1/8” TO 3" THICK; VERTICAL AND SUBVERTICAL
FRACTURES RARE; OCCASIONAL CREENISH-GRAY REDUCTION SPOTS: BASAL CONTACT GRADATIONAL.
31944215 Y '\ )
fer e —— e — e — —
-
| S
- 3189 220 —— ~

EXHAUST SHAFT
LITHOLOGIC LOG

NP 2

FlGURE 4 (CONTINUED)
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PRELIMINARY

STRATIGRAPHIC

ELEV. [DEPTH| coLumn REMARKS
(FT. MSL) (FT.)

3189 220 SILTSTONE INTERBEDDED WITH VERY FINE SANDSTONE, REDDISH-BROWN, THINLY LAMINATED TO
BEDDED, CROSS-LAMINATED, BEDS OFTEM EROSIONALLY TERMINATED, HARD; CROSS-LAMINATIONS
INCPEASE PELOW 223.0°, HORIZONTAL ZROSIONAL PLANES OCCUR BELOW 223.0°, SPACED 1.0°
T0 2.0'; SUBHORIZONTAL CYPSUM-FILLED FRACTURES ABUWDANT, 1/16" TO 1/4™ THICK; RARE
SUBVERTICAL FRACTURES; BASAL COMTACT CRADATIOMAL.

31844225

31794230
SANDSTOME, REDOISH-BROMM, SILTY, THINLY LAMINATED TO BEDDED, OCCASIOMALLY CROSS-
LANINATED; ADUWDANT SUBNORIZOWTAL GYPSUM-FILLED FRACTURES, 1/16* TO 1 THICX, SPACED

3174-1-233 2° 10 1.0°, FRACTURES BIFURCATE LOCALLY; RAME SUBVERTICAL GYPSUN-FILLED FRACTURES;
BASAL CONTACT SHARP.

31691240

3164-}- 245
SANDSTONE, REDOISH-BROWM, SILTY, STRUCTURELESS EXCEPT RARE CROSS-LAMINATIONS AND
HORIZONTAL LAMINATIONS; FEWER GCYPSUM-FILLED FRACTURES THAM OVERLYING UNIT, FRACTURES
TO 2" THICK; BASAL CONTACT GRADATIONAL.

3159—4-250

3154—F 255
SANDSTONE, REDOISH-BROWN, SILTY, LOCALLY LAMINATED AND CROSS-LAMINATED; OCCASIONAL
SUBHORIZONTAL CYPSUM-FILLED FRACTURES, IIA"- T0 1/2" THICK, SPACED 2.8° TO l.4'.
FRACTURES BIFURCATE LOCALLY; SUBVERTICAL FRACTURES RARE; OCCASIONAL GREENISH-CRAY
REDUCTION SPOTS TO 1" DIAMETER; BASAL 1.0' CONSISTS OF REDDISH-BROWN SILTSTOME;

3149—1-260 BASAL CONTACT CRADATIOMAL.

3144 265

EXHAUST SHAFT
FIGURE &4 (CONTINUED) LITHOLOGIC LOG
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PRELIMINARY

STRATIGRAPHIC

ELEV. | DEPTH
(FT.MSL}] (FT)

COLUMN

REMARKS

3144 265

31391270

31341275

31291280

3124285

31191290

31141295

310914300

3104 1305

3099 310

AS ABOYE

SANDSTONE, REDDISH-BROWN, SILTY, MOSTLY MASSIVE WITR SOME LOCAL LAMINATIONS AND
CROSS-BEDDING; SUBHORIZOWNTAL AND SUBVERTICAL CYPSUM-FILLED FRACTURES, SUBHORIZONTAL
MORE ABUNDANT, SEE PICUREL 7; BASAL CONTACT GRADATIONAL.

