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'EXECUTIVE SUMMARY

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

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

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

The upper part of the Dewey Lake Redbeds displayed features consistent with Schiel’s
(1988) interpretation of the depositional environments. The geologic mapping data
indicated deposition in a ﬁn'e-grained, ephemeral fluvial system (Schiel, 1988). The lower
part of the Dewey Lake, however, was depositionally a continuation of Rustler style
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sedimentation and accumulated in saline mud flatmud flat environments. Most gypsum-
filled fractures developed incrementally in response to unloading, while some Dewey Lake
are syndepositional. Within the Dewey Lake, a cement change between carbonate and,
possibly, anhydrite was observed at a depth of 164.5 feet. Perched water tables within the
Dewey Lake may rest on this cement change. Above the:cement change, the shaft
surface was moist and displayed an efflorescent crust consisting of halite. - The source of
the halitic water is attributed to the. muck-piles north and east of the AlS.

The features observed within the Rustler are consistent with those reported by Holt and
Powers (1984, 1986, and 1988). Mudstones within the Rustler cteated a spalling hazard
as several feet the mudstone had spalled out of the units and large slabs to desk-top size

had to be scaled from the rib prior to mapping. Liner plate was finstalled over all Rustler
mudstones. The surface of the lower part of the Rustler requirecl extensive washing and
scaling prior to mapping as Culebra and construction waters dissolved halite crystals and
cements. Extensive vertical fluting was observed.

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

Salado sulfate interbeds (including Markerbeds) displayed abund;ant previously undescribed
textures and fabrics. Textural data from the AIS provided the basis for further interpretation
of these interbeds. Salado sulfate interbeds were deposited in shallow saline lagoon
environments following eustatically- or meteon'cally-drivenv, basin-wide flooding and
freshening events (Lowenstein, 1982, 1983, 1988). Different hyt‘irologic conditions produced
three distinct types of sulfate interbeds within the Salado. The sulfate interbeds bounding
the repository horizon may be laterally variable due to facies ch;anges within the .
depositional environment. Geologic evidence of naturally occurr’ing late-stage fluid migration

v
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or alteration within the halite of the Salado was not found. Mineralized and fluid-filled
fractures occur within some sulfate interbeds within the Salado.
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FOREWORD

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

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

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

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

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

As usual, we have had the pleasure of some good company while mapping in the shaft.

In particular, we thank Mr. Mel Baldarrama for washing and sam;lmng assistance;

Mr. Norbert Rempe, who faithfully accompamed us and helped with observations, samplmg,
and photography, and arranged for video taping of the section; and the shaft crew who
were admirably patient and maintained their good -humor while we -argued, pondered, and
sat and described. We take sole responsibility for the results provided in this report,
including their quality and accuracy. ‘

Robert M. Hoit ' Dennis W. Powers
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1.0 INTRODUCTION

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

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

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

3 inches. Through the upper, concrete-lined portion of the shaft, the finished diameter is
18 feet from 0 to 471 feet and 16 feet 7 inches from 471 to 903 feet. The lower part of
the shaft is uniined. Several less stable sections in the unlined portion have been covered
with wire mesh and rock bolted for safety. The principal geotechnical activity in the shaft
consisted of reconnaissance mapping and description of the entire géolbgic section. This
was suppler/nented by detailed mapping of the entire circumference of the shaft areas of
specific interest, including five sections of the Rustler Formation and the shaft keyway.
During the mapping activities, various instrument locations were sélected in cooperation
with other investigators.

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

1.1 SCOPE OF WORK
The detailed scope of work for' mapping the air intake shaft was presented in the "Work
Plan for the Geologic Mapping in the Air Intake Shaft at the WIFP Facility, Carlsbad, New
Mexico" (dated March 4, 1988) (Appendix A). The objectives of {the geologic mapping were

to:

.+ Provide confirmation and documentatron of strata overlymg the WIPP facility
horizon.
[

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

+ Provide a techmcal basis for field adjustments and modlfrcatrons of key and
aquifer seal design, based upon the observed geology

+ Provide geological data for the selection of instrume]ant borehole locations.

« Characterize the geology at geomechanical instmmrfant locations to assist in
data interpretation.

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

« Reconnaissance mappmg of the entire geologic sec’tlon from surface to the

repository level. ,
‘ |

« Detailed, 360° geologic mapping of identified zones: of interest.

.+ Collecting geologic information in the vicinity of exr tmg and proposed
~ instrument locations.

The geology of the entire shaft was strip-mapped using reconnaissance mapping
procedures Five sections or intervals were identified as being of special interest and were
mapped around the entire circumference of the shaft. These intervais were:
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 The Dewey Lake Redbeds/Rustler Formation contact (from a map depth of
505-520 feet).

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

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

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

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

1.2 METHODOLOGY

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

1.2.1 Reconnaissance Geologic Mapping

During reconnaissance geologic mapping within the AlS, the geology exposed in a 5- to
20-foot section of the shaft wall was cleaned, described, photographed, and if appropriate,
sampled. Unusual geologic features visible outside of the cleaned area were also
described. The south side of the shaft was mapped. Vertical control was established with
a survey chain from a known reference point within the shaft. During the reconnaissance
mapping of the lined section of the shaft, the zone to be mapped was cleaned at the start
of each mapping exercise. In the unlined section of the shaft, the entire section was

- cleaned in two phases and then mapped. This allowed the surface of the shaft to dry so
that brine inflow from markerbeds within the Salado couid be distinguished from the water
used for washing. After the shaft wall was cleaned, horizontal lines were spraypainted on
the wall at five-foot intervals. The mapping units were defined and described by geologists,
and the depths to and morphology of lithologic contacts and features were drawn on
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mapping forms. Photographs were taken as the section was maplnped and described.
When appropriate, oriented samples were taken and placed in labeled containers
(Appendix C).

1‘
r
|

1.2.2 Detailed Geologic Mapping _
The entire circumference of the shaft wall was mapped and described during detailed

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

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

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

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

The installation of utilities, electrical lines, and water lines for in-shaft mapping and
construction began on May 8, 1989. This work advanced sufficiently so that mapping of
the Salado Formation could resume on September 20, 1989; mapping was completed
November 14, 1989." Rock mechanics and hydrologic experiments and monitoring devices
were emplaced in the shaft following geologic mapping. The construction history of the AIS
is summarized in Table 1. ‘

2.1 GROUND CONTROL

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

some claystone/mudstone beds below sulfate marker beds.
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TABLE 1

ABRIDGED CONSTRUCTION HISTORY OF

THE AIR INTAKE SHAFT

Location:

Elevation:

Construction
Contractor:

Pilot Hole Started
for Raise bore:

Pilot Hole
Completed:

* Raise Boring Began:
Rais\e Boring Completed:

Liner Plate and

Geologic Mapping Began:

Liner Plate Completed:
Slipforming Began:
Slipforming Completed:

Construction Contractor
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3.0 AIR INTAKE SHAFT GEOLOGY

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

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

The geology of the AIS and its plenum excavation was intermittently described during the period
from March 11, 1988, to Nove/mber 8, _1989. The plenum excavation from the surface to a depth
of 20 feet contained surficial dune sand, the Mescalero caliche, and the upper part of the
Gatufia Formation. This interval was: described on March 11, 1988. Shaft upreaming was
completed on August 25, 1988. The upper 900 feet of the AIS (theiconcrete-lined portion of the
shaft), containing the Gatuia Formation, Santa Rosa Formation, Devs;ey Lake Redbeds, Rustler
Formation, and the upper 70 feet of the Salado Formation, were described between

September 14, 1988 and November 8, 1988. The remainder of the shaft through the Salado
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Formation was not lined and was described between September %:0, 1989, and November 14,

1989.

The results of the geologic mapping are presented in descending|order in this chapter.

_Interpretations of new and unique data are also discussed, and ground conditions- at the time of

mapping are reviewed. The detailed discussion of the depositional environments of the Salado
from Appendices F and G is summarized. | ' '
3.1 MESCALERQO CALICHE |
The Mescalero caliche is an informal stratigraphic unit which derives its name from the
Mescalero Plain. It began to form about 510,000 years ago as & pedogenic caliche on an
aggrading eolian surface (Bachman, 1985). Many of the surface| structures at the WIPP are
founded on top of the Mescalero caliche. The AIS subcollar is founded below the Mescalero

caliche.

The Mescalero caliche descriptions are from exposures in the AIS plenum excavation on March

11, 1988. In the AIS plenum excavation, the Mescalero Caliche( is roughly ten feet thick with a

well-defined upper surface and a very diffuse lower contact (Figlfjre 4). In general, the overali
degree of induration and the carbonate content decrease downwf'ard. The upper part of the
Mescalero (the caprock) displays a well-developed laminar textun;'e. Nodules and stringers of
carbonate become more prominent downward, and the middle p:art of the caliche is dominated by
these textures. Clastic material increases downward. Iregular zones containing sandstone are
found toward the middle of the caliche and become larger and fnore prominent downward. The
lower part of the caliche is dominantly a carbonate cemented .se;andstone. The sandstone is
poorly sorted, moderately hard to very soft, and friable. Dark g;ray to black stains often bound
iregular masses of well indurated sandstone. The caprock and nodules are very hard and
dense while zones containing sandstone vary from well cementiiad and hard to poorly cemented
and very friable. Uncemented zones of sand are Iocallyvpreserfnt. The lower contact of the
caliche with the Gatuha Formation is gradational.

3.2 GATUNA FORMATION {

The Gatuna Formation was named by Robinson and Lang (19:-38) for exposures in Gatuna
Canyon on the east side of Clayton Basin. It is intermittently distributed through the Pecos River
Drainage. Across the WIPP site area, the Gatuna occurs as a," thin veneer of sandstone.

|
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At the AIS, the Gatuna is 13 feet thick and consists of very calcareous, very friable, soft
sandstone (Figures 4 and 5). The Gatuna is light red and mottled with dark stains. Carbonate
occurs. as stringers and concretions in probable rhizolithic structures. Clay-sized materials locally
appear translocated. Some pebble-sized clasts of sandstone are probably derived from the
underlying Santa Rosa Formation. The Gatuna overlies a sharp erosional contact on the Santa
Rosa Formation.

3.3 SANTA ROSA FORMATION

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

age. The Santa Rosa occurs as an erosional wedge that: pinches out west and south of the
WIPP site. |

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

3.4 DEWEY LAKE REDBEDS

The Dewey Lake Redbeds are. the uppermost of four Ochoan formations in the Delaware Basin.
The. Dewey Lake is assigned to the Permian, although this is somewhat arbitrary as it is not
supported by radiometric datingor-qusil evidence. The Dewey Lake was named by Page and
Adams (1940); based on samples from the Penn Oil Habenstreit #1 Well,- Glasscock County,
Texas. The term "Dewey Lake" superseded the term "Pierce Cahyon" originally proposed by
Lang (1935) for redbeds in the Delaware Basin. The term "Pierce Canyon," however, was used
as late as 1963 in Vine’s (1963) descriptions of the Permian redbeds in Nash Draw. The U.S.
Geological Survey later abandoned the term "Pierce Canyon" and adopted the term "Dewey
Lake" because it was more widely accepted by geologists and "Pierce Canyon,” as defined,
included rocks of the Pleistocene Gatuna Formation.
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The Dewey Lake cohformably overlies the Rustler Formation on a regional scale (with local
minor erosional relief) and underlies Late Triassic and younger rocks (Holt and Powers, 1988;
Figure 5). The Dewey Lake thins to the northwest as the result jof pre-Late Triassic ercsion.
The Dewey Lake is often assumed to be laterally equivalent to the Quarte)rmaster Formation or
Group of the Texas panhandie and Oklahoma (Hills and Kottlowski, 1983).

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

Miller (1955, 1966) provided the first interpretation of the deposjitional environments of the Dewey
Lake. He postulated that the Dewey Lake was deposited as ec}:lian material reworked in a
shallow marine environment. Based upon the occurrence of gy:'psum, Hills (1972) suggested that
the Dewey Lake was deposited in playa lakes.

On the basis of outcrop data from the northern part of Nash Dfraw, Schiel (1988) interpreted the
depositional environments much differently. Schiel examined blfetween 75 and 100 feet of
stratigraphic section along the Maroon Cliffs in Nash Draw and[l identified and interpreted eight
different lithofacies which- displayed fluvial features. At the Mal‘oon Cliffs, Schiel observed a -
fluvial architecture consisting of broad, winged channels, vemcally stacked and laterally
interfingering, filled with thin horizontal laminae within. the Dew¢=y Lake. Schiel interpreted the
depositional environment of the Dewey Lake to be a fine-grained, ephemeral, fluvial system and
envisioned the deposition to have occurred on a "broad, arid, :Iand relatively featureless fluvial
plain” with episodic transport of clastic material during really lirited flash floods. -

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

3.4.1 Dewey Lake Redbeds In the Air Intake Shaft

The Dewey Lake Redbeds are 476 feet thick at the AIS. They consist primarily of interbedded
siltstone, fine sandstone, mudstone, and claystone. They are characterized by abundant
greenish-gray reduction spots and, below 164 feet, abundant fibrous gypsum-filled fractures. The

Dewey Lake can lithologically be divided into an upper and lower sequence based upon
sedimentary structures and grain size.

3.4.1.1 Upper Sequence of the Dewey Lake Redbeds
At the AIS, the upper 382 feet of the Dewey Lake consist of thinly laminated to cross-laminated
sandstone and siltstone units interbedded with mudstone and local claystone (Figure 5). The

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

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

Exposures from the upper part of the ‘Dewey Lake in the AIS are very consistent with Schiel’s
(1988) descriptions of the Dewey Lake from Nash Draw. Schiéi deﬁ‘ned“e"ight lithofacies within
the Dewey Lake: (1) horizontally laminated siltstone, (2) structureless siltstone, (3) horizontally
laminated (siltstone and fine sahdstone) channel fill (channel width varied from 4 to 90 feet and
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depth varied from 1.5 to 20 feet), (4) micro-cross laminated siltstcine with abundant climbing
ripples, (5) interbedded siltstone and silfy ciaystone couplets, (6) thinly interlaminated siitstone
and claystone with convoluted bedding, (7) structureless silty claystone, and (8) cross-laminated
fine to medium sandstone with tabular and trough cross-laminations. Schiel interpreted these

lithofacies to heve been deposited in a fine-grained, ephemeral fluvial system.

3.4.1.2 Lower Sequence of the Dewey Lake Redbeds
At the AIS, the lower 94 feet of the Dewey Lake consist mostly of snltstone and mudstone with

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

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

Most of the strata show soft sediment deformation and dismptiq’m from slumping and
p’enecontemporaneous fracturin'g;and faulting (Figure 13). The [resulting sedimentary structures

. are similar to those observed in periglacial sediments (Brodzikq'wski and Van Loon, 1985). This
/ style of deformation. decreases upward through the sequence.

. The textures present within the lower part of the Dewey Lake ziare consistent with those formed in
mud flat/saline mud flat environments. The general lack of bedform migration and channeling
coupled with evidenceof subaerial exposure suggest a low energy depositional system.’

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

3.4.2 Relationship Between the Dewey Lake and Rustler Formation

The Dewey Lake Redbeds represent the transition from the dominantly marine-derived evaporites
of the Rustler Formation to continental clastics during the end-stages of the Delaware Basin. No
clear evidence of erosion and dissolution of the underlying evaporites complicate the
understanding of this transition. A lack of a regional angular unconfbrmity (Holt and Powers,
1988) suggests that the hiatus between the Rustler and Dewey Lake was very small. The

' geologic mapping of the AIS provide additional data concerning the lower part of the Dewey
Lake which allowed the authors to more precisely reconstruct this transition.

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

With the exception of the upper portion, the Dewey Lake is. characterized by locally abundant
gypsum-filled fractures. Most of the fractures are filled with fibrotis gypsum, although granular
gypsum fracture fillings do occur in the upper portion of the Dewey Lake. In the AlIS, gypsum-
~ filled fractures are abundant below 164.5 feet. The fracture filling gypsum is fibrous indicating
incremental growth. The fracturepa'}térn and filling morphology i:!; governed by the grain-size of
the fractured host material, as discussed below. '

3.4.3.1 Fracture Filling Gypsum

The gypsum fracture fillings are clear to white, fibrous, and both syntaxial and antitaxial (after
Dumey and Ramsey, 1973). Pieces of the wallrock material are| sometimes found within the
fracture filling. Most of the larger fibrous fracture fillings observed within the Dewey Lake appear

to have a "suture” line which aiways paraliels the fracture surfacze of the host material. The
suture line is the site of a moderate to abundant amount of inclusion of wall rock material. Most
of the fibrous fracture filings are perpendicular to the fracture margin; however, some are tilted
away from the perpendicular, and, in rare cases, they are sigmoidal.. Fibrous fracture fillings |
~ result from overgrowth on individuai crystals as the fracture opens in small increments. When
- the fracture initially opens, a void and a zone of low pressure is: created. Intercrystalline or pore
fluid migrates toward the site of low pressure. The pressure de;crease coupled with newly
created void space is conducive to mineral precipitation along the fracture surface. If the fluid is
near saturation for a-particular mineral, this pressure .drop may grive the fluid to saturation, and
precipitation may occur. If the wall rock and the fracture filling <':ontai'n the same mineral,
overgrowth upon grains or crystais of that mineral in the wall rol]ck will occur and the fracture
filling will be syntaxial (Durney and Ramsay, 1973). If saturatiog'n is reached and the wall rock
does not contain the same mineral and nucleation of the new nﬁineral occurs, the resulting
fracture filling.is antitaxial (Durney and Ramsay, 1973). The su[‘ture line is most visible in
antitaxial fracture fillings because small pi'eces of the wall rock ::are included within the crystals
during the initial fracturing and precipitation. The suture line parallels the fracture surface on the
wall rock.

T |
Once the initial fracturing ‘and subsequent precipitation occurs, the fracture filling grows
incrementally because the fracture filling mineral precipitates as| overgrowths. These overgrowths
are constrained by each other and grow competitively, perpendicular to the wall rock, créating a
fibrous crystal habit. The fibrous habit is visually enhanced when the filling material consists of

a mineral that is readily twinned (e.g., gypsum).

|
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As fracturing continues, one side of the fracture filling and the wall rock separate. Fluids migrate
to that point, and minerals precipitate at the contact between the wall rock and the filling
material. Therefore, the youngest part of the filling is next to the wall rock, and the oldest part
of the fracture filling is adjacent to the suture line. The width of the fracture filling on each side
6f the suture line is proportional to the number of reseparations along each side.

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

3.4.3.2 Fracture Morphology and Origin
Within the Dewey Lake, sandstones and siltstones generally have fewer fractures than
mudstones and siltstones. In sandstone and siltstone, fracture fillings are usually thick (up to

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

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

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

. 3.4.4 OQrigin of Perched Water Tables In the Dewey Lake
Moisture has been encountered within the DeWey Lake at several of the WIPP drillholes, and
several stock wells south of the WIPP site are possibly completed in the upper Dewey Lake
(Mefcer, 1983). The cause and distribution of these perched aqlljifers within the Dewey Lake is
not known. The geologic mapping of the Dewey Lake in the AI§; has provided a possible basis

for future assessment of these aquifers.

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

‘This cement éhange may be recognizable on geophysical logs from the Dewey Lake. The
Qeophysical logs fro_m a drll-hole adjacent to the AIS (H-16; Me[.»rcer and Snyder, 1990) show an
._increase in compensated neutron porosity-and an overall drop i:n bulk density in the vicinity of
this cement change. _ If this cement change can be recognized |consistently on geophysical logs
in the vicinity of the WIPP, the cement change surface may be| contoured and compared with
known locations of perched Dewey Lake aquifers. .

|
|
1
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In the AIS, the presence of moisture in the uppermost section of the Dewey Lake is due to
downward percolation of meteoric water through the poorly cemented clastic rocks. Halite
dissolved into the water produced halite efflorescence on the shaft wall following evaporation.
There i5 no source of halite within the overlying rocks, and halite muck-piles north and east of
the AIS are the only source of halite above the Rustler Formation. The fluids observed at the
AIS must have come in contact with halite at, or derived from, the muck-piles.

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

3.4.5 Summary of the Dewey Lake Redbeds
The Dewey Lake Redbeds at the WIPP site (as described in the AIS) consist of 476 feet of
interbedded siltstone, fine sandstone, mudstone, and claystone. The Dewey Lake can be

subdivided on the basis of grain size and sedimentary structures into 1) an upper sequence
deposited frdm a fine-grained, ephemeral fluvial system (Schiel, 1988) and 2) a lower sequence
deposited in saline mud flamud flat environments. Gypsum-filled fractures are abundant
throughout most of the Dewey Lake and are at least partly syndepositional. The lower mud

flat/saline mud flat sequence depositionally continued Rustler-style sedimentation. Conditions
suitable for marine-derived flooding of the Delaware Basin were persistent through Rustler time

(Holt and Powers, 1988), but did not continue through Dewey Lake time. The Dewey Lake
represents a transition from the marine-influenced evaporite deposition of the Rustler to fluvial
deposition on a broad, low-relief, fluvial plain.

3.5 RUSTLER FORMATION o

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

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

The Rustler Formation is characterized by a variai:le lithology consisting of interbedded sulfates,
carbonates, clastics, and halite. On the basis of mapping in the| waste handling and exhaust
shafts, cores, and geophysical logs, Holt and Powers (1988) evaluated the depaositional
environments and diagenetic history, including dissolution, of the| Rustler in the WIPP area. Théy
concluded that the Rustler was the depositional product of repected transgressive events over
low-relief salt pan and mud flat environments followed by desiccation to sait pan and mud flat
environments. The transgressive evepts produced lagoonal comljitions favorable to the
subaqueous deposition of clastics (the lowermost siltstone and sandstone unit within the Rustler),
carbonates (Culebra and Magenta Dolomite Members), and sulfates (anhydrite beds). Upward
desiccation and shallowing, due to constriction of the lagoon toward the Rustler depositional
center (15 miles south and east of the WIPP site), produced te>j<tural changes within the Rustler
sulfates and ultimately led to deposition in salt pan and mud flat environments (the mudstone
and halite units).

At the AIS, the Rustler is 309 feet thick. The features observed within the Rustler are consistent
- with those reported by Holt and Powers (1984, 1986, and 1988;). The Rustler data collected
during the mapping of the AIS are far superior to Rustler data 1;from the other WIPP shafts due
to the high quality of the shaft exposures. Features previously |seen only in slabbed core were
well displayed on the shaft wall. Some of the Rustler data collected in the AIS provide
additional insight into the Rustler depositional and post-depositional alteration history. These
data allow further refinement of the models presented by Holt e’md Powers (1988). The lithology
of each of the five members is summarized below, and those features previously unreported are

interpreted.
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3.5.1 Forty-niner Member

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

and 17).

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

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

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

This feature developed before the surrounding sediments where lithified and under conditions
where undersaturated fluids had e_a‘sy access to the sediment. - The transition between the end
of Rustler deposition and the start of Dewey Lake deposition is the most likely time for both
conditions to be met. As discussed in previous section (3.4), the Dewey Lake Redbeds are a
depositional continuation of the Rustler. The lower Dewey Lake was deposited in a mud
flat/saline mud flat environment which followed a desiccating upward sequence beginning with the
deposition of A-5 in a saline lagoonal environment. As in Rustler time, periods of subaerial
exposure and reworking of the saline lagoon sediments preceded the deposition of mud flat to
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salt pan sediments. This reworking was most prevalent along the margins of the Rustler
depocenter where the water table fluctuated the most. }
Schiel (1988) shows that a Dewey Lake depocenter is roughly coincident with the Rustler
depocenter (Holt and Powers, 1988). The WIPP site lies on the margin of the depocenter for
both units. During the transition time between Dewey Lake and Rustler deposition, the WIPP
site area would have seen large fluctuations in the position of the watertable. Under these
conditions, dissolution and reworking of Rustler sulfates probably [occurred in the vadose zone.

The disrupted zone is interpreted to have developed under vadose zone conditions while Rustler
sediments were still soft.” Red clay along some zones in this feal.ture was probably infiltrated
syndepositionally under vadose zone conditions. J‘ ‘

3.5.1.2 Mudstone 4 ‘

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

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

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

©3.5.1.4 Forty-niner Ground Conditions ‘

The two anhydrites within the Fofty-niner (A-4 and A-5) were w}ell lithified and hard. The
‘a'nhydrites showed no evidence of spalling. The Forty-niner mt!:dstone (M-4) was poorly to
moderately well indurated. Limited spalling was evident. The @entire Forty-niner Member required
washing prior to mapping.
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3.5.2 Magenta Dolomite Member

The Magenta Dolomite Member of the Rustler Formation occurs in the depth interval from 574 to
599.5 feet in the AIS (Figures 5, 17, and 18). It is a regional marker within the Rustler and is
considered to be an important hydrologic unit across the WIPP area.

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

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

3.5.2.1 Magenta Ground Conditions
The Magenta is well lithified and showed no evidence of spalling during shaft mapping activities.
The surface was coated with dust which was removed by washing prior to mapping. The

Magenta interval was covered with liner plate after mapping as required by contract
specifications.

3.5.3 Tamarisk Member

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

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

locally intercalated with carbonate interbeds (Figure 5). Thin claystone interbeds are present
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near the top and the middie of A-3. Subhorizontal and subvertical, fibrous, gypéum-ﬁlled

fractures occur locaily. The anhydrite is well lithified and hard. In the upper part of A-3,

g lafninae-scale bedded nodular textures are abundant. Epitaxial cfushed prism textures (Holt and
Powers\, 1988) occur in the middle of A-3; wavy and slumped laminae and thin beds with
anhydrite pseudomorpﬁs .after gypsum swallowtail crystals' are present in the lower part of A-3.
Many of the sedimentary features in the lower part of A-3 show soft sediment deformation and
slumping. - In the lowermost few feet of A-3, beds of clast-supported, laminated anhydrite, and
cobble and granule breccia are erosionally cross-cut by overlying beds of anhydrite. - The lower
contacf of A-3 lies at 655.5 feet, is sharp, and has flame structures of materal from the
uppermost unit within M-3.

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

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

The middle mapping unit within M-3 occurs in the interval from|658 to 659.5 feet. It consists of:
calcareous claystone in the upper one-half foot and argillaceous’; gypsum and anhydrite at the
base. This unit is thinly laminated to laminated and shows extensive soft-sediment deformation

at the top. Anhydrite and gypsum contain pseudomorphs after{gypsum swallowtail crystals. The
.upper part of the unit is mounded and possibly algal. This unit contains abundant bifurcating, |

o |
fibrous gypsum-filled fractures to two inches thick. The lower c[‘:ontact is sharp to gradational.

. !

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

The unit is mottled to laminated with alternating red and gray c¢olors; red colors dominate at the
base while gray colors are more prevalent toward the top of the unit. Local thin laminae to
laminae are irregular, discontinuous, and often contorted, _conw‘:luted, or smeared. Laminae are
often displaced slightly along shear surfaces. Smeared laminae and intraclast textures are most
abundant in the middle and lower part of the unit. Broken, suthorizontal, laminae-scale, gypsum-

WP:WIP:R-1213-3 3-16




rich zones found in the middle of the unit are laterally continuous around the circumference of
the shaft. Anhydrite nodules up to one inch diameter are present in the lower half of the unit.
The lower contact of this unit is sharp, erosional, and undulatory from 665 to 668 feet. At the
lower contact, 24-foot wide by 2.5-foot deep channel is cut into the underlying anhydrite. The
channel-fill consists of a clast-supported, rounded, gray siltstone, pebble conglomerate similar to
~ the conglomerate in this stratigraphic position at borehole WIPP 19 (as described in Holt and
Powers, 1988). The internal stratigraphy of the overlying section does not vary around the
circumference of the shaft. This unit contains abundant small fractures showing slickensided
surfaces and abundant fibrous gypsum-filled fractures to two inches thick.

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

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

3.5.3.3 Anhydrite 2

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

3.5.3.4 Tamarisk Ground Conditions

The anhydrites (A-2 and A-3) within the Tamarisk Member were well lithified and hard. Spalling
was limited through the anhydrites within this section except for minor breakages ‘along the
contacts with the claystone. Tool marks from the upream-bit were prevalent in the anhydrite.
Ground support (e.g., rock bolts and mesh, or liner plate) was vn(!at required through the

anhydrites.

The Tamarisk Member mudstone (M-3) from 659.5 to 665 feet was poorly lithified, soft, and
cohesive. Subvertical slickensided shear surfaces were abundant, and, in some cases, several
feet of the mudstone have spalled out of the unit. Prior to mapping, large slabs of this
claystone, some desk-top size, were scaled from the rib. Liner "plate was installed over this zone
prior to any in shaft work below the M-3 horizon.

3.5.4 Culebra Dolomite Member _

The Culebra Dolomite Member of the Rustler Formation is the r;nost transmissive hydrologic unit
encountered by the AIS and is a really extensive markerbed wdhln the Rustler. In the AlS, the -
Culebra occupies interval from 686.5 to 710.5 feet (Figures 5 and 20). The exposure of the
Culebra within the AIS is far superior to exposures in other shafts and cores. The data collected
from the Culebra in the AIS will be used by Holt, et al. (in preparation) to help create a more

‘precise interpretation of the origin of the Culebra.

The Culebra is an argillaceous dolomicrite containing abundant open and gypsum-filled porosity.
Portions of the Culebra are extensively fractured. The 'Culebra\f is divided into six mapping units

‘which are described here from the top down. Although all maﬁ)ping units make water into the

. !
AIS, the mapping unit between 694.5 and 700 feet (Unit 3a, Figure 20) produces more water
than the others.

N

| The uppermost mapping unit within the Culebra (unit 1, Figure 20) lies between 686.5 and 690

feet. It is an argillaceous dolomite which contains organic material (algal)‘near the top and
base. Thin laminae and thin beds are mostly flat and are conltained within fining-upward

!
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sequences 0.2-0.5 feet thick. The lower parts of these s_eqhences often contain burrows. Cross-
laminae occur in the upper 0.5 foot of this unit. The unit contains no vugs and few fractures.
Short stratum-height subvertical fractures with synsedimentary brecciation are limited to the upper
one to two feet of the unit. A synsedimentary fault with one foot of throw terminates near the
middle of the unit, and the unit depositionally thickens over the downdropped section. The upper
contact is sharp to gradational.

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

The third mapping unit from the top (unit 3a, Figure 20) visibly produces more water into the
shaft than the other units because it is more extensively fractured. This unit occurs within the
depth interval from 694.5 to 700 feet. Laminae and thin beds are flat, parallel, and sometimes

~ contain microlaminae and thin laminae which may be discontinuous. Low-angle cross-laminae
with possible ripple forms are rare. Strata are modified by possible bioturbation. Vugs texturally
dominate the fabric within this unit as large (two to three inches), open, clay-filled, and gypsum-
- filled vugs are very abundant. Most of the vugs are partially to entirely clay-filled. This unit is
characterized by a broken appearance as subvertical to vertical fractures are very abundant
(spaced one-fourth to two inches), and are best characterized as a packbreccia (Morrow, 1982).
These fractures are usually only a few inches long, irregular, open or gypsum-filied, and very thin
(half of the fractures contain no gypsum filling). Most fractures connect vugs, and all ‘vugs are
interconnected by fractures. The upper contact of this unit is, gradational to diffuse.

The fourth mapping unit (uriit 3b, Figure ?Q),-from 7QO.to 705 feet, displays distinct thin laminae
to laminae, low-angle cross-laminae with low-relief hummocks, and local erosional scours to three
inches deep. In places, the bedding appears wavy.to lenticular. Vugs are abundant and
become smaller downward. Most vugs are open or filled with clay; gypsum as a vug or fracture
filing is much less common. The unit can be classified as a packbreccia (Morrow, 1982) due to
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extensive subvertical fracturing in between vugs. Vuggy porosity is present along some
fractures. The upper.contact is very diffuse. ;

" The fifth mapping unit from the top of the Culebra (Mapping Unit 3¢, Figure 20) occupies the
mterval from 705 to 710 feet. The upper contact is very diffuse and slightly undulatory over one
foot The undulations apparent at the lower contact are compewnsated within this unit. The
dolomite displays flat to slightly wavy thin laminae to very thin beds with some low-angle cross-
cutting relationships. * Fractures are extensive, but less abundarit than the overlying unit. Most
fractures are subvertical. This unit contains locally abundant vugs, with fewer large vugs thén :
the overlying units. Overall, this unit is less brecciated and dis:‘rupted than the overlyinvg units.

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

3.5.4.1 Culebra Ground Conditions

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

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

3.5.5 Unnamed Lower Member

The unnamed lower member of the Rustler Formation is 132. Z feet thick (Figure 5). It consists
of interbedded siltstone, sandstone, halitic siltstone, halite, mu,dstone, and anhydrite (Figures 5
and 20). Holt and Powers (1988) subdivided the unnamed Ioiwer member into five informal -
stratigraphic units which at the WIPP site, in descending orde:r, include: mudstone 2 (M-2),
anhydrite 1-(A-1), halite/mudstone 1 (H-1/M-1), the transition :::one, and a bioturbated clastic
'interval (Figure 17). For convenience, their stratigraphic 'subdivisions are used in this discussion.
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3.5.5.1 Mudstone 2 ‘
The uppermost unit in the unnamed lower member is mudstone 2 (M-2). This unit directly
underlies the Culebra Dolomite Member and occurs in the mapping depth interval from 710.5 to
716 feet (units 1 and 2, Figure 20). The lower half of M-2 is dominantly brown, while the upper
half is mostly gray. The lower and middle part of M-2 consists mostly .of mudstone displaying
some laminae. Continuous, slightly deformed laminae to very thin beds of gypsum overlie
mudstone displaying smeared intraclast textures in the lower part of M-2. In the upper gray
portion of M-2, microlaminated, thinly laminated, and structureless mudstone overlies cobble-
sized clasts of mudstone; subvertical slickensided surfaces are common. Gypsum-filled fractures,
up to one-fourth inch thick, occur along some slickensi}déd surfaces. Fibrous, gypsum-filled
fractures to one inch thick occur with various orientations in the lower brown zone. The upper
contact with the Culebra is sharp and undulatory over three feet, while the lower contact of M-2
is sharp with less than one foot of erosional relief.

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

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

3.5.5.3 Halite/Mudstone 1

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

Siltstone, mudstone, and halite are intermixed in varying proportions from 725.5 to 739 feet.
This interval corresponds with Holt and Powers’ (1988) upper halite-bearing zone (H-1c). The
lower 0.5 feet of the mapping unit between 735 and 739.5 feet (unit 6, Figure 20) is included
with the middle halite-bearing zone (H-1b) as it consists of relatively clean halite. Within H-1c,
halite occurs as isolated crystals to crystal aggregates within a siltstone matrix. Halite margins
with the matrix are usually planar (displacive) or irregular (synsedimentary solution). Siltstone
occurs as irregular, thin interbeds and blebs. Smeared intraclast textures and rare wavy to
contorted laminae are preserved within the siltstones. The upper 1.5 feet consist of siltstone at
the base and mudstone at the top and include anhydrite nodules and anhydritic laminae.
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Mud-poor halite and anhydrite occur in the middle halite-bearing zone (H-1b) within the -depth
interval from 739 to 743 feet-in the AIS (Figure 20). This unit consists of interbedded. halite and
anhydrite. Halite occurs in the upper 0.5:feet, while anhydrite dominates from 739.5 to 741 feet.
Halite is intercalated with wavy ‘anhydrite laminae in the lower two feet.

intermixed siltstone and halite occur between 743 and 761 feet (Figure 20). This interval is
designated the lower halite-bearing zone (H-1a) by Holt and Poul/ers (1988). Siltstone is the
primary constituent in H-1a. The siltstone occurs as thin interbeds; blebs; incorporated material
within halite; and irregular, discontinuous laminae. The halite content generally increases _
upward. Halite occurs as isolated crystals and crystal aggregate's, many with displacive margins.

3.5.5.4 Transition Zone

The sandstones and siltstones within the interval from 761 to 772.5 feet are within the "transition
zone" of Holt and Powers (1988) (Figure 5). This zone records' the transition from a marine
lagoonal environment to a saline mud flat/salt pan enwronment {(Holt and Powers, 1988)..-
contains anhydritic and halitic, fine to medium, sandstone “and siltstone. The siltstones and
sandstones display thin laminae to very thin beds which are wavy to contorted near the top and
become more flat downward. Some laminae and thin beds of anhydrite are enterolithic. Other
textures include: disk-shaped laminae, teepee structures, and ;!>rism cracks. The sulfate content
decreases downward. Cross-laminae and ripple forms become abundant and larger downward.

Subvertical halite-filled fractures are two inches thick. The upper contact is gradational, and the

lower contact is sharp and erosional. )

3.5.5.5 Bioturbated Clastic Interval _
The "bioturbated clastic interval® of Holt and Powers (1988) oc{:urs in the depth interval from
772.5 to 821 feet in the AIS (Figure 5). This sequence consists of halite-cemented sandstone
and siltstone exhibiting varying amounts of bioturbation. In the AlS, the "bioturbated clastic
interval" is subdivided into three mapping units. The base of tlhis sequence consists of a pebble
lag containing invertebrate fossil fragments. Burrowing:and evidence of bioturbation are:
abundant at the base and decreases upward. Upward, cross-stratification becomes common and
larger. Wavy, thin laminae are locally numerous. Subvertical to vertical halite-filled fractures up

to two inches thick are present. The halite fillings have been partly dissolved by Culebra and

construction-related water.
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3.5.5.6 Rustler-Salado Transition

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

Rustler.

3.5.5.7 Unnamed Lower Member Ground Conditions

M-2 was poorly lithified, very soft, and cohesive. Prior to mapping, large slabs of mudstone and
claystone spalled out of this interval. The Culebra and A-1 formed ledges that bounded the
mudstone which was recessed back from the shaft wall. Closer inspection revealed that up to
five feet of mudstone had spalled from below the contact with the Culebra. Water from the
Culebra contacted this zone following excavation and decreased the strength of the mudstone

along existing planes of weakness (slickensided surfaces). Prior to mapping this zone, large
slabs were scaled from the shaft wall to ensure the safety of mapping personnel. This zone was
covered with liner plate prior to any work below this zone.

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

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

were dissolved by Culebra and construction-related fluids. Halite-filled fracture fillings were
partially dissolved.
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3.6 SALADO FORMATION ,
The Salado Formation of southeastern New Mexico and west Teias is the major domestic
source of potash for fertilizers in the U.S. It is the second of three Ochoan evaporite-bearing
formations in the Delaware Basm ‘The Salado consists of hahte anhydrite, and polyhalite with
varymg amounts of other potassnum bearing minerals. About 85- 90 percent of the Salado is
halite (Jones et. al., 1973). Beds of anhydrite and polyhalite altelzmate with thicker beds of halite
throughout the Salado section. The Salado consists of nearly 2000 feet of evaporites in the
subsurface within the eastern part of the Deleware Basin and only a few tens of feet of
brecciated insoluble material at outcrops in the western part of the basin.

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

Individual beds within the Salado are often traceable for large olistances. These areally'

. persistent beds allow the middle- and upper Salado to be subdiw:/ided on a much finer scale. A
system of numbering areally extensive beds of anhydrite and pc;)lyhalite (markerbeds) was
introduced by geologists of the U. S. Geological Survey (Jones| et: al., 1960). The markerbed
system is used extensively by mining companies-in the Carlsbe;xd potash district and by
researchers at the WIPP for smaller-scale stratigraphic control. ’ '

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

3.6.1 Salado Halite ;

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

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

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

~ another halite unit. Clay -content within most sequence.s:increases upward and appears to be
unrelated to the présence of underlying anhydrite/polyhalite beds.

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

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

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

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

The halitic mudstone lithofacies occurs at the top of our “idealized" sequence. It consists of
halitic mudstone showing displacive/incorporative halite crystals and smeared intraclast textures
(after Holt and Powers, 1988). Prism cracks and disk-shaped laminae may occur. Textures

~ within the halitic mudstone lithofacies indicate deposition in a saline mud fiat.

Uninterrupted Salado halite sequences record the vertical progression of environments: mud-
poor sait pan - "hummocky” sait pan (similar to the Devil's Golf Course at Death Valley,
California) - mud-rich salt pan - saline and mud flat (Figure 23, Appendix F). Salado halite
sequences record the deposition and alteration of halite under variable water table conditions.

- Subaqueous deposition of halite aiternated with vadose alteration as water table fluctuations
created intermittent vadose zone conditions. Phreatic zone cements filled porosity below the
water table. The frequency and duration of these water table drops rose with time as the basin
desiccated.

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

3.6.2 Salado Sulfate Interbeds
Sulfate interbeds are important elements of vertical sedimentation cycles within the Salado.

Earlier descriptions of these interbeds are of core and limited horizons within mine workings.
The geologic mapping of these interbeds in the AIS provides continuous outcrop scale
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descriptions through the upper 1,200 feet of the Salado. Salado sulfate interbeds are discussed
at length in Appendix G and summarized in the following discussion.

- Numerous textures and fabrics occur within sulfate interbeds, many of which have never been

described from the Salado sulfates. These textures reflect: 1) subaqueous deposition and
alteration, 2) vadose alteration, 3) phreatic alteration, and 4) late-stage diagenesis.

Vertically oriented prismatic gypsum pseudomorphs, detrital gypsum pseudomorphs, algal
stromatoliteé, subaqueously accumulated halite, slumping and collapse of gypsum sediment along
the lower contact with halite developed during shallow subaqueous conditions. Teepée '
structures, prism cracks, buckled and disrupted strata, and collapse textures in interbeds

- containing bottom growth halite developed during subaerial expc«l)sure and aiteration of gypsum

sediment. Displacive halite crystals, sulfate cements, passive pore-fillings, and the
pseudomorphous replacement of gypsum by anhydrite, polyhalits, formed in the phreatic zone
within the depositional environment. - The only features within the Salado sulfate interbeds which
could be uniquely attributed to late-stage alteration were open and halite- sulfate-filled fractures.
Salade sulfate interbeds were deposited in  shallow saline Iagoc';n environments following
eustatically- (Lowenstein, 1982, 1983, 1988) or meteorically driven, basin-wide floods. The base
of sulfate interbeds are time lines produced by dissolution, and the interbeds can be considered
punctuated aggradational cycles (after Goodwin and Anderson, 1980). Different hydrologic
regimes produced three distinct typeé of sulfate interbeds. Thin, isolated sulfate interbeds were

deposited in fow-volume, hydrologically isolated saline lagoons.| Low-volume flooding events may
have been derived from minor eustatic changes or major rainfall/runoff events. Multiple thin

sulfate interbeds separated by interbeds of halite with little or no subaerial exposure were

-deposited during periods -of hydrologic fluctuation when closely| spaced, hydrologically-related,

low-volume flooding events repeatedly pfoduced shgllcw, saline lagoon conditions. Large-volume
saline lagoons which accumulated thick sequences of sulfate were produced and maintained
following major eustatic changes. After the marine hydrologic connections were broken, these
large-volume Iagoons‘desiccated to halite saturation, and sulfa|te depasition ceased.

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

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

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

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

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

In several locations, fracturing was extensive within sulfate interbeds and their underlying

claystones. Book-sized piecés of sulfate ‘and claystone readily spalled from some of the zones
(Figure 26). Fracturing and spalling anhydrite and claystone resulted from the strain induced by
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mechanical anisotropy between those materials and halite during|shaft closure. The full
circumference of the shaft was meshed in these areas. ' ‘

Above the station back, anhydrite A and the halite between it and the station brow was
extensively fractured (Figure 27). En-echelon fractures occurred |in subhorizontal to subvertical
zones. Some fractures showed apertures at the shaft surface o'f{r up to 1/4 inch. The lower part

of this zone was aiso meshed.

~ Sulfate interbeds that did not present a spalling hazard at the time of mapping will probably

fracture as the shaft closes. All sulfate interbeds should be periodically inspected and meshed
as necessary. Fractures in the station area-should also be monitored because fracturing and

separation will continue.

WP:WIP:R-1213-3 3-30



4.0 CONCLUSIONS o

The air intake shaft (AlS) was geologically mapped from the surface to the WIPP facility
horizon during the period from March 11, 1988 to November 14, 1989. The entire shaft
section including the Mescalero Caliche, Gatuha Foi'mation, éanta Rosa Formation, Dewey
Lake Redbeds, Rustler Formation, and Salado Formation was geologically described. The
shjaft construction method, up-reaming, created a nearly ideal surface for geologic
description. Small-scale textures usually best seen on slabbed core were easily
distinguished on the shaft wall, while larger scale textures not generally revealed in core
were well displayed. During the mapping, newly recognized textures were interpreted in
order to refine depositional and post-depositional models of the units mapped.

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

The features observed within the Rustler Formation are consistent with those reported by
Holt and Powers (1984, 1986, and 1 988). Rustler sediments accumulated in marine
lagoon, saline lagoon, saltpan, and safine mudfiat environments (Hoit and Powers, 1988).
No evidence of late-stage dissolution was observed. Mudstones within the Rustler were
spalling hazards and covered by liner plate. Halite cements were dissolved from the
surface of clastic rocks in the unnamed lower number by construction-related waters and
Culebra groundwaters.

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

of the depositional and diagenetic history of the Salado. Unprecedented halite textural and
fabric data was collected, characterized, and interpreted. From this data, an idealized
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Salado halite sequence was developed. All Salado halite observed within the AIS fit
partially or wholly into the idealized sequence. Complete Saladc halite sequences consist
of four lithofacies which are related to distinct depositional envirinments. Many textures
not previously reported from Salado sulfate interbeds were recognized and described.
Salado sulfate interbeds were deposited in shallow saline IagoonE environments following
eustatically- or meteorically-driven, basin-wide ﬂoo‘din‘Q and freshening events (Lowenstein,
1982, 1983, 1988). Different hydrologic connections with marine waters produced three
distinct types of sulfate interbeds within the Salado. No geologic evidence of naturally
occeurring late- -stage fluid migration or alteration within the halite |of the Salado was
observed Mineralized and fluid-filled fractures within some Sulfdte interbeds are the only
recogmzable late-stage dlagenetnc alteration. ‘

1
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NOTES:

1 ALL ROCKS BELOW SANTA ROSA ARE
PERMIAN IN AGE..

2 RUSTLER DEPTHS WERE MEASURED FROM
SUBCOLLAR (18.5' BELOW TOP OF CEMENT).
KEYWAY AND BROW WERE MEASURED FROM
TOP OF CEMENT (ELEV. 3410° ABOVE MSL),

FIGURE 3 GENERALIZED AIR INTAKE SHAFT STRATIGRAPHY

EXPLANATION

SAND AND SANDSTONE

MUDSTONE AND SILTSTONE

ANHYDRITE

ROCKSALT

DOLOMITE
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FIGURE 4 GEOLOGY OF AIS PLENUM EXCAVATION

Catiche with sandstone and sand, color varies fror+
white (where mostly carbonate) to reddish-brow:
where mostly sand or sandstone; sand consists o
very fine- to medium-sized sand grains, most!:
quartz, some dark grains; strength variable from
hard to very soft with the carbonate-ich zones beinc
hard, locally very {riable; the caprock is very hard
massive; stringers of carbonate become mors
abundant downward; middie portion of the calich«
contains abundant nodules, nodules become motr:
abundant downward; becomes less well indurates
downward; lower portion consists predominantly ¢
calcareous sandstone with some unconsolidate«
sand, these zones are often engulfed by whii«
(calcareous) zones; the base of the excavation is
or near the lower (very gradational) contact with ths
Gatuna Formation. :

Lowermost 1-2°'

Sandstone, reddish-brown, slightly argillaceous
very fine to line sand sized grains, poorly sorted.
calcareous, induration variable from moderatel-
hard to very soft, mostly very triable, contains ligi

colored carbonate and dark colored stains, consisi:
ol mostly quartz grains, upper contact diffuse.

) — s o e e BASE OF EXCAVATION




FIGURE 5

LITHOLOGIC LOG OF THE LINED PORTION
OF THE AIR INTAKE SHAFT




EXPLANATION FOR FIGURES 5 AND 23

STRATIFICATION TYPES/PRIMARY FEATURES

~————~ CONTINUOUS T ==>==== LOW ANGLE CROSS-STRATA
~ — = DISCONTINUOUS &=~  TROUGH CROSS-STRATA
=———  WAVY BEDDING/LAMINAE <5 CROSS-LAMINAE
LA\ CONTORTED LAMINAE ——SSX>  CLIMBING RIPPLE CROSS-LAMINAE
A/ RN\ DIPPING STRATA N\ M\ TABULAR CROSS-BEDS
SHARP CONTACT (<1%) —<X\  FlAsERS
—— ——  GRADATIONAL CONTACT (1-2°)
O WAVY TO LENTICULAR BEDS
¢ e e DIFFUSE CONTACT (>27)
/T FLAME STRUCTURE
ANANANNA EROSIONAL SURFACE
2 o PILLOWS OR SLUMP FEATURES
s ALGAL LAYERING
: ’ =SS  LOW ANGLE ACCRETIONARY
—~—————  DVTOR EROSION/SOLUTION CROSS-LAMINAE
SURFACE, DEATH VALLEY TYPE
—=="_"" HORIZONTAL LAMINAE/THIN BEDS K BURROWS/BIOTURBATION
CLASTS
SHAPE TYPE OTHER
(O  rounped
-¢-$ CARBONATE
FAN ANGULAR FOssiL
IR TABULARORRIP-UP A @ vuostone
O  SMEARED INTRACLAST
HALITE TEXTURES
A CHEVRON, BOTTOM GROWN - ISOLATED (i) TO AGGREGATE (ill)
7\
@ CUMULATES ' a-c PLANAR (a) TO IRREGULAR (c) BOUNDARIES
o INCORPORATIVE, DISPLACIVE IV INTERLOCKING HALITE
Q
SULPHATE TEXTURES

V V  PSEUDOMORPHS AFTER VERTICALLY ORIENTED PRISMATIC GYPSUM CRYSTALS
V V  CRUSHED PRISM TEXTURE FROM ] \/ (Holt and Powers, 1988). °

2>  NODULAR
—~S-  BEDDED NODULAR
w STYLOLITE -
Ct) N GYPSUMANHYDRITE NODULE

FIGURE 5
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EXPLANATION (CONTINUED)
VUGS/MACROPORES

OV OPENVUG q)v GYPSUM-FILLED VUG

OTHER STRUCTURES
5L soxwork Fasaic AdpN BRECCIA
JTUT. SUBVERTICAL FRACTURES Lhx<  CRACKLE TEXTURE
JA  FAuLT —7L SEDIMENTARY FAULT
ZPSTAS VADOSE-INFLUENCED BEDS O < HAUTEPODS
A A TEEPEE-LIKE STRUCTURES S DISHSHAPED LAMINAE
SIDE NOTES/MODIFIERS
R  RIP-UP CLASTS . E  EROSIONAL SURFACE St ALGAL LAYERING
V  vues N  NODULE S  SLICKENSIDES
CF  CLAY-FILLED FRACTURES | » ? POSSIBLE OR PROBABLE
DVT  DEATH VALLEY TYPE . P ZONE OF WEEPS e/s  EROSION/SOLUTION SURFACE
LITHOLOGY

MUDSTONE/CLAYSTONE — T ARGILLACEOUS
SILTSTONE — —- SILTY

SRR Y] SANDSTONE el SANDY
AW - anvvoriterayrsum W SULFATIC
@ DOLOMITE — DOLOMITIC
@ LIMESTONE - CALCAREOUS
: HALITE + + HALITIC
OO PoLYHALITE XX X POLYHALITIC

SCALES/SYMBOLS HALITE/NON-HALITE gOLUMN

HALITE CRYSTAL SIZE ' NON-HALITE CONSTITUENTS NOELAIVE FROPORTIONS |
0 1 3 5 10 20mm 0 1 5 10 50 100% CLAY SULFATE
[T ] I L1 F7T T T T T

vi f mic v r / 1o§m toox

/ mod
/ some
/
/ .
FIGURE § Sheet 2 of 22

-$-v CALCITE-FILLED VUG

PN HAUTE-FILLED VUG




DEPTH

"y LITHOLOGY FEATURES REMARKS
TOP OF SUBCOLLAR CONCRETE
BASE OF SUBCOLLAR CONCRETE
e easest®
FILL MATERIAL, DARK REDDISH BROWN, MOTTLED; BECOMES LESS DISTURBED DOWNWARD.
e S i
g GATUNA FORMATION - UNDISTURBED. SANDSTONE, LIGHT RED, MOTTLED, VERY CALCAREQUS,
51 =—"3 SLIGHTLY ARGILLACEOUS. VERY FINE SAND TO SILT-SIZED GRAINS, SUBANGULAR TO
s ROUNDED, ESTIMATED 80 PERCENT QUARTZ, 5 PERCENT MAFIC GRAINS, 15 PERCENT OTHER.
= CARBONATE STRINGERS GEMERALLY OR!ENTED SUBMOR|ZONTALLY, CARBONATE CONCRETIONS ARE
:_":_: y" POSSIBLE ROOT CASTS. SOME CLAYS AND ARGILLACEQUS MATERIAL ARE POSSIBLY TRANS-
)~ P LOCATED; POSSIBLE BIOTURBATION. UNIT LOCALLY CONTAINS CLASTS OF MORE CALCAREQUS,
Ry HARDER SANDSTONE (POSSIBLY REWORKED CALICHE CLASTS) AND GREENISH-GRAY CLASTS
- ] (POSSIBLY SANTA ROSA FM.). SURFACE OF UNIT IS LOCALLY MOIST AND EXHIBITS NaCl-
10 T % ? RICH EFFLORESCENT CRUST; UNIT IS VERY FRIABLE, SOFT. BASAL CONTACT SHARP,
e Ry EROSIONAL (2 FT RELIEF), OVERLAIN WITH COBBLE-SIZE RIPUPS OF UNDERLYING SANDSTONE
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AND GRANULE-SIZED RIPUPS OF DARK BROWN CLAYSTONE.

SANTA ROSA FORMATION. SANDSTONE, CALCAREOUS, RED; SILT TO FINE SAND-$!ZED

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

SILTY SANDSTONE TO SILTSTONE, DARK REDD!ISH BROWN (10R3/6), WITH PALE OLIVE
(10Y6/2) FROM 30 FT TO BASE; CALCAREOUS; FINE TO MEDIUM AT BASE TO FINE TO VERY
FINE SAND GRAINS UPWARD; DOMINANTLY QUARTZ, 1-5 PERCENT MAFIC GRAINS; SOFT TO
MODERATELY WELL INDURATED. THINLY LAMINATED TO CROSS-LAMINATED FROM 15-19 FT
WITH LOCALLY ABUNDANT TROUGH CROSS-BEDS HAVING TANGENTIAL BOTTOMSETS, TROUGH .1-
.3 FT DEEP AND 1 FT WIDE IN A CHANNEL- BAR COMPLEX. PLANAR LAMINAE TO LOW ANGLE
CROSS-LAMINAE (IN-CHANNEL BARS) FROM 19-22 FT IN SETS <.3 FT HIGH WITH LOCAL
ARGILLACEQUS ZONES MARKING TOPS OF SETS. TROUGH CROSS-BEDS FROM 22-28 FT
(CHANNEL DEPOSITS) IN SETS .4-.7 FT HIGH, DECREASING IN SIZE UPWARD TO .1-.3 FT
SETS INTERBEDDED WITH THIN LAMINAE AND CROSS-LAMINAE. PARALLEL PLANAR, HORI!-
ZONTAL TO SUBHORIZONTAL, THIN BEDS TO LAMINAE FROM 28-30 FT, WITH SOME BROAD
CROSS-CUTTING SETS (CHANNEL DEPOSITS); UNDULATORY, BUT SHARP, COLOR CHANGE AT
ABOUT 30 FT CUTS ACROSS BEDDING; ZONE OF SMALL CLAYSTOME CLASTS (1/8" X 1) AT
30.5 FT; COARSENS DOWNWARD FROM FINE TO MEDIUM SANDSTONE FROM 30.5-33 FT, WITH
MINOR SILT AND CLAY. SHARP, EROSIONAL BASE WITH ABOUT 6" RELIEF OVERLAIN BY A
FEW REDDISH BROWN CLASTS,
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SILTSTONE, ARG!LLACEQUS, SLIGHTLY SANDY, FINING UPWARD TO SILTY CLAYSTONE; PALE
OLIVE (10Y6/2) 1N BASAL 1.5 FT, INTERBEDDED WITH AND OVERLAIN BY DARK REDD!SH
BROWN (10R3/6) TO VERY DARK REDD!SH BROWN (10R3/3) AT TOP, SMALL, GREENISH
REDUCTION SPOTS NEAR GRADATION TO CLAYSTONE; VERY CALCAREOUS. BEDDING UNCLEAR
NEAR BASE, INTERBEDDED REDDISH BROWN LAYERS IN GREEN ZONE CONSIST OF CLAYSTONE
AND CLAYSTONE CLASTS, SMALL (<.l FT) RIPPLES NEAR TOP OF GREEN ZONE. ABOVE GREEN
ZONE, MAINLY HORIZONTAL TO SUBHOR!ZONTAL LAMINAE WITH LOW ANGLE CROSS-CUTTING
BEDS; SUBUNITS ARE UP TO 1 FT THICK, FINE UPWARD INTERNALLY. CLAYSTONE IS WET
AND PROBABLY COLLECTING WATER IN OVERLYING SANDSTONE; VARIABLE SALT EFFLORESCENCE
ON SHAFT“WALLS; MODERATELY WELL INDURATED IN GREEN ZONE, WELL INDURATED TO
SOMEWHAT FISSILE NEAR TOP. SHARP BASAL CONTACT,

_ DEWEY LAKE FORMATION,

CLAYSTONE, SILTY AND SANDY, VERY DARK REDD!SH BROWN
(T0R3/3), WITH GRAYISH GREEN (10GY5/2), SLIGHTLY MORE SANDY BEDS NEAR BASE AND
GREEN REDUCTION SPOTS NEAR TOP. SLIGHTLY COARSER ZONES AND INTERBEDS ARE VERY
CALCAREQUS, WELL INDURATED, AND USUALLY ,1-.3 FT THICK AT .3 TO 1 FT INTERVALS.
BASAL PART SHOWS FINING UPWARD CYCLES ABOUT .5-1 FT THICK AND INTERBEDDED
SILTSTONE AND CLAYSTONE. VERTICAL TO SUBVERTICAL FRACTURES IN UPPER 1-2 FT ARE

AIR INTAKE SHAFT LITHOLOGIC LOG
SHEET _ 3 OF _ 22
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SPACED 2-5 FT APART AND YIELD SOME WATER; MUCH OF UNIT 1S MODERATELY TO POORLY
INDURATED AND SLOUGHS 1-2" SLABS; UNIT DIPS ABOUT 2°* TO THE NORTH; SURFACE SALT
EFFLORESCENCE TO A DEPTH OF 45 FT. BASAL CONTACT S SHARP,

=

zones

greenish-grey

INTERBEDOED REDDISH BROWN (10R3/5) CLAYSTONE AND SANDY SILTSTONE WITH SOME
GRAYISH GREEN (10GY5/2) BANDING (<1'") SPACED AT 1-2 FT OVER MUCH OF UNIT,
SLIGHTLY CALCAREOUS OR DOLOMITIC IN LOWER 2 FT; UNIT SANDY AT BASE AND BROADLY
FINES UPWARD; PROBABLE RIPPLE DRIFT CROSS-LAMINAE AT 62-63 FT, JUST ABOVE SANDY
BASE. INTERBED SETS HAVE SHARP, SLIGHTLY UNDULATORY BASAL CONTACTS, FINE UPWARDS
SLIGHTLY., AND DECREASE IN TH(CKNESS FROM 3-6+" IN LOWER PART TO 1-4" UPWARD.
SINGLE FRACTURE FROM 62.5-64 FT STRIKES NS~-SE, DIPS 70-80° NORTH, THIN CARBONATE
FILLING, NO FLUID WEEP; BETTER INDURATED SILTSTONES HAVE VERTICAL TO SUBVERTICAL
FRACTURES WHICH DO NOT USUALLY PENETRATE ADJACENT CLAYSTONES; UNIT MODERATELY
WELL INDURATED. SHARP BASAL CONTACT. ROCK BOLT TEST AT ABOUT 60.5 FT.

SILTSTONE TO INTERBEDDED ARGILLACEQUS SILTSTONE AND SILTY CLAYSTONE TO CLAYSTONE
IN FINING UPWARD SEQUENCE; REDOISH BROWN (10R3/5-4/5) THROUGHOUT, GREEN!SH
REDUCTION SPOTS NEAR BASE. BASAL UNIT THINLY BEDDED TO LAMINAR WITH A FEW MICRO
CROSS-LAMINATED BEDS. INTERBEDDED ZONE 1S PSEUDOFISSILE TO RIPPLE CROSS-
LAMINATED. UNIT 1S MODERATELY WELL {NDURATED, HARD CALCAREQUS ZONE 3" THICK

65 T =1 OCCURS AT TOP OF BASAL SILTSTONE. BASAL CONTACT 1S SHARP AND PLANAR.
: i . =i » SILTSTONE TQ SILTY CLAYSTONE IN FINING UPWARD UNIT. STRUCTURELESS (?) 8" BASAL
F o . T = SILTSTONE 1S OVERLAIN BY ARGILLACEOUS SILTSTONE 3" THICK WITH ABUNDANT RIPPLE
| — — 4 _ CROSS-LAMINAE. UPPER 1.5 FT IS LAMINAR TO SLIGHTLY UNDULOSE BEDDING. TWO THIN
e N GREENISH ZONES IN UPPER 2 FT. MEDIUM WELL INDURATED. SHARP BASAL CONTACT.
704 — —] $§/’ MEEY; SILTSTONE TO SILTY CLAYSTONE SIMILAR TO 67-69.5 FT. UPTURNED ZONES OF BEDDING
[—— _ NEAR TOP MAY BE DESICCATION CRACKS 6"-1 FT HIGH. GRAYISH GREEN (10GY5/2)
:_:—:—_'_q=—/<\/<\ SILTSTONE WITH RIPPLED SURFACE AT MIDUNIT. VUGGY CALCITE AT TOP OF BASAL 8"
':'_._'_"_'-:_1 SILTSTONE. MEDIUM WELL INDURATED. SHARP BASAL CONTACT,
Tl - -
b o— — = SILTSTONE TO SILTY CLAYSTONE SIMILAR TO 67-69.5, WITH TWQ THINNER SILTSTONES AT
e —— ] —_ AND NEAR. BASE; REDDISH BROWN (10R3/5), WITH TWO THIN GRAYISH GREEN ZONES. SOME
5 f— —— RIPPLE CROSS-LAMINAE N BASAL SILTSTONES; UNDULATORY BEDDING TO LAMINAE AND THIN
s e BEDS IN SILTY CLAYSTONE; SOME TABULAR INTRACLASTS IN SILTY CLAYSTONES.
[_—:::::{ N SILTSTONES ARE SLIGHTLY CALCAREOUS, WELL (NDURATED. CLAYSTONES ARE POORLY TO
— ] ——— — MODERATELY WELL INDURATED. SHARP BASAL CONTACT,
ST =T, /] e
- - —:—':\ﬂg\ | SANDY ARGILLACEOUS SILTSTONE GRADING TO SILTY CLAYSTONE, REDDISH BROWN
T == (10R3/5). FAINT BEDDING, LAMINAE AND POSSIBLY SOME MiCRO CROSS-LAMINAE NEAR
Bob = _—— BASE, LAMINAR TO THINLY BEDDED AND SLIGHTLY UNDULOSE AT TOP. VERY WELL
s ey N\ INDURATED. SHARP BASAL CONTACT, :

r
- 1
|-kl
HEH
Iili l
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SILTY CLAYSTONE WITH THIN SCATTERED INTERBEDS OF ARGILLACEOUS SILTSTONE, REDDISH
BROWN WITH SCATTERED GRAYISH GREEN IRREGULAR ZONES. LAMINAR AND THIN BEDDING,
SOME UNDULATORY SURFACES. ZONE OF POSSIBLE NODULAR CALCITE AT TOP. THIN
SILTSTONES ARE CALCAREOUS AND WELL INDURATED,:CLAYSTONE RANGES FROM POORLY
LITHIFIED, SOFT, TO MODERATELY WELL iNDURATED. SHARP BASAL CONTACT.

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

v

1.\

)

SILTSTONE WITH MINOR INTERBEDDED CLAYSTONE' FINING UPWARD TO ARGILLACEQUS
SILTSTONE, LIGHT GREENISH GRAY (5G8/1) IN TWQ ZOMES NEAR TOP AND DOMINATES NEAR
BASE, MODERATE BROWN TO REDDISH BROWN (5YR3/4 TO 10R3/5) UPWARDS. THINLY

LAMINATED TO THINLY BEDOED WAVY STRATA WITH THIN (4-8") FINING YBWARD CYCLES

AIR INTAKE SHAFT LITHOLOGIC LOG
SHEET _4 OF__22
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LITHOLOGY

FEATURES

REMARKS

DRAPED WITH CLAYSTONE CONTAINING RIPUP CLAYSTONE CLASTS; soMe RIPPLE MARKS 1IN
LOCAL SUBVERT | CAL FRACTURES WITH CALCITE FILLINGS.
MODERATELY WEL | INDURATED

UPPER PART,

POORLY To
SHARP BASAL CONTACT.

BROWN (5YR3/4) wiTH VERY PALE GREEN (568/1) REDUCTIQON SPOTS.

MODERATE
WAVY THIN LAMINAE
LOWER CONTACT SHARP,

100

?i:';
]

ERCAAR LT

oty

SANDSTONE, MODERATE BROWN TO MODERATE REDD!SH BROWN (5YR3/4-10R4/6), LOCALLY
LIGHT GREENISH GRAY (5G8/1)

2 FT; RIPPLE CROSS-LAMINAE AND LAMINAE IN UPPER | FT,
MODERATELY WELL INDURATED,

FRACTURES ;

2 FT THICK SET oF CROSS-LAMINAE IN LOWER
CALCITE LINING IN LOCAL
SHARP BASAL CONTACT,

NEAR BASE,

SANDS TONE INTERBEDDED Wi TH MINOR AMOUNTS OF SILTSTONE AND CLAYSTONE ; MODERATE

BROWN (5YR3/4) .

SURFACES, LOCAL RIPPLE CROSS-LAMINAE .

INTERBEDS 2-8" THICK, SOME CHANNELL ING ON UPPER AND INTERNAL
SHARP TO INDISTINCT BASAL CONTACT.

GRAY (5G8/1) AT 104 AND 102 FT,
LAMINAE, SMALL UPWARD FINING SEQUENCES WITH RIPPLED ToPs anp CLAYSTONE RIP-yp
CLASTS, THINLY BEDDED TO LAMINATED NEAR TOP, MINOR TROUGH NEAR ToP,

WELL (NDURATED.

» INTERBEDDED LI1GHT GREENISH
SMALL CHANNELS (3" x 24") WITH TROUGH CROSS -

MODERATELY
GRADAT |ONAL LOWER CONTACT.

CLAYSTONE INTERLAMINATED W{TH MINOR AMOUNTS OF SILTSTONE,
BROWN WITH MINOR MODERATE REDDISH BROWN (5YR3/4-10R4/6) .
GRAY [INTERBEDS AT 105.5,
RIPPLES WITH CLAY DRAPE, LOCAL ABUNDANT FLASERS OF RiIPPLED SILTSTONE,
WELL INDURATED, POSSIBLY SLIGHTLY FiISSILE. GRADAT IONAL BASA(, CONTACT,

FINES UPWARD, MODERATE
LOCAL LIGHT GREENISH-
MICROLAMINAE Tg LAMINAE , WAVY, LOCAL
MODERATELY

107, 108 FT.
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SANDSTONE AND SILTSTONE INTERBEDDED WiTH MINOR AMOUNTS OF SILTSTONE; FINES uP,
PALE REDD!SH-BROWN TO MODERATE REDDISH BROWN (YOR5/4-4/6) wiTH LOCAL ZONES AND
SPOTS OF LIGHT GREENISH GRAY (5G8/1).

DOMINATED By gAR
EDGES, SETS 2-3

BASE AND Low ANGLE CROSS-LAMINAE (FROM LATERAL ACCRETION ON ADJACENT BAR) AT
SHAFT SURFACE MOIST, Has EFFLORESCENT CRUST,

TOP,

THIN LAMINAE TO THIN BEDS; STRUCTURES
AND CHANNEL FORMS; LOW ANGLE CROSS-L AMINAE ACCRETED ON BAR

PPLE CROSS-LAMINAE ; TROUGH CROSS-LAM!NAE IN CHANNELS, SETS 3-4n
5 FT WIDE, SHows TROUGH CROSS-LAMINAE AT

LOWER CONTACT SHARP,

SANDS TONE INTERBEDOED Wt TH MINOR SILTSTONE, MODERATE REDDISH BROWN (10R4/6) ,
THIN LAMINAE To LAMINAE FLAT, OVERLAIN BY LOCALLY ABUNDANT CROSS-LAMINAE 1N SETS

1/72-1" THICK; LocaL PLANAR CROSS-LﬁMlNAE LATERALLY ACCRETED ON BAR FORM, VERY
WELL INDURATED, GRADAT 1 ONAL BASAL CONTACT,
MUDSTONE AND CLAYSTONE WiTH MINOR SANDSTONE,, MODERATE BROWN (5YR374). THIN

LAMINAE TO THIN BEDS, MOSTLY FLAT STRATA |

DRAPE ;  SANDSTONE

BY S+ FT LONG LOCALLY cuT iNTO UNDERLY ING UNITS, FILLED witH SANDSTONE ; SEQUENCES
LIGHT GREENISH GRAY (5GB/1). INTERBEDS ALONG SOME CHANNEL BOTTOMS

FINE UPWARD,

AND BEDOING PLANES.
VERY - FRACTURED wiTH OPEN SUBVERTICAL FRACTURES . SPACED 1~2", MOST TREND ABOUT
EAST-WEST, MANY CALCITE LiNED,

SOME WAVY: LOCAL RIPPLE FORMS wITH CLAY
ZONES SHOW SOME RIPPLE CROSS-LAMINAE; TROUGHS /CHANNEL S 2-4" DEEP

ROCK NEARLY FISSILE, WEAK, SPALLS IN SOME AREAS, UNIT 18

SHARP BASAL CONTACT,

~ INTERBEDDED SANDSTONE AND CLAYSTONE, CLAYSTONE ALSO AT TOP;
" MODERATE REDDISH
CHANNELS NEAR 125 FT ARE 2-4" DEEP BY 5+ fT LONG, FILLED wiTH SANDSTONE WiTH
TROUGH-SHAPED LAMINAE AND SOME;CROSS‘LAMINAE; CLAYSTONE 15 LOCALLY ERODED.
SUBVERTICAL FRACTURES IN CLAYSTONE ARE' OPEN TO CALCITE LiNED,
FISSILE anD WEAK,

GRADAT 1 ONAL .

MODERATE BROWN TQ

BROWN (5YR3/4, 10R4/6) . THIN LAMINAE To THIN BEDS ;- LOCAL

CLAYSTONE 15

SANDSTONE MODERATELY WELL INDURATED, . LOWER CONTACT (S SHARP TO

SILTSTONE; UNIT GENERALLY FINES UPWARD FROM SANDSTONE AT BASE T0 SILTSTONE,
BECOMING SANDY AT TOP; MODERATE BROWN TO MODERATE REDDISH BROWN (5YR3/4,

LAMINAE TO THIN BEDS, FLAT,,WAVY; LOCAL RIPPLES AND RIPPLE CROSS-LAHINAE, RIPPLES
MOSTLY ASYMMETRICAL, MANY WITH STOSS SIDE PRESERVATION,
RIPPLES; CROSS-LAMINAE SETS

STAIN ON FRACTURES.

CONTACT .

10R4/6)
THIN

CLAYSTONE DRAPE QN
.25~.5" By 1-37, FRACTURES As ABOVE; DARK BLACK
UNIT MODERATELY WELL INDURATED, GRADATIONAL TO SHARP BASAL

SANDSTONE FINING
TEXTURES SIMILAR

SILTSTONE SEQUENCE AT TOP.

UPWARD TO SILTSTONE, SIMILAR TO OVERLY NG UNIT. STRUCTURES AND
TO OVERLYING UNIT, BUT LESS FRACTURED. 4" THICK SANDSTONE -
MEDIUM WELL INDURATED. GRADAT IONAL BASAL CONTACT,

AIR INTAKE SHAFT LITHOLOGIC LOG
SHEET _5 OF 22
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m LITHOLOGY

FEATURES

REMARKS

L

SANDSTONE AT BASE GRADING TO SANDY SILTSTONE AT TOP, SMALLER FINING UPWARD
SEQUENCES WITHIN UNIT, MODERATE BROWN TO MODERATE REDD!SH BROWN (5YR/3/4 TO
10R4/6) WITH LIGHT GREENISH GRAY (5G8/1) INTERBED AND REDUCTION SPOTS. THIN
LAMINAE TO THIN BEDS, LOCALLY CROSS-LAMINATED, SHALLOW (<3") SCOUR TROUGHS,
CROSS-LAMINATED RIPPLE SETS, LAMINAE WAVY AND CONTINUOUS, POSSIBLE DUNE-SIZED
LATERAL ACCRETION SURFACES, LOW ANGLE CROSS-CUTTING RELATIONSHIPS, LOCAL RIPUP
CLASTS. MINOR FRACTURES, CALCITE LINES SUBHOR!IZONTAL FRACTURES. UNIT SLIGHTLY
CALCAREOUS, LOCALLY MODERATELY WELL INDURATED. SHARP BASAL CONTACT.

SILTSTONE, MODERATE BROWN (5YR3/4) WITH LOCAL LIGHT GREENISH GRAY (5G8/1)
REDUCTION SPOTS. THINLY LAMINATED, FLAT. THIN,, CALCITE-LINED FRACTURES ARE
ABUNDANT. LOWER CONTACT SHARP TO GRADATIONAL.

155__.. — —

SANDSTONE, MODERATE REDO!ISH BROWN (10R4/6) WITH MINOR MODERATE BROWN (5YR3/4), 47
THICK LIGHT GREENISH-GRAY (5G8/1) AT TOP, THIN LAMINAE TO THIN BEDS. CONSISTS OF
REPETITIVE CHANNEL BAR PACKAGES; LOWER PART OF EACH CHANNEL BAR PACKAGE EXHIBITS
TANGENTIAL LOW ANGLE CROSS-LAMINAE, SETS 2-3" THICK BY 4+ FT WIDE; UPPER PART
RIPPLE CROSS-LAMINAE, SETS 1-3" THICK; COMBINED THICKNESS OF EACH PACKAGE 4-6".
RARE VERTICAL CALCITE-FILLED FRACTURES TO 1/16" THICK. LOWER CONTACT

GRADAT 1ONAL .

SANDSTONE, MODERATE REDDISH BROWN (10R4/6). THIN LAMINAE TO THIN BEDS, WAVY.
TROUGH CROSS-LAMINATIONS; ABUNDANT CROSS-CUTTING EROSIONAL TROUGHS AND CHANNELS
(2-4" DEEP X 3-5+ FT LONG), LOWER CONTACTS SHARP AND EROSIQMAL OM CLAYSTONE.
CALC! TE-FILLED FRACTURES ARE VERTICAL AND SUBVERTICAL TO SUBHORIZONTAL. SHARP
BASAL CONTACT.

SANDSTONE, MODERATE REDDISH BROWN (10R4/6). 1" CLAYSTONE AT TOP., THIN LAMINAE
TO THIN BEDS, FLAT TO SLIGHTLY WAVY; RIPPLE CROSS-LAMINAE (SETS TO 1" HIGH),
LOCAL RIPPLE DRIFT CROSS-LAMINAE WITH STOSS SIDE PRESERVATION; RIPPLES
(ANTIDUNES?) OVERLIE PLANE LAMINAE IN SEQUENCES 8-12" THICK, RARE SUBVERTICAL
FRACTURES FILLED WITH CALCITE. MODERATELY WELL INDURATED. LOWER CONTACT SHARP,
EROS IONAL, UNDULATORY .,

SILTSTONE INTERBEDDED WITH SANDSTONE, MODERATE REDDISH BROWN TO MODERATE BROWN
(10R4/6-5YR 3/4)., SANDSTONE OCCURS IN LENTICULAR BEDS 5-10 FT ACROSS BY UP TO 8"
THICK; SILTYSTONE 1S THINLY LAMINATED, LOCALLY WAVY TO FLAT; SANDSTONE CROSS-
LAMINATED SETS TQ 1/2", COSETS 1-2". SILTSTONE CONTAINS ABUNDANT CALCITE-FILLED
FRACTURES OF VARIABLE ORIENTATION. UNIT CALCAREQUS, MODERATELY WELL INDURATED.
MOIST EFFLORESCENT CRUST. LOWER CONTACT 1S SHARP.

SANDSTONE, LIGHT GREENTSH GRAY (5G8/1). CROSS-LAMINAE WITH TANGENTTAL BASES, ]
SETS 3-4" BY 3-5+ FT, TOPPED BY RIPPLE CROSS-LAMINAE, COSETS ABOUT .8" THICK.
LOCALLY SHOWS $OFT SEDIMENT DEFORMATION IN PILLOW STRUCTURES, PALEOCURRENTS TO
MORTH. CALCAREOUS, MOIST, EFFLORESCENT CRUST. LOWER CONTACT EROSIONAL, 1.5 FT
RELIEF.

108 4=

1701

SANDSTONE FINING UPWARD TO MUDSTONE WITH MINOR SILTSTONE, ARGILLACEOUS, MODERATE
BROWN (5YR3/4) WITH REDUCTION AREAS OF LIGHT GREENISH GRAY (5G8/1)., THIN LAMINAE
TO THIN BEDS (BECOMING MORE COMMON DOWNWARD); WAVY $TRATA, LOCAL SCOURS AND
RIPPLE CROSS-LAMINAE, LOW ANGLE TANGENTIAL CROSS-LAMINAE SETS LESS THAN 1/2"
THICK; CROSS-LAMINAE MORE ABUNDANT AT BASE, THIN LAMINAE TO THIN BEDS DOWNWARD;
SILTSTONE OCCURS AS WAVY INTERLAMINAE AND RIPPLES (FLASERS) ; CLAYSTONE 13 THINLY
LAMINATED, WAVY, SOFT, MOIST WITH EFFLORESCENT CRUST. CALCITE-FILLED FRACTURES
TO 1/16" THICK, SMALL DISPLACEMENTS, VARIQUS ORIENTATIONS. UNIT SOFT, LOWER
CONTACT SHARP TO GRADATIONAL.

s, S — — — i a— o — y—

INTERBEDDED SANDSTONE, SILTSTONE, AND MUDSTONE, MODERATE REDD!ISH BROWN TO
MODERATE BROWN (10R4/6 TO 5YR3/4) WITH LIGHT GREENISH GRAY (5G8/1) REDUCTION
SPOTS. CONSISTS OF FINING UPWARD SEQUENCES t-12" THICK WiTH SANDSTONE AT BASE:
ENTIRE SEQUENCE FINES UPWARD; THIN LAMINAE TG THIN BEDS, WAVY; LOW ANGLE
TANGENTIAL CROSS-LAMINATED SETS LESS THAN 1" THICK, RIPPLE CROSS-LAMINAE.
SUBVERTICAL FRACTURES WITH DISPLACEMENTS TQ lﬁ. MOIST. CALCAREQUS, NO GYPSUM.
BASAL CONTACT SHARP TO GRADATIONAL.

SANDSTONE AND SILTSTONE, MODERATE REDD!ISH BROWN (10R4/6), LIGHT GREENISH GRAY
(568/1) REDUCTION SPOTS AND ZONES. THIN LAMINAE TO THIN BEDS, FLAT TO WAVY;
RIPPLE CROSS-LAMINAE. ABUNDANT SLUMP !FEATURES. HARD UPPER CONTACT MARKED 8Y
FIRST QCCURRENCE OF GYPSUM-FILLED FRACTURES. NON-CALCAREQUS, NOT MOIST.
ABUNDANT GYPSUM-FILLED FRACTURES TO 2" THICK, SPACING: HOR!ZONTAL LARGE
FRACTURES ARE 4-12" AND MOST ABUNDANT, VERTICAL SPACED 5+ FT. HARD. BASAL
CONTACT GRADATIONAL . ’

SANDSTONE, VERY LIGHT GRAY (N8) TO MODERATE BROWN (5YR3/4), THIN LAMINAE TO THIN
BEDS, MOSTLY FLAT, SOME WAVY; RIPPLES ABUNDANT, SOME RIPPLE CROSS-LAMINAE; LOCAL
CLAY DRAPE OVER RIPPLES; CROSS BEDDED BELOW RIPPLES, LOW ANGLE FORESETS WITH
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TANGENTIAL BASE AND SETS 3-8" THICK. ABUNDANT GYPSUM-FILLED FRACTURES TO 1/2"
THICK, AVERAGE 1/8"; HORIZONTAL BIFURCATING FRACTURES SPACED 1-3': SUBVERTICAL
FRACTURES SPACED 2-5 FT. SHARP BASAL CONTACT.

