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ABSTRACT

Mineralogy, petrographic textures, and sedimentary structures from the world’s largest trona deposit, the
Wilkins Peak Member (WPM) of the early Eocene Green River Formation (GRF), Bridger subbasin, Wyo-
ming, provide key data about depositional conditions and paleoenvironments. The 250 m-long WPM interval
in the Solvay S-34-1 drill core analyzed in this study contains a detailed record of sedimentation in the Bridger
subbasin at the deepest area of a hydrologically-closed basin during peak Cenozoic atmospheric CO, concen-
trations. Large accumulations of trona (Na3;(HCO;)(CO;)-2H,0), shortite (Na,Ca,(COs)3), northupite (Na;Mg
(C0O3),Cl), and halite (NaCl; now replaced by trona), occur in the lower half of the WPM. Modern saline lake
environments such as Lake Magadi, Kenya, and the Dead Sea, Isracl-Jordan, are useful analogues for interpret-
ing paleolake conditions associated with evaporite deposition in the Solvay S-34-1 core. Solvay saline lake
deposits are organized into meter-scale shallowing-upward successions, beginning with (1) oil shale overlain
by (2) trona, in places interbedded with oil shale, followed by (3) peloidal dolomite grainstone and/or silty dol-
omitic mudstone, and (4) massive mudstone with disruption features or desiccation cracks, and/or siliciclastic
sandstone with ripple cross-stratification. Based on observations of modern hypersaline lake environments,
WPM evaporite deposition at the basin depocenter is interpreted to be controlled by inflow water composition
and volume, evaporative concentration, and seasonally-driven lake temperature fluctuations, resulting in recur-
rent patterns in evaporite mineralogies and textures.

INTRODUCTION

The Eocene Wilkins Peak Member (WPM) of the
Green River Formation (GRF), Wyoming, consists of
lacustrine strata that host the world’s largest oil shale
and sodium carbonate evaporite accumulations (Dyni,
1996; Johnson et al., 2010). The WPM was deposited
in the Bridger Basin of the Greater Green River Basin
(GGRB) from ~51.3-49.6 Ma (Smith et al., 2008,
2010).

Many studies have interpreted the paleoenviron-
ments of WPM sedimentary rocks (Bradley and
Eugster, 1969; Eugster and Hardie, 1975; Dyni, 1996;
Dyni, 1998; Smoot, 1983. Pietras and Carroll, 2006;
Jagniecki and Lowenstein, 2015; Smith et al., 2015),
but the specific settings in which the evaporites were
deposited have been debated. Previous outcrop-based
studies (Eugster and Hardie, 1975; Smoot, 1983; Bo-
hacs, 1998; Pietras and Carroll, 2006) interpreted the
evaporite facies to represent periods when the paleo-
lake dried out into a saline pan or mudflat. In contrast,
based on subsurface investigation, Jagniecki and

Lowenstein (2015) reinterpreted these deposits to
have formed during deeper lake periods with perenni-
al, at times, density stratified conditions, and hyper-
saline bottom waters. Modern perennial saline lakes
are meters (Great Salt Lake) to hundreds of meters
deep (Dead Sea) and contain brines that persist for
tens to many thousands of years (Smoot and Low-
enstein, 1991).

Meter-scale facies successions have long been
recognized in the WPM and attributed to alternating
episodes of lake expansion and contraction (Eugster
and Hardie, 1975; Smoot, 1983; Fischer and Roberts,
1991; Pietras and Carroll, 2006; Aswasereelert et al.,
2013; Jagniecki and Lowenstein, 2015; Smith et al.,
2015). The driving mechanisms that produced the
WPM lake stratal successions, however, are debated.
Several studies have concluded that these successions
reflect orbital forcing of sedimentation at Milan-
kovitch-band frequencies (Fischer and Roberts, 1991;
Meyers et al., 2008; Aswasereelert et al., 2013; Smith
et al., 2014), although some WPM successions appear
to be sub-precessional in duration and therefore may
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result from other mechanisms such as geomorphic in-
stability of the surrounding landscape (Pietras et al.,
2003; Pietras and Carroll, 2006).