ARCILLACEOUS SILTSTONE, REDDISH-BROWN, THIWLY LANINATED TO LANIMATED (1/16" TO 1/4"
THICX); ABUNDANT SEDIMENTARY STRUCTURES INCLUDING: TROUGN CROSS-LAMINATIONS,
EROSIONAL SURFACES TRACZADLE AROUND CIRCUMFEREMCE OF SHAFT, SOFT SEDIMENT DEFOR-
MATION FEATURES; CROSS-LAMINATION SETS ARE 1" TO 4" ACROSS, INCREASING TO 2.0' TO
3.0' ACROSS NEAR BASE; LOWER 1.8° CONTAINS 1/4" THICK BEDS OF CLAYSTOME; HORIZOWTAL
AND SUBHORIZONTAL CYPSUM-FILLED FRACTURES 1/4™ 70 1" THICK, SPACED 0.3 T0 2.0';
VERTICAL AND SUBVERTICAL CYPSUN-FILLED FRACTURES 1/8" TO 1/4" THICK, SPACED 3.0' TO
3.0"; OCCASIONAL CREENISH-CRAY REDUCTION SPOTS TO 1™ DIAMETER; BASAL CONTACT SHARP,
MARKED BY OCCURRENCE OF A MUDSTONE BED.

MUDSTONE INTERBEDDED WITH SILTY CLAYSTONE, REDDISH-BROWM, THIMLY LAMINATED TO VERY
THINLY BEDDED (<1/16" TO i/2" THICK); ABUNDANT SETS OF TROUCH CROSS-LAMINATIONS |"
TO 4" ACROSS, CLAY DRAPE OVER RIPPLE CROSS-LAMIMATIONS; OCCASIONAL SOFT SEDIMENT
DEFORMATION: OCCASIONAL CREENISH-GRAY REDUCTION SPOTS (1/16™ TO 1/2" DIAMETER); UNIT
BOUNDED BY HORIZONTAL CYPSUM-FILLED FRACTURES, 1™ THICK AT TOP GRADING TO 1/2" THICK
AT BASE; BASAL CONTACT SHARP. . )

MUDSTONE AT TOP CRADING TO SILTSTONE AT BASE, REDDISH-BROWN, THINLY LAMINATED TO
THINLY BEDDED (1/6" TO 1™ THICK): ABUNDANT FINE STRUCTURES INCLUDING: FLASER
BEDDING, CROSS-LAMINATIONS, TROUGH CROSS-LAMINATIONS, FILLED DESICCATION CRACKS,
LOAD STRUCTURES, ABUNDAMT EROSIONAL CONTACTS; CYPSUM-FILLED FRACTURES ARE MODERATELY
ABUNDANT, 1/16" TO 1-1/2" THICK, HORIZONTAL AND SUBHORIZONTAL FRACTURES SPACED 1.0’
TO 4.0°, VERTICAL AND SUBVERTICAL FRACTURES SPACED 3.0’ TO 5.0'; OCCASIONAL
CREENISH-CRAY REDUCTION SPOTS (1/16™ TO 1™ DIAMETER); RARE 2" THICK, SUBHORIZONTAL,
CREENISH-GRAY REDUCED ZONES; BASAL CONTACT SHARP.

AS SELOW

EXHAUST SHAFT
FIGURE 4 (CONTINUED) LITHOLOGIC LO6
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PRELIMINARY

STRATIGRAPHIC

ELEV. | DEPTH
(FT.MsL)] (FT)

COLUMN

REMARKS

3099 310

30941315

30891320

30841325

3079—F330

3074—¢4-335

3069-r340

30641345

30594350

-3054 355

— — s ————
e e e ——

¢

gy epym gt

—4

MUDSTONE AT TOP, CRADING TO SILTSTONE, DARK REDDISH-BROWVM TO REDDISH-BROWN, WITH
MINMOR INTERBEDDED MUDSTOME, THINLY LAMINATED TO LAMIBATED (<1/32" TO 1/8"), HARD;
CROSS-LAMINATED, BECOMING MORE ABUNDANT WITH DEPFTH; OCCASIOMAL GREENISH-CRAY
ninucrml SPOTS (1/16" TO 1/4™ DIAMETER); FIBROUS GYPSUM-FILLED FRACTURES BECOME
LESS ABUMDANT WITH DEPTH; HORIZONTAL AND SUBHORIZONTAL FRACTURES 1/16" TO 1™ THICK,
SPACED 2" TO 2.0°; VERTICAL AND SUBVERTICAL FRACTURES 1/16™ TO 1/4" TMICK, SPACED 2"
TO 2.¢'; BASAL CONTACT SHARP.