SANDSTONE FINING UPWARD TO INTERBEDDED SANDSTONE AND SULTSTONE, MODERATE BROWN TO
MODERATE REDDISH BROWN (SYR3/4 TO 10R4/6) WITH LIGHT GREENISH GRAY (5G8/1) BASAL
CONTACT ZONE AND REDUCTION SPOTS. THIN BEDS TO THIN LAMINAE ; SEQUENCES OF FLAT
LAMINAE OVERLAIN BY RIPPLE LAMINAE AND RIPPLE CROSS-LAMINAE 2-8" THICK; FLAT
LAMINATED SECTION IS LOCALLY ABSENT AND REPLACED BY STRUCTURELESS THIN BED; FLAT
LAMINATED ZONE MAY CONTAIN LOW ANGLE CROSS LAMINAE WiTH TANGENT AL BASES; RIPPLE
SETS TO 1" BY 4", COSETS OFTEN 2" THICK, LOCAL TROUGH-LIKE FORMS WITH LATERAL TO
ACCRETION CROSS-LAMINAE DOWNWARD, SETS TO 4" BY 3+ FT, FLAT STRATA LOCALLY

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

INTERBEDDED SILTSTONE AND VERY FINE GRAINED SANDSTONE, FINING UPWARD, MODERATE
REDD!ISH BROWN TO MODERATE BROWN (10R4/6 TO 5YR3/4), WITH LIGHT GREENISH GRAY
(5G8/1) REDUCTION SPOTS AND SUBHORIZONTAL ZONES. INTERBEDS OF ARGILLACEQOUS
SILTSTONE BETWEEN 192-194 FT; THIN LAMINAE TO THIN BEDS; CONSISTS OF SEQUENCES 6"
TO 2 FT THICK OF FLAT TO WAVY LAMINAE OFTEN OVERLAIN BY LOW ANGLE TANGENT 1 AL
CROSS-LAMINAE (SETS TO 3" THICK) OVERLAIN BY RIPPLE CROSS-LAMINATED SETS TO 1"
HIGH; SEQUENCE MAY SHOW LATERAL RELATIONSHIPS W1TH TABULAR FLAT LAMINATED ZONE
ADJACENT TO ACCRETED UNITS WHICH ARE ADJACENT TO RIPPLE CROSS LAMINAE; RIPPLE
CROSS-LAMINAE SETS TO 2", MORE ABUNDANT BELOW 194 FT; SCOURS WITH TROUGH FORMS
ABUNDANT BELOW 197 FT, ALL TRANSITIONS USUALLY BOUNDED BY EROSIONAL SURFACES.
PILLOWS, SOFT SEDIMENT DEFORMATION NEAR 195 FT, MORE INTENSELY FRACTURED THAN
OVERLYING UNIT; GYPSUM-FILLED FRACTURES TO 2" THICK: HORIZONTAL SPACING 2" TO 1
FT (MOST ABUNDANT), VERTICAL FRACTURES 4-10 FT SPACING, SUBVERTICAL FRACTURES 6"
TO 5 FT; IRREGULAR DISTRIBUTION OF FRACTURES IN UPPER 3 FT.. GRADATIONAL LOWER
CONTACT.

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

INTERBEDDED VERY FINE SANDSTONE AND SILTSTONE IN FINING UPWARD SEQUENCES
GENERALLY 8" TO 2 FT THICK; UPPER 0.5 FT SILTSTONE; MODERATE BROWN (10R3/4) .
SMALL SCOUR CHANNELS TO 3" DEEP, FILLED WITH LOW-ANGLE CROSS-LAMINATED SETS t-2"
HIGH BY 10+" LONG WITH TANGENTIAL BASES, OVERLAIN BY LOW-ANGLE CROSS-LAMINATED
SETS 1" HIGH AND PLANAR TO WAVY LAMINAE; OVERLAIN BY LOW~ANGLE CLIMBING RIPPLES
(SETS 1™ HIGH BY 6-10" LONG). LOCAL SEQUENCES WITH FLAT TO WAVY LAMINAE TO LOW~
ANGLE TANGENTIAL CROSS-LAMINAE WITH SMALL SCOURS ARE OVERLAIN BY ZONES W!TH SOFT
SEDIMENT DEFORMATION (PILLOWS AND LOCAL FLAME STRUCTURES) OVERLAIN BY LOW-ANGLE

. CLIMBING RIPPLES. A REVERSAL OF THIS SEQUENCE OCCURS AT 220 FT. SILTSTONE AT

TOP OF UNIT POSSIBLE OVERBANK DEPOSIT. LOCAL INTERNAL EROSIONAL SURFACES MAY
HAVE 1+ FT RELIEF. GYPSUM-FILLED FRACTURES TO 2" THICK: HORIZONTAL 1/4-3"
SPACING, VERTICAL 4-10 FT, SUBVERTICAL 1-5 FT, HARD, VERY WELL INDURATED. SHARP
TO GRADATIONAL LOWER CONTACT,
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" SILTSTONE WiTH INTERBEDS OF SANDSTONE AND CLAYSTONE; REDDISH BROWN (10R4/4) .

THIN LAMINAE TO THIN BEDS; SANDSTONE OCCURS AS THIN BEDS WITH RIPPLE CROSS-
LAMINAE; SURFACES ARE WAVY TO LOCALLY CONTORTED. UNIT FINES UPWARD OVERALL DUE
TO FEWER COARSE GRAINED INTERBEDS. FRACTURES SIMILAR TO OVERLYING UNIT. HARD,
VERY WELL INDURATED. LOWER CONTACT SHARP AND ERQSIONAL.

o ———

:
Wl ) “?IW

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

oy

!

Y

SANDSTONE INTERBEDDED WITH SILTSTONE AND ARGILLACEOUS SILTSTONE (NEAR TOP),
MODERATE REDDISH BROWN (10R4/6). SERIES OF FINING UPWARD UNITS 6" TO 2 FT THICK;
SCOURS ABUNDANT, 4" DEEP BY 6"-2 FT WIDE; ACCRETIONARY CROSS-BEDDING ON MARGINS
OF CHANNELS NEXT TO BAR DEPOSITS; LOW ANGLE TANGENTIAL CROSS-LAMINAE INTERBEODED
WITH FLAT TO WAVY LAMINAE, SEQUENCES MOST OFTEN SHOW FLAT LAMINAE WITH LOW-ANGLE
ACCRETIONARY CROSS-LAMINAE AT BASE; CROSS-LAMINATED RIPPLE AND CLIMBING RIPPLE
SETS TO 1" HIGH FOLLOW; FLAT LAMINAE OR LOW-ANGLE CROSS-LAMINAE ARE COMMONLY
OVERLAIN BY SOFT-SEDIMENT DEFORMATION [N LOCAL PILLOW STRUCTURES AND FLAME
STRUCTURES SHOWING NORTHWARD SHEAR. SEQUENCES TOPPED BY FLAT LAMINAE QF
SILTSTONE. POSSIBLE PRISM CRACKS (DESICCATION) IN UPPER PART OF UNIT. GYPSUM-
FILLED FRACTURES TO 1™ THICK, HORIZONTAL SPACING 3" TO 3 FT, VERTICAL SPACING 4-
10 FT, SUBVERTICAL SPACING '-10 FT, SHARP BASAL CONTACT.

e
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SANDSTONE , VERY FINE GRAINED, INTERBEDDED WITH SILTSTONE AND SILTY CLAYSTONE,
DARK REDDISH BROWN (1OR3/4). UPPER .2 FT 1S SILTSTONE. CONSISTS OF SEQUENCES
FROM 4"~2 FT THICK OF SANDSTONE OVERLAIN BY SILTSTONE; SILTSTONE CLASTS OCCUR IN
LAG DEPOSITS LOCALLY (SOME WITH WELL PRESERVED BEDDING). SEDIMENTARY STRUCTURES
VARY BUT OFTEN EXHIBIT FOLLOWING SEQUENCE: AT THE BASE, PLANAR BEDDING (LAMINAR)
OVERLYING SILTSTONE CAP OF LAST SEQUENCE, OCCASIONALLY OVERLYING LAG OF SILTSTONE
PEBBLES, PLANAR LAMINAE MAY LOCALLY GRADE INTO LOW ANGLE CROSS-LAMINAE WITH
TANGENTIAL BASES (ACCRETIONARY DEPOSITS), PLANAR LAMINAE COMMONLY OVERLAIN BY
RIPPLE CROSS-LAMINAE (MOST CLIMBING AT HIGH ANGLES) WITH SETS TO 1,5" THICK;
SMALL CHANNELS WITH TROUGH CROSS~LAMINAE OCCUR LOCALLY, 3-4" HIGH BY 1-2 FT WIDE;
SOME SCOURS AND EROSIONAL SURFACES MAY EXHIBIT SILTSTONE PEBBLES TO COBBLES;
LARGE CHANNELS HAVE SILTSTONE LAG WITH CLASTS TO COBBLE SIZE; CHANNELS USUALLY
FILLED WITH PLANAR [AMINAE WITH SOME ACCRETIONARY SURFACES. ONE SILTSTONE COBBLE
CONTAINS TWO GYPSUM~FILLED FRACTURES WHICH DO NOT EXTEND BEYOND CLAST. INTERBEDS
OF FINE GRAINED SANDSTONE AT 296 FT, SOFT SEDIMENT DEFORMATION ABUNDANT. GYPSUM-
FILLED FRACTURES TO 1" THICK. HORIZONTAL SPACING 8" TO 2 FT, VERTICAL SPACING 8"
TO 10 FT, SUBVERTICAL SPACING 3" TO 2 FT. LOWER CONTACT SHARP TO GRADATIONAL,
SOMEWHAT EROSIONAL .

VERY FINE SANDSTONE INTERBEDDED WITH SILTSTONE, DARK TO MODERATE REDDISH BROWN
(1OR3/4-4/6). THIN LAMINAE TO THIN BEDS; SILTSTONE INTERBEDS CONTAIN SANDSTONE
FLASERS TO LENTICULAR BEDS. SILTSTONE INTERBEDS COMMONLY EXHIBIT ABUNDANT FILLED
PRISM CRACKS 1-2" DEEP WiTH A REGULAR SPACING; THE UPPERMOST 6" IS VERY DEFORMED
BY SOFT SEDIMENT PILLOWS; SCOUR SURFACES, PLANAR TO WAVY LAMINAE, CLIMBING CROSS~
LAMINAE SETS TO 1.5", ALL STRUCTURES ABUNDANT AND MORE DIVERSELY DISTRIBUTED THAN
IN OVERLYING UNIT. RIPUP CLASTS OF SILTSTONE AND SANDSTONE OCCUR LOCALLY.
PENECONTEMPORANEOQUS FAULTING WITH 6' THROW DISSIPATED UPWARD AND DOWNWARD AND IS
POSSIBLY ERODED AT TOP, GYPSUM-FILLED FRACTURES TO 1/2" THICK, MOST LESS THAN
178", GYPSUM LINING FRACTURES WITH SLIGHT DISPLACEMENTS SHOW ONLY STRAIGHT
FIBERS, UNIT MUCH MORE EXTENS!VELY FRACTURED THAN OVERLYING OR UNDERLYING

UNITS. SHARP BASAL CONTACY.

SILTSTONE WITH INTERBEDDED VERY FINE SANDSTONE, MODERATE REDD!ISH BROWN TO

" MODERATE BROWN (10R4/6 TO SYR3/4), VERY LIGHT GRAY (N8) UNIT AT TOP. THIN

LAMINAE TO LAMINAE; WAVY TO FLAT LAMINAE WITH LOCAL SCOURS AND LOW ANGLE CROSS-
LAMINAE [N ACCRETIONARY DEPOS!ITS, LOCAL RIPPLE CROSS-LAMINAE; OVERALL STRUCTURE
VERY WAVY WITH 1-2 FT AMPLITUDE, WAVELENGTH ABOUT S FT. UNIT VERY TO MODERATELY
CONTORTED, SHOWS PENECONTEMPORANEOUS FAULTING AND SLUMPING ALONG SHEAR PLANES,
SMALL FAULTS ALONG TOP OF UNIT, SLUMPING OR WAVY CONTORTIONS LESS PREVALENT
UPWARD, VOLUME CHANGES ADJUSTED FOR BY SOME SLUMPING AND FAULTING. SOME ARCUATE
GYPSUM FILLED FRACTURES TO 1" THICK, MOST LESS THAN 1/8". LOWER CONTACT SHARP,
MARKED BY SOFT SEDIMENT DEFORMATION (PILLOWS AND FLAME STRUCTURES).

INTERBEDDED SANDSTONE WITH SILTSTONE, FINING UPWARD FROM MEDIUM AND FINE SAND iIN
LOWER 6 FT TO MOSTLY SILTSTONE AT TOP; MODERATE REDD!SH BROWN TO MODERATE BROWN
{10R4/6 TO SYR3/4), CONSISTS OF FINING UPWARD SEQUENCES CAPPED BY SILTSTONE,
EXHIBITING SMALL DESICCATION CRACKS. THIN LAMINAE TO LAMINAE, WAVY TO FLAT;
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FLASERS AND RIPPLE CROSS-LAMINAE (SOME CLIMBING, MM SCALE IN SILTSTONES),
EROSIONAL SCOUR SURFACES AND SMALL CHANNELS. BELOW 320 FT, SEQUENCES MORE
REGULAR AND EXHIBIT PLANAR TO WAVY LAMINAE AND LOW ANGLE CROSS-LAMINAE OVERLAIN
BY RIPPLE CROSS-LAMINAE (SOME CLIMBING). SILTSTONES NEAR TOP EXH(B!T DESICCATION
CRACKS; LOCAL CLASTIC DIKES AND FILLED DESICCATION CRACKS ARE TO 1 FT DEEP;
PENECONTEMPORANEOUS FRACTURES, FAULTING, AND SLUMPING WiTH ABUNDANT PILLOW AND
LOAD STRUCTURES SHOWING SHEAR. FRACTURES MORE REGULARLY SPACED TO 1" THICK,
HOR[ZONTAL FRACTURES SPACED 6" TO 5 FT, VERTfCAL AND SUBVERTICAL FRACTURES

RARE. BASAL CONTACT SLIGHTLY UNDULATORY, SHARP TO GRADATIONAL.

INTERBEDDED SILTSTONE AND MEDIUM TO VERY FINE SANDSTONE; MODERATE TO DARK REDDISH
BROWN (10R4/6-3/4). INTERBEDS OF MEDIUM SANDSTONE N THIN FINING UPWARD
SEQUENCES CAPPED BY CLAYSTONE SHOWING RIPPLE-DRAPE 1/2-2" THICK NEAR BASE OF
UNIT, INTERBEDS ARE FINER GRAINED UPWARD, THIN LAMINAE TO LAMINAE, FLAT TO. WAVY
TO CONTORTED. LOCAL CROSS-LAMINAE PRESERVED. HORIZONTAL TO SUBHOR! ZONTAL
BURROWS FROM 337-350 FT. UNIT VARIABLY DEFORMED BY SOFT SED!MENT DEFORMATION AND
FRACTURES: BROADLY DEFORMED AND WAVY FROM 337-345 FT, WAVY AND CONTORTED ON
SMALLER SCALE FROM 345-360 FT, VERY CONTORTED WITH SLUMP FRACTURING 360-370 FT,
LARGER AMPLITUDE DEFORMATION AND SHEAR ALONG PLANES WITH SLIGHT DISPLACEMENT WITH
DECREAS ING DEFORMATION TOWARDS BASE OF UNIT, SOME PILLOW STRUCTURES 385-390 FT,
ABOUT 5° DIP TO NORTHEAST NEAR BASE. VERY FRACTURED; MOST PARALLEL TO CONTORTED
BEDDING. LOWER CONTACT SHARP.
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VERY FINE GRAINED SANDSTONE WITH INTERBEDDED MED{ UM SANDSTONE, SILTSTONE AND
MUDSTONE; MODERATE TO DARK REDD!SH BROWN (YOR4/6-3/4), WITH PALE OLIVE (10Y6/2)
SANDSTONE AS CHANNEL-FILLS. UPPER 3-4 FT CONSISTS OF 1/2"-3" THICK, THINLY
LAMINATED TO VERY THINLY BEDDED, FINING UPWARD SEQUENCES WITH CLAY DRAPE OVER
SEDIMENT STARVED RIPPLES AND LOCAL PILLOW STRUCTURES; MOTTLING FROM POSSIBLE
BIOTURBATION NEAR THE BASE OF EACH SEQUENCE. BELOW 398 FT, PENECONTEMPORANEOUS
SOFT SEDIMENT SLUMPING AND DEFORMATION ARE ABUNDANT AND STRATA ARE OFTEN
CONTORTED; CHANNELS 2"-1 FT DEEP, 3-10 FT WIDE, FILLED WITH MEDIUM SANDSTONE CUT
ACROSS THINLY LAMINATED VERY FINE SANDSTONE AND SILTSTONE; CHANNEL FILL SHOWS
TABULAR TO TANGENTIAL LOW ANGLE CROSS-LAMINAE AS PROBABLE LATERAL ACCRETI1ON
DEPOSITS; SCOURS WITH LITTLE OR NO DEPOS I TION BECOME COMMON DOWNWARD; MAY BE
TOPPED BY THIN LAMINAE TO LAMINAE OF SANDSTONE; SCOURS AND CHANNELS MAY BE
DEFORMED AND LOCALLY CROSS-CUT DEFORMED STRATA. BELOW 412, 1RREGULAR PODS AND
20NES OF SANDSTONE SIMILAR TO SMEARED INTRACLAST TEXTURE BECOME COMMON, LAMINAE
AND CLASTS ARE DEFORMED, GRANULE TO PEBBLE-SIZED CLASTS OF MUDSTONE AND SANDSTONE
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LOCALLY OVERLIE SCOUR SURFACES AND MAY APPEAR SMEARED AND DEFORMED. IRREGULAR,
<1/16™ THICK, GYPSUM-FILLED FRACTURES ARE ABUNDANT., FROM 411-417 FT WEDGE-SHAPED
SLABS ALONG SLICKENSIDED GYPSUM-FILLED FRACTURES OCCUR ON THE NORTHWEST,
SOUTHEAST AND SOUTH SIDES OF THE SHAFT, SLICKENSIDES SHOW VERTICAL MOVEMENT;
FRACTURE SETS STRIKE N45°E, DIP FROM 45-90°N, GROUND SOUNDS HOLLOW, MODERATELY
WELL INDURATED; LOWER CONTACT SHARP TO GRADATIONAL,
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: INTERBEDDED WITH MUDSTONE AND SILTSTONE; SILTSTONE BEDS FINING UP TO ARGILLACEQUS

SILTSTONE WITH SANDSTONE AND MUDSTONE; MODERATE TO REDOD!SH BROWN (I0R4/6-4/3) .
SEQUENCE OF SUBUN!TS VARY MAINLY IN DISRUPTION OF STRUCTURES; RANGE FROM THIN
LAMINAE TO LAMINAE, FLAT TO DISCONTINUQUS AND DISTORTED WiTH RARE POORLY EXPOSED
CROSS-LAMINAE. UPPER | FT CONSISTS OF LAYERS OF DES!CCATED SILTSTONE WiTH
ABUNDANT DESICCATION CRACKS (<2") TO 2 FT DEEP PRISM CRACKS; LOCALLY ABUNDANT
GYPSUM-FILLED FRACTURES MAY SHOW DISPLACEMENT TO 3" AND SLICKENSIDED SURFACES.
FROM 420-425 FT WAVY TO IRREGULAR DISCONTINUOUS THIN LAMINAE TO LAMINAE. FROM
425-434 FT IRREGULAR THIN LAMINAE TO LAMINAE OF SILTSTONE AND VERY FINE SANDSTONE

SILTSTONE, ABUNDANT PRISM CRACKS TO 2 FT DEEP. ABUNDANT GYPSUM-F ILLED FRACTURES
1/16", MOST SUBHOR!IZONTAL, SPACED 1/2"-2 FT, SUBVERTICAL FRACTURES TO 1/4" WIDE,
SPACED 6"-1 FT, FROM 434-440.5 FT, MORE ARGILLACEOUS DOWNWARD, SMALL

INTRAFORMAT IONAL CLASTS OF MUDSTONE, IRREGULAR STRINGERS AND LAMINAE OF VERY FINE
SANDSTONE, LAMINAE MORE IRREGULAR DOWNWARD (MUDFLAT SEQUENCES WiTH IRREGULAR
SMEARED LAMINAE TEXTURES FROM 434-440.5 FT). FROM 440.5-451, DESICCATION CRACKS
TO 2 FT DEEP AND MANY DJSH-SHAPED LAMINAE IN UPPER 4 FT. BELOW 445 FT, STRATA
MORE REGULAR AND CONTINUOUS; TEEPEE-LIKE STRUCTURES ABUNDANT, SOME QVERTURNED, UP
TO 1" HIGH, MOST 1/4-1/2" AMPLITUDE, ABUNDANT DESICCATION CRACKS TO 1" DEEP,

POSSIBLE CURLED DESICCATION CHIPS. UNIT AS A WHOLE MORE COMPETENT THAN OVERLYING
UNIT, BASAL CONTACT SHARP, .
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SILTSTONE {NTERBEDDED Wi1TH MUDSTONE AND SOME CLAYSTONE; MODERATE TO DARK REDDISH-
BROWN (10R4/6-3/4), MUDSTONE MODERATE REDD!SH ORANGE (10R6/6). LOCAL IRREGULAR
AND DISCONTINUOUS THIN LAMINAE TO LAMINAE AND DESICCATION CRACKS. LOCAL GRANULE
TO COBBLE-S1ZED CLASTS OF MUDSTONE; CLASTS AND STRATA MAY SHOW SMEARED TEXTURE.
FROM TOP TO 455 FT, SILTSTONE WITH MUDSTONE LAMINAE AND VERY THIN BEDS AND
GRANULE TO COBBLE-SIZED CLASTS OFTEN SHOWING SMEARED INTRACLAST TEXTURE. AT 455
FT, IRREGULAR, GRADATIONAL TO SHARP EROSIONAL SURFACE. FROM 455-460 FT, LESS
ARGILLACEQUS SILTSTONE DISPLAYS IRREGULAR DISCONTINUOUS STRATA, SMEARED
INTRACLAST TEXTURES AND CRACKLE TEXTURES; MUDSTONE PRESENT AS LOCAL
O1SCONTINUOUS, 1RREGULAR LAMINAE; CRACKLE TEXTURE SHOWS IRREGULAR ZONES AND
CLASTS/P{ECES OF SILTSTONE BOUNDED BY MUDSTONE LINED FRACTURES, LESS COMMON BELOW
457 FT. FROM 460-464.5 FT, TEXTURE DOMINATED BY LOCALLY SMEARED GRANULE TO SMALL
PEBBLE-SIZED CLASTS OF SILTSTONE AND MUDSTOME AT BASE GRADING UP TO SMEARED
LAMINAE TEXTURE. LOCAL NARROW (<1/16™) ARCUATE, GYPSUM-FILLED FRACTURES, SOME
DISPLACED TO 1". LOWER CONTACT SHARP, MARKED BY MUDSTONE.

VERY FINE SANDSTONE WITH SILTSTONE, MODERATE TO DARK REDDISH BROWN (10R4/6-
3/4). THIN LAMINAE TO LAMINAE, MOST FLAT TO WAVY, SLIGHTLY CONTORTED.
DESICCATION CRACKS TO 1/4" DEEP, SMEARED INTRACLAST TEXTURED DEVELOPED
LOCALLY. LOWER CONTACT GRADATIONAL.

VERY FINE SANDSTONE WITH MINOR SILTSTONE AND MUDSTONE, MORE SILTY AND
ARGILLACEOUS DOWNWARD. THIN LAMINAE TO VERY THIN BEDS; IRREGULAR, DISCONT INUOUS ,
FLAT, WAVY, LOCALLY CONTORTED./ SOFT SEDIMENT DEFORMATION; SMEARED LAMINAE
TEXTURE; CRACKLE TEXTURE OCCURS WITH SOME DESICCATION CRACKS, UP TO 2 FT DEEP.
EROS1ON SURFACES AT 475, 480 FT. MAJOR STRATIFICATION AT 483, 493, 495, 506, 510
FT. MUDSTONE AT TOP OF SURFACE AT 475 FT, SOME DISH-SHAPED FEATURES IN LOWER 7
FT, MOST OVERLIE CONTORTED BEDS. EROSIONAL SURFACES DIP PARALLEL TO OTHER
INTERNAL BEDDING. UPPER PART OF UNIT HAS ABUNDANT THIN FRACTURES, VERY
DISCONTINUOUS, MOST SUBHOR!ZONTAL, SPACED 1-3", <1/16" WIDE. LARGE FRACTURES
MORE ABUNDANT NEAR BASE AS ARE GYPSUM-FILLED FRACTURES IN IRREGULAR PATTERNS,
MOST LESS THAN 1/16" WIDE, SPACED 1" FOR HOR{IZONTAL AND 3-4 FT FOR SUBVERTICAL
FRACTURES. PENECONTEMPORANEOUS FOLDING NEAR BASAL CONTACT PARALLELS SHARP BASAL
CONTACT WITH TOP OF RUSTLER FORMATION.
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RUSTLER FORMAT{ON.

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

SWALLOWTAIL GYPSUM CRYSTALS FROM 540-544 FT, DISRUPTED 20NE 517-521 FT, BOULDER
S{ZED CLASTS, LAMINAE DOWNWARPED TOWARD AREA OF DISTURBANCE, SOUTH SIDE OF SHAFT
AS SOFT SEDIMENT DOWNWARPING IN DEWEY LAKE, CLAYSTONE ON IRREGULAR SURFACES IN
ANHYORITE , LOCAL ZONES OF GYPSUM, ALL PART OF POSSIBLE PALEO MiCROKARST ON
SURFACE OF FORTY-NINER MEMBER. GYPSUM-F ILLED FRACTURES FROM 513-530 FT,

HOR! ZONTAL SPACING 6"~ FT, NO VERTICAL FRACTURES, SUBVERTICAL SPACED ABOUT 3 FT;
OPEN FRACTURES TO 1/16" WIDE FROM 530-540 FT. SHARP BASAL CONTACT,
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ARGILLACEOUS SILTSTONE; GREENISH GRAY (5G6/1). THIN BEDS OF COARSELY CRYSTALLINE
GYPSUM NEAR TOP, POORLY PRESERVED IRREGULAR THIN LAMINAE. LOWER CONTACT 1S
REDUCTION/OX{DATION CONTACT. UNIT SOFT. CONTACT SHARP TO GRADATIONAL.

MUDSTONE (NTERBEDDED WITH SILTSTONE AND VERY FINE SANDSTONE, PALE YELLOWISH BROWN
(10YR6/2). SOME GYPSUM NEAR TOP IN COARSELY CRYSTALLINE LAMINAE TO THIN BEDS.
SILTSTONE AND SANDSTONE OCCUR AS FLASER-LIKE INTERBEDS, VERY DISCONTINUOUS TO
IRREGULAR; THIN LAMINAE TO LAMINAE, DEFORMED AND WAVY; POORLY DEFINED CROSS~

LAMINAE, SOME RIPPLE SURFACES, LOCALLY SLIGHTLY SMEARED TEXTURE. BASAL CONTACT
SHARP, EROSIONAL .

. VERY FINE SANDSTONE TO SILTSTONE, MODERATE BROWN TO LIGHT BLUISH GRAY (5YR3/4-
S5B7/1). THIN LAMINAE TO LAMINAE, FLAT AND PARALLEL TO CONTORTED AND DISTORTED OR
SMEARED, LOCALLY KINKED; LOCAL SANDSTONE PEBBLES; LOCAL LOW ANGLE CROSS-LAMINAE
IN ACCRETION SURFACES. UPPER 1 FT VERY ARGILLACEQUS.  SMEARED INTRACLAST
TEXTURE DOMINATES AT BASE. SOFT. BASAL CONTACT IRREGULAR.

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

SILTSTONE, LIGHT BLUISH GRAY (SB7/1). THIN LAMINAE TO VERY THIN BEDS, VERY
DISCONTINUOUS, CONTORTED TO WAVY, OVERALL STRATIGRAPHIC CONTINUITY WITHIN UNIT;
INTERLAMINAE OF ANHYDRITE DECREASE UPWARD. LOCALLY CONTA{NS GRANULE TO PEBBLE-
 SIZE SILTSTONE CLASTS. WELL INOURATED, MODERATELY HARD. SHARP BASAL CONTACT.

ANHYDRITE, MEDIUM GRAY TQ WHITE (N5-38), MEDIUM TO FINELY CRYSTALLINE. BEDDED
NODULAR FROM BASE TO S70 FT; INTERBEDS OF CARBONATE DECREASING UPWARDS, SPACED
.5-1 FT FROM 570-565 FT; ANHYDRITE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAILS TQ 1/2"
HIGH FROM 570-560 FT; THIN LAMINAE TO LAMINAE, SOME VERY THiN BENS; LAMINAE TO
MICROLAMINAE IN UPPER 2 FT; BEDDING WAVY TO CONTORTED ANO CONVOLUTE UPWARD AND
LESS CONTINUOUS. LOCAL ZONES OF MEDIUM TO COARSELY CRYSTALLINE GYPSUM. HEALED
SUBVERTICAL FRACTURE ON NORTHWEST SIDE OF SHAFT NEAR S60 FT. HARD. GRADATIONAL
BASAL CONTACT,

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

DOLOMITE, LIGHT BLUISH GRAY TO DARK GREEMISH GRAY (5B7/1-5G4/1). CLASTIC, SILT
SIZE. WAVY TO LENTICULAR BEDDING; LOW ANGLE CROSS-~LAMINAE WiTH ABUNDANT SETS 2"
HIGH BY 6 "LONG; WAVY TO LENTICULAR. BEDDING WITH LOW ANGLE CROSS-LAMIMAE SETS TO
174" NEAR BASE, SURFACE WET. GRADATIONAL BASAL CONTACT.

DOLOMITE, LIGHT BLUISH GRAY TO DARK GREENISH GRAY (SB7/1-5G4/1), MAINLY SILT-
S1ZED GRAINS, SOME SAND-SIZED; COARSE-GRAINED, MORE GYPSIFEROUS, POROUS, BUT MOT
WET. THIN LAMINAE TO LAMINAE; ABURNDANT CROSS-LAMINAE. -LOW ANGLE CROSS-LAMINAE
SETS 1/4-1/2", INCREASE IN SIZE AND BECOME INTERLAMINATED WITH LAMINAE CONTAINING
PEBBLE-SIZED NODULES OF GYPSUM tN UPPER .5 FT. BASAL CONTACT GRADATIONAL.

OOLOMITE, LIGHT BLUISH GRAY TO DARK GREENISH GRAY (5B7/1-5G4/13. CLASTIC, SILT
TO VERY FINE SAND SIZE. THIN LAMINAE TO LAMINAE, STRATA WAVY AT BASE BUT WITH
MUCH LESS AMPLITUDE THAN IN UNDERLYING UNIT; ABUNDANT EROSIONAL/SCOUR SURFACES TO
2" DEEP; LOW ANGLE RIPPLE CROSS-LAMINAE SETS TO 1/2" HIGH, MOST 1/4", SETS
INCREASE IN HEIGHT TO ABOUT 1" NEAR TOP. GRADATIONAL BASAL CONTACT.
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395 Pl _— DOLOMITE, LIGHT BLUISH GRAY TO DARK GREENISH GRAY (5B7/1-5G4/1). CLASTIC, SILT
Lol I _— TO VERY FINE SAND SIZE. UPPER PART THINLY LAMINATED, WAVY, DISCONTINUOUS. LOWER
Ve -_ PART ALGAL WITH DOMES AND HEMISPHEROIDS. ABUNDANT GYPSUM FILLED FRACTURES IN
p A SN A = WAVY PART, <1/2" THICK, MOST PARALLEL TO LAMINAE. GRADATIONAL BASAL CONTACT.
:[]’ II' I ‘ e st
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800 . TAMARISK MEMBER. ANHYDRITE, GYPSIFEROUS NEAR TOP, INTERBEDDED WiTH CARBONATE IN
A S W S /’-‘\\:—’/"- UPPER 4 FT; MICROCRYSTALLINE, VERY LIGHT TO MEDIUM LIGHT GRAY (N8-6). FROM
i\r\ { * 509.5-607 £T, GYPSIFEROUS ANHYDRITE SHOWS WAVY LAMINAE AND VERY THIN BEDS AND
2 = SOME NODULAR TO BEDDED NODULAR TEXTURES, STRATA DISCONTINUOUS AND CONTORTED
AWI W W Wi W [P, > ST LOCALLY, POSSIBLE ALGAL ORIGIN FOR SOME STRATA NEAR TOP, INTERBEDDED WITH
7 ] -t e w e aw W™ CARBONATE ABOVE 603.5, CARBONATE CONTENT INCREASES UPWARD, LOCAL CROSS- ’
\ = LAMINAE. FROM 607-623 FT, LAMINAE-SCALE BEDDED NODULAR TEXTURE DOMINATES; SHOWS
—<N CRUSHED PRISM TEXTURE LOCALLY, CRUSHED PRISM TEXTURE BECOMES MORE ABUNDANT NEAR
805 —_— BASE. FROM 623-633.5 FT, EPITAXIAL CRUSHED PRISM TEXTURE ABUNDANT, STACKS TO 1
FT HIGH, HEIGHT OF INDIVIDUAL CRUSHED PRISMS TO 2" MAXIMUM AT BASE, HEIGHT
p——— DECREASES UPWARD AS MORE OF ORIGINAL VOLUME REDUCED. FROM 633.5-643 FT, THIN
\ - LAMINAE TO VERY THIN BEDS WITH ANHYDRITE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAIL
<o CRYSTALS TO 1" HIGH, AVERAGE HEIGHT 1/4", FROM 643-650 FT, WAVY AND LOCALLY
\X\ ___efe_ SLUMPED THIN LAMINAE TO LAMINAE OF ANHYORITE AND SOME CARBONATE. FROM 650-652
FT7, THIN LAMINAE WiTH ANHYDRITE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAIL CRYSTALS.
810 X\\X oS- FROM 652-653, CLAST-SUPPORTED COBBLE BRECCIA OF THINLY LAMINATED ANHYORITE, ZONE
—S5-o— OVERLAIN BY EROSIONAL SURFACE WHICH CROSS-CUTS ANHYDRITE CLASTS. FROM 653-656 FT
.gvge_ CLAST TO LOCALLY MATRIX-SUPPORTED ANHYDRITE GRANULE BRECCIA WITH LOCAL COBBLE-
—— S1ZED CLASTS OF ANHYDRITE, UPPER SURFACE EROSIONAL. FROM 654-655.5 FT THIN
,O—OO LAMINAE AND LAM{NAE CONVOLUTED DOWNWARD, FLAME STRUCTURES OF UNOERLYING UNIT
\ _99_2_ PENETRATE ZONE TO .5 FT, UPPER SURFACE EROSIONAL. MEDIUM DARK GRAY (N4)
N —— CLAYSTONE INTERBEDS: 1" THICK AT 607, 609.5, 611, 613, 637.5 FT AND 1/16" THICK
815 —S-— AT 627. 1" INTERBEDS AT 611 AND 637.5 SHOW CLAYSTONE SQUEEZED UPWARD (TO .3 FT)
N B S INTO NEAR VERTICAL FRACTURES OVERLYING THE CLAYSTONE: CLAYSTONE SOUEEZED AROUND
SOME ANHYDRITE AT THE BASE OF THE CLAYSTONE AT 637.5 FT; THIN LAMINAE OF
CLAYSTONE AT 654 FT; CLAYSTONES OFTEN CONTAIN HOR!ZONTAL AND SUBHMORIZONTAL
v F1BROUS GYPSUM-FILLED FRACTURES. GYPSUM-FILLED FRACTURES LOCALLY ABUNDANT, MANY
K o BV " FIBROUS. FROM 599.5-607 FT, SUBHORIZONTAL GYPSUM-FILLED FRACTURES SEPARATE
STRATA, THICKNESS <1/8", SPACED 1/2" AT TOP, SPACING i{NCREASES DOWNWARD ;
'Q?Qf SUBVERTICAL FRACTURES LESS COMMON, SPACED 2-10 FT. FROM 620-643 FT, SUBVERTICAL
620~ Sao- GYPSUM-F ILLED FRACTURES MORE COMMON; MANY MAY ORIGINATE FROM AND A FEW MAY
Va1 - RADIATE FROM A SINGLE POINT ALONG CLAYSTONE INTERBEDS; OPEN FRACTURES (<1/32")
LOCALLY- OCCUR :2-1.5 FT BELOW CLAYSTONE INTERBED AT 637.5, 1 FT OF THESE
oeS- FRACTURES IS OPEN BUT ALL GRADE TO GYPSUM-FILLED. FROM 643-650 FT, THIN GYPSUM-
"e'\}e" FILLED FRACTURES ABUNDANT: SUBHORIZONTAL FRACTURES SPACED 1-6" PARALLEL TO
-«O——GQ‘ { STRATA, SUBVERTICAL FRACTURES SPACED 6"-3 FT. UNIT WARD, WELL LITHIFIED. LOWER
CONTACT SHARP TO LOCALLY GRADATION:‘\L. UNDULATORY AND IRREGULAR, MARKED BY FLAME
625 STRUCTURES.
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ANHYDRITE AND GYPSUM, VERY LIGHT GRAY (NB), INTERBEDDED WITH CLAYSTONE, LIGHT
BLUISH TO DARK GREENISH GRAY (587/1-5G64/1). CLAYSTONE CALCAREQUS AT UPPER ,5-.2
FT, CONTENT DECREASING DOWNWARD. THIN LAMINAE TO LAMINAE, WAVY TO UNDULATORY
PARALLEL TO LOWER CONTACT BECOMING MORE DISRUPTED, CONVOLUTED UPWARD (SOFT
SEDIMENT DEFORMATION); UPPER .5 FT VERY CONTORTED, WITH LOCAL FLAME STRUCTURES
(MO BRECCIA); LAMINAE VERY DISTIMCT IN CLAYSTONE (POSSIBLY ALGAL). CONTAINS
ABUNDANT IRREGULAR BIFURCATING GYPSUM-FILLED FRACTURES TO ' THICK, MOST

SUBHORI ZONTAL , FRACTURES DECREASING DOWNWARD. BASAL CONTACT GRADATIONAL .

© SUBHOR1ZONTAL AND PARALLEL TO BEDDING, TO 2" THICK.

CLAYSTONE, CALCAREOUS CLAYSTONE®IN UPPER 3-5 FT; VERY ARGILLACEOUS GYPSUM AND
ANHYDRITE AT BASE; LIGHT BLUISH TO DARK GREENISH GRAY AND VERY LIGHT GRAY (587/1-
5G4/1, NB) (SEE FIG., 8 FOR DETAILED MAP)., THIN LAMINAE TO LAMINAE; UPPER PART
MOSTLY PARALLEL, WAVY, WITH SOME SOFT SEDIMENT DEFORMATION, CONTORTED INTO FLAME
STRUCTURES AT UPPER CONTACT; LOWER PART DISRUPTED, DISCONTINUOUS. ANHYDRITE AND
GYPSUM CONTAINS SWALLOWTAILS LOCALLY TO .1/4" HIGH, UPPER CLAYSTONE MOUNDED
(POSSIBLY ALGAL), CONTAINS ABUNDANT BIFURCATING GYPSUM-FILLED FRACTURES, MOST
LOWER CONTACT SHARP TO
GRADATIONAL

<
<

(

|

8éo

8685

|

PYRITE CUBES OCCUR !N BLUISH-GRAY ZONES, MOST. ABUNDANT NEAR TOP,

INTERBEDDED AND INTERM!XED CLAYSTONE, MUDSTONE, AND SILTSTONE, GENERALLY FINES
UPWARD; LOCALLY SANDY NEAR BASE; S!I.TSTONE PEBBLE CONGLOMERATE FILLS 2.5 FT
CHANNEL AT BASE., GRAY!ISH-RED TO MEDIUM BLUISH-GRAY (10R4/2, 5B5/1); UPPER .5-2
FT, MEDIUM BLUISH-GRAY, [RREGULAR LOWER CONTACT; ALTERNATING LAMINAE AND MOTTLED
GRAYISH-RED TO MEDIUM BLUISH-GRAY BELOW UPPER ZONE. LOCAL THIN LAMINAE TO

. LAMINAE, IRREGULAR, DISCONTINUQUS, DISTORTED, CONTORTED TO CONVOLUTE OFTEN WITH

SMEARED LAMINAE TEXTURE; LAMINAE OFTEN DISRUPTED 8Y ABUNDANT SMALL SOFT SEDIMENT
DISPLACEMENT SURFACES; SMEARED INTRACLAST TEXTURE LOCALLY ABUNDANT; SMEARED
INTRACLAST/LAMINAE TEXTURE MOST ABUNDANT IN MIDDLE AND BASE OF UNIT. LOCAL
BROKEN, SUBHORIZONTAL, LATERALLY CONTINUOUS LAMINAE-SCALE GYPSUM-RICH ZONES IN
MIDDLE OF UNIT. LOCAL ANHYDRITE NODULES TO 1" DIAMETER IN LOWER HALF OF UNIT,
AT BASE OF UNIT ON. EAST SIDE OF SHAFT, A 2.5 FT DEEP, 24 FT WIDE CHANNEL IS
FILLED WITH MEDIUM BLUISH-GRAY SILTSTONE PEBBLE CONGLOMERATE; CONGLOMERATE 1S
CLAST SUPPORTED WITH ROUNDED CLASTS; REGULAR SECTION OCCURS ABOVE CHANNEL. SMALL
ABUNDANT SMALL
FRACTURES W1TH SLICKENSIDED SURFACES. ABUNDANT FIBROUS GYPSUM-FILLED FRACTURES
TO 2" THICK WITH SLICKENSIDED SURFACES, MANY SHOW SIGMO!IDAL FRACTURE FILLINGS,
MOST ARCUATE. LOWER CONTACT SHARP, EROSIONAL.

ANHYDRITE, -VERY LIGHT O DARK GREENISH GRAY (NB-5G4/1). THIN LAMINAE TO LAMINAE;
SOME ANHYDRITE PSEUDOMORPHS AFTER SWALLOWTAIL GYPSUM STRUCTURES SHOWING CRUSHED
PRISM TEXTURE; LAMINAE CONTINUOUS AND WAVY AT LOWER CONTACT; POSSIBLY NODULAR AT

QP HARD. SHARP. UNDWIATORY CONTACT WITH 1.5 ET RFIIEF

CLAYSTONE ,- GREENISH BLACK (5G2/1)., VARIES AROUND SHAFT TO 1| FT THICK. THIN
LAMINAE TO LAMINAE, WAVY, SOFf.gEDIMENT DEFORMATION; INTERBEDDED GYPSUM LAMINAE;
RIPUP COBBLE OF UNDERLYING MATERIAL AT NORTH SIDE OF SHAFT, GYPSUM-FILLED
FRACTURES TO 1.5" THICK, SUBHOR!ZONTAL WiTH LOCAL SUBVERTICAL BIFURCATING
FRACTURES. SOFT. LOWER CONTACT UNDULATORY 1-4 FT  SHARP.

ANHYDRITE, VERY LIGHT TQ DARK GREENISH GRAY {N8-5G4/1). THIN LAMINAE TO LAMINAE
WAVY, STRATA BECOME MORE CONTORTED DOWNWARD, LOCALLY EROSIONALLY TERMINATED;
SMALL (<1/8") SWALLOWTAIL FEATURES; ALGAL STRUCTURES DOMINATE AT BASE. LARGE
SCALE EROSION SURFACE ABOUT 2 FT FROM TOP SHOWS 1 €T RFIICE MITU €1 tminrn ~om o
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M~ OVERLYING AND UNDERLYING SURFACE; FORMS LOCAL ROLLOVER STRUCTURES FROM SOFT
—~—~ SEDIMENT OEFORMATION ALONG A SLOPE, DIPS TO 20°. LOWER 2 FT OF UNIT VERY
. STYLOLITIC. HARD. LOWER CONTACT SHARP TO GRADATIONAL.
——\,
\__,
. \\_r\-/ CULEBRA DOLOMITE MEMBER. DOLOMITE, ARG!ILLACEOUS, LOCALLY ORGANIC-RICH (ALGAL) AT
880 TOP AND BASE, LIGHT OLIVE GRAY (5Y6/1) (SEE FIG. 9 FOR DETAILED MAP). THIN
_ LAMINAE TO THIN BEDS; CROSS-LAMINAE IN UPPER .5 FT; CONSISTS OF FINING UPWARD
N— SEQUENCES .2-.5 FT THICK WITH BURROWS IN LOWER PART OF SEQUENCES. SYNSEDIMENTARY
- FAULT WITH 1 FT THROW TERMINATES NEAR MIDDLE OF THIS UNIT, UNIT DEPOS!TIONALLY
———— THICKENS OVER DOWNDROPPED SECTION. UPPER 1-2 FT SHOWS SHORT, SMALL FRACTURES
WITH SYNSEDIMENTARY BRECC!A, MOST SUBVERTICAL AND LIMITED TO IND!VIODUAL STRATA.
= A FEW WITH FIBROUS GYPSUM-FILLINGS TO 1/4", CONTAINS NO VUGS. LOWER CONTACT
885 ”'1:7—",,\ GRADAT{ONAL .
:\\;»4 = DOLOMITE, LIGHT OLIVE GRAY (5Y6/1), MEDIUM CRYSTALLINE, ARG!LLACEOUS, LOCALLY
e 09 4’:: : ORGANIC-RICH. THIN LAMINAE TO THIN BEDS, PARALLEL BEDDING "RAILROAD TRACKS";
__; -W\ St RARE LARGE VUGS, MOST OPEN; BEDS INTERNALLY STRUCTURELESS. PROBABLE BRECCIA
[__]"_;’ —_— ALONG SOME FRACTURES. CONTAINS LONGER SUBVERTICAL AND VERTICAL FRACTURES FILLED
- \’Z—— WITH GYPSUM. LOWER CONTACT GRADATIONAL TO DIFFUSE.
890 — —

I—l— ——— DOLOMITE, LIGHT OLIVE GRAY (5Y6/1), ARGILLACEOUS, MEDIUM CRYSTALLINE. LOCAL THIN
~ 17 L 7 o LAMINAE TO MEDIUM LAMINAE. FRACTURES NOT RELATED TO STRATA BUT ARE ASSOCIATED
777 WITH VUGS; WITHIN SOME LAMINAE AND THIN BEDS, THIN BEDS LOCALLY EROSIONALLY

—— TERMINATED. STRATA PARALLEL, FLAT; SOME LOW ANGLE CROSS-LAMINAE WITH POSSIBLE
]‘_;"' y4 o RIPPLE FORMS; THIN LAMINAE LOCALLY D!SCONT{NUOUS. POSSIBLE BIOTURBATION. ZONE
— PRODUCES MOST OF CULEBRA FLUID; UNIT 1S CHARACTERIZED BY BROKEN APPEARANCE; VERY
895 ““"-_ VUGGY AND BROKEN, ABUNDANT VUGS TO 2-3" DIAMETER, SOME FILLED WITH GYPSUM AND
=7 —_O E,, SOME WITH CLAY, SOME HAVE BOTH; MOST HAVE IRREGULAR MARGINS DUE TO DISSOLUTION OF
77 —\ L§ v CARBONATE: ABUNDANT IRREGULAR THIN (<1/16") FILLED AND OPEN FRACTURES
VAR A — @g INTERCONNECTING ALL VUGS. MOST FRACTURES ARE SUBVERTICAL TO VERTICAL. CLAY-RICH
< Loy gﬂ INTERBEDS NEAR TOP, MOST VUGS CLAY-FILLED. ABOUT 50 PERCENT OF FRACTURES ARE
7 7 °f__ﬂD UNFILLED. SUBVERTICAL FRACTURES VERY ABUNDANT, SPACED 1/4-2", MOST VERY
=77 B Y .g' DISCONTINUOUS. UNIT ACTUALLY PACKBRECCIA (MORROW, 1982). GRADAT!ONAL BASAL
— > 0 o W EV CONTACT.
700 e~ el [ DOLOMITE, LIGHT OLIVE GRAY (5Y6/17. BEDDIIG MORE DISTINCT BELOW 700 FT, LAMINAE
7 A° r— v TO VERY THIN BEDS; LOW ANGLE CROSS-LAMINAE WITH LOW HUMMOCKS, LOCAL EROSIONAL
! 7/ ][ ~— ﬂ SCOURS TO 3" DEEP, MAY APPEAR WAVY TO LENTICULAR. VUGS MORE ABUNDANT AND SMALLER |
77 e A DOWNWARD, FREQUENCY DECREASES SIGNIFICANTLY BELOW ABOUT 705 FT; VUGGY POROSITY
L7 }\O} v DEVELOPED IN SUBVERTICAL FRACTURES; MOST VUGS OPEN OR FILLED WITH CLAY, GYPSUM AS
/1 L —~ D o __ FRACTURE OR VUG FILLING MUCH LESS COMMON, ABUNDANT DISSOLUTION OF CARBONATE.
7 \_{o' v UNIT IS A PACKBRECCIA (MORROW, 1982). GRADATIONAL BASAL CONTACT.
708 14 —_— e - " DOLOMITE, L1GHT OLIVE GRAY (5Y6/1). THIN LAMINAE TO VERY THIN BEDS. LESS
VAR q - >04 BRECCIATED .AND DI1SRUPTED THAN OVERLYING UMIT; FEWER LARGE VUGS, LAYERING FLATTER,
| o LESS WAVY -THAN OVERLYING UNIT; SOME LOW ANGLE CROSS-CUTTING RELATIONSHIPS,
L L - 00 v FRACTURES LESS ABUNDANT THAN IN OVERLYING UNIT, BUT STILL ABUNDANT, MUCH MORE

% 7L ‘K"o ,a', *__ CONTINUOUS, MOST SUBVERTICAL. ABUNDANT MICROVUGS. GRADATIONAL BASAL CONTACT.
7 o [5) ~ v DOLOMUTE, LIGHT OLIVE GRAY (5Y6/1), ENTIRE UNIT UNDULATORY. THIN LAMINAE TO
VA AR A & , l LAMINAE. LOCALLY BRECCIATED. SHARP BASAL CONTACT, UNDULATORY OVER 3 FT.

L. 7 L 7 7, —— °Io s v ! UNNAMED LOWER MEMBER. MUDSTONE AT BASE TO CLAYSTONE AT TOP, MEDIUM BLUISH GRAY

710 777 —_— TO BROWNISH GRAY TO DARK .GREENISH GRAY UPWARD (5B5/1-5YR4/1-5GY2/1) (SEE FIG. 9
—_— — FOR DETAILED MAP). MICRO TO THIN LAMINAE TO STRUCTURELESS, WAVY, SOME CONTORTED
T for—s} 8 AND VERY IRREGULAR TO DISCONTINUOUS. GRAY CLAST TO COBBLE SIZE IN LOWER MIDOLE
:—_:-—]F L 3 ] PART-OF UNIT. SLICKENSIDES COMMON. GYPSUM-FILLED FRACTURES OCCUR LOCALLY TO
B e — o T L P o 1/8" "THICK ALONG. SLICKENSIDED SURFACES. YELLOW STAINS ON SOME FRACTURES.
AT — e~ | SOFT. LOWER CONTACT MARKED BY DISTINCT COLOR CHANGE.

] o0 Lo MUDSTONE , MODERATE BROWN (5YR3/4) WITH MEDIUM BLUISH GRAY. (585/1) (NTERLAMINAE,

7154 T — ] 5—/ CONTAINS' SEVERAL VERY THIN BEDS TO LAMINAE OF DISCONTINUOUS GYPSUM, .5-1 FT
—_— — — ~ BELOW, AND PARALLEL TO, UPPER CONTACT. SMEARED {NTRACLAST/LAMINAE TEXTURE BELOW

¥ SULFATE INTERBEDS WITH A HINT -OF HORIZONTAL STRATIFICATION. LOCALLY ABUNDANT
—_ GYPSUM-F{LLED FRACTURES TO 1™ THICK WiTH VARIOUS ORIENTATIONS. LOWER CONTACT
B SHARP, EROSIONAL .
== ANHYDRITE, VERY TO MEDIUM LIGHT GRAY (NB-6), MODERATE PINK ZONE (5R7/4) | FT
e BELOW CONTACT; COVERED WITH GROUT, MOST DETAIL OBSCURED. MICROCRYSTALLINE. THIN
J—— LAMINAE TO LAMINAE; STRATA MOSTLY FLAT, LAMINAE WAVY, POORLY EXPOSED. LARGE
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HALITE PSEUDOMORPHS AFTER GYPSUM SWALLOWTAIL CRYSTALS TO I FT HIGH NEAR BASE .
\\\4 pem— ‘LOWER CONTACT SHARP,
725—4\\ V v 1
..\. e SILTSTONE (BASE) TO MUDSTONE (TOP), GRAYISH BROWN TO GRAYISH RED (SYR3/2-10R4/2),
= — 1 —] — o0 UPPER .5-.2 FT IS GRAY (5G66/1). HALITE CEMENT NEAR BASE, ANHYDRITE CEMENT AT
gy —_— TOP. LOCAL THIN LAMINAE; ANHYDRITE OCCURS AS IRREGULAR INTERBEDS AND NODULES:
B STy O ob HINT OF SMEARED INTRACLAST/LAMINAE TEXTURE. SHARP TO EROSIONAL BASAL CONTACT
] o MARKED ALSO BY INCREASE IN SALT CONTENT.
:_.i:F:_ @ DD SILTSTONE AND HALITE, MODERATE BROWN (5YR3/4), ZONES OF GREENISH GRAY (SGT6/1).
130 a r LOCAL THIN LAMINAE OF SILTSTONE; CLEAR INCORPORATIVE HALITE OCCURS AS |SOLATED
= ] - ] AGGREGATES OF CRYSTALS TO 1" ON A SIDE, CONCENTRATED BETWEEN 727.4-729 FT,
iy ol %%& CRYSTALS MAY BE DISPLACIVE: SILTSTONE BED AT EROSIONAL SURFACE AT 730 FT IS ABOUT
[ — T -3 FT THICK; BELOW 730 FT, HALITE OCCURS WITH SILTSTONE, SILTSTONE OCCURS AS
-—:——i—: en— BLEBS AND DISCONTINUOUS INTERBEDS MARKING EROSIONAL SURFACES: HALITE
= oo CONCENTRATION DECREASES IN LOWER ,2-.5 FT; SILTSTONE SHOWS SMEARED
s & INTRACLAST/LAMINAE TEXTURE: BELOW 730 FT, MOST HALITE ORIGINATED AS OVERGROWTHS
_ —~ = —'—1: —] dﬁ’ ON HALITE CRUST; SILTSTONE NTERBEDS DISCONTINUOUS; WITH EXCEPTION OF AN
738 e IRREGULAR HORIZONTAL ZONE NEAR 732 FT AND THE SILTSTONE INTERBED AT 730 FT,
_-—:—‘j 0.gga HALITE 1S THE DOMINANT CONSTITUENT. LOWER CONTACT SHARP AND EROSIONAL .
| - HALITE, CLEAR, WITH SILTSTONE, MODERATE BROWN (SYR3/4). INCREASING CLAY AND
SILTSTONE CONTENT UPWARD TO SILTSTONE AT TOP. MOST SILTSTONE OCCURS IN UPPER
HALF OF UNIT AS THIN STRINGERS AND BLEBS, CONTENT INCREASES UPWARD. LOWER .5 FT
MOSTLY CLEAR HALITE, INTERLOCKING CRYSTALS (HALITE CRUST). HARD. BASAL CONTACT
—t— SHARP TO GRADATIONAL.
740 \\\l U;@_ ANHYDRITE, MEDIUM CRYSTALLINE; VERY TO MEDIUM LIGHT GRAY (NB-G). THIN LAMINAE,
\\ = WAVY, FLAT TO PARALLEL IN UPPER .5-1 FT; LAMINAE LOCALLY DISCONT INUOUS.
—_— 'RREGULAR ZONES OF HALITE, SOME DISPLACIVE CRYSTALS, HALITE INCREASING UPWARD.
ARAYY —_— HARD, STANDS OUT AS RESISTANT UNIT. LOWER CONTACT SHARP AND EROSIONAL; LAMINAE
\TY jpt— WITHIN UNIT DRAPE CONTACT.
i.__i:_—:: p— HALITE WITH INTERLAMINATED ANHYORITE, ANHYDRITE CONTENT INCREASING DOWNWARD
N St 0oo . CLEAR TO WHITE. YERY THIN TO THIN BEDS, FLAT TO SLIGHTLY WAVY; CONTAINS THIN
745 ._:._q_:_“; @’ﬁ"‘ ARGILLACEOUS LAMINAE DOWNWARD WITHIN ANHYORITE. BASAL CONTACT SHARP, EROSIONAL.
eikgplboy 2o 521 HALITE WITH MUDSTONE AND SILTSTONE (TOP, UPPER 1 FT); HALITE CLEAR, MUDSTONE AND
'55¥3ﬁ'§33‘f5 — SILTSTONE LIGHT BROWNISH GRAY (SYR6/1). MUDSTONE OCCURS AS STRINGERS; .5 FT
,}:__:1-;{_;1-; by THICK SILTSTONE WITH EROSIONAL BASE OCCURS BELOW UPPER CONTACT, HAS DISPLACIVE
Takypllyy L% HALITE CRYSTALS TO 1/4™ WITH SMEARED INTRACLAST/LAMINAE TEXTURE. REMAINDER OF
—— UNET MAINLY HALITIC SILTSTONE; LOCAL THIN LAMINAE TO VERY THIN BEDS, IRREGULAR TQ
- ::t}—}: DISCONTINUOUS; SMEARED INTRACLAST/LAMINAE TEXTURE. LOCALLY THINLY BEDDED,
780 _'_-:-l:-::"_éwm ANHYDRITIC NEAR TOP. SOME HALITE AGGREGATES, MOSTLY DISPLACIVE TQ SMALL AGGRE-

7a04;

— .
—

e
——

|

L

IR
i
L

|
|

7
(b

T
I

Al
i
LEIELL

,.
|
L

1

-
=1
e
-
-
-~
i

l

T
|
il

l

|
i

GATES, CRYSTALS TO 1/2" ACROSS. LOOSE TO HARD DUE TQ RECENT DISSOLUTION OF
HALITE DURING SHAFT CONSTRUCTION, BASAL CONTACT GRADATIONAL TO SHARP, EROSIONAL.

HAUTTE AND STLTSTONE, CLEAR HALITE, STLTSTONE LIGHT BROWNTIN YO QRN aonr 1
{5YR6/1-56Y6/1); HALITE COARSELY CRYSTALLINE, TO 1/2". UPPER PART SHOWS WELL
DEVELOPED VERY THIN TO THIN BEDS WITH HALITE INTERLAMINAE; STRATA LESS WELL
DEVELOPED (N MIDDLE PART, CONTAINS IRREGULAR SMALL BLEBS OF SILTSTONE; AT ABOUT
755, .5~.2 FT SILTSTONE OCCURS ON TOP OF EROSIONAL SURFACE, CONTAINS 1/4"
DISPLACIVE CRYSTALS, IRREGULAR LAMINAE; BELOW 755 FT, HALITE IS ISOLATED TO
AGGREGATES, CRYSTALS TO 1/2", CONTENT AND SIZE DECREASE DOWNWARD. GRADAT|ONAL
BASAL CONTACT.

FINE TO MEDIUM SANDSTONE TO SILTSTONE, ANHYDRITIC, HALITIC; VERY LIGHT TO LIGHT
BROWN!ISH GRAY TO GRAYISH RED (NB-5GY6/1-10R4/2). THIN LAMINAE TO LAMINAE | WAVY
TO CONTORTED, LOCALLY DISCONTINUOUS; BELOW 763 FT, BEDDING IS FLATTER; SOME
LAMINAE TO VERY THIN BEDS OF ANHYDRITE ARE ENTEROLITHIC: SOME TEPEE STRUCTURES
AND DISC-SHAPED LAMINAE; POSSIBLE DESICCATION CRACKS. UPPER .5 FT SLIGHTLY
HALITIC, NEXT 1.5 FT VERY ANHYDRITIC, BELOW 763 FT ANHYDRITE CONTENT DECREASES
DOWNWARD. LAMINAR TO VERY THINLY BEDDED GRAY ZONES OCCUR, MORE ABUNDANT; BELOW
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767 FT, LOCAL FLAME STRUCTURES. MAINLY SANDSTONE FROM 765 TO BASE; SOME LOW
ANGLE ACCRETIONARY CROSS-LAMINAE, SETS TO 2" HIGH ON MARGINS OF CHANNELS .2 FT
DEEP BY 5 FT WIDE; SMALLER FLAT LAMINAE AT TOP, RIPPLE CROSS-LAMINAE AND RIPPLE
P FORMS BECOME MORE COMMON DOWNWARD; RIPPLE FORMS AND RIPPLE CROSS-LAMINAE |NCREASE
= DOWNWARD, AS DOES SET SIZE TO 2"; LATERAL ACCRETION LOW ANGLE CROSS-LAMINAE SETS
TO .4 FT HIGH. MANY SUBVERTICAL HALITE-FILLED FRACTURES TO 2" THICK, SPACED 2-4
) —— FT. LOWER CONTACT SHARP, EROSIONAL, UNDULATORY.
770 X \_,<.<'/\
==
SANDSTONE, MODERATE BROWN TO GREENISH GRAY (5YR3/4-5GY6/1). THIN LAMINAE TO
x LAMINAE WITH ABUNDANT CROSS-LAMINAE; SIZE INCREASES DOWNWARD TO DUNE-SI1ZE CROSS-
/<<\d’ BEODING WITH SCOUR BASES; PLANAR CROSS-BEDDING AT BASE WITH RIPPLES TO 2" CROSS-
775 ~Sa— LAMINAE AT TOP: LOCAL SCOURS; SOME BURROWING. HARD. EROSIONAL BASAL CONTACT.
I H! SANDSTONE , GREENISH GRAY (5GY6/1). THIN LAMINAE TO RARE LAMINAE: CROSS-LAMINAE
2 TO CROSS-BEDDING COMMOM, SETS TO .5 FT; CROSS-BEDS PLANAR; LOCAL TROUGHS TO .2 FT
/_<<\_"' OEEP; SCOUR SURFACES COMMONLY OVERLAIN BY TANGENT(AL CROSS-BEDDING; SOME
EQUIDIMENSIONAL RIPPLES AND RIPPLE CROSS-LAMINAE, SETS TO I"; FLAT TO WAVY
. (/<<\® LAMINAE; SOME BURROWING. ABUNDANT SUBVERTICAL TO VERTICAL HALITE-FILLED
780 FRACTURES TO 1" THICK, DISSOLVED OUT AT SURFACE OF SHAFT. MODERATELY MARD,
—_— PROBABLE HALITE CEMENT. GRADATIONAL BASAL CONTACT,
._&é
785 - MEDIUM SANDSTONE, PROBABLE HALITE CEMENT; MODERATE BROWN (5YR3/4) AT BASE FINING
A Agyiiy —— UPWARD TO ARGILLACEOUS SILTSTONE, GREENISH TO BLUISH GRAY (5GY6/1-5B6/1). LOWER
Rk ] X .1 FT CONTAINS CLASTS AND PEBBLES OF SILTSTONE WITH FOSSIL FRAGMENTS
_—_-‘:_-‘_——‘_._.. (INVERTEBRATES) . SEDIMENTARY STRUCTURES SMALLER THAN IN OVERLYING UNIT; LOW
T T ANGLE RIPPLE CROSS-LAMINAE WITH FLAT TO WAVY THIN LAMINAE, BIOTURBATION MORE
. “-__-—__—: /<<\ EXTENSIVE DOWNWARD. CONS!ISTS OF BIOTURBATION ZONE OVERLAIN BY RIPPLES, OVERLAIN
] BY BIOTURBATION, ETC.; VERY LITTLE STRATIFICATION PRESERVED DOWNWARD; BURROWS
790 = r SUBHOR| ZONTAL.  ABUNDANT CLOSELY SPACED SUBVERTICAL TO VERTICAL FRACTURES, SOME
T  FILLED WITH HALITE TO 1™ THICK; SLABS 2-6" THICK SCALE OUT; FRACTURES (NTERSECT
| —— o — FORMING WEDGES. HALITE FRACTURE FILLINGS DISSOLVED AT SHAFT SURFACE FROM CULEBRA
[ . - WATER. MGDERATELY WARD. CONTACT EROSIONAL AND SHARP, UNDULATORY OVER 1 FT.
o) -
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_-.-.-__1_-ETM|NAE TO LAMINAE, WAVY TO LOCALLY CONTORTED, O1SCONTINUQUS; SOME SMEAREQD

SILTSTCNE TO VERY FINE SANDSTONE, HALITE CEMENT; MODERATE BROWN (5YR3/4). THIN

INTRACLAST/L AMINAE TEXTURE, MODERATELY HARD, BASAL CONTACT SHARP.

ANHYDRITE, LIGHT BROWNISH GRAY TO LIGHT GRAY (5YR6/!-N7); MEDIUM CRYSTALLINE (SEE
FIG, 'O FOR DETAILED MAP). PARTIALLY LAMINATED, HARD, LOWER CONTACT SHARP, |

SALADO FORMATION. HALITIC SILTSTONE, MODERATE BROWN (5YR3/4) WITH INTERLAMINAE
OF GREENISH GRAY (5G5/1) SULFATE. HALITE CONTENT INCREASES DOWNWARD, SMALL
DISPLACIVE CRYSTALS TO 1/8", MOST ABOUT 1/16". IRREGULAR THIN LAMINAE TO LAMINAE
NEAR TOP ARE LESS DISTINCT DOWNWARD, EROSIONAL CONTACT AT 824 FT AND RASE OF
UNIT.,

HALITE, CLEAR, WiTH POLYHALITE, MODERATE REDDISH ORANGE (10R6/6) AND CLAY,
MODERATE BROWN TO GREENISH GRAY (5YR3/4-5G6/1). HALITE MEDIUM TO COARSELY
CRYSTALLINE, MODERATELY POLYHALITIC AT BASE, MODERATELY ARGILLACEOUS AT TQP,
CLASTIC MATERTAL AS BLEBS, POLYHALITE AS BLEBS AND STRINGERS. {(OWER CONTACT
SHARP,

835 FT, THIN TO MEDIUM BEDS; LOCAL CLEAR, VERY COARSELY CRYSTALLINE HALITE; UPPER

HALITE TO HALITIC MUDSTONE (UPPER .5-.3 FT); HALITE MEDIUM TO COARSELY
CRYSTALLINE. ARGILLACEOUS ZONES FROM 831.5-832.5 AND 833.5-834.5 FT WITH
ABUNDANT D!SCONTINUQUS SUBHOR!ZONTAL STRINGERS OF MODERATE BROWN (S5YR3/4)
CLAYSTONE; LOCALLY POLYHALITIC (MODERATE REDDISH ORANGE, 10R6/6) AS DISCONTINUOUS
AND INTERCRYSTALLINE STRINGERS; SOME WH(TE (N7) ANHYDRITE, MOSTLY CLEAR BELOW

HALITIC MUDSTONE WITH ABUNDANT D!SPLACIVE CRYSTALS TO 1", WITH SMEARED INTRACLAST
TEXTURE, MODERATE BROWN TO GREENISH GRAY (5YR3/4-5G6/1). LOWER CONTACT MARKED BY
.1-.3 FT THICK POLYHALITE BED, VERY UNDULATORY AT SMALL SCALE. LOWER CONTACT
SHARP .

‘HALITE, CLEAR, LOCALLY BLUE; VERY COARSELY CRYSTALLINE, TO 6" ON SIDE; LOWER .5"

SLIGHTLY POLYHALITIC, MODERATE REDDISH ORANGE (10R6/6); LOWER ,1-,2 FT CONSISTS
OF POLYHALITE. LOWER CONTACT SHARP, SLIGHTLY UNDULATORY,

HALITE; . THIN TO MEDIUM BEDS WITH iRREGULAR STRINGER OF POLYHALITE, MODERATE
REDDISH ORANGE (10R6/6) AND ANHYDRITE; SLIGHTLY ARGILLACEQUS IN UPPER 1 FT.
HALITE CLEAR, MEDIUM TO COARSELY CRYSTALLINE. BEDDING 3-6" THICK; STRATA WAVY.
SEQUENCES OF VERTICALLY ORIENTED HALITE OVERLAIN BY CUMULATES; Z0NES OF COARSE
CLEAR HALITE. LOWER CONTACT SHARP,

ARGILLACEQUS HALITE, MODERATE BROWN TO GREENISH GRAY (5YR3/4-5G6/1), LOCAL PITS
WITH CLEAR HALITE. CLAY OCCURS AS BLEBS AND IRREGULAR STRINGERS, INCREASES
UPWARD. HALITE DISPLACIVE, INCORFORATIVE, SMEARED INTRACLAST/LAMINAE TEXTURES
AT TOP. LOWER CONTACT SHARP AND EROSIONAL.

HALITE, POLYHALITIC, MODERATE REDDISH ORANGE (10R6/6), CLEAR TO WHITE HALITE.
INTERCRYSTALLINE POLYHALITE AND AS IRREGULAR DISCONTINUOUS SUBHOR!ZONTAL
STRINGERS, RARE STRINGERS OF MODERATE BROWN TQ GREENISH GRAY (5YR3/4-5G6/1)
CLAY., POSSIBLE PRISM CRACKS NEAR TOP, LOWER CONTACT SHARP.
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HALITE AND SILTSTONE, MODERATE BROWN TO GREENISH GRAY (5YR3/4-5G6/1). HALITE
CLEAR, INCORPORATIVE; MEDIUM TO COARSELY CRYSTALLINE, TO 1" ON SIDE, LOCALLY
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—_— = oo DISPLACIVE. BEDDED; POORLY DEF INED IRREGULAR 20NES OF SILTSTONE WITH SMEARED
—_ £§1 INTRACLAST/LAMINAE TEXTURE. EROSIONAL LOWER CONTACT,

860

SILTSTONE TO VERY FINE SANDSTONE, HALITE CEMENTED, MODERATE BROWN (5YR3/4) WITH
MINOR GREENISH GRAY (5G6/1). THIN LAMINAE TO LAMINAE; SOME SMALL (<1/4") CROSS-
LAMINAE; LAMINAE ARE IRREGULAR TO DISCONTINUOUS; LOCAL SMEARED INTRACLAST/LAMINAE
TEXTURES; SOME SCOURS WITH LOW ANGLE CROSS-LAMINAE; RARE SMALL (<1/4") DISPLACIVE
HALITE CRYSTALS; HAS SCOUR/DISSOLUTION TROUGH 1.5 FT DEEP AT WEST AND EAST SIDE
OF SHAFT, SHARP BASAL CONTACT.

8858

87p-

875

885

895

HALITE, WHITE TO TINTED LIGHT RED (SR6/6); MEDIUM TO COARSELY CRYSTALLINE,
CLOUDY; SOME VERY COARSE CLEAR; ABUNDANT SILTSTONE AT TOP, DECREASING DOWNWARD.
IRREGULAR D1SCONTINUOUS STRINGERS/ULAMINAE AND BLEBS TO COBBLE-S!ZE WITH
DISPLACIVE CRYSTALS TO 1™, CONTENT DROPS GREATLY BELOW 868 FT. POLYHALITE
CONTENT NCREASES DOWNWARD, AS DISSEMINATED MATERIAL AND [RREGULAR SUBHOR!ZONTAL
STRINGERS. BELOW 868 FT, BECOMES THIN TO MEDIUM BEDDED. BOTTOM GROWN HALTE
OVER HALITE CUMULATES WITH POLYHAL{TE. LOWER CONTACT SHARP.

HALITE, CLEAR OR WHITE TO LIGHT OR MODERATE RED (5R6/6-4/6). UPPER .5 FT 1S
SILTSTONE WITH HALITE CONTENT DECREASING DOWNWARD CONTAINING {NCORPORATIVE AND
DISPLACIVE CRYSTALS. REMAINDER, MEDIUM TO COARSELY CRYSTALLINE; MEDIUM BEDDED
WiTH BLEBS OF POLYHALITE. LOWER CONTACT SHARP,

HALITE, ARGILLACEQUS AT TOP AND POLYHALITIC AT BASE, AND SILTSTONE. HALITE CLEAR
TO WHITE TO TINTED LIGHT RED (5Y6/6). ARGILLACEOUS UNITS MODERATE BROWN
(5YR3/4). HALITE MEDIUM TO COARSELY AND VERY COARSELY CRYSTALLINE, SOME VERY
COARSELY CRYSTALLINE. CLAY CONTENT DECREASES DOWNWARD. THIN LAMINAE, IRREGULAR,
DISCONTINUQUS IN UPPER | FT WITH SMEARED INTRACLAST/LAMINAE TEXTURE AND
DISPLACIVE/ INCORPORATIVE HALITE. BELOW 879 FT, SILTSTONE OCCURS AS |RREGULAR,
DISCONT INUOUS STRINGERS. POLYHALITE MODERATELY ABUNDANT AT BASE, DECREASES
UPWARD AS IRREGULAR DISCONTINUOUS STRINGERS AND BLEBS, ALSO RIMS HALITE

CRYSTALS. IRREGULAR THIN TO MEDIUM BEDS DELINEATED BY POLYHALITE BELOW 883 FT.
SHARP BASAL CONTACT.

HALITE, WHITE TO CLEAR TO TINTED LIGHT RED (5R6/6) AND ARG!LLACEQUS HALITE,
MODERATE BROWN (5YR3/4), MEDIUM TO COARSELY CRYSTALLINE; ARGILLACEOUS TO SILTY
IN UPPER PART, DECREASING CONTENT DOWNWARD. LOCAL SILTSTONE INTERBEDS.
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(e} L i L 1 1 1 1 ~L 1 L 1. L
w YERY FINE SANDSTONE WITH MINOR SILTSTONE AND MUDSTONE. MORE SILTY AND
.;‘ ARGILLACEQUS DOWNWARD. THIN LAMINAE TO VERY THIN BEDS: tRREGULAR, DISCONTINUQUS
< FLAT. WAVY, LOCALLY CONTORTED. SOFT SEOIMENT DEFORMATION: SMEARED LAMINAE
- 2881 EXTURE; CRACKLE TEXTURE OCCURS WITH SOME DESICCATION CRACKS, UP TO 2 FT DEEP
o 510 ﬂ EAQSION SURFACES AT 475, 480 FT. MAJOR STRATIFICATION AT 483, 493, 495. SC6. 510 FT
ES MUDSTONE AT TOP OF SURFACE AT 475 FT. SOME DISH-SHAPED FEATURES IN LOWEF 7 FT, MOST
o OVERLIE CONTORTED BEDS. EROSIONAL SURFACES DIP PARALLEL TO OTHER INTERNAL
o BEDDING. UPPER PART OF UNIT HAS ABUNDANT THIN FRACTURES, VERY DISCONTINUOUS, MOST
SUBHORIZONTAL, SPACED 1-3", <1/16° WIDE. LARGE FRACTURES MORE ABUNDANT NEAR BASE AS
— 515 4 ARE GYPSUM-FILLED FRACTURES IN IAREGULAR PATTERNS, MOST LESS THAN 1/16" WIDE, SPACED
<" FOR HORIZONTAL AND 3-4 FT FOR SUBVERTICAL FRACTURES. PENECONTEMPORANEQUS
OLDING NEAR BASAL CONTACT PARALLELS SHARP BASAL CONTACT WITH TOP GF RUSTLER
z ZGRAMATION,
x5 M
ag
&= 520 3USTLER FORMATION
BDZ g FORATY-NINER MEMBER. ANHYDRITE, VERY LIGHT GRAY (NB), HARD. THIN LAMINAE TG LAMINAE
e WAVY TO SUGHTLY CONTORTED; POSSIBLE LOCAL RIPPLE MARXS; IRREGULAR CLAYSTONE
LONG EROSION SURFALE AT 5244 FT. THINLY LAMINATED TO WAVY WITH STYLOLITES AT 1°:2 FT
ACING FROM 533-540 F1. SWALLOWTAIL GYPSUM CRYSTALS FROM 540-544 FT, DISRUPTED
ZONE 517-521 FT. BOULOER SIZED CLASTS. LAMINAE DOWNWARPED TOWARD AREA OF
TURBANCE. SOUTH SIDE OF SHAFT AS SOFT SEQIMENT QOWNWARPING IN DEWEY LAKE,
NOTES FRACTURE NOTES EXPLANATION YSTONE ON IRREGULAR SURFACES IN ANHYDAITE, LOCAL ZONES OF GYPSUM, 3LL PART OF
F15 AL 12" WIDE SHARP CONTACT SSIBLE PALEQ MICROKARST ON SURFACE OF FORTY-NINER MEMBER. GYPSUM-FILLED

i

3

THIS INTERVAL WAS MAPPED 10/1/88.

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

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

INTERNAL BEDDING IS DIAGRAMMATIC ONLY:
STANDARD GEOLOGIC SYMBOLS ARE NOT USED TO
ENHANCE CLARITY OF FIGURE.

BEDOING (DIAGRAMMATIC)

MAPPED FRACTURE

AACTURES FROM 513-530 FT, HORIZONTAL SPACING §'-1 FT, NO VERTICAL FRACTURES
SUBVERTICAL SPACED ABOUT 3 FT: OPEN FRACTURES TO 1/16* WIDE FROM 530-540 FT. SHARP
AL CONTACT.

od P
{ |
] [
o

Lo e
FIGURE 7

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

WASTE ISOLATION PILOT PLANT
CARLSBAD, NEW MEXICO
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Dewey Lake/Rustler Fbrmation contact in the
air intake shaft.
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N Figures 9A, 9B, and 9C -
\-Dewey Lake Redbeds. Three examples of upward fining sequences
.consisting of very fine sandstone grading to siltstone at the top. A)
~Wavy to flat laminae at the base - ripple drift cross-laminae with stoss
/‘preservation - flat laminae at top. B) Two sequences with structures
- following same order as A) (Note pillow structures in sequence 2.)
C)‘Sequ'ence 1shows flat laminae at base - ripple-scale cross-laminae
- with local clay flasers in middle - wavy to flat laminae at top with flame
*and pillow structures developed at base of sequence 2.
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‘ 1 'Figure 11
Dewey Lake Redbedsg Shallow channel wnth low- angle Dewey Lake Redbeds. Prism cracks in fine

tangential cross- beddmg ‘ o ) sandstone and siltstone. Ripple drift
: el cross-laminae occur in the lower part
of the photograph.
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Figure12 = ' -

Dewey Lake Redbeds. “Crackle” texture in siltstone accentuated by

wispy thin laminae of claystone. Vertical “ribbed” surface is from
cutter heads on shaft bit.

Figure 13
Dewey Lake Redbeds. Penecontemporaneous
normal fault with 20+ cm displacement at the
base and no displacement at the top
(uppermost zone of rip-up clasts).

ez,




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

S ' Figure 15
Dewey Lake Redbeds. Typical gypsum-filled fracture pattern
mudstone and siltstone

(Note contorted strata near center of photograph )

in




p-up clast containing

ate at the margin of thé clast.
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AFTER VINE (1963)

FORTY-NINER MEMBER

NINE

MAGENTA DOLOMITE
MEMBER

MAGENTA DOLOMITE

ANHYDRITE 3
TAMARISK MEMBER :
—— T MUDSTONEHALITE 3
AN \ \ AERY
OV NTNTTR ANHYDRITE 2
CULEBRA DOLOMITE
MEMBER > /’, /,’//’, Z CULEBRA DOLOMITE
—————————— MUDSTONE/HALITE 2
\\\\\\\\\ \\]  ANHYDRITE 1

UNNAMED
LOWER MEMBER

Cp— —— L —

MUDSTONE/HALITE 1

TRANSITION ZONE

—— e —

BIOTURBATED
CLASTIC INTERVAL

FIGURE 17 RUSTLER STRATIGRAPHY
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LITHOLOGIC DESCRIPTION

ELEV.
(FT. MSL)

EENISH GRAY (5GE/1). THIN BEDS OF CCARSELY
CRYSTALLINE GYPSUM NEAA TOP. POORLY PRESERVED IAREGULAR THIN LAMINAE LOWER
CONTACT is REDUCTION/OXIDATION CONTACT. UNIT 50FT. CONTACT SHARP TQ
GRADATIONAL,

MUDSTONE INTERBEDOED WITH SILTSTONE AND VERY FINE SANDSTONE, PALE YELLOWISH
BROWN (10YR&2}. SOME GYPSUM NEAR TOP IN COARSELY CRYSTALLINE LAMINAE TO THIN
BEDS. SILTSTONE AND SANDSTONE 0GCUR AS FLASER.LIKE INTERBEDS. VERY
UISCONTINUGUS TO IRREGULAR; THIN LAMINAE TQ LAMINAE, DEFORMED AND WAVY;
POORLY DEFINED CROSS-LAMINAE, SOME RIPPLE SURFACES, LOCALLY SLIGHTLY SMEARED
TEXTURE. BASAL CONTACT SHARP, EROSIONAL

VERY FINE SANDSTONE TO SILTSTONE, MODERATE BROWN 70 LIGHT BLUISH GRAY 5YR3M-
SBI/). THIN LAMIMAE TO LAMINAE, FLAT ANG PARALLEL TO CONTORTED AND DISTORTED
OR SMEARED, LOCALLY KINKED; LOGAL SANDSTONE PESBLES; LOCAL LOW ANGLE CROSS-
LAMINAE (N ACCRETION SURFACES. UPPER 1 F7 VERY ARGILLACEOUS. SMEARED
INTRACLAST TEXTURE DOMINATES AT BASE. SOFT BASAL CONTACT IRREGULAR,

SANDSTONE AND SILTSTONE, BECOMING FINER AND MORE ARGILLACEOUS UPWARD.
MICRO-LAMINATED TO LAMINATED, MORE ABUNDANT AT BASE, VERY DISCONTINUQUS,
IRREGULAR, CONTORTED TO DISTOATED. SMEARED LAMINAE LESS DISTINCT THs INUNIT
ABOVE. DOMINANT TEXTURE AT BASE: EXHIBITS SMEARED INTRACLAST TEXTURE: ANGULAR
CLASTS OF SILTSTONE AND MUDSTONE Wity SMEARED INTRACLASTS AND LAMINAE AT
BASE. GRADATIONAL BASAL CONTACT.

UNIT4  SILTSTONE, LIGHT BLUISH GRAY (587/1). THIN (AMINAE TO VERY THIN BEDS, VERY

DISCDNTlNUOUS. CONTORTED TO WAVY, OVERALL STRATIGRAPHIC CONTINUITY WITHIN
UNIT; INTERLAMINAE OF ANHYDRITE DECREASE UPWARD. LOCALLY CONTAINS GRNULE TQ
PEBBLE-SizE SILTSTONE CLASTS. WELL INDURATED, MODERATELY HARD. SHA3p BASAL
CONTACT.

FORTY-NINER MEMBER

ANHYDRITE, MEDIUM GRAY 70 WHITE (N5-9), MEOIUM TO FINELY CRYSTALLINE. BEDDED
NODULAR FROM BASE 10 579 F7; INTERBEDS OF CARBONATE DECREASING LPWARDS,
SPACED 5.1 fT FROM 570-565 FT; ANHYDRITE PSEUDOMORPHS AFTER GYPSUM
SWALLOWTALS TO 172° HiGH FROM 570.560 FY. THIN LAMINAE TO LAMINAE, SOME “£3Y THIN
BEDS: LAMINAE T MICROLAMINAE I UPPER 2 FY; BEDDING WAVY TO CONTORTED AND
CONVOLUTE UPWARD AND LESS CONTINUOUS. LOCAL ZONES OF MEDIUM TO COARSELY
CRYSTALLINE GYPSUM. HEALED 51 AL FRACTURE ON NO! ST SIDE OF SHAFT
NEAR 560 FT. HARD. GRADATIONAL BASAL CONTACT.