In 2016, Solvay Minerals drilled the 642 m-long
Solvay S-34-1 core which contains a nearly complete
record of GRF sedimentation in the Bridger subbasin
near its hydrologic low point at the deepest area of the
closed-basin (Figure 1). This study analyzed 250 m of
the WPM in the Solvay S-34-1 core. Here, we (1) de-
scribe the WPM sedimentary rocks with emphasis on
the evaporitic intervals, 2) compare WPM evaporite
to modern analogs in order to interpret lake depths,
chemistries, and depositional settings, and 3) apply
these data to better constrain the paleoenvironmental
evolution of the WPM shallowing-upward succes-
sions.

GEOLOGIC BACKGROUND
AND PREVIOUS WORK

The GGRB was a broad, low relief basin bounded
by the Cordilleran fold and thrust belt to the west and
Laramide basement uplifts to the north, east and south
(Figure 1) (Smith et al., 2015). Lake Gosiute occu-
pied the Bridger, Great Divide, Washakie, and Sand
Wash subbasins of the GGRB for ~4-5 myr in the Eo-
cene and deposited the Tipton Member (~52.5-51.6
Ma), WPM (~51.6-49.9 Ma), and Laney Member
(~49.9-48.5 Ma) in the Bridger subbasin (Smith et al.,
2008; Smith et al., 2010; Smith et al., 2015) (Figure
2). The Bridger subbasin is generally free of structur-
al complications with most rocks dipping less than 2°,
aside from the Rock Springs uplift located along the
eastern margin of the basin, and the Sevier fold-thrust
belt that bounds the west edge of the basin (Eugster
and Hardie, 1975) (Figure 2).

The WPM is up to 400 m thick in the Bridger sub-
basin (Dyni, 1996; Roehler, 1992). The WPM is
thickest near the Uinta uplift and thins out completely
before reaching the southern portion of the Wind Riv-
er Mountains, Wyoming (Figure 1) (Pietras and Car-
roll, 2006; Smith et al., 2015). The WPM contains
>127 billion tons of trona (Naz(HCO;)(COs3)-2H,0)
and > 10,500 km® of disseminated shortite (Na,Ca,
(CO;)3) (Dyni, 1996). There are as many as 40 se-
quentially numbered Trona Beds in the WPM that
range in thickness from a few centimeters to about 12
m and 25 beds are > 1 m in thickness (Culbertson,
1966; Dyni, 1996). The term “Trona Bed” is used
here to describe intervals that are predominantly com-
posed of laminated to bedded trona, in places inter-
layered with dolomitic mudstone and organic-matter-
rich dolomitic mudstone (oil shale). Due to a north-
ward shift in the basin depocenter after deposition of
Trona Bed 16, only eighteen of the 25 Trona Beds
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with a thickness > 1 m were deposited in the southern
Bridger subbasin. These lower 18 Trona Beds contain
trona and, in places, halite, whereas Trona Beds 19-
25 consist primarily of trona (Culbertson, 1966, 1971;
Leigh, 1991; Wiig et al., 1995). Other evaporite min-
erals in the WPM include shortite (Na,Ca,(CO3)3),
northupite ~ (Na;Mg(COs),Cl), and  nahcolite
(NaHCOs;) (Fahey, 1962; Culbertson, 1971; Robb and
Smith, 1976).

The lacustrine depositional environments inter-
preted in the WPM have typically included three sub-
environments: 1) perennial saline lake, 2) perennial
saline lake shoreline, and 3) lake-fringing saline mud-
flat (Eugster and Hardie, 1975; Pietras and Carroll,
2006; Jagniecki and Lowenstein, 2015; Smith et al.,
2015).

The perennial saline lake subenvironment in-
cludes trona, halite, and displacive evaporite com-
monly interbedded with laminated organic-matter-
rich dolomitic mudstone. Bedded trona occurs as tro-
na blades or needles 0.2-5 mm-long (Jagniecki and
Lowenstein, 2015; Smith et al., 2015). Displacive
evaporite typically crosscuts dolomitic mudstone beds
in the form of shortite rhombs, 2-8 mm in diameter
and <10 cm thick fracture fills (Jagniecki and Low-
enstein, 2015; Smith et al., 2015). Interbedded evapo-
rite and oil shale are now thought to have formed in a
density-stratified lake (Jagniecki and Lowenstein,
2015; Smith et al., 2015).

The perennial lake shoreline subenvironment con-
tains carbonate conglomerate, grainstone, and stro-
matolitic mudstone. Symmetrical wave ripples, sim-
ple trace fossils, and sand-sized peloids are common
(Eugster and Hardie, 1975; Pietras and Carroll, 2006;
Scott and Smith, 2015; Smith et al., 2015).