MUDSTONE AT TOP, GRADING TO SILTSTOME WITM DEPTN, DARK nznnxsn-anoun'rp REDDISE-
EROWM, UNIT SIMILAR TO ABOVE EXCEPT FOR A 3" THICK BED OF MUDSTONE WHICH OCCURS AT
316.2° AMD HAS A SHARP UPPER CONTACT AND GRADES TO SILTSTONE WITH DEPTM, HARD;
NUDSTONE: STRUCTURELESS; SILTSTONE: FINELY LAMINATED TO CROSS-LAMINATED; FRACTURES
SIMILAR TO OVERLYING UNIT; OCCASIONAL GREENISH-GRAY REDUCTION SPOTS TO 1" DIAMETER;
BASAL CONTACT MARKED BY 3™ THICK SUBHORIZONTAL CREENISH-GRAY ZONE AND DARK REDDISHM-
BROWM MUDSTOME, SHARP, '

HUDSTONE, REDDISH-BROWM, STRUCTURELESS; FRACTURES SIMILAR TO OVERLYING UNIT; BASAL
CONTACT CRADATIOMAL.

CLAYSTONE, DARK REDDISU-BROWM, INTERBEDDED WITH SILTSTOME, LICHT REODISH-BROWN,
NMICRO-LAMINATED TO VERY THINLY BEDDED (<1/32" YO 1/2%); SILTSTOME: CROSS-LAMINATED;
CLAYSTONE: STRUCTURELESS; ASUWDANT GREEWISH-GRAY REDUCTION SPOTS: CRADES TO
SILTSTONE AT BASE; ALL FRACTURES FILLED WITH FIBROUS GYPSUM; HORIZONTAL AND
SUBHORIZONTAL FRACTURES 1/8" T0 1" THICK, SPACED 3" T0 2.0°; VERTICAL AND SUB-
VERTICAL FRACTURES 1/16” TO 1/4" THICK, SPACED 2.0°' TO 3.0'; BASAL CONTACT SHARP.

CLAYSTONE, DARK REDDISH-BROWM, MICRO-LAMINATED TO TMINLY LAMINATED (<1/32% TO
1/16"), STRUCTURE POORLY DEFINED DUE TO ABUNDANT FRACTURING, OCCASIONAL CROSS-
LAMINATIONS, BEDDING OFIEd CONVOLUTED AND EROSIONALLY TERMINATED; ABUNDANT GREENISH-
CRAY REDUCTION SPOTS (1/16™ TO 1™ DIAMETER); ABUNDANT GYPSUN-FILLED FRACTURES, -30%
HORIZONTAL AND SUBHORIZONTAL; TWO SCALES OF SPACINC: MINOR - 1/3" TO 2%, MAJOR - 2"
TO 6" FRACTURE DENSITY INCREASES IOWARD BASE, THICKNESS VARIES FROM 1/16" TO 1.0';
REMAINING -10% VERTICAL AND SUBVERTICAL FRACTURES, SPACED 1" TO 2.5', THICKNESS
1/16" TO 1/4™; BASAL CONTACT SHARP.

SILTSTONE, REDDISH-BROWN, LAMIMATED TO BEDDED, CROSS-LAMINATED, SOFT SEDIMENT
DEFORMATION FEATURES, HARD; ALL FRACTURES FILLED WITH FIBROUS CYPSUM; SUBHORIZONTAL
AﬁD HORIZONTAL FRACTURES 1/16" TO 1" THICK, SPACED 1% T0 1.0'; VERTICAL AND
SUBVERTICAL FRACTURES 1/8" TO 1/2" THICK, SPACED 6" TO 2.0'; ABUNDANT CREENISH-CRAY
REDUCTION SPOTS 1/16" TO 1" DIAMETER; BASAL CONTACT SHARP.