OGLOMITE AND GYPSUM, WHITE TO UGHT BLUISH GRAY OR DARK GREENISH GRAY (Ng TO
5B71-5G4n). GYPSUM CONTENT INCREASES UPWARD. THIN LAMINAE 10 VERY Tiiv BEDS,
WAVY; ABUNDANT LOW ANGLE CROSS-UAMINAE, SETS TO 12" HIGK, GRADATIONAL BASAL
CONTACT.

DOLOMITE, LiGHT BLUISH GRAY TO DARK GREENISH GRAY (587/1-5G41) CLASTIC, SILT S12E
WAVY TO LENTICULAR BEDDING: LOW ANGLE CROSS-LAMINAE WITH ABUNDANT SETS 2+
HIGH BY § LONG; WAYY TO LENTICULAR BEDOING WITH LOW ANGLE CROSS-LAMINAE SETS
TO 114 NEAR BASE, SURFACE WET, GRADATIONAL BASAL CONTACT.

590

UMIT3 DOLOMITE, LIGHT B uisk GRAY TO DARK GREENISH GRAY (587/1-5G4/1). MAINLY SILT-S12€p FIGURE 18
GRAINS. SOME SAND.-SIZE|

IZED: COARSE»GHAINED, MORE GYPSIFERDUS. POROUS, BUT NOT
WET. THIN (AMINAE TO LAMINAE; ABUNDANTCROSS-LAHINAE. LOW ANGLZ CROSS.
LAMINAE SETS 174-172" INCREASE IN SIZE AND BECOME INTERLAMINATED WITH LAMINAE
CONTAINING PEBBLE-SI12Ep NOOULES OF GYPSUM N UPPER .5 FT. BASAL CONTACT
GRADATIONA,

MAGENTA DOLOMITE MEMBER

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

UNIT4 OOLOMITE, UIGHT BLUISH GRAY TO CARK GREENISH GRAY {58711-5G4n). CLASTIC, SILT TO

VERY FINE SAND SIZE. THIN LAMINAE TO LAMINAE, STRATA WAVY AT BASE BUT wiry MUCH
LESS AMPLITUDE Tvan N UNDERLYING UNIT, ABUNDANT EROSIONAL/SCOUR SURFACES TO
2" DEEP: LOW ANGLE RIPPLE CROSS-LAMINAE SETS TO 172" HIGH, MOST 1/4*, SETS INCREASE
INHEIGHT TO ABOUT 1- NEAR TOP GRADATIONAL BASA( CONTACT.

UNITS OOLOMITE, LiGHT BLUISH GRAY Tg DARK GREENISH GRAY 15B7/1-5G4n), CLASTIC, SILT Tg
VERY FINE SAND SIZE. UPPER PART THINLY LAMINATED, WAvy, DISCONTINUOUS. LOWER
PART ALGAL WITH DOMES AND HEMISPHERQIDS. ABUNDANT GYPSUM-FILLED FRACTURES In

QUTES ERACTURE NOTES
S EXPLANATION

T SHARP CONTACT

) UPPER SECTION wAS MAPPED 1011588,

UPPER UNIT WAVY PART. <1/2° THICK, MOST PARALLEL TG LAMINAE. GRADATIONAL BASAL CONTACT. WASTE ISOLATION PILOT PLANT
LOWER SECTION WAS MAPPED 10/19:88 CRADAIONAL ConTACT CARLSBAD, NEW MEXICO B
£ 814" THICK: GYPSUM-FILLED, STRAIGHT FIBERS TS~ kD Nrmm "I HES
Y DEPTHS ARE RELATED 10 sast SUBCOLLAR. 18.5 F23 GYPSUMFLLED {DEFINED WITHIN 2 INCHES)
FEET BELOW TOP OF CEMENT, : . .
LOWER UNIT / F2 MAPPED FAACTURE H
3 ELEVATION I5 BASED ON SURVEY oF CONTACT AND :
RELATED T0 LOCAL MONUMENTS AND 1327 NOATH 1 VZ THICK: GYPSUM-FILLED,

AMERICAN OATUM, F25 174" THICK: GYPSUM. FILLED

F5.9 8" THICK: GYPSUM-FILLED
174° THICK: GYPSUM-FILLED,

INTEANAL BEDDING 18 DIAGRAMM.AUC ONLY; Fig
STANDARD GEOLOGIC SYMBOLS ARE USED SPARINGLY

—_—_— e
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ELEV.
(FT.MSL)
DEPTH

{FT)

NORTH

30

LITHOLOGIC DESCRIPTION

655

660-{— NI
2730

665

TAMARISK MEMBER

670

UNIT 2

—_—

T T

(30
£12 F1t
NIT 4

S

UNIT §

UNIT 1

UNIT

~

TAMARISK MEMBER. ANHYDRITE, MICROCRYSTALLINE, VERY LIGHT TO MEDIUM LIGHT GRAY (N§.
61. FROM 650-652 FT, THIN LAMINAE WITH ANHYDRITE PSEUOOMORPHS AFTER GYPSUM
SWALLOWTAIL CRYSTALS. FROM 652-653, CLAST-SUPPORTED COBBLE BRECCIA OF THINLY
LAMINATED ANHYDRITE, ZONE QVERLAIN BY EROSIONAL SURFACE WHICH CROSS-CUTS
ANHYDRITE CLASTS. FROM 653-654 FT CLAST TO LOCALLY MATRIX-SUPPORTED ANHYDRITE
GRANULE BRECCIA WiTH LOCAL COBBLE-SIZED CLASTS OF ANHYDRITE, UPPER SURFACE
EROSIONAL. THIN LAMINAE OF GLAYSTONE AT 654 FT. FROM 654-655.5 FT THIN LAMINAE AND
LAMINAE CONVOLUTED DOWNWARD, FLAME STRUCTURES OF UNDERLYING UNIT PENETRATE
ZONE TO 5 FT, UPPER SURFACE EROSIONAL. UNIT HARD. WELL LITHIFIED. LOWER CONTACT
SHARP TO LOCALLY GRADATIONAL. UNDULATORY AND IRREGULAR. MARKED BY FLAME
STRUCTURES.

ANHYDRITE AND GYPSUM, VERY LIGHT GRAY (N8|, INTERBEDOED WITH CLAYSTONE, LIGHT BLUISH
70 DARK GREENISH GRAY (5B7/1-5G4/1). CLAYSTONE CALCAREQUS AT UPPER 5.2 FT, CONTENT
DECREASING DOWNWARD. THIN LAMINAE TO LAMINAE, WAVY TQ UNDULATORY PARALLEL TO
LOWER CONTATT BECOMING MORE DISRUPTED, CONVOLUTED UPWARD {SOFT SEDIMENT
CEFORMATION): UPPER 5 FT VERY CONTORTED. WITH LOCAL FLAME STRUCTURES (NQ BRECCIAY;
LAMINAE VERY DISTINCT (N CLAYSTONE (POSSIBLY ALGAL). CONTAINS ABUNDANT IRREGULAR
BIFURCATING GYPSUM-FILLED FRACTURES TO 1° THICK. MOST SUBHCAIZONTAL, FRACTURES
OECREASING DOWNWARD. BASAL CONTACT GRADATIONAL.

z
=
w

NOTES

INTERVAL MAPPED 1(:24/88.
¢

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

ELEVATION IS CALCULAYED BASED ON DEPTH
DIFFERENCE TO SURVEYED ELEVATION AT TOP OF
CULEBRA DOLOMITE MEMBER; SURVEY POINT IS
RELATED 7O LOCAL MONUMENTS AND 1927 NORTH
AMERICAN DATUM,

INTERNAL BEDDING 1S MAINLY DIAGRAMMATIC:
STANDARD GEOLOGIC SYMBOLS ARE USED SPARINGLY
TO ENHANCE CLARITY,

FRACTURE NOTES

MOST FRACTURES SHOW SLICKENSIDES AND ARE FILLED
WITH SIGMOIDAL FIBROUS GYPSUM.

F1-3 2 THICK
4 1-2" THICK.
£S5 1" THICK,
58 112 THICK.
2" THICK.
F13 1 THICK,
Fie 2" THICK.
1 THICK
A7 2° THICK,
Fia 172° THICK.
F139 2° THICK.
F20 112" THICK.

/rv

=

EXPLANATION
SHARP CONTACT

GRADATIONAL CONTACT
(DEFINED WITHIN 2 INCHES}

MAPPED FRACTURE

CHANNEL WITH
FiLL

CLAYSTONE, CALCAREOUS CLAYSTONE IN UPPER 35 FT; VERY ARGILLACEQUS GYPSUM AND
ANHYDRITE AT BASE: LIGHT BLUISH TO DARK GREENISH GRAY AND VERY LIGHT GRAY (5871
SG4/1. N8}, THIN LAMINAE TO LAMINAE: UPPER PART MOSTLY PARALLEL, WAVY. WITH SOME SOFT
SEDIMENT DEFORMATION. CONTORTED INTO FLAME STRUCTURES AT UPPER CONTACT: LOWER
PART DISRUPTEQ, DISCONTINUOUS  ANHYDRITE AND GYPSUM CONTAINS SWALLOWTAILS
LOCALLY TO 14" HIGH. UPPER CLAYSTONE MOUNDED (POSSIBLY ALGAL). CONTAINS ABUNDANT
BIFURCATING GYPSUM-FILLED FRACTURES, MOST SUBHORIZONTAL AND PARALLEL TO BEDDING.
TO 2° THICK. LOWER CONTACT SHARP TO GRADATIONAL

UNIT 4

INTERBEDDED AND INTERMIXED CLAYSTONE, MUDSTONE. AND SILTSTONE, GENERALLY FINES
UPWARD; LOCALLY SANDY NEAR BASE: SILTSTONE PEBBLE CONGLOMERATE FILLS 2.5 FT
CHANNEL AT BASE. GRAYISH-RED TG MEDIUM BLUISH-GRAY {10R4/2, 5B5/1); UPPER 5.2 FT.
t4EQIUM BLUISH-GRAY. IRAEGULAR LOWER CONTACT. ALTERNATING LAMINAE AND MOTTLED
GRAYISH-RED TQ MEDIUM BLUISH-GRAY BELOW UPPER ZONE. LOCAL THIN LAMINAE TG LAMINAE.
IRREGULAR, DISCONTINUQUS. DISTORTED, CONTORTED 10 CONVOLUTE OFTEN WITH SMEARED
LAMINAE TEXTURE: LAMINAE OFTEN DISRUPTED BY ABUNDANT SMALL SOFT SEDIMENT
DISPLACEMENT SURFACES; SMEARED INTRACLAST TEXTURE LOCALLY ABUNDANT; SMEARED
INTRACLASTALAMINAE TEXTURE MOST ABUNDANT IN MIDDLE AND BASE OF UNIT. LOCAL BROKEN.
SUBHORIZONTAL, LATERALLY CONTINUOUS LAMINAE-SCALE GYPSUM-RICH ZONES IN MIDDLE OF
UNIT. LOCAL ANHYDRITE NQOULES TO 1* DIAMETER IN LOWER HALF OF UNIT. AT BASE OF UNIT
ON EAST SIDE OF SHAFT, A 2.5 FT DEEP, 24 FT WIDE CHANNEL IS FILLED WITH MEDIUM BLUISH-
GRAY SILTSTONE PEBBLE CONGLOMERATE; CONGLOMERATE 1S CLAST SUPPORTED WITH
ROUNDED CLASTS; REGULAR SECTION OCCURS ABOVE CHANNEL. SMALL PYRITE CUBES OCCUR
IN BLUISH-GRAY ZONES, MOST ABUNDANT NEAR TOP. ABUNDANT SMALL FRACTURES WITH
SUCKENSIDED SURFACES. ABUNDANT FIBROUS GYPSUM.FILLED FRACTURES TC 2° THICK WITH
SLICKENSIDED SURFACES. MANY SHOW SIGMOIDAL FRACTURE FILLINGS, MOST ARCUATE. LOWER
CONTACT SHARP, EROSIONAL.

UNITS

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

FIGURE 19

GEOLOGIC LOG OF THE
TAMARISK MEMBER CLAYSTONE
RUSTLER FORMATION
DEPTH 650-670 FEET
AIR INTAKE SHAFT

WASTE ISOLATION PILOT PLANT
CARLSBAD, NEW MEXICO
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LITHOLOGC DESCRIPTION
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2052

CULEBRA 0L QWITE WEMBER DOADMITE, XRGILLACEQUS, LOCALLY ORGANG RCH (AL
AT TOP AND BASE LIGHT GLIVE GRAY [SY6:1) THIN LAMINAE TO THiN BEOS: IROSS LAMINAE
1N UPPER.S FT, CONSISTS OF 23 Tocn

AULT W 1
MIDOLE OF THIS UNIT, UNIT DEPOSITIONALLY THICKENS OVER DOWNDROFPED SECTION
UPPER 1.2 FT SHOWS SHORT. SWALL FRACTURES WITH SYNSEDIMENTARY SRECCIA, MOST
SUBVERTICAL AND LIWITED 1O INOIVIOUAL STRATA. 4 FEW WITH FIGROUS GYPSUMLFILLINGS
O 34" CONTAING MO VUIGS. LOWER CONTACT GRADATIONAL.

DOLOMITE, LISHT OLVE GRAY ren. UEDUM CAVSTALLINE ARGILLACEQUS, LOCALLY

ICH  THIN LAMINAE 1O TWit BEDS PARMAEL BEDDANG “RARFOAT TRACKS™. PARE
sous FRACTURES CONTAINS LONGER SUBVERTICAL MO VEATICAL FRACTURES FiLED
(GYPSUM  LOWER CONTACT GRADATIONAL TO DIFFUSE

34 DOLOMITE, LIGHT OLIVE GRAY (88117, ARGILACEOUS MEDAI CRYSTALLIE. LGCAL Trn
TA B

MEDIUM LAMINAE. FRACTURES NOY RELATED TOSTH

WITH YUGS: WITHIK SOME LAMINAE AND TWily BEDS. THIN BEDS 1OCALLY EROSIONALLY
JERUAATED. STRATA PARALLEL, FLAT, SOE LOW ANGLE CROSS. LAMINAE VTN roseiLe
AIPPLE FORMS; THi IBLE

PRODUCES 45T OF COLthi LD, MY 15 CHARACTEREED BY BAORE APPEARIE,
VERY VDGGY AND BROKEN. ABUNDANT VUGS 70 2.3° DIAMETER. SOME FILLED WITH GYPSUM
AND SOME WITh GLAY, SOME NAVE BOTH; MOST HAVE IRREGULAR MARGINS DUE 10
ISSOLUTION QF CARBONATE: ABUNDANT (RAEGULAR THIN <3/16") FILLED AND OPEN
FRACTURES INTEACONNECTING ALL VUGS, MOST FRACTURES ARE SUBVERTICAL 10
VERTICAL, CLAY-AIGH INTERBEDS NEAR TOP., MOST VUGS CLAY-FRLED ABCUT 0 PEACENT
OF FRACTURES APELNFILED SUBVERTICNL FACTURES VERY ABUNDANT. SPACED 147
MOST VER DISCONTMUOUS  UNITACTIALLY PAGKBRECCIA(MORRQK, 1983, CRACATIONA.
S CoTACT .

DOLOWITE, UIGHT OLIVE GAAY (5YE7) BEODING MORE DISTINGT BELOW 750 FT. LAMINAE 10

SCOURS TO 3" DEEP. MAY APPEAR WAVY TG LENTICULAR VUGS MORE ABUNDANT AND

SMALLER (OWNWARD. FREQUENCY DECREASES SIGNIEICANTLY BELOV ABOUT 705 FI.

VUGGY POROSITY GEVELGPED IN SUBVERTICAL FRACTURES. MOST VUGS SPEN OR FILLED

WITH CLAY. GYPSUM AS FRACTURE OR VUG FILLING MUCH LESS COMMON_ ABUNOANT

DISSOLUTION OF CARBONATE. UNIT 15 A PACKBRECCIA (MORROW, 13521 GRADATIONAL
CONTACT.

DOLOWATE. UGHT OLIVE GRAY (SY6/1) THIN LAMNAE 70 VERY THINBEDS LFSS BRECCIATED
AND DISRUPTED THAN DVERLYING UNIT. FEWER LARGE VUGS, LATERNG FLAVIER, LESS
WAYY THAK OVERLYING LT SOME LOW ANGLE CROSS-CUTTING RELATIONSHIPS
FAACTURES LESS ABUNDANT THAN IN OYERLYNG UNT. BT STAL ABUNOMNT M OPE
TINUOUS. MOST SUBVERTIGAL. ABLNOANT MICROVUGS GRADATIONAL BXSAL CONTAGT

GOLOAITE, LIGHT OLIVE GRAY (57611} ENTIRE GNIT UNGULATORY THI LAMFIAE 1O LAMTRAE
LOCALLY BRECCIATED  SHARP BASAL CONTACT, UNOULATORY OVER 3 FT

MEMBER WUGS TGNE AT BASE 70 CUATSTONE AT TOP WEDWM BLLISH
GANYTO BROWNISH GRAY TO GARK GAEENISH GRAY UPWARD (SB51-5YR4-SGY211:. WICRD
T0 THINLAINA T STRUCTURELESS. WAVY, SOME CONTORTED AND VEAY REGULAR 10
DISCONTINUQUS. GRAY CLAST TO CORBLE SIZE W LOWER MIGDLE SART OF UNIT
0 - 4* THICK ALCNG
FRACTURES SQFT

HARKED Y DISTINCT COLOR CHANGE

MUOSTONE, MODERATE BACWH (SYRY) WITH MEDIUM BLLSH GRAY (585"} IERLARAE,
CONTANS SEVERAL VEAY THI BEDS T0 LAMINAE OF OISCOKTIIOUS GYPSuM 5.
SELOW 0. STeAAE TERTURE
BELOW SULFATE INTERBEDS WITk A vt af nomzonm STRTREATON. Jocuy
ABINDANT. W)
CONTACT oo EROSIONAL.

ARNIYDRITE. VERY TO MEDIIM LIGHT GRAT (N8-5), WODERATE PIK ZONE (547 4) 1 FT BELOW
CONTACT, COVERED WITH GROUT MOST DETATL OBSCURED MICROCR\STALLINE. THIN
LAMIRAE TO LAMINAE: STRATA MOSTLY FLAT, LAMINAE WAYY POORLY EXPOSED LARGE
HALITE PSEUDOMORPHS AFTER GYPSUN SWALLOWTAL CRYSTALS 70 1 F1 NIGH NEAR BASE
LOWER CONTACT SHARP.

SAISTONE 94SE) TO USTONE (1071, GRAVISH BROWN 10 CRAYISK AEL SVRLZ 1087

52 FT IS GRAY {5GB1) 4ALITE CEMENT NEAR BASE. ANHYDRITE JEUENT AT TOP.
Loon o 'NUAMINAE, ANHYDRITE CCCURS AS IAREGULAR INTERBEDS AND % JMULES HINT OF
SMEARED INTRACLASTLAMINAE YEXTURE. SHARP 10 EROSIONAL BASAL CINTACT WARKED
AUSO BY INCREASE IN SALT CONTEN

HOTES

WTERVAL MARPED fozume - v,

DEPTHS ARE nemzn 10 SHAFT SUBCOLLAR, 185
FEET BELOW 107

ELEVATIONS ARE BASED ON SURVEY OF CONTACTS
AND ARE RELATED T0 LOCAL MONUMENTS ANO 1527
DATAL

INTEANAL BEDDING IS MAINLY DIAGRAMMATIC,
STANGARD GEQLOGKC SYMBOLS ARE OMITTED 10
& .

AN 10N

SHARF CONTACT

— == — GRADATIONAL CONTACT
(GEFINED WITHIN 2 NCHES)

OIFFUSE CONTACT
(DEFINED WITHA 6 INCHES)

y MAPPED FRACTURE

SUTSTONE AND WALITE. 14ODEFATE BROWN (YR30 ZONES OF GREENISH GRAY (537611
LOCAL Tk LAMINKE OF SIS 104 CLEAR CORFORATIE WALTE 20 A suTeD
AGGREGATES OF CRYSTALS 11 A SIDE. CONCENTRATED Q€T
CRYSTACS MY € DISPLAE TSN BED AT SRSOHAL SARLAGE ' wr T
5 FT THICK BELOW 730 FT WALITE OCCURS WITH S1L TSTORE  SILTSTONE C-CURS AS BLEBS
SURFACES HALITE -
OECREASES INLOWER 2 5FT, St TSTCNE SHOWS SMEARED'NIRACLAST L WHAE TEXTURE
BELON 130 FT MOST HALITE ORIGINATED AS OVERGROWTHS ON HALITE ST S1LISTONE
NTERGED: N NEAR
732 F AND THE SILISTONE IWTEBED AT 30T HALITE 5 THE 0NN onsToenT
LOWER CONTACT ShARP AND EROSICHA

HALIFE CLEAR WiTH S TSTONF MODFRATE BROWN (S¥R3 i1 INCAE 75

SHLSTONE CONTENT UPWARD 10 $1 TSTONE AT TQP MOST SILISTONS . SURS WMUBPER

HALE OF UNIT A5 THON STRINGLRS AN BLEDS CONTENT INCREASES UPWARD LGWER 1
BUSTL CLEAR 441 INTER(OCAING CRYSTALS (MALITE CRUST] nAHD. RS CON]ACT
SHAHP 10 GRAOATIONAL

ARMYORITE. MEDIUM CRYSTALLINE, VERY 10 MEOIUM LIGHT GRAY 1hp &1 THIN LAMINAE,
WAVY, FLAT 10 PARALLEL INUPPER § | FT, LAMINAE LOCALLY DISCONTINUA XS RHEGULAR
LONES OF HALITE. SOME DISPLACIVE CRYSTALS, WALITE NCREASING USWARD MARD.
STANDS OUT AS RESISTANT UNIT LOWER CONTACT SHARP AND ERQSIONAL LAMINAE WITHIN

M1 ORAPE CONTACT

HALITE WiTH ANMYDRITE CONTENT

CLEAR TO WHITE. VERY TWN 10 THIN BEDS. FLAT 10 SLIGHTLY WAYY- CONTAINS ThiN

ARGILLACEQUS LANINAE DOWNWARD WITHIN ANHYCRITE. BASAL CONTACT SHARS,
9

T e ST D TS OWE oE R | P ALTE G IO
suistove
s

CrveTas TO /4" WITH SMEARED INTRACLASTAAMINAE TEXTURE REMAINDER o v
MAINL Y HAUITIC SILTSTORE, LOCAL THIN LAMINAE TO YERY THIN BEQS. IRREGULAR, tQ
DISCONTINUOUS. SMEARED INTRACLASIAMINAE TEXTURE, LOCALLY THINLY BEDDED
ANHYDRITIC NEAR TOP SOME MALITE AGGREGATES. MOSTLY DISPLI CIYE TO SMALL
AGGREGATES. CRYSTALS 1012 ACROSS LOOSE TO #ARD DUE T0 AECENT DISSOLUTION OF
HAULTE DURING SWAFT CONSTRUCTION BASAL CONTAGT GRADATICNAL 10 SHARP,
EROSIONAL

|

HALITE AND SiL TSTONE. CLEAR NALLTE_ SATSTONE LIGKT AQWNISK 1O JAEENISH GRAY
(SYRS1-5GYE11). ALITE COARSELY CRYSTALLINE, 10 112° UPPER PART SHOWS WELL
OEVELOPED VERY THiN TO THIN BEDS WITH HALITE INTERL AMINAE, STRATA LESS WELL
DEVELOPED IN MIDDLE PARY, CONTAINS IRRF (AR ARLSUAL L, A FR NE_S0 TSTONE, 6T, 481

Pod q
o Cod
4 T |
i |
L ;

FIGURE 20

GEOLOGIC LOG OF CULEBRA DOLOMITE MEMBER
AND UPPER PART OF UNNAMED LOWER MEMBER,
RUSTLER FORMATION
DEPTH 685 TO 760 FEET
AIR INTAKE SHAFT
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2569

I

SALADO FORMATION

Lo

UNIT 3a —
e S N\
—

UNIT2 SILTSTONE TO VERY FINE SANDSTONE. NALITE CEMENT; MODERATE BROWN (SYR3/4). THIN

LAMINAE TO LAMINAE, WAVY TO LOCALLY CONTOATED, DISCONTINUOUS: SOME SMEARED

825

]
UNIT 3b 7

835 4

UNIT 1

UNIT 2

UNIT 3

—— —— -‘\.-———\-—-\_/__,
———————————

840 TW

845

UNIT 4

858

F
se0{ |*

870 1

UNIT S

UNIT ¢

3 |F2

UNIT 7

‘/nn 8

UNIT 9

INTRACLAS TALAMINAE TEXTURE. MODERATELY HARD. BASAL CONTACT SHARP,

TE. UGHT GRAY TQ LIGHT GRAY (svasu N7); MEDIUM CRYSTALLINE.
PARTALLY LAMINATED, HARD. LOWER CONTACT SHA!

[UNIT 30 SALADO FORMATION. HALITIC SILTSTONE, MODERATE BROWN (SYR¥4) WITH INTERLAMINAE OF

GREENISH GRAY (5G&/1) SULFATE. HALITE CONTENT INCREASES DOWNWARD, SMALL DISPLACIVE
CRYSTALS YO 1/8", MOST ABOUY 1/15". IRREGULAR THIN LAMINAE TO LAMINAE NEAR TOF ARE
LESS DISTINCT DOWNWARD. EROSIONAL CONTACT AT 824 FT AND BASE OF UNIT.

UNT HALITE, CLEAR. WITH POLYMALITE, MODERATE REUIDISH ORANGE {1DA0/G) ARD CLAY, MODERATE

BROWN TD GREENISH GRAY (5YR/4-5G6/1). HALITE MEDIUM TO COARSELY CRYSTALLINE.
MODERATELY POLYMALITIC AT BASE, MOOERATELY ARGILLACEOUS AT TOP. CLASTIC MATERIAL
AS BLEBS, POLYHALITE AS BLEBS AN STRINGERS. LOWER CONTACT SHARP.

o —— e ——— —

875
8804
885 l

690—J

UNIT 10

}—

895

900

9205

9101

This contact is the same contact shown
81 909.5' depth in Figure §

UNIT 1

UNIT 12

H

2 HALITE TO HALITIC MUDSTONE (UPPER 5-3 FT), HALITE MEDIUM TO COARSELY CAYSTALLINE,
ARGILLACEQUS ZONES FROM 831.5-832.5 AND 833.5-834.5 FT WITH ABUNDANT DISCONTINUQUS
SUBHORZONTAL STRINGERS OF MODERATE BROWN (SYRY4) CLAYSTONE; LOCALLY POLYHALITIC
{MODERATE REDOISH ORANGE, 10A675) AS DISCONTINUOUS AND INTERCAYSTALLING STRINGERS,
SQME WHITE (N7) ANHYDRITE. MOSTLY CLEAR BELOW 835 FT, THIN TO MEDIUM BEDS; LOCAL
CLEAR, VERY COARSELY CRYSTALLINE HALITE: UPPER HALITIC MUDSTONE WiTH ABUNDANT
OISPLACIVE CRYSTALS TO 1°, WITH SMEARED INTRACLAST TEXTURE, MODERATE BROWN TO
GREENISH GRAY (SYR3/4-5G6/1). LOWER CONTACT MARKED Y ,1-.3 FT THICK POLYHALITE BED,
VERY UNDULATORY AT SMALL SCALE. LOWER CONTACT SHARP.

UNIT 3 HALITE, CLEAR, LOCALLY BLUE; VERY COARSELY CRYSTALLINE, TO 6° ON SIDE: LOWER 5°

SUIGHTLY POLYHALINIC, MODERATE REDDISH ORANGE (10RE/6); LOWER .1-.2 FT CONSISTS OF
POLYHALITE. LOWER CONTACT SHARP, SUGHTLY UNDULATORY .

umT

4 HALITE; THIN TO MEDIUM BEDS WITH (RREGULAR STRINGER OF POLYHALITE. MODERATE REDDISH
ORANGE (10RS/6) AND ANHYDRITE: SLIGHTLY AAGILLACEQUS iN UPPER 1 FT. MALITE CLEAR.
MEOQIUM TO COARSELY CRYSTALUNE. BEDDING 3-6° THIGK; STRATA WAVY. SEQUENCES OF
VERTICALLY ORIENTED HALITE OVERLAIN BY CUMULATES; ZONES OF COARSE CLEAR HALITE.
LOWER CONTACT SHARP.

UNITS ARGILLACEOUS HALITE, MODERATE BROWN TO GREENISH GRAY (SYR34.5G6/1), LOGAL PITS WITH

CLEAR HALITE. CLAY OCCURS AS BLEBS AND IRREGULAR STRINGERS, INCREASES UPWARD.
HALITE DISPLACIVE, INCORPORATIVE. SMEARED INTRACLAST/LAMINAE TEXTURES AT TOP
LOWER CONTACT SHARP AND ERQSIONAL.

§ HALITE, POLYHALIVIC, MOOERATE REDDISH ORANGE {10R8/6). CLEAR TO WHITE HALITE,
INTERCRYSTALLINE POLYHALITE AND AS IRREGULAR DISCONTINLIOUS SUBHORIZONTAL
STRINGERS. RARE STRINGERS OF MODERATE BROWN 10 GREENISH GRAY (SYRY4- -5G8/1) CLAY.
POSSIBLE PRISM CRACKS NEAR TOP. LOWER CONTACT SHARP.

7 HALITE AND SILTSTONE, MODERATE BROWN 10 GREENISH GRAY [SYRY4-5G6/1). HALITE CLEAR,
INCORPORATIVE: MEDIUM TO COARSELY CRYSTALLINE. TO 17 ON SIDE. LOCALLY DISPLAGIVE.
BEDDED; POQRLY UEFINED JRREGULAR ZONES OF SILTSTONE WITH SMEARED
INTRACLASTAAMINAE TEXTURE. EROSIONAL LOWER CONTACT.

UNIT8  SILTSTONE TO VERY FINE . HAUTE BROWN {STRY4} WITH

MINOR GREENISH GRAY (5G6/1). THIN LAMINAE TO LAMINAE; SOME SMALL (<1/4") CROSS-LAMINAE:
LAMINAE ARE IRREGULAR TO DISCONTINUQUS: LOCAL SMEARED INTRACLAST/LAMINAE TEXTURES;
SOME SCOURS WITH LOW ANGLE CROSS-LAMINAE: RARE SMALL {<1/47) DISPLACIVE HALITE
CRYSTALS: HAS SCOUR/DISSOLUTION TROUGH 1.5 FT DEEP AT WEST AND EAST SIDE OF SHAFT,
SHARP BASAL CONTACT.

UMITS HALITE, WHITE TO TINTED LIGHT RED {SR&/€); MEDIUM TO COARSELY GRYSTALUNE, cLoupY:

SOME VERY COARSE CLEAR; ABUNDANT SILTSTONE AT TOP, DECREASING DOWNWARD.

IRAEGULAR DISCONTINUQRIS STRINGERSAMAINAE AND BLEBS TO COBBLE-SIZE WITH DISPLACIVE

CRYSTALS TO 1°, CONTENT DROPS GREATLV BELOW 868 FT. POLYHALITE CONTENT MMASES
\TERIAL AND IAREGULAR BEL

868 FT, BECOMES THIN TO MEDIUM BEDDED. BOTTOM GROWN HALITE QVER HALIVE CWMYES

WITH POLYHALITE. LOWER CONTACT SHARP.

N

10 HALITE, CLEAR OR WHITE TO LIGHT OR MODERATE RED ($R6/6-4/6). UPPER 5 FT iS SILTSTONE
WITH HALITE CONTENT DECHEASING OOWNNARD CONTAINING INCORPORATIVE AND DISPLACIVE
CRYSTALS. AEMAINDER, MEDIUM TO COARSEL Y CRYSTALLINE: MEDIUM BEDDED WITH 8LERS OF
FOLYHALITE. LOWER CONTACT SHARP.

UNIT 11 MALITE, ARGILLACEQUS AT TOP AND POLYHALITIC AT BASE, AND SILTSTONE. MALITE CLEAR TO

WHITE TO TINTED LIGHT REQ (§Y6/8). ARGILLACEQUS UNITS MODERATE BROWN (SYRY4), HAUTE
MEDIUM TO COARSELY AND VERY COARSELY CRYSTALLINE. CLAY CONTENT DECREASES
OOWNWARD. THIN LAMINAE. IRREGULAR. DISCONTINUOUS IN UPPER 1 FT WITH SMEARED
INTRACLAST/LAMINAE TEXTURE AND DISPLACIVE/INCORPORATIVE HALITE. BELOW 879 FT,
SILTSTONE OCCURS AS IRREGULAR, U POLYHALITE

ABUNDANT AT BASE, DECREASES UPWARD AS (RREGULAR DISCONTINUOUS STRINGERS AND
BLEBS, ALSO RIMS HALITE GAYSTALS. IRREGULAR THIN TO MEDIUM BEDS DELINEATED BY
POLYHALITE BELOW 883 FT. SHARP BASAL CONTACT.

UNIT 12 HAUITE, WHITE TO CLEAR TO TINTED LIGHT RED {SR&/6} AND ARGILLACEQUS HALITE, MODERATE

BROWN (5YRJA). MEDIUM TO COARSELY CRYSTALLINE; ARGRLACEOUS TO SILTY IN UPPER PART,
DECREASING CONTENT DOWNWARD. LOCAL SILTSTONE INTERBEDS.

NQIES

1) INTERVAL MAPPED 1108,

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

3 .ELEVATION iS BASED ON SURVEY OF RUSTLEAVSALADG
CONTACT ANQ RELATED TO LOCAL MONUMENTS AND
1927 NORTH AMERICAN DATUM.

-

STANDARD GEOLOGIC SYMBORS HAVE BEEN OMITTED
TO ENHANCE CLARITY.

FRACTURE NOTES

F1 17 THICK; HALITE-FILLED.
F24 172 THICK; HALITE FILLED.

SXPLARATION
~———— SHARP CONTACT

—~ GRADATIONAL CONTACY
{DEFINED WITHIN 2 INCHES)

/ F2 NAPPED FRACTURE

FIGURE 21

GEOLOGIC LOG OF THE
RUSTLER-SALADO CONTACT AND THE
KEYWAY AREA
DEPTH 820 TO 915 FEET
AIR INTAKE SHAFT
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FIGURE 23

LITHOLOGIC LOG OF THE UNLINED SECTION
OF THE AIS




EXPLANATION FOR FIGURES 5 AND 23

STRATIFICATION TYPES/PRIMARY FEATURES

LOW ANGLE CROSS-STRATA

~———————  CONTINUOUS T —
~— — — . DISCONTINUOUS \~X=  TROUGH CROSS-STRATA
————  WAVY BEDDING/LAMINAE <" CROSS-LAMINAE
ALAN\N_  CONTORTED LAMINAE —SSX<> CLIMBING RIPPLE CROSS-LAMINAE
/7 oRN\  DIPPING STRATA Q)Y TABULAR CROSS-BEDS
SHARP CONTACT (<1%) <X\ FLASERS
—— ——  GRADATIONAL CONTACT (1-2")
0 WAVY TO LENTICULAR BEDS
*+eeeeee  DIFFUSE CONTACT (27
/T FLAME STRUCTURE
ANANANANN EROSIONAL SURFACE
Z o PILLOWS OR SLUMP FEATURES
e —>ms  ALGAL LAYERING '
. . LOW ANGLE ACCRETIONARY
~———— DVT OR EROSION/SOLUTION —<SS>"  GROSS.LAMINAE
SURFACE, DEATH VALLEY TYPE
o HORIZONTAL LAMINAE/THIN BEDS K BURROWS/BIOTURBATION
CLASTS
SHAPE TYPE OTHER
(O  rRounbep
-¢-$ CARBONATE
FAN ANGULAR @ FOssIL
R  TABULARORRIP-UP A . MUDSTONE
CXCO  SMEARED INTRACLAST
HALITE TEXTURES
N
VAN CHEVRON, BOTTOM GROWN I-III  ISOLATED (I) TO AGGREGATE (lif)
@ CUMULATES a-c PLANAR (a) TO IRREGULAR (c) BOUNDARIES
O G5 INCORPORATIVE, DISPLACIVE IV INTERLOCKING HALITE
o .

o83

SULPHATE TEXTURES

PSEUDOMORPHS AFTER VERTICALLY ORIENTED PRISMATIC GYPSUM CRYSTALS
CRUSHED PRISM TEXTURE FROM ¥/ / (Holt: and Powers, 1988).

NODULAR
BEDDED NODULAR

STYLOUITE

GYPSUMANHYDRITE NODULE

FIGURE 23
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EXPLANATION (CONTINUED)
VUGS/MACROPORES

Ov OPENVUG d)v GYPSUM-FILLED VUG

-év CALCITE-FILLED VUG

@N HALITE-FILLED VUG

OTHER STRUCTURES
1€ soxwork Fasaic A<dpd  BRECCIA
S SMEARED LAMINAE £%  PACKBRECCIA (Morrow, 1982)
JTUT. SUBVERTICAL FRACTURES D" CRACKLE TEXTURE
YA FAULT 7/_ SEDIMENTARY FAULT
ZFSTHS VADOSE-INFLUENCED BEDS O HAUTE PODS
A A TEEPEE-LIKE STRUCTURES £ =  DISH-SHAPED LAMINAE
SIDE NOTES/MODIFIERS
R RIP-UP CLASTS E  EROSIONAL SURFACE St ALGALLAYERING
V. vues N  NODULE S SLICKENSIDES
CF  CLAY-FILLED FRACTURES ?  POSSIBLE OR PROBABLE
DVT  DEATH VALLEY TYPE b . ZONEOF WEEPS e/s  EROSION/SOLUTION SURFACE
LITHOLOGY
MUDSTONE/CLAYSTONE " _— T ARGILLACEOUS
CLAYSTONE BED
SILTSTONE — T SILTY
IR SANDSTONE e SANDY
WY anvkvorerayesum NN SULFATIC
o] potomte —L DOLOMITIC
E——9 umesone — CALCAREOUS
L] vwaum + 4 HALITIC
O] POLYHALITE XX X POLYHALITIC
SCALES/SYMBOLS HALITE/NON-HALITE COLUMN
HALITE CRYSTAL SIZE NON-HALITE CONSTITUENTS NOEAAIVE PROPORTIONS
o 1 3 5 10 20mm 0 1 5 10 50 100% CLAY - SULFATE
T [ T T DT T
vi f miec v r / o ' oo
/ mod
/ some
|
/ -
1 -
Sheet 2 of 32
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EXPLANATION
(Continued)

The following abbreviations used in Figure 23

abund = abundant

anhy = anhydrite

arg = argillaceous

BG _ = bottom grown

c = course

C = cement

cont = continuous

disc = discontinuous
DVT = Death Valley type
els = exposure/solution
f = fine

H = halite

irreg = irregular

lam = laminae

m ‘ = medium

mod = moderate

mod'ly - " moderately .

MP = macropores

P = primary

PAGS - = pseudormorph after gypsum éwallowtail‘s
poly = polyhailite

poly'c = polyhalitic

pos = pile of sticks

reg = regular

sic = smeared interclast
tr = trace -

v = - very

vel = vertically elongate
VO . = vertically oriented
w/, wWfi : = with, within

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

WP:WIP:R-1750 . Figure 23
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EXPLANATION
(Continued)

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

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




DEPTH ** HALITE/ REMARKS
LITHOLOGY SEO AT
(t 2 NON HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
900 T T T 71
BASE KEYWAY
x l —_— e —_— H, tr poly; similar to below. Upper contact not |
. | ——— observed.
905 -p———— | —
_X— : | — —_— —— H, tr poly, beds 2-5"; tr clay at upper contact. Poly
I ; : —_— —_ as reg to slightly irreg thin lam to lam and disc
XX X X l stringers. VO MP; pits to 2" deep. F-c IV, Ir P, BG
X ‘ H ::\L__V TS o textures, tr C.
: T ——
X | ’—\_——————7/—_:__\__ Claystone and arg H, thin claystone in pits and over
2500 * b1, r : ey irreg DVT e/s surfaces; arg H between and crosscut
910 - T} | \ T e — ] by DVT surfaces: c-vc la and sic textures in
— -] , —1{— —_ claystone; f-c I-lll a-¢ in arg H; f Ic in uppermost
— B N claystone.
R I g A
- | :lﬂ —_ H, tr to mod poly and clay. DVT e/s surtace with .5’
Ty i L W A relief divides unil at 917.5; pits to 8' deep at 915.5:
- | R _U\/ lower poly zone contains translocated clay. Abund
915 - - —_ | : MP and interunit pits, mulliple generations of
_ - _ I : = ; solution and cementation. Poly occurs as lam to
_ _ } : — % f blebs to lining on displacive H. Abund C. Halite in
_ polyzone is mainly m-vc IV, { IV near top, c-vc !I-Ii!
« - ( e v a-c, c-vec |-llin pits. H in upper part mostly Illa, tr b
- \ and zones of m-vc IV, some m-c I-lla-b; abund irreg
— X \ L — zones and pits of f 1V near top; c-vc |-l in pits with
920 - - | poly and translocated clay. Pitsto 1' deep. DVT e/s
Zx I \ surface at lop.
x / \) —
- ( ; -~ —_ H, interbedded poly; thin lam of po|y, some Cross-
{ cutting over high relief; m [-lla-b in lower lam. H, tr
X \ il — e — poly as thin lam and stringers. F-c 1V, trlamof f or
X X X X 'Ii ~— — m-c H; beds pf poly to ¢ clear H to f-c cloudy H; tr P,
YL B ONATATAN | | i - fﬁrgbable BG textures mod C. Pits to 4" irreg VO
X ¥ — .
X X r \ [ . _,_;—Ir/— v
— T DR
+ -t — -f ( ! | —_— H, Ir poly, tr to mod clay. Lower poly-rich and upper
-+ -+ : : | — b O —_— ] arg zones divided by DVT e/s surface at 929. Poly

930 -

935 -

940 -

945

L o
1!:1'111 i

v

— =
= A

D) =

occurs as blebs, lam, and blebby linings afound c-vc
la. Hin poly zone is m-vc IV, to f-m II-1lt b-c, c-vc I-
ila; vc MP. Claystone as blebs to and lam with
displacive H. Claystone has pits to 3', thin beds with
zones of ¢ illa. tr of bedding and abund m-c !-lla. H
in arg zone is m-vc Hl-fla-b, w/tr m-ve 1V, and tr fl-
Ha-c; more H-lllc and sic textures upward and c-vc I-
lla-b at top overlain by f-m I-la-c. Pits 6"-5+".

H, mod to_tr poly, tr to mod clay, zones of claystone
in pits and upper .5-1+'. Divided into lower poly-rich
zone and upper arg zone by DVT e/s surface with
2.5 relief; shows large troughs of arg H w/small
poorly preserved pinnacles of poly-rich H. H in
poly'c zone is f-c IV, {-c I-lla-b, and tr Illa-b in pipes;
Poly'c zone is bedded, sequence of poly'c Hlo ¢ H
to f-m H witr P. Claystone zones with c-vc la in pits,
blebs with displacive H and lam to thin beds. Rare v
thin beds drape e/s surfaces. H in arg zones is ¢c-vc
I-ltla w/b-¢ margins present upward, and zones of
m-vec V. Abund MP to 2" with displacive
boundaries. Hint of strata, vc I-lla, some sic in
upper claystone.

|

FLEVIIt mel)

“SEE EXPLANATION FOR SCALES

FIGURE 23

AIR INTAKE SHAFT LITHOLOGIC LOG
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FIGURE 23

PEPTH “* HALITE/ REMARKS
LITHOLOGY SE 5IC F
(1 NON HAUITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
p— —_— T T T .
-~ _ - - i ) in lower part 6-12"; deep pits (to 9°) from DVT e/s
- = | - ] surface at 991°. Arg upper part in 5 zones: m-vc IV,
y | / tr -1V, l-illa-b; m-¢ IV, zones and pods t IV, m-c I-
_ | U- W llta-b; f-c I-lllb-c, m-¢ IV, tr 1-Ma; 1-c I-lib-c, tr la: to I-
| /——~ —‘ — m [-a, tr I-)b. IV with I H abund in zones and pils in
X \, i -
,’ —_— DVT zone. Local f-c I-llla-b in arg zones. Clay
occurs as lam o blebs with displacive H margins, as
4 x 3 ——— _ h ’
995 / 1™ trreg zones and beds to .1-.2" in upper 3°, and abund
) ,I T T\ sic fextures.
—~——
| ~— ,\_,__U;\——\/;__ Poly; crosstaminae in lower .2- 4'. Indistinct
! V_ ‘V“—“ contorted strata, zones of H in upper pant. Possible
y | coated grains in lower part.
1000 - x |I el H, tr poly , tr clay and anhy. Poly occurs as lam,
i —_— blebby tam and stringers, irreg blebs mostly in pits.
— <] Poly delineates thin to m beds. DVT e/s surface
: MB 102 @ << — — A with 4" relief and pits. Clay as irreg disc lam. Pits to
\ —\| - — o — 1°. VO MP. Hin sequences of t-c IV, {-m IV, poly-
| 3 w]" el N el rich{. - Tr P, mod C. I-llla-b in poly’c and arg zone 8
X | 1V V — jr\ : ' : )
—_ \ =\ ! , _:___lg__\_
10051 | i VIOV
] :
— —17 1 ST o
- Py — i::Z:jE:TrE:- V
- =i —_ e~ T — H, tr to some clay with tr poly in lower part. Poly as
X HE | ™~ T —— ] blebs with displacive H margins and irreg stringers.
— - / | q Claystone occurs as lam delineating thin to m beds
2400* — —L é ) Al &~ )Z) in upper part and blebs to iam, blebs in pits with
- [n B
1010-§ _ '/ ' abund dispiacive margins. F-c IV and zones of f-m
- I — —] IV:tr P, trto abund ¢. F-m I-ib, m-c I-lla-b in arg
| ] zones. Pitsto 1°, VO MP.
x|l
——
\ — 5= ] Anhy, lower part anhydritic dolomite; .5- 1" laminated
2> Y : claystone at base with H-filled fractures. Weeps,
1015 - — v — moist surface in lower 4'. Ripup clasts at 1028,
__’_,_,,/"’_/.___.v overlain by probable tepee structure. Lam and
! \VAAV aY, (V] organic material in algal zone 1026-27. 1/4" H
: . v/ _/v’__ PAGS at 1025. Lam 1o v thin beds, parallei to
o — convolute; abund H, rare anhy PAGS to 2". Upper
v ZJ///Q contact marked by possibie tepees.
-~ < <
. A% <
1020 - %ﬁ“
MB 103 o Y ———
\~_‘_
V] ’V__,_,/—\V\
— % v
1" ——(/\_
1025 \ /—ng -
\ S
Ly .
NS
N
g\ g
= — — 1 H, tr poly, tr to some clay above basal 1-1.5; tr anhy
10304 — —_— / as lam, stringers, and blebs, some displacive H
-— —_ / - —_— margins above 1034-35. Clay occurs as lam, blebs
- { \/—\_\[*/—\ and irreg zones in topographic lows. Poly occurs as
NYE : —_ 7 —_—_ blebby lam, blebs with c displacive H (a margins).
X — | ' \/—\———\[_/\d VO MP; pits 6™-1°. Abund DVT e/s surfaces marked
— H TN N— by clay. C-vc IV w/f-c IV in arg zones; tr to some P,
—— e ] .
—x [il _ some C. M-c I-1Hb-c in lower arg zone to I-llla-b
1035 \ | u' vl fv\\ - upward; f I-lllb-c increases upward.
CEIFV(ft msl)  *"SEE EXPLANATION FOR SCALES AIR INTAKE SHAFT LITHOLOGIC LOG
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nreTy ' S HALITE REMARKS
(fn HTHOLOGY NOH HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
-0 SR SR RN ) 0
\ x |l l : ’mJ Anhy: lam: zones of IV under high relief; possitzle tH
—— domorphs after sum clastic grains; strata
AN Wetos [ T peeenosme oo
- il — _ H, tr lam poly near base; .2-.3" anhy interbed gt
: X {: — 1042, lam from 1039.5-1049.5; tr poly and clay in
-110 — L/\{ TS — upper 2'. Poly in lower 2 with some BG H and lining
10404 - NNk H with POS textures, blebs with displacive H
R ’W’ @ margins, lam and stringers above lower 2°; poly
NN ; _/\/Z\,-‘\_)L‘U zones in pits. Anhy interbed structureless to
- - ! :: laminated, irreg morphology around large MP with
X ; : —_ \ { v_\ /" vc la H. Poly blebs with ¢ displacive H in upper part.
X ' A Tr clay in pits. H below anhy; f-c IV, tr vc C; beds of
v A -
X , V —— c IV, t-c IV, poly or poly'c IV; [-llib-c. H above anhy:
! A N A T\ m-vc IV w/some to tr P, some C; I-llib-c wir I-illa. H
X at top.is tr f-m IV in pads and lenses. Large irreg
| MP, VO MP abund. Clay as irreg disc lam. Abund
i, 0] pits, deepest at upper surlace.
i E
- - ) H, mod'ly arg in lower 2°, clay lam in .5' zone near
2 g
- i top, tr to some clay. Mod 1o Ir poly, as tam and
—{i stringers in lower part, irreg blebs, zones and
— X | | - _— "blebby" stringers in upper part: blebs with displacive
- : : V v - H margins in pits. Clay in zones, lam, and v thin
— Co w\’_ beds 0 .1", some f-m I-lta-b in lows. Well developed
_ ; S T TS pods and zones of f IV in lower part of unit. M- IV,
X 3 tr P, abund C; tr opaque f-m IV in pods to zones; {-m
" ' , B
IK’;\&T‘(‘((J MB 105 = _— =9 I-llb-c, tr 1a in arg zones; equal m-c IV and f I-lilb-c

in upper 6”. VO MP, irreg MP. Abund pits 6 - 3°.
Claystone translocated into pits, w/l-vc I-llla-b. DVT
e/s surtace at 1050".

Poly and halitic anhy, lam. Lower halitic anhy shows
possible H PAGS. Some possible collapse.’
Possible H pseudomorphs after gypsum clastic
grains. Irreg H-poor poly zones. Upper contact of
anhy with poly shows possible loading, incipient
pillows. Irreg zones of H near top of poly.
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H, tr to some poly, arg and poly’c near top; halitic
claystone at upper contact. Poly occurs as stringers
to lam, some ventical crystal shapes and lines m la,
blebs (some displacive H margins) in pits, POS
textures, and poly boxwork from 1056.5-1059°. Ty
anhydrilic clay as stringers in pits. DVT e/s surface
al 1056.5. Clay in upper part as lam and “blebby”
lam, stringers, blebs, zones in topographic lows.
Thin to m bedded below arg zone, delineated by
poly. H sequence in beds: poly or poly'c H, clearc
Hwitr P'and C in MP, {-m cloudy H at top. F IV mod
abund lower 2-3', 1061-1058, some f-m IV 1058-
1055. VO MP. Pits abund, 6-3'. Claystone at
upper contact thickens over pits, contains m-c I-iifa-

" b, lam, some sic and f I-ilic texture in upper part. Tr

to some P, mod C.

H, tr to some poly, tr to some clay in upper part. Arg
H, some claystone in pits from upper contact. Pits
6"-4' deep. Poly .5' at base with zones of H, lam
with H PAGS to 1/4". H generally m-c iV, some C,
and -m opaque 1V in beds. Beds 4-12" delineated
by “blebby" lam of poly. Poly granular, slightly arg,
as blebs to stringers; some displacive H margins.
Claystone blebs in pits with {-m I-llic and tr m-c I-lla-
b, tr gray clay infiltrated into pits. treg MP to 2.

H, tr to some poly from 1098-1091, tr to mod'ly arg
in upper part with irreg zones of claystone. Poly

FIFVN mst)

“SEE EXPLANATION FOR SCALES
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DEPTH ** HALITE/ REMARKS
{ 2 iy | R
(M LITHOLOGY NON HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)

——7_— | "' : ! = _ occurs as thin beds to blebs and "blebby" lam (as
— 1 b solution fag surfaces), and zones in pits with m-c I-

} ! | T * Dla-b. Hin poly zone m-c IV, wive IV in MP; tr P, tr C

~- *p! : - 0 in MP. VO and irreg MP. From 1091-1087, f-¢c IV

' R Ya V C wir P and some C in MP and pipes: some {-m {I-1itb-
: c. Poly boxwork fabric above 1087, appears v

- U o disrupted by pits and MP. DVT e/s surfaces near

=3
\/ 1085 with solution lag; collapse of bedded block into
T — pit. Hin arg zone: m-c IV witr P and tr to some C.
ac

1085 ]
] C Displace H above 1085 trends from m-cla-btof-cl-
/zo{ ~~ T — | iopped by diaysions wime Lacb. Giaysions
/ v I Some reg am ocour  ireg veryealsonos, A0

\\} no laterally equivalent claystone occurs these

Py retivon

|
|

i

|

|
|
|
ls
H
H
H
|
I,

1090 probably originated as infiltration mud transported in

deep channels in pits or small caves; these zones
cross-cut H strata are v irreg, and show no internal
continuity with strata. Trough and parailel lam at
upper contact. Upper 2’ v arg w/claystone blebs.

. Abund pits 16"-2' deep. Claystone with ripple cross-
laminae (1/4-2") cont with large pit of claystone. Pits
originate in claystone at top.

XXAXXXX XX XX XX XN

1095-

H, some to tr poly; tr to some clay above lower 2.
Poly occurs as .2-.3" halitic bed at base wicollapse
into underlying pit; thin lam to blebs in pits
wi/displacive margins. Clay occurs as lam to blebs
with displacive H margins. Crude strata near middle
of unit v/f-m I-lil. Poly and clay translocated in pits.
Pits 67-3' deep, abund. VO MP rare, irreg MP
abund. Zones of claystone with f-m I-lla-b. H: m-c
IV, vc in MP; tr to some P, some C. Unit tends to HI-
Ilb-c witr la-c in arg/suliate parts. F-m I-lla-b in
upper .5' claystone.

1100 - -

»
»
»
»
x
»
»
»
»
x
kol
»
»
.3

H, some to tr poly to about 1113, tr clay in upper 3'
above DVT surface. Lower .5' of poly lam
w/swallowtails and lam anhy and clay. Poly occurs
as lam to blebs and zones with displacive H
margins. In lower 2', POS textures and poly draping
BG H. DVT e/s surface near 1113. Clay occurs as
thin lam to blebs. many w/displacive H margins.
Thin to m beds (2-10" thick) well defined at base to
crude at top. M-vc I-llla in pits with poly. Abund pits
to 5’ deep, most 6" 10 2'. Pits and MP rare in lower
2, abund upward. H is m-c and vc IV; major vel and
P near basa to tr P upward; tr C in MP near base to
some C in VO MP and pits in arg. zone. M-c II-Hib-c
witr 1a-c in blebs and lam of clay and poly.

1054 -

2300 *kxxxxxxxaxxax :_IL
1110

1115 -

x x|

AN
bt X XXX X X XX XXX XX X3 ~MB 108

%%s00e a8 ® %0000 anranse

prosgpalapalaininiyhale

120~ 77 %~

{ H, arg and trace poly'c to anhy’c in upper part, lam
I A of anhy. Poly occurs as blebs, most translocated
| NN into pits. Clay occurs as lam to blebs and irreg
| - :@// &/ ™~ — zones, and translocated material in pits. Pits to 2+’
| —_— " T \J ™ deep. M-f I-llb-c in claystone. Unitis m-c 1V, trt IV
|
!
|

.
:
it

- \d?/ ——\m/ T in lower part, m-c I-llib-c in arg zones. VO and irreg
— (N MP. Pitto 1' x 1.5’ with clear halite at upper contact.
1 o — TN - —— TN ] M- b in claystone at upper contact.

~
FP% 00 20 sssssesscssnestann

1125 - \
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(fy LITHOLOGY MON HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)

AL T PN —

H, tr poly below about 1135 in lower par, tr to some
arg in upper part. Poly occurs as v thin beds 1o
blebs and irreg zones (mostly in pits with displacive
H margins), some with vc IV. Clay occurs as fam to
blebs, irreg zones. DVT e/s surface divides arg and
poly zones. Pils 2'-6". VO and irreg MP mod'ly

1130~ abund, increasing upward. His m-c IV, vc in MP,
Poly'c zone tr to some P, ir C in MP; beds
wi/sequence poly'c H, ¢ clear H, f-m cloudy H.
Upper arg. zone mod P near base: I-m I-1llb-¢ and
m-c, trve I-llla-b.
H, Ir to mod'ly arg upward, tr poly. Poly occurs as
1135 — lam to blebs and zones with some m-vc Ib-c. Clay

occurs as lam, zones in topographic lows,
translocated pore fillings (w/m-vc 1a) in zones at
lower contact, and blebs. Clay and poly infiltrated
downward from DVT e/s surface. H: m-vc IV, some |
from 1139-1140 at e/s surface. M-c I-llla-b, { I-liib-c
wi I-Na increasing upward in arg zone. Abund pits
6" -3' deep.

1140

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

TOP MB 109

1145 -

H, some to tr poly upward, ir to some gray clay in
upper 1°. Poly is granular and occurs as v thin beds
to large blebs wrdisplacive H margins and m-c la.

S

/ : Thin to m beds delineated by poly. Clay occurs as
150 [ lam, zones and irreg blebs w/im la. F-vc, mainly m-¢
| Vi Hinupper 1". Tr P and vel, mod to abund C.

, : VO and imeg MP. Pits 6™-3+ deep.
X X | H S— H, thin beds of anhy, some poly. Interbeds are
| : m laminated, paralle! to contorted, halitic. H in anhy
X x P | y—a A’\./"’4 interbeds: H PAGS to 1/2" high: zones of intermixed
x | "*—’\_/\—/\\v—\' anhy and possible cfastic H; zones of f H w/anhy are
} — R ossible early replacement of gypsum grains. H: m-
1153 \\\\\\\l {W——a (F:,IV, zones of I"H wisultate. Tr FE) some C. VO MP.
x A ! W‘ Sulfate also as lam to blebs and POS textures. Pits

X ! 3 —_— = 1o 4" deep in lower H interbed.
A w ]| o

X P'\ '\ —. = — Anhy, mudstone w/anhy nodules in middie, and
DXNNNN b 3 - poly. Anhy lam, some cross cutting, slumping, and
2250% 6&&&\(\(\& A —~— — ,:—— . draping relief on lower contact. Smail ripple cross
1160 T : N T I lam. Anhy PAGS in upper half of anhy. Middle arg

— A\ e — nodutar zone has 1/8" anhy PAGS. Poly has lam
\\\\\ @ w/abund small H and poly PAGS.
— s

H, tr to some (upward) poly. Poly on dissolution
surface and as blebs in pils. M-vc IV; tr to abund P,
mod C. Irreg MP to 5". Pits to 6" near top.

— e

:
?
)
all

X P,
165 \ ’ 1250 - S Anhy, lam, contorted to wavy; possible clastic H and
9 H PAGS to 1" high.
\ BASEMB 109| — 1 — 9 ’
- N N

\ ’/ ; _ D_%J/ﬂ:_\\o—\ro ' H, tr poly and clay. Poly occurs as lam, smngeés,
- H "\_\__\ irreg blebs (mostly in pits) and rare crude POS
P; | , H \(-/\ texture. Clay occurs as lam, stringers, and blebs.
x I i - Anhy simifar to poly in arg par, increasing upward.
1170 e g by — y poly inargp g up
TFLEV(t mst)  “"SEE EXPLANATION FOR SCAI ES AIR INTAKE SHAFT LITHOLOGIC LOG
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Blebs w/l-lla. Middle part bedded: abund pits to 6~
in upper part. VO 1o irreg MP. M-c IV, zones of fin
upper pan; beds of stratified sulfate to m-cto § V.
Pits with translocated material. Small swallowtails in
lower poly.

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

H, tr to some poly, tr to major clay. Thin to m beds
delineated by poly. Poly occurs as thin beds to
bleb-like zones 17-3" thick with m-vc Ib. Poly
transiocated in pits to 3' deep. Clay occurs as
stringers and blebs. M-vc IV, tr f throughout; m-c I-
a-b to f-m I-Nib-c in upper 1.5"; tr to some P, and
C. Abund irreg MP, also VO MP.. Overlain by DVT
e/s surface. Claystone contains sic textures.

H. tr poly in lower part, tr gray clay at top. Thinto m
beds, strata not apparent above 1211". Poly occurs
as lam to H linings and POS textures near base.
Higher, poly occurs as blebs with some Jam: blebs
as solution lags and in pits, show displacive H
margins. Clay occurs as stringers and blebs. F-vc
IV gverall: m-c to 1214, m-vc to 1209, {-c to 1208:
beds w/sequences poly'c H or poly to ¢ clear H to m-
¢ cloudy H; tr P, abund to mod C. VO and irreg MP
mod to abund upward. Abund pits to 3' deep with
transiocated poly.

FIEV(N

mel)

“SER EXPLAMATION FOR SCALES
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(ALEARN XN N Tt HANITES REMARKS
(m HTHOLOGY NOH HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
L4 e — — | ] . . .
X X XD T — Poly, m crystalline, H in lenticular zones parallel to
Ik strata. Lam to structureless.
X :
— = . H. tr poly, alternate zones witr gray clay and anhy.
| : Poly occurs as lam to biebs and POS textures. Clay
X | LI as thin lam and stringers, commonly with { IV, M-c
1220 - -1 i IV, 1-m near base, tr f at top; tr P, {r to some C.
p' : —— - Abund VO to irreg MP. M to thin beds defineated by
- \ | = — _sulfate or clay. Sequences of poly'c H to ¢ clear H
T L > o —— to found in cloudy H. Pits 3"-2' deep with
- il GH < _—L translocated material.
/4 - —_—
\ ) . v V m] H, tr poly, tr to some clay above basal 2.5 Poly
-1/ w-)[ occurs as lam to blebs with some displacive H
1225 - - ! : ——0" margins, farge blebs in pits with m la. Clay occurs
[ - - - as lam (many as e/s lag) lo blebs w/f-m I-Hla-b. Hin
- \ . 8] b o — poly’c part: m-c IV, tr f; tr P and C. VO and irreg
]L = & MP. Hin arg part: m-c IV, zones and pods of {-m
f ——c’_:;‘; e and f overlain by clay e/s lags, m-c I-ila-b to 1227: 1-
- : e m 1V in pods wh I-lltb-c and m-c I-llla-b to 1224; m-¢
{ = C:“":Q IV will-llla-b 1o 1222; f-m IV w/-m I-llla-b and basal
1230 - ! . I-11a-b to 1221.5; abund DVT textures: sic near top.
H ~\\ Y Pits 6°-2' deep. Clay and poly translocated down in
- ! J\_ lg -~ {\— some pits. Tr {1V in some pits. Filled prism cracks
: ) .\ _— e — to 4" deep at upper contact.
x X P{ ! I U~ o< {7 Poly, basal claystone w/lam, claystone shows
Lyl : — \r g gravity loading and slumping w/flame structures
= S —— <~ around pillows. H as probable PAGS in teepes-
1235 -+ % MB 112 VV_‘Q\?/;—\ 8] shaped zones of H, BG H with sulfate drapes, m-c
\//“— = N, zones of c-vc IV w/H drapes, m-c Ic. H zone
VT . ) ~— boundaries w/poly are usually irreg and not planar.
- / —_—— _ Poly lam contorted to convolute in hummocks on
_ X 'I — _\? _ upper surt.ace‘ H zones occur below hummocks.
. - e 3 e — o Strata thicken in !roughs and thin over the
_ \ J Cﬁ\g@ hummocks. BG H in lenticular zones in upper
N . // — g ] troughs. ‘
1240 - ! — ' -
I’ - \. : —_\—’\ /] H, tr poly, tr to some gray clay and anhy w/gray clay
{ : I " — Ty . at top. Pits 1-5" deep. M to thin beds, best delined
| ! Co— —_ \ near base, w/sequence f poly'c Hto clearc H to
X [ : (‘ ) cloudy m H witr . Poly occurs as lam 1o blebs and
! V zones in pits, H linings, POS textures; blebs have m
I ) q— —_ — I-1la-b. Clay occurs as lam to blebs w/ f-m i-lla.
\ i — T Y Poly and clay translocated into pits and some MP.
12451 - \ / R g - ~ MP abund; size decreases in upper 2'. M-c IV,
/ : \f 7 r - some { to 1245, tr P; {-m IV in pods, m-vc in zones
x ! T \J — and m-{ |-Ilic to 1237, tr to some P, tr-mod C: m-¢ IV
] : r \\r w/l-flla to 1235.5. DVT textures abund in middle.
p ! ; - 1 — Upper surface planed off by flooding.
— — ’, T : - H, tr poly to 1250, arg upper part. Poly occurs
1250 - — [ ! . mostly as large blebs w/m-c fa-b H. Clay as blebs to
| . lam. Blebs abund upward w/l-ifla-b. Local pits to
- Pl : 6. F-c IV, mainly m, pods f abund in upper 1.5, Tr
X } : P, mod C. F-mI-lla-b in upper 1.5".
A A X T O . - Poly, gray clay at base w/load features. Tr m-¢ la-b.
x - '| - \ ’ —_ Some contorted thin fam.
! by — —
1255 - x I . N T H, tr poly, tr clay in upper part. Poly as lam to blebs
=11 i - A'V'— : - and zones translocated in pits and as solution lags.
_ P] I’ ., | —V — - Clay as irreg lam over e/s surfaces and blebs and
1l *, - —__ Z — stringers. F-vc, mainly m-c IV, f near top and in pits.
x |y ! —_ PR N Tr P near base, mod C increasing upward. Some
, ,’ - = 2T sequences poly or poly'c H (f) 1o clear H o poly'c H.
2150% | : —_— Tr to abund VO and ireg MP. Pits to 3+' deep.
1260 !4 il —_—
IRVt mel) C*"SEE EXPLANATION FOR SCALES AR INTAKE SHAFT LIT}Y I0LOGIC LOG
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FIGURE 23

NEPTH CHALITEY REMARKS
(ft) HTHOLOGY MON HALITE GFOLOGIC _FEAT”RES (SEE APPENDIX FOR DETAILS)
_5_(1 Xl{ rorr —\\_% - ,__C}‘/‘ Poly, tr H. Basal gray claystone. H as zones, some
— x /,v — ~ i, _—l BG textures. lrreg contorted to wavy lam.
— E ) > V dv H, some to tr clay and poly, arg in upper 1.5". Clay.
_ ! : — C:—Q’“: —- as §lringgrs and thnq lam. Poly as irreg blel?s in pits
- — I H — < wi/displacive H margins. F-vc IV, w/abund { in zones
| T : and pods near base. Mod C. Abund MP.
1265 . ! 3 V’ —_— — Claystone infiltrated into pits.
! | — o —_— T -
f 1 — — H, alternately tr poly and tr clay w/intervening DVT
XXXXXX |y = e/s surface. Poly occurs as thin lam, stringers, H
5\ - - - —= drapes and finings, POS texture, and as blebs. F-vc
X \I - - - _| IV, trto some P and C; f IV in poly'c zones and as
_ ] Ia : pods near base. Mod'ly abund MP, some VO. M-¢c
- i : - I-lla w/poly in some pits.
| =
| . —_— — H, tr poly at base, arg to claystone at top. Poly
X ,’ t J— ;\\ —_ — —_— occurs as lam to blebs (lags and translocated in pits
pl N T —_ - w/m-c la). Clay occurs as lam, blebs and zones of{
{ : e & < blebs, some w/a-c margins, zones w/sic texiures,
R 5 T T A= ] translocated in pits. M-c some vc, IV to 1276.5, tr f
\ - x_ | .l - N __] near top, some llla-b, tr-some P, tr C increases up.
127'5_ -\ = : | — \A';Q""o Ib-c above 1276.5, some f iI-llib-c, versus m-c Ila-
— x_ e £ 4 l r A —_ Y — IV, Abund MP, VO near base. DVT e/s surfaces
- =% , ! (@ near top. Possible desiccation cracks filled w/H at
- - g// - ,_E__ o - upper surface. ‘
_ox /r . Tl T~ ~— Cl- — K Poly, halitic. Contorted to cross-cutting lam. H in
_ / ] ~L_ N T zones, some lenticular, some la-la-c.
! _— _
12801, cxxx Y - T H, tr to some poly. Poly occurs as lam to blebs,
x i zones w/m-¢ la in pits, H drapes H, POS textures.
xx pt | M-c IV, zones of {, f-m I-lila-b. Tr P, mod C. Some
XXXXX ' \ MP.
X |
>< H, tr poly; tr clay, increasing upward, claystone lam
2125%[ roxnax : T at e/s surface in upper 3'. Clay occurs as stringers,
1285 - 1 blebs, zones w/displacive H margins. Poly occurs
x P ': as blebs (some displacive H margins) and POS
— — 7 - — textures. M-vc IV to 1290; f-c IV w/f in pods, 1 1a-b,
- e H /' l = ;_ c:\'/—/\c'ﬁ R aiso I-llla-c. Some to tr P: trto some C. VO MP.
— = i/ I o ~ —~ —
- =/ : H, tr poly; 5-6" bed of taminar poly w/lenticular H-
X :1 : —38 r\ _— \ / filled voids m I-llla-c. Poly occurs as thin lam to
3 _) N blebs in pits, H drapes and linings, and POS texture.
1290-1. 3 Mainly m-c IV, tr t near top and poly'c zones. Trto
P ! 3 6 some P, some to mod C. MP.
[ H
:’ 1 R - H, tr poly, tr clay at top. Poly occurs as lam to blebs.
- A T T Clay occurs over DVT surface and in pits. M-c IV; {-
i . c I-tha-c in upper 1*. Sometotr P; mod C. VO and
XXX XX , : irreg MP near DVT surface.
XXXX P “I !
1295 . :
\ H
p — T H
—_ | b4
X | ! : :
{ i
X i | —_— ) —
! : ' V Arg H w/halitic claystone. Tr poly as thin fam to
P| ! 1=~ & POS textures, displacive H margins. Clay occurs as
1300 X l ! : lam, zones in topographic lows, blebs, incipient sic
s — T o T e texture near base. Thin to m beds of H and
! : H . —~—— claystone in lower 2'. M-c I-llla-b and f I-1a in lower
X : : 1.5"; 1-c IV wibases {-1V wi/clay and I-1lib-c disrupting
|\.- beds near 1304. Clay occurs upward as stringers
1y wi/t and m-vc 1V; I-lla-c to { IV in zones and pods
R near top. Ess surfaces in middle.
1305 il NS ¥ NI
TRVt msl) AIR INTAKE SHAFT LITHOLOGIC LOG
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DEPTH " HALITE/ REMARKS
(1) LITHOLOGY NON HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
— - LEAUR 2 B SRS § g
- ‘\ I —_— 0~ H, tr clay to tr poly. V thin poly bed near base
el g AN O ] witam; poly blebs as iags and in pits wdisplacive H
X ' : Y — s margins. Clay occurs as blebs and "biebby”
, 3 B — — == stringers wrdisplacive H margins. Mainly m-c IV, tr
- pl i : ~—__\~ = _— P, some C.
XXXXXXXKXXX K. o
%(1700’: — 1" 1 ——i . H, tr poly, tr clay, halitic claystone at top. Poly and
- + -7 ﬁ"“ - o Q clay occur as thin lam to blebs, some w/disptacive H
_ i margins. H: m-c IV, tr zones to pods of f-m near top.
—_ - I () e Tr P, decreases upward; tr-some C, increasing
—x ] } — upward. VO MP near base. Claystone over OVT
— | I \L - — e/s surface includes 1-c I1I-1V and I-m I-fib-c, Ir la.
- ! : L _ Clay zone in topographic lows.
- - [
1315 - ~ pyff w V Poly, H as PAGS (1/16-1 high), contorted lam in
- N : unit, poly crystals penetrate H zones, Detrital in
', : J— —_ —_ upper part. Poly aiternates w/anhy, lam, wavy to
! - — -— contorted, disrupted in middle of unit.
X \ ) —
Y B : H. some to Ir poly as thin lam, thin beds at base,
e~ Vo blebs in upper part. M-c iV;tr P, abund C.
1320 MB 115 —_ T T — ] H, tr poly, tr clay and anhy near top. Poly occurs as
Ty v} v\/_ lam to blebs in pits, H crystal drapes and linings
(some displacive), POS texture. Most m-c IV I IV
7 —— near top; tr to some P, tr C increasing upward. MP
X i — 0o ___ g increase upward. Vc IV in some pits. Pits at top
 m— : T —— N w/anhy, clay infiltrate.
| == Oy
1325- . - Poly, halitic. Lam w/H PAGS, contorted to wavy lam
] to v thin beds near base. BG H in thin beds in lower
_— 1". Rippled clastic H in thin beds near top.
x : — —
X - !
P M —— G  j
1330 - xx Xx : _:‘*-\—\_d_ ——
XX ! 4=
v 9
. o V— ¥ —
MB 116 —_v e I
T T H, tr poly, tr clay lam and anhy near top. Poly
1335 : : “T? occurs as thin lam to blebs in shallow pits (3-5*
xxxx 1 } V-~ o —V_ deep), abund H crystal drapes and linings, POS
XXXXXX } ] — —_— - texture. M-c IV, f as I-llfa in poly’c zones; tr-some P,
! : — "V mod C increasing upward. Beds 3-8" w/sequences
Xxxx } " J of {-m poly'c H to clear ¢ H to cloudy m-¢c H. MP, VO
XXxxx \ : —E:D V=g — at base, content and size increase upward. Anhy
XXX { : - — similar to poly. Pits at top show collapse of
xXXXX |‘ : —-'\-——/—"’/m - overlying poly. )
1340 - = ~—— :
-5 b T + I : TOP Qb,_:‘ — Siltstone and mudstone, halitic. Trough cross-lam,
-+ -+ i —~———> s lam, and sic. Solt-sediment shear and coilapse
_i .l+. — ) T blocks near base. Cobble-sized clasts of underlying
_— unit. M-vc, I-llla-c parallel to strata. Upper 2'; DVT
T zone w/IV f-m, in pods wiclay lam.
T VACA H, tr poly, tr clay at top. Upper surface shows
I [ TRISTE paleokarst wiilled channels, small cavities and pits;
13454 _—_—_ Vaca Triste deposited on topography as channels.
— T Poly occurs as thin fam to isolated blebs and zones
LT of "blebby"” stringers, H coatings and linings, crude
T POS texture, solution lags and translocated
I — ] material. M-c IV; beds of m-c IV, f H, sulfate. MP
IP 7] H 1 b increase upward. Clay as stringers and blebs in
X " : zones interbedded w/poly’c zones.
1350 §1 [ (I D [ 0 poy
TFLEV(ft mst) AIR INTAKE SHAFT LITHOLOGIC LOG
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1360

-
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1365-{ *

. e
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Y
\

H, tr clay, decreases near lop. Clay occurs as blebs
and lam sic in I textures. Abund f I-llib-c, some m |-
Ha-b, in lower part; m-c, tr f, IV in upper 1".

1370

298I 00r e suL IR BIORees It

H, tr to some poly, similar to unit below 1373
w/more MP and abund pits. Poly lam, solution lag.
F-c IV, tr P, c-vc in pits and MP, f at upper DVT
surlace and e/s surfaces. M beds of poly or poly'c {-
m H, clear ¢ H, f H. Clay infiltrated into pits and
pores. Pits to 2.5+ deep.

H, tr poly. Poly occurs as thin lam to blebs, H
crystal linings. Poly delineates m beds of m-¢ IV, tr
of 11V, sulfate. Mainly m-c IV, m la-c in upper 1.5".
Tr P, tr-some C, Ir triple junctions. Stringers of gray
clay and anhy near base. Abundant MP. Poly and
lam more cont upward. Clay and anhy lam at upper
contact.

XX XXX

1375t

‘1380 N N—

| S

.
FEEYITRLITTITL

H, mod to tr poly, slightly arg zones, upper 1.5" arg
H. Thin to m beds near base w/poly-rich zone at top
of each. Above poly lam at 1380.5" and 1381",
strata less well defined. In lower part, poly consists
of lam to blebs, some wrdisplacive H margins and (-
m la, H drapes and linings (some BG), and POS
textures. Character changes at 1379. Below 1379,
MP are small and VO, size increases upward. Pits
and MP abund between poly beds at 1380.5 and
1381°. Below 1379, H is m-c 1V, mod'ly abund P
and some C at base, P decreasing upward and C
increasing upward. Trf over m-c IV with and under
poly w/m-c IV. Arg zone 1381-1382 has abund f H.
Clay consists of thin lam to zones w/m-{ la. More
disrupted above 1379 w/pits and MP. Clay
increases upward, strata not recognizable, zones of
varying composition distinguishable. Clay and poly
more disseminated as blebs and stringers
wi/displacive H margins. {1V abund; m-c 1V, some
incorporative H. I-lla-b in zones and blebs of poly
and clay. Abund pits, large MP below 1376. Upper
1.5" mostly ib-c w/some la-l1a and local lIlb.

13851 71571
—+ — +-f
-+ — + — [

1390

1395

I [

.re
sesesen o

essseecreesas

Arg H to halite claystone wisic texture. Thrusts w/4"
throw at upper contact. Mainly t-m la-b w/m-c 1l-1lla
at base.

H, tr poly, tr clay, more arg above DVT surface at
about 1390°". Langbeinite in pits and MP C, leonite
in arg zones. Poly occurs as thin lam and stringers,
drapes and linings on BG H, POS texture, blebs,
and translocated blebs in pits. Clay occurs as thin
lam and stringers. Poly and clay show displacive
boundaries w/H and potash minerals. Beds
w/sequence of polyycmHtocHto-mH. H:i-clV,
c asMP C. P, decreases upward. MP more abund
upward. Pils to 1" deep in lower part, deeper and
larger upward. F IV occurs in small zones. BG
fabric most common near base. F IV in zones and
pods, m-c I-lla more common along and above DVT
surface.