The lake-fringing saline mudflat subenvironment
is composed of carbonate siltstone and disrupted cal-
careous mudstone-siltstone subfacies. Both subfacies
contain dolomitic micrite and calcareous silt-sized
clasts. Calcareous mudstone commonly contains dia-
genetic evaporite pseudomorphs, principally shortite
replacing gaylussite or pirssonite, indicating the for-
mer occurrence of brines (Eugster and Hardie, 1975;
Pietras and Carroll, 2006; Smith et al., 2015).

The alluvial environment is characterized by river
channel, floodplain, and sheet delta deposits. The riv-
er channel and sheet delta subenvironments contain
erosional scours and climbing cross-stratified-, trough
cross-stratified-, planar-, and ripple-laminated-
sandstone deposited by unidirectional current flow
(Eugster and Hardie, 1975; Smoot and Lowenstein,
1991; Pietras and Carroll, 2006; Smith et al., 2015).
Pebble-size intraclasts of mudstone, sandstone, and
plant fragments record periods of high flow velocity,
whereas mud drapes on rippled bedforms are indica-
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Figure 1. General geologic map of Eocene basins and associated uplifts. White star inside yellow circle marks loca-
tion of Solvay-S-34-1 core. (Adapted from Lowenstein et al., 2017).
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Figure 2. Simplified cross section of the Bridger and Washakie Subbasins, Wyoming, through A—A' transect of Fig-
ure 1 with approximate location of the Solvay S-34-1 core. (Adapted from Jagniecki and Lowenstein, 2015).

tive of slower currents (Pietras and Carroll, 2006;
Smith et al., 2015).

The floodplain subenvironment is distinguished
by massive (massive here meaning structureless mud-
stone with disruption features) to faintly-bedded
green to brown siltstone and mudstone, with trace
fossils, desiccation cracks, and incipient paleosols
(Smoot, 1983; Pietras and Carroll, 2006; Smith et al.,
2015).

The alluvial facies association in the WPM corre-
sponds to the nine sandstone-siltstone-mudstone
marker beds (A through I) originally described by
Culbertson (1961). These alluvial marker beds (up to
25 m thick) are correlated across the Bridger subbasin
(Culbertson, 1961; Smoot, 1983; Pietras and Carroll,
2006; Smith et al., 2008, 2015).

The WPM is well-known for the many shallowing
-upward successions that occur on the meter-scale
(Eugster and Hardie, 1975). Smoot (1983) described
such WPM successions as alternations between shal-
low, marginal lake and deeper perennial lake depos-
its. Pietras and Carroll (2006) and Smith et al. (2015)
described WPM basin expansion-contraction cycles
as repetitive facies successions beginning with trans-
gressive deposits, followed by deep-lake oil shale and
detrital carbonate, and capped with disrupted mud-
stone, siltstone, and evaporite.

Although the WPM facies successions are well
recognized and documented, less work has been done

detailing the evaporitic component of these succes-
sions. The evaporites in the Solvay S-34-1 core ex-
hibit sedimentary structures which suggest they were
deposited subaqueously, not in exposed saline pans as
interpreted by previous workers (Eugster and Hardie,
1975; Smoot, 1983; Pietras and Carroll, 2006; Smith
et al., 2015). Here, we describe the evaporites in the
lower WPM in the Solvay S-34-1 core and interpret
the environments in which they were deposited,
which provides new details about the recurring suc-
cessions in the GRF.

METHODS

The Solvay S-34-1 NQ-diameter (47.6 mm) core
was drilled in southwestern Wyoming by Solvay
Minerals in 2016. This core was taken near the hydro-
logic low-point of the Bridger subbasin (Figure 1),
and includes ~250 meters of the WPM that contains
Trona Beds 1-18. The uppermost WPM is not repre-
sented due to a facies change to sandstone. Two hun-
dred samples were collected at ~30 cm intervals for
petrographic and mineralogical analysis at the Nation-
al Lacustrine Core Facility (LacCore), University of
Minnesota, for the entire WPM interval. The WPM of
the Solvay S-34-1 core was described for its lithology
and sedimentological features at the ~1 cm scale
(Figure 3).