EXHAUST SHAFT
LITHOLOGIC LOG
SHEET 10 of 50

FIGURE 4 (CONTINUED)




PRELIMINARY l5TRATIGRAPHIC REMARKS
ELEV. [ DEPTH| coLumn
(FT.MSLH (FT.)
3054 355 -
— = (— ] MUDSTONE GRADING TO SILTSTOME IN VERTICAL GCRADATIONAL SEQUENCES 1.0¢ TO 3.0* THICK,
7 ’ REDDISH-BROWM (SILTSTONE) AND DARK .REDDISH-BROWN (MUDSTONE), EACH SEQUENCE CONSISTS
L~ 1 OF STRUCTURELESS MUDSTONE AT TOP CRADING TO THINLY LAMINATED TO BEDDED SILTSTOME AT
! ) BASE; AMOUNT OF SEDIMENTARY STRUCTURES INCREASE TO BASE OF EACH SEQUENCE, THESE
— T (1 STRUCTURES INCLUDE: CROSS-LAMINATIONS, TROUGH CROSS-LAMINATIONS, EROSIONAL SUR-
3049-}-360 { §
R FACES, OCCASIONAL SOFT SEDIMENT DEFORMATION FEATURES; UPPER CONTACT OF EACH SEQUENCE
= IS EROSIOMAL; OCCASIONAL GREENISH-GRAY REDUCTION SPOTS (1/16* TO 1™ DIAMETER); ALL
LA S FRACTURES GYPSUM-FILLED; VERTICAL AND HIGH ANGLE FRACTURES APPEAR YOUNGER THAN HORI-
= = Z0NTAL AND SUBHORIZONTAL FRACTURES; SUBHORIZONTAL FRACTURE FILLING OCCASIONALLY
-~
_3 — __I SIGMOIDAL AND/OR TILTED; FILLING IN VERTICAL AND HIGH ANGLE FRACTURES HAVE A. COMPO-
3044365 e Sl NEWT OF THNUST; THAEE TYPES OF HORIZONTAL AND SUBHORIZONTAL FRACTURES; THICK - 1/2"
) ) T0 1®, SPACED 1.0 TO 2.0°'; MODERATELY THIN - 1/8" T0 1/2:, SPACED 1* T0 1.5'; THIN
—:1; - 'j):‘ - «1/8", SPACED 1/R" TO 1*; BASAL CONTACT SHARP.
T
P )
3039-%-370 5 = j
L 7
o o= = -
E—
) )
ol e
J ’
30344375 | — T—
)
= — ("
) )
3029380 | — SILTSTONE, REDDISH-BROWN, WITM INTERBEDDED CLAYSTONE, DARK REDDISH-3ROWN, 1" 10 4"
7] —J—_——I— THICK FINING UPWARD SEQUENCES, THINLY LAMINATED TO THINLY BEDDED (1/16" TO 2"
T )] THICK), HARD; SEDIMENTARY STRUCTURES INCLUDE: CROSS-LAMINATIONS, SOFT SEDIKENT LOAD
e —— STRUCTURES, EROSIONAL CONTACTS AT TOP OF EACH FINING UPWARD SEQUENCE; LOCALLY
_____ — ABUNDANT GREEMISH-GRAY REDUCTION SPOTS (1/16" TO 1" DIAMETER), SOME OCCUR IN ALICNED
) ZONES; OVERALL CRAIM SIZE INCREASES TO BASE; ABUNDANT HORIZONTAL, FIBROUS CYPSUM-
3024385 ( FILLED FRACTURES OCCUR IN TWQ SIZE GROUPS: 0" TO 1/4" THICK, SPACED 1/4" TO 1%; 1/4"
1 ) TO 1/2" THICK, SPACED 0.5’ TO 2.0°; VERTICAL AND HIGH ANGLE FIBROUS GYPSUN~FILLED
== FRACTURES ARE MODERATELY ABUNDANT, 1/16" TO 1/2" THICK, SPACED 2.3 TO 3'; BASAL
"’——';_—"‘ CONTACT SHARP, UNDULATORY, POSSIBLY EROSIONAL.
)
]
30191390 A
)
»
—
30144—-395 7
f
Shpdegleplipeytigiis
) —
3009 400 i 7 7
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PRELIMINARY