ELEV (it msl)
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NEPTH ** HALITE/ REMARKS
(1 HITHOLOGY NON HALITE - GFOLOGIC FEATURES . {SEE APPENDIX FOR DETAILS)
[ LA T — ]
X ! ,\_U Arg H, poly’'c, langbeinitic in irreg zones 1-4" in
PI . _ upper parl. Poly as blebs, lag, stringers and POS.
X I ! : V— - Two claystone beds: lower drapes irreg surface,
11 - e I thickens in lows, shows sic texture, infiltrated near
L Lo | ; I T —" pits; upper bed is associated w/langbeinite zones 1-
t ot : i The—————— 4" across. Clay in H-rich zones occurs as stringers
14001 - t L ] . —_— to blebs w/displacive or incorporative H. M-c IV to I-
: K Hla-b in fower 1°; tl-1l1a-b witr I-lllc in middle; {-m I-
Y aam— r 1lIb-c, tr m 1-Ha, and some beds of m-c 1V, in upper
- — _ | i - =N e [ part: Langbein.ilg possibly.pseu.domorphed by
|' : ] j[ leonite. Langbeinite partly displacive, abund near
- - I ! ;o = S=—=~r={tF1- upper contact.
. _ l i . . — .
l : 43 V=32 \y— — =1 H, tr poly, tr langbeinite. Arg zones near e/s
1405 - ' : N surfaces at top. Poly occurs as lam to blebs, POS,
[ : drapes on BG H. Clay occurs as thin lam. Clay box
I I t . work 1403-1404’, more disseminated upward. H is
e - I i : - — f-c, mainly m, IV; tr to some P, C. MP increase
P H S vV upward. Sequences of poly, ¢ H, { poly'c H.
L b l : : . - - Langbeinite in MP.
g SIS ot -
%g%?fm MB 117 9T —_— Poly, H (IV) zones. Thin lam, contorted to wavy,
. . — T — clay at base. Potash minerals in lenticular pore
- =17 ‘ —-t‘\/-::_L w/drusy lining of unidentified mineral. Poly PAGS.
f . — —_— ———
X |l _— H, tr poly as stringers, blebs and solution lags. F-m
X ! . — —_— beds w/sequence poly, m-c IV, { H; tr to some P, Ir
l ,' H B S — C. Pods 1V near top. Possible langbeinite.
T . e e
1415 4 - — :’ T  —— H. tr.poly as thin lam, stringers, blebs as solution
- - —|h : - — ] tags, POS and H crystal boundaries. Thin to m beds
- L ;, T of poly, m-c IV, tr { IV; tr to some P, tr C and
| { d — T = T_— langbeinite in MP.
T PI Y b T T ——
Lo ! 1 — - —_ — Divided into 5 parts: :
l T — — part a: H, tr poly, tr clay at top. Poly occurs as blebs
14204 - - s ?ﬁ%\— — to lam, lags. Beds delineated by sullate. F-c,
- X t! — mainly f-m, IV; tr to some P, cC in MP.
L _ b part b: H, tr poly and clay Poly occurs as blebs and
- x L by a 0 ———— stringers. Clay occurs as fam to blebs. M-c |V,
AR . =~ abund C, f H in zones and pods, f I-lllb-¢ in arg
- / B — g \\/\Qy zones. Pods of displacive langbeinite.
L 1 / part c: H, tr poly. Poly w/langbeinite at top. Poly
X X ,X / \ H occurs as blebs and stringers. M-vc IV, tr P, some
1425 - x ;I i : C. Abund VO MP.
’)‘( o x|§ ! ) part d: disc 3' H w/tr poly as blebs, stringers, box
X . work. Many generations of C in pits and MP. Zones
TR } E — ':% and pods of langbeinite in pits and MP. E/s surface
- x ! l Q"cs—gal‘ 2~ _s attop. M-c IV w/ H near top.
L L ! : W _parte: H, Ir poly and clay. Poly occurs in{ IV, blebs,
L L I' : : —— as solution lags. Clay occurs as lam (DVT surfaces)
1430 - I ! n : to blebs. F-m I-lib-c, sic textures. M-c IV w/t H in
_ x l : H [3 (=3} ) pods and zones. Possible pits. Tr langbeinite at
g4—- - - - = - top.
« Pl g — . g — @&
11 HU_ o — 4 T = | Poly, tr to v halitic upward. Zones of vc IV and m-c
X 0 1lib in lower part. Thin lam, low angle cross-beds
MB 118 —_— 8] 0 - and cross-lam. Zones of clastic/detrital H and m-¢ |-
& o — Ma-b. 1t occurs in troughs of cross-lam. Zone of m-
1435 - - . - — = = = ¢ IV wiinterlam of poly in upper 4",
- i tees
' ! H DD H, tr to major poly. Poly occurs as thin beds, blebs,
X I i : A and POS textures, drapes of crystals and surfaces.
l } A ,/Q Drusy sulfate formed in open void. Beds about 4"
RS ! = “thick of m-c to { H to poly. F-c IV; some P (tr vel?), tr
I s A A to some C upward. Blocks of clay w/c-vc la in pits.
1440 X - PI e T O\ N Large MP.
eVt msl) “SEE EXP[./\_N/\ TION FOR SCALES AIR INTAKE SHAFT LITHOLOGIC LOG
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FIGURE 23

NEPTH “ HAUTE/ REMARKS
{43} HTHOLOGY NON HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
L Poly, some H. Lam, parallel to slight cross-cutting.
- n E M-c Ib near base, m-c Ic in midde.
1 e,
] See,
x PLH H, lower 2" Ir poly, tr anhy and clay in upper 1', tr
I S " : clay 6 from base. Clay occurs as thin lam in
X I H discrete horizons. Anhy and poly occur as thin lam
¢ J and stringers to blebs; some poly POS, H drapes.
1445 H i o =] Thin beds, zones w/poly, m-c IV, f H sequence. H:
: ,: U f-vc IV, 1 H increase upward; Ir to some P (BG) and
R ! Oy ] trC; tr VO MP. DVT e/s surfaces wipits. F H, POS
l . ! a 5 “in pits.
PI f (- . H, arg. Lower part: clay in thin lam to biebs w/m-c |-
1 s ! o @ 0 ——35 oo Ma-c, sic/lam texture. DVT surfaces. M-c IV, tr f H,
X 7 o o — some pods near top: tr P, abund C. Upper zone
14501 «x I{’ ; - — . similar, less arg. F-m IV near top.
| 4= — — - - .
| H _ . — H, tr poly to some in upper 1°. Poly occurs as H
b ! H] [— - — crystal rims, POS, stringers to thin beds, zones in
I : : —_— pits, boxwork pattern. Lower H: f-m IV wisequences
X 1 : — - p— of poly, m-c IV,  IV; c-vc C in MP and pits. Tr to
=| : mod P (some BG), minor C. Some I-llib-c w/poly.
1455 — \ - _— — Upper part: tr large poly blebs on dissolution
— i : W surfaces and in pits. M-c IV w/zones of f: mod P
X i : ‘—j, [€>) . (probable BG), mod C. Small MP. Thinto m
1 g &> bedded. Tr clay as thin lam and stringers. F it witr
o ! H @W poly and some pods ! IV near top.
| I~V
' i > <5
P ; V. — Vv Poly, H'c, basal claystone. Claystone has pods of
1950* ~ ! : 4/\_/'Q\ poly in trough w/clay squeezed between pods.
1460 AAYA L — Claystone shows thin lam. Lower 6-8" of poly has
MB 119 — = lam delineated by claystone. Lenticular to tabular
XX —,//\\ — zones of BG H and m-c! in upper part. Possible
S A J T T clastic H near top. Upper surface undulatory over
{ : — —_— 8", 4" high hemispheroids near top.
X pl | _ — ) )
. \ : H, tr poly and ctay. in zones. Poly occurs as thin
o XX XY Ty | | l ; —— o~ | lam to blebs. Clay occurs as thin fam and stringers.
1465 - R e : —= T~— Most His f-c IV: some beds of poly to m IV to f-m IV.
- x { —_— o Trto some P and C. 1" poly at 1465, Clay lam at
- } —— \D___\\ upper surface.
- Hi T
xxx;x p [ I ; — —_— . H to H'e claystone in 3 parts:
part a: tr poly and clay; f-c IV, pods f IV, tr P.
—ITE . i o D\\QJ Ogq_ part b: tr to some clay, tr poly as lam and blebs. Tr
1470 - - ! —_ - _ P near base, abund C. M-c IV, f near top. DVT e/s
- - : K = - o surface at top. Thin clay tam, blebs near base.
I H —_— ST = partc: H'c claystone; thin lam. F-c I-llic; pods to
- T Y =5 0 — @ lam of m-c IV. Reverse fault w/3* throw at lop.
T
- I o 3 //"‘2'3_ e, é\z.;' H, tr poly as lam, PQOS texture, and margins of m IV
| . Co— e vel H. Some to mod P, abund to some C. F-vc IV,
X l ! —TT —— mainly m, zones of f H in middie. MP near top; poly
1475-1 « | .. — w lam at contact.
I 9 e
x I ! j — V . Poly, thin lam. Lam w/H show nodular texture at
I E - — base wiclaystone squeezed between nodules.
I || — —_——
XXXX : \.”——\/
xxxx Pl ‘ —— ~] .
1480 — H, tr poly, tr clay at top. Poly occurs as thin lam to
MB 120 T T N — f-ﬁ\-’;; blebs outlining H crystals. M-c IV, tr P, some C.
————F—[ ] ' Sl Thin beds defined by poly. MP neartop. Clay lam
X | i 3 —_ to blebs at top; sic/laminae texture.
| : H, tr poly to 1490, decreases upward: arg from
xxx PI : H —_— — 1490, increasing upward. H below 1490 in m-¢ IV
1485 R (I (A
CELEV(Itmsl)  *"SEE EXPLANATION FOR SCALES AIR INTAKE SHAFT LITHOLOGIC LOG
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1490

-+ — +
+ -+ —

e ¢ cavoctvsverannanns

14854

1500

asssessssssss

w/tr to some P and C. Above 1487.5, H is
interbedded w/arg H. H is m-c IV to i-1lla-b; {1 IV in
pods; I-1ta and m-c IV in upper 1°. Arg H to.
Claystone near top shows thin lam to mod
sic/laminae texture w/t-c i-lllc. Upper arg zone
shows dish-shaped strata. Some weeps.

Poly, w/zones of m-vc I-lllb-c. H near base. Has 2-
3" clay at base. Thin lam, wavy to contorted near
base. Massive poly: displacive poly nodules
developed w/i anhy. incipient load structures wiclay
near top. Possible langbeinite.

H, tr poly increasing upward. Poly occurs as thin
lam to blebs and incipient boxwork. M-c iV, trf H.
Mod P, tr to mod upward C. MP more common
upward. Pits filled prior to clay deposition.

Poly, lam. Thin shear zone 4" below top filled w/H.

H, tr poly w/some clay in basal zone and tr gray clay
in thin middle zone; clay as thin fam and stringers in
middle. Poly occurs as stringers, blebs, and irreg
POS. F-m I-lic near base. M-c IV;tr P, tr C. Ic at
top. Disseminated poly at top.

1505

H, tr poly, tr clay above 1507 as stringers and thin
lam. H'c claystone w/t-m I-lic at top. Poly occurs as
thin lam, stringers and biebs; delineates thin beds
w/sequence m-c (BG) IV to f-m poly'c H to thin poly

1900%
1510

a4 vessssense

1515

residue. Trto some P: tr to abund C upward. lib-c
and { IV dominate below upper ciaystone.

|

H, tr poly and anhy, tr to some clay at base and top.
Poly occurs as biebs, tag, thin lam and lam,
delineates thin beds. Clay is tam and zones
w/blebs, w/pods of m IV-and some m-f |-Hla-c,
dominated by I-lllc. F-c 1V, tr P and C; beds
w/sequences of poly, m-c IV, {-m [V w/tr poly. No
pits.

1525

~

\

.
e
LA
.o

e e L S

*eeces ecsssnsal

1530

ICC

1 1 Il 1

Halite, in 3 parts:

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

part b: trto some clay and poly. F IV w/tr poly in
pods and zones bounded by clay. F IV zones
surrounded by arg m [V, w/some m llla-¢c and f-c |-
lla-b. Clay occurs as lam and zones w/abund H and
as isolated blebs. Mod'ly well developed DVT
textures.

partc: arg H, tr to some clay, sulfate decreases
upward. Zones and pods of m-c IV and lilb. F-m |-
lla-b, incorporative. Claystone lam, incipient sic/lam
texture. Parallel dissolution pits rare. H-filled
(tibrous) fractures.

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

a) clay, poly nodules wi/displacive growth.

b).anhy, slightly arg. Thin lam and lam, parallel,
cross-cutting near an aigal(?) hemispheroidal
feature. Incipient enterolithic textures.

¢) black "sticky" clay, probably organic-rich,
squeezed in and around displacive poly nodules;

TLEV(Lms)
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REMARKS
(SEE APPENDIX FOR DETAILS)

squeezed into flame structures and subvertical
fractures.

d) poly, lam, paralle! to non-paraliel, wavy to
contorted, cross-cutting. Soft deformation. Lam
hemispheroids are evenly spaced around the shait.
Slumping around these structures.

e} anhy. m tam, wavy to contorted, most semi-
parallel, some cross-cutting relationships. Ripple
forms w/o clear bedlorm. Slumping around small
hemispheroids. Zones of probable clastic H.

f) poly, lam contorted to convolute, halilic.
Desiccation cracks from top into unit 2’ deep fitled
w/H.

Unit as a whole bears fluid. Weeps parallel strata
and are v common around zones w/clastic H.
QOccurs also around fractures and at contacts.

H, poly'c, tr clay. Poly occurs as thin lam to irreg
blebs. Thin beds w/sequence: m-c IV w/abund P
and BG, f IV, poly lam or poly-rich zone. F-m IV, tr
to mod P, tr C. Shatlow pits; MP under pits have tr
clay. Dissolution surface in upper part w/arg clay.
‘Less P and more C at top w/no bedding. Poly at
upper contact.

H, poly'c w/arg interbeds. Poly occurs as thin lam
and disseminated blebs delineating thin to m beds in
poly’c zones. Clay occurs as lam 1o zones w/l-c I-
Illa, ¢, may delineate thin to m beds. Arg zone at
top contains pods and zones of m-{ IV (DVT
textures). F-c IV, mainly {-m, w/zones f H: ir P, tr to
some C.

H, tr poly to tr to some clay in sequences w/arg H
interbeds. H is f-v¢ IV w/m-c¢ (tr P) dominant near
base poly'c parts, more f in upper pants. F-m I-lib-¢
witr 1a in arg zones. Lower .5" arg lam. Next 2 is
poly'c { 1V .w/abund DVT textures. DVT zone
overlain by m IV zone wihin tam of clay, tr poly
interbedded on 1' scale wrhalitic claystone wrl-11b-c.
Pods of f H. Tr P, abund C. Claystone, thin lam
w/some sic/laminae textures. Upper 2’ contains
thicker interbeds of similar claystone.

neEea HALITES -
i LITHOLOGY NOM HAITE GFEOLOGIC FEATURES
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H, tr poly, tr clay in thin lam. Poly is disseminated in
1V, blebs along dissolution surfaces, in pits as
solution lag. F-vc IV, mainly near base. Lower part
shows MP and pits filled w/m-c. Middle shows mod
to advanced DVT textures and e/s surfaces w/abund
f H. Upper zone shows thin to m beds w/poly biebs
delineating strata, m IV wir f dominates. Tr- mod C,
some P, BG. -

" dissolution suraces. Thin to m beds delineated by

H, tr clay as lam, tr poly as blebs in f IV along

clay lam. H stratified below upper 1. F-miVwirc
as C, tr P near base, decreases upward. C locally
abund. F H caps strata, more abund upward, in
zones and pods in upper t'.

H, ir poly, tr clay above 15745 increases upward.
Poly is disseminaled in { IV, blebs elsewhere. Clay
is disseminated'to lam and zones upward. F-c,
mainty m, IV, tr to some P (ir vel) and C to 1573;
pods to layers { IV 1o 1572; bedded m-c IV, tr P and
C, wif-c I-i1ic and tr la to top. Some c C in MP and
pits, C increases upward. DVT textures near
middle. Thin lam clay at top.
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“'SEE EXPLANATION FOR SCALFS

FIGURE 23

AIR INTAKE SHAFT LITHOLOGIC LOG
SHEET _19 OF _ 32




DERTH "t HALITE/ REMARKS
(Y LITHOLOGY NON HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
[ E ot Ly H, tr to some clay and poly, incipient to
: I ' : mod/advanced DVT textures. Poly is disseminated
X ! in { H, blebs concentrated along e/s surface w/lag
P l I and in pits as translocated material. Clay occurs as
— X 5 lam to zones. F-m IV, w/some ¢ C in pits and MP.
- - " Tr P, trto mod C. F H is abund near base and
, - e middle of unit, w/i zones and pods w/i lower middle
1580 n ' e part of unit, and caps e/s surfaces near top. Lower
_ _ I ) middle dominated by m w/some ¢ as C in abund MP_
- Ve and pits. Upper part shows stratified m H capped by
— X I E : f H or clay fam w/l-ttlc and tr 1a. F H fills pits -
- = = 'v'. efflorescent H that survived. Pits show many
- I 3 episodes of reactivation. ‘
- — N
1585 _ I : i H, tr poly and anhy. Poly occurs as thin lam to blebs
_ - l . showing some displacive H margins. Lower pan
X - s 1 mainly poly'c. Upper part contains some poly
- _ H zones, disseminated blebs, and blebs concentrated
- x I i w/i pits as translocated material. Poly delineates
— P :; thin to m beds. M 1V, w/some P (tr vel), some c;
] I some f H near top. Vertical C and P BG. Mod to
“Fxxx I i : abund C in pits and MP. [-lllc, tr Ia in poly near top.
1590 { Pits reactivated during deposition of overlying unit.
! :
] .
I Y : H, in 3 parts;
X | Y : a) poly’c m-c IV w/f H more common near top.
P ‘nl : Multiple episodes of DVT textures. Tr P {rare vel); tr
X x I ] : C, abund in pits and MP. Poly occurs as thin lam
i . and blebs translocated into pits. F H at top.
15954 — ~ 0 o 0 g b} DVT texture zane - H, tr clay and sulfate. Clay as
4 [ lam to zones and blebs, w/m-c IV, tr P, abund C in
‘;\ TT— o lower pant. F-c IV Hin zones and pods: poly occurs
—_ - '-.‘\| —<3 as blebs. Claystone w/l-llia-b, sic textures. 1°
- ) 0 . zones of clear IV w/abund C. Cilaystone in
- P topographic 'ows.
- ) ¢)H, some to tr clay. No DVT textures at base,
— 1 <O minor textures at top. M-c IV w/t and clay lam; f Ic
1600 ' = 3 common, la rare in arg zone.
- =1 i S :
X 1 . S ——
_ ) D Anhy, wipoly, thin lam to lam, some cross-cutling
| ' N A e and cross-lam. Several zones wiclastic H textures
I { A A and cross-lam. Bedding disturbed. Teepee
! B— structures at upper contact.
X I ! — —
| : H, tr anhy at base, tr anhy and poly upward: some
1605 1 I ' i i — r — sulfate 1616-1617. Lam; poly disseminated blebs.
: H— - Sulfate delineates thin to m beds. M-c IV, wivel H;
X I : : — — some to mod P, tr to some C: BG planed off by
pl ! : sulfate lam, stratified f H.
i : -
IV | : n
1800%*
1610 , — T =
e e ———
—t\ - T
MB 123 _:_-——/\‘/-——\\/
T e et e
1615 " T T —
! ! :
RXXXRXX | ! | : e ’_\/‘_J
1XXXX I ! : '—"_—/{—‘\\_,__ —
H /_\"_\_, e ———
1] .
l .
x | / " ~—
X P ,’, T -
1620 1 T T
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DEPTH ** HALITE/ REMARKS
) UTHOLOGY NON HALITE GEOLOGIC FEATURES (SEE APPEND!X FOR DETAILS)
X IR S H ¥ Anhy, possibly organic-rich in lower 2'. Recent
X ~— — weeps parallel to fractures and bedding. Thin lam 1o
= lam, some low angle cross-cutting relationships.
\ v/ o \VAv; VARV, Small anhy PAGS in lower part. Abund stratitied H
—1 PAGS in upper part.
. ey V. v Vv
v v 9 v V Vv v Claystone w/poly. Lam w/cross-cutting. Fibrous]
.16257 MB 124 poly- and halite-filled [racture to 0.4°. Displacive
v 9V 9V v v poly nodules.
/\—o—\__\,_ . . . . .
e —=9__ 9 — ;l s;mﬂgr :otunderly';ngg:nl, go glts, bt'atlB%r
T eveloped strata; more P and less C. Rare ve
T p : .
\ i ’\/__Z:/:\—’ tabrics. 1 thick poly-rich zone at top.
S mB 12 ([ — ([ H.trpol lay af top. Thin bed
== ] | % N + ir poly, gray clay at top. Thin beds near top.
1630 &&5@& : 1 CEBE"@B‘ delineated by poly. Poly occurs as thin tam
H , —— w/displacive H, rare blebs. M-c IV, w/zones of f H
x l b — /_L/—,-\‘ and f H in pits; tr to some P, some to mod C. VO
l A A MP. E/s surface at top w/v thin bed of clay (some Ii-
y l i T~ —_— llic, rare la), some translocated into underlying H in
i — pits.
| —
1635 H A
ﬂ g — - —
; -_ N—— /—\_/—\—-
FEy I r""’{/‘ . &1 —
| — ) — <]\ _—
X I —~ “(/( - -
1640 ' . =] — —
L _
1 i —
ol | : Sy -
I : . — — —
1 :
— — < .
T S~ D & Q H, arg. Zones to v thin beds of arg H w/clear m-c 1V,
-+ T = T ,L—-—-L‘ —— =) T abund C; f-m I-llic, tr 1a. No pits.
J— — H /\_ - - ,
=, : H H, tr to some poly. M-c IV, major P, vel, chevrons,
- — /i ! ~— - + cornets; ir C. Possible langbeinite at upper surface.
i L
L L ¥ < H, w/some poly, langbeinite, and possible sylvite (in
X v —_ . arg zones). F-vc¢ IV. Similar to underlying unit
LoL v _—— - except for potash-rich zone developed on e/s
1650 v H —— T ———— surfaces. Large pit filled w/langbeinite w/some H.
— = 3 s o —— Y Potash underties poly lam near base.
X | \ : J )
PI | : \_/\A/\"_’—-\—-—t, Halitic claystone and arg H. Thin lam, sic. F I-lilb-c.
3 X I ! - —_— A _—
— — _E H, poly’'c. Poly occurs as thin lam and blebs. Thin
- i to mbeds. M-c IV, tr{ H neartop. TrC:tr P at base
- _ - S; increases upward. DVT e/s surface at top, overlain
1655 . X ’i by clay. Langbeinite occurs over H, below poly lam.
| .
H -
_L L L —I i H, poly'c near base 1o arg at top. Langbeinite 1655-
I B B 1656. Arg H overlies efs surfaces on poly'c H. M-c
: IV, tr{; tr to some P near base; C from tr lo some
- x— / upwards; tr recryslallization. Similar to underlying
1750% X T ! "« unit except poly occurs as blebs mare often and lam
1660- x \ K are more disrupted. Unit has less P and more C
_ ! and MP than underlying unit. F IV occurs only in
x ' DVT zones. Abund C in arg zones. Upper DVT
X H zone lopped by clay. Langbeinite in DVT zone
x | ! 3 w/pods of 1 IV,
! H
Pl | s
x v :
1665 I 1 L
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DEPTH “ HALITE/ : REMARKS
() LITHOLOGY NON HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
Ti?i? A L) ' H, poly’c, arg zones. Poly occurs as lam, blebs,
| f disseminated malerial. Blebs more common near
— X — ] i . top. Poly lam delineate thin to m beds. Arg zones
xxx 1 : occur over dissolution surface on poly zones. Clay
xxx } in lam and zones w/l-lla-b. M-¢ IV w/some f,Hin
I ! : poly'c zone in cycles of poly, BG m-c IV w/some to
x || : mod P and mod C, f IV H. Incipient DVT surfaces
1670 xxx | ' ; throughout unit.
—+—+— {1t | ) -
l ! : H, arg, tr to some clay in v thin beds to blebs w/dish-
PI |' : shaped pattern. M-c IV w/f H zone and tr vc C;trpP,
X | | abund C. H appears bedded. Pits penetrate and
! T -~ reactivate pits in underlying unit. Lower arg zone
- ! has f Ic, m I-Ita; upper has f-m Il-Hic and pods f iV,
16754 — : E Abund weeps.
[ _—_— [
—_ _ g H, tr poly as thin lam, disseminated and v { platelets,
X Ff - delineates thin beds. M-c IV wic at base of beds
P ! : becoming f H at top; some to mod P w/some C at
i ; base of beds. C IV at base clear w/little P. MP at
! " — base of unit.
X { 3 — -
1680 : " : =
1 i : P H, tr poly -as thin tam, blebs, POS, lags. F-vc IV,
X ) : T~—"—-1T mainly I-c, w/zones of f H near erosional units: Ir P,
) H e e = 3/ some C, some recrystallization. Abund MP.
| | ="y =/-
I g4 —V ) o
=1l T~
1685- — P | === —|F
| = =
H I |
. d e ——
T 17 —_ @ H, poly'c to arg, ir to some upward. Poly as blebs,
= “:/;@M =, lam and POS. Clay occurs as lam, zones and blebs
- . a] ~S=—d delineates thin beds. Thin lam in upper 2. F-¢ IV
- _— ! E‘\-—\/_\‘\_/'— witr P, some C, tr recrystallization. F IV in pods,
1690 X , i lenses in DVT zones, poly'c. Several efs surfaces.
i )
i = ~
- 5 e <
h "
X , ! : —~ 7
w954 _ || 1, | e~
Vo _— S~
’ ! "o —— H, tr poly alternating witr clay. Poly occurs as thin
1 : —J lam, platelets and POS, disseminated blebs
_ | s ———— - == (w/some displacive H margins). Clay is
_ ! T e disseminated in zones. Clay and poly delineate thin
X '; % Bl =3 — beds. F-vc IV w/zones, pods of 1 IV and some ! H in
; ] T M) — pits. Tr to some P and BG, some C, tr
17004 «x | recrystatlization. VO MP. E/s surfaces.
l H
- T 1//3' ' M " H, trclay and poly. Poly as blebs in pits and as
—_ I ‘1o :b"t_—j dissolution fag reworked by C. Clay occurs as lam,
! N zones and blebs around I H in zones and lenticular
- i i C :3::3 pods. F-vc, mainly pods and bases increasing
x o N 0 “upward; m-c IV wi, tr to some P and tr C. Abund
1705 ' b 5 DVT textures. Upper surface marked by vve H
| : planed off. Modest amount of weeps at unit.
— H t ::j—
x ! -
IR 0
i
Pk ~ | ]
1700% x ! 3 \\—Q—
1710 iy o1y ’
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HL

1715 -

A8 B 1
-

423322223

22252032

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

Poly, lam to thin lam; lower .2’ clay.

1720-1

MB 126

|
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— X
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1675 X
1735
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X

XXAXXXXXXX XX
X

X

I
17504 l
X P{

~

.
.
.

1755 Pl

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

IH, tr poly and clay. Two sequences of tr poly to tr

.

clay, increasing up. Poly occurs as blebs to lam, tr
platelets near top. Clay as lam and blebs. M-c IV,
zones and pods of f-m H in upper 1°; tr P, decreases
upward. Abund C near base in MP.

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

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

Poly unit in 3 parts. .2' poly al base, lam,
microcrystaliine. 8" H, wahin lam of poly, blebs m-v¢
IV, tr P and some C, displacive boundaries w/poly.
Upper poly, lam to thin lam, slightly irreg to
convolute, cross-cutting: stratified poly PAGS;
possible polygonal cracks spaced about 3'; possible
tepees.

H, tr poly to 1749, Ir to some gray clay in upper 1'.
Poly occurs as thin lam, isolated blebs w/some
displacive margins, POS and piatelets, and crystal
drapes. Mainly m-c IV wivc in MP, { H in middle of
unit w/disrupted poly textures. Some o mod BG, vel
P at base, decreasing upward; tr C at base
increasing upward. MP increase upward from
middle of unit. Clay at top as thin lam.

H, tr poly and anhy. F-c IV, mainly m, some P,
some C, v thin beds. Vertically aligned clear zones
present, some BG textures; upper contact well
defined by poly.
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i

|

T ] T

1650%

MB 128

1760

1765

FETRTTEIT

Interbedded poly and H. Lower 1-2" consists of
claystone. Poly shows pillows, load structures into
clay while soft. Poly occurs as v thin beds 10 thin
lam, wavy to planar w/ripples to 1/2" high, H crystal
drapes. F-c vel IV, w/abund P (vel, chevrons), some
C. .

Interbedded poly’'c H and arg H. Poly'c H: eq to vel
v, f-c, mostty m, w/t H at tops ot v thin beds; tr to
mod P (BG, vel), tr to some C. Poly occurs as thin
lam, blebs (w/displacive H margins), disseminated
platelets and POS, H drapes. Poly delineates
strata, well defined in upper units. Cycles of BG, f
H, poly. Arg H: f-vc, mostly m IV, tr to some P (BG,
vel), abund C. Clay occurs as thin fam and blebs
w/tr to some displacive H. Some { H in upper units.
Weeps in lowermost pan.

1770

1775

Divided into lower and upper arg H. H, some clay in
lower part; lam, tr sic texture. H occurs in pods and
zones of m-c IV, w/poly POS and platelets and as f-
m I-lla-c. Fibrous H-filled fractures, to 1/4" thick. H,
ir clay in upper part: lam and blebs. M-c 1V: l-lla-b.
Irreg z‘ones of H similar to lower unit. Weeps in pits.

1780

e osssentonsssrvtone

1785

S 0
———— ¢

~
e
~—

H, tr poly to tr poly and clay. Clay occurs as lam
and blebs. Clay lam delineate H strata. Poly occurs
as abund PQS textures,.thin iam, and local blebs
w/displacive H. F-vc, mainly m-¢ {V w/more -m H
near upper contact, some triple junctions, some C.
la-¢, II-11a in clay layers. Mod weeps in unit.

Arg H and H'c claystone, poly’c. Thin lower-lam,
locally cross-cutling, locat sic. H: {-m I-li-ill a-c and
in-c IV 2tr P, in pods and stratified zones. Poly and
anhyy in H pods as platelets, POS, blebs 4’ pits at
upper surtace show downward translocation of
clays, abundant weeps from pils.

1790

P

Y
sassesae®

x X
caxaxnan P
XXXXXXX X XXXX

MB [130

1795

il L I

esese fesenacny

H
XXXX 4

1800

[
'

.l IllJxe

H, poly‘c, 17 arg zone near top. Poly occurs as thin
lam, blebs w/displacive H margins, platelets (some
POS texture). F-vc, mainly m-c IV, wlc-vc in pils,
MP, and C;f His abund in zones in upper part of the
unit. Tr P, abund C. Arg zone has v thin beds in
cycles: 1) clear ¢ H w/clay lam, blebs; 2) m H
w/abund P, some BG; 3) { H. F iV zones at top unit.
Mod weeps.

Poly, H'c; 1am to thin lam, undulatory to cross-
cutting. Stratified poly PAGS; H PAGS. Abund
weeps.

H, wiclaystone interbeds. IV i-c, abund C, ir P. Lam
claystone wil-lla-b, f-m. Abund dessication cracks
and pits.

H, tr poly as Tam and blebs w/some displacive
margins. E/s surface at top. Pits filled w/clear C.
M-c IV w/vc C, possibie MP, tr t H; tr to some P,
some C.

H, poly’c. Poly as v thin beds at base, delineates v
thin beds in H. Lam clay at base, blebs wi/displacive
H. Poly zones w/i-ita-c. M-c IV, wilr vc; some lriple
junctions, some P and C (11 PAGS in lower poly).

H, in 3 paris: a, b are arg; b, ¢ poly'c. Clay lam.
Poly disseminated, lam and blebs w/displacive H.
Part a: m-c IV, tr to some P and abund C, la-c,
minor f H in zones near top. Clay lag at top. Part b:
zones, pods of poly’'c f H w/dissolution margins,
bounded by clay 1am. Poly and clay lag at top. Part
¢: v thin beds delineated by poly lam. Top overlain
by gray clay.
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REMARKS
, (SEE APPENDIX FOR DETAILS)

H, poly’c, w/zones of clear H witr clay lam. M 1V,
w/some c-vc C, f H zones near erosional surfaces.

~Lam, blebs and zones of disseminated poly
delineate v thin beds. Poly lag on some e/s
surfaces. Tr clay in two zones. Poly lag at top e/s
surface is overlain by ciay lam of overlying unit. Tr
P, some C, some triple junctions.

] H. tr to some clay and poly upward. M-c IV, it P,
mod recrystallization; pods { IV; f-m I-llc. Clay
occurs as lam, blebs, is matrix. Poly is disseminated
and piatelets in POS texture.

H, tr poly. M-vc IV, w/zones and pods of f 1V in
poly'c zones and abund in upper 1'; {r to some P,
some C. Poly in lam to disseminate biebs
w/displacive H to discrete zones. Upper surface is
capped by clay lam which thickens in fows. Poly lag
near upper contact.

H, tr poly as zones, lam, blebs and drapes on BG H.

M-vc IV, f H under each poly'c zone and at top; tr P;
some C; some triple junctions.

H, tr clay and poly. Poly'c zone undulates over
dissolution surface. Tr clay lam, solution lag. M-c
IV w/t Hin pods, zones. TrP.

H, tr clay and poly above 18189, Clay increases
upward. F-vc IV, mostly m-c, w/abund triple
junctions, tr-some P. Tr1-la-c w/i arg zones. Pods
and zones of f IV w/tr poly in upper 2'. Clay is
disseminated to thin lam.

H, tr poly, tr clay at top; both as thin lam and
disseminated. M-c IV: some P, and recrystallized.
Tr insolubles at upper surface.

H, tr poly, tr to some clay upward as infiltrated
material. Poly occurs as thin blebs and thin lam
delineating v thin beds. M-c'IV; tr to some P, some
C. Pits filled w/m-vc IV w/P. FH pods, zones and
claystone in upper par unit, some clay w/i I H. Clay
lags at top. Multiple generations of pits overlap, unit
shows v complex and advanced dissolution history.

H, tr clay lam and zones. M-c IV w/v ¢ H in pits; f H
pods and zones, f I-llc near top. Tr P, BG near
base: abund C. Large pit includes infiltrated poly.

H, tr poly as blebs to thin lam, displacive H margins.
Some P (BG, vel); M-c IV. E/s surface at top is
marked by poly. :

H, tr clay increasing up, ir poly at top. M-c !V,
wlirreg pods and zones of { H near top. Clay occurs
as lam, tr l-ila near top. Poly infiltrated 3" into pil.
Upper e/s contact. Trace to some P.

H, tr clay and poly in upper part. M-c IV, v¢ C, w/i-c
H near top. Clay lam around f H zones. Poly
displaced downward in pits. Clay lag at upper
surface.

H, tr poly, decreases upward. Poly lam delineate
thin H beds. M IV, ve C, tr vel, ir P, some C.

Poly, BG and clastic(?) H in lows, lam, slumped,

contorted; sic texture. Slumped while solt.
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FIGURE 23

DEPTH ** HALITE/ REMARKS
(my | HTHOLOGY L N HALITE GEOLOGIC FEATURES - (SEE APPENDIX FOR DETAILS)
_ _ ! w] 0\75 » H, tr poly to tr to some clay upward. Poly lam,
X 0 Q outlines displacive H, thicker in paleolows. Large
X — &, MP of clear vc H. M-c IV, some vc: I-lia; tr P (vel),
- X + abund C. Pods and zones ot f H in upper part
X -] -~ 0 — bounded by dissolution surfaces. Clay occurs as
q4 — —20 A O irreg lam and deposits in fows. Overlying unit
X X P A — A = coltapsed into void.
1850 i ——
- X = [ .. > = + H, tr poly, Ir clay; beds delineated by poly lam. Poly
X - kY S blebs near base and top. Arg at top, increases
- X ) s upward. Claystone occurs in zones, lam, infiltrated
x P material along pipes and pits, shows sic textures.
3 . e————— fr :
X : —_ Lam to v thin beds surround dish-shaped pods and
X x \ : R (o - zones of poly'c H. Several episodes of pits, some
H e — cross-cutting. F-c IV, wiullra ¢ in pit; some P and C:
1855 X i : e P
. | V= i
1 H __/l_,/ = H 1t : . -
N : . ir poly, tr poly and clay in upper 6°. Poly lam
! : I A delineate strata; Jam in upper 3’ show displacive
X 1 H
! 37 T AT margins w/H. M-c IV, abund vel, abund BG textures,
| : __/\ﬁ/’\__ many planed off by sulfate lam; some recrystallized
1550% ! : A - zones. Abund P fluid inclusions; some c-ve G:
X » —— _  TT—— N
1860 ' q _— internal sulfate parallel to H growth planes. Pods
et ] H ’-:::;_/\\“- and zones of f-c poly'c H in upper 1'.
' : —
X ! . )
M ——’/_\ e . e
l ] i e S = Poly, halitic; lam; clastic H wfi sultate, also H PAGS.
0\ MB 1314 1/2% g © - M-c IV, may include BG H.
- - L o — [u] —
— — R \_D oo D_\’_ﬁ H tr to some clay and poly. M-c IV, ir P, minor C:
_ By _—C zones of f la and f 1V in pods, pods w/la and Ic in
1865 _ l f 656 ‘upper 1; some Ha. Clay, gray and brown, increases
x p ,’g —=(|——=<" [ upward. Abund pods and lam to v thin beds
- ,' ; delineated by thin poly lam. Poly platelets and POS.
X et : § Fractures filted w/tibrous H near upper contact.
! il — o~ Abund weeps.
X h : -_— —_—
q
: ' f'x?——\" H, tr poly. M-c IV; tr vel, some P and C. Beds
18704 * ! i AN —— defineated by poly lam: poly blebs and POS.
| i — — :
H \_____’
" Iexxxaxaxaxxxx : p H, tr clay and anhy. M-c IV, tr P, abund C: abund I-
) ! : —_ _— Ma-b in muddy areas. Thin iam to thin beds. Sulate
X x P ! : A— — T — occurs as platelets in POS fexture.
- : ! —a ;“_c[_-\\*: i
w75 =PI} T g —2-
' : ) _ H, Ir poly; poly delineates lam to v thin beds: poly
X { I —i—=\— — occurs as lam to micro lam near top. M-c IV, some
X | H A T vel, some to mod P textures; C increases upward.
pl ] l— N R Poly slightly concentrated upward w/more displacive
x l ‘L ] ~—— —_— boundaries. H wr/i pits is m-c IV wAr infiltrated clay.
_ —_ ., 5 j @——.‘ &) - % pp— L .
1880 - b " —_— —— H, tr to some clay witr sulfate. M-c IV w/abund { IV
ot = = =N in zones and pads, 1a-c in arg zones and lam, some
31— i Ita-c; abund P (BG H) and.C. Claystone lam to
e, = CT= e pods in lower part. Upper part lam to v thin beds.
x ey A —~= — Irreg lam mark dissolution boundaries. Poly as
: _ : ; — @ blebs and lam infinralefi intov dissolution troughs.
X -".' I' — /\ . T
_ - ) N :
1885 - i D —/':\\C‘;\f‘ H, tr poly. M-c IV, some P (BG, vel, chevrons);
. Pl E '}\’ = = abund C. Poorly stratified,
’ e | A
+ : H, tr poly, tr poly and clay near top. M-¢ IV, some ve
X : }\\ ~ : near top, some P (BG, vel, chevrons) and C. Rare
x i p - A— iam, some blebs of poly. Clay distributed in upper
Pl H . art wiirreg pods and zones of { IV.
p
1890 |—v XIS\, =
"ELEV(t msl)  *"SEE EXPLANATION FOR SCALES ' AIR INTAKE SHAFT LITHOLOGIC LOG
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DEPTH ** HALITE/ REMARKS
() LITHOLOGY NON HALITE GEOLOGIC FEATURES (SEE APPENDIX FOR DETAILS)
A N e =l = S Poly: some lam; clastic sand-size H, la-c H. Clay,
x l ;o b A—-— —— poly at base. Brina inflow after washing.
{ 1 A — A
y I :' : A I =A H, tr poly in lower part, tr clay, and poly in upper.
PI : 1 — —N ‘ o Lower part: f-c IV. Lam w/abund blebs of poly,
. . —_— some ib. Tr-some P; poly marks upper surface.
__Y_______ MB 132 — g 0 0 Upper part: M-c IV, tr P. Tr poly bl%bs; arg top.
1895 v —
X ' ( . / : - ~— _ e——
L \\ \ : T — e —
4 < B —
— | I,' \ = _ —_ :»it tl" aqh); znd gollp'wllc!;azdte%tr/clag tupwalr:d.
X P i . - =" —> nterlaminated and v thinly be w/mudstone. F-c
' - . - —— IV and !lib; some P; some la. F H in pods and
I / 1 — W zones near top. Clay occurs in zones deposited in
1900 _l X l ',’ 4 — — lows, some rotation. Tr poly disseminated in { H
h H . - ;\\ - zones and some lam and blebs. Arg zones are
| ! N A — — dish-shaped.
X ' " E —_— T e — A — o~ S
i : A —m—— — H, tr poly. M-vc IV at base 1o I-c IV major P (BG,
| : - e —— vel, cumulates) at base, decreasing upward, C
! : - present. Beds at base to lam at top delineated by
| i : AT T— — poly tam. Lam to blebs upward.
1905 X 1 -
I i H — | — H, tr poly. M-c IV, equant, some vel: major P (BG).
Pl N — v thin to thin beds, each topped by lam of poly
I | : V V . ‘wilower boundary showing displacive H margins.
LI : — ~— Unit lacks intercrystatline poly. Suffate lam at upper
ry . /T*\—'\’T\_,—— contact.
M D~
1500% X I {' : A Poly, H in upper part as sand-size, clastic grains.
1910 l | : A Poly pseudomorphs alter anhy. Lam to v thin beds
[ : in upper pant. Possible ripups in lower part. Basal
X pl | : anhy w/poly PAGS. Possible algal lam in lower 1*.
i : '
: Claystone, v poly'c, as nodules nodules. Poly lam at
top.
MB 133 i
— X —— X —] N_] H. tr sullate, tr clay and sulfate in zone. Abund thin
1915 N x T T lam and blebs of poly, displacive margins w/H. M-c
— | WV, c-vc upper part, some to mod P (BG), some C.
X p : Clay as thin fam to blebs. Poly as stringers and
x : blebs in upper .5'. Clay at top.
- ‘ e H, tr to some clay, tr poly. No dissolution pits or
- ,{ pipes; v thin to thin beds. M-c IV, f-vc upward; some
19204 — — gt displacive/inclusive H w/clay; some P, increases
R upward. Clay stringers, lam and b'cbs.
L
D
! i :
" x / ~ H, trto some poly as stingers and blebs w/dispiacive
f : H margins. No apparent strata. M-c IV, mod P
X H H decreasing upward, some inclusive H at top.
1925 — ’f . :
— X [ H, tr clay and poly. M-vc IV; wi-¢, IV in more arg
— I zones, displacive and incorporative boundaries
- Vo ~wiclay. Irreg arg lam near middie of unit. Some to
{ mod P in lower part, some P in upper.
_=
1930 /I ..':
X — : :
PIT b :
- ro - H - i .
13 , tr poly. M-c IV; mod to major P (tr vel), some C;
i . displacive boundaries between poly and H. Some
P ! . poly lam and blebs; v thin to thin beds. Pits and
1935 W 1 pipes filled w/c IV w/no P, some displacive H.
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socencsesnsscocend

1940 -

Anhy; gray (N8-7); sequence from base: lam and
cross-cutting fam; lam and H PAGS; H zone
wi/ripples; lam and swallowtail zone; upper rippled
and structureless poly.

Claystone, gray; thin lam at top and bottom, ¢c-vc Ib-
c and llib. Overlain by thin poly.

..

1945

B
O R —

1950

1955

x
P
LT

1450%
1960

1965

e

MB 134

"H, v arg at base, tr clay and poly in upper part. F-m
. IV atbase to m-c IV at top, pods of { IV w/MP; some
vel. Lam to v thin beds of mudstone w/f I-lla,
concentrated in tows. Poly blebs and lamj
widisplacive margins w/H. Clay at upper contact.

H, tr poly. C IV, few vel, mod to major P, clear C;
poly stringers, thin lam. Poly lam show some
displacive margins w/H. Thin to v thin beds. Pipes
Jilled wive IV, no P.

H, tr poly and clay to trace to some clay

seecsecassernsesnnel

1980

w/decreasing poly upward. M-c IV to vel c IV to
pods of 1 IV in upper 6”. Some P and C; displacive
H. Thin to v thin beds. Poly fam. Pits and pipes
fitted w/c IV H witr clay.

H, tr poly to tr clay upward. Mainly f IV, ¢-vc in MP|
in original strata. V thin to thin beds, disrupted by
syndepositional dissolution troughs, pits, and pipes.
Some stumped strata. Dissolution voids filled w/c to
v c Hw/ew P. Original strata: 1V, tr poly lam and
blebs; cloudy H, MP filled w/clear IV C w/some
planar boundaries (grew in open pore). Clay on
dissolution surfaces and w/i pipes and pits.

H, tr poly. Thin lam of poly delineate beds. M-vc IV,

vel to equant w/i each bed: tr P (BG H at base),

possible C. Poly lam show some displacive H.
Upper contact marked by clay.

Anhy; H PAGS, clastic H in ripples ar cross lam.
Thin lam to lam of anhy. Upper contact has 1 deepL
trough on south side of shalt w/beds of H w/anhy|
interlaminated w/c sand-size H. Anhy-rich lam show
some |-1lla. Some poly lam occur only w/i the
trough. H is confined to the trough.

H, tr to some clay, tr anhy and poly. Clay and
sulfate occur as blebs w/displacive margins to H
linings, stringers, and lam. Claystone zones in pits.
Pits and MP abund, abund C, decreases upward.
C, blebs and H linings are most common in pits. M-
c IV, vc in lower part, some f H in upper zones;
some P. M-vc I-llla common in pits.

H, tr to some anhy, tr poly, Ir to some clay; claystone
in pits, pipes and caves. Beds in lower part
delineated by anhy lam. H in lower part is f-c to {-m
IV w/some-C, some P in pits and MP. Upper part
strata less well defined, zones of clay-poor DVT
textures. M-c to f-m iV w/f H in zones and pods, tr
P, abund C. Poly occurs as blebs and ptatelets in
POS textures. Clay lines H, forms blebs
w/displacive margins to thin lam to zones w/vc |-lla
In filled caves and pits. Anhy lines H crystals. Vc iV
in large MP. Pits continue on both sides of shaft.
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Y
.
:

T

T

T

135

Vz-Z"—bv V v

1985

@:T‘::

/

1890

1995

-
D

ey,

éﬁﬁv O

Anhy, lower 1 organic-rich; lam, small H PAGS in
middle. H in lows on upper contact overlain by
anhy.

\%

C::’*GS-
—D

H, tr poly, tr to some clay. Poly blebs to lam
wi/displacive H. Anhy lines some H crystals. Thin
clay fam and stringers, lines H crystals. F-mto f-c to
m-c¢ {V upward w/f H at tops of beds and in zones
and pods near top. I-1ib-c in middle. Abund C, tr to
some P.

H, tr poly, tr clay. M beds delineated by clay. DVT
texiures in upper 1.5 modified by C. Clay occurs as
lam to stringers, on margins of C/displacive H in pits.
Poly occurs as blebs to stringers and larger blebs in
pits w/displacive boundaries. F-c, mainly m, 1V
w/some | H in lenses and pods in DVT zone. Abund
MP. Abund C.

2000+

2005+

1400%
2010

20154

-+

A}

x
—— L

W——-_--

¥
I

)
h
I3

.

o
casecens

secesvosene

sanee

2025

MB 138
O

H, tr to some clay below 1999.5, some clay and tr
sulfate above 1999.5. Lower part divided into 3
subparts consisting of clear H overlain by DVT zone
and topped by DVT e/s surface. Upper part is a well
developed DVT zone. Poly blebs w/i H and in
claystone. Clay in lam, v thin beds, zones, blebs,
w/i-c I-lta-b in C and pits. In lower part: clear H MP
and C. M-c IV w/vc Hin MP; abund C in DVT
zones; zones and pods of m-c IV bounded by clay
w/m-cl-Hla-b. Upper part: "dish” fabric bounded by
deep pipes. C abund w/m-c IV. Clays show m-c I-
illa,b in C zones. Some dish-shaped zones and
pods of {-m IV. Some claystone shows thin Jam,
possible cross lam, and sic textures. Some pit
edges show f IV. )

H; trto some clay, tr to anhy and poly. Divided into
upper DVT zone and lower zone w/pits modified by
C. VO and irreg MP. Dish-shaped fabric in DVT
zone. M-c il in C dominated zones; also m-c i-Ha-b
In pits and some C-rich zones. H in lower part m-c
IV wit-Wa-b in pils wiclay or poly. Tr P; trto some
C. Poly occurs as blebs to linings on H crystals,
w/m-c I-1lla,b. Clay occurs in zones to v thin beds,
w/t-c I-llla-b. H in DVT zone f-m IV in zones and
- pods, f 1V in some pits, m-c iV in C-rich areas.

H, tr poly to some clay near top in pits overlain by
DVT e/s surface. DVT textures w/some clay and
claystone w/sic textures, pods and irreg zones of f-m
IV, some ¢ C. Poly stringers, crystal linings;
displacive "a-type” boundaries w/H. Clay occurs in
topographic lows and pits, as blebs to v thin beds.
H in lower part m-¢ IV witr { H; some to tr P w/abund
to mod C. VO and irreg MP. F-m IV in zones and
pods in upper part, some ¢ as C; m-f ib at top, m-¢c
I-Ila in pits.

|

H, major to some poly, some clay, inc at top; tr anhy.
Poly masses near base w/possible sic textures, m-¢
I-llla-b, f-m I-He, "a” type boundaries w/c-vc H, some
f H. Poly also occurs as biebs w/displacive
boundaries to lam in DVT zone. Dish-shaped thin
beds 1o biebs of clay occurs around pods of f-m 1V;
pods and zones increase upward. Abund C,
decreases upward. DVT textures pervasive.
Thicker claystone zones near top, show incipient sic
texture and thin lam, w/m-¢ {some f) I-Hla-c. M-vc IV
in large MP.

Anhy and poly, halitic, arg in lower 6-8". Lower 1'
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DEPTH * HALITE/
m LITHOLOGY NON HALITE GEOLOGIC FEATURES
Rv; \Y/ \Y
VY
3"—:_g___v______ Y]
2 v S— v
2030-
\v/ \VaR v v
MB 136 e VAR
Y Y v v
2035 R ——
]
1
P
2040 —— L .
R
T
! :
-
- | :
2045+ Wl :
.
| :
A H .
| : r -
o A%\ 2
2os0f TNl L R
: ! gy TN —
Sl | A
| . _ - A
| : A _—
"{l A e
ANEAN \ ‘) ? MB 137 QA_Q’—?W
2055 - 4 0 <2 m——
—_— i -
/ : = N ~3
A = T
} ~
1350% \ 3
20604 ! :
/ H
X !’ § %
I :
! :
i B g
2065- ! :
I .
! N
X { :
\ : |
\ :
2070 —— L R .

anhy’c, poly'c from 2035 to 2035.5. Poly occurs as
PAGS, discrete tam in anhy. H zones w/i poly
pseudomorphs and H PAGS. Unit has thin lamto v
thin beds. Poly PAGS decrease upward. Poly
occurs as clasts in anhy; ¢ sand to granule-sized in
poly lam zone. Upper part has lam to cross-lam,
w/local .5" high hummocks/hemispheroids.

H, .1-.2" anhy at base, thin lam, possible organic
material in tower 17, soft sediment deformation,
Base of anhy slumped. Anhy contains m la-b and
zones of m-c Illa-b near top. Tr anhy and poly lam
delineate thin to m beds w/sequence: anhy'c or
poly'c -m H, cloudy ¢ H, clear ¢ H. F-c IV. Some P,
irto some C. Trto some VO and irreg MP.

H, tr sulfate below 2050, Ir clay and sulfate above
2050. Trpoly in lower 1.5°, anhy bed w/tam and ¢-
vc la. Tr anhy throughout. Beds in lower part
delineated by poly and anhy. Poly occurs as lam
(w/ll-1a-b in lower 1.5') blebs (w/m-c la). Anhy
occurs as lam to blebs. Clay occurs as stringers to
thintam. F-c IV in beds wisequence sulfate f-m H to
cloudy ¢ H to clear ¢ H to clear f-m H: some P and
C. Upper part {-m IV w/f-m H in zones and pods
dominant above 2042, c-vc in pits and MP. Tr 1o
some C in upper part; mainly It-llta-b in middle, I-m
li-llla increases upward.

H, tr poly, and tr clay and poly above 2060, Poly
occurs as blebs (w/ll-1lib), lines H crystals in pits.
Clay occurs as lam to zones w/t-m la. M-f IV in
beds below 2060, m-c IV and tr H-filb in pits and MP.
Upper 5' has thin lam and stringers of clay around
pods to beds of -m V. Abund C.

H, divided at 2074 into upper DVT zone and lower
poly’'c zone. Tr poly, tr clay in DVT zone: tr clay in
pits in lower zone. Poly accurs as blebs (w/m-c 1i-
Ita-b) to stringers and H crystal linings. Clay occurs
as lam (w/-m IV-Iib-c) to irreg biebs and zones (witr
m I-lla-b). H: m-c IV below 2074, -m IV in pods in
DVT zone. Trto some displacive H C. Vc¢-c IV in
pits and MP. DVT textures crudely horizontal; some
POS. DVT e/s surface separates zones. Clay
infiltrated pits at upper surface.
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DFPTH “* HALITE/ REMARKS
(1) LITHOLOGY NON HALITE GEOLQGlC FEATURES (SEE APPENDIX FOR DETAILS)
— !: T H, tr poly to 2077.5, tr clay lo claystone in upper 1",
— 3: tr anhy in middle of unit. Poly and anhy occur as
: blebs to stringers (w/m-vc 1I-llib-¢) and H crystal
X i finings. Clay occurs as blebs and zones showing sic
- :"t texture to thin fam (w/m-vc I-ll1a-b), zones and blebs
| , v in pits and pipes. Mainly m-c IV w/pods, lenses of {
X H Hinupper 1';tr P, tr lo some C. Abundant irreg MP.
2075+ X P{ E : Translocated clasts (soft) of overlying anhy.
AL ' : H, tr poly at base, Ir clay anhy, poly upward:
_ - "";‘ ---- l sereesy claystone at top. tr 1o mod clay. Poly and anhy
X ! occur as lam to blebby stringers w/i-lila-b; blebs and
x ! : zones translocated into pits. Clay in unit middle is
— ! translocated, occurs as v thin beds at top lo blebs
20804 Y =i T \ and zones in pits and linings of H; 1-¢ I-lla-¢ at top.
@ DATA NOT M-ve IV, wil-lla, marked by crystat linings, in pits. F
IV in pods at top; v advanced DVT e/s surface.
_ i =AVI’ILABLE Abund C, tr P 1 pit has cobble-sized translocated
v : clasts from 2076.
— ( :
@ ” P' .“ H /ﬁh U s H, in four zones: a) thin lo m beds, b) DVT zone, c)
= =t 1 . : — @- — poorly defined strata, d) DVT zone. Poly and anhy
20851 —F = {; ) l - 0 — — _\‘aot_a occurs as lam to blebs, and crystal linings in MP.
. _ . ! (e pt St Q]cf)"'ﬁ':)‘ Lam often show displacive H contacts. Clays occur
=1/ l == as blebs to lam and stringers intiltrated into pits
- HE % - forming boxwork fabric. Blebs w/displacive H
: ,,’ ' % —_ . EJ_ margins abund in pits. Claysione in DVT zones
— I / ~—\\ U — shows disrupted thin tam. Par a: tr anhy, poly: tr
o s) — clay attop. F-vc IV, Ir P, tr-some ¢-ve C. Thin beds
Pl ' at anhy 1am to m-c cloudy H to clear ¢ H to -m H.
2090- - ! ' " T e <D Part b: tr-some clay, tr anhy. F-m 1V lenses and
\ ; : , \f\&/_\_ pods w/t-m [1-llib-¢c and m-¢ I-Ha-b in arg zones.
- i i ﬁ Middle zone of c-m IV C. Part¢: tr clay and anhy,
. 'n' : l _— T increase upward. F-vc IV, mainly m-c wif IV at top;
' /\/\/\«Q\/\g Ir clay in boxwork, abund pits and pipes to 2". Irreg
- H l ) Sl and VO MP abund. E/s surface at top. Tr P, mod 1o
N - ! : —_— . abund C. Part d: trto some clay, increasing
2095 X , { : Jd T—onrn— —_ upward, tr poly. Lenses and pods m-c and f-m IV 1o
! : 1V to t-m I-lla-c at lop. DVT textures abund in top
l ! — — —_— and bottom, middle shows abund C.
aw e Pl ! — 7 ] Anhy: wavy to slightly contorted, cross-cutting
X l ! g— r relationships. Clay at base.
! :
S NI P'JB 138 e = || H:lower zone wir anhy, upper DVT zone witr clay
21004 - -— P W and poly. Lower part: m-c IV, witr { H on tops of m-c
- E Noms o —— in zones associated w/anhy. Anhy occurs as
— T ] i =~ Vg S P stringers, "stringer-like" blebs, and planar H finings
X — P o <o in MP. Tr P, abund C. VO and irreg MP. DVT
- _ N 88— ~_ zone: -m IV in zones and pods, w/abund C (f-m II-
: /——\\ I1b-c) at base, decreases upward. M-c I-I1b in MP
- B4 - - " wfsome Ib-ain{H in lam. Poly disseminated and as
— /3 rare blebs. MP in lower abund.
2105+ - I i N — are bleb: » part abund
\ ':' —_ T~ e ~ H, tr anhy in lower part, tr clay and poly in upper
\ Pl ! : — e DVT zone. Anhy occurs as lam to blebby lam w/m-¢c
L H — o 1a; stringers and H crystal lining in MP and pits. Hin
- _—| & l & ) 3 — lower zone: m-vc IV, wi H associated w/anhy over
- K : —- & —___ 2 m-c in thin to m beds; some P (BG, chevrons, vel),
1300* ! \ A Irreg and VO MP. Thin to m bedded. Upper DVT
2110 \ ! : = - zone: clay occurs as thin lam to lam. Poly occurs as
il ¢ — R rare blebs and disseminated in m-t IV. F-m IV in
| : ;_ zones bounded by clays and MP; f-m I1-llib-c in clay
\ N Yl — hd — W] zones. Large MP near upper contact. -
___ VI . il p— gt
—_— - \ Ty H, tr clay and tr poly. DVT textures in 2 zones
- o o o & lopped by DVT e/s surface. Clay occurs as irreg
2115 —_ — TN -~ pp
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stringers to lam, drapes and surrounds zones of f-m
IV. Poly occurs as blebs to irreg tam, w/tr
disseminated poly in m-f IV. Anhy at tops of e/s
surfaces as lam 1o stringers. Middle has abund irreg
MP. Pits and pipes w/c-vc IV and w/some f. H in
DVT zones: t-m IV, w/some ¢ In pits and pores.
Upper and middle zones: m-¢ IV, w/some { H: some
PandC.

H, tr poly, tr infiltrated clay. Thin to m beds
delineated by poly. Pits 6 to 3+' deep throughout.
Translocated poly in pits defines boxwork texture.

pu

——

2125

1280*
2130

”~
]
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N
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Abund to rare irreg MP, abund VO MP. H: f-vc,
mainly m-c IV, w/c-vc in MP, f H at tops of strata
w/poly. Poly occurs as blebs w/rare displacive
margins to lam. Lam of anhy near base w/some a-b
H margins. Upper contact is DVT e/s surface.

Anhy, tr H, thin lam to lam, irreg to convolute.
Possible detrital H. Clay at base, claystone lam.
Contains fractured zones w/separations in middle to
lower part {due to closure of drift).

2135 -1

BROW

1.1

H, tr anhy as thin iam to lam and translocated
material in pits; tr disseminated clay in upper part as
zones and lam to stringers in DVT zone. V rare
blebs of poly. H below DVT e/s surface is f-vc m, IV,
w/rare c-vc in irreg MP, ¢ in VO MP. F H overlies ¢
H in irreg zones; thin to m beds most obvious
between 2125-2127. Upper 1’ exhibits OVT
texiures. His m-f IV, mostly f in zones, tr poly as
lam to blebs. Local pits to 1' at DVT surface.

Excavated brow at facility level.

TELEV(Ht. ms))

**SEE EXPLANATION FOR SCALES
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SpaH zone at the base'of MB 24

Flgure 27

Fracturing of the halite above the AIS station brow.
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'WORK PLAN FOR THE GEOLOGIC MAPPING IN THE
AIR INTAKE SHAFT AT THE
WIPP FACILITY, CARLSBAD, NEW MEXICO

1.0 INTRODUCTION A

The purpose of this work plan is to describe the upcoming
geologic mapping activities in the air intake shaft and to
provide background information for the planning of field
activities. The air intake shaft is being constructed to
provide additional ventilation to the WIPP facility. The shaft
will be upreamed by the construction contractor to its full
diameter. In the air intake shaft, a strip map of the entire
shaft to total depth will be produced, along with detailed
mapping in zones of interest. Geologic information will be
gathered following the upreaming of the shaft to its full
diameter and concurrent with the installation of ground support.

Information from the geologic mapping will be used to:

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

o Provide detailed information of the geologic conditions
in strata critical to repository sealing and
operations. ‘

o Provide technical basis for field adjustments and
modification of key and aquifer seal design, based upon
the observed geology.

o Provide geologic-data for -the selection of instrument
borehole ldcati@ns. '

o Characterize thé'geology at geomechanical instrument
locations to assist in data interprétation.

For the purposes of geélogiC‘mapping the field procedures given
in the Geologic Mapping Procedure for WIPP Shafts in the WIPP
Geotechnical and Geosciences Procedure Manual (WP 07-503) will
be followed.




2.0 SCOPE OF WORK | : w
:.
|

2.1 Premapping Activities
Prior to performing the geologic mapping in the air intake

shaft, the following work items will be addressed:

o Hazard training for shaft work for all personnel who
will perform shaft mapping.

o Familiarization with the geology overlying the facility
~horizon. v

o Preparation of geologic mapping procedures and forms

for use in the shafts.

o Coordinate with contractor pprsonnel to establish both
horizontal and vertical survby control.

) Coordinate with contractor ersonnel to establish
necessary working conditions|: proper lighting, shaft
wall access, galloway water,.and safety (contract
spec1f1ed as utilities).

o Coordinate with contractor personnel to arrange the
timing of shaft mapping actilvities relative to on going
contractor activities.

o Check, clean, and procure s%pplies and equipmept needed

to support the shaft mapping activities.

Specific activities to be performed in the air intake shaft are

described below.

2.2 Air Intake Shaft Geologic(Maggiﬁg Activities

All in shaft activities- related to mapping are designed, barring
any unforeseen circumstances, to be performed in a total of 25
shifts or 200 ‘hours of dedicated sha t time. This is the amount
of dedicated shaft time specified fo; geologic mapping

. activities by the air intake shaft c@nstruction contract. All

- mapping activities will be performedron a cleaned shaft surface
prior to any meshing or lining activities. Reconnaissénce
mapping, resulting in a strip log at|a scale of 1 in. equals 10
ft. or 1 in. equals 5 ft., will be performed in the a;r intake

!
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shaft from the first available exposed bedrock down to the
facility level. 1In addition to the reconnaissance mapping,
detailed 360° geologic mapping at a horizontal and vertical
scale of 1 in. equals 5 ft. will be made in zones of interest,

including: _
o Rustler Formation - approximate map depths from 538 to
850 ft.
o Rustler/Salado contact and the Shaft Key - approximate
map depths from 850 to 900 ft.
o] Any anomalous areas within the Dewey Lake Redbeds or

the Salado Formation.

All geologic mapping will be performed in accordance with the
Geologic Mapping Procedure for WIPP Shafts in the Geotechnical
and Geosciences Procedure Manual (WP 07-503). Both the
reconnaissance and detailed 360° geologic mapping will be
supplemented with a photographic record of those areas mapped.
Rock samples will be taken as deemed necessary.

2.3 Presentation of Mapping Results
The results of the geologic mapping effort will be summarized in

a DOE/WIPP report to be published after the shaft mapping has
been completed. Photographic coverage and other information
~will be presented as the project needs dictate.

3.0 PERSONNEL

'All work described in this plan will be under the technical lead
of Bob Holt and the administrative direction of the Geotechnical
and Geoscienées.Department Méhager. The reconnaissance geologic
mapping and»phpto log effort will require a mapping team
consisting of two geologists and one technician. Detailed

360° geologiéAmapping will require a mapping team of six

people, including a minimum of two geologists. The actual field
conditions will dictate how the mapping personnel will be
scheduled. Support for the mapping effort and subsequent report
will be provided by either on-site personnel or IT Corporation




home office support, depending on avaihability and other project

commitments.

f

4.0 SCHEDULE
Geologic mapping activities will beginlas soon as the shaft is
upreamed and shaft access is provided. According to the latest
available Contractor’s schedule, the alir intake shaft will be

accessible for mapping during the perilod from June, 1988 to
September, 1988. Following the completion of geologic mapping
activities, a final report of mapping iresults will be produced.

5.0 SAFETY

All pefsonnel participating in the geélogical mapping in the air
intake shaft will receive shaft specific safety and hazard |
training from the Westinghouse Industrial Saféty Department. 1In
addition to providing training, the Irdustrial Safety Department
will determine the safety of shaft ac¢ess. Once shaft mapping

is underway, the geological mapping teéam will meet weekly to
discuss safety issues and regularly interface with the

Industrial Safety Department to Verify the conditions, with
respect to safety issues, of the zones to be mapped.

6.0 ADDITIONAL ITEMS : ~

6.1 Galloway Utilities
Several galloway utilities must be supplied by the shaft

construction contractor including: eléctricity, water, and
compressed air. Galloway electricity will be required for
lighting and, possibly, to operate rock sampling tools.

Galloway water is needed to allow the| mapping team to wash the
shaft wall clean prior to mapping. Cbmpressed air lines will be
| required if galloway electricity is upsuitable for the safe.
operation of sampling devices.



6.2 Survey Control
Both horizontal and vertical survey control is necessary for

shaft mapping. Horizontal survey control can be established
from contractor supplied tightlines. Vertical survey control
will be established from known reference points provided by

Westinghouse surveyors. The actual methods used will depend

upon the field conditions.

7.0 QUALITY ASSURANCE

Quality assurance will be performed by IT Corporation under the
direction of the Westinghouse Quality Assurance Department. All
procedures and activities will be developed, appfoved, and
controlled in accordance with WIPP procedure 15-101.
Nonconformances and variances from the approved procedures will
be documented according to the Westinghouse Quality Program
Manual, Section XV and the IT Engineering Operations Quality
Assurance Manual as ammended for the WIPP Project. To provide
confidence in the final report, -all data reduction, computer
input,'calculations, and figures will be independently verified
by IT Corporation Quality Assurance. Audits will be conducted
to insure compliance with the WIPP Quality Assurance Program.
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GEOLOGIC MAPPING OF SHAFTS Information Only

1.0

2.0

3.0

4.0

SCOPE

This procedure defines the methods to be used for 360°, detailed geologic
mapping and reconnaissance geologic mapping of shafts accessing the WIPP
repository for which accurate geologic observations and fracture data are
required. The general procedure described in this document involves cleaning
the shaft wall, establishing both horizontal and vertical datums, and sketch-
ing to scale the 11tholog1c and structural features observed. The geology
in the WIPP shafts is mapped as part of a continuing effort to further
characterize the rocks over1y1ng the WIPP facility.

DEFINITIONS

- Detailed Geologic Mapping - Mapping will consist of record1ng geologic infor-

mation obtained by observation of the exposed surface on a mylar sheet,
typically at a horizontal and vertical scale of one inch equals five feet

~This information will provide a log depicting the shaft surface 360° around

its circumference and a detailed description of the observed lithologies,

lithologic features, and conditions. The log and accompanying descr1pt1on
will indicate the location in the shaft, lithologies, lithologic contacts,

geologic structures, and the general: cond1t1ons of the walls.

Reconnaissance Geologic Mapping - Mapping will consist of recording geologic

information obtained during the observation of an approximately five-foot wide
strip of the exposed shaft surface on a vertical log, typically at a scale of
either one inch equals ten feet or one inch equals five feet. A vertical strip
log, depicting the geologic column observed in the shaft, will be created
(Attachment 1). The log and accompanying description will indicate the depth
in the shaft of the observed 11tho]ogies 1ithologic contacts, and geologic
structures.

REFERENCES

Holt, R. M., and D. W. Powers; 1984, Geotechnical Activities in the Waste
Handling Shaft: WTSD-TME-038, U.S. Dept. of Energy, Carlisbad, New Mexico.

Holt, R. M., and D. W. Powers, 1986, Geotechnical Activities in the Exhaust
Shaft: DOE-WIPP-86-008, U.S. Dept. of Energy, Carlsbad, New Mexico.

GENERAL

Geologic mapping of WIPP shafts will be performed as part of continuing site
characterization activities. The activity will be performed in each shaft on

1000 APRIL 1988
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uncoVered and unlined rock surfaces. A block of kedicated shaft time will be
required for this activity. Two levels of effort will be undertaken in the
shaft: ) .

(1) Detailed, 360° geologic mapping
(2) Reconnaissance geologic mapping

. During the detailed geologic mapping, the entire shaft surface (360° around
the circumference) will be mapped and described.| The mapping team will con-
sist of five to six people, with at least three professional geoscientists.
Ideally, the team will be subdivided into three groups of two: one group will
be responsible for the geologic mapping; the second group will provide the
360° photographic coverage; and the last group wiil take samples as necessary
and provide general support.

" Reconnaissance geologic mapping will be performed in those zones within the
shaft that are not mapped in detail. A strip map,of the geology observed will
be created. The mapping team will consist of three people, two of which will

be geoscientists. The following materials and ejuipment will be needed for
geologic mapping in a shaft. : ‘ .

Several cans of paint

A 25-foot measuring tape scaled to tenths|of feet

A 100-foot (or longer) tape or surveying chain _

A 360° geologic mapping log sheet or a reconnaissance mapping log sheet
Several pieces of gridded mylar

Camera and film

Chalkboard mounted on stadia rod

Sample bags

Waterproof marking pens

Rock hammer

The lithologies and 1ithologic features will be d@scribed a§ they occur. Ex-

amples of description style may be found in Holt and Powers (1984 and 1986).
Lithologic descriptions should include rock typeL color, crystal/grain size,
stratification type, minor constituents, structuqal features, and contacts.

In addition to mapping, photographic coverage<of]the mapping zone will be
provided and samples will be taken as deemed necessary.

Procedure No: __07-503 Rev. No: _0 ' Page 2 of 6
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5.1

5.0 PROCEDURE
il logic Mappin

The zone to be mapped will be cleaned as
necessary.

Vertical control will be established with a
survey chain from a known reference point
within the shaft.

After the depth/elevation of the top of the

mapping 2one has been established, horizontal
lines will be spray-painted at five-foot in-
tervals around the circumference of the shaft.

Horizontal control will be established using
either contractor supplied plumb lines or the
alignment of the galloway or cage lines. A
vertical line will be spray-painted along the
south line of the shaft.

The shaft wall will then be painted with ver-
tical lines at five-foot intervals both east
and west of the south line along the circum-
ference of the shaft.

Mapping units will be established by the
geologists; their contacts and features will
be measured to within a tenth of a foot from
the grid lines and drawn on to the mapping
log.

The geologist will then describe the mapping
units and other geologic features on the blank
sheets of gridded mylar.

1
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10.

. Photographs will be taken after
been established. An identifier,

the depth and location relative

the grid has
which gives
to the south

1ine of the shaft, will be writien on the

chalkboard and included in each P

hotograph.

Samples will be taken after the g

rid has been

established. A1l samples will be uniquely
identified and marked with an "up" arrow and

an azimuth. They will be located
log, and their location will be

| their sample bag (Attachment 2).

on the field
recorded on

The geologist will complete the

ing in the contacts and structur

appropriate symbols (Attachment
mylar sheets. At the completion
mapping efforts, the information

og by fill-
es using the
3) on the

of the shaft
obtained will

be published in a DOE report.

-5
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5.2

~

Reconnaissance mapping should be performed on
the same side of the shaft each time.

Vertical control will be established with a
survey chain from a known reference point
within the shaft.

The zone to be mapped will be cleaned as nec-
essary and horizontal lines will be painted
on the shaft wall at five-foot intervals.

Mapping units will be established by the
geologists; the depths to their contacts and
features will be measured to within a tenth
of a foot from the horizontal lines and drawn
on to the reconnaissance .mapping column
(Attachment 1).

The geologist will then describe the mapping |
units and other geologic features on the blank
.sheets of gridded mylar.

Photographs will be taken after the section
has been mapped and described. An identi-
fier, giving the depth of the photograph,

will be written on the chalkboard and in-

cluded in each photograph.

Samples will be taken after vertical control
has been established. All samples will be

uniquely identified and marked with an "up"

arrow and an azimuth. Sample depth will be

recorded on the strip log and will be written
on each sample bag (Attachment 2).

<
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The geologist will complete the log by fill-
ing in the contacts and structures using the
appropriate symbols (Attachment B) on the

standard pre-printed mylar log sheets. At
the completion of the shaft mapping efforts,
the information obtained will be published in
a DOE report. ,
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ATTACHMENT 2
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SAMPLE IDENTIFIERS

A1l samples taken during the shaft mapping activities will be permanently stored in
the WIPP core storage library at the WIPP site for future reference. They will be
cataloged in two parts: reconnaissance mapping samples and detailed mapping sam-

ples. 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.

Reconnaissan logic Mapping Sampl

The method of identification used for samples taken during reconnaissance geologic
mapping is as follows: :

£ES24-466

The notation ES24 indicates that the sample is exhaust shaft reconnaissance geo-
logic mapping sample number 24. The number 466 indicates that the sample was taken
at the depth of 466 feet 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, the ESM49 indicates that the sample is the exhaust shaft sample number
49, and the number 715 corresponds with the depth in feet. 1In 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.




ATTACHMENT 3
WP 07-503
Page 1 of 1

MAPPING SYMBOLS

Contacts between aifferent rock types will be symbolized by:

Sharp contact identifiable within
0.05 feet or less;

Gradational contact between 0.05
and 0.2 feet;

Diffuse contact between 0.2 and e e e e es e e
0.5 feet;

Clay features will be noted by:

Seams greater than 1/4 inch thick:

Partings between 1/4 to 1/16

inch thick;
Breaks less than 1/16 inch thick: —tE—— -
Discontinuous partings and breaks: ~— ~
ool
Spalling areas;
' . 0 0 [o)
Seep or seep line; , ! i (
Bedding showing attitude; ‘--\\T‘-~.~__~
i S
Fault trace showing attitude and/or
relative separation; :ft::;: 30
Weep or patchy damp area commonly with =~
1/4 to 3/4 inch diameter knobs of finely . '\\
crystalline halite : ~“"\_J
Syn- or immediately post-depositional UNIT ;\UMT :
pits caused by dissolution and ' QN” *\
reprecipitation of the halite AL
UNIT o

Grain/Crystal Size

The rock types invthe Salado Fofmation'will'COnsistAprimarily'of halite with
lesser amounts of anhydrite and polyhalite. In order to provide a uniform
classification of crystallinity, the following convention will be used:

coarse-crystalline - greatervthan's mm
medium crystalline - 1-5 mm
fine-crystalline - less than 1 mm
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APPENDIX C

AIR INTAKE SHAFT SAMPLE LIST"

*Halite classification used in sample comments is described in Appendix E.




APPENDIX C

WIP:T-0841A/1

AIR INTAKE SHAFT SAMPLES
DEPTH LENGTH
DATE (FEET) OF SAMPLE COMMENTS

9/21/89 1959 2 About 2 ft. below top of MB 134, thin zone of gypsum
swallowtails.

9/21/89 1958 2" Gypsum swallowtail 2 ft. below top of MB 134 at side of
trough.

9/20/89 1957 1" MB 134, southwest side of shatft.

-9/21/89 1956 2 Top of troUgh over MB 134, vertical growth textures and

‘ thin laminae.

9/21/89 1954.5 3" 1 ft. above base of mapping unit 1.

9/21/89 1953 3" 1 ft. below top of mapping unit 1.

9/21/89 1952 3.5 4 in. above base of mapping unit 2.

9/21/89 1949 2" Near top of unit 3.

9/21/89 1948 1.5 8 in. below top of unit 3, in zone with more vertically
elongate halite crystals

9/21/89 1947.5 3.5" Middle of small "pod” of fine grained, equant, white halite,

' top of unit 3, immediately below clay.

9/21/89 1946 1.57 Along side of channel.

9/21/89 1946 1.5 ~Middle unit 4.

9/21/89 1944 2 Basal part unit 5, halite with clay laminae, overlaps contact
with 4. -

9/21/89 1943 3" Lower unit'5 on high point on residue at base unit 5.

9/21/89 1940 2" Base of. halite/anhydrite ripple unit 7.




APPENDIX C
AIR INTAKE SHAFT SAMPLES
. (CONTINUED)
DEPTH LENGTH
DATE - (FEET) OF SAMPLE CONIMENTS

-9/21/89 1939.5 2.5 Center of apparent ripphla in anﬁydrite/halite unit 7.
9/21/89 1939 25" Polyhalite at top unit 7.
9/21/89 1933 1.5" Near base of unit 9.
9/21/89 1929 25" Brown muddy halite, middle unit 9.
9/21/89 1929 2" ~ Narrow pipe.
9/21/89 1923 3" 1 ft. below top unit 10.
9/22/98 19185 3.5" .5 ft. below top of .unit 1.
9/22/89 1916.5 1.5° Middle unit 12, transition zone.
9/22/89 . 1915 1" Claystone/polyhalite at lbase MB 133.
9/22/89 1915 1" Hand sample, claystong/polyhalite at base MB 133.
9/22/89 1914 25" 1 ft. above base MB 133.
9/22/89 1914 2.5” lijgg 14 base, polyhalité pseudomorphs after gypsum, MB
9/22/89 1912 1" Lower unit 15.
9/22/89 1908 1.57 Bottom cumulates, note polyhalite cover on crystals.
9/22/89 1907 2" Base mapping unit 16..
9/22/89 1897.5 2" Unit 17.
9/22/89 1897 2" Unit 17.
9/22/89 1893 1" Base Unit 20.
9/22/89 1891 1.5" Upper part unit 20, zo:j1e of chevron halite.
9/22/89 1889.5 2" Top unit 20.
9/22/89 1886 2" Base unit 22, polyhalitfe and clay in solution zone.

WIP:T-0941A/2




APPENDIX C

~ AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH
DATE (FEET)  OF SAMPLE COMMENTS
9/22/89 1886 2.57 Chevron halite, base unit 22.
9/25/89 1885.5 2 Lower part unit 22.
9/25/89 1885 1.5 Lower part unit 22.
9/25/89 1884.5 2" Lower unit 22.
9/25/89 1884.2 2" Middle unit 22.
9/25/89 1884 2" Middle unit 22.
9/25/89 1883.5 1.5" Middle unit 22.
9/25/89 1881.5 2" Upper unit 22, lla, b as well as la, b.
9/25/89 1881 2" Upper unit 22, transition zone.
9/25/89 1880 25" Transition sulfate/clay crust on sharp surface with 10-15
: cm relief.
9/25/89 1875.5 2" Unit 23, solution pipe, 1/2 ft below surface, possible
oriented clays. _
9/25/89 1875 257 Contact unit 23/24, solutioh crust.
9/25/89 1874 1.5" Clay-rich part unit 24, middle-unit.
9/25/89 1873.5 2 Upper part unit 24, possible oriented clays.
9/25/89 1873.5 2 6" below top unit 24, side of solution pit into top of unit 24.
9/25/89 1872 2 Unit 25‘.,vsid’<;e and top of small solution pit.
9/25/89 . 1868 2 _ .. Base unit 26, gray clay accumulation.
9/25/89 1867.1 1.5" Displacive texture, pile of sticks. -
9/25/89 1867 1.5 Muddy halite, possible cutans
9/25/89 ~ 1866 qr Fine crystalline halite, pod and boundary.
9/25/89 1864.5 1.57 Fine halite and transition zone from pod boundary.
9/25/89 1864 2" Fine halite pod and transition zone.
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AIR INTAKE SHAFT SAMPLES

|
|
(CONTINUED) |

DEPTH LENGTH
DATE (FEET)  OF SAMPLE COMMENTS

9/25/89 1863.8 2 Gray"clay zone, top unit 26, la, lc.

9/25/89 1863.3 25" Gray clay zone, top unit 25, Ia, Ic.

9/25/89 1863 1.5° Gray clay zone, top unit 28, la, Ic.

9/25/89 1863 1" Base bolyhalité, miscellaneous hand éamples.

9/25/89 1863 1" Hand sample. | . '

9/25/89 1863 1" Base polyhalite, hand sample.

9/25/89 1862.5 3 Polyhalite unit with probatfle swallowtails.

9/25/89 1858 2.57 Top of vertically elongate fhalite truncated by thin polyhalite.

9/25/89 1857 2.5" Vertically elongated halite in zone, truncated by polyhalite
laminae.

9/25/89 1856.8 2" Vertically elongate halite crystals truncated by polyhalite
laminae.

9/26/89 1851 1.5" Halite from pod of very ccarse crystals.

9/26/89 1850 1.5" ggmple of pipe zone through polyhalitic halite into top unit

9/26/89 1845.5 N Polyhalite included in hali:te.v

9/26/89 1845 o Polyhalite with bottom grown halite.

© 9/26/89 1828 | 2 Margin of polyhalite and halite and small solution pit {clear

halite).

9/26/89 1827.5 2" Unit 37, clay/polyhalite along side of larger solution
channel.

9/26/89 1827 2.5" / Unit 37, clay residual on collapse block of fine halite.

9/26/89 1823.6 2" Haiite, recrystalized and cement.

9/26/89 1823.5 1" Base unit 3é, primary and recrystalized halite with

B polyhalite inclusions.
9/26/89 1823.5 1.5" Halite.
WIP:T-0041A/4
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AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH
DATE (FEET)  OF SAMPLE COMMENTS
9/27/89 1813 1" . Top unit 41.
9/27/89 1813 1.57 Top unit 41.
9/27/89 1811 2" Lower unit 41, macropore/cement in clean halite.
9/27/89 1810 1.5" Middle of unit 42.
9/27/89 1809.5 1.5" Middle unit 42, top of slightly polyhalite halite.
9/27/89 1807.5 2" Unit 43, base unit at clay/halite.
9/27/89 1807.3 1.5" Unit 43.
9/27/89 - 1807.0 1" Unit 43, middle of halite/clay accumulation with polyhalite
flakes.
9/27/89 1806.7 1.57 Middle unit 43, top of halite and brown clay with polyhalite
flakes.
9/27/89 1806.5 1.5" Middle unit, halite between brown clay and gray clay.
9/27/89 1806.3 1" Middle unit 45.
9/27/89 1806.1 2" Middle gray clay, unit 43.
9/27/89 1806 2.5" Unit 43, top gray clay and base unit 44.
9/27/89 1805.5 2" Transition unit 43-44.
9/27/89 1805 1" Unit 44.
9/27/89 1803.5 1" Middle unit 44.
9/27/89 1803 2" Middle unit 44, halite and polyhalite transition to gray zone.
9/27/89 : 1802.6 1.5" Middle unit 44, top of transition gray to orange.
9/27/89 1802.4 1" Unit 44, halite/polyhalite.
9/27/89 1802.0 2" Unit 44, halite/polyhalite transition up to gray.
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|
'AIR INTAKE SHAFT SAMPLES

(CONTINUED)
DEPTH LENGTH
DATE (FEET) OFSAMPLE = COMMENTS

9/27/89 1800 1" Top unit 44, lower end of plrolyhalite fill of solution pipe, 1 ft.
below top of pipe.

9/27/89 1799.2 | 1" Top unit 44, just below trénsition to 45, halite and
polyhalite. J’

9/27/89 1799 2 \ Top unit 44, transition to ulnit 45,

9/27/89 1799 2.5" Top unit 44, top solution pipe filled with polyhalite and
halite and transition to uni 45.

9/27/89 1794 3 1" | Near middle unit 46, halite‘ and polyhalite.

9/27/89. 17935 1" Upper unit 46. (

9/27/89 1793 1.5" TcSp unit 46. |

9/27/89 1790 | 1" Unit 47 top, top polyhalite jand halite.‘

9/27/89 1789 1.5" Unit 48, clay, displacive halite, solution zone.

9/27/89 1788.5 1" Unif 48, incorporative and| exclusive halite in muddy unit.

o/27/89 1788 2" Unit 48, clay and Ia, ¢, IV pods.

9/27/89 1785.5a 1.5" Unit 48 top.

9/27/89 1788.5b 2 Unit 48 base of "basin.”

9/27/89 1785.2 2" Unit 48, center of halite pods in clay in "basin.”

9/27/89 1785a 1.57 Unit 48 top, side of collapse/basin.

9/27/89 1785b 2r Unit 48 top, center and bc;’ttom of claystone "basin."

9/28/89 1784 1" ' Middlg unit 49, MB 129, p;olyhalite with laminae.

9/28/89 - 1783.3 - 1.5 MB 129, growth textures :;and pseudomorphs.