Forty-seven 5 cm x 7 cm thin sections of various
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Figure 3. Measured section and lithologic key, 390-642 mbs of Solvay S-34-1, Wilkins Peak Member. Section shows bottom (left) to top (right).
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WPM lithologies were made for transmitted light mi-
croscopy on a Zeiss Axio Imager.Al, and a Leica
Wild-M3Z, with a Nikon Plan APO 1.0x objective.
Samples were examined to distinguish depositional
textures and primary versus secondary evaporite min-
eralogy.

Mineralogical characterization of 86 samples
from the Solvay S-34-1 core was performed using X-
ray diffraction (XRD). A handheld Dremel tool was
used to sample laminae as thin as 2 mm-thickness.
Powdered samples were analyzed using a Philips
Xpert PW3040-MPD diffractometer operated at 40
kV and 20 mA, using Cu-Ka radiation fitted with a
diffracted-beam graphite monochromator. Continuous
scans were run from 10.00° to 50.0° 20 with step siz-
es of 0.030° at 0.80 seconds per step. Minerals were
identified by comparing the dominant peaks to known
patterns in the “High Score Plus” mineral database.

A Field Emission Scanning Electron Microscope
(SEM) Zeiss Supra 55 VP was used to study ten sam-
ples and distinguish between detrital and authigenic
carbonate mud. Rock chips were coated with carbon
using the arc discharge method for SEM-EDX and
mounted on a sputter coated gold plate. Coated sam-
ples were analyzed at 3 kV to 10 kV under vacuum
with back scattered electrons (BSE) and secondary
electrons (SE).

Measured sections of the WPM were constructed
from core observations and from images of the cores.
Thin sections clarified grain relationships and diage-
netic features. Macroscopic and microscopic features
were plotted on the measured sections at the depths of
observation.

WPM FACIES AND DEPOSITIONAL
ENVIRONMENTS

Facies observed in the WPM interval of the Sol-
vay S-34-1 core are interpreted to have been deposit-
ed in two predominant depositional environments: (1)
perennial saline lake and (2) alluvial mudflat/sheet
delta (Culbertson, 1962; Eugster and Hardie, 1975;
Pietras and Carroll, 2006; Jagniecki and Lowenstein,
2015; Smith et al., 2015).

Perennial Saline Lake Facies

The evaporite subfacies in the Solvay S-34-1 core
includes: 1) laminated to bedded trona cumulates, 2)
radiating vertically-oriented trona and 3) trona pseu-
domorphs after vertically-oriented halite. Trona and
dolomite occur as primary and diagenetic minerals,
whereas shortite and northupite are strictly diagenetic
minerals. The mudstone subfacies contains: 1) organ-
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ic-matter-rich dolomitic mudstone (oil shale), 2) au-
thigenic dolomite mudstone (rare), and 3) laminated-
thin bedded dolomitic (silty) mudstone. Coarser,
wavy bedded carbonates form the peloidal dolomite
grainstone subfacies.

Evaporite Subfacies

Trona Cumulates

Description: Trona is the major sodium carbonate
mineral in the WPM in the Bridger subbasin. The
most common texture in Trona Beds 1-18 is micro-
crystalline cumulate that occurs in laminae, ~1 mm to
1 cm thick (Figure 4a). Trona cumulates are com-
posed of well-sorted trona needles, 50-200 um long,
arranged with their longest axis subparallel to bed-
ding (Figure 4b, c). Cumulate trona is commonly in-
terbedded with laminated organic-matter-rich dolo-
mitic mudstone (oil shale).

Interpretation: The alignment and well-sorted na-
ture of trona crystals indicates a primary "settle out"
origin, whereby trona precipitated in the water col-
umn and crystals fell out of suspension (Leigh, 1991;
Boni and Atkinson, 1998). Lack of dissolution sug-
gests trona cumulates were deposited in a density
stratified lake in which crystals on the basin floor
were protected from fresh water inflow by dense sa-
line bottom brines (Jagniecki and Lowenstein, 2015).
The interlayering of trona with oil shale suggests ac-
cumulation in an anoxic, alkaline, saline lake (Figure
4a) (Boni and Atkinson, 1998; Jagniecki and Low-
enstein, 2015).