STRATIGRAPHIC

REMARKS
ELEV. | DEPTH COLUMN
(FT.MSL)] (FT.)
g ok
3009 400 AV SILTSTONE, REDDISH~BROWN, WITH INTERBEDDED CLAYSTONE, DARK REDDISH-BROWN, 1" TO 4"
J 7 THICK FININC UPWARD SEQUENCES, THINLY LAMIMATED TO THINLY BEDDED (1/16™ TO 2"
THICK), HARD; SEDIMENTARY STRUCTURES INCLUDE: CROSS-LAMINATIONS, SOFT SEDIMENT LOAD
7 _STRUCTURES, EROSIONAL CONTACTS AT TOP OF EACH FINING UPWARD SEQUENCE: LOCALLY
Bl ABUNDANT CREENISH-CRAY REDUCTION SPOTS (1/16™ TO 1" DIAMETER), SOME OCCUR IN ALICNED
3004_1_405 t — IONES; OVERALL CRAIN SIZE INCREASES TO BASE; ABUNDANT HORIZONTAL, FIBROUS GCYPSUM-
FILLED FRACTURES OCCUR IN TWO SIZE CROUPS: 0" TO 1/4" THICK, SPACED 1/4" TO 1%; 1/4"
TO 1/2" THICK, SPACED 0.5 TO 2.0'; VERTICAL AND HICH ANCLE FIBROUS GYPSUM-FILLED
FRACTURES ARE MODERATELY ABUNDANT, 1/16™ TO 1/2" THICK, SPACED 2.5° TO $%; BASAL
CONTACT SHARP, UNDULATORY, POSSISLY EROSIONAL.
2999—T-4|0
29944415
29894420 [T T
e — —
2984 425 '
2979__4’30 Y \ SILTSTONE AT TOP, GRADING TO CLAYSTONE AT BASE, REDDISH-BROWN TO DARK REDDISH-BROWN,
i : TRACE OF BEDDING AT TOP GRADINC TO STRUCTURELESS AT BASE, HARD; CONTAINS OCCASIONAL
*‘4% CLAYSTONE CLASTS <1/8" DIAMETER; RARE INKTERBEDS OF CLAYSTOME, 1/16™ TUICK; ABUNDANT
CREENISH-GRAY REDUCTION SPOTS (1/16™ TO 2" DIAMETER) OCCUR IN ZONES; ABUNDANT
4{ S HORIZONTAL AND SUBHORIZONTAL FIBROUS GYPSUM-FILLED FRACTURES, MAJORITY 1/16” THICK,
7 - "SPACED 1" TO 2"; WODERATELY ABUNDANT VERTICAL AND SUBVERTICAL FIBROUS CYPSUM-FILLED
29741438 Al FRACTURES UP TO 1/4" THICK, SPACED 1.0' TO 3.0'; BASAL CONTACT OBSCURED.
¢ €
) A\
7 T
—
)
2969—4-440
L <€
A AY
3 ”
—
)
2964 4495
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LITHOLOGIC LO6

euNeer 179 ne CN

FIGURE 4 (QONTINUED)