9/28/89 1783 1.57 Top unit 49, growth texturies, halite bottom growth, top of

polyhalite.
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AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH
DATE (FEET)  OF SAMPLE COMMENTS
9/27/89 1781 | 1.5" Unit 50, thin bed polyhalite showing pile of sticks.
9/28/89 1780 1.5" Middle unit 50, thin bed of halite with polyhalite sticks.
9/28/89 1779.5 2" Unit 50, transition from upper part of thin bed of halite with
polyhalite to halite.
9/28/89 1778.5 1" Transition to gray clay-rich from polyhalitic part of unit 50.
9/28/89 1778 1.5" Unit 50.
9/28/89 1778 1" Solution pit into unit 50, unit 51.°
9/28/89 1777 2" Unit 51, transition base unit.
9/28/89 1776 2 Unit 51, 8 in. above base unit 51.
9/28/89 1776 1" Unit 51, middle of solution pit.
9/28/89 1775.9 2" Unit 51, 10 in. above base unit.
9/28/89 1775.6 2" Unit 51, middle unit.
9/28/89 1775.5 2" Unit 51, middle unit.
9/28/89 1775.3 e’ Unit 51
9/28/89 1775.3 1.57 " Unit 51, about 8 in. below surface in solution pipe, check
for clay cutans.
9/28/89 1775 17 Bag 1, unit 51, top unit at top of solution pit, check for clay
translocation. , -
9/28/89 1775 1" Bag 2, unit 51; solution pit top unit.
9/28/89 1774.8 1.5" Trgpsﬂiqh unit 51-52.
9/28/89 1773 15" | Unﬁ:52, dlay-rich zone la and IV.
9/28/89 1772.5 2 - Unit 52, hélite with polyhalite flakes and clay-rich zone.
9/28/89 1772 1.5" Unit 52, la and vlc (tiny) in clay zone.
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AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH
DATE (FEET) OF SAMPLE COMMENTS
‘9/28/89 1771.8. 2° Unit 53, just above base[ unit.
9/28/89 1771.8 1.5" ‘Unit 53, lower part clay-fich zone.
9/28/89 17715 . 1" - Upper part of lower clay-rich zone.
9/28/89 - 1770.5 2 Upper part of less clay-tich zoﬁe.
9/28/89 1770 25" Top of unit.
9/28/89 1766.2 1.5" Vertically elongate halite crystals
9/28/89 1766.2 1.57 Vertically elongate halitle crystals
9/28/89 1786.2 1.57 Vertically elongate halite crystals
9/28/89 1765 3
9/28/89 1764.8 1"
9/28/89 1764 1.5" Base gray zone.
9/28/89 1763.8 2" Top gray unit.
9/28/89 1762 1.5: Fine halite, vertically e[iongate halite crystals, polyhalite.
| 9/28/89 1761.5 2 Fine halite, vertically elongate halite crystals, polyhalite
faminae.
9/28/89 1758.5 1" Top unit, halite and ve;rtically elongate halite crystals
9/28/89 1759 1.5" Base polyhalite (MB 128?) laminar zone.
9/28/89 1758 2" . \ Vertically elongate haI:ite crystals, over polyhalite.
9/28/89 1757 2" Vertically elongate haIJite crystals and polyhalite laminae.
9/28/89 1756 2.5" Top unit 55, vertically ‘elongate halite crystals; polyhalite
9/28/89 1736 2 3 ft. above base. ‘
9/28/89 1714 2" | Halite and polyhalite.

|
{
1
i
|
|
i



APPENDIX C

- AIR INTAKE SHAFT SAMPLES

(CONTINUED)
DEPTH LENGTH
DATE (FEET)  OF SAMPLE COMMENTS
9/28/89 1713 25" Polyhalite and clay at base of area with pods of fine halite.
9/28/89 1658 25" Langbeinite pocket.
9/29/89 1657 2 Solution zone on wall, sample for K mineralization.
9/29/89 1656.3 3.5" Langbeinite zone.
9/29/89  1656.0 2" Solution zone on wall.
9/29/89 1656 - 1.57 Solution zone on shatft wall, langbeinite, first ore zone.
9/29/89 1655.5 35 Upper unit 72, solution on shaft surface, langbeinite. -
9/29/89 1655 2" Solution zone on shaft surface, langbeinite.
9/29/89 1652 2.5" Area of solution on shaft wall.
9/29/89 1650 1" Langbeinite under polyhalite zone.
9/29/89 1649.5 1" Minor amount of langbeinite.
9/29/89 1649 1" Solution on shaft wall.
9/29/89 1630 1" Fibrous halite polyhalite under MB124.
9/29/89 1630 1" Base MB 124.
9/27/89 1627.3 2" Bottom-grown gypsum about 1.3 ft. above base MB 124.
9/27/89 1627 1.57 ‘Bonom grown gypsum about 1.5 . above base MB 124.
9/27/89 1625 1.5 MB 124, |
9/27/89 1624 1.5 MB 124,
9/27/89 1614 2" MB 123.
9/27/89 1613.5 1.5" MB 123.
10/4/89 - 15722 3" Near top unit 87. .
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AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH

DATE (FEET)  OF SAMPLE , COMNIENTS
10/4/89 1572 1.5” Near top unit 87.
10/4/89 15715 2" Near top unit 87. |
10/4/89 1571 2" Check for potassium mineralization.
10/4/89 1557 -3 , Middle unif, check for trarislocation of clays.
10/4/89 1556 1.5" Middle unit, check for trarllslocation of clays.
10/4/89 1554 1.5" Check clay translbcation.J
10/4/89 1553.5 2 Check clay translocation.|
10/4/89 1553 2 Check for translocation of clays.
10/4/89 1545 2.5" Clay/halite 1 ft below 91/92 contact.
10/4/89 15447 2 ‘ Immediately below sharp contact of 91/92.
10/4/89 1544.6 1.57 Contact 91 on 92.
10/4/89 15445 1 Top 91, base 92, sharp contact.
10/489 15444 28 Base unit 92.
1 0/4/89 1544.4 1.57 Base of 92.
10/4/89 1534.5 1.5" Clay/carbonate and basé of polyhalite.
10/4/89 1534 1" Effluorescence.
10/4/89 153356 1.5 Top polyhalite on side of "polyhalite hill."
10/4/89 1533 1" Black clay and organics:
10/4/89 1533 2" Middle of polyhalite sect;ion at base of sulfate, ripple/clasts?
10/4/89 1532.5 25" - Near base of anhydrite (j)f unit 93, from local part of

effluorescence

10/5/89. 1532 2 Union anhydrite.
10/5/89 1531.5 1.5" Union anhydrite. ]
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AIR INTAKE SHAFT SAMPLES

(CONTINUED)
DEPTH LENGTH
DATE (FEET)  OF SAMPLE COMMENTS
10/5/89 16315 1" Union anhydrite.
10/5/89 1531 2.5" Union anhydrite.
10/5/89 1530 1.5" _ Union anhydrite base of desiccation crack.
10/5/89 1529 1.57 Union anhydrite at top, wavy, algal?
10/5/89 1500 3.5" Primary, vertically elongate halite crystals |
10/5/89 1499 1.57 Vertically elongate halite crystals, polyhalite.
10/5/89 1496 1.5" Sample from base MB 121.
10/5/89 14959 2" ' Lower MB 121, from halite lens, check for langbeinite, KC!.
10/5/89 1495 1" Base MB 121, polyhalite.
10/5/89 1494.8 1.5 Lower MB 121, langbeinite? at arrow.
10/5/89 1494 2" Upper MB 121, anhydrite polyhalite, nodular polyhalite?
10/5/89 1494 2" MB 121, polyhalite and anhydrite.
10/9/89 1465 1.5 Halite unit.
10/9/89 1464.7 1.5" Halite bed.
10/9/89 1464.5 1.5" . Top of halite.
10/9/89 1464.2 1° Top fine halite‘ unit and thin polyhalite.
10/9}89 1461 1" ‘ Base MB 119, hand sample.
10/9/89 1457a o Sample of pore and cement for potassium values.
10/9/89 1457b 1.57 Halite/polyhalite for potassium values.
10/9/89 1457c 2 Halite for potassium values.
10/9/89 1444a 1.5™ ~ Base unit;110, zone of vertically elongate halite crystals
gzzrlfsed by drape of polyhalite skins, precursor to pile of
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AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH ‘
DATE (FEET)  OF SAMPLE COMMENTS

10/9/89 1444b 1.5" Base unit 110, vertically[ elongate halite crystals -transition
from polyhalite draped to undraped.

10/9/89 1444¢ 1.5" Base unit 110, higher solution concentration of pile of
sticks.

10/9/89 1444d 2" Base unit 110, vertically elongate halite crystals

10/9/89 1444e 1.57 Base unit 110, vertically elongate halite crystals with

: polyhalite drape.
10/10/89 1434.5 5" Lower unit 113 (MB 118) from well lithifield lower 1 ft.
101089 14345 1.5 " MB 118, ripple bedding?
/ 10/10/89 1434 1° MB 118, from flank of high - check for downward crystal

growth.

10/10/89 1433.1 2r Top unit 113, (MB 118)/ halite/polyhalite in "trough.”

10/10/89 1433 1.5" Top MB 118, halite and sulfate in "trough.”

10/10/89. 1428.5 2" Halite and potassium sulfate.

10/10/89 1428 1.5° Potassium-sulfates in ¢ray clay-rich zone.

10/10/89 1426.8 2" Solution pit w/halite and langbeinite. - - -

"10/10/89 1426.8 25" "Cleaner” halite adjacefnt to solution pit with potassium

minerails.

10/10/89 1426 1.5" Potassium zone, mlyh%lite zone w/displacive halite and
potassium minerals.

10/10/89 1426 3 Potassium sulfate minéralization.

10/10/89 1426 1" Thin polyhalite wit_h displacive halite and langbeinite.

10/10/89 1425.5 1.5" Gray zone and silty vug area.

10/10/89 14255 - 1" Potassium-sulfate.
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"~ WIP:T-0941A/13

- AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH '
DATE (FEET) OF SAMPLE COMMENTS
10/10/89 1425.5 1" Gray zone, langbeinite.
10/10/89 1425 3 Just above large vug in solution pit.
10/10/89 1422 2" Langbeinite in muddy halite in Death Valley Type solution.
10/10/89 1421.5 2" Langbeinite in muddy halite along edge of Death Valley
Type relief/solution area.
10/10/89 1421.3 2" Random sample, upper unit 114 for potassium-
mineralization. .
10/10/89 1421 2.57 Random sample from upper unit 114, check for langbeinite
: - slight-chance.
10/10/89 1421 A Upper unit 114, random sample to check for potassium
mineralization.
10/10/89 1420.5 3 Random sampie for potassium-mineralization. Upper unit
114, probably langbeinite.
10/10/89 1420 1" Upper unit 114, random sample from clay rich zone with
pods of halite, check for potassium mineralization.
10/10/89 1419 3" Unit 115 base and top 114, trace langbeinite on zone of
’ ' solution pits.
10/10/89 1418.5 1" Check potassium mineralization.
10/10/89 1417.5 2 From "residue” laminae. Check for potassium-
mineralization, none apparent.
10/10/89 1412 25" Near surface vug. Check potassium mineralization.
10/10/89 1410 1" Radial crystal in polyhalite near base sulfate unit. Hand
sample.
10/11/89 1408.5 2 Unit 118 base, polyhalite film on vertically elongate halite
' crystals.
10/11/89 1408 1" 11th ore zone.
10/11/89 1407.5 25 11th ore zone, sample near vug, some langbeinite.




APPENDIX C |

AIR INTAKE SHAFT SAMPLES
(CONTINUED) i
- DEPTH LENGTH
DATE (FEET) OF SAMPLE COMMENTS
10/11/89 1406.5 1" Random sample, 11th ore zone, langbeinite - near solution
vug. :
10/11/89 1399.5 3.5 11th ore zone, pseudomorphs-after langbeinite, zone of
' solution vugs. .
10/11/89 1399.5 . 4" 11th ore zone, Iangbeihite in clay.
10/10/89 1399 2" Just above solution zone with langbeinite. |
10/11/89 1398.5 " 11th ore zone, gray clay, sample, check for any potaésium
minerals. ‘
10/11/89 1398 3" Zone with pseudomorprfus after langbeinite.
10/11/89 1398 i 2" Top unit 119, vuggy, from vuggy zone at contact,
potassium-sulfate.
10/11/89 1398 L 11th ore zone, displacive relationship of potassium-sulfate.
10/11/89 1398 - 35" 11th ore zone, top éont:;act w/unit 120, note potassium-
' sulfate and possible displacive relationship to clay.
10/11/89 . 1398 2,57 Top unit 19, 11th ore zdne, 'sample gray clay between
vugs.
10/11/89 1397 2" Langbeinite in orange halite near solution pit.
10/11/89 1397 -y Langbeinite in halite.
10/11/89 1396 2" Zone of solution vugs, langbeinite in orange halite.
10/11/89 1394 2" Langbeinite near solutidon vugs on shaft wall.
10/11/89 1394 2.5"
10/11/89 1393.5 K
10/11/89 1392 1"
1011/89 1392 15"
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AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH
DATE (FEET) OF SAMPLE COMMENTS
10/11/89 13897 2 Ore zone.
10/11/89 1389.5 1.5"
10/11/89 1389.5 1.5" Ore zone.
10/11/89 1389 1.5"
10/11/89 1388 1.5"
10/11/89 13845 1" Gray clay, hand sample.
101 1/89 1374 2 Brown clay, hand sample
10/11/89 1346.5 1" Stalactite on mesh at Vaca Triste.
10/12/89 1321.8 2" Near base MB 115, gypsum swallowtails.
10/12/89 1320.5 2" . MB 115, porosity filled with halite and gypsum crystal
' grown down from top pore.
10/12/89 1319 1.5° MB 115, downward gypsum growth?
10/12/89 1319 2"
10/12/89 1318.8 2" MB 115, upward growth of gypsum and halite.
10/13/89 1235a 1.57 Polyhalite unit.
10/13/89 1235h 2" Side of collapse/subsidence feature.
10/13/89 1235¢ 2r _Halite/gypsum textures in remnént lens.
10/13/89 1235d 1.5" Halite growth? in remnant lens.
10/13/89 1235e 1" Halite lens in solution/collapse area.
10/16/89 1160 1" ) Top unit 159, lower middle MB 109, nodular or clast zone.
10/16/89 11479 2 Polyha!iie zone in uppér MB 108.
10/16/89 1147.4 1.5 Polyhalite zone in upper MB 109, just above basal contact
of polyhalite.
10/16/89 “1147.0 25" Polyhalite zone in upper MB 108, low part in slight folded

zone.
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APPENDIX C
AIR INTAKE SHAFT SAMPLES |
(CONTINUED)
DEPTH LENGTH : '
DATE (FEET)  OF SAMPLE COMIMENTS
10/16/89 11469 2.5" In polyhalite zone, from c|:rest of crenulated zone.
10/16/89 1146 2" Upper MB 109 from trans:tlon polyhallte anhydrite, east
sample. ‘
1
10/16/89 1146 1" Upper MB 109, west wall, transition polyhalite - anhydrite
and truncation plane.
10/16/89 1146 2.5" Upper MB 108, ,transitiorjl of polyhalite - anhydrite.
10/16/89 11455 1.5" Upper MB 108.
10/16/89 1144.9 2" Upper MB 108.
10/16/89 1144 1.5" Upper MB 109.
10/16/89 1143.2 1" Upper MB 109. )
10/16/89 1143.2 2" Upper MB 108, polyhalite blotch in anhydrite, near margin
on right and base of sample.
10/16/89 1142.2 3" Upper MB 109, margin of fracture w/polyhalite, clay, halite.
10/16/89 1142.2 2" Upper MB 109.
10/16/89 1142 2" Upper MB 109, clay mfultratlon into halite pseudomorph
after gypsum.
10/16/89 1142 2" Upper MB 108, dessncatlon crack into sulfate with
polyhalite, clay, halite, <lbove 1142.2.
10/16/89 1142 25" Upper MB 109 possible clay infilled pseudomorphs.
10/16/89 11419 2" Upper MB 109, "collapsie” zone between teepee or
dessication cracks. :
10/16/89 11415 1.5" Upper MB 109, upper "collapse” zone between teepees or
dessication cracks. ‘
10116/89 11405 15" In pit.
10/16/89 11395 1.5" In pit.
WIP:T-0841A/16
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AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH

DATE (FEET) OF SAMPLE COMMENTS
10/16/89 1138.8 1" |
10/1 6/89 1138 2" Top unit.
10/17/89 1083 1.5" From clay-filied pit.
10/17/89 1076 2" From solution pit and channel with samples, hand samples.
10/17/89 1054 2" Pseudosmorphs after gypsum, polyhalite zones.
10/17/89 1054 2" ~ Halite pseudomorphs after gypsum, polyhalite.
10/17/89 1029 2" Basal MB 103, clast zone.
10/17/89 1029 2.5" Basal MB 103, clast zone with gypsum growth.
10/17/89 1027 2" From MB 103, zone yielding fluid.
10/17/89 1027 1" MB 103.
10/17/89 1026.3 2" ~ From organic zone, yields fluid.
10/17/89 1025.8 2r MB 103 top.
10/17/89 1025 2" MB 103, swallowtail zone just above organic-rich zone.
10/17/89 - | 1002 1.57 Oolitic base of sulfate, MB 102.
10/17/89 980.2 2 Displacive halite in red clay.
101 7/85 979.8 1.5" Displacive halite in gray mud.
9/18/89 972 1179 From finer halite zone.
9/18/89 971 2,57
9/18/89 963 1" MB 101 polyhalite, hand sample.
9/18/89 954.7 1.5" Base unit 183. "
9/18/89 954 1"

953 2" Poikiolitic halite cement

9/18/89
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AIR INTAKE SHAFT SAMPLES
(CONTINUED)
DEPTH LENGTH -
DATE (FEET)  OF SAMPLE COMMENTS

9/18/89 952 15"
9/18/89 951 2 ‘
ongigs 9263 15 |
9/18/89 926 1" ‘
9/18/89 925.5 2"
9/18/89 925 1"
1/14/89 2037.2 1" Unit 15 base, MB 136. ‘
1/14/89 2036.0 2" Anhydrite with halite pseiudombrphs after gypsum neaf

base of unit 15. MB 136,
1'/1 4/89 | 2035.5 5" | Polyhalite in MB 136, top of sample at 2035.5 ft.
1/14/88 2027 1" MB 136 halite, polyhalitefe pseudomoréhs after gypsum.
n 4/89 2026 1" “MB 136, slabs scaled from wall.
1/14/89 2026.0 1" MB 136, polyhalite grairfns in aqhydrite.
1/14/89 2023.5 1.5" MB 136 top.
114/89 = 19865 1" " Nobag.
1/14/89 1965 1"
1/14/89 1964 1"
1/14/89 - 2" Large slab, no depth ,°’J{ other data.
1/14/89 - . 25" . Small rock chip with up} arrow, no othe,' data, no bag.
1/14/89 | - | 5" Small rock chip with co:ncrete on surface, no bag.
1/14/89 - 5" Large rock chip with sa:It crust on sﬁrface, no bag.
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APPENDIX D
FULL DESCRIPTIONS FROM UNLINED PORTION OF THE AIS
NOTE: THE HALITE CLASSIFICATION DESCRIBED IN APPENDIX E
IS USED IN THESE DESCRIPTIONS




903-905
905-909.5

909.5-912.5

912.5-924

WIP:AIS1034w/o

AIR INTAKE SHAFT
LOG DESCRIPTION

Halite, trace polyhalite; similar to unit below. Upper contact not observed.

Halite, with trace polyhalite, well defined thin to medium beds 2-5"; trace clay at
upper contact. Polyhalite as regular to slightly irreguiar thih laminae to laminae and
discontinuous stringers. Some VO MP to 1/2 x 2", local pits to 2’ deep. Equant
halite, fine to coarse, mainly medium to coarse, IV, trace primary, trace cement.
Some probable BG textures. prer surface sharp. Halite in sequences of
polyhalitic halite to coarse clear halite to fine to coarse cloudy halite.

Claystone and argillaceous halite, claystone as irregular blebs and zones in pits
and as mostly continuous blebby to 1/4-.5" thick drapes over irregular DVT
exposure/soldtion surfaces with .5-1" irregular relief. Lower and upper .5"
claystone, argillaceous halite occurs in middle of unit and is locally crosscut by DVT
surfaces. Halite occurs as fine to coarse in the argillaceous halite and I-1la coarse
to very coarse in claystone; some fine SIC in uppermost claystone. Claystone
locally shows incipient to moderate SIC textures. Clay mostly brown, trace gray at
top. Upper contact sharp, undulatory over 4",

Halite, trace to moderately polyhalitic and argillaceous. Divided into an upper
argillaceous zone and a lower polyhalite-rich zone by DVT exposure/solution
surface at 917.5 with .5’ relief; an advanced surface with many pits to 8’ deep is at
915.5; lower polyhalitic zone is slightly argillaceous with clay in abundant pits, pipes
and MP, clay translocated f'rom above. Abundant interunit pits and MP show
muitiple generations of solution and cemeniation, irreqular MP 2-8". Polyhalite
occurs as irregular discontinuous to moderately continuous thin laminae, laminae,
blebby laminae and éfringers, irregular blebs, biebby crystal lining on displacive
growth of halite. Cement with displacive relationships is abundant. Halite is
gengrally equant, M-VC IV, with abundant irregular zones and pits of fine IV near
top; coarse to very coarse |-Ilia-b, some li-llc in unit, coarse to very coarse -1l in
pits with polyhalite and translocated clay. Clay and claystone in upper part occur
as irregular claystone zones in pits, large to small blebs and blebby laminae, and
blebby crystal linings of coarse to very coarse halite; clay is mostly brown with trace
gray. Entire section shows abundant displacive growth. No strata. Halite mostly
lita with a trace of b, and irregular, discontinuous zones of IV, coarse to medium,
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with some to trace very coarse, some I-Ha-bi, medium to coarse.' Local pitsto 1"
deep. Upper surface irregular DVT exposure;/solution surface, sharp and irregular
with .5’ relief. |

- Halite interbedded with polyhalite; polyhalite locally thinly laminated with some

cross-cutting relationships developed over topographic highs; lower laminae show

medium I-lla-b halite. Halite, trace polyhalite :[as irregular moderately continuous to

. discontinuous thin laminae and stringers. Equant fine-coarse IV halite, trace

irregular discontinuous subhorizontal interlaminae of fine or medium-coarse halite;

polyhalite to coarse ciear halite to fine to coarse cloudy halite. Trace primary,
probably BG textures, moderate cement. Pitsls in lower part to 4"; VO MP 1/2 x 2",
irregular, moderate to some; upper contact shamp, irregular over 4". _

Halite, trace polyhalite, moderate to tracé clay. Divided into a lower polyhalite-rich
and upper argillaceous zon\es by DVT exposure/solution surface with a gradational
to diffuse contact. Polyhalite occurs as/ blebs and blebby laminae, very
d‘isconﬁnuous, irregular and blebby crystal Iinings around coarse to very coarse la.

Halite in polyhalite zone is equant mediumito very coarse IV, becoming fair to

 medium Il-lllb-¢, coarse to very coarse I-llla,|MP to 6" filling. Clay and claystone

' moderately abundant as large irregular blebs with displacive halite margins (a),

irregular zones bounded by displaci\fe margins often in deep pits, local biebby

~laminae with displacive margins. Clay‘sto:he dominates above irregular DVT

erosion/exposure surface with 2' relief at 929.0 with pits of claystone to 3’, as

irregular thin beds to 2" with zones of coarlse 1lla, and claystone with trace of
stratification and -abundant medium to coarse, I-lla. '

Halite in argillaceous zone is mostly displacive I-Illa, coarser to very coarse, some
medium, with rare zones of IV, medium to vér.y coarse. Medium to coarse ll-llia-b,
trace equant 'medium to course 1V, and traccla fine I-lla-c in muddy zones; trends
upwafd to more ll-llic and SIC textures. Locallpits 6"-5+". Very halitic in upper pan,
verlain by f-mi-lla-c with trace of Ib-c

in dipping mudstone beds. Upper surface sharp, planar.

|

Halite, moderately to trace polyhalitic, trace to moderate clay, local irregular zones

|

of claystone in pits and upper .5-1+". Divided into lower polyhalite-rich zone and

|

upper’argillaceoth zone by irregular DVT exp|>sure/solution surface with 2.5 relief;
shows large troughs of argillaceous halite with small poorly preserved pinnacles of

polyhalite-rich halite. Polyhalitic zone is crudely to moderately well bedded (3-4");

coarse to very coarse I|-lla-b and trace I-lic, o

|
|
|
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beds with sequence of polyhalitic halite to clear coarse halite to fine to medium
halite, br P. Poly occurs as in lower unité with abundant reworking by displacive
halite. Halite in polyhalite-rich zone is IV, mainly fine to coarse, with irreqular zones
of fine and fine to coarse I-lla-b and trace llla-b in pipes; abundant MP to 2" with
displacive boundaries locally. Clay and c|a);stone occur in irregular zones with I3,
coarse to very coarse, in pits, large irregular blebs with abundant displacive
boundaries and very irreqular discontinuous laminae to thin beds (to 1/4" to 1') with
displacive boundaries. Rare very thin beds to 1" drape erosional/exposure
surfaces, are locally discontinuous. Halite in argillaceous zones is coarse to very
coarse l-llla, some incorporative, with b-¢ margins present upward, and irregular

zones of medium to very coarse 1V, with displacive contacts with clay. Claystone in

upper par. Ciaystone in upper part with hint of strata, very coarse la to 4", some

sic textures. Upper surface sharp and undulatory over 6".

Halite, trace to moderate polyhalite, trace to moderately argillaceous. .2’ thick
polyhaiite bed with some medium i-lla-b at 948.5. Divided into upper argillaceous
and lower polyhalite rich zones by moderately well developed DVT
exposure/solution surface with .5 relief. Crude thin beds (2-8") in lower polyhalite
zone, delineated by polyhalite, become less well defined upward. Interunit pits in
polyhalitic zone to 6" with pits at DVT surface to 1.5'. Polyhalite occurs as local
irregular, discontinuous thin taminae to laminae; irregular, very discontinuous
stringers are common,; irregular blebs, most with__displaciv‘e margins; and POS
texture and crystal drapes/linings on top of strata. Halite in polyhalite zone: mainly
medium to coarse 1\/, range fine to very coarse, interstratified irregular zones or
beds of medium to coarse halite to fine to medium halite to polyhalite or polyhalitic
halitic; trace of fine to medium {l-ilib in pblyhalitic halite. Trace to moderate upward
irregular MP to 1-2"; very coarse cement in MP. In argillaceous zone: clay and
claystone occurs as irregular stringers, very discontinuous irregular blebby very thin
beds to 1*; irregular moderately continuous to discontinuous laminae and thin
laminae, and blebs with displacive margins. Large MP irregular to 6" x 1’ locally,
shows probable interzof{e pits to 6. Halite is medium to coarse IV, with very
coarse in MP; IV is most commt;n 'a't base of zone with some IV and mostly fine to
rhediuni ila-b with some ¢ in Upber pért, Upper contact irregular over 2-4" , slightly
undulatory, sharp t’cs‘ gra'_dational»due' to later errgrowth of halite.
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950-955 Sandstone, silty, halite cement, brown with local greenish-gray reduction; some sic
in lower 1'. Mostly structureless, trace to some fine to medium la-b, medium at top,
trace very coarse poikilitic halite cement. Trace of rﬁedium to coarse 1a in upper .5
with well-developed fgces on top, irregular base; trace to some fine to medium la-c
at top. Hints of contorted irregular stratification in upper 1°. Upper contact sharp,
slightly undulatory. | , |

955-956.5 Siltstone,'browh, hint of stratification; sic, some irregular, poorly defined thin
laminae and laminae (in upper .5°). Contains | and some I, mainly la-c, trace to

~ some lI-1lIb-¢, mostly a with some b in medium to fine size. Upper surface
‘undulatory, locally irregular over 2".

956.5-959.5 Halite, moderately polyhalitic in polyhalite-rict zones; trace polyhalite, trace clay in .
argillaceous zones. Polyhalite-rich zones| aiternate with argillaceous zones.
Polyhalite occurs as blebs mostly, biebbly laminae, very irregular, discontinuous
stringers and thin laminae, one regular continious thin lamina near base. Clay and
claystone occur as large blebs, large "‘blebby" jaminae and yery thin beds 1/4-1"

' thick which are very discontinucus with trace of some étringers. Abundant
displacive margins between halite and polyhalite, rare between 'haiite and
clayst'one.~ Some zones, laminae énd very thin beds show hints of strata and sic
téxtures. Polyhalite blebs locally surround I-lla-b. Clay is brown, some gray.
Locally very crude and medium beds..3-.5' preserved. F-c I-llib-c with trace I-llla in
polyhalite and clay-rich areas. Hal'itei: medium to coarse equant IV with 1V medium
to coarse with trace interstratified fine IV, less common upward. Some to trace P
upward unit contains intermittent pits to 6" and pits from upper contact to 2’; upper
contact irregular over‘1 . DVT exposure/solution surface is sharp.

959.5-965 " Interbedded polyhalite and halite. Halite: trace-polyhalite with local polyhalite
intertaminae, lower interbed with trace gray clay as irregular, moderately continuous
to discontinuous thin !arﬁinae‘énd stringers. | Polyhalite occurs as abundant crystal

. drapes over vel, and crystal linings; some [regular to irrégular. discontinuous to

continuous thin laminae to laminae; irregular, discontinuous stringers, and local
POS textures. Equant medium to coarse IV, some P (vel, BG textures, moderate to
trace to some cement). No visible MP. Polyhalite is microcrystalline, thinly
laminated to laminated, contorted to wavy to regular, local cross-laminae with sets
<1" x 3-4" (locally halitic). Interbedded with some zones of anhydrite. Upper
interbed contains some irregular zones of, subhorizontat I-l{lb-c. Locally upper
interbed with poly to anhydrite PAGS to 1/4". Middle interbed with halite PAGS to
_1/4". Upper contact sharp, slightly i(reguiar ciwer 2"
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Halite, trace to some polyhalite, trace to some clay, with zones of claystone in
upper part, and claystone at upper contact {.5+'). Major DVT exposure/solution
surface at 970.5 ‘with 1-1.5" relief divides unit into argillaceous zone above DVT
exposure/solution surface and polyhalitic zone below. Strata in polyhalitic zone:
crude in lower 1’ with very thin beds 1-2"; above lower 1’ moderately well defined
thin to medium beds to 975’ (3-6" thick); above 975’, crude thin to medium beds 3-
6" thick, strata less well preserved up to DVT exposure/solution surface. Polyhalitic
zone contains some 6" deep pits throughout section, with 1.5-2.5" deep pits
originating at DVT exposure/solution surface. Polyhalite in polyhalitic zone: occurs
as irregular moderately discontinuous to very discontinuous thin laminae and
laminae; irregular, very discontinuous st'ringers; blebs rare below 975’ become
more common upward (but still only trace amounts), some show displacive
margins; medium to fine halite crystal drapes (rare) and crystal linings near tops of
strata, with some displacive boundaries. VO MP are rare below 975, some above
975“to 1" x4", irregular and large only below 975’ to 6" x 1+’, rare, and small to 2"
common above 975°'. Halite in polyhalitic zone is mainly medium to coarse 1V, local
very coarse in MP, fine IV occurs in sequences of clear halite, fine or fine to
rhedium halite, polyhalite or polyhalitic halite. Halite has trace primary, trace to
some cement. Argillaceous beds within polyhalitic zone have a range of displacive
halite, mainly f-c I-litb-c. Upper zone becomes increasingly argillaceous upward to
argillaceous halite in upper part with upper .5+’ consisting of brown to gray
claystone. Shows some crude DVT textures as irregular zones of trace polyhalite-
rich fine 1V, some pods from 967-968.5. Crude to absent medium beds (6-10"
thiék) below 867. Above 967, irregular to regular discontinuous lfaminae to thin
beds 1/4"-.2° of ciaystone occur over irregijlar exposure/solution surfaces; claystone
shows sbme irregular, wavy to contorted thin laminae to laminae and sic textures.
Planar zone of claystone .3-.5" thick at upper contact. Claystone covered
erosion/exposure_ sun‘aces are very irregular over 6", often cut and terminate zones
of underlying halite. Clay and claystone in argillaceous halite mostly irregular blebs,
very discontinuous irregular "blebby” laminae, and stringers; most all show
displacive a-b mvargins. Claystone strata, zones and blebs contaih incorporative
fine* to medium, I-lla-b*. Clay lines some fine halite. Halite in the argillaceous
zone trends generally from medium to coarse equant IV upward to fine equant IV to
displacive halite (fine to medium I-llb-c, trace medium I-l1a) in argillaceous halite to
claystone. Trace primary, trace to some cement (some very coarse) in pods and
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macropores. Tepee-like structure developed on polygon margin tilts strata up
with 4-5" of displacement, polygon margin|shows downward translation into pit
of clays, 3.5’ deep. Argillaceous zone coniains probable pits to 6" deep locally,
with 3+’ deep pits originating at top. Upper surface planar.

Halite, trace polyhalite, argillaceous in upper part above 991. Polyhalite occurs
as confinuous to moderately discontinuous upward, regular to irregular, thin
laminae to {aminae; irregular discontindous stringers become common higher,
blebs irregular above 997’, below 997’ polyhalite commonly drapes over vertical
bottom grown halite, crystal on coarse halite with displacive margins become
common upward (absent to rare above 997°). Polyhalite delineates well defined
to moderate to crude (upward) thin to medijum beds (3-12"). Halite in polyhalitic
zone is mainly equant to vertically elongate medium IV overlain by some fine
to coarse; trace to major primary with vertical BG fabric in m-c IV, primary
(decreases upward), trace cement (increasing upward). Blebs abundant in

- polyhalitic zone above 993 as are blebby laminae (discontinuous) with abundant
displacive margins, 6-12" pits in lower part originate from within unit and deep

pits (to 9') originate at DVT exposure/solution surface with 4" relief at 991
Upper zone is increasingly argillaéeous upward to claystone at top; contains local
traces of polyhalite as irregular blebs, mostly in pité. Halite is in 5 broad zones;
equant medium to very coarse IV:with a trace of IV and II-llla-b and some lI-ilic
in more argillaceous zones at base; equant m-c IV with zones and pods of fine
IV and m-c Hila-b and some f I-lllb-c irln more argillaceous zones; mainly f-c
llib-c with trace I-lla and incorporative gh:wth, f-c IV; f-c Ilib-c with trace la; to
f-m I-lla with some I-llb in claystone, witb fine_ halite abundant in irreguiar
subhorizontal zones and pits in interval displaying DVT text (moderately
advanced). Local |-llla-b, fine to coarse,’i_n more clay-rich zones. Clay occurs
as irregular moderately continuobs to vely discontinuous thin laminae, laminae
and near top; irreguiar blebs with displacive margins and bleb-like discontinuous
stringers. Claystone moderately abunde,mt in upper 3’ as irregular zones and
beds to .1-.2°, with abundant I-llla-b, with some ¢, fine to coarse, and local
irregular pods of medium to coarse 1V, claystone with hints of thin laminae and
locally abundant sic texture. Upper 1" mostly claystone-with sic texture in lower
half and medium Ja in upper half. Up;:]»er surface is planar, slightly irregular,
sharp. i ,

“Polyhalite, medium crystalline, crosslaminae sets. to 1" x 3" in lower .2-.4".
Upper part has indistinct contorted strata, with irregular discontinuous zones of
halite. Shows possible coated grains in lower part. Upper contact sharp with
undulatory surface with 6" relief.




1002-1006

1006-1013

1013-1029.5

WIP:AIS1034w/o

Halite, trace polyhalite, trace gray clay and anhydrite. Polyhalite occurs as
irregular, moderately continuous to very discontinuous thin laminae, laminae,
blebby laminae and stringers, with local irregular blebs, mostly in pits. Polyhalite
delineates moderate to crude thin to medium beds 3-4". DVT exposure/solution
surface with 4" relief and pits. Clay as irregular discontinuous thin laminae to
laminae. Pits to 1' maximum. VO MP rare to 1/2 x 2", irregular rare to' 1". Halite in
sequences of fine to coarse equant, clear 1V, fine to medium cloudy 1V, polyhalitic
fine IV or polyhalite. Trace to some primary, moderate cement {-llla-b in polyhalitic
and argillaceous zones; medium to coarse Ic preserves. Upper surface sharp,
irregular over 1", with slumping into some pits on a smali scale. Sulfate crystal
growth in cavity.

Halite, trace to some (upward) clay with trace polyhalite in lower part. Polyhalite
occurs as irregular blebs with some displacive margins and very discontinuous

irregular stringers. Claystone occurs as irregular moderately continuous laminae

delineating 1-4" thin to medium bed in upper part and blebs and discontinuous to

irregular blebby thin laminae to laminae, blebs in pits with abundant displacive
margins. Local I-lla-b, medium to\fine in clay-rich zones. Fine to coarse equant IV
and zones of fine to medium equant opaque IV; trace to some primary, trace to
abundant cemeﬁt. Fair to medium [-llib, medium to coarse I-lla-b in argillaceous
zones. Pits to 1. VO MP abundant, 1 x 3", irregular 4-3". Upper contact sharp,
irregular over 2", with local pits to 6". Clay brown with local gray.

MB103. Anhydrite, lower part anhydritic dolomite. .5-1' gray claystone at base is
thihly laminated with subvertical 1/2-1" thick halite-filled fractures. Dolomite zone to
1025.5 shows abundant weeps and surface is moist (Figure 1). Thin zone of
probable ripup clasts at 1028, overlain by probable tepee structure. Zone with
laminae and wavy laminae and possible organic material in algal zone 1026-27.

- 1/4” halite PAGS at 1025. Upper part of anhydrite thinly laminated to laminated to

very thinly bedded, most parallel, some wavy, contorted to convolute bedding;
abundant halite and rare anhydrite PAGS to 2". Upper contact sharp, marked by
possible.tepees with 6"-1 relief.
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FIGURE 1 RIP UP CLASTS AND ALGAL STRU'[CTURES IN BASAL MB103

1029.5-1036.5 Halite, trace polyhalite, clay is trace to some above the lower 1-1.5'. Trace
anhydrite as irregular thin laminae and stringers, discontinuous and biebs, with
some displacive halite margins above 1034-35. Clay occurs as irregular thin
laminae to laminae, discontinuous to modq‘rately continuous, blebs and irregular
zones in topographic lows. Polyhalite occ;urs as discontinuous irregular blebby
laminae and blebs with dispiacive halite meflrgins (coarse size, a type). Abundant
‘displacive margins with sulfate and clay. Local VO MP 1 x 4", irregular to 2", pits
locally 6" to 1°. Abundant DVT exposure/sojution surfaces marked by clay with <6”
relief (incipient). Coarse to very coarse equant IV with fine to coarse 1V in
argillaceous zones. Halite medium to co:arse IV, trace to some primary, some
cement. Medium to coarse !I-llib-c in lowef argillaceous zones to I-llla-b upward;
fine I-llib-c increaées upward. Upper comac;:t sharp, irregular over 6".

1036.5-1037.5 Anhydrite; thinly laminated to laminated;ihalitic in irregular zones of IV and as
poséible pseudomorphs after gypsum cljastic grains; strata contorted to very
irregular. Halite zones very discontinuodﬁs, support topographic highs. Upper
surface irregular, undulatory over .5'. |

1037.5-1046.5 Halite, trace polyhalite near base; irregular]anhydrite int.erbed at 1042", .2-.3" thick.
Local anhydrite laminae to thin laminae frtl')m 1039.5-1049.5, trace polyhalite and
clay in upper 2°. polyhalite in lower part: regular thin laminae to lamina'e,
moderately discontinuous to continuous, planar; in lower 2’ with some BG halite,
lining halite crystals and local POS textun’as; irregular biebs with some displacive

" margins; irregular, discontinuous thin Iamiqae to laminae and stringers above lower

i
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2'; local irregular polyhalite zones in pits. Anhydrite interbed structureless to thinly
laminated to laminated, contorted to wavy, very irregular overall morphology
associated with large (6" x 1') subhorizontal MP with very coarse la margins. Poly
blebs with coarse displacive halite margins in upper part. Anhydrite in pits shows
thin laminae to laminae, moderately continuous to discontinuous, with trace clay.
Halite below anhydrite: mainly equant f-c IV with trace very coarse cement; beds of
clear coarse halite, fine to coarse cloudy halite to polyhalite or polyhalitic fine halite;
i-lllb-c. Halite above anhydrite; medium to very coarse, to medium to coarse, IV
with some to trace primary, some cement; I-lllb-c with trace I-lila. Halite at very top
is trace equant fine to medium IV in pods and lenses. Halite: medium to coarse IV,
local tine with polyhalite in lower 2'. Local large irregular MP to 6" with VO 1" x 4"

are abundant. Abundant pits 6" to 3’ locally, deepest originate at upper surface.

. Upper contact sharp, irregular over 4"

Halite, moderately argillaceous in lower 2’, claystone laminae in .5’ zone near top
contact, with trace to some clay elsewhere through unit. Lower .5’ moderately
polyhalitic, trace polyhalite throughout. Polyhalite occurs as irregular discontinuous
thin laminae to laminae and stringers in Iov\ver part, irregular blebs and zone and
“blebby" stringers in upper part; mostly blebs with some displacive margins in pits.
Clay occurs in irregular zones; irregular discontinuous stringers to thin laminae to
very thin beds to .1°, with some I-lla-b, fine to medium, in topographic lows; blebs;
laminae near top, translocated into pits; pits contain I-illa-b, fine to very coarse.
DVT textures well developed in lower part of unit with irregular subhorizontal pods
and zones of fine IV. DVT erosion/exposure surface at 1050°. Clay is brown with
some greenish gray. Halite, medium to coarse, IV, trace primary, abundant
cement; trace opaque to medium équant IV in pods, lenses, zones; fine to medium
I-llb-c, trace la in argillaceous zones; equal amounts of medium to coarse equant
IV and fine I-llIb-c in upper 6". VO MP to 1" x 2", irregular MP to 1°. Abundant pits
6" - 3'. Upper surface sharp to slightly irreqular over 1-2".

MB 105. Polyhalite and halitic anhydrite, medium crystalline, laminae to 1/4" thick..
wavy, parallel, contorted to convolute. Lower halitic anhydrite showing possible
halite PAGS to 1/4". Some possible collapse. Also possible halite pseudomorphs
after gypsum clastic grains. Anhydrite locally contains irregular halite-poor zones of
polyhalite. Upper contact of anhydrite with polyhalite shows possible load type
deformation, sharp with incipient pillows. Upper surface undulatory over 1° with a

-10-
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wave length < 5'. sharp. Polyhalite i6cally contains irregular zones of halite near
top. '
Halite, trace to some polyhalite, argillaceous [and polyhalitic from about 1057.5 to
top, .5' brown halitic claystone at upper contact. In polyhalitic zone, poly occurs as:
irregular subhorizontal discontinuous stringers, thin laminae to laminae, in lower 1’

shows some vertical crystal shapes and lines{some medium la displacive halite as

crude POS texture, irregular blebs (some with displacive margins) mostly in pits,
irregular to discontinuous "blebby” laminae. Trace brown to gray (anhydritic) clay
as irregular discontinuous stringers in pits. Polyhalite, as "blebby” laminae, very

discontinuous and irregular and stringers ard irrequiar blebs dominate upward.
Incipient poIYhalite boxwork texture from 1056.5-1059'. DVT exposure/solution
surface with about 6"-1° relief at 1056.5. Halite in pdlyhalitic zone: generally fine to
coarse equant IV, trace to some primary andito some cement. Clay in upper par
as irregular discontinuous thin laminae and "blebby" laminae, stringers and blebs
local irregular zones in topographic lows. L!lnit below argillaceous zone (below
about 1057.5) is thin to medium bedded, cruqe to well defined, 3-6", delineated by
polyhalite. Interbeds have general sequenc{a of polyhalite or polyhalitic halite at

base, clear coarse halite and trace to some jprimary and cement in macropores,

-overlain at top by fine to medium cloudy halite. VO MP to 1/2" x 2" and irregular

MP to 6+", most about 1-2". Pits abundant, 6"-3' deep with translocated material.
Fine IV moderately abundant in Iov;/er 2-3' anc} from 1058-1061. Some opaque fine
to medium 1V in beds or zone with clear me:dium. Upper contact sharp, slightly
undulatory over 3" with a wave length of about.6". Claystone at upper contact .5+’
thick thickens to <1’ over pits, contains medium to coarse I-illa-b in lower part,
thinly laminated with some sic texture and fihe I-llic in upper part (.1-.2"); brown
clay with local gray. Trace to some primary, rr:oderate cement. .

Halite, trace to some polyhalite’, trace to sor:ne clay in upper part. Has clay with
halite and some claystone in pits originating fat upper contact. Unit \has moderate
amount of pits 6"-4' deep. .5' polyhalite at base with irregutar zones of halite, local
thin laminae to laminae with possible halite!a PAGS to 1/4". Halite is generally
medium to coarse equant IV, some cement in] pores and pipes, and fine to medium
opaque equant IV.in nearly continuous beds.! Moderately well to crudely medium
bedded 4-12" delineated by "blebby" Iaminae: of polyhalite. Upper 1’ argillaceous.

Polyhalite granular, slightly argillaceous‘;‘. Occurs as irregular blebs and

discontinuous irregular moderate to very discontinuous with some stringers. Local

1
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blebs of claystone in pits with fine to medium I-liic and trace medium to coarse I-lia-
b*, trace gray clay infiitrated into pits. Polyhalite blebs show some displacive
margins. Local irregular MP to 2°. Trace clay stringers locally. Upper surface
planar, with pits.

Halite, trace to some polyhalite from 1098 to about 1091; becomes trace to
moderately argillaceous in upper part with. irregular zones of claystone. Polyhalite
occurs as moderately continuous irregular thin bed .1-.2° thick at 1094, irregular
moderately continuous’ but more often very discontinuous thin laminae to laminae,
irregular stringers, irregular blebs with some displacive margins (mostly in pits and
irregular "blebby" laminae (as solution lag surfaces, and zones in pits with medium
to coarse I-lla-c. Strata in polyhalite zone are very crude to not distinguishable,
from fine to medium beds 2" - 1.5". Halite in polyhalite zone medium to coarse 1V,
very coarse IV in MP. Trace primary, trace cement in MP. VO MP 1" x 2" are rare.
Irregular MP to 3". Pits 6" to 2+'. From about 1091 to about 1087, halite is mainly
fine to coarse equant IV, with trace primary and some cement in MP and some
pipes; some fine to medium lI-lilb-c in irregular zones and argillaceous blebs. Fine
to medium equant opaque IV in discontinuous beds to pods with zones of fine to
coarse ll-lilb-c and some medium to coarse equant [V. Above 1087, unit becomes
moderately well to crudely thin to medium bedded 4-8" with irregular laminae of
polyhalite or clay delineating strata, local boxwork fabric present. Above 1087,
polyhalite becomes partly argillaceous and occurs as irregular continuous to locally
very discontinuous thin laminae and laminae, with abundant very discontinuous
biebby stringers and blebs. Appears very disrupted by pits and MP, irregular to 3"
Near 1085, DVT exposure/solution surfaces are present with polyhalite and clay
laminae as continuous‘to very discontinuous laminae and local solution lag;
collapse of bedded blook into pit. Halite in upper argillaceous zone: generally
medium to coarse IV with trace primary and trace to some cement. Displacive
halite above 1085 trends from mediuh to coarse la-b to fine to coarse I-llla-c
(mamly b) to fine to coarse l- Illb -C upward Laminae and blebs and blebby stringers
show some dnsplacxve margms Clay becomes more dominant (brown to locally
gray) upward as 1rregular discontmuous stringers, blebs and irregular continuous to
discontunuous Iammae to thin beds of claystone. Exposure surfaces are topped by
claystone much of th:s claystone shows medium to coarse I-lla-b. Claystone zone
in topographic Iow shows rippling. Claystone with well developed medium to
coarse |-lla, some wreguiar strata (laminae to thin laminae) occur in irregular zones
which are vertically aligned. As no laterally equivalent claystone occurs these
probably originated as infiltration mud transported in deep channels in pits or small
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caves; these zones cross-cut halite strata and are very irregular and show no
internal continuity with strata. They are, however, vertically interconnected; large
zone at upper contact showing trough laminae and paralle! laminae (Figure 2).
Upper 2’ very argillaceous with claystone blebs. Abundant pits i6”-2" deep.

Claystone 2-6" continuous with large pit of claystone, ripple cross-laminae (1/4-2")

. with medium to coarse I-lla. Upper surfacia sharp and undulatory of 3". Pits

originate in claystone at top. f

|

P 3l s
- .
claystone - Shape of Channel
thin, dipping beds : v Feature NNW side
- AlS

(
claystone|~
parallel and thin laminae
in .troughl form

|

i

FIGURE 2 CLAYSTONE FILLING DEEP SOLUTION CHANNEL

1098-1109.5

WIP:AIS1034w/o

OR ORIGINAL SMALL CAVE, SOUTH SIDE AIS

. Halite, some to trace polyhalite; above lower ::2' trace to some brown with some gray

clay. Polyhalite occurs as .2-.3' thick irregula;tr halitic bed at base with collapse into
underlying pit, irregular discontinuous thin lanﬁinae, laminae, stringers, and irregular
zones and blebs in pits with displacive margins. Clay occurs as irregular very
discontinuous stringers and blebs with dis:plaCive margins and less frequently
irrégular discontinuous to moderately conti;nuou‘s thin laminae and laminae and
irregular zones. Crude strata locally preserv;ed near middle of unit, 4" to 1’ thick to
medium beds with fine to medium I-lil. Polyh‘;alite and clay translocated in pits. Pits
6"-3' deep and abundant. VO MP rare, 1" x :i3"' irreqular MP locally abundant to 2-
3". Local subhorizontal zones of claystonefwith‘fine_ to medium [-llia-b. Halite in
unit is mainly medium to coarse 1V, localljly very coarse in MP. Trace to some
primary, some cement in MP and pipes. Unillt tends to ll-llIb-c with a trace of la-cin ~
argillaceous and sulfate parts. Upber 5 cliaystone, brown with fine to medium |- |
Ila-b mainly la. Upper contact sharp, planari, pits 6"-2". |

[
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1119.5-1132.5

1132.5-1137.5
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Halite, some to trace polyhalite from 1119 to about 1113, trace brown and gray clay
in upper 3' above DVT surface. Lower .5 consists of laminated polyhalite at top
with swallowtails and anhydrite at base with .1’ thick anhydritic gray claystone within
laminae. Polyhalite occurs as continuous, slightly irreguiar thin laminae to laminae
in lower 2’, to discontinuous irregular thin laminae, laminae, stringers, and irregular
blebs and small zones with displacive margins, common in pits. In lower 2’, POS
textures and well develobed crystal drapes showing BG halite occur. Some
vertically elongate halite zones are planed off by polyhalite laminae. lrregular DVT
exposure/solution surface occurs near 1113 with 1.5’ relief. Clay occurs as
irregular very discontinuous thin faminae, stringers and biebs, many with displacive
(a-b) margins. Foreign material delineates thin to medium beds (2-10" thick) well
defined at base o crude at top. Local medium to very coarse i-ilia in pits with
polyhalite. Contains abundant pits to 5' deep, most 6" to 2. Some originate at
upper contact. Pits and MP rare in lower 2’, become abundant upward. VO MP to

1" x 3", irregular; MP to 4", Halite is medium to coarse and some very coarse |V,

' major vertically elongate and primary in lower 2’ to some to trace primary upward
-with equant halite. Cement trends from trace in MP near base to some cement in

vertical macropores and pits in argillaceous zone. Argiilaceous zone exhibits
medium.to coarse [l-lllb-c with trace la-c in blebs anﬁ thin laminae of clay and
polyhalite. Upper surface irregular with pits and collapse of overlying material,
sham.

Halite, clear in lower part, argillaceous in upper part; argillaceous part is trace
polyhalitic, with discontinuous and irregular locai thin laminae to laminae ot
anhydrite. Polyhalite occurs as irregular blebs, most showing translocation into pits.
Clay occurs as irregular discontinuous to moderately continuous thin laminae and
laminae (to 1/2"), horizontal to subhorizontal, delineating thin to medium beds 2-10”
thick. Clay occurs in blebs and irregular zoﬁes, and translocated material in
shallow pits. Pits occur locally to 2+’ deep. Medium to coarse equant v
throughout unit, trace fine [V in clear parts in lower 2'; zones of medium to coarse
I-ilb-c, and very thin zones of fine to medium I-llb-c, trace lllb-c, in clay-rich zones.
VO MP to 1" x 2" and local 2-3" irregular MP. Local clear pit to 1" x 1.5” at upper
contact. Upper contact sharp, marked by .2’ thick brown claystone with medium to
fine ib.

Halite, trace polyhalite below about 1135 in lower pan, trace to some argillaceous in
upper part. Polyhalite occurs as irregular, moderately continuous to discontinuous
thin laminae o very thin beds (one at 1135.5), stringers, blebs ahd irregular zones;
blebs and zones mostly in pits showing displacive margins, some with very coarse
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IV. Clay occurs as irregular, discontinuous (becoming more continuous upward),
thin laminae to laminae in upper 6", blebs, irregular zones; content increases from

trace to moderate at top. Local laminae of claystone present near upper contact.

Contact between argillaceous and polyhalitic zone is irregular over 2' DVT

exposure/solution surface at about 1134 andjabove. Shows pits 2'-6". VO MP to
1" x 2", irregular to 2", moderately abundant,|increasing upward. Polyhalitic zone
shows trace to some primary, trace cement in MP; beds with sequence polyhalitic
halite to coarse clear halite to fine to medium cloudy halite. Halite in unit is medium
to coarse IV, with some very coarse in MP. Upper argillaceous part also shows fine
to medium 1-llib-c and medium to coarse, trace very coarse I-llla-b; moderate
primary near base of argillaceous zone. Halite does not readily display MP in
argillaceous part. Local gray clay near base of argnllaceous zone. Upper surface

.sharmp, slightly undulatory over 2".

Halite, trace to moderately argillaceous (brown and gray clay) and trace polyhalitic.
Polyhalite occurs as irregular, moderate to|very discontinuous thin laminae and
laminae to 1" thick (all rare) and abundan:t irregular blebs and zones with b,c
margins with halite. Some medium to very coarse lb-c. Most blebs are small as
dissolution lags {reworked) and translocat{ad material into pits. Clay occurs as
irregular discontinuous laminae, halitic claystone zones in topographic lows,

-translocated pore fillings in zones to 1’ x 6, at lower contact, and biebs. in pore

. | " .
zones claystone may have medium to very coarse la (crystals to 2" on a side).
f

Halite originally polyhalite-rich; clay infiltrated downward in abundant dissolution pits
from DVT, exposure/solution surface. Upperi part is very argillaceous. Halite is fine
to very coarse IV and a trace of primary ha!fite with pods to discontinuous layer of
fine 1V from 1139-1140 near middle of unitj at DVT surface. Clay-rich upper part.
has irregular zones and discominuous,lamirjlae to thin beds of claystone with fine I-
1lib-¢c and medium to coarse halite I-llla-b?; fine 1-1llb-c becomes more fine I-illa
upward. Unit contains abundant pits 6" -3) deep showing infiltration of polyhalite
and clay. Upper surface is sharp, slightly irr,'egular over 1". Claystone locally shows
sic textures. : :

Anhydrite and polyhalite in irregular zones a:.nd in lower 1.5-2". Lower .1-.3' consists
of gray claystone with irreguliar thin sulfate ‘Ilaminae, medium crystalline. Halitic, as
halite PAGS 1/8-2" high within laminae, as! possible halite replacement of gypsum -
clastic grains in local irregular, discontinu'ous zones, and as coarse halite filling
voids associated with desiccation feature.| Polyhalite and anhydrite may occur as

PAGS, most small (1/3-1/4" high). Some zones of halite PAGS grade laterally




1147.5-1155

1155-1159
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{often within same lamina) into polyhalite or anhydrite PAGS. Laminae of
polyhalite ére laterally traceable within anhydrite. Strata thinly laminated to
laminated, wavy to convolute to slightly contorted. Cross-cutting relationships are
abundant near poiyhalite/anhydrite transition and near top. Upper 1-1.5" shows
abundant halite and displays "teepee” structures with abundant porosity filled
with infiltrated black to gray clay and halite cement. lDepositior'\ occurred

- between tepees folldwing their development. Swallowtails now filled with halite

possibly collapsed. Large desiccation? prism crack with infiltrated black clay and
halite cement (about 5’ deep) with polyhalite alteration on margins of crack.
Polyhalite-rich irregular zone adjacent, but not connected with polyhalite in crack

- - contains no halite, possibly more porous. Black clay laterally infiltrated into

strata from crack. Upper contact sharp', irregular over 1° with abundant relief.
Halite, some to trace polyhalite upward, trace to some gray clay and anhydrite
in upper 1'. Polyhalite is generally more granular than previously observed and
occurs as very irreguiar moderately continuous to very discontinuous thin
laminae to very thin beds (to .1’ thick, maximum), irregular very discontinuous
stringers, irregular small to large blebs, and irregular zones. Blebs and zones
may show displacive margins and some contain medium to very coarse la.
Moderately well to crudely defined thin to medium beds 2"-1’ thick delineated
by polyhalite. Halite is commonly in sequences of polyhalite or polyhalitic halite
to clear coarse halite to medium-coarse cloudy halite. Clay occurs as irregular
very discontinuous laminae to thin laminae, zones and irregular blebs often with
a-b margins and local medium la within clay. Clay is gray. Fine to very coarse,
mainly medium to coarse halite IV; fine IV occurs in pods and lenses in upper
1" with clay. Trace primary, some possible vertically elongate halite in polyhalitic
zone; trace to moderate cement.. VO MP TO 1" X 3" with irregular to 3". Pits
with translocated polyhalite 6°-3+ deep. Upper contact planar wavy, undulatory
(3" x 3-5'), sharp.

Halite with thin interbeds of anhydrite: .2-.3", .1-2’, .2-.3’, and .5-.6’ thick from
bottom to top. Anhydrite interbeds are thinly laminated to laminated, parallel
to wavy to contorted, medium crystalline, halitic. Halite in anhydrite intérbeds:
some imegular discontinuous thin beds to 1" thick of halite PAGS to 1/2" high;
péssible zones of intermixed anhydrite and halite with possible clastic texture;

- some ireguiar zones of fine halite with anhydrite are very irregular and

discontinuous - possible early replacement of gypsum grains by halite. Halite:
mainly medium to coarse 1V, with local zones of fine associated with sulfate.
Trace primary, some cement.
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1164.5-1167

1167-1174
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Local VO MP to 1" x 3". Thin to medium beds well delineated by sulfate. Sulfate
within halite interbeds is mdstly polyhalite in lower part and anhydrite in upper part.
Distinct polyhalite zone (0-1" thick')‘ occurs in topographic low on top of first
anhydrite interbed. Sulfate occurs as very continuous to moderately discontinuous
thin laminae to laminae with rare stringers, irregular blebs and POS textures in
lower halite interbed. Pits to 4" deep in lower tpalite interbed. Upper contact sharp,
slightly wavy and irregular over 1,

‘Anhydrite at base and top gray mudstone with coalesced to isolated anhydrite
nodules in middle, and polyhalite - thinly laminated to laminated with halite PAGS
1/8-1.5" high. Medium crystalline. Anhydrite: thin laminae to laminae with irregular
and discontinuous laminae, most parallel, some low angle cross cutting
relationships, local stumps, and deposition drapes Idwer contact. Laminae

deposited on sides of topographic highs at lower contact slumped downward into

_troughs. ‘Some small (<1/2" x 3") ripple cross laminae sets occur. Overall thickness

of strata decreases from about 1/4" to abput 1/16" at top. Small anhydrite
pseudomorphs after bottom grown gypsum in some thicker laminae in upper half of
anhydrite. Surface below nodular zone is irrefgular with some strata terminating at

.. nodules. Argillaceous nodular part: clay content increases from moderately

argillaceous anhydrite at base to anhydritic mudstone at top. Anhydrite occurs as
well developed nodular material with possible bedded nddular textures in lower .1’
and .1" thick zone in middle of unit which retains small 1/8" anhydrite PAGS. Above
middle bedded nodular zone, clay content increases and nodules are isolated in
mudstone. Below bedded nodular zone, nodules coalesce. Upper surtace ot
argillaceous part is sharp, upper 1/4-1.5" of argillaceous zones shows thin laminae
to laminae. Upper polyhalite-rich part has irregular thin laminae to laminae with
abundant 1/8-1.5" halite and polyhalite PAGS.

Halite with trace to some (upward) polyhalitel. Polyhalite occurs in irregular zone,
subhorizontal, to 1/4-2" thick on dissolution surface and irregular blebs mostly in
pits. Medium to coa"rse.halite IV, trace very coarse as cement. Trace to possible
abundant primary, moderate cement. I-lila-c near top. Irregular MP to 5';. Pits to
6" near top. Upper contact irregular over 2", s;harp. ,
Anhydrite, medium crystalline, thin laminae 1}:0 laminae, contorted to convolute to
wavy; with possible clastic halite and halite PAGS to'1" high. Upper surface sharm,
very irregular over 2". o '

Halite, trace polyhalite, local zones with trace |gray clay. Two upper 1/4” polyhalites
and lower 1" polyhalite as irregular continuqus strata near base. Polyhalite also
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Halite, trace to some polyhalité, zones with trace gray clay, very argiilaceous brown
halite or halite claystone in upper 1.5’. Well defined at base to crude upward, thin
to medium beds (4-8" thick) delineated by polyhalite. Polyhalite occurs as irregular
continuous laminae and thin beds 1/4-2" thick in lower 3'. frregular continuous to
discontinuous thin laminae and stringers, "blebby" thin laminae and laminae, local
irregular bleb-liké zones 1"-3" thick‘with medium to very coarse Ib. Polyhalite
translocated downward in abundant pits td 3" deep. Clay occurs as discontinuous
irregular stringers and local blebs. Gray, trace brown clay in pits and near top.
Medium to very coarse IV, trace fine throughout; medium to coarse I-llla-b to fine to
medium I-lllb-c in upper 1.5'. Trace to some primary, trace to some cement.

.Abundant MP irregular to 3", VO 1/2-1" x 1-2". Qverlain by brown claystone zone.

Contact on irreg"ular surface with 4’ relief. DVT exposure/solution surface. Halitic
claystone shows sic textures. Upper surface planar.

Halite, trace polyhalite in lower part, trace gray clay at top. Moderately well to
crudely defined upward thin to medium beds (2-8"). Strata not apparent above
1211'. Polyhalite occurs as irregular, discontinuous thin iaminae to stringers,
crystal linings and POS textures in lower 2'. Above the lower 2', polyhalite mostly
occurs as larger irregular blebs with some irregular discontinuous thin laminae and
laminae locally. Blebs as solution lags and in pits, often show displacive margins.
Clay occurs as gray with some brown stringers and local blebs. Fine to very coarse
IV overall; medium to coarse to 1214, medium to very coarse to 1209, fine to
coarse to 1208. Below 1210.5, shows sequences of polyhalitic or polyhalitic halite
to coarse clear halite to medium to coarse cloudy halite. Trace primary, trace to
some cement. MP moderate to abundant upward, VO 1/2-1" x 1-3", irregular to 4“a
most common upward. Contains abundant pits to 3' deep with translocated
polyhalite throughout unit. Upper surface sharp, marked by collapse of overlying
material into pits, slightly irregular over 1". Irreguiar zones of fine IV near top.
Polyhalite, medium crystalline, locally halitic aé irregular to well defined lenticular
zones 1/2" x 3" parallel to strata. Hints of laminae-to structureless. Upper surface
sham to irregular over 2". ‘

Halite, trace polyhalite, alternate zones with trace gray clay and anhydrite near
base. Poly occurs as continuous to very discontinuous thin laminae to laminae,
irregular discontinuous stringers, blebs mostly in pits and crude POS textures. Clay
as irregular, very to moderately discontinuous, thin laminae and stringers, often
associated with fine IV (in irregular zones). Mostly medium to coarse 1V, with some
fine to medium in basal zone and trace fine IV at top. Trace primary, trace abundant
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. |
-OCCUrs as irregular moderate to very discontinuous thin laminae, stringers, irreguiar

blebs (mostly in pits) and rare crude POS texture. Clay occurs as very
discontinuous thin laminae to laminae, stringers, and blebs. Upper gray
argillaceous part with anhydrite similar to polyhailite. Blebs with I-lla margins,
middie of unit crudely thin to medium bedded (2-67). Abundant pits to 6" in upper
part. MP trace to some moderate with VO MP 1/2-1" x 1-2", and irrequiar, rare to
2". Medium to coarse IV, with irregular zones and beds of polyhalitic halite to clear

coarse halite to fine cloudy halite. Foreign material translocated down into pits. I-
Illa-b in upper 2', mostly I-llb upward. Trace primary, trace to some cement in

~ macropores. Upper contact irregular, anhydrite content increases to abundant in

upper 2". Small 1/4" swallowtails in lower most polyhalite bed.

Halite, trace polyhalite below 1174; brown argillaceous zones above 1174ﬁ zones of
halitic claystone near top, upper contact gray. {Polyhalite occurs as irregular,
moderately discontinuous to very discontinuous thin laminae and laminae, local
irregular discontinuous stringers, irregular zones in pits with displacive boundaries,
irreqular blebs large to small (large mostly in pits)|with locally abundant displacive
margins and medium to very coarse la-b. Crude thin to medium beds (3-17)

‘delineated by polyhalite. Tops of polyhalite-rich Zzones show deep pits. Abundant

pits from 6" to 7-8’ deep. MP vertically oriented from 1/2-1" x 1-3" to irregular MP 1"
maximum. Cléy occurs as irregular discontinuous to moderately continuous thin
laminae to laminae, blebs, discontinuous irregular stringers - brown to gray. Halite
is mainly medium to‘ coarse 1V with trace of fine I\J' in polyhalitic zones and trace of
very coarse cement; local irreguiar subhorizontal zones and pods of fine halite with
DVT textures at erosion/solution surfaces on tops of polyhalite-rich zones, and in
pits as pit fillings. Trace to some primary; trace t¢ major cement. Crude poly box-

- work fabric below 1184. DVT exposure/solutiori surfaces. Claystone shows sic

texture in upper gray zone. Halite in argillaceous‘zone above 1184: irregular pods
of fine to medium white opaque IV set in medium to coarse 1V with I-llla-b from
1184-1182; medium to very coarse IV similar to |<f>wer part of unit from 1182-1180;
medium to coarse 1V, some I-llla-b with clay am:j ply in upper pan, trace primary
and cement, trace fine IV in pods from 1180-1177.5; medium to coarse I-llla-b and
tine I-llb-c from 1177.5-1177; from 1177-1174.5|is similar to 1177.5-1180; mainly
fine Ib-c with trace 6f coarse to very coarse la, si:ome Il or 1V in small zones from
1174.5-1174. Lower brown claystone on irregul:ﬁr DVT éxposure/solution surface
with 4" relief, material locally translocated down into pits. Upper surface sharp,

irregular over 1",
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to some cement in macropores and pipes. Some sequences of fine polyhalitic
halite to coarse clear halite to fine and medium cloudy halite. Locally abundant VO
MP 1/2-1" x 1-2" and irreguiar to 3". Unit moderately well to crudely medium to thin
bedded (2-10" thick), delineated by foreign matter. Contains well developed pits 3™
2’ deep with translocated material. Upper surface planar, sharp.

Halite, trace polyhalite. Trace to some clay above basal 2.5'. Polyhalite occurs as
very discontinuous, irregular thin laminae and stringers and irregular blebs with
some displacive margins, large biebs with medium la in pits. Clay occurs as
irregular slightly continuous to very discontinuous laminae and thin laminae (many
as solution/exposure lag), irregular discontinuous stringers and blebs. Blebs and
small irregular zones showing fine to medium I-lla-b. Halite in polyhalitic to 1232
part: medium to coarse 1V, trace fine; trace primary, and cement. Shows VO MP
1/2-1" x 1-2". Halite in argillaceous part: medium to coarse IV, with irreguiar
subhorizontal zones and subhorizontal pods of fine to medium overlain by clay
solution/exposure lags, medium to coarse I-lla-b in clay, to 1227; fine to medium IV
in pods and beds with fine 1-Ilib-c and medium to coarse I-illa-b between pods to
1224; medium to coarse IV with il-Illa-b to 1222; and fine to medium IV with fine to
medium I-llla-b-and basal medium I-lla-b to 1221.5. Clay in argillaceous part is
brown to gray. Argillaceous part shows abundant DVT textures and
solution/exposure surfaces. Pits 6"-2° deep are abundant throughout unit. Irregular
macropores present to 3". Clay and poly translocated down in some pits. Rarely,
fine IV occurs in éome pits. Upper 1.5-5’ shows sic textures. Filled prism cracks to

+ 4" deep at upper contact. Upper surface planar, sharp, locally irregular over 1

Polyhalite, microcrystalline, underlain by 1-3" thick gray claystone, medium to thinly
laminated locally, upper contact of claystone with polyhalite shows gravity loading
and slumping with some flame structures around incipient pillows. Halite occurs as

‘probkable PAGS in large (4" x 1" maximum) teepee-shaped zones of halite, possible

BG halite with sulfate drapes, medium to coarse lll, local irregular zones 4 x 8" of
coarse to very coarse |V with no to few crystal drapes, local medium to coarse Ic.
Halite z_o,n‘e boundaries with polyhalite are usually irregular. Some crystal linings
within IV may be displacive. Polyhalite is mostly laminar; laminae are slightly
contorted to convolute in hummock (Figure 3). Relief on upper surface great (6-8")
betweé_n hurﬁmocks with about 7° wavelength. Irregular halite zones occur most
often bélow hummocks and are smaller and less common in troughs. Polyhalite in
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troughs shows. collapse and convoluted textures. Higher in the unit, strata thicken
in troughs and thin over the hummocks. Some possible BG halite in concave
upward lenticular zones in troughs near top of unit.

T

no swallowtails

hallte pseudomorphs

FIGURE 3 CONTORTED BEDS AND BOTTOM-GROWN HALITE IN MB112

Halite, trace polyhalite with local interzonnfas with trace to some gray clay and
anhydrite. Pits 1-5° deep. Upper surfaceisharp, planar, marked by gray clay.
Shows crude to moderately well defined medium to thin beds locally 2-8" thick, best
defined near base, with sequence of fine polyhalitic halite to clear coarse halite to
cloudy medium halite with trace of fine. Polyhalite occurs as irregular continuous to

discontinuous thin laminae and stringers, blebs and zones in pits, local crystal

shapes and coating near base (linings, POS textures, locally blebs have medium |-
Ila-b. Clay occurs as irreguiar disco'ntinuou::; to continuous stringers, laminae and
thin laminae, irregular zones, blebs with some fine to medium I-lla. Both polyhalitic

. and argillaceous zones show downward translation in pits and some MP. MP

|
) | . ,
abundant from small to large (4-5"). Mainly medium to coarse 1V, some fine to

1245, trace primary; fine to medium IV in laye‘ers and pods, medium to very coarse in
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irregular subhorizontal zones and some medium or fine I-lilc to 1237, trace to some
primary, trace to.moderate cement upward; medium to coarse 1V with some I-llla to
1235.5. DVT textures abundant in middle of unit. Upper surface sharp with pits to
2' deep, irreguiar over 2". Planed off by flooding. MP size decreases in upper 2’
Halite, trace polyhalite to 1250, some clay in upper argillaceous zone. Polyhalite
occurs mostly as large blebs with medium to coarse la:b halite, simitar to 1253-
1260. Clay as blebs and biebby stringers, irregular discontinuous thin laminae to
laminae. Blebs become abundant upward with I-li-llla-b with blebs. Local pits to
6". Fine to coarse |V halite mainly medium, fine to medium 1V abundant in upper
1.5 as irregular pods and lenses. Trace primary, moderate cement. Fine to
medium I-lla-b in upper 1.5 in halitic claystone. Upper surface sharp, pianar.
Polyhalite, medium crystalline with 1/4 to 1" thick gray clay at base with load

features into clay. Trace medium to coarse la-b locally. Mostly structureless shows

some irregular thin laminae with contortions. Upper surface sham, irregular over 2.
Halite, trace polyhalite, trace brown to gray clay in upper part. Polyhalite as very
discontinuous thin laminae to laminae, discontinuous stringers and irreguiar blebs
and zones mostly in pits as translocated material, often as solution lags. Blebs
small at base, large at top. Clay as irregular discontinuous laminae over
exposure/solution surfaces and disseminated small blebs and stringers. Fine to
very coarse, mainly medium to coarse 1V, fine near top and in possible pits. Some
sequences of polyhalite or polyhalitic halite (fine) to clear halite to polyhalitic halite.
Trace primary near base, moderate cement increasing upward. Trace to abundant
upward VO MP 1/2-1" x 1-3", and irregular MP to 3" near top. Moderate interunit
pits and pits at upper contact to 3’ deep. Upper surface sharp, irreguiar and
undulatory over 3", marked by gray clay.

Polyhalite, medium crystalline, trace halitic. Underlain by 1/4-2" thick gray
claystone. Halite as 1/2-1" continuous to discontinuous subhorizontal to horizontal
zones, some with BG textures. Irregular contorted to wavy thin laminae to laminae.
Upper surface sharp and irreguiar over 2".

Halite, some to trace clay and polyhalite, argillaceous in upper 1.5. Brown and gray
in lower 1.5, gray in upper 2'. Clay as irregular discontinuous stringers and thin
laminae, in pits as blebs with displacive margins. Polyhalite as irregular blebs in
pits. Content of each decreases sharply upward. Fine'to very coarse IV, with
abundant fine in irregular subhorizontal zones and pods near base. Moderate
cement. Abundant MP upward 1/2" x 1" to 2", not VO. Shows local pits to 1’ deep
abundant at upper surface. Upper surface irregular, very undulatory over 6",
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marked by transition to gray claystone. Claystone infiltrated into pits.

Halite, alternately polyhalitic and argillaceous (all trace amounts) with intervening
DVT exposure/solutioh surface. Pitsto 1.5-2’ déep with DVT exposure/solution
surface relief to .5'. Polyhalite occurs as irregular continuous to very discontinuous
thin laminae and discontinuous stringers, crystal drapes, linings, POS texture, and
as irregular blebs mostly in pits. Polyhalite margins frequently displacive. Clay as
irregular discontinuous subhorizontal stringars, translocated, material, irregular
blebs and blebby stringers - often associated with fine IV. Fine to very coarse halite
IV, trace to some primary‘and‘vel, trace 1o some cement, tine [V mainly in
polyhalitic zones and in pods to lenses in gray zones near base.

Moderately abundant MP, some VO 1/2" x 1"} others to 4". Medium to coarse I-lla
with polyhalite in some pits. Local BG tabrics with polyhalite drapes. Upper surface
sharp with pits, irregular over 4°. Local box work fabric in upper 2'.

Halite, trace polyhalite at base, slightly to moderately argillaceous upward claystone
at top. Polyhalite occurs as irregular to continuous to discontinuous thin laminae
and laminae with irregular stringers, irregular blebs (some as lags and some
translocated downward in pits with medium to coarse la), some with displacive
margins. Clay occurs as irregular discontinuo1us laminae, irregular biebs and zones

of blebs, some with a-c margins, rare zones with sic textures, translocated in pits.

'Medﬁum to coarse, some very coarse IV to 1276.5, tracé fine IV near top of zone,

some llla-b, trace to some primary, decreasin:g'upward; trace cement in macropods
increasing upward. Mainly ib-c above 1; 276.5 with some fine ll-llIb-¢, all
surrounding lenses of medium to coarse llla t:o IV. Moderately abundant MP 1/2-1"
x 1-2", VO near base, content increasing u;saward and become larger (to 3") with
less vertical orientation. Pits to 1.5’ deep. Uocal DVT exposure/solution surfaces
near top. Upper halitic clayétone shows crude thin laminae to laminae contorted
locally convolute. Possible desiccation cra<|$ks filled with halite 2" deep at sharp
upper surface, slightly irregular over 1". 1 _

Polyhalite, mediuh crystalline, halitic. Contorted to wavy to slightly convolute thin
laminae to laminae, some with cross-cutting relationship. Halite occurs in irreguiar
subhorizontal zones, some lenticufar, some \with {a-lila-c textures. Upper surface
sharp, irrequiar, undulatory over 6". '
Halite, trace to some polyhalite. Polyhalite occurs as irregular, moderately
continuous to discontinuous thin laminae to laminae and stringers; local blebs; and

irregular zones with medium to coarse la injrare pits, and near top; halite drapes,
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linings and crude to moderate POS textures. Medium to coarse IV, local irregular
small zones of fine. Trace primary, trace to moderate cement. Fine to medium |-
llla-b in polyhalite zone. Some macropores to 1*. Upper surface sharp, wavy. Pits
to 6". '

Halite, trace polyhalite; trace clay, content increasing upward. Locai irregular
moderately continuous to discontinuous thin laminae and laminae of claystone
marking exposure/solution surface in upper 3'. Clay also occurs as discontinuous
irregular stringers, blebby stringers and small blebs. Clay zones may show
displacive halite margins. Polyhalite occurs as irregular small blebs (some with
displacive halite margins) and crude POS textures (only in upper part). Medium to
very coarse |V with some to trace primary and trace to some cement in polyhalite
zone to 1290. Above 1290, halite is fine to coarse 1V, with fine mainly in pods and
lenses 1287-1288, some fine to la-b ubward, also I-llla-c, especially I-llic,
increasing upward, trace to some cement in pores and pipes. Has VO MP 1/2-1" x
1-2". Shows pits to 3 deep. Upper surface sharp, slightly irregular over 1",

Halite, trace polyhalite; 5-6" thick bed of irregular to contorted laminar polyhalite
containing crudely lenticular halite-filled voids to 1/2" x 3" (subhorizontal) with local
medium l-lla-c. Polyhalite occurs as irregular thin laminae, continuous to
discontinuous, discontinuous irregular stringers, irregular blebs (some with
displacive margins and medium to coarse |-!1a) in pits, and crystal drapes, linings,
and POS texture. Fine to very coarse, mainly medium to coarse 1V, trace fine near
top and in polyhalitic zones. Trace to some primary, local BG textures with drapes.
Some to moderate cement. Local small MP to 1". Upper contact irregular over 1,

- shamp. Local pits to 2+".

Halite, moderate to trace polyhalite; irregular zone of polyhalite-poor halite with
trace gray to brown clay at top. Polyhalite occurs as irregular, moderately
continuous to very discontinuous thin laminae to laminae and stringers, locally
occurs as irregular biebs some with displacive margins. Clay occurs in halite
deposited over irregular DVT pitted surface with 1’ relief and in pits to 1-2+° deep.
Clay occurs as irregular discontinuous stringers and is continuous thin laminae at
upper surface and blebs with irregular to rarely displacive margins (in pits). Mainly
medium to coarse IV with local fine as displacive crystals near top of DVT surface
on polyhalite zone and in polyhalite zones of thin sequences. Some to trace
primary; moderate cement. I-llla-c, mostly about IIb in upper 1’; fine to medium has
more irregular boundaries, medium to coarse more planar. VO MP 1/2-1" x 1-2"




1301-1306.5

1306.5-1309.5

1309.5-1318.5

WIP:AIS1034w/o

and irreqular macropores near DVT surface (212-3"). Upper surface sharp, irregular
over 3", marked by brown clay and laminae.

Argillaceous halite with local halite claystone; brown to locally gray. Trace
polyhalite as irregular discontinuous to very discontinuous thin laminae and

stringers, rare "blebby" stringers (solution lags), blebs (rare) and very crude POS

textures. Many displacive halite margins. Clay occurs as irregular discontinuous

thin laminae and faminae, irregular discontinuous zones in topogra‘phic lows and
pits,'irregular blebs with some displacive mellrgins, zones of large blebs with no
displacive margins showing ad reduction of!halite volume; incipient sivc texture
(above water table), local stringers. Crude thin to medium beds (2-5" thick) of halite
topped by claystone in lower 2. Mostly medium to coarse I-lila-b and fine I-llla in
lower 1.5°. Fine to coarse IV with lenses to bieds of IV surrounded by clay and I-
Illb-c disrupting bedding near top of brown zone (1304). Claystone zones near
base locally shows smeared intraclast/laminae texture. Upward in gray zones clay

occurs as stringers, irregular, discontinuous, with fine and medium to very coarse

l

IV, mainly medium to coarse, with trace cement; local !-lla-c to fine IV occurs in

irregular zones and pods near top. Shows local pits to 2+ deep and DVT relief to

6+" with local surfaces of exposure/solution in middle of unit. ‘Upper contact
irregular over 1", sharp to gradational. i

Halite, trace clay to trace polyhalite (upward)i. Polyhalite also occurs in irregular
discontinuous very thin bed (about .1' thick)| near base with very discontinuous
irregular thin laminae near base and irregular t})lebs as solution lags and in pits with
some displacive margins. Clay is gray at base and brown at top; occurs as small
irregular blebs and "blebby" stringers (very discontinuous, locally showing
displacive margins. Halite is medium to coarszj; IV to lllb under thin polyhalite; most
of unit is fine to very coarse, mainly m-c, IV wf'ith trace primary and some cement.

Pits locally to 1’, poorly defined upper contact; :’sharp, planar with local pits to 6".

L

Halite, trace polyhalite near base, trace clay in upper part, brown with some gray,
gray halitic claystone at top. Polyhalite oc:curs as irregular discontinuous to
continuous thin laminae, stringers, irreqular, blebs, some with displacive halite
margins, blebs in pits. Clay occurs as-irregular, discontinuous thin laminae, irregular
zdnes. blebs, many displacive halite margins.{ Halite: mostly medium to coarse [V,

trace zones to pods of fine to medium IV nea

r top, trace primary at base, content
decreasing upward. Trace to some cement ‘at base, increasing upward. Halite

locally incorporates clay and may occur as IIIa'with rare to some medium to coarse -
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I-lla. Local pits throughout, 4"-2' near top. VO MP locally near base 2" x 1" to 1" x
1/2". Upper greenish gray claystone zone above 1310 overlies DVT
exposure/solution surface. Contains irregular subhorizontal zones of fine to coarse
[11-1V and mainly fine to medium I-lIb-c-and trace la. Upper surface is sharp,
irregular over 2". Clay zone in topographic lows.

Polyhalite, halitic as PAGS (1/16-1" high) in stratified irregular zones within
contorted laminae in middle of unit with polyhalite crystals penetrating into halite
zones. Detrital in upper part. Polyhalite aiternates with anhydrite, thinly laminar to
laminar, wavy to contorted locally disrupted in middle of unit. Upper contact sharp,
wavy. }

Halite, some to trace of poiyhalite upward. Polyhalite occurs as irregular,
discontinuous thin laminae in lower 4" with 12-2" irregular thin beds at base,
disseminated blebs in upper part. Medium to coarse 1V; trace primary, abundant
cement. Upper contact shamp, slightly wavy.