Cumulate layers composed of halite from the
modern Dead Sea, although different in mineralogy,
exhibit similar textures to the WPM trona cumulates
in the Solvay S-34-1 core. In the Dead Sea, halite cu-
mulates form when lake waters cool from ~35° C to
~24° C during the winter months (Sirota et al., 2017).
Because halite solubility is greatest at elevated tem-
peratures, winter cooling results in supersaturation
and precipitation of fine, cumulate halite crystals in
the water column (Figure 5). If halite cumulates are
deposited below the thermocline (> ~20-30 m depth
in the modern Dead Sea), they are protected from
subsequent dissolution by dilute flood waters and
warm, undersaturated summer lake waters. The con-
ditions under which halite is deposited and preserved
in the Dead Sea today (Sirota et al., 2017) suggest
that trona, also with greater solubility as brine tem-
peratures increase, was deposited during the colder,
winter months, below the thermocline of Lake Gosi-
ute (Demicco and Lowenstein, 2020; Olson and Low-
enstein, 2021).
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Figure 4. a) Core photograph of cumulate trona laminae (black arrow) interlayered with oil shale (white arrow).
GRCO-GRF16-14-2170Q-2-W (560.12-560.75 mbs). Scale bar = 1 cm. Thin section photographs of b) Cumulate trona
laminae (black arrow to base of photo). GRCO-GRF16-14-2060-2-W (526.68-527.15 mbs). c) Well sorted cumulate
trona crystals oriented parallel to bedding. GRCO-GRF16-14-2060-2-W (526.68-527.15 mbs).

Radiating Vertically Oriented Evaporite (Bottom-

Growth Evaporite)

Description: In the Solvay S-34-1 core, there are
~20 occurrences of radiating vertically oriented, com-
petitively-grown, trona crystals ~2 mm to 5 cm in
length, within trona cumulate beds (Figure 6 a,b).
These crystal textures represent < 10 % of the total
trona in the Solvay S-34-1 core. Overlying trona cu-
mulates thicken between vertically oriented crystals
and thin at their tops. Rarely (4 occurrences in Trona
Beds 5, 12, 17, and unnamed Trona Bed at 554.5 m),
vertically oriented trona layers contain horizontal dis-
solution surfaces (Figure 6b) (Smoot, 1983; Low-
enstein and Hardie, 1985; Jagniecki and Lowenstein,
2015).

In the Solvay S-34-1 core, trona commonly occurs
as a pseudomorphous replacement of euhedral halite
crystals with vertical, upward growth fabrics (Figure
5). The trona crystals replacing halite are ~ 200 um to
5 mm in length. It is rare to find well-preserved pri-
mary halite that has not been partially or completely
replaced by trona in the Solvay S-34-1 core. The
pseudomorphs are draped by microcrystalline trona
cumulates.

Interpretation: Bottom growth trona and halite
crusts precipitated from bottom brines in a density
stratified saline lake (Jagniecki and Lowenstein,
2015). Bottom growth halite forms year-round in the
modern Dead Sea, where, if crystallized below the
thermocline, it is protected from dissolution due to
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Figure 5. Left: Trona pseudomorphs after bottom growth halite (white arrow). Well preserved halite crystal structure
and trona cumulate drapes above the pseudomorphs indicate deposition below the thermocline of a deep lake (> ~20
m). Core image from GRCO-GRF16-14-2170-3-W (560.83-561.75 mbs) Right: Thin section photograph of well-
preserved, coarse bottom growth halite (white arrow) and cumulate halite (red arrow) from the modern Dead Sea
shoreline, deposited when lake depths were ~30 m. Blue color is epoxy-filled pore space. Bottom-growth halite forms
year-round, whereas cumulate halite is deposited only in winter months (Sirota et al., 2018). Scale bar = 1 cm for both

images.

seasonal variations in lake water temperature and di-
lute floodwaters entering the basin (Sirota et al.,
2017). These observations and the general absence of
synsedimentary dissolution features in bottom growth
halite pseudomorphs of the WPM suggests that the
halite formed below the thermocline of a density
stratified hypersaline lake (Smoot and Lowenstein,
1991; Lowenstein et al., 1999; Sirota et al., 2017).

Bottom growth trona with dissolution surfaces is
similar in appearance to the bottom growth trona from
modern Lake Magadi, Kenya (Figure 6b,c) (McNulty
et al., 2017). There, trona crusts develop on the bot-
tom of a shallow hypersaline lake < 1 m deep that
commonly dries out. When dilute floodwaters enter
the Magadi Basin, the trona partially to completely
dissolves (Figure 6c). This suggests that bottom
growth trona with dissolution surfaces in the Solvay
core was deposited in a shallow saline lake which did
not protect trona crystals at the sediment-brine inter-
face from dissolving when dilute flood waters
reached the basin depocenter.