PRELIMINARY

STRATIGRAPHIC

S
ELEV. [DEPTH|  coLumn REMARK
{FT.MSL) {FT.)
2964 | 445 AS ABOVE
2959—14-450
29541455
- SLIGHTLY SAMDY SILTSTONE, KEDDISH-BROWM, INTERBEDDED WITH SILTY-NUDSTONE, DARK
2949-1-460 REDDISH-BROWM, 1™ THICK PINING UPWARDS SEQUEMCES, THINLY BEDDED (1"); NIMOR ERO-
SIONAL CONTACTS AT TOP OF ‘EACH FININC UPVARD SEQUENCE; HORIZONTAL AND SUBHORLZONTAL
' FIBROUS GYPSUM-FILLED FRACTURES <1/4™ THICK, SPACED 0" TO §"; SUBVERTICAL AND
== VERTICAL FIBROUS CYPSUM-PILLED FRACTURES AREZ LESS ABUNDANT AND CROSS-CUT HORIZOWTAL
— *_\ _ AND SUBHORIZOMTAL FRACTURES; BASAL CONTACT SHARP.
» . i — _.——-4—
2944-1-465 SILTSTOME AT TOP CAADING TO CLAYSTONE AT BASE, REDDISH-BROWN TO DARK REDDISH-BROWN,
— —¢ TIACE OF BEDDING AT TOP GEADINC TO STRUCTURELESS AT BASE, HARD; ABUNDANT CREEWISH~
R CRAY REDUCTION SPOTS (1/16" TO 2™ DIAMETER); HORIZONTAL AND SUBHORIZONTAL FIBROUS
-5 CYPSUM-FILLED FRACTURES <1/8" THICK; SUBVERTICAL AND VEATICAL GYPSUM-FILLED
FRACTURES ARE LESS ABUNDANT AND CROSS-CUT HORIZONTAL AND SUBMORIZONTAL FRACTURES:
£ J, BASAL CONTACT SHAR?,
29391470 7
2934—1-475
29291480
MUDSTONE, SILTY, DARK REDDISH-BROWN, STRUCTURELESS; NO HORIZONTAL OR SUBHORIZONTAL
CYPSUM-FILLED FRACTURES; RARE SUBVERTICAL AND VERTICAL FRACTURES PRESENT, 0" TO 1/2"
THICK; BASAL CONTACT GRADATIONAL.
29244489
. 2919 490

EXHAUST SHAFT
LITHOLOGIC LO6

FIGURE 4 (CONTINUED)
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PRELIMINARY

STRATIGRAPHIC

ELEV. | DEPTH]  coLumn REMARKS
(FT. MSL) (FT.)
2019 | 490 A8 ABOVE
2914 - 495
2909 i
CLAYSTONE GRADINC TO SILTSTOME WITH DEPTH, REDDISH-BROWN TO DARK REDDISH-BROWN, THIW
1" T0 3" THICK FIMINC UPVARDS SEQUENCES, THINLY BEDDED; CONTAINS MINOR EROSIONAL
CONTACTS AT TOP OF EACH PININC UPWARDS SEQUENCE; ABUNDANT HORIZONTAL AND
SUBHORIZONTAL FIBROUS CYPSUM-FILLED FRACTURES 0" TO 1/8" THICK, SPACED 0" TO 6”3
MODERATELY ABUMDANT VERTICAL AND SUBVERTICAL FIBROUS CYPSUX-FILLED FRACTURES 1/8" 1O
2904-1 505 1/2% THICE; BASAL CONTACLT SHARP.
2899 —1-510
— = ———1
._.._.\'——_..
___—&__
2894 —4-515 Y
AY
( \
\
2889 -}-520 )
Y
7
P |
1’ _ )
-
2884 1525 > B SILTSTONE, (FICURE 9).
[} (
4 )
L
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2879 4530 R
{
JJ 3
A
\—
I ¢
2874 535 :

_FIGURE 4 (CONTINUED)

EXHAUST SHAFT

LITHOLOGIC LO&

1T

-

cn




PRELIMINARY |STRATIGRAPHIC

REMARKS
ELEV. [ DEPTH| coLumn

(FT.MSL)] (FT))
2874 5335

{
)
i
J

\LIR

28691 540

<4
~r_4\

2354_Jr545 :_5_—'__ —_:f'* SILTSTONE, (PICURR 9).

\Q RUSTLER FORMATION

\ FORTY-WINER MEMBER : )
ANUYDRITEZ, FIVELY CRYSTALLINE, GRAY TO CRAYISH-BROWM, WHITE AT UPPER CONTACT, BANDED
TO OCCASIONALLY LAMINMATED, SPACED 1/16" TO 1%; BANDS AND LAMINAE UNDULATORY UP TO
28591~ 550 1/4" AND OCCASIOMALLY TERMINATE