Halite, trace polyhalite. Polyhalite occurs as regular to irregular continuous to
discontinuous upward thin laminae and laminae (1/4-2" near base), irregular blebs
in pits and crystal drapes and linings (some displacive), and POS texture. Content
of polyhalite decreases upward. Fine IV in discontinuous beds to pods in upper
1.5'. Most medium to coarse IV, trace to some primary, trace cement increasing
upward. BG halite near base of unit, less obvious upward. Pits from 8"-2' at top,
and MP 1/2 x 1" (VQ) to 3 x 1" increasing upward. Blebs show displacive margins.
Upper contact irreqular over 2" marked by pits with downward translocation of
overlying polyhalite and anhydrite, gray clay infiltrate. Very coarse IV in some pits.
Polyhalite, medium crystailine, locally halitic, thin laminae to laminae with halite
PAGS (1/3-1/2" high), with locally contorted to convolute to wavy laminae to very
thin beds near base. Irregular BG halite in 1-2" beds in lower 1°. Halite as clastic
rippled material in thin beds 1-2" thick near top. Upper contact sharp, wavy.

Halite, trace polyhalite with trace gray clay and anhydrite(?) near top. Polyhalite
occurs as irregular moderately continuous to very discontinuous thin laminae and
stringers, rare irregular blebs in shallow pits (3-5" deep), abundant crystal drapes
and crystal linings, with local moderately well developed POS texture. Suifate
defines thin to medium beds (3-8"). Medium to -coarse IV, fine as I-1lla in polyhalite-
rich zones; trace to some primary, moderate cement increasing upward. Beds
show sequences of fine-medium polyhalite to clear coarse to cloudy medium-
coarse halite. MP small 1" x 1/2", VO at base, content and size (to 2") increasing

"upward. Anhydrite similar to polyhalite. Trace gray clay as irregular laminae at top.
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Well developed pits 1’ deep at top with downwaird collapse of polyhalite in overlying

unit.

Vaca Triste Markerbed. Halitic siltstone and mudstone, reddish-brown, well to

poorly cemented with halite. Contains halite and polyhalitic clasts (to cobble-size)

derived from the underlying units. Laminae to|cross-laminae {sets to 6" thick); sic

texture locally; strata locally downward, soft sediment shear and clast translocation

over channels and pits into underlying unit. Halite is medium to very coarse I-lil a-

¢, locally aligned parallel to strata: Upper 2’, ¢contain fine IV in pods and irregular
zones, exhibiting DVT textures. Upper-contact sharp.
Halite, trace polyhalite, trace clay at top. Upper surface very irregular over 5.

Shows paleokarst with filled channels and small cavities 1-1.5" x 1-5" near top.

Abundant pits penetrate upper surface with Vica Triste deposited within irregular
topography as channels. Polyhalite occurs as irregular moderately continuous to
very discontinuous thin laminae and very discontinuous stringers, isolated irregular

blebs and zones of "blebby" stringers, crystal coatihgs and linings, and crude pile of

sticks texture, solution lags and downward translocated material. Medium to coarse

|

IV with thin to medium beds (3-6") with sequences of medium to coarse IV, full

halite, sulfate; increasing MP upward. Clay content trace increasing upward as
irregular subhorizontal stringers and disseminated blebs in subhorizonta[_ zones
interbedded with polyhalite-rich zones. MedilJ’m to very coarse I-llla in claystone.
Local interunit pits to 2'. Upper surface i(regulafr with channeling (6’ relief).

Halite, trace clay decreasing near top. Clayioccurs as disseminated blebs and
irregular moderately continuous laminae with Io:cal sic in | textures. Abundant fine I-

Ilib-c in lower part with source medium la-lla and some b near base. Mainly

medium to coarse IV, trace fine IV, in upper 1'; Trace very coarse cement in lower
part. Upper surface planar, sharp, slightly wavgiv.

Halite, trace to some polyhalite, similar to u;nit below 1373’ with more MP and
abundant pits locally originating from within unit and at upper surface. Polyhalite
laminae locally more continuous. Strata pooily defined at top and bottom, more
well defined from 1364-1365.5. Polyhalite concentrated as solution lag. Fine to
coarse IV with coarse to very coarse in pits and MP; trace primary. Medium beds

{4-8") of polyhalite or polyhalite fine to medium halite, clear coarse halite, fine halite.

Fine IV locally at upper surface in pods]; and lenses and subhorizontal
exposure/solution surfaces. Upper surtace DVT surface with irregular
exposure/solution surface with 6-10" relief. Gray and brown clay infiltrated into pits

and pores. Pits to 2.5+’ deep. 1
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Halite, trace polyhalite. Polyhalite occurs as irregular, very discontinuous to
moderately continuous thin laminae, irregular discontinuous stringers, irregufar
blebs and crystal linings to very discontinuous stringers. Medium to coarse IV with
trace of fine underlying sulfate and overlying medium to coarse [V in irregular
discontinuous subhorizontal zones. Trace primary, trace to some cement, tr triple
junctions at 1372. Halite is medium la-b to la-c, closely spaced in upper 1.5".
Stringers of gray clay and anhydrite in 1/2" zone 6" from base. Abundant MP to 4"
in diameter upward. No obvious pits, but a few vertically elongate MP 10" deep and
4" wide near top. Polyhalite and laminae more continuous upward. Polyhalite
delineates crude rﬁedium beds to 10" thick, 4" minimum. Upper surface marked by
1-2" zone of gray clay and anhydrite in irregular thin laminae and stringers. Top
contact sharp. ‘

Halite, some to trace polyhalite. Shows several horizontal zones with trace of clay
and anhydrite. ‘Upper 1.5’ argillaceous halite. Well defined thin to medium beds 3-
5" thick near base with about 2+" polyhalite-rich zone at top of each bed. Above
two polyhalite laminae at 1380.5" and 1381’, strata become less well defined. In

lower pant, polyhalite consists of rare continuous to discontinuous irreguiar to

moderately irregular thin laminae and laminae, mostly as discontinuous
subhorizontal stringers, irregular blebs, some with dispiacive margins and
containingb fine to medium la, crystal drapes and linings (some showing BG) and
crude to well developed PQOS textures. Above 1379 character changes. Below
1379, MP are mostly small 1/2" x 1" VO, size increases from base upward. Pits
and MP to 6" deep abundant between two polyhalite beds at 1380.5 and 1381".
Below 1379, halite is medium to coarse IV with trace to some primary and trace .
cement at base with primary decreasing upward and cement increasing upward.
Halite becomes fine to medium and argillaceous from 1382-1381 under polyhalite
beds. Halite shows sequences of polyhalite medium halite to medium-coarse 1V to
medium (trace fine) halite. Above polyhalite beds, halite is medium to coarse IV
with trace fine, trace to some primary, trace cement. Clay, gray to brown, consists
of irreqular stringers and discontinuous irregular to continuous thin laminae and
zones with medium to fine la. Above 1379 becomes more disrupted with pits and
MP. Overall, clay content increases upward, strata are not distinct, only broad
zones of varying composition. Clay is more disseminated as is polyhalite as
irregular blebs and stringers with displacive margins. Fine IV locaily abundant.
Most medium to coarse IV with some incarporative halite locally. Local l-ila and b
in zones and irregular blebs of polyhaiite and clay. Abur;dant pits to 2+’ deep and
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erosional.

|
!
|
large MP to 4" below 1376. Upper 1.5" mostly lIb-c with some la-fla and rare lib-
llb-c. Upper surface irregular over 1" to planar.

Argillaceous halite ‘to halitic claystone, brown; with 2-3" of gray near top, brown at
top. Shows thrust displacement with 4" of throw at upper contact (in two places).
Upper surface sharp across this area indicating early origin. Mainly fine to medium

la-b with medium to coarse H-Illa at base. [Claystone shows sic texture. Upper
surface sharp, planar.

Halite, trace poiyhalite trace clay. Langbeinite in lower part. Langbeinite

apparently associated with pits and MP cen|1ents. Leonite (after langbeinite) from
1394-1395. Polyhalite occurs as very irregular, discontinuous thin laminae and
stringers, crystal drapes and linings on BGlhalite, local crude to moderately well

‘developed POS texture, blebs, and blebs translocated downward in pits. Gray clay

occurs as continuous to discontinuous irregular thin laminae and stringers.
Polyhalite occurs in zones, delineates well defined to crude thin to medium beds 3-
6" with common sequence of pblyhalite meclium halite to coarse to fine to medium
halite. Halite is mainly fine to coarse IV, with coarse mostly as cements in MP.
Trace to some primary, including bottom|grown halite, near base, decreases
upward. Unit displays MP of various sizes in 2 main groups: 1) small 1" x 1/2" VO
and 2) large to 4+" across. Pits to 1" deep és local features in lower part. Upward
pits become deeper (to 2+’ deep) and largel, MP become more abundant. Clay in
trace amounts is translocated down in the la 'gék pits. Clay mostly gray, local brown

zones occur in upper 3. In those more argi!laéeous zones, leonite (not langbeinite)
occurs. Polyhalite and clay may show displacive boundaries with halite and potash
minerals. At and below 1390, DVT suﬁac“a developed with up to 2’ relief in pits.
Along this surtace and above this surfac:e, fine IV becomes more common in
subhorizontal zones and irregular pods and: medium to coarse I-lla becomes more
abundant. Above 1390, polyhalite occur‘s more often as irregular blebs, POS
derived from collapse of displacive fabrics, and irregular zones with abundant
medium la. Most polyhélite is solution lag, some reworked. MP become abundant
in upper part as do irregular pits < 6" deep. | Slightly argillaceous halite deposited in
topographic lows around zones of slightly p<»)lyhaliti<; fine IV. lrregular discontinuous
to continuous clay laminae (1/4-1/2") delin2ate crude stratification. Medium beds
about 1’ thick laterally discontinuous. Upper surface irregular over 1-3", sharp,

Argillaceous halite, langbeinite in upper bed in irregular zones 1-4" across (irregular
shaped - dissolved out_during dumping of water to free raise bit as clast of DL found
in one pit). Locally polyhalitic as irregular|blebs to solution lag in lower zone and
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irregular blebs, very discontinuous stringers and crude POS texture. Blebs in lower
part show local displacive halite a-b boundaries. Claystone occurs as 2 laminae to
very thin beds 1/4-2" thick, lower bed contains less halite and drapes irregular lower
surtace, thickening in topographic lows; shows probable sic texture, is infiltrated
downward in vicinity of pits. Clay brown at base and gray in upper 6-10". Clay in
halite-rich zones occurs as irregular stringer and "blebby"” irregular discontinuous
thin laminae and local zones and blebs with displacive/incorporative halite. Halite
in lower 1’ is medium to coarse IV to llla-b upward. Middle bart is mainly ll-llla-b
with trace I-lllc. Upper gray part is f-m I-llib-c, trace medium |-lla, and some beds
of medium to coarse IV.  Upper surface sharp, planar, with irregular thin laminae
of gray clay. Langbeinite possibly pseudomorphed by hydrated sulfate form
(leonite). Langbeinite appears partly displacive. Langbeinite abundant near upper
contact.

Halite, polyhalitic, trace to moderately abundant potash minerals (langbeinite).
Local clay-rich zones in vicinity of exposure surfaces. Polyhalite occurs as irregular
discontinuous (upward) to continuous (downward) laminae to thin [aminae and local
stringers. lIrregular blebs, some with dispiacive margins, as crystal boundaries
showing BG, POS moderate to well developed. Clay occurs as irregular
moderately continuous to slightly discontinuous thin laminae. Locally clay box work
developed near 1403-1404'. Halite is fine to coarse IV, mainly medium; trace to
some primary, trace cement. Thin beds with sequence polyhalite, coarse halite,
fine polyhalite halite. MP <1" x 1/2", becomes more abundant upward. Local fine
halite near top and on edge of large pit originating at upper surface. Possibie pits
6" deep originate at clay-rich zones. Clay brown to gray. Local pits within
polyhalite-rich zones. Clay becomes more discontinuous and disseminated
upward. Langbeinite occurs mostly in MP. Unit upper surface is DVT
erosion/exposure surface with 2+’ relief; larger pits to 4+’ deep originate at this
surface; sharp.

Polyhalite, microcrystalline, locally halitic as discontinuous zones of IV 1/4-1/2"
thick, 4-10" long, parallel to strata. ShoWs irregular thin laminae, contorted to wavy,
with gray clay at base. Possible potash minerals in lenticular pore with drusy lining
of unidentified mineral - possible open pore filled with potash mineral (Figure 4).
Upper surface irregular over 8", sharp. Some possible polyhalite PAGS to 1/4"
high.
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. . probable potash
~1410 minerals as drusy lining
and pore (filling.

FIGURE 4 FILLED PORE IN POLYHALITE BED (MB117)

Halite, trace polyhalite. Polyhalite as irregular discontinuous stringers and irregular
small blebs partly as solution lags. Polyhalitic zones delineate crude fine to
medium beds (3-8") with sequences of polyhalite, medium to coarse 1V, fine IV;

. trace to some primary, trace cement. Fine halite occurs in discontinuous pods,

l

some in possible pits. Possible langbeinite. Fine halite abundant near top. Upper
surface sharp, planed off, slightly wavy. _

Halite, trace polyhalite. Polyhélite occurs as irregular very discontinuous thin
laminae énd stringers, local irreguiar blebs as!: solution lags, some with displacive
boundaries, some incipient crude POS and i:rregular to planar crystal boundéry
material (some displacive), delineates thin to} medium beds (3-6") with sequence
polyhalite, medium to coarse IV, fine IV sequelfwce lacks fine in upper part. Trace to
some primary, trace cement in VO MP 1" x 1.1’2", langbeinite associated with MP.
Gray clay accumulated on exposure/solution fsurface. Upper surface planar, with
.2' relief,dissolved, sharp. Contains trace Iangté:einite in MP.

Divided into five parts:

Part a: halite, trace polyhalite. Polyhalite consi:sts of irregular blebs and stringer-like

blebs, with some displacive margins, irregﬁular, discontinuous to moderately

~ continuous bleb-like faminae and thin Iamin;,]ae, some as probable lags showing

displacive margins with halite (develope{d during later displacive growth).
Moderately well to crudely thin to medium biedded (2-5), delineated by sulfate.
Fine to coarse IV, mainly fine to medium trace to some primary, coarse cement in
MP. Trace fo some VO MP. Upper surface irlregular. gradational to sharp, marked .
by increase in clay content. _

Part b: halite, trace polyhalite and clay. Polyhalite occurs as biebs and irregular
discontinuous stringers. Clay is gray and brown, occurs as rare very irregular,
discontinuous thin laminae, mostly as irregular discontinuous stringers and blebs
with displacive margins. Medium to coarse 1V, abundant cement locally
incorporating clay, fine IV in irregular subhorizontal zones and pods, fine I-llib-c in
argillaceous zones. Zone contains isolated pods of langbeinite to 1* around, some
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appear displacive; langbeinite washed out 3-4" back into rip. Upper surface
gradationai to sharp, marked by drop in clay content. Shows some probable pits
within unit.

Part c: halite, trace polyhalite. Top marked by 1/2-2" zone of polyhalite with some
langbeinite. Polyhalite occurs as irregular blebs and discontinuous stringers.
Medium to coarse IV; trace very coarse, trace primary, some cement. VO MP
moderately abundant (1" x 1/2"). 6"-1" deep probable pits with polyhalite blebs.

Part d: very discontinuous zone (laterally) to 3’ thick of halite with trace polyhalite as
irregular biebs and very discontinuous irregular stringers. Polyhalite locally shows
incipient box work texture. Many generations of cemented pits and MP evident,
some originating prior to development of DVT relief on upper surface of Part d.
Contains zones and pods of langbeinite, mostly associated with pits and MP.
Upper surface very irregular marked by exposure/solution surface with up to 2.5’
relief. Medium to coarse IV with fine halite near top, abundant cement in small VO
MP 1/2" x 1*, and cement with gray tinted halite in larger MP.

Part e: halite, argillaceous, trace polyhalife. Polyhalite occurs as disseminated
matverial in fine 1V and isolated irregular blebs, some with displacive boundaries, as
solution lags. Clay occurs as irregular discontinuous to continuous (marking DVT

‘relief surfaces) thin laminae and laminae, isolated to disseminated zones and

blebs. Contains fine to medium I-illb-c, ‘Iocally shows sic textures. Medium to
coarse halite IV with localized fine halite in irregular pods and zones. Halite shows
abundant dispiacive margins with clay, mostly cement. Contains langbeinite.
Upward, fine IV in pods and lenses becomes more common on top of medium to
coarse. Possible localized pits. Upper surface planed off by dissolution, erosion,
sharp, shows trace langbeinite.

Polyhalite, microcrystalline, halitic. Slightly halitic in lower part; very halitic above
1434. Halite in lower part occurs in isolated irregular subhorizontal zones of very
coarse IV and mediUm to coarse Illb4. Contorted to wavy thin iaminae in lower 4"
and upper 3"; hiht of thin Iami’nae‘inﬂmiddle of zone. Upper part shows crude
Iaminate’dwtexture with probable Ioﬁ' angle cross-beds and cross-laminae with sets
2-4” high and 6"-1’ long. Sirata pamy‘delineated by halite-rich zones with probable
clastic/detrital origin. “Often associated with these zones are medium to coarse,
I--llla-b, halite with displacive/angdlar tb solutionvirregular margins. These crystals
also contain tube-like inclusions of polyhalite or anhydrite which originate from the
margin of halite with the polyhalite as included material, replacement material, or
“drusy” style cement grown into an open void. i halite often occurs in the troughs
of cross-laminae. This halite may have been BG in topographic depressions similar

-32-




i -ge- O/MPEOLSIV:dIM

SMOYS iU 'sqa|q ayi-sabuils |eluOZIIOUQNS pue SBOBXNS UONINjos/ainsodxs

Jeinbauyi J8A0 AJUOWIWOD UONBIUSLIO| [BIUOZIIOYgNS Yum SJabulls pue aeulwe|

uty} snonunuoosip Asea seinbali selinooo ayjeyAjod pue aiupAuuv ‘Suozuoy -

8]8J0SIP Ul SBUIWE] UIY} SNONUNUODSIP Kian 0) shonuuuoo Ajeresapowu ‘reinballl

SE $1n200 Ae|D °*9Seq wolj 9 auoz ua'xuozuoqqns JeinBaui 3oyt _,v-‘z ul Aegd Aesb

aoey] ‘.| Jaddn u Aejo Aesb pue axup,(uue 80By) ‘.2 18MmOj Ul dljeyAjod aoel) ‘aljeH orL-LbbL

(8LiAN) @38 3ivdins 40 SVBHiV MOT NI 31NVH NMOHS WoL108 S 3HNDIL

— — —

/% —= 98y umoiB-wolioq LEPL~

pa | -

= - S'2EVL~

eilley pue
8ejins |ejjiiep

"dieys ‘.8 1010
Je|nbauyy adeuns Jaddn -eppiw Ui 9 ;as;eoa,o; wnipaw pue aseq Jeasu q| 8sJeod
ol wnipaw awog “Arem Apybiis o) patauo;uoo Ajjeoo ‘sdiysuoile|al Buijind-sso1o
a1bue mo| o} jajjesed ‘pauljep AlJood 1:sow ‘BRUIWE| UIY] ‘BSBg JBau YOI} .2/L O)
seulwe| SNONUNUOCISIP Bluozuouqns J:emﬁaug ui ayjey ‘auljjersAio0so1w ‘aleyAjod Ly L-0bp L
| -aoeuns yo paueid Buipooy o} snp '

uonnjossIp ‘.9 Jaao Aiojeinpun ‘JBUB|C;| aoeuns Jaddn .t x .¢ paubie Ajejuozuoy
|

‘.1 J8ddn u1 Jnod0 JW 8b1e| BWOS 0%V ‘alupAyue pue Aejo Aeib soel) jesauab
pUE B| 9SJB0D AJBA O} 8SIBOD UUM Aefo Aeub o $320]q uIelUOD PUE 1OBIU0D Jaddn
{

1e a1euibuo (deap .2 o)) sud uonniossiq ‘premdn JUBWAS SWOS 0) 80B4} :SUOIABYD

aseys (a1ebuoja Ajjeoinan aoel)) AJeLqud awos piemdn Buisealoul 9sie0d yum

l

wnipaw 0 auy AJUIBL 8SJEOD O} Vauu_.j l'euans 0} joesed sauoz jRIUOZLIOYQNS Ul SO
pue sqa|q Jeinbasy pamos: s1 wed Jaddn ui ayjeyhjod aoes) ‘ued jaddn u spaq

%14} & INOGE B}IJBY 9SIBOD O} WNIPAW S3II9A0 YDIYM ayjey auly sdoy aljeyAiod

uounsodep jo awi} je pioa uado Buniedtpur pue pioa Bunesjauad aiejns yum

s|e1sA10 a1A1s Asnup moys seulwe| ayeyAjod UlYIim SpioA awog “sadelp adeuns

jeuoiisodap pue jeiskio pue sam;xlax SOd pue sqa|q ‘ssabunls |eJUOZLIOYQNS

|

snonunuodsip seinbauli pue (5 8EhL-gEP L) HUN JO SIPPIW Ul SPA] UIY} PUE BBUIWE|

pado)ansp j|am SE SIN220 sleyA|od Iued Jamoj ui apeyAjod Jolew 0y aoel} ‘BleH ovPL-SEVL

-~ ‘dieys ‘aeuiwej apreuAjod snonuiuoIsIp
Jeinbaun Aq paxsew ‘seinbaia S 8oBLINS Jaddn (g aanbi4) v 19ddn ui anjeyAjod

JO seuIWEPBIUI JBINB3LI UM A} 8S11200 O} WNIPaW JO U0z [ejuozuoy Jeinbail

‘BjellS sojesedas pue s;dmscp uayo ayey || pue | ‘|eusjew ﬁumua/\o j0 uoisodap

Jalje ymosb emoe|ds:p Aq palenjusooe suibiew yiim meiqg YseN ul leyl o}

|




1444-1449

WIP:AIS1034w/o

crudely defined to moderately well defined thin beds (2-4"). Zones or beds of
polyhalite, medium to coarse halite, fine halite or alternating polyhalite and medium
to coarse halite. Locally contains narrow pits, 6" deep. Halite: ’mainly fine to
medium IV, with fine halite increasing upward in local zones and subhorizontal
zones, trace coarse and very coarse IV mainly as cement; trace to some primary,
including vertically elongate and bottom-growth halite. Some rare VO MP (1/2" x
1"). Some. pdlyhvalite occurs as crystal boundaries and-drapes but is poorly
developed (due to thin granular nature of original drapes). POS texture localized
under some of pits (Figure 6). Irregular DVT solution/exposure surfaces. Fewer
primary textures and more cement in upper argillaceous zone. Pits originate at
DVT eﬁcposure/solution surtaces. Some fine halite in pits. Pits in lower part
devéloped of POS texture. POS texture occurs higher stratigraphically than zone
with drapes - possibly due to BG of halite within pit and draping while deposition of
sulfate occurs on higher sediment-water surface. Upper surface sharp, irregular
with some pits (to 6" deep). '

solution pit

~1443" — o /
E ,

-pile of sticks® (polyhalite)

~1444" — - p Olyhalitg drapes hallte

FIGURE 6 ACCUMULATION OF POLYHALITE
‘PILE OF STICKS™ IN SOLUTION PIT

Argillaceous halite: divided at 1446 into an upper gray part and a lower brown part.
Lower brown part: clay in irregular very discontinuous thin laminae, stringers and
blebs with displacive to irregular boundaries, and as irregular moderately
continuous laminae 1/4-1/2" thick and irregular zones. Clay locally marks irregular
DVT surfaces. Some claystone contains discontinuous irregular thin laminae and
sic/laminae texture. Medium to coarse IV with a trace of fine halite; some fine halite
in irregular subhorizontal pods near gray-brown contact; trace primary, abundant
cement. Medium to coarse I-llla-c, mainly I-llIb-c on claystone. Upper gray zone




shows similar texture, but with less claystone.’ Mainly li-ilib-c and equant IV; fine
Ib-c in argillaceous zones; fine to medium IV dominated upper 6". Upper surface
shamp, slfghtly irregular over 1", mostly planar. Some pits 6"-1' deep.

1449-1459.5 Halite, trace polyhalite to some polyhalite in upper 1°. Polyhalite occurs aé irregular
rims on halite crystals; poorly developed P S';'texture; incipient boxwork pattern; .
very irregular to irregular, and discontinuous thin laminae and stringers and well
developed irregular thin laminae to thin beds 1/16-4" thick, spaced 4"-10", become
more irregular and discontinuous upward. Polyhalite also occurs as irregular zones
in pits 4"-10" deep. Lower halite is generally ‘(fine to medium, IV in beds less than
10" with fine halite at top and separated by polyhalite or polyhalite halite. Coarse to
very coarée halite cement in MP 3" x 4" and pits 6-10" x 1-4". Trace to moderate
primary halite features, minor cement. Hintsjof BG fabrics. Some I-{lib or ¢ with
polyhalite. Upper part shows trace polyhalite as irregular large blebs often
concentrated on dissolution surfaces and shallow (<1’) pits. Halite: coarse to
medium {V, with local subhorizontal zones of fine. Moderate primary, moderate
cement. Local small MP. Shows probable fBG fabrics. Crudely thin to medium
bedded (3-5"). Trace brown clay as thin irregular, moderately discontinuous thin
laminae and stringers. Abundant fine 11l with trace polyhalite and some fine IV in
pods, lenses near top. Upper surface irregulair DVT surface with 6°-1 relief.

1459.5-1461.5 , Polyhalite, halitic locally. Gray claystone at base is 4"-6" thick, contains

subhorizontal bods of polyhalite in'trough. Pods resembie nodules as gray clay is
squeezed in between pods. Claystone shows crude thin laminae. Lower 6°-8" of
polyhalite‘is laminated (1/8"-1/2"), delinedted by thin laminae (1/16") of gray
claystone; discontinuous contorted thin lamiinae in upper polyhalite. Claystone
content decreases upward. Upper part of poly_'/halite is lenticular to tabular zones
2" thick and 1-15’ long which are halitic, with|halite showing bottom growth fabrics
and medium to coarse 1, coarse near toq. Possible clastic halite neaf top.
Discontinuous contorted thin Iaminae in pol;yhalite of upper part. Upper surface
very irregular and undulatory over 8" with Icgacal 4" high hemispheroids near top.
Relief present prior to deposition of unit as. I?aminae in overlying unit do not show
any deformation (Figure 7).

— — e s
1 ———— XXX

1459' — ’ .'w. “I_\__ XX x polyhalite laminae
1459.5' — xx7 6"”\ ’. ..’
OOOQOR 000.““’000 X Map_unit 108
-~ ' FIGURE 7 UNDEFORMED LAMINAE GF POLYHALITE

OVER RELIEF ON POLYHALITE BED
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1461.5-1468.5 Halite, trace polyhalite and clay, zones vary in each. Polyhalite occurs as irregular
moderately discontinuous to very discontinuous thin laminae and stringers.
Isolated irregular blebs of polyhalite are disseminated in subhorizontal zones. Clay
is brown to gray and occurs as irregular, very discontinuous thin laminae and
stringers. 1" thick polyhalite bed at 1464. In polyhalitic zones, halite occurs in
following sequence: discontinuous sulfate stringers; medium IV with abundant
primary and some cement; fine to medium V. Haiite in overall unit: fine to coarse
IV, mainly fine to medium trace primary and cement to 1467.5; find to coarse IV,
mainly mediurﬁ, trace ib-c to 1465, fine to medium IV, mainly fine, trace coarse
cement to 1464; fine to coarse |V, rare very coarse cement, fine IV mainly in
polyhalitic halite to 1462; fine to coarse IV, mainly medium to coarse to top.
Polyhalite becomes abundant near top of this polyhalite zone. Upper 6"-1'is
argillaceous with irreguliar, slightly discontinuous thin laminae of gray clay. Upper
surface sharp, undulates over 3".
- 1468.5-1475.5 Halite to halitic claystone in 3 parts:

Part a: trace poly and clay; fine to coarse IV, mainly medium, fine in small pods of
white to gray equant IV; trace primary.
Part b: trace to some clay and trace polyhalite as irregular, discontinuous laminae

. and irregular blebs. Trace primary near base, abundant cement. Medium to
coarse IV, fine near top. DVT erosion/solution surface at top is irregular over 4"
Clay occurs as irregular very discontinuous to moderately discontinuous thin
laminae and disseminated blebs (in medium to coarse IV near base. Clay mostly
brown with some gray. _
Part c: halitic claystone, brown with gray in upper 1-4" and local irregular zones in
upper 1'. Gray reduction spots. Thin laminae are locally parallel, contorted to

\ convolute. Halite occurs as fine to coarse I-llic (with trace of I-1lb) and local
subhorizontal, discontinuous zones, isolated pods and discontinuous laminae (to
1") of medium IV with trace coarse. Upper surface sharp, planed off, marked by a
small tault with about 3" throw showing a reverse displacement (Figure 8). The
displacement breaks the polyhalite zone at base of unit but does not propagate.

% 7aAVa,
LLNITINRIRIT Map unit 108 about 3°
,,/gray halitic claystone Map unit 105
. c ¢

. FIGURE 8 SMALL REVERSE FAULT
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1475.5-1480

’

1480-1481 °

- 1481-1485

1485-1494.5

1494.5-1496

WIP:AIS1034w/o

Halite, trace polyhalite. Polyhalite occurs as continuous laminae to thin laminae in
lower 2' (spaced 3"-1’) and at upper contact; local crude POS texture near base;
and polyhalite margins of fnedium IV vertically elongated crystals. Some primary
with abundant to some cement. Fine to very ?c:oarse 1V, dominantly medium, with
local subhorizontal zones of fine halite in imiddle zone with trace polyhalite.
Dissolution pits to 2' deep originate at upper contact but are rare. Upper contact
marked by 1/4-1/2" polyhalite laminae, sharp. 'lLocal MP about 1-2", near top.

Polyhalite, microcrystalline, hints of thin laminae. Local laminae with halite show
nod/ular texture at base with gray claystone from lower 1/4" squeezed in between

nodules. Upper contact sharp, undulatory over 1"

~Halite, trace polyhalite, trace clay in upper 6"[. Polyhalite occurs as irregular thin

laminae and discontinuous stringers with siall irregular blebs outlining halite
crystals. Medium to coarse IV, trace primary, some cement. Crude thin beds

[

(2"-5") defined by polyhalite with sequence cloudy and clear halite to polyhalite and
halite. MP to about 2"-4" near top. Disso|uti_lon pits originate at top to 3+ deep.
Upper 6" contains coarse to very coarse IV to medium I-llic and gray clay as
irregular continuous to discontinuous thin Iarhihae to laminae and local smali biebs;
shows sic/laminae texture internally. Upper surface planar, sharp, marked by gray
clay.

Halite, trace polyhalite 'go 1490, decreaseslébove 1490; trace clay from 1490

increasing upward. Halite below 1490 is meclium to coarse 1V with trace to some

-primary and trace cement. Above 1487.5, halite is interbedded with poorly defined

thin to medium beds (1-3" thick) of argillaceous halite. Halite is mainly medium to
coarse |V to I-llla-b {mainly H-llIb); fine IV in¢reases upwards in pods and zones.
Upper 1’ has more coarse I-lla and medium to coarse IV. Cement is more
abundant in upper part. Clay is mostly brown|with some subhorizontal gray zones
near top. Argillaceous halite to claystone near top shows poorly defined thin
laminae, convolute and incipieht to modeferate sic/laminae texture. Upper
argillaceous zone shows crude subhorizonta;l strata with concave upward (dish)
form. Polyhalite occurs as irregular biebs w:'ith local displacive halite margins -
mostly disseminated. Local MP. Pits origi;nate within argillaceous zone and
penetrate 6+'. Upper surface sharp, undulatfory, erosional, marked by gray clay
laminae. Some weeps;

Polyhalite, microcrystalline, with irregular large zones of halite roughly 1’ across
'near base directly under unduiation. Has 2-3"igray clay at base. Upper part shows
incipient load structures with clay. Thin laminie to wavy to contorted bedding near
base. Remainder shows no.duies of polyhaiite and massive pdly)hah’te. Nodules /
developed within anhydrite matrix, displacing wispy laminae. Contains possible
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1496-1502

1502-1503

1503-1505

1505-1510

1510-1517

WIP:AIS1034w/o

langbeinite. Medium to very coarse displacive halite I, 11, llib-c occurs. Upper
surface irregular, undulatory over 1.

Halite, trace polyhalite increasing upward slightly. Polyhalite occurs as irregular
continuous to discontinuous thin laminae and stringers in lower part, irregular blebs
and disseminated blebs and stringers in upper part, and incipient boxwork with
downward translodated blebs'in middle where pits occur. Medium to coarse IV,
trace fine halite in thin laminae and discontinuous horizontal zones. Beds with
sequence polyhalite to vertically elongate and equant clear halite to trace fine
halite. Moderate primary, trace to moderate upward cement. MP become more
common upward and are 1-2" across. Pits originate at top surface and penetrate
4+'. Upper surface planar to slightly undulatory, sharp, planed off during flooding
which deposited overlying gray clay. Pits filled prior to gray clay deposition.
Polyhalite, microcrystailine. Salmon pink. Thin laminae to laminae, wavy, locally
contorted to convolute. Thin laminae-sized shear zone filled with halite 4" below
top. Upper contact sharp, slightly undulatory.

Halite, trace polyhalite with some clay in thin basal zone and trace in thin middle
zone. Clay is irregular discontinuous to continuous thin laminae and stringers.
Polyhalite is irregular stringers, blebs, disseminated and concentrated on solution
surfaces, and irregular, poorly POS developed. Fine to medium I-lic in basal
argillaceous zone. Medium to coarse IV; trace primary, trace cement Ic at top.
Upper surface marked by increase of disseminated polyhalite, sharp, undulatory
over4". _

Halite, trace polyhalite; trace clay above 1507. Clay as irregular discontinuous
stringers and thin faminae. Upper 3-5" halitic claystone with fine to medium I-lic.
Polyhalite in lower part occurs as irregular discontinuous thin laminae, stringers and
blebs. Delineates crude to poorly defined thin beds (1-4") (much more disrupted by
shallow WT conditions than underlying unit, but very similar sequence). Halite fine
to coarse IV, mainly medium. Beds .show sequence of medium-coarse bottom
grown [V to fine-medium with trace of polyhalite ‘to thin polyhalite residue. Trace to
some prirhary; trace to abundant cement upward. illb-c and fine IV dominate in
upper 4" below claystone, with gray clay. Upper surface sharp, planar, erosional,

-marked by clay. No pits.

Halite, trace polyhalite and anhydrite, trace to some clay at base and top.
Polyhal'ite occurs as slightly to very irregular, continuous to very discontinuous thin
laminae and laminae, trace amounts of polyhalite delineate thin beds (1-3").
Continuous laminae in lower 1.5'. Polyhalite also occurs as irregular blebs,

disseminated to solution lag near top. Clay in upper 1’ is irreguiar discontinuous.




1517-1529.5

1529.5-1535.5

WIP:AIS1034w/o

laminae and zones with biebs, contains pods of medium iV and some medium to

. fine I-llla-c, dominated by irregular (¢) boundaries. Two zones separated by mud-

poor halite with abundant polyhalite blebs as solution lag. Fine to coarse IV, trace
primary and cement; units less than 8" show sequence of polyhalite, medium to
coarse 1V with trace primary, fine to medium IV with a trace of polyhalite. No pits.
Upper surface erosional with brown clay.. Unit contains irregular, moderately
continuous, thin laminae of gray clay in lower|.5".

Halite subdivided into 3 parts: ‘
Part a: trace polthlite to clay; polyhalite|occurs as irregular blebs which are

disseminated (trace displacive halite margins), disseminated material and smali
blebs in fine IV, irregulaf very discontinuous thin laminae and irregular more
continuous laminae (near base). 1-2" lamina of polyhalite overlies halite containing
pits which are regularly spaced. Polyhalite laminae locally coalesced (while
cohesive) into pit. Fine to coarse, mainly medium, halite IV, fine is more common
near top (irregular D\/T surface). Trace primary halite some cement. BG textures
near base. .Primary decreases upward and ¢cement increases as MP become more
abundant. VO MP 1" wide by 2-3". Upper|surtace irregular, locally gradational,
showing DVT textures and relief. )

Part b: trace to some clay and polyhalite; fine to halite IV with trace polyhalite in

irregular pods and zones bounded by solution surfaces with gray and brown clay.
Some zones of fine IV with subhorizontal origntation. Fine IV zones surrounded by
argillaceous medium to coarse IV with some medium i a-c and fine to medium
I-lla-b. Clay occurs as irregular discohtinuous jaminae and zones with abundant
halite and isolated blebs. Upper contact gradational to diffuse. Part b shows
moderately well developed DVT textures.

Part ¢: argillaceous halite, trace to some clay, decreasing sulfate upward.

‘Subhorizontal zones and pods of medium (o coarse 1V and llib. Fine to medium

incorporative I-lla-b within Part c. Claystone laminae to thin laminae, subhorizontal,
irregularly contorted to convolute, showing incipient sic/laminae texture. Gray at
top, brown dominates the remainder. Upper surface sharp/erosional. Parallel

. dissolution pits rare through unit, but oclicur locally and are 1-2’ deep. Local .

subhorizontal to discontinuous fractures, 1/47 thick, filled with fibrous halite.
Union Anhydrite: anhydrite with local polyhalite zones, slightly argillaceous in lower

1-2". Microcrystalline, gray (N6-N9). Subdivided into 6 zones, from bottom to top
(Figure 9):
Part a: gray (N7) clay and polyhalite nodules showing displacive growth.
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Part'b: anhydrite; gray to slightly tannish gray, possibly slightly argillaceous as
broken surface is smooth, not very crystalline. Wavy to contorted thin laminae and
laminae, some parallel, showing some cross-cutting relationships in the vicinity of
an algal(?) hemispheroidal feature. Loéally may display some incipient enterolithic
textures.

Part c: upper surface marked by black "sticky" clay, probably organic-rich Part c.
This black material has squeezed in and around polyhalite nodules which grew
displacively. It has squeezed into apparent (in two dimensions) large flame
structures in the vicinity of hemispheroid structures and into subvertical fractures
intersecting the shaft 6-8" above the unit and intersecting the hemispheroid. Part ¢
may be slightly organic-rich. ‘

Part d: polyhalite; thin laminae to laminae, parallef to non-parallel, wavy to
contorted, showing cross-cutting relationships; deformated while soft. Thinly
laminaed to laminaed hemispheroids are developed within this part and are evenly
spaced around the shaft. Material around these structures shows some stumping.
Upper surface sharp, very undulatory, and slightfy irregular.

Part e: ahhydrite; micro laminae to laminae, wavy to contorted, most semi-parallel,
showing some cross-cutting rélationships. Ripple-shaped forms occur but without
clear bedform migration. Small hemispheroids occur within anhydrite. Local
slumping around hemispheroids_ is commoh, showing gravity sliding downward.
Subhorizontal zones of probable clastic halite occur. Two zones, filled with clear
halite, roughly parailel strata. The lower one shows sigmoidal shear shapes, and
the halite contains angular pieces of anhydrite parallel to margins (floating in halite).
Unit becomes more halitic in upper 1°. Upper surface irregular/undulatory, sharp.
Part f: polyhalite; contorted and convolute, thin laminae, halitic. Upper surface
sharp, irregular/undulatory. Desiccation cracks from top into unit 2' deep filled with
halite. Unit as a whole bears fluid. Weeps occur paralle! to strata and are very
common around those zones with clastic halite. Weeps also around fractures and
at contacts between parts a, b, ¢, d, e; most abundant around a toe contact.




1535.5-1544.5

1544.5-1552
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deslccation crack

te -rich zone

—Anhydrite

weeps with
efflorescent butld-up

detrital halite

!

d Polyhalite -rich zone

clay squeezed into d.

—

‘&_/- f\-——: \:_ b gray anhydrite and ? clay
Gl > |,______.___.

K39 & _Poiyhalite nodules, gray clay

FIGURE 9 UNION ANHYDRITE

Halite, polyhalitic, trace clay in two zones in upper part. Polyhalite occurs as
irregular slightly discontinuous to very discoitinuous thin laminae and isolated to
grouped irregular blebs in Iarﬁinae-sized zonges. Unit displays thin beds 2-4" thick
with following sequence: medium to coarse |V with abundant primary and BG, fine
v, poly,hélite laminae or polyhalite-rich zone.| Generally fine to medium IV, trace to
moderate primary with trace cement. ShaIIO\:v pits 6" to 1’ and MP under pits have
trace gray clay (infiltrated) in upper part. D}issolufion surface in upper part with
argillaceous clay. Upper 1’ shows less prima;\ry and more cement with no bedding.
Irregular zone of polyhalite marks upper contaf;ct, sharp, irregular over 6°.

Halite, alternating mud-poor (trace polyhalitfe) with argillaceous (trace polyhalite)
interbeds (clay black to gray with trace to (some brown). Polyhalite occurs as
irregular discontinuous thin laminae and disseminated small irregular blebs crudely
delineating thin to medium beds (2-4") in poly‘halite-ricr_j zones. Clay occurs as very
irregular continuous to moderately discoritinuous thin laminae, laminae, and

“subhorizontal zones with fine to coarse I-llic, [rare I-Illa. Clay may crudely delineate

thin to medium beds 2-3" thick, is locally tu\'anslocated down in pits. Pits occur
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1560-1568

1568-1571
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within unit and are 1-2’ deep. Clay-rich zone at top contains irregular pods and
subhorizontal zones of medium to fine IV (DVT textures). Unitis fine to coarse 1V,
mainly fine to medium, with zones of orange fine halite, trace primary and trace to
some cement. Upper surface sharp, very planar.

Halite, trace polyhalite to trace to some clay upward in several sequences with
argillaceous halite interbeds. Halite is fine to very coarse IV with medium to coarse
(trace primary) dominating near base of polyhalitic parts and more fine IV in upper
parts. Displacive halite in argillaceous zones mainly fine to medium I-lli-c with trace
la. Trace fibrous halite along edge of solution pipe near 1555. Lower .5’
argillaceous, very discontinuous irregular clay laminae. Next 2' shows polyhalic fine
IV with abundant DVT textures similar to DVT zone in underlying unit. DVT texture
zone overlain by medium IV zone with irregular discontinuous thin laminae of clay,
trace polyhalite interbedded on 1’ scale with halitic claystone with I-ll-llib-c. Zone
shows local pods of fine halite. Halite in this zone shows trace primary, abundant
cement. Claystone in irregular thin laminae, wavy to convolute, locally parallel with
some sic/laminae textures. Upper 2’ contains thicker interbeds of similar claystone.
Most interbed margins poorly defined. Dissolution pits originate within unit and at
its upper contact are filled with halite cements ard translocated clays; pits at upper
surface are filled with gray clay from overlying unit. Moderate eftloresence in clay-
rich part.

Halite, trace polyhalite, trace clay in rare, well developed, subhorizontal, thin
laminae. Polyhalite occurs as disseminated material in fine IV and as isolated
irregular blebs along planar dissolution surfaces near top and in pits as transiocated
dissolution lag. Lower part shows abundant fine IV with MP and dissolution pits
filled with medium to coarse halite. Middle zone shows moderate to advanced DVT
textures (clay poor) and irregular exposure/dissolution surfaces with abundant fine
halite. Upper zone shows crude to poo‘rly defined thin to medium beds 2"-1" thick
with polyhalite blebs delineating strata. Fine to very coarse IV, mainly fine near
base and in source other zones. Trace to moderate cement, some primary,
showing BG. Upper surface irregular c;ver 4" dissolution/exposure éurface. Pits
originating at upper surface and within unit to 6+'. ’

Halite, trace clay, trace polyhalite as irregular biebs in fine IV concentrated along
dissolution surfaces. Clay mostly as irreguiar continuous to slightly discontinuous
upward, thin laminae to laminae. Strata moderately to poorly defined in lower 2;
less well defined upward. Thin to medium beds (2"-1') delineated by clay laminae.
Halite stratified below upper 1'. Brown clay with some gray zones. Fine to medium
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1578-1589
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1V with trace coarse halite as cement, trace primary near base, content decreases
upward. Cements are locally abundant. Fine halite caps strata, and is more
abundant upward. In upper 1°, fine IV is in ignticular to irregular subhorizontal
zones and pods. One pit at upper surface was deep x 68" wide. DVT textures in
upper 1. Upper surface planar, slightly irreqular; erosion with clay deposition over
surface. '

Halite, trace polyhalite. Clay content increase: from trace at 1574’ to some at top.
Polyhalite occurs as disseminated material iri fine 1V, and isolated disseminated

" irregular blebs elsewhere. Clay occurs as disseminated material and increasingly

well defined irregular to slightly continuous to moderately discontinuous thin
laminae to laminae and irregular zones upward

l
1'. Fine to coarse, mainly medium, 1V, traclla to some primary (trace vertically

!

elongate) and cement to 1573'; zone of pods 10 layers of fine IV to 1572; stratified

medium to coarse IV, trace primary and ceme||1t, with fine to coarse I-llic and trace

la to top. Some coarse cement in MP and pits; cement increases upward. DVT

. Laminae fairly continuous in upper

textures are abundant near middle and upp;ner middle. Contains interunit pits
originating within DVt texture zone to 5+’ de;ep. Upper surface marked by gray

_thinly laminaed clay 1/2-2" thick deposited‘ over planed off, slightly irregular

dissolution surface. Clay is brown with some g{ray.

Halite, trace to some clay and polyhalite. In:cipient to moderate/advanced DVT
textures. Polyhalite occurs as disseminated rnaterial in fine halite, irregular small
(<1/4") to large (about 3") biebs concentrated along subhorizontal zones
{exposure/solution surface with lag), and in jpits as translocated material. Clay
occurs as irregular, slightly discontinuous to m<§>derately discontinuous locally poorly
defined, thin laminae to laminae and irregular zones. (Continuous thin laminae and
laminae partly as lags on irregular dissolution|surfaces (or incipient DVT surfaces)
and around irregular pods of fine). Clay mostly‘/ brown with some gray. Equant f;ne
to medium IV, with some coarse halite as cerrilents in pits and MP. Trace primary,

. | ,

trace to moderate cement. Fine halite is abunc!lant near base and upper middle part
of unit, occurs within disseminated irregular 'f:ones and pods within lower middle
part of unit, and caps irregular subhorizontaliexposure/dissolution surfaces near
top. Lower middle dominated by medium hallite with some coarse as cements in
abundant MP and pits. Upper part shows medium halite in crude strata capped by

|

fine halite or clay laminae with I-llic and tracel la. In addition to the irregular pods

and zones (some showing dish-shaped beds near base), fine halite occurs as

fillings of some dissolution pits (efflorescent mzterial that survived). Pits originate at
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various locations through unit and vary in depth from 1-8' and show many episodes
of reactivation. Upper surface sharp to irregular and slightly gradational, irregular
over 6",

Halite, trace polyhalitic and anhydrite. Polyhalite occurs as irregular moderately
continuous to very discontinuous thin laminae, mostly subhorizontal, disseminated
small blebs and irregular large bleb showing some dispiacive margins. Lower pant
mainly polyhalitic. Upper part contains some polyhalite aligned in subhorizontal
zones and as locally disseminated blebs. Blebs in upper part are concentrated
within dissolution pits as translocated material. Polyhalite delineates moderately
well to poorly defined thin to medium beds 3-8" thick. Medium 1V, mostly equant,
some primary (trace vertically elongate), some-coarse; some fine halite in upper
1.5’. Vertical cement fabric and BG primary fabrics. Cement moderate to locally
abundant in dissolution pits and small MP 1* x 1/2". I-llic with trace la in polyhalite
zone in upper 8". Interunit pits and pits 2’-4' deep originate from upper surface.
Upper surface sharp to irregular, marked by increased polyhalite concentration;
irregqlar over 6". Pits reactivated during deposition of overlying unit.

Halite subdivided into 3 parts:

Part a: polyhalitic medium to coarse {V to 1603 with fine halite more common near
top. Upper surface subject to multiple episodes of DVT style textures. Trace
primary, rare vertically elongate halite; trace cement, abundant in pits and MP (1").
Polyhalite occurs as irregular very discpntinuous, thin laminae and irregular blebs
locally transported downward in pits; interunit pits.

Part b: DVT texture zone halite, trace clay and sulfate. Clay brown to locally gray
as irreguiar discontinuous to continuous thin laminae to laminae, irregular zones,
and blebs - associated with medium to coarse 1V, trace primary, abundant cement
in lower part. Some displacive margins (mud-rich halite pan deposited in
topographic lows on irregular erosion/exposur;e surface). Fine to coarse IV in
irregular zones and pods, polyhalite occurs as irregular blebs in upper part.
Claystone with I-lI-llla-b showing sic textures. Zones about 1’ thick laterally
continuous of clear IV with abundant cement. Clayétone in topographic lows.

Part ¢c: halite, some to trace clay, no DVT textures at base, minor textures at top,
medium to coarse IV with fine (1598-1597) and irreqular clay laminae. Fine lc
common, la rare in argillaceous zone. Upper surface sharp, planed off during

flooding.

"Anhydrite with local polyhalite, gray to pink, thin laminae to laminae, most wavy,

parallel, some show cross-cutting relationships, local cross-laminae. Several zones

display clastic halite textures and cross-laminae. Bedding locally contorted to
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convolute (especially in polyhalite-rich area).| Tepee structures at upper contact.
Upper contact sharp, undulatory over .5'. »
Halite; trace anhydrite at base and trace polyhalite and anhydrite upward; some
sulfate 1616-1617. Thin laminae to laminae|and disseminated polyhalite biebs.

Suifate délineates thin to medium beds (4"-1"). Medium to coarse IV, equant with
vertically elongate halite; some to moderate primary, BG locally planed off by
sulfate laminae; trace to 'some cement; locally stratified fine halite. Trace
recrystallized halite. Upper surface planar, sharp, eroded by freshening. Some 1’
interunit pits with translocated sulfate.

Anhydrite, gray, microcrystalline, possibly organic-rich’in lower 2. Shows abundant
recent weeps parallel to fractures and bedding. Thin laminae to laminae, wavy,
most parallel, some low angle cross-cutting relationships. Shows some contortion
and convolution. Small anhydrite PAGS to|1/2" high in lower part. Abundant
stratified halite PAGS in upper part to 2" higrlm. Upper contact sharp, undulatory,
slightly irregular over 4". \

Claystone, gray; locally displays thin Iaminaei; which are distorted and disrupted,
iocal cross-cutting relationships. Contains1 a 0.2’-0.4’ thick fibrous halite and
polyhalite filled fracture near top. Pebble to granule sized polyhalite nodules with a
displacive morphology interlock near the base, packing decreases upward. Local
fibrous halite filled fractures. Upper contact sh:arp undulates over 6",

Similar to underlying unit with better devel{:ped strata; more primary and less
cement. Rare, vertically elongate BG fabrics. 1" thick polyhalitic zone at top.
Upper contact shamp.

Halite, trace polyhalite, gray clay at top. Stral:a not apparent near base, crude thin
beds (3-6") near top, delineated by polyhalite. Polyhalite occurs as very irregular,
very discontinuous thin [aminae with displaciv!‘e margins; rare small blebs. Medium
to coarse IV, with Jocal irregular zones of fine .fand fine in small pits; equant, trace to
some primary with some to moderate halite c::ement. VO MP to 2" high x 1" wide.
Some displacive halite near base; some Il-lllc,! rare la in clay at top. Contains small
interunit pits to 2" and deep pits from upper s:urface 6'. Upper surface is incipient
exposure/dissolution surface, with 1* very thil’ll bed of gray clay, some transiocated
down into underlying halite in pits. Upper surfice sharp, planar.

Halite, argillaceous, gray. Irregular zones and well defined laminae to very thin
beds of argillaceous halite with clear halite. Medium to coarse IV, equant,
abundant cement; fine to medium Ic, some ll-llic, trace la. No pits. Upper surface

slightly irregular, dissolution surface.
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Halite, trace to some polyhalite. Medium to coarse 1V, major primary, vertically
elongate, chevrons, cornets; trace cement. Upper surface undulatory, planar, tion -
planar, marked by possible langbeinite.

Halite with some polyhalite, langbeinite and possible sylvite (in argillaceous zones).
Fine to very coarse IV. Similar to underlying unit except for potash-rich zone
developed on dissolution/exposure surfaces. Contains large pit 2.5’ deep and
about 1.5’ wide filled with langbeinite with some halite. Upper surface irregular with
possible dissolution lag and relief of 1'. Potash underlies polyhalite laminae near
base.

Halitic claystone and argillaceous halite, brown with trace gray, deposited over
irregular surtace on underlying unit. Hints of thin laminae, irregular and distorted;
sic. Fine I-lI--lli--c. Upper surface planar.

Halite polyhalitic. Polyhalite occurs as irregular continuous to discontinuous thin
laminae and blebs. Unit poorly to well stratified as thin to medium beds (3"-1").
Medium to coarse 1V, with trace fine halite near top. Trace cement; frace primary at
base where poorly stratified, increases upward. Incipient irregular DVT dissolution
surface at top; with shallow 6" pits; overlain by clay. Langbeinite occurs over halite,
below polyhalite laminae. '

Halite; polyhalitic near base to polyhalitic and argillaceous to argillaceous upward,
all trace amounts. Langbeinite from 1655-1656. Argillaceous gray halite overlies
irregular dissolution surfaces on polyhalitic halite. Medium to coarse 1V, trace fine;
trace to some primary in lower 3'; cement from trace to some upwards; trace
recrystallized halite. Similar to underlying unit except polyhalite occurs as biebs
more often and laminae are not as continuous - more disrupted. Unit has less
primary and more cement and MP than underlying unit. Fine IV occurs only in
areas subject to DVT reworking. Abundant cement in argillaceous zones. Upper
irregular DVT relief to 1’ topped by clay. Contains langbeinite in moderate DVT
zone with pods of fine IV. |

Halite, polyhalitic, argillaceous zones. Polyhalite occurs as irregular to very
irregular continuous to discontinuous laminae and thin laminae, blebs,
disseminated material. Blebs more common near top. Polyhalite laminae
delineates well-defined beds near base to moderately well-defined near top, thin to
medium beds 2"-1’ thick. Gray clay-rich zones occur over irregular dissolution
surface on polyhalite zones. Clay in continuous to discontinuous, very irregular
laminae and thin laminae and irregular zones with I-lla-b. Medium to coarse IV with
some fine. Halite in polyhalite-rich zone occurs in cycles of polyhalite, medium to
coarse IV With some moderate primary (vel, BG) halite moderate cement, overlain
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by fine IV halite. Unit displays irregular, incipient DVT dissolution surfaces
throughout unit with pits to 1’ deep.

Argillaceous halite, brown in lower 2’, gray at top, trace to some clay. Clay occurs
in thin contorted laminae, laminae, very thin beds, discontinubus to continuous,
irregular to very irregular laminae, irreqular zones and blebs with dish-shaped
pattern. Medium to coarse IV with local fin2 halite zone and trace very coarse
cement; trace-primary, abundant cement; halite in continuous to discontinuous
subhorizontal zones. Unit has crude thin bedded appearance (2-57). Erosional
contact between brown and gray is origin of [dissolution pits which penetrate and

_reactivate pits in underlying unit, with translocation. Brown zone contains fine Ic,

medium I-113; gray zone has fine to medium lI-flic and pods of fine V. Local zone
of very coarse halite in pit/pore near upper contact (in gray zones). Upper surtace
wavy, slightly irregular over 4", erosional. Trace irregular polyhalite biebs.

Abundant weeps.

Halite; trace polyhalite as thin, very irregular|and very discontinuous thin laminae,

disseminated material, and very fine platelets::,’ delineates crude to moderately well-

defined thin beds (2-4") thick. Medium to coarse IV with some coarse at base of

beds and fine halite at top; some to moderate primary (chevrons, cornets) with
some cement at base of beds. Coarse IV at base of unit mostly clear with little

primary. MP to 1" at base of unit. Upper suiface slightly irregular to planar, pits to
2’ deep (penetrating upper part of underlying} unit) originate at contact, show some
material translocated downward (reactivated during deposition of overlying unit).
Upper surtace planed off.

Halite, trace polyhalite; polyhalite occurs as irregular discontinuous to very
discontinuous thin laminae, blebs and plai;:elets and local POS, occurs as lags
locally. Fine to very coarse IV, mainly fine 1:0 coarse, with local irregular zones of
fine halite near erosional units; trace prima:ry, some cement, trace to some triple
junctions (recrystalli;ation). Trace to some:z la-b in polyhalite. Locally abundant
dissolution-pits to 1-3’ deep originating at el;rosional surfaces (exposure). Upper
surface is irregular over 6" with polyhalite]dissolution lag, and 2' deep pits with
translocated polyhalite. Locally abundant MF;’. _
Halite, polyhalitic to argillaceous, trace to some upward. Polyhalite as irregular
blebs, irregular very discontinuous laminq.e and local platelets and POS. Clay
occurs as irregular very discontinuous to ¢ontinuous thin laminae and laminae,
zones and local blebs. Defineates crude thirt beds in medium to coarse IV (to 2-3%).

Thin laminae (clastic, very irregular, contortwled focally in upper 2’. Halite occurs as
S
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fine to coarse equant IV with trace primary, some cement, trace recrystallization.
Clay is brown with local gray. Local fine IV in irregular zones {DVT), slightly
polyhalitic. Above 1690; fine to medium I-llic with some medium I-llla. Local
interunit pits to 2' deep. Unit contains several exposure/erosional surfaces. Upper
surface planar, sharp, erosional.

Halite, slightly polyhalitic, alternating with trace clay. Polyhalite is fine grained,
occurs as irreguiar discontinuous thin laminae, local platelets and POS, and
disseminated blebs (with some diéplacive halite margins). Clay occurs as
disseminated material along subhorizontal zones. Clay and polyhalite delineate
thin beds to 8" thick,'.cr‘udely to moderately defined. Fine to very coarse, mainly fine

. to coarse, equant IV with local subhorizontal zones of fine halite pods and some

fine halite in pits to 1’ deep. Trace to some primary and BG, some cement, trace
recrystallization. Local VO MP to 1 high. Local irregular erosion/solution surfaces
with 4" relief. Large pits at upper surface contain material infiltrated from overlying
unit. Upper surface very irregular, sharp with .6" relief, solution surface.

Halite, trace gray and brown clay and polyhalite. Polyhalite as irregular blebs in pits
and aligned parallel to strata as dissolution lag reworked by cement processes.
Clay occurs as irregular subhorizontal laminae, irregular zones and local blebs
around fine halite in subhorizontal irregular zones and lenticular pods. Fine to very
coarse, mainly medium to coarse, |V with equant fine halite in pods, lenses
increasing upward; trace to some primary, trace cement, some recrystallization.
Trace coarse I-ila, fine Ic. Shows abundant moderate to advanced DVT textures.
Contains interunit dissolution pits to 5’ deep. Some 2-3’' deep. Upper surface
irregular, marked by very very coarse halite clear zone about .2-.3' thick, planed oft
by erosion/dissolbtion Modest amount of weeps at unit.

Halite; lower part (to 1713) polyhalmc gradmg into argillaceous reworked DVT
upper part.

Lower part: halife ir‘ace polyhalite as irregdlar“moderate to very discontinuous thin
laminae and blebs and 1" honzontal zones with abundant displacive halite and
zones of blebs wnth dlsplacuve hallte in plts Polyhalite delineates well to poorly
preserved very thm beds 3- 5" thlck Polyhallte in pits and strata show boxwork
fabric. Medium to coarse IV wnth local fme halite near top; trace to some pnmary
(vemcally elongate) with trace cement.

Upper part: becomes more argillaceous upward as irregular discontinuous thin
laminae to laminae and zones locally containing fine to medium I-llla-c. Halite
occurs as argillaceous zones of medium to coarse IV with displaéive margins, trace
primary, abundant cement, and irregular dish-shaped, pods and horizontal zones of
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~ erosiorvdissolution. Shows several pits.

fine to medium halite (slightly polyhalitic)., Shows well developed DVT textures.
Contains many large interunit dissolution pits to 1' wide and 6' deep translocating
polyhalite lag material and clay downward. Upper surface planéd oft by

Ciay, gray, in lower .2’; upper part polyhalite, microcrystalline; laminae to thin
laminae contorted. Upper surface undulatory.

Halite, trace polyhalitic as platelets and blebs; medium to coarse, equant IV, trace
primary and cement. Upper _suEface planed|off by dissolution. _

Halite, trace of polyhalite and clay. In two sequences of slightly polyhalitic halite to
slightly argillaceous halite increasing upward. Polyhalite occurs as irregular biebs
and very discontinuous laminée, trace platelets near fop. Clay occurs as irregular
laminae and blebs. Medium to coarse IV, upper 1’ contains local irregular zones
and pods of fine to medium halite (moderate DVT textures in upper 1°); trace
primary, decreasing upvJard. Some la-c between halite pods; lc near top.
Abundant cement near base in MP to 2. Upper surface planar, erosional. Local
pits to 2-3' deep. '

Halite, trace clay and very slightly polydalitic; clay occurs as irregular to very
irregular continuous to very discontinuou::; thin laminae and laminae, blebs, and
irregular zoneé; mostly irreguiar b’ounda:ries with medium IV halite. Polyhalite
occurs as disseminated material within junit, as trace amounts in fine 1V, and
irregular blebs in medium IV with mostly i;rregular boundaries with halite. Halite
occurs as fine to coarse 1V, equant, traceiprivmary, mostly cement in argillaceous
zones around irregular zones and subh;orizontal pods of fine 1IV. Unit shows
abundant DVT textures, moderate to advanced development. Has dissolytion pits
from 1-10° deep originating throughout unit and penetrating underlying unit
(translocaﬁng material down). Upper surfécf:e is irregular, planed off by dissolution.
Halite, trace polyhalite; polyhalite occurs zlls irregular moderately discontinuous to
very discontinuous thin laminae and bllebs (some with displacive margins),
delineates beds 2-6" thick becoming thinner upward. Medium to coarse IV with
local very coarse halite in MP at base| and wide dissolution pits (about 1°)
originating in overlying unit, shows moiderate to major primary BG at base,

decreasing upward; local subhorizontal Zones of fine halite. Abundant MP near

base, some to 1' x 1’. Upper contact ver{y irregular, gradational, undulates over
1.5’. Dissolution surface. | |

Polyhame unit, in 3 parts; .2’ polyhalite :‘at base, laminaed, microcrystalline. 8"
halite, with irregular discontinuous thin laminae of polyhalite; local blebs of equ'ant
medium to very coarse, mainly medium'to coarse |V, tface primary and some

-40-
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cement, shows displacive boundaries with polyhalite, sharp upper contact.
Remainder is laminaed to thinly laminaed polyhalite, slightly irregular to
convolute, showing cross-cutting relationships. Local possible stratified polyhalite
PAGS to 1" high\. Possible polyhalite cracks spaced about 3'. Possible tepees.
Upper contact sharp, irregular over .5'.

Halite, trace polyhalite to 1749, trace to some gray clay in upper 1’. Polyhalite
occurs as irregular to very irregular thin laminae; slightly discontinuous at base,
become more discontinuous upward; isolated blebs with some displacive
margins, POS and platelets, and crystal drapes. Mainly medium to coarse IV
with local very coarse halite in MP, fine halite in middle of unit with disrupted
polyhalite textures. Shows some to moderate primary subaquebus halite (BG,
vel) at base with increasing shallow WT reworking upward. Minor cement at
base increasing upward. MP occur from middle. of unit, increase upward.
Local interunit pits and relief indicating moderate reworking with moderate WT.
Pits to 2-4’ deep. Clay at top as thin irregular laminae. Abundant pits originate
at top to 4’ deep upper surface. Erosion with gray clay, planar.

Halite, clear to cloudy, trace (<1%) polyhalite and anhydrite. Fine to coarse 1V,
mainly medium equant, some primary, some cement, poorly defined very thin
beds 3-4" thick. Vertically aligned clear zones present; some BG textures.
Upper contact sharp, well defined by polyhalite.

Interbedded polyhalite and halite. Lower 1-2" consists of gray claystone overlain
by polyhalite 4" thick. Polyhalite shows pillows and moderately well-developed
loading structures into clay while soft. Polyhalite occurs as very thin beds (to
5") to thin laminae, horizontal and undulatory to slightly wavy, thin laminae,
wavy to planar with ripples to 1/2" high. Fine to coarse vertically elongate 1V,
with abundant primary (chevrons, BG) and some cement in 3-5" very thin beds
(all subaqueous). Contains irregular thin laminae of polyhalite and crystal
drapes. Upper contact slightly irreqular. Overall polyhalite content decreases
upward in upper 1.5'.

- Divided into intérbedded polyhalic halite (b,d,fh) and argillaceous halite
" (a,c,e,g.i). Polyhalitic/halite: equant to vertically elongate fine to coarse 1V,
mostly medium, with some fine halite at tops of very thin beds (common in d,f);

trace to moderate primary (BG, vel) with trace to some cement. Polyhalite
occurs as COhtinﬁcus to very discontinuous (most in b) thin laminae, blebs (with
displacive margins in, b),--disséminated platelets and POS, and intercrystalline
drapes. Polyhalite delineates crude (b) to well-defined very thin beds (1-3") in
upper units. BG textures can be planed off and overlain by sulfate (indicating
no subaerial exposure, increasingly common upward). Fine halite with POS

indicate minor shallow WT exposure
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(common in d,f,h). Shows repeated cycles of:|BG halite, fine halite, polyhalite with
varying amounts of fine halite and disruption of polyhalite. Tops of units (except h)
show dissolution pits to 1 and pits occur locally within units.

Argillaceous halite: fine to very coarse IV, mlostly medium or medium to coarse,
trace to some primary (BG, vel), abundant cement, equant. Some I-ilia-c, mainly
le, in argillaceous vaceous zones. Clay mostly gray, some brown. Clay occurs as
irregular continuous to moderately discontinucus thin laminae an&_ blebs with trace
to some displacive margins. Some fine halite in upper units (e,g). Muddy units
show some dissolution pits within and at tops. lrregular upper contacts. Weeps
occur in Jowermost part around irregular clay laminae and within halite adjacent to
clay laminae. '
Divided into lower and upper argillaceous halites.
Halite, some ciay, in lower part; brown with tninor gray, thin laminae to laminae,
mildly to very contorted and irregular, with|trace sic texture. Halite occurs in

laterally discdntinubus (17-2" thick), equant, rnostly clear with polyhalite POS and
platelet's and as l-lla-c, fine to medium. Locial subhoriiontal fibrbus halite-filled
fractures, to 1/4" thick, laterally discontinuou;s. Upper surface sharp, gradational
showing erosion and development of dissolution pits 2’ deep into underlying unit
showing translocated clay. :

Halite, trace clay, in upper part: brown clay,f irregular, moderately continuous to
discontinuous thin laminae, laminae and blebfs. Halite is mainly medium to coarse
IV. Halite contacts with clay are locally displa«i:ive (I-la-b). Irregular zones of halite

are similar to lower part. Upper surface shzfarp and erosional with pits <2’ deep

penetrating underlying part a.

Weeps in pits

" Halite, trace polyhalite to trace polyhalite and clay upward. Clay is mostly brown

and occurs as irregular moderately continuous to discontinuous laminae and thin-
laminae (more continuous at top) and local t;)lebs. Clay laminae delineate crude

~ thin beds (3"-4") at base to moderately well defined very thin beds (2"-3") at top.

Polyhalite occurs as abundant POS texture in upper well stratified zone with varying
amounts of separation between the platele't‘s. Very discontinuous irregular thin
laminae, and local blebs with some displaciye' margins. Fine to very coarse, mainly
medium to coarse IV with more fine to medium halite near upper contact, equant,
some tripie junctions, trace polyhalite, somele cement. la-c, some ll-llla in upper
part; thin argillaceous beds show fine Ic and rnedium la. Contains several interunit

dissolution pits to 1" deep. Pits originating at top show downward translocation of




1775-1777

1777-1783

1783-1784.5

1784.5-1790

WIP:AIS1034w/o

overlying material and are about 3’ deep. Upper contact planar as dissolution
surface, slightly irregular, sharp. Moderate weeps in unit.

Argillaceous halite and halitic claystone. "Halite occurs as medium to coarse |-llla-c,
and fine to medium [V in pods and irreguiar stratitied zones. Shows clastic style
stratification as thin laminae and laminae which are wavy, locally contorted, and
slightly irregular with local cross-cutting relationships. Incipient to moderately well-
developed SIC textures locally; syndepositional slumping. Polyhalite and anhydrite
occurs as platelets, POS textures, and biebs within halite. Upper surface is the
origination point for pits to 4’ deep which shoe downward translocation of clays.
Upper contact is erosional and overlain by clay laminae.

Halite, polyhalitic 1' thick argillaceous zone near top. Polyhalite occurs as irregular,
moderately discontinuoué thin léminae (more common near base), blebs often
showing displacive margins (most common in dissolution pit fillings), and irregular
thin (1/2-1") subhorizontal zones of platelets (so’me POS texture) and very small
blebs (more common toward middle and top of unit). Fine to very coarse, mainly
medium to coarse IV, with coarse and very coarse in pits and MP fillings and
cements; fine halite is abundant locally in subhorizontal zones in middle and top
part of the unit, Within and associated with polyhalite zones of piatelets and POS
textures. Halite equant with trace primary, abundant cement. Argillaceous zone
{mostly brown clay) is very thinly bedded (to 2+") with following repetitions: clear
coarse halite with clay as irregular laminae and blebé with displacive margins;
medium halite with abundant primary textures, some BG textures, very little clay;
clay-poor fine halite. Upper polyhalitic zone s‘hows more abundant fine halite in
subhorizontal zones. Unit contains some dissolution pits and pipes originating from
various horizons within the unit (1-3' deep). Pits at upper contact were reactivated
during deposition of over’lying unit as clay from overlying unit is translocatedvdown
into this unit. Uppef surface irregular and erosional with polyhalite-rich zone as
solution lag. i ‘

Unit produces moderate amount of brine.

Polyhalite, medium cr_Ystalﬁne, minbi' red h.allite;‘laminae to thin lamiriae, undulatory,
locally slumped and‘sﬂllightly contorted showing cross-cutting relationships.
Contains Ioéél strétified polyhalite PAGS. Halite as BG or as PAGS, also fills small
sigmoidal separation at top of unit. Abundant weeps in unit.

Argillaceous halite, unit subdivided into 5 parts (Figure 10).

A) Medium to coarse |V, trace primary, abundant cement with brown clay as
irregular discontinuous laminae, blebs and zones with I-il a-b (with abundant

displacive margins). Upper surface erosional with clay lag.
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B) Halitic gray claystone with irreguiar pods of fine IV and I-lla-b. Shows disrupted
and slumped.thin laminae and laminae. Upper;surface erosional with clay lag.
C) Medium IV with some fine IV near top.| Brown and gray clay as irregular,
disrupted laminae. Upper contact erosignal with local brown clay solution lag.
D and E) .Both are sim'ila; to B with more slumping of strata and textures and are
separated by an erosional surface. Upper con’tact of E is sharp. Unit has abundant

weeps. - w
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FIGURE 10 SOLUTION FEATURE;ES AND EROSION/SOLUTION
(E/S) SURFACES MAP UNIT 47

Halite, mostly clear with trace of polyhalite a:s irregular very discontinuous laminae

and blebs with some displacive margins an strata poorly defined. Upper surface
very irregular over 1+'. Erosior/dissolution surface. Unit penetrated by pits spaced
6"-1.5’ and up to 2’ deep filled with clear cement. Medium to coarse LI_V with very
coarse cement and pipe fillings, local possible MP, trace fine halite. Trace to some
primary, some cement. Trace tripie junctions':, local displacive textures in pipes.

Halite, polyhalitic, very thin bed at base (.1’ thick) showing slumping on lower

contact (underlain by 1/2"gray clay laminae), elsewhere polyhalite occurs as

- laminae to very thin laminae, laterally persistent and irregular, discontinuous thin

laminae to very irregular, and irregular blets with some displacive halite margins.
/
Polyhalite zones locally contain I-ila-c. Pol{yhalite zones delineate very thin beds

|
|
l
I
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(.1-.2’) in halite. Medium to coarse 1V, equant, with trace very coarse; some triple
junctions, so;ne primary and vertically elongate halite and cement (halite PAGS in
lower polyhalite). Upper surface irregular, shows dissolution fag of polyhalite
locally, .5’ relief. ’

Halite, subdivided into 3 parts: a and b argillaceous as irregular, slightly to
moderately discontinuous thin laminae and laminae, brown with some gray inb. b
and c polyhalitic as fine disseminated material, irregular very discontinuous thin

' laminae and biebs showing trace to some displacive margins - overall laminae

occur in more continuous zones in ¢. Part a: medium to coarse 1V, trace to some
primary halite and abundant cement, some displacive margins (la-c) in more
argillaceous zones, minor amounts of fine halite in smail irregular zones near top
(upper 4"). Upper surface of a is irregular, undulatory over .7’, marked by clay

dissolution lag. Pits to 2’ deep originate at contact. Part b: contains irregular zones

and lenticular pods of slightly polyhalitic fine IV with dissolution margins. Bounded
by irregular subhorizontal laminae of clay. I-lla-c between pods of IV. Upper
surface irregular over 4", showing dissolution fag of polyhalite and clay, pits to 1’
deep originate at contact, contact erosional. Part ¢c: very thinly bedded (.1-.2°) with
irregular polyhalite laminae delineating strata. Fine to coarse IV halite. No pits.
Upper contact marked by gray clay in overlying unit, erosional, planed off by
dissolution.

Halite, mostly polyhalitic with 2 zones about .5 thick of clear halite with trace
amounts of thin gray clay laminae. Contacts of each zone of clear halite indicate
subaerial exposure relief. Halite consists of medium IV, with some coarse to very
coarse as ceméms of pores and pits, and irregular zones of fine halite near each
major erosionial surface. Polyhalite occurs as irregular thin, moderately to very
discontinuous laminae, blebs and zones of disseminated polyhalite .1-.2’ thick.
Polyhalite laminae and zones delineate very thin beds (.2-.4' thick). Polyhalite also

occurs on some erosion/dissolution surfaces as an insoluble lag. Clay occurs in

trace amounts in two zones as irregular moderately discontinuous laminae locally
translocated down in dissolution pits and pipes. Dissolution pits mostly shallow
(ébout 1+') and originate on erosional surfaces within and at top of unit. Upper
surface erosional/dissolutional, slightly irreguiar but planar on large scale, showing
dissolution lag of polyhalite overlain by clay laminae of next overlying unit. Trace
primary, some cement, some triple junctions.
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1806-1807.5 Halite, trace to some clay and polyhalite upward; divided into 5 parts as shown in
Figure 11:
1 . ' ! T
1806" — —=m — e e e —— ~——:..'!439 IV, m=-c; with clear halite.
[oJ* N g u O 0 00D 0pon '43d I-llla~-c; with gray clay.
. —_— ~.33C 1V,[~C; clear, with Trregular brown laminae.

1807.5-1813

1813-1814
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1

| Iv,|f; disseminated polyhalite,

! local polyhalite pile of sticks texture;
gutar brown clay laminae;

' some |V, m-c near base.

I

43a V. |f-vec; some 1-lla-c;
J‘_ irregular brown laminae and blebs.

block of 42

FIGURE 11 HALITE SOLUTION FEATURES

Medium to coarse IV, trace primary and moderate recrystallization; fine 1V in pods;
fine to medium I-lic in more afgillaceous parts. Clay occurs as irregular very
discontinuous (in a,b,c) and moderately continuous (e) laminae, blebs, and is matrix
material in d. Polyhalite occurs in b as disseminated concentrations and platelets in
local POS texture. ?it_s originate in b and pen]etrate into upper surface of underlying
unit (1-2’ maximum penetration depth). !
Halite, clear to white, medium to very coars ! IV, with irregular zones and pods of
fine halite, minor amounts within polyhalite-l:'ich zones and abundant in upper 1°.
Halite is equant, shows some triple junctions;} trace to some primary, some cement
as crust cement, MP and dissolution pit fillingsj;. Polyhalite in middle zone occurs as
‘widély spaced 'very irregular and very di300|;ntinuous thin laminae and biebs with
trace displacive margins with halite. Polyhalit'e in upper zones similar, but occurs in
more discrete zones. Upper surface is erosional, sharp, shows relief to 1°, very
irregular, capped by persistent laminae of brown clay which thickens into pits and
filled relief. Polyhalite concentrated in varia|ble (<1") zone near upper contact as
dissolution lag. Unit penetrated by dissolution pits and pipes, moderately abundant
(spaced 1.5-3%), some at upper surface show reabtivation durirlg deposition of
overlying unit. Pits vary in depth from .5’ within middle zone to 3’ when originating
at upper contact. A few pits originate in middle polyhalite-rich zone, but most
: I
originate at upper contact. '
Halite, clear with trace polyhalite as irregular thin laminae, moderately continuous to

|
very discontinuous, and blebs and incorporated drapes on BG halite - all showing

|
|
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some displacive boundaries. Polyhalite zones vary from 1/8-4" in thickness and
delineate crude to well developed very thin beds (2-6" thick). Medium to very
coarse 1V, with localized irregular zones of fine halite beneath each polyhalite-rich
zone and at top, trace primary with some cements of crust, in MP, and pits; equant
to irregular crystals with some triple junctions. Unit contains abundant pits spaced

1-2’, many as deep as 2' showing infiltration of polyhalite into underlying unit.

Upper surface erosional, planed off by freshening. Deposition of upper 0.1’ follows.

Halite, trace clay, clear to white at base, .4’ up from base a zone .05-.1" thick is
slightly polyhalitic in very discontinuous irregular laminae; zone undulates irregularly
(2") over dissolution surface. Upper .5' contains trace gray clay as irregular very
discontinuous laminae. Medium to coarse |V with iocal fine halite near top of units

_in irregular zones, upper surface planar and erosional with local solution lag of gray

clay as a thin lamina. Unit contains many evenly spaced dissolution pits some as
wide as 6", most .5’ deep. Several pits coalesce to form large pit 1’ wide at top, 1.5
wide at base. Trace primary, some triple points.

Halite. Mostly pure below 1819: fine to very coarse, mainly medium to coarse, IV
with abundant triple junctions and trace to some primary. Above 1819, trace clay
and poly content increasing upward. Halite in upper part mostly medium to coarse
IV with abundant triple junctions, rare primary and moderately abundant displacive
margins with clay zones. Trace I-lla-c within clay zones. Pods and irregular zones
of fine crystalline IV present with trace polyhalite in upper 2°. Clay occurs as
disseminated material, blebs and irregular, very discontinuous to moderately
discontinuous thin laminae. Clay is translocated downward within dissolution pipes.
Upper surface is irreguiar and sharp over .5" with clay dissolution lag. Clay is
mostly brown, but Ioclal zones of gray occur. Large' scale pipes originate within unit
at its contact and from overlying u'nit‘.. Many reactivate pre-existing pipes. Pipe
depth \)aries from 3 to about 10", )

Halite, trace polyhalite, trace brown clay at top. Both mostly as thin laminae and
isolated trace amounts. Medium to coarse equant IV; some primary cement, and

recrystallized. Upper surface very irregular, trace concentration of foreign material.

.‘Dissoluti.on‘su'rface planed off slightly prior to deposition of overiying unit. Surface

irregular over .5'.

Halite, polyhalitic, becoming increasingly argillaceous upward; dissolution pits within
unit and from above infilirated clay into unit. Within intact section polyhalite occurs
as thin blebs and thin laminae, very irregular and very discontinuous, delineating
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-top {(upper 2'). Clay occurs as irregular thin |

very crude very thin beds to .3’. Medium to coarse 1V, equant, trace to some

primary, abundant clear and some cement. Polyhalite in dissolution pits

translocated and concentrated, have abundant displacive halite margins. Pits filled

with medium to very coarse |V with local primary halite (indicating rapid growth in.

open pore as large scale "drusy" cement). Pits contain polyhalite, translocated

down toward and into underlying unit, and ¢lay as irregular, brown blebs with

abundant displacive margins, often vertically zligned along infiltration path. Upper
part of unit, when not dissected by dissoluti0|[1 pits, contains abundant fine halite '
pods and irregular zones surrounded by claystone and displays dissolution
boundaries (with gray and brdwn cla\y). Clay also locally within fine halite. Upper
contact sharp to gradational, marked by clay dissolution lags; shows irregular
surface with about .5’ relief. Entire unit dissect<l=.'d by many dissolution pits. Much of
what is observed below the upper part was deposited as pit fillings. Multiple

generations of pits are evident and often overlap. Many of the pits originate within

-unit or at its upper contact. Some originate jwith flooding prior to deposition of

overlying unit and reactivate older pits. Entire iunit shows very complex dissolution
hiétory with dissolution features dominating rec!:ord and is advanced version of DVT
textures.

Halite, trace polyhalite to trace gray and brow:'n clay upward. Clay occurs in very -
irreguiar and very discontinuous laminae and thin laminae and in irregular zones.
Medium to coarse |V with very coarse halitge in dissolution pits originating in
overlying unit, fine halite in irreguiar pods and ;izones ‘bounded by irregular clay-rich
zones; trace fine I-1l ¢ near top in clay. Trace ;::»rimary and BG halite near base with
abundant cement and clear halite. Upper Sforface irregular with relief about 1'.
Contains dissolution pits to <1’ deep very locally.

Halite, trace polyhalite, more near base and tci»p. Occurs as blebs with some very
irregular, very discontinuous thin laminae sho*'wing displacive margins. Abundant
clear halite, some BQ. Medium to coarse equ!ant IV with trace vertically elongate

halite. Upper contact irregular over 4", Di:{ssolution surface (DVT), sharp to
gradational, marked by increasing polyhalite. Unit penetrated by pits from above.

Halite, trace clay {brown and gray) increasing upward, trace polyhalite near top.
| .

Medium to coarse IV, with irregular pods and ;|zones of fine to medium halite near
|

contorted, trace displacive halite margins, 1-fla near top. Polyhalite has infiltrated

aminae, very discontinuous locally

|
|
|
|
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down 3’ into a narrow pit. Pits penetrate from 2-3' and originate at upper surface.
Upper contact is irregular with low relief, was planed by erosion/solution; marked by
clay Iéminae. Local triple points in more pure halite; trace to some primary.

Halite, trace clay to Avery coarse polyhalite in upper part. medium to coarse IV, very
coarse halite cement, with fine halite near top. Cléy occurs as irregular
discontinuous laminae around zones of fine halite. Fine material has some
polyhalite laminae. Trace primary, some cement. Polyhalite displaced downward
in pits. Pits to 5’ deep. Upper surface irregular with .5 relief, and marked by
irregular clay dissolution lag. o

Halite, trace polyhalite, content decreasing upward in those zones bounded by
dissolution pits. Polyhalite is thin laminae, very irregular and discontinuous and
delineates crudely preserved very thin beds to laminae in halite. Medium to coarse
halite 1V, vefy coarse cement, equant with trace vertically elongate halite, trace
primary and some cement. Polyhalite in dissoluti_on pits. Laminar-like biebs with
abundant displacive margins and laminae. Upper surface is very irregular with
about 2+ of relief.

Polyhalite, contains clastic and BG halite in topographic lows; microcrystalline, thin
laminae to micro-iaminae, showing local slumping and contortion. Shows local
incipient sic texture and slumping of soft sediment into existing large voids (1’ x 2’
maximum) after deposition. "

Halite, trace polyhalite, trace to some clay upward. Polyhalite in lower 2.5’ as
irregular, very discontinuous thin laminae; locally outlines abundant displacive halite
(I-lla). Polyhalite is thicker in probable palecolow areas. Halite occurs mostly as
displacive cements with local areas showing some very crude, very thin beds (to
.2%). Unit is penetrated by abundant dissolution pits oﬁginating from various
horizons. Contains large MP ot clear, very coarse halite. Medium to coarse IV with
some very coarse; local I-lla with displacive margins, equant; trace vertically
elongate halite, trace primary with locally abundant cement. Contains irreguiar
pods and lenticular to tabular zones of fine halite in upper part bounded on top and
sides by dissolution surfaces. Some halite in upper part-is similar to lower 2.5 in
polyhalite content and distribution. Most halite, however, is fine grained and

_polyhalite-rich with local subhorizontal clay-rich zones. Gray clay occurs as

irregular laminae and irregular accumulations in topographic lows. Small
dissolution bits to 2' deep originate within this upper part. Floods deposited
overlying unit and eroded halite crust leaving only relict fine halite. Overlying unit
collapsed into existing void after deposition (Figure' 12). Alarge (2' x 1) crudely
lenticular pore within unit is filled with clear halite.
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FIGURE 12 COLLAPSE AND |MACROPORE FEATURES

Halite, trace polyhalite to trace clay upward. Crudely to moderately well defined
polyhalite laminae to very thin beds (about 2") delineated by thin to micro laminae
of polyhalite. Polyhalite laminae are irregular, very discontinuous at base and top,
becoming more conﬁnuous in middle part of unit. Blebs of polyhalite occur near
base and t’ob. Clay content increases toward top. Claystone occurs in irregmar
zones overlying haiitic zones, as infiltrated nHateriaI along dissolution pipes and pits,
and is poorly laminated. Laminae to very thin beds (most 1/2", some 2") surround
dish-shaped pods and lenticular zones of polyhalitic halite. Clay zones show
discontinuous irregular thin laminae and Ic;)cal areas with incilpient to moderately
well developed sic texture. Unit contains [several large-scale dissolution pits all
originating in upper 2'. Pits show general 5pacing over about 2'. Many penetrate

|

into underlying unit with maximum pepetration of 2' into underlying unit.
Penetration height varies from 3-5'. Uni;t shows several clear episodes of pit

I

development (dissolution, infiltration and cement growth), some with cross-cutting

relationships. Large dissolution pit featur;'e appears to occur where several pits
coalesced (perhaps close to the intersec_:tio“n of polygon limbs; Figures 13 and 14);
as the feature developed. with time additional pits were included. Halite is fine to
coarse IV, with ultra coarse halite in pit; equant irregular, some primary and cement.
Local la and Ic. ‘ |




FIGURE 13 GENERAL LITHOLOGY OF ‘MAP UNITS 28-30
AND COMPLEX SOLUTION FEATURE
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Poiyhalite, halitic; laminae to thin laminae, irregular to slightly contorted; clastic
halite within sulfate, contains partly replaced swallowtails to 1/2" high. Some
medium to coarse IV within unit is possible BG halite. Upper contact is sharp,
undulatory. Unit undulates over 1’ around shaft.

Haliie, trace to some clay and polyhalite. Medium to coarse 1V, Trace to minor .

primary, minor cement zones of fine la and fine IV in pods and pods with some la

~and Ic in upper 1'; some lla and Ic; equant. Clay (gray and brown) content

increases upward, upper 1’ dominantly argillaceous with no pods of sulfatic
material. Pods of fine halite are abundant. Irregular zones of faminae to very thin
beds are delineated by thin laminae of mostly finely crystalline polyhalite.
Polyhalite platelets and "pile of sticks" texture show dissolution of cements.
Interunit dissolution pits to 3’ deep originate from different horizons. Upper surface
of halite is sharp, irregular with dissolution planing. Overlain by gray clay containing
biturcating horizontal fibrous halite-filled fractures to 1" thick. Unit shows abundant
weeps, some developing after washing.

Halite, trace polyhalite, decrease in upper two-thirds. Medium to coarse IV; equant
with trace vertically elongate, some primary with good vertical growth; some cement
present with some possible macropore filling. Moderately well to crudely defined
very thin beds (.2-.4") delineated by very irregular to discontinuous thin laminae of
polyhalite. Polyhalite forms local blebs, POS. Laminae are most continuous from
1870-1869.

Halite, trace clay and anhydrite. Medium to coarse |V, equant, trace primary,

~abundant cement; displacive growth is abundant in muddy areas with I-l1a-b

textures. Crude very thin beds (.2-.3"). Irreguiar discontinuous laminae (to about

L
1/2") are persistent and define strata, irregular discontinuous thin laminae, and

muddy zones with very thin beds. Sulfate occurs locally as platelets in POS
texture. Upper surface |s irregular with dissolution pits to 6" deep. Interunit pits do
notoccur. v ‘

Halite, trace polyhalité. Laminae to very thin beds with minor amounts of polyhalite
delineating well defined strata; pQIYﬁalite occurs as irr‘egu'lar laminae to thin laminae
near baég and thin to mié:l"o‘ laminae near top. Laminae become more irregular
near top ahq occur wit_hin a wider, thicker zone and are more disseminated. Upper
surface irrégular, undulat’orybv’er about 4". Dissolution relief (Death Valley style).
Well defined, narrow (<1" wide) dissolution pits uniformly 1+’ deep, evenly spaced
3+' (probable dissolution of efflorescence from within polygonal crack during

flooding event as halite within pit is mostly coarsely crystalline). Halite is medium to
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coarse IV, equant, some vertically elongate jnear base, some irreguiar. Some to
moderate primary textures; cement content increases slightly upward. Polyhalite

concentrated slightly upward with more displacive boundaries. Fili withih
polygorvdissolution pits is medium to coarse I,V, equént, clear, <10% primary, trace
gray clay (infiltrated from above). ,
Halite, trace to some clay mixed with trace sulfate. Medium to coarse 1V with locaily
abundant fine IV in irregular zones and pods, la-c in claystone zones and laminae, |
some llla-c locally. Abundant gray and brown claystone zones as irregular very

discontinuous laminae to very thin bedded pods in lower part, laminae to very thin

bed scale. Mostly subhorizontal in upper part laminae to very thin beds. Locally

abundant primary halite as BG chevrons and cement. Irregular laminae mark

dissolution boundaries. Polyhalite as blebs znd irregular laminae locally infiitrated
downward into dissolution troughs. Dissoluti«lan pits and troughs to 3’ in lower part,
1 penetrates underlying unit. Dissolution lowered material around well-cemented
core of dissolution pit bending laminae uchtrd (Figure 15) Upper contact sharp,

erosional, marked by clay, planed off by dlssolutlon

well-cemented core
‘/ of earlier dissoluton

- \_
material lowered : pit (~1879°).
around core by
later dissolution [
T —
FIGURE 15

|
;

Halite, trace polyhalite. Medium to coarse I:V some primary (BG, vel, chevrons),
abundant cement. Sense of stratification ve‘ry poor. Upper surface irregular with

dissolution pifs penetrating into unit from overlyih‘g unit. ’
Halite, trace polyhalite, trace polyhalite and clay near top. Medium to coarse 1V,

equant, planar to irregular boundaries, sml'ne primary (BG, vel, chevrons) and

cements. "Fine halite is abundant in pods with some very coarse near top.
Irregular, very discontinuous laminae (rare) a|[1d some blebs of polyhalite. Gray with
some brown clay irregularly distributed in upper part around irregular pods and
zones of fine IV. Upper contact sharp, marked by shallow 4" dissolution surface.

No pits penetrate unit.
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Polyhalité, microcrystalline, reddish orange; some laminae; clastic sand-size halite,
contains la-c halite. Thin clay with polyhalite at base. Some efflorescent crust
indicating recent brine inflow even after washing.

Halite, trace polyhalite in lower part, trace clay and polyhalite in upper part.

Lower part: fine to coarse IV, equant crystals. Contains very irregular to
discontinuous laminae with abundant blebs of polyhalite with some Ib. Trace to
some primary. Upper surface sharp to irregular, marked by polyhalite.

Upper part: medium to coarse |V, equant to irregular halite. Trace polyhalite as
blebs; irregular zone of polyhalite (0-2" thick) at top (overlain by gray clay). Trace
primary fluid inclusions. Some dissolution pits to 6".

Hatlite, trace anhydrite and polyhalite with clay to trace gray and brown clay upward.
Interlaminated and very thinly bedded with mudstone. Fine to coarse IV and Illb-c,
equant, some primary fluid inclusions; some la halite. Fine halite occurs in pods
and irregular zones in upper part. Gray {N6) clay occurs in irregular to
discontinuous subhorizontal zones showing deposition in topographic jows, local
zones show some rotation after deposition. Trace polyhalite is disseminated in fine
crystalline zones and some irregular discontinuous laminae and blebs. Clay-rich
zones are dish-shaped. Upper contact is irregular, partly planed off dissolution
surface.

Halite, trace polyhalite. Medium to very coarse |V at base to fine to coarse IV at
top, equant with some vertically elongate, planar to irregular crystal boundaries;
major primary fluid inclusion zoning, BG halite, and cumulates at base, decreasing
upward, cements present. Well defined beds at base to very thin beds to crude
jaminae at top marked by irregular thin polyhalite laminae. Laminae become more
dis‘contindous upward with more blebs. Upper contact irregular to erosional.

Halite, trace polyhalite. -Medium to coarse 1V, equant with some vertically elongate,

' abundant planar boundaries, major primary fluid inclusion zoning, BG halite. Very

thin to thin beds, each bed topped by laminae of polyhalite; lower polyhalite
boundary commoniy shows dispiacive margin with halite, contacts with laminae
irregular, undUlatory. Vertical BG halite textures are commonly capped by thin
sulfate (indicating sulfate deposition on bottomn; Figure 16). Polyhalite is abundant;
unit differs from overlying unit above in lacking intercrystalline polyhalite. Upper
contact sharp, marked by suifate laminae.
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1
lite t1im on hallte growth surtaces
land cemented margins
!

fluid inclusion bands

_—— Bottom-grown halite

halite cement

FIGURE 16 1908-1913

Polyhalite, microcrystalline, halitic in upper part as clastic coarse sand-size grains.
Polyhalite probably pseudomorphs anhydrite. Laminae to véry thin beds in upper
part; possible ripups in lower part. Lowler~.3' consists of tan anhydrite with
polyhalite pseudomorphs of swallowtails to 1" high. Thin laminae to laminae,
possible algae in lower 1. Upper surface irnlegular, shamp.

Claystone, polyhalitic (about 40%), as nodt‘ules I-illc sulfate nodules. Laminae of
polyhalite at top, upper surtace sharp, wavy.

Halite, trace sulfate, zone with trace clay and sulfate. Abundant subhorizontal thin
laminae and blebs, many displacive margins with halite. Medium to coarse IV with
coarse to very coarse in upper part, equant o irregular vertically elongate, some to
moderate primary BG halite near base, with some cement. Upper middle part of unit
is argillaceous with trace clay as thin Iamina:e, irregular, discontinuous, some blebs.
Polyhalite in upper .5’ polyhalitic as stringers and blebs. Erosional syndepositional
relief on lower polyhalitic section is (minor, pits 6-8" deep (low relief,
shallow/moderate WT incipient). .Similar s{urfaces on top of argillaceous section.
Moderately thin or moderately well defined fo crudely defined very thin beds. Gray

!
il

(N6) clay. Upper contact sharp, erosional. |
Halite, trace to some gray to brown clay, trace polyhalite. Very crude very thin to

|
thin beds; no dissolution pits or pipes. Me'sdium to coarse 1V, fine to very coarse

' upward; equant, some displacive/inclusive halite in argillaceous zones; some

primary, increases upward. Upper contact s;harp, dissolution plane.
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Halite, trace to some polyhalite as irregular, very discontinuous stringers and
abundant blebs with some displacive halite margins. No obvious strata in unit. ??
Halite fills dissoiution pits in underlying unit. Medium to coarse {V; Moderate
primary at base, decreasing upward. Some inclusive halite at top. Polyhalite
content increasing upward. Dissolution pits to 3° deep at top of unit. Upper contact
sham, well defined with pits.

Halite, trace clay (mostly gray, but some reddish brown} and trace polyhalite; unit
appears gray. Medium to very coarse IV, with fine to coarse IV in more argillaceous
zones, equant, local displacive boundaries (lla) in mud. Some to moderate primary
in lower part, some in upper part. Reddish brown laminae irregular to discontinuous
in zone near middle of unit. Contains numerous dissolution pipes and pits 4-8’
deep, many originate within unit, some at top of unit, and 1 pit penetrates from
above and is filled with irregular polyhalite with displacive halite boundaries and
equant to irregular coarse IV, with no primary. Upper contact sharp. No obvious
strata.

Halite, trace polyhalite. Medium to coarse IV; equant with trace vertically elongate -
crystals, moderate to major primary, some cement, some displacive boundaries
between polyhalite and halite. Contains some irregular and very discontinuous
polyhalite laminae and blebs; very thin to thin beds, very poorly defined. Contains
dissolution pit‘s and pipes to 6' deep within unit, filled with coarse equant IV with no
primary textures but some displacive margins of halite on polyhalite. DVT textures
at top with about 1* relief, do not show well due to lack of change in materials.
Upper contact gradational.

Anhydrite; gray {(N8-7); see detailed description in Figure 17.

Suitate unit (1939°-1941.5) ~

____/\‘_______P Structureless polyhalite,

trace cross-laminae.
Laminated; psum swallowtails.
Laminated.

Hallte rich zone, halite ripples.
VY VYS 3hv_$_t/.eypsum swallowtails and hallte.
ﬁ’\\;__\_—__—g\E;;seudomorphs (1° maximum); laminated.
T — -

‘ : Laminated to thinly laminated;

@ low angle crosscutting at base.

FIGURE 17
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Claystone, gray (N6-7); thin laminae at top and bottom, contains coarse to very
coarse Ib-c and lllb halite. Overlain by 0-.2" polyhalite; upper contact sharp.

Halite, very argillaceous at base to trace|clay and poly in upper part. Fine to
medium IV at base to medium to coarse 1V at top; local pods of fine halite with MP,
most equant with some elongate. Contains{laminae to very thin beds of mudstone

with fine I-lla, shows thin laminae, mudstorre mostly concentrated in topographic
depressions. Unit appears very disjunct. Polyhalite proportion increases upward.

Isolated blebs and |rregular laminae showing displacive margins with halite. Upper
[
contact sharp, erosional with clay. Dissolution pits and pores originate in this unit

with maximum penetratlon of 5" into and through underlying unit.

Halite, trace polyhalite. Coarse IV, equant with few vertically elongate, moderate to

major primary fluid inclusion zoning with c¢lear cements; contains polyhalite as

stringers and well defined thin laminae which are irregular and discontinuous; are

not dlspersed throughout. Crude thin to very thin beds. Polyhalite iaminae show
some displacive margins with halite. HalmL appears cloudy. Unit penetrated by
dissolution pits and pipes: from overlying unit. Pipes filled with very coarse 1V,
equant, no primary. Upper contact gradational to diffuse.

Halite, trace polyhalite and clay in lower pan, trace to some (upward) clay with
decreasing polyhalite in upper 1". Mainly medium to coarse 1V, to vertically
elongate coarse IV, to pods of fine IV in upp'efe( 6". Some primgry and some cement;
displacive halite. Halite is more equant n'ear base, more vertically elongate in
coarse zone. Unit displays crude very thin to thin beds. Irregular and

dlscon’unuous thin laminae of polyhallte Er!mre unit penetrated by dissolution pits

~ and pipes 4- 8 deep. Pits fnlled with coarse» IV halite with minor concentration of

gray clay. Detail of one of the its is presented in anure 18.

®
1947.5-1949'

_ Dissolution Pit

FIGURE 113
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Sequence of events in Figure 18: 1) deposition of part 1, 2) deposition part 2, 3)
dissolution DVT surface, developing to advanced stage, 4) flooding events plane off
surface, introduce gray clay, dissolution causes collapse of gray clay into pipes
created during event 3, 5) suifate laminae deposited, 6) deposition of IV halite filling
in topography, 7) minor flood planes off surface, 8) next unit deposited.:

Halite, trace polyhalite to trace clay at top. M‘ainly fine IV, coarse to very coarse
cement in MP in original strata. Crude very thin to thin beds, strata disrupted in
places due to syndepositional dissolution, shows much syndepositional dissolution
penetrated by diSsolutioh troughs, pits, and pipes. Some strata tilted by slumping.
DVT equivalent. Dissolution originating in this unit penetrates 4-6' into underlying
unit. Moderately complete dissolution.

Original strata: Hélite, slightly polyhalite; equant IV, discontinuous laminae and
blebs of polyhalite, cloudy opaque halite with MP filled with clear cement. Cement
is equant to irregular IV with some planar boundaries (cube growth in open space).
Gray clay concentrated along dissolution surfaces and within pipes and pits, some
within strata. )

Halite, trace polyhalite. Crude very thin to thin beds with discontinuous irregular
thin laminae of polyhalite. Polyhalite (5YR7/2). Minor amount of clay near top,
trace throughout. Halite clear to cloudy. Medium to very coarse IV, average
coarse; elongate to equant upward within each thin unit. Polyhalite laminae lower
boundaries show some evidence of displacive gfov&th of halite. Trace primary
textures as fluid inclusion zoning, possible cements. Lower 1’ of unit shows BG
halite with no subaerial exposure. Remainder shows minor amounts of subaerial
exposure with a shallow WT (no penetrations). Unit contains dissolution troughs
originating in overlying units. Upper contact sharp to gradational, erosional with
irreguiar concentration of gray clay (NS). '

Anhydrite (MB 134); medium crystalline, halitic as' PAGS to 4", locally shows clastic
‘halite and ripples (to 1/2" high x 2"), and cross laminae. Anhydrite thin laminae to
laminae, locally wavy, undulatory, slightly contorted. No swallowtails in upper 1.
Laminae contaihing anhydrite ihcrease upward. Upper contact undulatory over 2",
has 1’ deep trough on south side of shaft. Trough contains thin to very thin beds of
halite with interlaminated anhydrite and coarse sand-size halite. Primary halite
shows vertical elongate crystals;and BG halite. Anhydrite-rich laminae show some
displacive I-llla halite. Some polyhalite laminae occur only within the trough.
Sulfate laminae may be continuous and show draping onto margins of trough.
Halite is confined to the trough. Polyhalite occurs at base of trough, but not on

margin.
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1973-1984
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Halite, trace to some gray clay, frace anhydrite and polyhalite. Clay and sulfate
occur as irreguiar biebs with displacive margins, crystal linings and irregular very
discontinuous stringers and laminae, blebby, laminae. Local irregular zones of

. claystone to 2" in pits. Pits and MP abundant,|abundant cement textures. Cement

textures most common in pits as are clay/anhydrite biebs and linings of clay and
anhydrite on halite crystals. Mainly medium to coarse IV, some very coarse in
lower part, some fine halite in upper zones that are not pits; some primary halite.
Abundant cement near base, less common upward. Medium to very coarse i-flla
common in pits. Upper contact planed off p'rior to deposition of overlying unit,

sharp.

Halite, trace to some anhydrite, trace polyhalite, trace to some gray clay; claystone

in pits, pibes and caves. Lower part shows well developed very thin beds to
medium (1-5" th'ick) 'delinea_ted' by very thin, moderately continuous, slightly irregular
anhydrite laminae. Halité in lower part is fine-coarse to fine-medium (upward) IV
with some cement, some primary in rare shallow pits to 5" and rare MP to 1".
Strata are less well defined in upper part, lcf»cal zones of clay-poor incipient to
moderate DVT textures. Medium-coarse to fir}e-medium (upward) IV in upper part
with locally abundant fine halite in irreqular zouf1es and pods, trace primary, trace to
some cement. MP and pits abundant. MP irjregular to 5+, pits to 8’. Polyhalite
occurs as irregular biebs, but mostly as well {!eveloped platelets in POS textures
large to 1/2" x 1/16". Clay occurs as halite crysi;tal linings, irregular blebs in pits with
displacive margins, irregular discontinuous, tfhin laminae and stringers, irregular
small zonés 1-2" (in pits) and large irregular zf‘anes with I-lla, very coarse (to 3") in
caves and deep pits. Anhydrite lines some halite crystals. Cement textures
abundant in pits and MP. Very coarse 1V in 5:1 1 MP near pits with clay. Cement
textures are abundant outside pits. No clay jsource for large pit fillings obvious.
Clay filled caves irregular to 2’ x 2' and 1’ to| 6" wide pits clay-filled to about 10’
deep (Figure 19). Gray clay laminae irregulziar, locally discontinuous 2-5" below
upper contact. Upper contact sharp, planed off. Large.pits continue on both sides

of shaft.

S
Location of cl&‘y—fl"ed
pits up to 10 ‘;daep.
N (1973'-1983 dTpth)
FIGURE 19 |
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Anhydrite (MB 135), lower 1" possibly organic-rich, medium crystalline, laminae to
thin laminae, wavy to contorted, shows 1/2-2" high halite PAGS in middle of unit.
Sharp undulatory upper contact sharp with halite deposited within lows and
anhydrite deposited over halite (Figure 20). '

Bottom grown halite
deposited In topographic fow
areas; overlain by anhydrite.
' (MB135; 1984'-1985")

FIGURE 20

Halite, trace polyhalite, trace to some gray clay. Upper part shows incipient DVT
textures. Polyhalite occurs as irregular biebs and "blebby” laminae with displacive
halite margins, and irregular stringers. Anhydrite locally occurs as halite crystal
linings. Clay occurs as subhorizontal irregular, discontinuous to moderately
continuous thin laminae and stringers and halite crystal linings. Mainly fine-medium
to fine-coarse to medium-coarse |V upward (with I-lib-c in middle; trace to some
primary; trace to some cement. Sequences of medium to coarse IV with fine halite
at tops; fine halite in irregular subhorizontal zones and pods near top. Contains
moderately abundant pits to 2' maximum. Shows incipient DVT textures near top.
Upper contact sharp and over 4" is planed off by flooding and erosion.

Halite, trace polyhalite, trace brown and gray clay. Poorly defined beds about 1’
thick delineated by clay. Upper 1.5* shows moderately developed DVT textures
modiﬁedkby cementation processes. Clay-occurs as irregular very discontinuous to
moderately discontinuous thin laminae to laminae (rare) and generally
subhorizontal stringers; trace amounts of clay occur on margins of
cemei;_t/disvplacive, cry’stals' in pits.. Polyhalite occurs as small blebs, stringer-like
Blebs, ahd very d‘iscon'tinuou',s 'subhorizonta‘l- stringers (all strata modified by

. cement) and Iargei' blebs.with disp_lac_ive halite boundaries in pits. Fine to coarse,
“mainly mediurh. IV'with some fine_to medium halite pods and lenses in DVT zone.

Halite in DVT zone shows abundant cement fabrics with minimal fine IV (clay-poor
DVT-zone). Unit shows abundant bits to 2.5+' deep and MP. Abundant cement.
Upper surface sharp and planar.

-70-




1995.5-2004.5

2004.5-2012.5

WIP:AIS1034w/o

i
Halite. Lower part (below 1999.5) divided i‘lnto 3 subparts trace to some clay
upward, trace polyhalite and anhydrite, each clear halite overlain by DVT zone and
topped by DVT exposure/solution surface. Upper part (above 1999.5) is a well
developed DVT zone. Polyhalite occurs as irregular blebs and stringer-like blebs
within halite and in irregular blebs and zones of claystone. Most polyhalite shows
displacive "a-type” margins. Polyhalite is mosi common as material translocated in
pits. Clay occurs in irreguiar discontinuous thin laminae, laminae, very thin beds,
irregular subhorizontal oriented zones, blebs.I Clay is commonly associated with

_ fine to coarse [-llla-b in cemented zones and pits.

In lower panrt: clear zone of each subpart shows abundant to moderate pits (to 2
deep) and MP, and cement fabrics. Halite in|clear zones is medium to coarse 1V
with very coarse halite in irregular MP (to 4"). Halite in DVT zones has abundant
cement fabrics and halite occurs as irregular zones and small pods of medium to
coérse IV bounded by clay zones and laminae with medium to coarse I-lila-b.

Upper part: shows well developed "dish” fabric with dishes bounded by deep pipes
(to 5+)(polygon fabric with tepees at boundaries). Cement zones locally abundant
with medium to coarse IV. Clays show medium to coarse I-llia,b in cement zones.
Some irregular dish-shaped zones and pods of fine to medium IV occur. Some

- claystone shows thin laminae, possible cross|laminae, contorted and sic textures.

Some pit edges show fine IV (surviving effiorescence crust in polygon margin).
Upper contact sharp, locally graditional due to} cement processes, irregular over 3"
DVT exposure/solution surface modified by flocfndihg.

Halite, trace to some brown clay, trace anhydrite and polyhalite. Upper DVT zone
and lower zone with pits are divided by irregulzfar {over 6"} cement-modified (making
contact less distinct) DVT exposure/solution s::urface. Pits abundant in lower part;
moderate to some pits in upper part to 7' deep! VO MP to 1" x 3" and irregular to 4°
in lower part. DV'T zone shows well devefloped DVT textures; claystone is
abundgnt and halite is limited. Dish-shaped :{fabric well developed in part of DVT
zone. Some pits in DVT zone show fine IV pre;eserved within pit. Medium to-coarse
Il is present in cement-dominated zones, also; medium to coarse [-llla-b is present
in pits and some cement-rich zones. Halite in|lower part medium to coarse IV with
some I-llla-b in pits with clay or polyhalite. Tlf'ace primary; trace to some cement.
Polyhalite occurs as blebs, "stringer-like" blefebs, halite crystai linings, often with
displacive "a type" margins and medium to coa;.rse I-llla,b. Polyhalite most common

in pits as translocated material and disseminated material disrupted by cements.
Clay occurs in irregular zones, irregular blebs, irregular discontinuous stringers,

|
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2016-2023
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laminae and very thin beds, local displacive halite crystal linings. Commonly
associated with fine to, coarse I-llla-b. Haliite in DVT zone mostly fine to medium IV
in irregular subhorizontal zones and pbds (small due to nearly compiete
syndepositional solution) with medium to coarse IV in cement-rich areas. Upper
surface sharp, irregular, DVT exposure/solution surface with 4" relief.

Halite, lower part with trace polyhalite, trace to some brown clay near top in pits
overlain by DVT exposure/solution surface with low relief; pits mostly originate at
this surface (although pits also originate elsewhere) to 3’ deep. Pits moderately
abundant. Upper part shows moderately well developed DVT textures with brown
clay and claystone, with sic textures, pods and irregular zones of fine to medium IV,
some coarse cement. Polyhalite occurs as irregular discontinuous stringers,
stringer-like blebs, small blebs and halite crystal linings. Most polyhalite has
’displacive "a-type” boundaries with halite. Clay occurs in irregular zones of
claystone in topographic lows and pits, blebs, irregular discontinuous stringers and
laminae to very thin beds. Irregular zones at top may have medium to fine Ib,
medium to coarse I-lla in pits. Blebs of clay often show "a type" displacive halite
boundaries. Halite in lower part is medium to coarse 1V with trace fine halite; trace
primary, trace to some cefnent. Contains VO MP to 1" x 3-4", irregular MP 4",
Abundant pits.

Hélite, major to some polyhalite, some clay (gray at base, brown at top), increases
at top; trace anhydrite. Polyhalite occurs in irregular masses to 2.5 x 1.5’ (high)
near base with possible sic textures, medium to coarse I-li-a-b, fine to medium I-
llc, some fine halite in pods. Most masses smaller (4" x 5" or less) and many
display “a" type boundaries with coarse to very coarse halite. Poiyhalite also
occurs as irregular biebs with displaéive boundaries, halite crystal linings, and very
irregular discontinuous stringers and laminae in DVT zone. Clay occurs as material
around irregular pods of fine to medium IV, discontinuous irregular thin beds to thin
laminae (.2’ - 1/8" thick), irregUIar masses and blebs. Cement textures decrease

‘upward. Fine to medium IV occurs in pods and irregular zones, content increases
-upward as cement decreases. Pods and laminae to thin beds of claystone show

general dish-shaped pattern upward. Medium to very coarse IV occurs in large MP
irregular to 1' x 1.5’ maximum. Pits common'to 4'. DVT textures pervasive through

“unit. Thicker claystone zones become abundant near top and show incipient sic

texture and thin laminae that are wavy to contorted, with medium to coarse (some
fine) I-lla-c. Upper surface is DVT exposure/solution surface, sharp with .5' relief.
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|

Anhydrite and polyhalite (MB 136), microcrystalline, halitic. argillaceous in lower 6-
8". Lower 1’ anhydritic. From 2035 to 2035%.5, unit is polyhalitic. Above 2035,

polyhalite occurs as PAGS. Upward, polyhalite occurs as discrete laminae in

anhydrite. Halite occurs as irregular zones wi‘[thin polyha_llite pseudomorphs and as
pseudomorphs after gypsum swallowtails. Unit has thin laminae to laminae to very

l

~ thin beds (1/8-1"), wavy, most parallel, Iocally[ slightly contorted. Amount and size

ot polyhalite PAGS decrease up such that.polyhalite co_nient decreases. Polyhalite
occurs as clasts in anhydrite; coarse sand to granule-sized in polyhalite laminae
zone. Upper part laminated to cross-larninated, wavy with local 5’ high
hummocks/hemispheroids. Contact sharp andjundulatory over 2+

Halite, .1-.2" anhydrite at base, thin laminae, wavy to slightly contorted, shows
possible organic material in lower 1", local boudin-like soft sediment deformation.
Base of anhydrite slumped over irregular ¢ontact. Anhydrite contains some
medium la-b and irregular zones of medium to coarse illa-b near top of anhydrite.
Upper surface of anhydriie very irregular. Halite contains trace anhydrite and

polyhalite as irregular continuous to slightly discontinuous thin laminae and laminae

which delineate 2-5" beds. Fine to coarse lIV, in beds 4-8" thick in sequence

anhydrite or polyhalitic fine to medium halit{e (or polyhalite laminae) to coarse
cloudy halite to coarse clear halite to anhydrité or polyhalitic fine to medium halite.
Some primary halite, trace to some cement; Trace to some VO MP to 1" x 2",
irregular MP to 2". Upper surface sharp, sligh{tly undulatory, planed off by flooding
depositing overlying anhydrite.

Halite, trace suifate below 2050, trace clay and sulfate above 2050. Trace
polyhalite in lower 1.5', .1-.2’ thick anhydrite bed (laminae irregular to contorted with
coarse to very coarse la locally) at 2054. Trace anhydrite throughout, trace brown
to gray clay above 2050. Well stratified in lofwer part, beds (3-5") delineated by
polyhalite and anhydrite. Lower 1.5‘ shows mo«:derate pits to 1+’ and irregular MP to -
5" and VO MP 1-2". Middle well stratified zoné: shows_no pits or MP, dissolution at
upper surface Qf each bed incre.ases_upw;‘ard above 2050 and MP and pit‘s
increase. Abundant pits and MP in upper pait; pits to 5+' and irregular MP to 1".
Polyhalite occurs as irreguiar moderately cmptinuous to very discontinuous thin
laminae to laminae (in lower 1.5°, with ll-llla-b) to "blebby" laminae and stringers,
small biebs and stringer-like biebs, and Iarg];er irregular blebs showing some
displacive margins of associated medium to C|[>arse Ié. Local polyhalite linings of
halite with displécive_ fabyic in halite cements. Anhydrite occurs as irregular

continuous to discontinuous thin laminated stringers and laminae, stringer-like

|
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" blebs. Clay occurs as irregular stringers, discontinuous laminae to thin laminae and

in pits, blebs. MP and pits abundant in upper part with cement fabrics. Fine to
coarse in beds-in lower part with sequence fine to medium sulfatic halite to cloudy
coarse halite to clear coarse halite to clear fine io medium halite; some primary
halite (chevrons, vel) and some cement. Upper part medium fine to medium IV with
fine to medium halite pods. Zones and layers dominant above 2042, and coarse to
very coarse in pits and MP. Clay-poor DVT fabric in upper part. Clay and anhydrite
translocated into pits. Some to trace cement in upper part with mainly 1l-tlta-b in
middle with fine to medium I-llla increasing upward. Upper surface planed off,' DVT
exposure/solution surface irregular of 3".

Halite, trace polyhalite, and brown to gray clay upper 5°. Polyhalite occurs as
irregular blebs, with displacive halite margins (I1-1llb) and halite crystal linings most
common in pits. Clay occurs as irregular discontinuous thin laminae to laminae,
stringers, irregular zones with displacive fine to medium la. Mainly medium IV in
host halite beds below 2060 with disseminated polyhalite and Medium to coarse IV
and trace Il-l1lb in pits and MP. Abundant large pits/pipes to 10+' and MP with
coarse halite, 2' x 1’ Uppe_r 5’ contains irregular thin laminae and stringers of dark
gray clay around zones, pods to beds of fine to medium {V. Abundant cement.
Upper surface‘ is DVT exposure/solution surface, irregular over .5'.

Halite, divided at 2074 into upper argillaceous DVT zone and lower polyhalitic zone.
Trace polyhalite, trace clay in DVT zone; trace clay in pits in lower zone. Polyhalite
occurs as irregular blebs with displacive halite margins (medium to coarse il-{lla-b),
irregular discontinuous stringers and halite crystal linings. Clay occurs as irregular
discontinuous stringers to laminae to irregular blebs and zones with displacive
halite margins (fine to medium 1V-llib-c) ahd containing displacive halite (trace m |-
lla-b). Halite: medium to coarse IV below 2074, fine to medium IV in irregular
subhorizontal pods in DVT zone. Trace to some displacive halite cement. Very
coarse to coarse |V in pits and MP (delineated by linings of polyhalite). DVT
textures show crude horizontal fabric; some POS textures. Upper and lower part
separated by irregular DVT exposure/solution surface With .5' relief. Abundant pits
(2+') and MP (6+"). Upper surface irregular DVT exposure/solution surface with
.5+’ relief; clay infiltrated into pits at upper surface.

Halite, trace polyhalite, to 2077.5; trace brown clay to claystone in upper 1°; trace
anhydrite in middle of unit. Polyhalite and anhydrite occur as irregular blebs, very
irregular and very discontinuous stringers, often associated with or containing
displacive halite, mainly li-1llb-c crystal linings to displacive cements. Clay occurs
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as irregular discontinuous stringers, irregular biebs and zones showing sic texture,
local thin laminae with medium to very coarse I-lila-b at top and blebs concentrated
in pits and pipes. Mainly medium to coarse IV with pods and lenses of fine IV in

upper 1'; trace primary, trace to some cement. Abundant MP irregular to 5+", and

pits and pipes to 2.5+'. Modefately complete DVT textures in upper 1°. Contains

clasts of overlying anhydrite translocated while soft. Upper surface planed off by
solution with 1" relief. \

Héli;e; trace polyhalite at base; trace clay, anhydrite and polyhalite upward;
claystone at top; clay mostly brown, trace g!;ray. Polyhalite and anhydrite occur as
very discohtinugus, irregular, stringers ancll laminae, and blebby stringers, all with
abundant displacive halite margins (!-llla-b); irregular farge to small blebs-and halite

crystal linings, and irregular large zones with displacive crystals. Blebs and

irregular zones concentrated in pits as tran:&slocated material. Clay in unit middle is
mostly gray with brown as translocated[ material. Occurs as irregular, very
discontinuous stringers, thin laminae to Iar;ninae to very thin beds at top, irregular
blebs, irregular zones in pits, halite crystal »Iliinings. Clay shows abundant displacive
{mostly type "a"), margins with fine to co:arseJ-IIa-b in mud at top. Medium to
coarse |V, locally very coarse with I-lla, ma:rked by linings of clay in pits. Fine IVin
irregular pods in DVT texture in claystone |:Jpper .5’; probably very advanced DVT
exposure/solution surface. Shows abu‘ndant cement, trace primary halite.
Abundant MP and pit/pipes with displacive l}lalite growth (1 pit contains translocated
cobble-sized clasts from base of second u:nit'above this unit). Pits to 4+". MP to
5+". Upper surface well developed irregular DVT exposure/solution surface, with .5’
relief. ‘

Halite subdivided into four zones: a) well d{efined to moderately well defined thin to
medium beds 3-5" thick, b) DVT zone, ¢) poforly defined strata, d) DVT zone.
Polyhalite and anhydrite occurs as irregulai:r continuous to very discontinuous thin

1

laminae, laminae, stringers; blebs and hali!te crystal linings in MP. Laminae often
show displacive contacts. Blebs are locally translocated in pits. Clays occur as

!

irregular moderately continuous to discontinuous thin laminae, laminae and
stringers locally infiltrated into pits forming boxwork fabric. Blebs with displacive
halite margins (type "a-b") abundant in pits. Claystone in DVT zones shows

irregular discontinuous thin laminae, locally contorted and disrupted, some cross-

cutting relationships. Part a: Trace sulfatele, trace clay at top. Fine to very coarse

IV, trace primary, trace to some coarse to very coarse cement. Thin beds with

, |
sequence of anhydrite laminae to medium {o coarse halite to clear coarse halite to

|
|
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fine to medium halite. Abundant VO MP to 1" x 3" irregular locally to 4", pipes
abundant to 2+'. Locally shows boxwork with clay in upper 1'. Partb: Trace to
some clay, trace anhydrite. Fine to medium IV in lenses and pods with fine to
medium ll-llib-c and medium to coarse I-lla-b in argillaceous zones. DVT zone with
abundant DVT textures, shows abundant cement. Upper part and lower part show
well developed DVT surfaces separated by irregular middle zone of coarse to
medium IV cement. Part ¢: trace brown clay and anhydrite, increase upward. Fine
to very coarse‘lV, mainly medium to coarse with fine IV at top; trace clay infiltrated
into boxwork, and moderately abundant pits and pipes to 2. Irreqular MP 4-6", VO
MP to 1" x 3", moderately abundant to abundant. Upper surface
erosional/exposure surface, irregular over 6. Trace primary, moderate to abundant
cement. Part d: trace to some clay, increasing upward, trace poiyhalite. Lens and
pods of medium to coarse and fine to medium IV to fine IV upward and fine to
medium I-lla-c at top. DVT textures abundant in top and bottom, middie is clear
and shows abundant cement. Moderate argillaceous with irregular very
discontinuous thin beds (to 1") of halitic claystone associated with DVT textures,
upper’.3-.5° mostly claystone. Upper surface nearly planar, planed off by
erosion/solution. ' )

Anhydrite (MB 138), medium crystalline, gray; well delineated thin laminae to
laminae, wavy to slightly contorted, local cross-cutting relationships. 1" brownish
gray clay at base.

Halite divided into lower zone, with trace anhydrite, and upper DVT zone with trace
clay and polyhalite. Strata not well defined in either part. Lower part: mainly

- medium o coarse |V, with trace fine halite above medium to coarse halite in

irregular discontinuous subhorizontal zones often associated with anhydrite.

~ Anhydrite-occurs as irreguiar very discontinuous stringers, "stringer-like" blebs, and

planar crystal iinings in MP. Trace primary halite, some cement. MP moderately
abundant, VO to 1" x 3", irregular to 4°. Rare well defined pits to .5’. contact with
DVT zone irregular, gradational to diffuse due to cement processes. DVT zone:
halite is fine to medium |V, in irreqular subhorizontal zones and pods with

 moderately abundant cement (fine to medium [I-ilib-c) at base, content decreasing
- upward-(mostly in poorly defined, multiply developed MP). Medium to coarse I-lib

in MP with some Ib-a in fine in laminae. Clay occurs in irregular, subhorizontal,
moderately continuous to discontinuous, thin laminae to laminae subhorizontal,
irregular blebs with displacive halite margins in MP. Polyhalite as trace
disseminated material and rare blebs. Upper surface sharp, undulatory over 3".
MP abundant in lower pant.
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Halite, trace anhydrite in lower part, trace brawn clay and poly in upper DVT zone.
Anhydrite occurs as irregular moderately continuous thin laminae to Iaminae,
stringers and blebby laminae locally with medium to coarse {a and abundant "a"

margins, translocated blebs in pits with displacive "a" margins; very discontinuous

stringers and "stringer" blebs,.and crystal lining. Most common in MP and pits.

Halite in lower zone: medium to very coars2 IV, with fine halite associated with

anhydrite over medium to coarse in subhorizl:ontal zones in thin to medium beds,
some primary halite (BG, chevrons, vel) and some clear halite. lrregular MP to 3",
VO to 1" x 3". Lower part has moderately we|l defined bedding (3-5"). Upper DVT

zone: clay occurs as brown, irregular, moderately continuous to very discontinuous,

“thin laminae to laminae, mostly subhorizontal. Polyhalite occurs as irregular rare

blebs and disseminated material in medium tofine IV. Halite is fine to medium IV in
irregular zones bounded by ciays and MP; Iccal medium'to coarse in MP, mostly
irregular to 6" x 3" maximum. Fine to medium|ll-Ilib-c in clay zones. Upper surface
irregular DVT exposure/solution surface with brown clay. Large MP near upper
contact filled with halite. Local pits to .5' near base.

Halite, trace clay and polyhalite. Strata absent to very poorly delineated. Exhibits

DVT textures in 2 zdnes each topped by DVT !erosion/solution surface with 6" relief.

Brown (with some gray) clay as irreguiar strin«bers, moderate to very discontinuous
and thin laminae to laminae. Clay most‘Iy dr;[apes 'and surrounds zones of fine to
medium IV. Polyhalite occurs as irregular large to small blebs and rare blebby,
discontinuous to irrégular,laminae, with trace disseminated material in medium to
fine IV. Anhydrite mostly at fops of exposure surfaces as thin laminae to laminae
and very discontihuous_and i‘rre'gular stringers. Center zone contains abundant MP, -
VO rare to absent, abundant irregular MP to}8". Dissolution pits and pipes 6" to

2.5', with clear coarse to very coarse IV. Halite in DVT texture zones: mainly fine

to medium granular IV, with some coarse in pits and pores. In upper and middle

; X . N - .
zone medium to coarse |V, with some fine halite; some primary, some cement.

|

Upper surface sharp, erosionally planed off, 1:1/2" thick brown (locally gray) clay at
w

contact.

Halite, trace polyhalite, trace gray clay infiltratid into pits and pores (from overlying

unit) in upper 1-2°. Unit displays moderately w[‘ell-defined thin to medium beds (2-4"
thick) delineated by polyhalite. Unit contains dissolution pits 6" to 3+’ deep
throughout. Locally translocated polyhalite injpits gives poorly to moderately well-

defined boxwork texture. Contains irregularMP to 4" with coarse IV; MP rare in

upper part, abundant near base. VO MP to 1" x 3" moderately’ abundant. Halite:




2123-2124

2124-2130.5
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fine to very coarse, mainly medium to coarse |V, with coarse to very coarse in MP,
fine halite at tops of strata with polyhalite. Polyhalite occurs as .irregular small
blebs, with rare displacive halite margins, and as local stringers and laminae, very
discontinuous and irregular near base. Contains discontinuous, irregular to
moderately continuous iaminae of anhydrite near base with some a-b margins.
Upper contact very irregular over 6". DVT exposure/solution surface, sharp
contact. - '

Anhydrite, gray, microcrystalline, slightly halitic, thin laminae to laminae (to 1/2"),
irregular to wavy, most subhorizontal, locally convolute on small scale. Possible
detrital halite. 1/8-1/4" gray clay at base with local laminae of brown claystone.
Upper contact irregular, undulatory over 3", sharp. Contains fractured zones with
separations in middle to lower part (due to repository opening).

Halite, trace anhydrite as irregular, moderately continuous to very discontinuous,
thin laminae to laminae and translocated material in pits; trace brown and gray clay
in upper part as material disseminated in irregular discontinuous zones and
irregular, very discontinuous to moderately continuous, thin laminae to laminae and
stringers in upper zone with DVT textures. Very rare blebs of polyhalite. Halite
below DVT exposure/solution surface is medium, fine to very coarse, mainly IV,
with rare coarse and very coarse in irregular MP to 5", coarse in VO MP to' 1" x 2"
(most common between 2127-2125), fine halite overlies coarse halite in irregular,
slightly discontinuous subhorizontal zones: well-defined beds (3-5" thick) most
obvious betWeen 2125-2127. Halite contains trace polyhalite as irregular, very
discontinuous stringers, laminae and blebs. Fine IV washed out very readily, during
washing. Upper contact sharp, slightly undulatory. Local pits to 1" at DVT surface.

EXCAVATED BROW AT FACILITY LEVEL
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APPENDIX E
A CLASSIFICATION OF
MATRIX-RICH SALT PAN HALITE

1.0 INTRODUCTION

Halite crystals in rocks with varying amounts of matrix are often simply described as "chaotic
mud/halite” because relationships are not obvious among crystals and the textures within these
rocks can be quite complex. While this broad classification readily permits displacive/
incorporative halite in mud-rich sediment to be attributed to deposition in a saline mudflat or
other environments with mud-rich sediment containing halite-saturated fluids (e.g., deep-water
growth of displacive halite), it leaves little room for further dissection of the environment of
deposition. This type of halite, particularly in core samples, may not appear to have any
obvious textural pattern or distribution and is lumped into the broad category of "chaotic
mud/halite” because useful macroscopic information is not obvious. We have examined both
modern and ancient examples of -“chaotic mud/halite," however, and found that the
relationships of one halite crystal to another and the margins on the crystals can help us to
more precisely interpret the origin of the rock and decipher some of the complex history.

We have developed an empirically-derived classification of halite in cores from, and
underground exposures of, matrix-rich salt pan halite that describes the textural relationships.
These textures imply certain genetic conditions that have become apparent through work with
modern analogues as well as Permian.évaporites of the Delaware Basin. The shorthand
associated with these textures can be very simple and diagnostic.

Our examples of rock textures for this classification are derived from the Permian (Ochoan)
Salado and Rustler Formations of southeastern New Mexico. '

2.0 THE CLASSIFICATION

The two most important elements of our classification are the crystal to crystal relationships
and the nature of the crystal margins with the matrix material (Figure 1). We have designated
the crystal to crystal relationships by Roman numerals and the crystal margins/matrix
relationships by lower case letters.

The simplest example to classify (la) consists of isolated halite crystals (I} each having planar
margins (a). The Rustler Formation of southeastern New Mexico yields good examples of this
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texture (Holt and Powers, 1988, Figure 2). Careful inspection |of these textures may reveal
displacive margins, matrix incorporation, and skeletal continuations of the crystals in the matrix.

Matrix margins on isolated halite crystals may also be partially| to completely irregular (ib or
Ic, respectively). Ib textures most commonly display irregular upper margins to the crystals,

and these irregular margins may be crudely to very well aligned along a subhorizontal to
horizontal plane. Ic halite has mostly irregular margins with the matrix. The Rustler Formation
yields a good example of Ic textures (Figure 3).

Halite crystals sharing one face (ll) are less common than textures where halite crystals share -
multiple faces (lll). We have observed a number of II halite textures, but they are easy to
visualize and are not illustrated here.

Textures with multiple shared halite faces (lll) are quite common in cores and underground
exposures .- of both the Rustler and Salado Formations (Figure 4). We note that irreguiar
internal crystal to crystal boundaries are common, while planalr internal boundaries are less

common. External boundaries range from planar (llla) to more: than 2/3 irregular (llic).

Irregular outer. margins of these textures may also be aligrfled along a subhorizontal to

horizontal plane within core or outcrop.

We use the classification 1V for dominantly interlocking halite r(:>ck. Matrix may be a smaller
proportion of these rocks or, in some cases, the halite c;lustersf; may be relatively large, with
many interlocking crystals. It is possible to use a,b,c matrix margin indicators for this texture.

Although we do not present specifics here, it is quite easy to| provide a series of modifiers
to the basic classification that provide a shorthand containing ]a large amount of information
for descriptive purposes. We commonly use a term such as fim la to incorporate a defined
size range (fine to medium) for the halite crystal size. Many cf»ther modifiers can be defined
and used. . ‘

!
These textures are best observed in cores if they have been slabbed in oil and lightly- polished
to bring out the halite features. This is even more important if the coring was done with under
saturated mud.”
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3.0 GENETIC IMPLICATIONS

Isolated halite crystals with planar margins indicate displacive/incorporative growth within soft
sediment under saturated conditions. For the most part, lla and llia represent sediment that
had additional nucleation points or that coincidentally had nucleation points

that were clbsely spaced.

A, b, and ¢ margins cover a spectrum ranging from undisturbed displacive/incorporative growth
to considerable disruption of the crystal margins by solution. We commonly find the upper
margins disrupted along a horizontal to subhorizontal plane that represents a former
groundwater chemical boundary between saturated and unsaturated water or between _
phreatic and vadose zones. In the Rustler Formation, for example, we have found planar
margins (I-1llb) with subsequent epitaxial overgrowths above the plane, representing resumed
displacive growth when the water table and/or zone of saturation.rose respective to the plane.
Internal margins, especially within Il textures, are commonly irregular. These margins may
represent earlier episodes of solution and regrowth or the boundaries of crystals grown into
pore space. The pore space may be created by solution of halite; regrowth may occur on
seed crystals that are remnants of the vearlier generation of halite.

In these deposits, the environment for halite crystal growth and solution may have changed
of many times, and the rock observed may only be interpretable in terms of the last event
or last few events. Smith (1971), for example, believed that Triassic rocks in England may
have undergone many series of growth and solution of halite in soft sediment that would
disturb the sedimentary features; he called the process haloturbation. Holt and Powers (1988)
proposed that this process resulted in textures, described from the Rustler Formation, called
"smeared intraclasts” or "smeared laminae textures." These are the next logical step in the
process, beyond forming "c" margins, where halite is complétely removed and the soft
sediment deforms. The panoply of halite characteristics and relationships utilized in this
classification fit with other textural evidence and 'features in the Rustler and Salado Formation
that reveal the extensive effects of changes in water table and saturation that affected the
halite pan sediments.

WIP:R-1213-APPE2/3




REFERENCES CITED

Holt, R. M., and D. W. Powers, 1988, "Facies Variability and Post-Depositional Alteration
within the Rustler Formation in the Vicinity of the Waste Isolation Pilot Plant, Southeastern
New Mexico," DOE/WIPP 88-004, WIPP Project Office, Carlsbad, New Mexico

Smith, D. B., 1971, "Possible Displacive Halite in the Permian Upper Evaporite Group of
Northeast Yorkshire," Sedimentology, Vol. 17, pp. 221-232.

WIP:R-1213-APPE/4




APPENDIX E
FIGURES




Crystal Margins

planar

irregular

HALITE CLASSIFICATION

Crystal Relationships
(within matrix)

isolated 1-2 faces 3+ faces interlocking
i 1% HI* v
0 g|d & |®
la © la Vv IMa ¥
OU o s
& Yy | oy

A O LS = = IS
ib ¥ b " [V k%

Otﬂ @wmmrﬂﬂb

e v &P &

ic lic Iic

Q¢Qgp%@@:}}).

* internal bounddries may be more planar for growth of
individua! displacive crystals. Internal boundaries are more
irregular with multipie solution/growth episodes and rapid
growth into porosity.

** interlocking textures in dominantly halite rock may exhibit
a variety of margin relationships.

FIGURE 1 MATRIX-RICH HALITE CLASSIFICATION




Figure 2’
7 K : . Margms--lc Rustler Formation.

Planar (a) Matrix Margins—-| e “Core is 5cm across.

Rustler Formation. Core'is 3

Figure 4
Halite with Multiple Shared Faces (I1l) and Planar (a) to rregular (b)
Matrix Margins. Salado Formation.
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SALADO HALITE SEQUENCES
1.0 INTRODUCTION

A sedimentological approach has been increasingly used in the study of ancient halite rocks. As
studies of ancient halites have been largely limited to data collected from core and, occasionally,
limited underground exposures, most modern and experimental halite analogues have been
examined for textures and features which may be identifiable from core or thin-section (e.g.,
Shearman, 1970; Arthurton, 1973; Handford, 1982; Southgate, 1982; Sonnenfeld and Hudec,
1983; Lowenstein and Hardie, 1985; Casas and Lowenstein, 1989). Numerous investigators
(e.g., Garrison, et al., 1978; Handford, 1981; Hovorka, 1983a, 1983b; Fracasso and Hovorka,
1986; Lowenstein, 1982, 1987, 1988) have used this approach to refine our understanding of
the depositional systems of ancient halite rocks. Large-scale surface textures from modern halite
deposits have been described by several investigators (e.g., Hunt and Washburn, 1960;
Christianssen, 1963; Hunt, et al., 1966; Cooke and Smalley, 1968). Except for a few studies of
vlarge-séale halite textures from underground exposures (e.g., Tucker, 1981; Powers and
Hassinger, 1985), these fabrics have been understudied in ancient halite deposits because they
are difficult to recognize in cores and they are not expected to survive their depositional
environments. |

Exposures of the Salado in the AIS showed numerous, previously unreported, large- and small-
scale halite textures. Many of the large-scale textures are similar to features which occur at the
Devil's Golf Course in Death Valley, California (Holt and Powers, in preparation). Over 1,290
feet of the Salddo was described. From these incredible exposures, we were able to recognize,
describe, and interpret numerous previously undescribed halite textures and fabrics and place
these features into stratigraphic context. To further refine the depositional model of Salado
halite, we have constructed an "idealized” Salado halite sequence of lithofacies based upon our
shaft data, interpreted the fabrics observed within Salado halite sequences based upon their
relationship to paleo-watér table pbsition, and interpreted the depositional environments of the
lithofacies within our idealized sequence. '

2.0 SALADO HALITE

Cyclicity within the Salado was first described by. Schaller and Henderson (1932) as the vertical
succession of clay - anhydrite - polyhalite - halite and minor amounts of polyhalite - halite.

WP:WIP:R-1213-AppF 1




Jones (1954, 1972) reported cyclical units consisting of clay - |I'nagnesite - anhydrite, polyhalite or
glauberite - halite - argillaceous halite cépped with mudstone. |Lowenstein (1988) recognized two
types of depositional cycles within the Salado. Lowenstein’s T;ype I cyCIe consists of 1) a basal
mixed siliciclastic and carbonate (magnesite) mudstone, 2) laminated to massive anhydrite-
polyhalite, 3) halite, and 4) halite with mud. His Type Il cycle|was an incomplete version of a

Type | cycle consisting of halite grading to muddy halite. Lowenstein (1988) interpreted these
cycles to represent a deposition in a shallowing upward, desiccating basin.

Lowenstein (1988) interpreted his Type | cycle to record basin|shallowing and brine
concentration, beginning with a perennial lake of marine origin. Carbonate precipitated from this

lagoon first as the fluids were concentrated by evaporation and was followed by gypsum, and
finally, halite was deposited from saline lagoon and salt pan einvironmehts. The Type |l cycle
was depoSited in shallow-lake or lagoon and salt pan environments following terrestrially derived
flooding. Lowenstein separated the halite in Type | cyéles fromn the halite in Type Il cycles
because the Type |l cycles were not underlain by anhydn‘te/pollyhalite beds and the halite in
Type | cycles contained little "terrestrial-derived siliciclastic seqiment" except at the top. Type I
cycles contained no features indicating prolonged subaqueous|deposition or perennial lake
conditions. !

The Salado exposed at the AlS shows numerous cycles which are generally consistent with
those reported by other workers (Schaller and Henderson, 1932; Jones, 1954, 1972; and
Lowenstein, 1982, 1983, 1988). At the AlS, complete Saladothélite sequences consist of clay-
poor halite at the base grading upward into argillaceous halite. The vertical distribution of halite
textures is largely consistent through all halite sequences whejiher they overlie a thicker sulfate
unit or another halite unit. The clay content within'most sequences increases upward and
appears to be unrelated to the presence of underlying anhydrite/polyhalite beds. Many of the
anhydrite/polyhalite units display evidence of subaerial exposure during and immediately following
their deposition suggesting that post-sulfate halite was not de;f>osited in a perennial lagoon. As
we found little textural difference between halite sequenées which overlie anhydrite/polyhalite
beds or other halite sequences, we separate the halite sequehces from underlying units and
recognize only one cyclical pattern in Salado halites. |

_ Halite is the most abundant mineral in the Salado and occurs| in thick beds intercalated with

thinner beds of polyhalite or anhydrite (Jones, 1972; Holt andl Powers, 1984, 1986). Salado
halite is rarely pure and usually contains trace and minor amcf>unts of foreign material, including:
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clay, anhydrite, or polyhalite (Jones, et al., 1960; Jones, 1972; Jones, et al., 1973; Powers,

et al., 1978; Holt and Powers, 1984, 1986). Halite crystal size and morphology varies
considerably, and various large- and small-scale sedimentary structures are abundant throughout
all of the Salado halite. Numerous small-scale sedimentary textures and fabrics presérved within
Salado halite are similar to those described by other investigators (e.g., Shearman, 1970;
Arthurton, 1973; Hardie, et al., 1983; Lowenstein and Hardie, 1985). Other small-scale textures
and fabrics from the Salado are newly reported here. They are usually distinguished by crystal
size, morphology, primary fiuid inclusion zoning, and relationship to foreign material.

The distribution of foreign material and sedimentary structures generally follows a distinct vertical
pattern within an individual unit or several successive mapping units. We discuss the vertical
succession of individual textures and construct an idealized Salado sequence to illustrate this
pattern (Figure 1). All halite beds, in the 1,290 feet of the Salado mapped in the AIS, are
complete or partially complete versions of our ideal sequence.

3.0 IDEAL HALITE SEQUENCE

We have constructed an "ideal” Salado halite sequence to represent the features and textures
seen in most complete Salado halite sequences (Figure 1, 2, and 3). Many of the sequences
described in the AIS are incomplete and do not contain all of the textural lithofacies and textural
zones described in our ideal sequence. The sequence is subdivided into four major lithofacies
on the basis of halite textures. Two of the lithofacies can be further subdivided into distinct
zones showing characteristic smaller-scale halite fabrics.

The lower mud-poor section of the sequence .is dominat_ed texturally by an overall sense of
horizontal to subhorizontal stratification and is named the "stratified” mud-poor halite lithofacies.

It is subdivided into three zones with small-scale textures (Figure 1) dominated by 1) bottom
growth halite, 2) passive pore-filling halite cements, and 3) expansive halite cements. The

_ "podular® muddy halite lithofacies overlies "stratified” mud-poor halite and is characterized by
lenses and pods of fine to medium crystalline halite. The podular muddy halite lithofacies is
divided into 1) a lower zone with little expansive halite cements and 2) an upper zone dominated
by expansive cement textures (Figure 1). The "dilated” mud-rich halite lithofacies overlies
"podular” muddy halite and shows ‘abundant fabric expansion due to diéplacive halite cements.
The upper halitic mudstone lithofacies displays clastic deposition and alteration textures with
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displacive halite crystals. Neither the "dilated” mud-rich halite jnor the halitic mudstone lithofacies
is subdivided on the basis of small-scale halite textures.

3.1 STRATIFIED MUD-POOR HALITE (SMPH) LITHOFACIES
The stratified mud-poor halite (SMPH) lithofacies displays a welell developed to very crude sense

of horizontal stratification through the entire interval (Figure 4).| Sulfate is common at the base
and often decreases slightly upward. Clay is rare, but if present, it increases upward. Strata
are often defined by thin laminae and laminae of suifate. Irregular, discontinuous, subhorizontal

solution lags become more abundant higher in the interval and may resemble depositional
stratification (Figure 5). Dissolution pits, pipes, and macroporels are rare at the base and
become more abundant and larger upward. They are easily distinguished by their coarse, clear
halite fillings. Pits, pipes, and macropores cross-cut strata ancil commonly include both clay and

sulfate translocated from above (Figure 6). Much of the transI[ocated material commonly shows

displacive boundaries with the coarse halite pore-fillings (Figure 7). Toward the top, translocated

material in dissolution pits and pipes cross-cuts solution lags creating a characteristic boxwork

fabric (Figure 8). The upper surface of the SMPH lithofacies ils a Death Valley Type (DVT)

exposure/solution surface which may have up to four feet of relief and is often draped by an
irregular solution lag (Figures 2 and 3).

The lowermost zone within the SMPH lithofacies disblays small-scale, bottom-accumulated halite
textures: chevron, comnets, and cumulates. Halite with§ primary fluid inclusion zoning is
abundant. Chevron and cornet fabrics are often evident. Lamlninae to thin beds of vertical halite
crystals displaying chevron and cornet fluid inclusion zoning are overlain by fine-crystaliine
cumulate halite. The cumulate halite often thickens and thins over the topography on the
underlying bottom-grown halite. Erosional surfaces often mark| the tops of strata by cross-cutting
the underlying textures. The stratification is usually emphasizef-d by slightly irregular thin laminae
or laminae of anhydrite or polyhalite overlying the erosional su;rface. Within individual halite
crystals zoned by fluid inclusions, sulfate may drape several gl"owth, surfaces, and some vertical
crystals are partially to wholly outlined by sulfate (Figure 9). Near the top of the lower zone,
very small pits and vertically oriented macropores occur. The [contact with the passive halite
cement zone is gradational.

The middle zone in the SMPH lithofacies shows abundant passive halite cements (Figure 10).
Stratification. becomes less distinct upwards as laminae of sulfate become increasingly disrupted

and irregular. Halite laminae and thin beds become disrupted by small pits which penetrate one
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or more stratum. Crystals exhibiting primary fluid-inclusion zoning become less common, and
clear, coarse passive pore-filling halite occupies pore spaces between crystals showing
depositional fabrics. Vertically oriented and irregular small macropores become more abundant
upward (Figure 10). Fine crystalline halite is moderately abundant in irregular subhorizontal to
randomly oriented zones. Pile of sticks (POS) textures, consisting of sulfate flakes floating in a
halite matrix, occur locally. Blebs of sulfate or, rarely, clay occur in pits and small-scale
macropores (Figure 11). Clear halite cements are usually passive pore fillings, although some
displacive boundaries with foreign material occur. The contact with the overlying expansive halite
cement zone is gradational.

Displacive halite cement fabrics are p'revalent in the zone of expansive halite cements (Figure
12). Both passive pore-filling cements and displacive cements are present, but displacive
cements are more abundant. Blebs and "blebby laminae" of sulfate minerals become
increasingly common upward in the sequence. Strata become very discontinuous, but a stratified
sense is retained by horizontal and subhorizontal solution lags. Fine crystalline halite occurs
locally. Clear, coarse halite is abundant, and primary fluid-inclusion zoning is rare. Blebs and
crystal linings frequently show displacive margins with clear and incorporative halite. POS
textures are common locally. Small-scale vertically oriented and irregular macropores are
abundant. Clay occurs locally as blebs, some with displacive boundaries with halite and
becomes more abundant upward. Solution lags are common at the upper DVT exposure/solution
surface.

3.2 "PODULAR" MUDDY HALITE (PMH) LITHOFACIES
Above the DVT exposure/soiution surface, the fabrics and textures change dramatically as
irregular pods and lenses of fine to medium crystalline halite dominate (Figure 13). The interval

displaying these irregular pods and lenses is designated the "podular’ muddy halite (PMH)
lithofacies. Two textural zones delineated by the relative proportion of expansive halite cements
grade laterally and vertically within the PMH facies. The basal zone displays pods and lenses of
fine to medium crystaliine halite with a small amount of expansive halite cement (expansive
halite cement-poor zone) (Figure 14). The upper zone exhibits many expansive cement fabrics
with fewer and smaller lenses and pods of fine to medium crystalline halite (expansive halite
cement-rich zone) (Figure 15).

Texturally, the expansivve halite cement-poor zone is dominated by irregular lenses and pods of
fine to medium crystalline halite containing irregular, discontinuous stringers, laminae, and
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solution lags of sulfate or clay. Zones with halite cement fabx‘ics separate the lenses and pods.

Solution lags cap some surfaces, and discontinuous clay lamihae often occur between lenses

and pods. Pits and pipes commonly cross-cut lenses and pm‘js and often penetrate into the
halite in the underlying SMPH lithofacies (Figure 16). \

The expansive halite cement-rich zone contains mostly coarse halite-cement fabrics and relicts of

|

finely crystalline halite pods and lenses. Usually, it is much more argillaceous than the cement-

poor zone of vadose alteration. Displacive halite cements are[- abundant within this zone. Some
irregular, discontinuous, crudely subhorizontal laminae to thin beds of claystone and argillaceous

halite occur. Solution lags, pits, and pipes are common.

The small-scale textures in the zone with little expansivé cement and the zone dominated by

|

expansive cement are similar, but differ in proportions. As the proportion of halite with cement

fabrics varies, so does the overall appearance of the unit. Generally, halite containing primary

fluid inclusion zoning is rare. Clay is more abundant, and meidium to very coarse halite cement
fabrics dominate between pods of fine to medium halite. In the expansive cement-rich zone,

displacive halite crystal boundaries with irregular, very discontinuous clay laminae and irregular

of displacive and incorporative

l

halite crystals abound. In the zone with less expansive ceme

l

blebs and zones are numerous, and isolated and aggrégates
Sivi nts, pods containing fine to medium
crystalline halite often show 'solution lags, consisting of blebs and irregular discontinuous laminae
and stringers of clay and sulfate, internally and at boundary surfaces, and individual pods
frequehtly contain irregular macropores filled with coarse halite. POS textures are common
within solution lags and in zones containing cement fabrics. INumerous clay solution lags exist
on dissolution surfaces. Blebs, stringérs, and irregular zones (of clay and sulfate are translocated

IN

into some pits and modified by displacive growth of halite cements. Irregular zones, large blebs,
and solution lags of clay show smeared intraclast (SIC) texturas (Holt and Powers, 1988) and
possible translocation fabrics (Figure 17).

3.3 DILATED MUD-RICH HALITE (DMRH) LITHOFACIES
In some cases, the upper few inches to feet of Salado sequences consist of halitic claystone

exhibiting abundant halite cement fabrics (Figure 18). These rocks are placed within the dilated
mud-rich (DMRH) lithofacies because displacive halite cement$ give a dilated appearanbe to the
halite. Passive pore-filling halite cements are rare in this zone, while displacive and poikilotopic
halite cements are abundant. Crude subhorizontal stratiﬁcatio:n is often evident but is extremely
disrupted by displacive/incorporative cement fabrics. Some sc}lution pits and prism-cracks are
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present. The argillaceous halite often displays crude, irregular, thin (1 to 3 cm thick) beds of
halite which are discontinuous and disk-shaped. These beds often have displacive boundaries
with the surrounding argillaceous material.

3.4 HALITIC MUDSTONE (HM) LITHOFACIES
The upper few inches to feet of Salado sequences may consist of halitic mudstone (HM

lithofacies; Figure 19). This mudstone often contains isolated crystals and aggregates of fine to
coarse displacive halite crystals and poikilotopic halite cements. The crystal boundaries with the
mudstone may be planar to irregular. Thin laminae occur in some units, and smeared intraclast
and smeared laminae textures (after Holt and Powers, 1988) are usually present. Prism cracks
and disk-shaped laminae may occur. The mudstone slightly may drape underlying topography.
The upper surface of the mudstone is ordinarily sharp and slightly undulatory.

4.0 INTERPRETATION OF SALADO HALITE TEXTURES

Textures and fabrics within Salado halite can be classified genetically as 1) subaqueous
deposition textures (from a standing body of fluid), 2) vadose zone alteration products, and 3)
"phreatic zone alteration products.

41 SUBAQUEOUS TEXTURES
Subaqueous deposition and dissolution textures and fabrics are common in Salado halite (Figure

23 in Report). Many of the fabrics are similar to those described by other workers (e.g.,
Shearman, 1970; Arthurton, 1973; Hardie, ét al., 1983; Lowenstein and Hardie, 1985).
Depositional halite textures developed during subaqueous conditions include: bottom growth
fabrics with chevron and cornet fluid-inclusion zoning in vertical medium to coarse halite crystals;
fine crystalline layers of cumulate halite (Figure 20) (sunken rafts and hopper crystals); and
rarely, sand-sized crystals reworked as traction deposits (sunken rafts and hoppers reworked into
ripples). Sulfate or clay was deposited subaqueously and coevally with halite and draped and
lined bottom growth halite 'crystalé. Coprecipitated sulfate ‘often outlined several growth planes
within an individual halite crystal. Planar d-iss‘olu‘tion of halite resulted from freshening events in
the standing body"of brine. Dissolution plahed both bottom-grown and cumulate halite parallel to
the depositional surface. Sulfate or clay was introduced during these freshening events. Sulfate
formed because cations were added by-runoff and the ‘salinity was decreased by dilution. Clays
were introduced with runoff from the surrounding terrain. In the Salado, Sequencés of bottom-
grown halite and halite cumulates are planed off parallel to bedding planes and are overlain by
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laminae of sulfate, anhydrite or polyhalite. These sequences show no evidence of vadose zone
alteration. Repetitive sequences of bottom-grown halite--cumulate halite--sulfate laminae are

common and reflect subaqueous deposition interrupted by min{or freshening events.

4.2 VADOSE ZONE ALTERATION FABRICS

Most halite within the Salado shows the effects of some syndepositional aiteration within the
vadose zone. In the Salado, small-scale vadose zone fabrics|are related to synsedimentary
dissolution, hygroscbpic alteration, and efflorescent crust development. Many are analogous to
features we and others (eg. Hardie, et al., 1983; Lowenstein and Hardie, 1985) have observed in
modern evaporite deposits, but some are unique to the Salado. Vadose zone alteration of salt
pan halite takes place when a standing body of water is reduci:ed and the water table drops
below the surface of the sediment.

4.2.1 Synsedimentary Dissolution _
Dissolution fabrics are a commonly preserved indicator of vadc%:se zone alteration in the. Salado.
Most Salado shows some evidence of synsedimentary dissolution. In modern salt pans, water -

from flooding and precipitation dissolves halite from the vadose zone and percolates downward
toward the water table. Near the surface, dissolution follows and porosity is developed parallel
to depositional fabrics: vertically for bottom-grown halite and horizontally for cumulate halite
(Figure 20) (Lowenstein and Hardie, 1985). Vertical pits and pipes are dissolved to the water
table as vadose zone conditions persist (Figure 21). Irregularito subhorizontal pores develop just
above the water table. As vadose dissolution continues, an irfegular topography forms at the
surface (Figure 22). The relief increases with time until a comiplex surface of spires and
pinnacles develops (DVT morphology similar to the Devil's Golf Course).

Perhaps the most interesting and diagnostic textures developed during vadose dissolution of
halite are those accentuated by insoluble sulfate or clay.. When prese'ht, these textures are
unique indicators -of vadose zone dissolution. Vadose zone di{;solution initially affects the
uppermost depositional unit. This is usually a triplet with a suLIfate or clay lamina at the base
overlain by bottom-growth halite which is in turn overlain by cn.;lmulate halite (Figure 20). Sulfate
crystal drapes and linings on bottom-grown halite crystals remeilin after the halite host is _

- dissolved. This produces a characteristic fabric we call pile-ofisticks (POS), after its appearance
on the washed surface of the AIS (Figure 11). If little or no s(JIfate intervenes between
successive depositional sequences, vadose dissolution of halitefe may generate a significant
solution lag consisting principally of sulfate POS. POS textures are present in all Salado halite
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lithofacies, except the HM lithofacies. Thin laminae and laminae of clay or sulfate also develop
characteristic textures in response to vadose zone dissolution. Irregular, discontinuous strata
may form over a dissolving surface or on relief generated by vadose zone dissolution (Figure
20). These strata in the Salado may thicken and thin over the existing topography. As planar
dissolution occurs parallel to the surface of the sait pan and removes all or most halite from
successive small-scale depositional sequences, clay or sulfate laminae are disrupted and
translocated. The amount of disruption is proportional to the volume of halite removed. Fiat to
slightly irregular strata consisting of clay or sulfate are disrupted into irregular strata and
stringers, isolated blebs, and ultimately, "blebby" strata (Figure 20). These blebs are often
displacively reworked by phreatic halite cements.

Point dissolution along preferential permeability pathways within the vadose zone and results in
vertical solution features (Figure 21). The most common of these are dissolution pits and pipes.
Some of these develop after the dissolution of the efflorescent material in polygonal cracks. |
Others may originate in topographic lows where rainfall and runoff pond before infiltration. Pits
and pipes mature during repeated small floods and rains. Other examples of point dissolution
include macropores and collapsed macropores. These features develop at and above the water
table. They are vuggy and cavernous porosity which is ultimately connected to the surface.
Insoluble material is often translocated into pits and macropores and is usually displaced by
phreatic halite cements. In the Salado, some pits and macropores show evidence of multiple
episodes of sdlution, translocation of insoluble material, and displacive growth of halite cements.

If the water table remains below the surface for an extended period of time, point dissolution
dominates the fabrics (Figure 21), and pits and pipes become accentuated such that the surface
develops a hummocky relief. As hygroscopic alteration occurs (Section 4.2.2), surficial halite
becomes finely crystalline and well consolidated, and porosity is reduced by overgrowths on the
fine crystals. Insoluble material accumulates '_at the sﬁrface as a solution lag. Strata are
disrupted by collapse and slumping following dissolution. As this process continues, the
depositional fabrics and textures become unrec'ogriizab.le.. Characteristic irregular lenses and
pods form, and the surface becom,e_si a complex terrain of jagged spires, hummocks, and
columns. These textures are preserved if the water table rises considerably and cement
processes occur. Repeated fluctuations ,bétwéen shallow standing bodies of water and deep
water table conditions may produce a thick section Showing thié texture.  Within Salado
examples of this texture, the amount of cement fabrics is proportional to the time of subaqueous
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or nearly subaqueous deposition of halite within the topographic lows between the spires and
columns. Cement-rich versions of this texture show very smaljl pods and lenses of fine halite.

4.2.2 Hygroscopic Alteration

Solution is not, however, the only process which occurs in the vadose zone. Maierial exposed
at the surface is commonly subject to hygroscopic alteration, which reduces crystal size and
causes some cementation. In modern halite pans, moisture is hygroscopically attracted to the
halite in the evening when the humidity increases, evaporation' decreases, and the sediment
cools. This process is accentuated if dew is precipitated. The hygroscopic fluid dissolves a
small portion of halite. The following day, as evaporation rates quickly increase and the relative
humidity at the pan surface decreases, halite is reprecipitated rapidly as very fine crystals. |If
subaerial exposure continues, this alteration process becomes |increasingly effective as the fine
crystals offer a greater surface area, allowing more fluid to be|hygroscopically attracted. The net
result of this process is to decrease the overall crystal size of surficial halite with time. This
pracess is very effective at the Devil's Golf Course in Death Valley, California, where nearly all
surficial halite is finely crystalline and, in the hummocky zones| "podular” muddy halite, well-

cemented and hard. In the Salado, much of the fine-to-medium crystalline halite in pods in the
PMH lithofacies may have originally been altered hygroscopicajlly.

4.2.3 Efflorescent Crusts
Halite also forms as efflorescences within the vadose zone in :‘{salt pans. Efflorescent crusts are

fine to microcrystalline and consist mostly of halite with minor amounts of other minerals. The
efflorescence precipitates as water is evaporated from the capiillary fringe. Efflorescent growth is
self-perpetuating. Because capillarity is greater within the efflorescence than the host sediment,
the efflorescence will build upon itself and may rise above the |sediment surface. Efflorescent
crusts are common along the margins of polygonal cracks in h:alite pans. Evaporation from the
water table in halite pans is most efficient at the edges of polylgons, because centers of
polygons generally exhibit a lower vertical permeability and the| polygonal margins provide a
direct vertical connection to the water table. Efflorescence crusts probably develop

synchronously with polygons. Once the efflorescence reaches [the sediment surface, evaporation

from the water table increases allowing further concentration of; solutes in phreatic water and
continued sediment cementation. In modern salt pans, pits through the surficial sediment to the
water table often show the dévelopment of an efflorescence along the side of the pit. If the pit
is small enough, a thin efflorescent crust may cover the opening. Efflorescences generally have
a low preservation potential as they are usually dissolved by ra]infall and runoff. A flooding event
|
|
|
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may totally dissolve an efflorescence from along polygonal margins producing dissolution pits and
pipes. Fine-grained halite preserved along the margins of some pits within the Salado are
interpreted to be relicts of an efflorescent crust.

4.3 PHREATIC ZONE ALTERATION
In modern salt pan environments, displacive and passive pore-filling halite cements precipitate in

the phreatic zone, further aitering subaqueous deposition and vadose zone fabrics. Phreatic
dissolution is rare as groundwaters are extremely saline. In the phreatic zone, halite saturated
brines preserve and overgrow salt pan halite. Voids and pores are filled by displacive and
passive halite cements. This process is very effective in modern salt pans where all visible
porosity is filled by the time the sediment is buried 45 m (Casas and Lowenstein, 1989).
Saturated to oversaturated conditions are maintained in the phreatic zone as water evaporates
from the capillary fringe. Capillary pathways to the surface are established when efflorescent
crusts grow along polygonal margins. Once these efflorescences reach the sediment surface,
evaporation from the water table and, consequently, halite cement growth becomes more
efficient.

Phreatic zone alteration fabrics are dominated by slowly-grown, coarse, clear overgrowth and
cement textures. Displacement and incorporation of soft clay or sulfate by cement halite is
common. Very porous and weakly bonded subaqueous deposition fabrics can also be
mechanically displaced and disrupted by displacive cement growth. Angular boundaries with clay
or sulfate develop as halite crystals grow displacively. In the Salado, sediment incorporative
halite with angular matrix margins are displacive phreatic cements. Clear halite cements
passively fill some porosity generated by vadose zone alteration. In the Salado, clear halite
within pores and pits are passive halite cements.

A crude correlation can be made between the amount ,c;f vadose zone dissolution and the style
of phreatic cementation. Phreatic cements tend to be passive in more mechanically competent
halite sediments with lower bulk porosities and displacive where extensive vadose dissolution has
increased the porosity. and loyvéred the mgé:_hanical competence.

Displacive phreatic cements may. radically pvérprint depositional and vadose textures when
porosity is high within the host sediment. The porosity provides_ room for displacive cements to
grow. In bedded halite sediments, high porosity develops at the individual stratum or several
strata scale during repeated episodes of vadose solution and subaqueous deposition. This
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occurs when the water table drops only a small distance below the surface of the sediment and
halite is dissolved from the vadose zone. A stable water table position permits surficial vadose
zone alteration to be extensive while pits and macropores develop within the vadose zone
sediments. Displacive cements fill porosity and disrupt remaining primary deposition fabrics. In
general, displacive phreatic cements are proportional to the amount of dissolution porosity
generated in the vadose zone.

5.0 INTERPRETATION OF THE IDEAL SEQUENCE

Each Salado halite sequence contains part or all of our idealized sequence (Figures 23 and 24).
The textures and features found within each lithofacies and subfacies can be attributed to either
subaqueous deposition, vadose zone alteration, or phreatic zone alteration processes (Figure 46).
Each process leaves a characteristic textural overprint. - 'Upward through the ideal sequence,
vadose zone and phreatic zone alteration textures become rnore abundant, at the expense of
subaqueous deposition fabrics. The textures present within the lowermost lithofacies, stratified
mud-poor halite, reflect subaqueous deposition. The "podular” muddy halite lithofacies show
mostly vadose zone alteration fabrics. Both the dilated mud-rich halite and halitic mudstone
lithof/acies‘ are dominated by displacbive halite cements forme:d in the phreatic zone. Although the
entire sequence records an increasing role of vadose zone and, consequently, phreatic zone

alteration with time, intermittent subaqueous deposition must,{ have occurred episodically through

out this time for the sequence to accumulate vertically.

5.1 STRATIFIED MUD-POOR HALITE (SMPH) !
The SMPH lithofacies retains an overall sense of near horizontal stratification. On a large-scale,

this reflects subaqueous depositional processes. On a small scale, vadose zone and phreatic
{

zone alteration increases upward indicating that intermittent subaqueous deposition was followed

)
by longer’and more pronounced water table drops.

The lowermost zone within the SMPH lithofacies displays at!>undant bottom-accumulated halite
textures indicating nearly uninterrUpted halite deposition from stariding water. The base of this
zone shows either extensive dissolution and planing of underlying halite, an uninterrupted
transition from subaqerust deposited sulfate to subaquem[:sly deposited halite, or subaqueous
accumulations of halite over subaerially reworked halite or sulfate. The lowermost zone formed
following first-order flooding event that produced the longest-lived uninterrupted standing body of

water. ' ‘ |

|
\
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The middle zone contains moderate amounts of subaqueously deposited halite and small to large
pits, pipes, and macropores filled with passive halite cements. The pits, pipes, and macropores
developed during modest amounts of point dissolution and limited planar dissolution within the
vadose zone. They were later passively filled by halite cements within the phreatic zone.
Displacive halite cements are sparse in the middle zone as vadose zone solution created only
small increases in the bulk porosity of the section. Water table fluctuations began to drive
deposition and alteration processes during the accumulation of the middle zone. Intermittent
second-order flooding events created standing bodies of water that deposited halite. Shallow and
deeper water table fluctuations were of limited duration creating only incipient vadose zone
alteration fabrics.

The uppermost zone is dominated by displacive halite cements and more extensive point
dissolution fabrics. It shows limited subaqueous deposition textures. As the shallow water table
conditions existed for longer periods, planar dissolution produced more advanced vadose zone
alteration fabrics (eg., solution lags) and created extensive porosity for the displacive growth of
halite cements. Point dissolution textures became more abundant as the duration of deep water
table conditions increased. Intermittent subaqueous deposition‘continued, despite greater water
table fluctuations and longer periods of vadose zone alteration. Deposition in the uppermost
zone is culminated by a major drop in the water table position of extended duration. The
vadose zone was altered extensively by point dissolution. An irregular, hummocky topography
developed during extended point dissolution, and a lag of insoluble material accumulated on the
upper surface.

All the textures and fabrics displayed within the SMPH lithofacies are consistent with those found
within a mud-poor halite pan environment with intermittent subaqueous conditions followed by
large and small fluctuations in water table position.

5.2 "PODULAR" MUDDY HALITE (PMH) v
The PMH lithofacies displays pods and lenses of finely crystalline halite surrounded and bounded

by planar and point solution textures and zones dominated by displacive halite cement fabrics.
The pods and lenses developed during repeated long term exposure in the vadose zone.
Textures and fabrics similar to Salado examples of PMH are found at the Devil's Golf Course in
Death Valley, California. There, spires, pinnacles, and hummocks of argillaceous halite develop
during the reworking of halite in the vadose zone along the margins of localized depositional
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centers (Holt and Powers, in preparation). Point dissolution creates the hummocky relief and

vertical pathways to the water table, while planar dissolution lolwers the overall relief and creates
solution lags of insoluble materials on the irregular surfaces (Holt and Powers, in preparation).
The textures and fabrics developed by these processes, DVT, are analogous to those in the

'Salado PMH lithofacies. %

The Salado PMH lithofacies preserves ancient examples of DVT textures. Salado examples are

preserved as the phreatic zone engulfs the lithofacies and saturated brines stop dissolution. The

' "podular” textures develop in response to extensive vadose alteration- during long-lived, deep

water table conditions. The preserved thickness results from t|l1e alteration of a considerably

thicker original section. ‘
‘ ‘ .

Pits and pipes initially developed within halite in the vadose zone (Figure 21). Further

dissolution widened these features creating an irregular topogreiphy consisting of spires,

pinnacles, and huhmocks. As vadose zone alteration continued, the relief was reduced by

planar dissolution, and lags consisting of insoluble materials developed on exposed surfaces.

Intermittent floéding events further reduced the topography and] precipitated bottom-accumulated

halite in topographic lows. Planar solution created high porosit?y within the bottom accumulated

halite which was later filled by passive halite cements or altere{d by displacive halite cements in

the phreatic zone. Hummocks, spires, and pinnacles tipped anfd collapsed enhancing the podular

texture. Additional subaqueous halite accumulated over the surface following second-order

floods, providing additional material for later alteration and continued development of a "podular”

texture. The entire "podular" sequence records numerous episbdesof subaqueous deposition

followed by extensive vadose zone alteration with relatively deep water table conditions.

The PMH lithofacies was deposited in a salt pan subject to intense vadose zone aiteration. The
salt pan developed an irregular topography due to both point apd planar dissolution processes
within the vadose zone. We call this environment a "hummocky" salt pan based upon its -
surface expression. Hummocky salt pan halite is muddier thani the underlying mud-poor salt pan
halite because the mud concentration increases as halite is dissolved.

5.3 DILATED MUD-RICH HALITE (DMRH) |
The DMRH lithofacies displays displacive halite cement textures, and it may show crude.

horizontal stratification. Displacive halite cements record extensive alteration within the phreatic
zone. Halite accumulated subaqueously following intermittent ﬂn(:oding events. The water table

WP:WIP:R-1213-AppF 14 ‘




fluctuated frequently, and planar dissolution in the vadose zone created high porosity within
subaqueously accumulated halite. The mechanical integrity of the altered halite was low, and
subsequent growth of displacive cements during phreatic conditions dilated the fabric. Large
water table fluctuations were infrequent, as pits and pipes are rare and "podular’ textures do not
occur. Disk-shaped strata and prism cracks developed as the exposed surface broke into
polygonal structures during subaerial exposure. The overall relief of the depositional environment
was low, and flooding events were capable of carrying relatively large volumes of mud into the
depositional environment. Layers of mud were broken and disrupted by repeated solution and
displacive growth of halite.

Textures within the DMRH lithofacies are consistent with those formed in a mud-rich salt pan.
Extensive subaerial exposure and vadose zone alteration was followed by displacive halite
cement growth within the phreatic zone. Water table fluctuations were less pronounced, and the
overall relief on the salt pan was less than the preceding hummocky sait pan.

5.4 HALITIC MUDSTONE (HM)
Textures within the HM lithofacies are consistent with those formed in saline mud flat

environments. The HM lithofacies is characterized by displacive halite crystals within a mudstone
matrix. Well developed to highly contorted strata and smeared laminae/intraclast textures
indicate subaqueous depésitio’n and vadose zone alteration. Halite crystals growing in the
phreatic zone displaced mudstone strata. Halite repeatedly dissolved and precipitated to create
the smeared laminae/intraclast textures (Holt and Powers, 1988). Mudstone free of displacive
halite shows smeared laminae/intraclast textures indicating dissolution of soluble evaporite
minerals, probably halite. In some cases, mudstone free of displacive halite may have
accumulated as broad soluti‘on lags following the dissolution of halite down to, or near, the water
table. Prism cracks and disk-shaped strata developed as the surface broke into polygons during
subaerial exposure.

6.0 DISCUSSION

Uninterrupted Salado halite sequences record the vertical progression of environments: mud-
poor salt pah - "hummocky" salt pan (similar to the Devil's Golf Coixrse at Death Valley,
California) - mud-rich salt pan - saliné_ mud flat (Figure 23). Salado halite sequences record the
deposition and alteration of halite under variable water table conditions. Subaqueous deposition
of halite alternated with vadose zone alteration as water table fluctuations created intermittent
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vadose zone conditions. Phreatic zone cements filled porosityJ below the water table. The
frequency and duration of these water tabie drops increased over time as the basin became
increasingly desiccated.

|
|
Mud-poor salt pan halite was deposited following a first-order flooding event. Evaporation and

reworking of existing halite increased the salinity to halite saturation. Halite accumulated

subaqueously until the basin was desiccated. When the water table dropped below the sediment

l

surface, vadose zone alteration produced characteristic textures and fabrics. Second-order

flooding events created intermittent subaqueous conditions, allowing additional halite to

accumulate. Vadose zone alteration increased with time as flooding events became less

frequent. Long periods of deep water table conditions cycled lwith shallow water table and
episodic saline lagoon conditions producing and preserving PMH in a "hummocky” salt pan
environment. Vadose zone alteration intensified with time redtllcing the overall relief across the
basin. This allowed more efficient transport of clastic material:[; into the basin, and a mud-rich
salt pan developed. Saline mud flat environments moved laterally toward the depocenter, as |

desiccation continued.
7.0 CONCLUSIONS

Geologic mapping of the AIS provided us with unprecedented halite textural and fabric data from
the Salado. We were able to characterize and interpret many/ previously unreported textures and
fabrics and recognize their stratigraphic succession. Halite shows extensive vadose zone
alteration textures that developed under variable water table conditions.

Each halite sequence within the Salado fits partially or wholly into an idealized sequence.
Complete Salado halite sequences consist of four lithofacies that are related to distinct
depositional environments. First, SMPH lithofacies formed in efl mud-poor salt pan texturally
dominated by subaquéous depositional fabrics. Second, PMH llithofacies displaying abundant

vadose zone alteration textures developed in a "hummocky” szt pan similar to the Devil's Golf

Course in Death Valley, California. Third, the DMRH lithofacie;s showing abundant displacive
halite cement fabrics was deposited in a mud-rich salt pan. The HM lithofacies formed in a
saline mud flat. '

Halite sequences record the increasing desiccation of an intern:rlittently flooded basin. Each
complete sequence began with a first order flobding event that produced the longest-lived period
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of subaqueous deposition. Numerous second order flooding events allowed subaqueous
deposition to occur episodically throughout the accumulation of each sequence. Vadose zone
alteration coupled with extensive phreatic cementation increased over time as the frequency of
flooding events decreased. Ultimately, vadose zone dissolution lowered the relief across the
basin allowing greater input of clastic materials. The accumulation of each Salado halite
sequence was halted by ancther first-order flooding event. '
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Figure 2
Photomosaic of a complete Salado sequence with the following
lithofacies. upward from the base: 1) stratified mud-poor halite, 2)
“podular” muddy halite. 3) "dilated” mud-rich halite, and 4) halitic
mudstone.
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Photomosaic of a complete Salado séquence with the following lithof-
acies, upward from the base: stratified mud-poor halite (SMPH), “pod-
ular’ muddy halite (PMH), “dilated” mud-rich halite (DMRH), and
hatlitic mudstone (HM). (Note the large ar‘nouhtof relief present on and

the dissolution pits originating from the Death Valley Type (DVT)
exposure/solution surface between the stratified mud-poor halite and
“podular” muddy halite lithofacies.)
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Stratified mud- pbor halite mteréalcated wuth

laminae of polyhalite is subdivided into three

textural zones: 1) bottom accumulated halite,”

2) passive pore-filling cements,
and 3) expansive cements.




Figure 6 SEEL
Dissolution pit with translocated polyhalite
and displacive and passive halite cements.
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. Figure 7
crystalline displacive halite cements and translocated
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Figure 8

Boxwork fabric formed by the intersection of
honzontal polyhalite solution lags and
translocated polyhalite mit/pipe fittings.

) Figures 9A and 98
Twoexamples (Aand B othalite crystal drapes and linin QS ConsIstin g
of anhydrite afte gypsum
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B) “podular" muddy halite (expansuve cement
~zone). Small macropores are fllled with




: chure 12 .
Zone of expanswe cements in the stratmed .
mud-poor hahtel:thofacues The zone. contams

subhorizontal;irre ular,discontinuous. blebby
!ammae/solutlon zlags :(S!) of polyhahte and
dnssemmmated ‘blebs of polyhalite
wnth dusp!acwe margms




ey

a lower expansive

ansive cement-rich (EC-
nae and blebs are solution lags. A) Expan-
tains very ittle cement and is dominated by
ne halite. B) Expansive cement-poor zone
contains a greater percentage of cements, . cluding expansive
cements. The pods are smaller, and the unit displays a large solution

€xpansive cement-rich zone. (Note: coarsely crystalline, clear halite
[cements] reflects more light than fine to medium Crystalline halite )




14 A

Four examples (A-D) of textural variations within the “podular’ muddy halite expansive cement-poor zone.

"Figu“res 14A, 14F AC, an_'d‘14[‘) P :

Irregular lamiinae of cl‘ay‘é‘ﬁd‘blvebs of clay and polyhalite.are ‘sko"Iuti"bn lags. (Note: coarsely crystalline, clear
halite [cements] reflects more light than fine to medium crystalline halite.)
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F;gures 15A and 158
Two examples from'the expansive: cemen -rlch zone in-the "podular”
muddy ‘halite lithofacies. .A) Coarse. clear dssplacwe halite cements
with irregular blebs of claystone. Bleb boundaries are mostly planar
due to expansive growth of halite cements in the phreatic zone. B)
Medium to coarsely crystalline displacive halite cements with
solution lags and blebs of clay.
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argmaceous ‘podular” muddy halite with little' expanswe cementwnth

translocated material and coarsely crystallme passive and displacive

cements in pipes. B) Very arg|llaceous podular muddy halite with a
moderate amount of expansive halute cement.
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STAGE 4

SLUMPED
LAMINAE

VERTICALLY~
ORIENTED
MACROPORES

DEPOSITIONAL
EVENT 3
- LAMINAE OF
FOREIGN
MATERIAL
(CLAY OR
SULFATE),

MAY BE ABSENT

ALITE
CUMMULATES

BOTTOM-GROWTH
HALITE

DEPOSITIONAL
EVENT 2

DEPOSITIONAL
EVENT 1

STAGE 1

- T e

VZA CONTINUES CREATING BLEBS
FROM DISRUPTED LAMINAE.
POTENTIAL PZA CONSISTS OF BOTH
PASSIVE AND DISPLACIVE HALITE
CEMENTS.

VZA CONTINUES. LAMINAE SLUMP
AND MACROPORES ARE ENLARGED.

STAGE 8

*BLEBBY’
LAMINAE/

> SOLUTION
T LAG

POTENTIAL PZA INCLUDES PASSIVE
HALITE CEMENTS AND RARE
DISPLACIVE CEMENTS (WHERE THE
STRUCTURAL INTEGRITY OF THE
MATRIX IS LOW.)

ENTIRE SEQUENCE SUBJECTED TO
MINOR VADOSE ZONE ALTERATION
(VZA). POROSITY DEVELOPS PARAL-
LEL TO DEPOSITIONAL FABRICS
DURING DISSOLUTION. IF REINTRO-
DUCED INTO THE PHREATIC ZONE,
PHREATIC ZONE ALTERATION (PZA)
PRODUCTS WILL CONSIST OF PASSIVE
PORE-FILUNG CLEAR HALITE CEMENT.

DEPOSITIONAL
EVENT §

UNINTERRRUPTED SUBAQUEOUS
ACCUMULATION OF HALITE WITH
BOTTOM-GROWN CRYSTALS OVER-
LAIN BY HAUTE CUMULATES. FOR-
EIGN MATERIAL (CLAY OR SULFATE),
IF PRESENT, UNDERLIES THE HALITE
AND IS INTRODUCED DURING THE
INITIAL FLOODING EVENT. THREE
EPISODES OF ACCUMULATION ARE
SHOWN.

DEPOSITIONAL
EVENT 4

FIGURE 20 DEVELOPMENT OF SMALL-SCALE SALADO HALITE FABRICS.
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STAGE 5

t

EXTENSIVE VZA REMOVES MOST
HALITE AND INSOLUBLE FOREIGN
MATERIAL 1S REWORKED INTO
"BLEBBY LAMINAE/SOLUTION LAGS
POTENTIAL PZA PRODUCTS ARE
MOSTLY DISPLACIVE HALITE CE-
MENTS.

VZA CONTINUES. NEW LAMINAE ARE
BROKEN INTO BLEBS AND POROSITY
CONTINUES TO DEVELOP. POTENTIAL
PZA INCLUDES MOSTLY DISPLACIVE
WITH SOME PASSIVE HALITE CE-
MENTS.

VZA RESUMES. MACROPORES
DEVELOP AND LAMINAE ARE DIS-
RUPTED. BOTH PASSIVE AND DISPLA-
CIVE CEMENTS MAY DEVELOP IF
ALTERED IN THE PHREATIC ZONE.

ADDITIONAL SUBAQUEOUS ACCUMU-
LATION OF HALITE OVER DISRUPTED
SEQUENCE.




FINAL FINAL FINAL FINAL
WATERTABLE WATERTABLE WATERTABLE WATERTABLE
POSITION POSITION POSITION POSITION
< T v
1-3m
T8 CONTINUED DISSOLUTION LOWERS RELIEF AND T-9 DISSOLUTION CONTINUES AS THE WATERTABLE
CAUSE SPIRES AND COLUMNS TO COLLAPSE. PASSIVE DROPS AND RELIEF DEVELOPS AND IS DESTROYED T-12 MIXED HALITE AND MUD ARE DEPOSITED
AND DISPLACIVE HALITE GEMENTS DEVELOP AND CREATING PODS AND LENSES OF HALITE. DISPLACIVE SUBAJUEOUSLY AND REWORKED BY SOLUTION AND
T-3 FOLLOWING A LARGE WATERTABLE DROP, SUBAQUEOUS HALITE DEPOSITION OCCURS IN AND PASSIVE HALITE CEMENTS DEVELOP AND -PRECIPITATION OF DISPLACIVE CEMENTS DURING
DISSOLUTION CREATES ENLARGED, DEEP PITS AND A TOPOGRAPHIC LOWS AS THE WATERTABLE MOVES SUBAQUEOUS HALITE DEPOSITION OCCURS IN MINOR WATERTABLE FLUCTUATIONS. (B) MUD IS
HUMMOCKY RELIEF. HIGHER. TOPOGRAPHIC LOWS AS THE WATERTABLE MOVES DEPOSITED AND REWORKED BY PRECIPITATION AND
HIGHER. DISSOLUTION OF DISPLACIVE HALITE CEMENTS.
X
¥ Yy
T-11 COLLAPSE OF HIGH RELIEF FEATURES FOLLOWS
CONTINUED DISSOLUTION. PASSIVE AND DISPLACIVE
T-2 CONTINUED SUBAQUEOUS ACCUMULATION OF T-8 ADDITIONAL HALITE ACCUMULATES SUB- HALITE CEMENTS DEVELOP AND SUBAQUEOUS HAUITE
HALITE ALTERNATING WITH MINOR DISSOLUTION T-5 FOLLOWING A LARGE WATERTABLE DROP, AQUEOUSLY AND IS REWORKED INTQ INCIPIENT POOS DEPOSITION QCCURS AS THE WATERTABLE MOVES
DURING SMALL WATERTABLE FLUCTUATIONS. DISSOLUTION CREATES SPIRES AND COLUMNS. AS THE WATERTABLE DROPS. HIGHER.
a4
A
T-1 ALTERNATING SUBAQUEOUS ACCUMULATION OF ) T-7 HALITE ACCUMULATES UNDER SUBAQUEOUS T-10 ENLARGED PITS AND PIPES AND HUMMOCKY
HALITE WITH SHORT-LIVED WATERTABLE DROPS T-4 ADDITIONAL DISSOLUTION LOWERS RELIEF AND CONDITIONS AND IS THEN REWORKED FOLLOWING RELIEF DEVELOPS FOLLOWING A LARGE WATER-
WHICH CREATE DISSOLUTION: PITS AND PIPES. CREATES INCIPIENT PODS AND LENSES. WATERTABLE DROPS. TABLE DROP.
FIGURE 21 DEPOSITIONAL MODEL FOR THE ORIGIN OF SALADO HALITE SEQUENCES
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DEPQOSITIONAL

ENVIRONMENT - PROCESSES
CLASTIC DEPOSITION EXTENSIVELY MODIFIED
SALINE MUDFLAT BY VZA AND DISPLACIVE PZA CEMENTS.
SUBAQUEOUS HALITE AND CLASTIC DEPOSI-
MUD-RICH TION ALTERNATING WITH EXTENSIVE VZA AND
SALTPAN DISPLACIVE PZA CEMENTS.

o P"f“’s¢-/- . ”

SUBAQUEOUS HALITE DEPOSITION ALTERNAT-
ING WITH VERY LONG PERIODS OF EXTENSIVE
VZA WITH LARGE WATER TABLE FLUCTUATIONS.
PZA MOSTLY CONSISTS OF GROWTH OF

DISPLACIVE HALITE CEMENTS.

SUBAQUEOUS HALITE DEPOSITION ALTERNAT-
HUMMOCKY ING WITH MODERATELY LONG PERIODS OF
SALTPAN EXTENSIVE VZA WITH LARGE WATER TABLE

FLUCTUATIONS. PZA MAINLY INCLUDES
GROWTH OF DISPLACIVE AND LIMITED PASSIVE
HALITE CEMENTS.

SUBAQUEOUS DEPOSITION OF HALITE
ALTERNATING WITH SHORT PERIODS OF VZA
WITH LARGE WATER TABLE FLUCTUATIONS AND
LONGER PERIODS OF VZA WITH SMALL WATER
TABLE FLUCTUATIONS. PZA INCLUDES
GROWTH OF ABUNDANT DISPLACIVE AND SOME
PASSIVE HALITE CEMENTS.

SUBAQUEOUS DEPOSITION OF HALITE
ALTERNATING WITH SHORT PERIODS OF VZA
MUD-POOR WITH INTERMEDIATE WATER TABLE VARIATIONS
SALTPAN AND INTERMEDIATE PERIODS OF VZA WIiTH
SMALL WATER TABLE FLUCTUATIONS. PZA .
INCLUDES MAINLY PASSIVE CEMENT GROWTH.

SUBAQUEOUS DEPOSITION OF HALITE AND
MINIMAL AMOUNTS OF VZA WITH SMALL WATER
TABLE FLUCTUATIONS. LIMITED AMOUNTS OF
PASSIVE PZA CEMENTATION.
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FIGURE 23 SUMMARY OF SALADO HALITE DEPOSITIONAL ENVIRONMENTS AND PROCESSES.
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SALADO SULFATE BEDS
1.0 INTRODUCTION

Thin, areally persistent interbeds of sulfate have long been recognized within the halite of the
Salado Formation. Some sulfate interbeds were recognized as valuable stratigraphic markerbeds
within the Salado and were numbered by geoiogists from the U.S. Geological Survey (Jones, et
al., 1960); this numbering syétem has been used by many researchers for fine stratigraphic
control within the Salado. As early workers (e.g., Schaller and Henderson, 1932; Page and |
Adams, 1940; Lang, 1942; Adams, 1944; Jones, 1954, 1972; Jones et al., 1960; and Brokaw et
al.,, 1972) relied almost exclusively upon well cuttings, core, and geophysical logs for descriptive
data from these interbeds, sedimentary texture data from the Salado were limited and the
depositional environments of Salado sulfates were poorly understood. During the 1980’s, several
workers (e.g., Lowenstein, 1982, 1983, 1988; Jarolimek et al., 1983; Borns, 1985) used a
comparative sedimentological approach to provide more precise interpretations of the depositional
environments and diagenetic history of Salado suifate interbeds. We have used a comparative
sedimentological approach during this study to further expand and refine the understanding of
these interbeds.

Sulfate interbeds within the Salado are considered by many (e.g., Schaller and Henderson, 1932;
Jones, 1972; Lowenstein, 1982, 1983, 1988) to be important parts of vertical sedimentation
cycles within the Salado. The depositional environments of these sulfates and their relationship
to overlying and underlying halite interbeds provide a primary basis for understanding Salado
sedimentation. Although some sulfate sedimentary features are reported from core (e.g. Schaller
and Henderson, 1932; Lowenstein, 1982, 1983, 1988; Borns, 1985) and underground excavations
(Lowenstein, 1982, 1983, 1988; Jarolimek et al., 1983), all of these studies focus upan limited
stratigraphic sections within the Salado. The geologic mapping-of the Salado in the AlS,
however, provides continuous descriptions of outcrop-scale exposures through the upper 1,290
feet of the Salado. We describe many . previously unreported textures, features, and lithologic
associations from sulfate interbeds within the Salado, interpret neWIy described features, and
refine existing models of deposition and diagenetic alteration of sulfate interbeds.

The hydrogeologic behavior of Salado sulfate interbeds is important for WIPP performance
assessment and the plugging and sealing of the WIPP shafts and underground excavations.
During the geologic mapping of the AIS, several thick sulfate interbeds were observed producing
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limited volumes of brine into the shaft. Discharge of brine frcm sulfate interbeds may be an
important consideration for shaft plugging and sealing design if enough fluid is discharged into
the shaft to affect the reconsolidation of crushed salt backfill. | Sulfate interbeds immediately
underlying and overlying the WIPP underground excavation may provide migraﬁon pathways for
gas and brine from waste storage panels. Markerbed (MB) 139, the most important of these
interbeds, is currently being characterized hydrologically. Data from sulfate interbeds in the AIS
may provide the basis for a more precise conceptual hydroge‘?logical model of MB139.

1.2 PREVIOUS WORK '
Sedimentological data from Salado suifate interbeds are limited. Schaller and Henderson (1932)

first characterized the mineralogy of the Salado thrbugh core description and petrography. They
noted that sulfates dominantly consisted of magnesite-banded|anhydrite and polyhalite with
occasional anhydrite, polyhalite, and halite pseudomorphs after gypsum crystals. Schaller and
Henderson (1932) did not ascribe any sedimentological interpretation to the features they
observed, although they did recognize pseudomorphs after gypsum crystals and replacement of
sulfate by polyhalite.

Lowenstein (1982, 1983, 1988) macroscopically and petrographically examined the
sedimentological textures and fabrics present in sulfate interbeds from the McNutt potash zone in
cores and potash mine excavations. - Lowenstein observed flat, wavy, crinkly, and contorted
laminae of anhydrite or polyhalite alternating with laminae of magnesite-rich, sulfatic mudstone.
Anhydrite, polyhalite, halite, and sylvite pseudomorphs after gypsum were described as vertically
elongate prisms, some incorporating mud, originating from a c‘bmmon surface; cross-laminated
grainstones with clear crystal fragments displaying gypsum mdrphologies; and layers of randomly
oriented or horizontally aligned prisms or equant crystals.

: |
Lowenstein (1982, 1983, 1988) interpreted the vertically elongz:ate pseudomorphs after gypsum to
be subaqueously-grown prismatic gypsum crystals. Cross-lamjnated grainstones and
randomly-oriented or horizontally aligned gypsum pseudomorpt‘1s were interpreted to be reworked
vertically-oriented, bottom-groWn gypsum crystals. Lowenstein|interpreted these features to be
analogous to those found in modern marginal marine deposits| and ancient gypsum interpreted as
shallow subaqueous lagoonal deposits. Hundreds of carbonat2-gypsum pseudomorph couplets

were interpreted to indicate prolonged subaqueous conditions with repeated inflow of water,
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evaporative concentration, gypsum precipitation, and sediment reworking. Lowenstein (1988)
stated:
The anhydrite-polyhalite beds provide ample evidence of an origin in a shallow lake or
lagoon not concentrated beyond gypsum saturation. The absence of subaerial
exposure features suggest that this phase of evaporite sedimentation took place in a
permanent brine body. (p. 599)
Lowenstein (1982, 1983, 1988) believed the sulfates were deposited shortly after a marine-
derived influx of water and that the transition to halite deposition was without an intervening
period of subaerial exposure.

Markerbed 139 (MB139) has been studied as part of WIPP site characterization activities.
Jarolimek, et al. (1983) focused on expléining the undulations on the top of MB139 and
quantifying the variation of the relief of MB139 (thickness, strike, and dip). Based on the
exploratory shaft mapping (now called the construction and salt handling shaﬁ) and core data,
the undulations were attributed to localized bottom-grth of prismatic gypsum ("swallow-tail")
crystals in clusters that created mound-like shapes at the upper surface of MB139. Thickness
variations from 1.2 to 4.1 feet were reported for MB139 at the WIPP site.

In a later study, Borns (1985) used macroscopic core data from five closely spaced (greatest
spacing was 13 feet) underground boreholes at WIPP to reevaluate the origin of undulations on
the top of MB139; examine evidence of depositional and deformational history of the middle
Salado; compare the mechanical résponses of MB139 with the surrounding units; and
qualitatively characterize the fluid history and future hydrologic potential of MB139. Borns
observed the following sedimentary textures: irregular laminae, pseudomorphs after prismatic
gypsum crystals ("swallowtails”), soft sediment deformation, and bottom-grown halite fabrics.
Diagenetic features observed included mineralogic replacements and fractures. Borns discounted
gypsum growth and late-stage deformation in favor of traction depositio‘n of halite and channelling
as a mechanisms for creating undulations on the top of MB139. Borns cited halite replacements
of groundmass and pseudomorphs after gypsum with partially filled fractures as evidence of
post-depositional fluid movement through MB139. Though MB1 39'wa.s not exposed in the AIlS,
many other sulfates were examined, and they provide further background for interpreting MB138.

2.0 LITHOLOGY OF SULFATE INTERBEDS

At the AIS, interbeds of sulfate within the Salado consist of anhydrite, polyhalite, magnesite, and
limited amounts of halite and other potash minerals at the AIS (Figure 23 in Report). Their
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thickness varies from 0.1 to 16.5 feet, and 75 perceni of the |sulfate interbeds range between 0.1
and 1.0 feet thick. The cumulative thickness of Salado sulfate interbeds is 124 feet at the AlS,
roughly 10 percent of the section mapped; 54 percent of this|thickness is contained within seven
interbeds ranging from 6 to 16.5 feet thick. Thicker interbeds are usually underiain by gray
magnesitic mudstone, ranging from less than 1 inch to 2 feet|thick. Thinner interbeds may show
planar or irregular upper and lower contacts, while thicker interbeds have planar lower contacts

and undulatory upper contacts. Thinner interbeds are more likely to consist of polyhalite while
thicker interbeds usually consist of anhydrite. Primary depositional and diagenetic alteration
textures and fabrics are prevalent through most markerbeds.

2.1 PRISMATIC GYPSUM PSEUDOMORPHS
Pseudomorphs after prismatic gypsum crystals are common ir sulfate interbeds and usually

consist of anhydrite, polyhalite, or halite. They are associatec| with varying amounts of detrital
material. The most characteristic gypsum pseudomorphs are verticélly oriented prismatic crystal
forms, a fraction of an inch to 8 inches high, with the c-axis oriented nearly perpendicular to
stratification (Figures 1, 2, and 3). Some prismatic gypsum pseudomorphs are randomly oriented
and show a disrupted fabric. Gypsum crystal morphologies refmge from acicular to twinned

_ swallowtail shapes’ (Figure 1). They can occur as isolated cry"'stals; radial clusters originating
from a common point; groups of crystals originating from a sirigle horizon forming a discrete
stratum; or large, discrete or epitaxially overgrown, often laterally interlocking, prismatic crystals in
a massive bed (Figure 2). The prismatic gypsum pseudomorp‘shs often contain intercrystalline
inclusions of laminated material parallel to and cross-cutting gypsum crystal faces. Individual
laminae cross-cut many crystals and give a stratified sense to{ a more massive, interlocking,
vertical crystal fabric (Figure 3). in some beds, larger crystals;‘ coalesce to form mound-like
forms within sulfate interbeds. Randomly oriented zones and mounds of prismatic gypsum
crystal pseudomorphs occur in some interbeds and may -create relief on the upper contact.
Vertically-oriented, prismatic gypsum pseudomorphs mostly occur in thicker sulfatic interbeds.

AIS mapping recorded these textures in only 27 of 82 mappec| interbeds. Large crystals are
common in those interbeds greater than 1 foot. '

2.2 DETRITAL TEXTURES ‘
Detrital fabrics occur within all sulfate interbeds. Flat to wavy {thin laminae to laminae are

extensive and show local cross-cutting relationships. Ripple forms and ripple cross-laminae are
found within some markerbeds (Figure 4)." Rippled material cansisting of anhydrite, polyhaiite,
and occasionally halite pseudomorphs detrital gypsum (Lowens«tein, 1982, 1983, 1988). Although,
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detrital halite ripples also occur. Cross-laminae occur in only 13 of the interbeds mapped; most
of these were thicker than 1 foot. Tabular rip-up clasts are present near the base of Markerbed
103, and coarse-sand to granule-sized clasts of polyhalite occur within an anhydrite matrix near
the tops of Markerbed 136 and Markerbed 133.

Varying amounts of detritus occur with prismatic gypsum pseudomorphs. Strata containing
prismatic gypsum pseudomorphs may be flat but most are wavy to contorted and slumped.
Stacked parallel laminae containing prismatic gypsum pseudomorphs are often mound-like with
the amplitude increasing upward until cross-cut by an erosional surface or stratum which thickens
into a topographic low. More massive beds consisting of interlocking, vertically oriented prismatic
gypsum pseudomorphs have detrital material interspersed in individual crystals and may contain
irregular, discontinuous laminae to thin beds of detrital material.

2.3 ALGAL AND CRYPTALGAL FABRICS
Stromatolites and cryptalgal layering are found at the base and top of six sulfate interbeds

exposed in the AIS. Thinly laminated to laminated hemispheroids occur near the base of MB103
and the Union anhydrite (Figures 5 and 6). Soft sediment deformation and displacement along
shear planes commonly occur within the cores of the hemispheroids. - Black, sticky, clay-sized
material within some strata in these zones is possibly organic-rich. These stromatolites are
classified as laterally linked hemispheroids (after Logan et al., 1964) and are similar to those
repdrted from Rustler dolomites in the vicinity of WIPP (Holt and Powers, 1984, 1986, 1988).
Stromatolitic forms also occur at the top of MB119 and MB136. These are generally similar to
previously described stromatolites but may show some irregular and truncated margins with the
overlying halite (Figure 7). Cq}ptalgal layering and mound-like algal biscuits (after Gebelein,
1969) containing crude fenestral-like halite-filled porosity occur near and at the top of MB115
(Figure 8). Cryptalgal layering is also found at the base of MB133. Some thicker interbeds
display probable cryptalgal layering.

2.4 PRIMARY HALITE TEXTURES WITHIN SULFATE INTERBEDS
Haiite is abundant within most sulfate interbeds mapped. Halite exhibiting primary or

syndepositional fabrics, however, is less common, occurring in 28 of 82 interbeds mapped.
Bottom-grown halite textures, exhibiting primary fluid inclusion zoning as chevrons or cornets and
sulfate crystal-drapes are found within lenses and irregular zones bounded by sulfate (Figures 9
and 10). Halite zones are often truncated by sulfate showing collapse textures (Figure 11).
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Displacive and incorporative halite crystéls are found in some sulfate interbeds and may show
either planar or irregular boundaries with the host material.

2.5 SOFT SEDIMENT DEFORMATION AND COLLAPSE TEXTURES
Soft sediment deformation and collapse textures are widespnlead within Salado sulfate interbeds.
Either type of deformation may originate externally, at the lower contact, or internally, within the

interbed. Soft sediment deformation inciudes slump features) soft sediment shear along planes,
and load/pillow structures (Figure 12). Collapse structures originate at the base of interbeds and
within interbeds adjacent to bottom-grown halite. In addition, smeared intraclast (SIC) textures
(after Holt and Poweré, 1988) occur within some interbeds.

The amount of soft sediment deformation within most sulfate|interbeds varies and is usually
greatest near the lower contact. It occurs most frequently in| suifate exhibiting detrital or algal
textures and is moderately abundant within detrital sediment-fich occurrences of vertical

pseudomorphs after prismatic gypsum crystals. Slumping and minor disruption of strata is
common in sulfate interbeds and may texturally dominate jn thinner interbeds. Shear planes
exhibiting minor amounts of displacement are associated with slumping in-some interbeds,
particularly those contafning algal stromatolites. Loadistructures are rare and occur only within
thicker interbeds. o " |
Several interbeds display collapse textures. The collapse may originate at the base of sulfate
interbeds or in small to large zones within the interbeds. Teitures vary depending upon whether
collapse occurs within a narrow well defined zone or along a|broader area. The degree of
deformation is proportional to the amount of the displacemen{: and its width. In broad, shallow
depressions at the base of interbeds where strata are downwarped, separation and displacement
" of strata may occur, and clasts may be rotated slightly (Figure 13). In extreme cases, usually
over pltS at the lower contact, breccia clasts are rotated and slumped downward, and upward
stopmg is observed (Figure 14). Much of the collapsed material shows post-collapse soft

sediment deformation and displacive halite crystals.

In some cases, sulfate interbeds may exhibit a smeared intralast texture similar to that reported
by Holt and Powers (1988) in mudstones from the Rustler Fo;rmation (Figure 15). Deformed or
- smeared intraclasts show no evidence of transport, and in sofne cases, irregular, poorly
preserved, discontinuous laminae are present. The intraclasts and laminae appear to be
squashed together while soft. Smeared laminae and intraclasts may be well preserved and
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distinct. In other cases, indistinct mottling is present. Occasionally, polyhalite may appear
crudely structureless with hints of irregular intraclasts and laminae. The surface may appear
lumpy or corrugated.

2.6 OTHER DISRUPTIVE TEXTURES
Other disruptive textures found within suifate interbeds include prism cracks, teepee structures,

and buckled strata. These fabrics usually occur at the tops of thicker interbeds, aithough, a
probable teepee structure occurs near the base of MB103. Each of these fabrics may be
‘associated with the others.

Prism cracks occur at the tops of thicker interbeds, including: MB 109, Union anhydrite, and

MB127. Their depth ranges from a few inches to several feet (Figures 16 and 17). They are
usually associated with porous (now filled with halite cement), disrupted to buckled strata and

may be filled with translocated clay or sulfate and halite cements.

Teepee structures occur at the top of MB109, MB123, and MB127 and possibly in the lower part
of MB103 (Figures 18 and 19). They show disrupted and upward buckled strata ranging from a
few inches to nearly a foot in height. They may display a regular spacing along the tops of
interbeds. Halite-filled voids occur between buckled strata. Sometimes, flat lying buckled and
disrupted strata occur at the tops of interbeds (Figure 20). Upward buckiing and overriding of
individual strata characterize this fabric. irregular voids between buckled strata are passively
filled with halite and may show prismatic gypsum crystal pseudomorphs oriented downward from
the top of the void. Minor amounts of collapse and infiltrated clay occur in some examples.

2.7 VOID FABRICS _
Lenticular to tabular voids filled with halite are found in some suifate interbeds. These voids lie

parallel to flat, wavy, and contorted strata and generally retain the stratified appearance of the
interbed (Figure 21). They may be isolated or clustered in groups which dominate the overall
appearance of the interbed. These voids are sometimes associated with cryptalgal layering and
algal stromatolites and minor amounts of soft sediment  deformation. The halite void-filling rarely
displays fluid inclusion zoning. Often, they contain pseudomorphs after prismatic gypsum crystals
from originating from both the base and top of the void (Figure 22).
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2.8 GYPSUM PSEUDOMORPHS - ’ ‘
Although primary gypsum fabrics are widespread in all sulfate interbeds, gypsum is not found as

it is replaced by halite, anhydrite, or polyhalite. Halite pseudomorphs after prismatic gypsum
crystals are common, while halite pseudomorphs after detrital|gypsum grains are rare. Both
polyhalite and anhydrite are pseudomorphous after detrital and prismatic gypsum. Thinner
interbeds usually consist of polyhalite while thicker interbeds consist mostly of anhydrite.

Discrete, well-defined laminae of polyhalite or anhydrite may accur within a matrix consisting of
the other sulfate mineral. Polyhalite is mostly confined to those areas which may have had
extensive permeability shortly after deposition. It occurs along some prism cracks, along bedding
planes adjacent to prism cracks, and as detrital layers betweeln pseudomorphs of vertically
oriented prismatic gypsum. In other cases, polyhalite pseudormorphs after prismatic gypsum
crystals occur within an anhydrité matrix. Polyhalite and anhydrite in a single interbed may have
a well defined or diffuse contact. Rare granule-sized grains of polyhalite are found with
anhydn'té pseudomorphs after detrital gypsum. :
A well developed trough on the top of MB134 displays halite with polyhalite overlain by anhydrite
laminae terminating at the trough margin (Figure 23). Within t?he trough, the first thin bed of
halite is polyhalitic; it is overlain by alternating anhydritic and polyhalitic thin beds separated by
polyhalite and anhydrite laminae. The lowermost polyhalitic hefllite extends only partly up the
margin of the trough, and the contact between MB134 and this lowermost halite' bed has been

altered to polyhalite.

2.9 FRACTURES AND FRACTURE-FILLINGS
‘ Many of the thicker sulfate interbeds display naturally occurn’ng‘; open and filled fractures. Open

fractures occur only in anhydrite and usually parallel stratification. Many of these fractures were
observed producing limited amounts of brine into the AIS. Filled fractures are usually
subhorizontal and contain halite or polyhalite fillings.

3.0 INTERPRETATION OF TEXTURES

Textures within sulfate interbeds developed from depositional, early alteration, and late-stage
diagenetic processes. Depositional fabrics within the interbeds [reflect subaqueous accumulation,
and some early alteration probably occurred subaqueously (e.g.i‘, soft sediment deformation, ’
collapse following solution of underlying material, and rep|acémént of sulfate). Prism cracks,
weathered sulfate, teepee structures, and point solution of solut?le minerals occurred in the
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vadose zone. Sulfate cements, displacive halite growth, and pseudomorphous replacement of
sulfate occurred within the phreatic zone. Late-stage diagenetic fracturing and void-filling cement
growth occurred after the sulfate was effectively hydrologically and chemically isolated from the
depositional environment. '

3.1 SUBAQUEQUS PROCESSES
Depositional textures generated by subaqueous processes are present in all sulfate interbeds
within the Salado and indicate subaqueous accumulation in a shallow saline lagoon environment.

Lagoonal conditions followed initial flooding over salt pan sediments and were maintained by
episodic flooding (Lowenstein, 1988). Evaporation concentrated solutes in the lagoon, and
gypsum was deposited. In Salado sulfate interbeds, textures indicating subaqueous deposition in
sulfate interbeds include: detrital fabrics, pseudomorphs after vertically grown prismatic gypsum
crystals, bottom-grown halite, and algal textures. The condition of the substrate at the time of
deposition (ie. stable or collapsing) and the water depth are reflected by the type of textures
preserved. Subaqueous alteration fabrics developed as salinity changed in the lagoonal waters.
These early alteration fabrics resulted from low-salinity (e.g., soft sediment deformation and
collapse due to planar solution of underlying halite) and high-salinity (e.g., replacement of sulfate
in the presence of solutions concentrated by evaporation) conditions.

3.1.1 Detrital Fabrics
All sulfate interbeds within the Salado display detrital gypsum pseudomorph and carbonate
textures and fabrics. Detrital laminae within the sulfate interbeds originally consisted of reworked

gypsum crystals alternating with carbonate-rich mud (Lowenstein, 1982, 1983, 1988). These
couplets of reworked gypsum pseudomorphs and magnesite-rich mud were deposited in response
to repeated freshening in a saline lagoon-like environment (Lowenstein, 1982, 1983, 1988).
Detrital material also occurs within and around prismatic gypsum crystals and provides support
for more isolated crystals. Detrital gypsum‘ was produced by mechanical reworking of
bottom-nucleated crystals (Lowenstein, 1988). Lowenstein (1988) suggested that the
carbonate-rich material originated)'as, magnesite-rich mud depesited during minor freshening
events. Some of the carbonate-rich léy_ering in-the sulfates may have originally consisted of
algal material as suggested by cryptalgal layering. Cross-laminae developed under high-energy
conditions when bedfdrms'migrated acros a stable, not dissolving or deforming substrate. Both
storm events and localized shOaling' could have produced high-energy conditions. Cross-laminae
are rare in thinner interbeds because ﬁpples could not. readily migrate over an irregular and,
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possibly, dissolving surface. Pebble-sized clasts of sulfate and carbonate were ripped up during
subaqueous reworking of a subaerially exposed surface.

3.1.2 Prsmatic Gypsum

Salado prismatic gypsum pseudomorphs resemble gypsum morphologies observed in modern
shallow, subaqueous gypsum deposits (e.g., Schreiber, 1978; ‘Arakel, 1980; Warren, 1982). In
ancient sulfates, similar textures have been interpreted to indicate shallow, saline, lagoon-like
environments (Vai and Ricci Luchi, 1977; Lowenstein, 1982, 1983, 1988; Holt and Powers, 1988).
'‘Gypsum nucleated and grew into a gypsurh-saturated brine producing, vertically oriented
prismatic crystals. Each of the different prismatic gypsum pseudomorph morphologies present in
Salado sulfate interbeds reflects a unique set of depositional conditions and allows a more
precise reconstruction of the subaqueous depositional environrnent.

Prismatic gypsum crystals occur at the sediment/brine interface in modern subaqueous gypsum

deposits. They either overgrow existing gypsum crystal seedst or nucleate on the substrate and
grow upward into the gypsum-saturated brine. Untwinned or “swallowtail" twinned gypsum crystal

habits are the most common forms. Gypsum crystals grow faster along the c-axis and orient the
c-axis vertically from the substrate, toward the chemical nutrient source. The size of these
crystals, their general morphology, and their stratification style |can be related to the substrate
condition, volume of saturated fluid, and nucleation point or éeled crystal distribution.

|
A stable substrate provides a platform on which larger, vertically oriented crystals can develop,
and crystals tend to tip and slump if deposited on an unstable| substrate (Warren, 1982). An
actively dissolving substrate will not become stable enough for vertical prismatic gypsum to
develop until the underlying soluble minerals are either removed or isolated from the overlying

fluid by sediment accumulation or cement growth. Substrate sltability partially depends on fluid
depth. Mechanical reworking of existing gypsum ‘and agitation| of the substrate in shallow water
may prevent or limit the accumulation of vertically oriented prismatic crystals. Also, low-volumes
of brine are more readily diluted, destabilizing weaker substrates by dissolution and limiting the
accumulation of bottom grown gypsum. Closely spaced prismatic gypsum crystals may create
mounds on a disrupted, unstable substrate. Once gypsum cry:lstals interlock horizontally and
detrital gypsum has been cemented, the substrate is very stable and suitable for the growth of
large vertical, prismatic gypsum crystals. Larger interlocking ciystals can protect the substrate
from minor dissolution events because solution affects only the! upper surface of the interlocking .
crystals. ‘ ‘

\
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Prismatic gypsum crystals grow as a function of the availability of calcium and sulfate. This too
is partly dependent on the volume of fluid present. Shallow brine in the basin will reach gypsum
saturation much more quickly during evaporative concentration than will a larger volume in the
source basin. Once gypsum saturation is reached and bottom growth of gypsum begins, minor
freshening events in a low-volume lagoon dilute the water and gypsum growth ceases. |If the
dilution is significant, then newly precipitated gypsum will dissolve, perhaps destablizing the
substrate. After a freshening event, a low-volume lagoon will quickly return to gypsum saturation
after dissolution of gypsum on the substrate and evaporative concentration. Sequences of
laminae and very thin beds containing small prismatic gypsum crystals are produced by repeated
flooding and evaporation from a low-volume perreneal lagoon.

A larger volume of brine is less diluted during minor freshening events and more conducive to
growing large prismatic gypsum crystals. With minimal interruptions, crystals may grow large
enough to interlock and stabilize the substrate. Dissolution will only occur following larger
influxes of less saturated water. Dissolution planes off the existing crystals leaving a flat,
well-stabilized substrate supported by large, interlocking crystals. As the brine evaporates, the
number of overgrowth sites are dominated by the existing crystals, and only a few crystals grow
from the substrate. :

Nucleation point or seed crystal distribution controls the density of prismatic gypsum crystals and
affects the crystal and stratum morphology. A wide crystal spacing permits crystals to become
well developed, while closely spaced, non-parallel crystals may interfere with one another
producing deformation ridges and mounds (Warren, 1982). Once a hummocky or mounded
topography develops on the substrate, crystal growth is augmented on the crests of mounds and
restricted in the intermound trdUghs where crystals are more confined. This process may
continue in overlying strata exaggerating the wavy to contorted appearance.

Ohce gypsum crystals begin to interlock, competitive growth overwhelms poorly-oriented crystals
(those whose c-axis is not nearly ,pe’rpendicular'.to the substrate), and vertical crystals continue to
grow upward. If suitable conditions persist, all gypsum crystals will ultimately become parallel,
and additional crystals- will not nucleate.: Continued c)vergrowth's on these crystals will produce
massive selenitic gypsum. ‘These accumulationé may develop internal stratification as detrital
material drapes crystal faces or accumulates on planar soiution surfaces. The detrital material is
poikilotopically incorporated by overgrowths on the prismatic gypsum, and sediment-free prismatic
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gypsum grows above the newly incorporated material. Thick 4detn‘tal material over prismatic
gypsum crystals may limit poikilotopic overgrowth and a new set of unrelated crystals may
precipitate. Epitaxial crystals develop where poikilotopic overgrowth through the sediment

1
succeeds.

3.1.3 Bottom-Grown Halite
Bottom-growth halite within sulfate interbeds indicates that lagoonal waters reached halite

saturation. Medium to very coarsely crystalline, bottom growth halite with chevron and cornet
fluid inclusion zoning nucleated and grew from the substrate subaqueously. Salinity or calcium
content fluctuated slightly, and suifate precipated crystal linings and drapes which outlined and
capped verticallvy oriented bottom growth halite. Larger freshening events decreased the salinity
of the standing body of brine and dissolved newly precipitatedl halite from the top down in a

- planar fashion. Incomplete dissolution left small lenses of hali[te in topographically low areas.

- Sulfate deposited on this surface was disrupted and slumped by continued dissolution of the

underlying halite.

3.1.4 Algal Features

Algae and algal features are common in modern subaqueous carbonate and evaporite depdsits
(eg., Logan, 1961; Gebelein, 1969; Kendall and Skipwith, 1962?; Neumann, et al.,-1970; Arakel,
1980) and indicate shallow subaqueous to intermittently wettec|, subaerially exposed conditions.

Although algal stromatolites in some ancient deposits do not always imply shaliow conditions
(e.g., Playford and Cockbain, 1969; Hoffman, 1974), the stromatolites observed within Salado
sulfates can not be placed within a deep-water context. They|occur within and bounded by
rocks displaying unequivocal shallow-water and subaerial expo:sure» features. As none of the
stromatolites observed in the Salado display features uniquely‘attributable to subaerial exposure .
and the host rocks display textures and fabrics developed in shallow, saline water, they are
interpreted as shallow subaqueous features. ’

Algal stromatolites and mats aggrade by agglutination and binc‘iling of algal sediment {Gebelein,

1969) and, therefore, require a source of detrital sediment to a:Lccumulate. Once in place, they

may help to stabilize the substrate from erosion (Neuman, et E:ll.,» 1970). Salado stromatolites

. display morphologies similar to modern subtidal stromatolites df‘escribed by Gebelein (1969).

Gebelein (1969) reports that the morphology of subtidal stromal,tolites in Bermuda depends upon

current velocity and sediment accumulation rate. Algal mats grow in higher energy areas, and
| _
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mat thickness is inversely proportional to sediment movement. Algal biscuits and domes form in
lower energy environments. Algal domes develop in areas with rapid sediment accumulation,
while algal biscuits aggrade in areas protected from high rates of sediment movement. The
degree of streamlining of algal biscuits and domes is proportional to current velocity and
sediment movement. Both algal biscuits and domes accrete in the direction of the sediment
source.

Salado algal mats, biscuits, and domes were accumulated in a shallow, saline lagoon with
abundant detrital gypsum, and. the morphology and stratigraphic position of these stromatolites
was controlled by the current velocity and sediment load within the lagoonal environment. Aigal
mats and rare biscuits stabilized the upper surface of some sulfate interbeds. Higher energy
conditions were produced by upward shallowing during evaporation, and algal domes were
eroded as wave energy increased. The growth of these algal stromatolites was halted by a
salinity increase to halite saturation which inhibited further algal growth, eliminated the source of
clastic gypsum, and rapidly covered the stromatolites with bottom-grown halite. Deeper water
and a high sediment load allowed algal domes to become well developed in the lower parts of
two thick sulfate interbeds. Within some sulfate interbeds, cryptalgal layering occurs with vertical
prismatic and detrital gypsum pseudomorphs.

Similar features have been reported from modern shallow gypsum deposits. In the Salt Flat
Graben, Texas, algal material is interlaminated with both detrital and vertical prismatic gypsum
(personal observations). Arakel (1980) reports the accumulation of interlaminated vertical
prismatic gypsum and algal material in pools in Hutt Lagoon, Australia. Algal material
accumulates during the freshening of the lagoon, and bottom nucleated prismatic gypsum crystals
grow after evaporative concentration (Arakel, 1980). Kushnir (1981) observes a similar
accumulation pattern for interlayered gypsum crystal mush and algal material in a coastal
hypersaline lagoon in the southern Sinai. Interlayered gypsum and algal textures may not
survive early diagenesis, as early diagenetic overgrowth on detrital and prismatic gypsum crystals
and nucleation of additional crystals may destroy interlaminated algal and gypsum textures
(Kushnir, 1981).

MB115 displayed well-developed algal stromatolites and locally abundant, halite-filled lenticular

and tabular voids parallel to: stratification. These voids may have developed after algal material
interlaminated with detrital suifate decomposed. These voids were preserved by early
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cementation of the sulfate host and passive pore-filing by halite. We have interpreted other
examples of this void texture similarly. '

It is likely that algae were more important during Salado sullfate deposition than revealed by
stromatolitic forms presérved in cores and underground outc[rops. Although the original

carbonate phase in the magnesite-anhydrite couplets is unknown (Lowenstein, 1988), algae ma:
l 9 y

have been an important component of carbonate-sulfate laminae. Diagenetic growth of gypsum

coupled with compaction, dewatering, and chemical alteration in the presence of high magnesium'

brines may have radically decreased the preservation of algal textures in interlaminated Salado
gypsum and carbonate. ' ’

3.1.5 Subaqueous Dissolution

The textures and mechanical processes affecting the gypsurn-rich sediment during halite solution
from underlying units were similar to those described in periglacial sediments by Brodzikowski
and Van Loon (1985). In the early stages of sulfate accumlf.llation, Iagoonal-wat:ars were
undersaturated with respect to halite and dissolved halite fro:m the underlying unit. Halite
dissolution occurred in a crudely planar fashion from the topf_ down. If dissolution proceeded
slowly and was limited, gradual lowering and slumping of the sediment occurred with only local
disruption of' sedimentary structures. Mechanical anisotropy Iwithin the cohesive sediment
resulted in slumped and disrupted strata. If the strain energ:|y accumulated at the bedding plane
contacts during flowage exceeded the threshold value of stre:angth within the material, the
sediment fractured, and the fractured fragments were displa&:ed and rotated. Localized shear
zones developed fractures in response to downward displace!ament. These processes continued
until interstitial water was isolated hydrologically from the overlying lagoonal waters and became

saturated with respect to halite and dissolution ceased.

3.1.6 Subaqueous Replacement
MB134 was diagenetically altered early and subaqueously by magnesium- and potassium-rich

brines. The brine volume was reduced by evaporation until jpartial desiccation occurred.
Topographically high areas on MB134 were subaerially exposed, and small pools of highly
concentrated, magnesium- and potassium-rich brine were present in the topographic lows. In the
topographic lows, sulfate at the sediment/brine interface was| pseudomorphed by polyhalite
coevally with the deposition of bottom growth halite. Holser|(1966) described similar modern
polyhalite pseudomorphs after gypsum developing from highly concentrated potassium and

magnesium brines in the 'phreatic zone at Laguna Ojo de Lie:abre, Baja California.
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At MB134, it cannot be determined whether polyhalite replaced gypsum or anhydrite
pseudomorphs after gypsum. It is certain, however, that permeability of the sediment was low
enough to prevent the highly concentrated brines from entering and aitering the sulfate much
beyond the rim of the localized surficial pools. Cements, either gypsum or anhydrite, could have
lowered the permeability and prevented fluid movement away from the small pools. If gypsum
was well cemented, it would have been difficult for enough calcium to enter the system for later
volume-for-volume (pseudomorphous) alteration to anhydrite, especially after halite deposited in
the overlying sequence had further reduced the vertical permeability. In a concentrating brine,
anhydrite becomes the stable calcium sulfate phase long before polyhalite saturation is reached.
This, and the rather poorly defined pseudomorphous textures, suggest that anhydrite was the
precursor to the polyhalite. The alteration to anhydrite may have occurred before evaporation
had totally desiccated the lagoon.

3.2 SUBAERIAL EXPOSURE AND VADOSE ZONE ALTERATION
Some Salado sulfate interbeds show clear evidence of subaerial exposure and alteration in the

vadose zone. These textures developed after the sulfate-depositing saline lagoon was totally
'evaporated to subaerial exposure and water table conditions. The textures at the upper surface
of sulfate beds interpreted to be the result of subaerial exposure include: bottom-growth halite in
well defined topographic depressions with exposed margins, prism cracks, and teepee structures,
and displaced and buckled strata with irregular voids. Point-dissolution textures internal to the
sulfate beds also indicate subaerial exposure and alteration in the vadose zone. These textures
include: smeared intraclast textures, collapse textures from point-style vadose zone halite
dissolution.

3.2.1 Halite Accumulation in Small Pools

During very short subaerial expésure on the upper surfaces of some markerbeds, halite was
precipitated from shallow pools"inv localized.-topogfaphic low areas while the higher pool margins
were subaerially exposed. Bottom-growth halite precipitated in a well developed trough on the
top of MB134 from a pool of. halite-saturated brine. - Halite deposition was limited to the pool,
and the halite was not subaerially exposed. ‘Minor fréshening of the pool resulted in the
accumulation of thin laminae of sulfate which wefe_..also confined to the pool, as the sulfate
laminae terminate at the margin of the pooi. Répeafedndesiccaﬁon, resulting in subaqueous
halite deposition, and freshening, resulting in sulfate deposition, filled the depression without any
accumulation on the topographically higher pool margins.
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3.2.2 Prism Cracks ,
Prism cracks developed during the initial desiccation of subacrially exposed suifate surfaces.
The depth of the cracks was controlled by the depth to the water table. Sulfate and clastic
sediment were translocated downward into the prism cracks by downward percolating water.
Prism cracks occur only at the upper surfaces of sulfate interbeds suggesting that desiccation
only occurred prior to the deposition of halite in the overlying sequence. '

3.2.3 Teepee Structures and Buckled Strata - _
Gypsum strata were dissolved, buckled and disrupted, ultimately into teepee structures, creating

voids with drusy gypsum crystal linings and passive halite ce

ments during continued subaerial
exposure and alteration in the capillary fringe. Buckling did not occur subaqueously at a

l
sediment/brine interface as numerous overgrowth sites exist for vertical growth of gypsum.

Within the phreatic zone, overgrowth disrupted some sediment but was incapable of generating
void space because the crystals grow dispiacively reducing e[xlstmg porosity within the sediment.
During subaerial exposure, the capillary fringe extended to the sediment-air interface if the water
table was shallow and continued evaporation could concentrclte solutes within the groundwater
Strata were buckled by the displacive growth of cements wnttinn the sediment creating void
spaces between and crudely parallel to the strata. As subae;nal exposure continued, strata in
the capillary fringe were buckled into teepee structures by displacive addition of gypsum along
- the margins of polygons. Sulfate was dissolved by point dissf;olution when minor flooding
occurred. Once the phreatic zone enguifed the voids, drusy igypsum lined the pores, and halite
passively filled the voids after halite saturation was reached. | Early void-filling halite cements

prevented void fabrics from being compacted.

3 2.4 Smeared Intraclast Textures

Within sulfate interbeds, |rregu|ar zones of smeared mtraclastj textures (after Holt and Powers,
1988) developed followmg dissolution of displacive halite fI’OfT;I the vadose zone. Dusplacnve halite
crystals grown under phreatic conditions were dissolved by rrlleteonc water in the vadose zone.
In some cases, the gypsum was repeatedly disrupted by thetexpansive growth  and dissolution of
halite as the water table rose and fell. Strata were smeared,‘ disrupted, and fractured into soft

clasts, probably in proportion to the number of growth and solution episodes.
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3.2.5 Point Dissolution of Halite
Interbeds of halite were partially dissolved by point solution during vadose zone conditions. The

sediment overlying the halite collapsed downward and deformed while soft. Cores of undissolved
bottom-growth halite supported topographic high areas on the upper surface of the sulfate. . This
style of vadose zone alteration occurred in response to a rapid drop of the water table below the
stratigraphic position of the halite. After some of the halite dissolved, the water table rapidly
rose and preserved the remaining halite.

3.3 PHREATIC ZONE ALTERATION ’

Phreatic alteration process occurred below the water table. For our purposes, we also consider

those processes which occurred within sediment overlain by a standing body of water to be
phreatic. These processes include: the growth of cements and the volume for volume
replacement of sulfate by anhydrite, polyhalite or halite.

3.3.1 Cementation

Overgrowth occurred on detrital gypsum crystals as indicated by euhedral gypsum pseudomorph
morphologies within Salado sulfates (Lowenstein, 1988). These overgrowths were later replaced
by anhydrite, polyhalité or anhydrite. We were unable to demohstrate that interparticle gypsum
cements were present as no ‘gypsum cement morphologies were preserved. Passive gypsum
cements partially filled large voids within the sediment as drusy crystals grown from the edges of
pores toward the center. After sulfate deposition ceased and halite deposition began, phreatic
halite cements passively filled and preserved large open pores in more mechanically competent
suifate. In soft, poorly lithified sulfate, halite crystals grew displacively.

3.3.2 Gypsum Replacement
Most Salado sulfate observed:in the AIS preserves primary. sedimentary structures and shows no

evidence of either expansive or implosive textures. This indicates that anhydrite, polyhalite, or
halite pseudomorphously replaced gypsum within-the sulfate interbeds on a volume-for-volume,
not mole-for-mole, basis with no disruption of depositional fabrics.

Gypsum was not altered to anhydrite by simple dehydration during burial as the volume reduction
associated with that reaction would have de_stroyed the fine-scale gypsum textures preserved in

_ the sulfate (Holt and Powers, 1988). The. geochémicalv system which produced anhydrite was
chemically and hydrologically open as the volume-for-volume replacement of gypsum by anhydrite

required the addition of extra calcium. The alteration of sulfate, either gypsum or anhydrite, to
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polyhalite required potassium- and magnesium-rich brines. Th
hydrologic and geochemical system. Holser (1966) described

cement gypsum grains within the phreatic zone in a tidal flats

Uniike anhydrite or polyhalite, halite usually replaces more co:
the ground mass/matrix unreplaced. Halite probably replaced

is process also requires an open
polyhalite pseudomorphing and
in Baja California.

arsely crystalline gypsum, leaving

the gypsum crystals prior to, or

synchronous with, the replacement of gypsum with anhydrite or polyhalite. Anhydrite
pseudomorphs after coarse or fine gypsum consist of fine antiydrite crystals. If halite had
replaced anhydrite, texturally there would have been little reason for the halite to have
preferentially replaced anhydrite pseudomorphs after prismatic| gypsum. Halite replacement would
have more readily occurred when the replaced material consisted of gypsum.
Gypsum sediments were the most hydrologically and geochen,
deposition, before cements decreased permeability. Once hal
sulfate sediments, the vertical porosity was also reduced and
ground water to the sediments became restricted. Casas and

tically open- shortly after their

te began to accumulate over
the access of saline lagoon and
Lowenstein (1989) reported that
tation to less than 10 percent

porosity within modern salt pan halites was reduced by cemer
within the first 10 m of burial and completely filled by the time they reach a depth of 45 m.
Cement processes within halite pan deposits overlying Salado|su|fate interbeds hydrologically and
geochemically isolated the interbeds. Once the sediments we:re buried and the porosity of the
underlying and overlying halite eliminated, no appreciable fluid| could access and extensively alter
the sulfate interbeds. '

Once saline lagoon or ground waters reached halite saturationf, gypsum became unstable, and
anhydrite became the most stable form of calcium sulfate. Sulfate sediments were hydrologically
and geochemically connected to the lagoonal waters and groun:nd waters until they became
isolated by halite accumulation and cementation. The geochel:nistry of the pore fluids was
controlled by the surface system. Anhydrite and polyhalite grew as interparticle cements and
pseudomorphed detrital gypsum grains and crystals. Larger piismatic gypsum crystals required
more time for anhydrite or polyhalite to pseudomorph. Halite precipitated as passive void-filling
cements and displacive crystals. Unaltered gypsum, including |the larger prismatic gypsum
crystals, was replaced by halite. This reaction probably occurred after the system was more
hydrologically and geochemically isolated from an outside calcium and magnesium source.
Episodic changes in the chemistry of the surface system changed the chemistry of the
groundwater producing different types of pseudomorphs (anhyd:rite, polyhalite, or halite). Gypsum
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was completely altered by the time suifate interbeds were hydrologically isolated from the surface
system.

In most modern evaporite deposits, the abundance of calcium, not sulfate, controls the
accumulation of gypsum as the ratio of calcium to sulfate in the brines is less than one. Once
sulfate deposition ceased and halite began to accumulate, gypsum was no longer the stable
phase in the presence of the halite saturated waters and pseudomorphous replacement of
gypsum by anhydrite or polyhalite required the addition of calcium. Calcium from
.carbonate-sulfate couplets and that associated with algal material may have been chemically
cannibalized for the anhydrite. In the presence of magnesium-enriched brines, magnesite may
have been an alteration product.

3.4 LATE-STAGE DIAGENETIC ALTERATION
Late-stage diagenetic alteration of Salado sulfate interbeds occurred after the interbeds were

hydrologically and geochemically isolated from their depositional environment. The only features
observed in Salado sulfate interbeds that can be uniquely attributed to late-stage diagenetic
alteration are open and filled fractures. These fractures developed in response to stress-field
changes related to unloading (Borns, 1985). Halite and sulfate fracture filings grew both
passively and incrementally as indicated by poikilotopic and fibrous morphologies. Anhydrite may
have fractured more readily than polyhalite as interlocking polyhalite crystals may produce a
better mechanical bond across bedding planes.

4.0 SULFATE DEPOSITIONAL ENVIRONMENTS .

Sulfate interbeds within the Salado accumulated in a shallow, saline lagoon environment.
Episodic, eustatically-driven, flooding events rapidly transgréssed over salt pan deposits
producing a basin-wide freshening to lagoon-like .conditions (Lowenstein, 1988) and creating a
time line. Underlying halite and sulfate dissolved ank_i combined with evaporative concentration to
increase the salinity of lagoon waters to gypsum. saturation. Sulfate was deposited over salt pan
halite in shallow, evaporatively concentrated "perennial td._e‘phemeral lagoons. - Sulfate was
deposited as vertical bottom-grown prismatic crystals. - Prismatic gypsum was reworked and
deposited as detrital material. Further evaporation drove the éalinity of lagoon waters to halite
saturation and, in some cases, totally desiccated the lagoon. Halite deposition marked the end
of most sulfate accumulation. The volume of the initial flooding coupled with amount of
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secondary recharge to the lagoon controlled depositional textures, interbed thickness, and early
alteration processes.

We have recognized three distinct types of sulfate interbeds within the Salado; each was
produced by different hydrologic regimes. Hydrologically isolsted low-volume floods resulted from
minor eustatic changes or major, basin-wide rainfall and runoif. They were recorded by thin,
isolated sulfate interbeds. Frequent hydrologically-related, low-volume floods repeatedly produced
shallow, saline lagoons which quickly reached halite .saturation. These lagoons deposited
multiple thin sulfate interbeds separated by interbeds of halite with little or no subaerial exposure.
Major eustatic changes produced and maintained Iarge-volum“a, saline lagoon conditions allowing
the accumulation of thick sulfate sequences. ‘

4.1 THIN SULFATE INTERBEDS 1

|
Most sulfate interbeds within the Salado are less than two feet thick and separated from

overlying and underlying sulfate interbeds by thick halite sequences showing considerable
subaerial exposure. Most of these thin interbeds consist of pplyhalite. Their lower contacts are
often slightly to very irregular and their upper contact may mimic the lower contact. Detrital
fabrics are abundant, and small vertical prismatic gypsum psef'udomorphs occur frequently. Soft
sediment deformation is common and usually originates at the lower contact. in rare cases,
collapse at the lower contact has brecciated and translocatedistratified sulfate downward. They
display no unique evidence of subaerial exposure.

Thin sulfates were deposited following a low-volume, basin-wi(sie freshening event. The water
was quickly concentrated by evaporation and may have reachied supersaturation. Numerous
small prismatic gypsum crystals precipitated in response to th¢é supersaturated conditions and
were deposited over an unstable, dissolving substrate. Substrate relief from dissolution in this
circumstance was greatest when a subaerially exposed surface was flooded. The collapsing
substrate limited the size of prismatic gypsum crystals, helped to deter bedform migration, and
caused soft sediment deformation and collapse. Rapid chang{as in salinity occurred as runoff
and very small floods rapidly freshened the low-volume Iagoorf| and further destabilized the
substrate. Evaporation rapidly concentrated the waters back t'ta gypsum saturation. Continued

¢

evaporation concentrated the waters to halite saturation, and sulfate deposition slowed or ceased.
Once halite saturation was reached, anhydrite began to replac}e gypsum and cement existing

porosity. If the waters were rich in potassium and magnesium, the rapid concentration to and

l

above halite saturation may have limited alteration by anhydrite in favor of polyhalite. When this

WP:WIP:R-1213-AppG 20




occurred, the porous gypsum sediment was pseudomorphed and cemented by polyhalite. Once
halite accumulation began, gypsum was no longer deposited.

Some isolated low volume floods were probably the product of isolated small eustatic changes in
sea-level. The hydrologic connection to marine waters was rapidly established and was
maintained for only a short period of time. Others probably originated following large rainfall-
runoff events. Floodwaters ponded creating shallow saline lagoons. Salinity changed rapidly
within the small and isolated lagoon in response to evaporation and meteoric events. Once an
isolated flooding event occurred, a considerable period of time elapsed before another basin-wide
freshening event.

4.2 MULTIPLE SULFATE INTERBEDS
Interbeds containing bottom-growth halite and groups of two or more closely spaced thin sulfate

interbeds separated by beds of subaqueously deposited halite with little or no vadose zone
reworking are considered multiple interbeds. They are texturally similar to thin interbeds,
although their lower contacts are usually more planar. If present, bottom-growth halite occurs in
lenses or irregular zones bounded by collapse textures. Clay is commonly present below the
first interbed and not the secorid. The halite between interbeds falls within the stratified
mud-poor halite lithofacies (Appendix F) and shows mostly subaqueous deposition textures.

Like the isolated thin interbeds, multiple sulfate interbeds were deposited in a saline lagoon
produced by low-volume, eustatically or meteorically controlied flooding events. Once gypsum
saturation was reached in the lagoon waters, the first interbed was deposited. Additional
evaporation produced halite. In some instances, the lagoon completely desiccated for a short
time, and the vadose zone was altered by solution. Subaqueous halite accumulated quickly with
little interruption until a second freshening event lowered the salinity of the lagoon. A second
gypsum interbed was deposited as evaporation concentrated solutes. A standing body of water
was usually present during the freshening event, and dissolution of halite produced planar
contacts between the sulfate and halite. Planar dissolution halite was sometimes incomplete,
leaving thin lenses of halite in topographic depressions on the underlying sulfate. Sulfate
precipitated over these lenses. Slumping and disruption of sulfate sediments by irregular
dissolution at the lower contact was limited creating a moderately stable substrate suitable for
bedform migration and the deposition of vertical prismatic gypsum crystals. In some cases,
many multiple interbeds were produced by repeated freshening events (five multiple interbeds
occur within the MB109 complex).
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If the vadose zone encroached on multiple interbeds, halite b
and the interbeds collapsed. If the dissolution was nearly col
collapsed together with irregular cores of halite supporting tof
sulfate.

Multiple interbeds were the product of several closely spaced,
freshening events. The hydrologic connection to a source of
not well maintained as indicated by halite interbeds between

|

etween sulfate interbeds dissolved,
mplete, the multiple interbeds
iographic high areas covered by

eustatically or meteorically driven,
waters was quickly established, but

multiple interbeds. During the

accumulation of multiple interbeds, fldoding events were more common suggesting that the

hydrologic or meteoric conditions responsible for flooding events were maintained.

4.3 THICKER INTERBEDS

Thicker interbeds are rare and usually display the greatest va

textures. They contain very little bottom-growth halite and co

prismatic gypsum pseudomorphs are usually abundant. Gene

and form thick beds near the base while smaller pseudomorp
upward. Well preserved and complex algal stromatolites are

thick interbeds. Ripple-sized cross-laminae may occur near t}

sediment load deformation is common in those areas not con
oriented prismaﬁc gypsum crystals. -Prism cracks, 'locélized' ]
smeared intraclast textures, and teepee st_ruCtures occur- at th
Voids filled with passive halite cement are rare. They:are us

riety of depositional and alteration
nsist mainly of .anhydrite. Vertical
rally, large pseudomorphs interlock
ns occur within individual strata
found at the base or top of some
1e top. of these interbeds. Soft

aining large, interlocking, vertically

|
mall-scale collapse textures,

2. top of some thick interbeds.

bially underfain by thicker beds of

clay and show planar to slightly Undulatory lower surfaces. Tlhe upper surfaces may show

considerable relief generated by coalesced zones of prismaticl gypsum crystals, teepee structures,

algal stromatoiites, and soft sediment deformation.

Large-voiume, basin wide freshening events produced lagoon
more varied sulfate interbeds were deposited. After a larger

lenvironments in which thicker,
1flood event, evaporative

concentration occurred slower, and planar style dissolution afﬂ:acted the substrate. Carbonate-rich

mud settled into laminae following the freshening event. The
lagoons increased slowly as dissolution of underlying evaporit

salinity of these relatively deep
88 and evaporation concentrated |

+solutes. Fine-grained prismatic gypsum was deposited on the: substrate and reworked. In some

cases, algae grew on the substrate trapping gypsum and car’donate sediment in stromatolitic

- forms. Gypsum sediment slumped and deformed when the u
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dissolve. Vertical selenitic gypsum crystals were slumping following dissolution of underlying
halite and disrupted by isolated storm events. Once the substrate stabilized, large vertical
selenitic gypsum crystals competitively grew upWard from the substrate and interlocked. As the
lagoon shallowed, the size of vertical gypsum crystals decreased as the salinity fluctuated more
frequently, and Bedforms began to migrate. Near the end of the deposition of some thick
interbeds, algal mats and stromatolites grew on and stabilized the gypsum substrate. In several
instances the lagoon desiccated totally, producing prism cracks and teepee structures.

As the salinity of the lagoons could only decrease slowly, considerable time existed between
anhydrite and polyhalite saturation. As a result, most gypsum was replaced and cemented by
anhydrite. As halite deposition had begun prior to polyhalite saturation, most of the porosity
within the thicker interbeds had been reduced by anhydrite and halite cements, and polyhalite
only replaced the more porous sulfate {(e.g., along dessication cracks, bedding planes, etc.).

Large—volume flooding events were probably produced by large eustatic sea-level changes. The
resulting lagoons were hydrologically well connected or episodically reconnected to marine
waters. Rapid changes of Salin’ity could not occur as long as the hydrologic connection with
marine waters was maintained. Additional fluids were supplied to the saline lagoons maintaining
. their volume. When sea-level dropped, the hydrologic connection was broken, and evaporation
reduced the volume of water present in the lagoon allowing wider salinity variations.

5.0 HYDROGEOLOGY OF SULFATE INTERBEDS

Brine was observed‘ discharging into the AIS from some .of the thicker sulfate interbeds. These
zones were identified and are marked on Figure 23 of the Report. The surfaces of these
interbeds were moist to wet and were marked by the accumulation of efflorescent crusts
(Figure 24). The lower part of MB103 was as wet as the fluid producing zone within the
Magenta Dolomite (Figure 25).

Brine flowed in primarily along horizontal to subhorizontal bedding plane fractures in the lower
part of some sulfate interbeds, although interparticle flow was observed from anhydritic dolomite
in the lower part of MB103. No significant flow was found from any polyhalite due to the lack of
bedding plane fractures and intergranular porosity. In units consisting of both anhydrite and
polyhalite, bedding plane fractures occurred only in the anhydrite.
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The brine contained within the fractures could be locally derived. As fracturing occurred, a
pressure gradient must have been established between the newly created void and the pore
fluids present in the underlying clays and other fluid-filled fractures. These pore fluids would
migrate into the fractures in response to the newly established gradient. Once the fiuid had filled
the fracture, no further gradient would exist, and fluid would cease to move until another
pressure gradient was established by additional fracturing or junderground excavation (e.g., shaft
construction). - If this process occurred, the chemical signature of the fluids within the fractures

|

would resemble those contained within the pore space of the clays.

' 6.0 LATERAL VARIABILITY AND MARKERBED 139

Jones et al. (1960), Jones (1972), and Jarolimek et al. (1983) describe considerable lateral
variability in thickness and composition of sulfate interbeds within the northern Delaware Basin.
To assess regional variability in sedimentary fabrics, we compared our shaft descriptions with
those of Lowenstein (1988). ' |

Lowenstein (1988) presents eight measured sections from the potash-district. Each of the
sections partly or wholly incorporates the intervals between MB119 and MB124. Lowenstein
describes laminae of anhydrite or polyhalite; laminae of magriesite-rich, sulfatic mudstone; and
anhydrite, polyhalite, halite, and sylvite pseudomorphs after v«jartically oriented prismatic gypsum
crystals and detrital gypsum. Lowenstein does not report bot}tom-growth halite within any of the
sulfate interbeds he described. Because he observed no evi{:ience of subaerial exposure,
Lowenstein interprets the transition from sulfate deposition to ihalite depésition as subaqueous.

Our descriptions of the same interval in the AlS (Figure 23 of report) show that in the vicinity of
the WIPP these interbeds are considerably more variable. Siibaerial exposure is evident on the
top of MB123, the Union Anhydrite, and MB121. In addition, |bottom-growth halite occurs within
MB119 at the AIS, and stromatolite features are present in the Union Anhydrite and MB119.
These lateral variations suggest that a localized depocenter miay have been located in the potash
district during the accumulation of MB124 through MB119. A::s depocenter margins are often
affected by a variety of process, they show abunda<n_t localized variability in depositional
environments and sedimentary structures. tis likely that textures and structures within sulfate
interbeds vary considerably across the WIPP area, if it was Icf'cated on the margins of localized
depocenters throughout the accumulation of the Salado. |

i
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A comparison of data from the WIPP site also indicates considerable lateral variability within
sulfate interbeds. A four foot deep channel occurs on the top of MB136 in the exhaust shaft
(Holt and Powers, 1986) but is not present within any of the other shafts. Jarolimek et al. (1983)
reports large undulations on the top of MB139 in the exploratory shaft (now named the
construction and sait handling shaft) supported by vertical prismatic gypsum pseudomorphs.
Borns (1985) attributes undulations on the upper surface to traction deposits and reworking of
sediments. Corehole data from the WIPP facility horizon and shaft data compiled by Jarolimek,
et al. (1983) indicates that the thickness MB139 varies from 1.2 to 4.1 feet. The thickness and
textural variations within MB139 are significant at the repository scale and are due to dépositional
processes.

The hydrologic performance of MB139 will be influenced by depositional variability. Lateral
variability may be an important control on the mechanical response of MB139 during repository
closure. The type and degree of fracturing generated during repository closure and the
orientation of those fractures will be controlled by the thickness of; depositional and aiteration
fabrics within, relief on the upper surface of, and mineralogical composition of MB139. The AIS
sedimentological data from other sulfate interbeds within the Salado and the depositional models
discussed in this report may be helpful in reconstructing the origin and distribution of lateral
variability within MB139. .

7.0 CONCLUSIONS

Sulfate interbeds have been considered important elements of vertical sedimentation cycles within
the Salado (Schaller and Henderson, 1'932; Jones, 1972; Lowenstein, 1982, 1983, 1988). Until
the geologic mapping of the AlS, these interbeds were only described from core and limited
horizons within mine workings. We recégnized and described many textures previously
unreported from Salado interbeds. Pseudomorphs after verticall)} prismatic gypsum crystals and
detrital gypsum, algal stromatolites,,subaqueously accumulated halite, slumping and collapse of
gypsum sediment along the lower contact withi halite are interpreted as evidence of shallow
subaqueous conditions. Textures interpreted to have originated during vadose zone alteration
include: teepee structures, prism cracks, buckied and disrupted strata, and collapse textures in
interbeds containing bottom-growth‘halite. Displacive halite crystals, sulfate cements, passive
pore-fillings, and the pseudomorphous replacement of gypsum by anhydrite, polyhalite, and halite
are interpreted to have formed in the phreatic zone within the depositional environment. The
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only features within the Salado sulfate interbeds which could‘ be uniquely attributed to late-stage
alteration were open and halite- and sulfate-filled fractures. \

~ Salado sulfate interbeds were deposited in shallow saline lagoon environments following

~ eustatically- or meteorically-driven, basin-wide flooding and fnlashening events (Lowenstein, 1982,
1983, 1988). The base of sulfate interbeds are time lines produced by dissolution following
basin-wide freshening, and the interbeds themselves can be considered punctuated aggradational
cycles (after Goodwin and Anderson, 1980). Different hydrologic regimes produced three distinct
types of sulfate interbeds within the Salado. Thin, isolated sulfate interbeds were deposited in
fow-volume, hydrologically isolated saline lagoons. The low-volume flooding events which
produced saline lagoons resulted from minor eustatic changes or major rainfall and runoff events.
Multiple thin sulfate interbeds separated by interbeds of halite with little or no subaerial exposure
were deposited during periods of hydrologic fluctuation when (closely spaced,
hydrologically-related, low-volume flooding events repeatedly produced shallow, saline iagoon
conditions. Large-volume saline lagoons which accumulated thick sequences of sulfate were
produced and maintained following major eustatic changes.

The base of several of the thicker sulfate interbeds discharge{d brine into the AIS along
subhorizontal fractures in anhydrite. Near the base of MB10£§3, interparticle flow occurs, and the
shaft surface at the time of mapping was as moist as the fluid-producing zone in the Magenta
Dolomite. '

Considerable lateral variability exists within sulfate interbeds, including MB139, at both the
regional and repository scale. Lateral variations can be related to the depositional and early
diagenetic environments. Lateral variability méy be an important control on the mechanical
response ‘of MB139 during repository closure. The type and {:Iegree of fracturing generated
“within MB139 during repository closure and the orientation of those fractures will be controlled by
the thickness of, the depositional and alteration fabrics within,| the relief on the upper surface of,
and the mineralogical composition of the interbed. When conilpared, the descriptions of MB139
in Borns (1985) and Jarolimek et al. (1983) confirm considerable lateral variability within MB139
across the repository. The AIS sedimentological data from other sulfate interbeds within the
Salado and the depositional models discussed in this report miay be helpful in reconstructing the
origin and distribution of lateral variability within MB139. .
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Figure 2
Large halite pseudomorphs after vertically-oriented prismatic gypsum
crystals in an anhydrite matrix. Several of the gypsum pseudomorphs
: show epitaxial overgrowth.
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Anhydme and hahte pseudomorphs after vertically- -oriented pnsmatac
gypsum crystals cross cut by‘ nhydr:te {aminae.

Figure 4
Cross-laminated halite and anhydrite pseudomorphs after
detrital gypsum,
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Figure 7
Eroded hemispheroids at the top of MB136.




‘Figure 8 A 7
aped stromatolites™at the

.Figure 9
A lens of bottom-growth halite within anhydrite.




T Riguienr
Collapse around irregular zones of bottom-growth halite in MB112.
Halite cores support the topographic highs on the upper surface.




Collapse into a b

T Figu"re 13
road depression at the base of MB119.
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las extures"-Example A
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- rFigur e o o Figure 17
Shallow halite filled prism ydrite. ‘ : Deep clay filled prism crack in anhydrite with
SR . " polyhalite (dark) occurring along and adjacent
to the prism crack.
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‘Figure 18B
* Detail from one tepee structure.



~ Figure 20
Buckled and displaced strata
near the top of MB109.
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Fugures 22A 22B and 22C
‘ (A B, and C)ofanhydrlte(lught)and polyhalite (dark)
orphs after prismatic gypsum crystals lining voids filled with
passive halite cement.
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" Figure 24 -
Weeps originating from horizontal fractures-in anhydrite.
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