Our observations suggest that most WPM evapo-
rite was deposited below the thermocline, with rare
deposition above the thermocline. The thermocline of
the modern Dead Sea is 20-30 m below the lake sur-
face. While this depth range cannot be precisely ap-
plied to the Eocene due to uncertainty in environmen-
tal factors such as climate, salinity, and lake hypsom-
etry, it is a useful rough analogy for minimum depth
of evaporite accumulation in ancient Lake Gosiute.

Mudstone Subfacies

Organic-Matter-Rich Dolomitic Mudstone (Oil

Shale)

Description: Organic-matter-rich dolomitic mud-
stone (oil shale) is mm-scale laminated (0.5 to 5 mm),
dolomite-rich with minor quartz, and honey brown to
black color (Table 1; Figure 7a,b). Laminae are planar
to wavy with soft sediment deformation features such
as loop bedding and convolute bedding. Highly com-
pacted, matrix-supported oil shale breccias are com-
monly associated with oil shale (Figure 7c) (Dyni and
Hawkins, 1981). The organic matter in oil shale (up
to 19% total organic carbon) is derived from algae
and bacteria (Bradley, 1962; Tissot and Vanden-
broucke, 1983; Bohacs, 1998; Carroll and Bohacs,
2001; Pietras et al., 2006). Trona is commonly inter-
bedded with oil shale. Sulfide minerals, such as py-
rite, are rare. Diagenetic fracture-fill shortite and nod-
ular northupite are common in this lithology.

Interpretation: The preservation of organic mat-
ter, sulfide minerals, and sodium carbonate evapo-
rites, and the lack of bioturbation, suggest that these
mudstones were originally deposited in an anoxic al-
kaline Na-COs-rich perennial saline lake similar in
chemical composition and depth (> 10 m) to modern
Mono Lake, California, USA and Lake Bogoria, Ken-
ya (Domagalski et al., 1989; Renaut et al., 2013).
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Figure 6. Thin section photographs of: a) Bottom growth trona (white arrow) overlain by cumulate trona drapes (red
arrow). Bottom growth trona lacks dissolution surface suggesting deposition below the thermocline. GRCO-GRF16-1A4-
2300-3-W (600.44-601.07 mbs). b) Bottom growth trona needles with competitive growth (red arrow) and dissolution
surface (White arrow) suggesting deposition above the thermocline. GRCO-GRF16-14-2300-2-W (599.83-600.44 mbs).
¢) Bottom growth trona from subsurface core, Lake Magadi, Kenya HSPDP-MAGI14-24-4Y-1 (~10 mbs). Black arrows

show dissolution surfaces. Scale bar = 1 cm on all images.

Authigenic Dolomite Mudstone

Description: Laminated (0.1-1 cm) authigenic do-
lomite mudstone is pale yellow-brown to white in col-
or and relatively rare in the Solvay core (~40 thin
beds are noted in the detailed measured section)
(Figure 7d). Dolomite laminae are virtually
monominerallic and lack diagenetic evaporite and sul-
fides. X-ray diffraction analyses conducted on authi-
genic dolomite mudstone showed that feldspars and
mica are absent, and quartz is sparse (Figure 8a).
SEM analysis showed that this mudstone is composed
of well-sorted 5 to 10 um dolomite crystals. Dolomite
laminae are commonly grouped into 1 to 3 cm thick
packages that exhibit soft sediment deformation and
compaction structures. Authigenic dolomite mudstone
packages are interlayered with oil shale and laminated
- to thin-bedded dolomitic mudstone (Figure 7d).

Interpretation: Murphy et al. (2014) interpreted
carbonate mudstone in the WPM and Laney Member
as authigenic on the basis of homogeneous laminae
composed of well-sorted crystals, carbonate crystal
size of < 10 um, and preservation of primary pore
space (Murphy et al., 2014). Authigenic dolomite
laminae in the Solvay S-34-1 core exhibit similar fea-
tures.

Laminated-Very Thin-Bedded Dolomitic (Silty)
Mudstone (Silty Dolomitic Mudstone)

Description: Laminated to very thin-bedded (1-2
cm thick) dolomitic mudstone, with clay- to silt-sized
grains, ranges from brown to green to dull yellow in
color (Figure 7d, e, f, g). Layers are commonly com-
posed of dolomite, potassium feldspar, quartz, musco-
vite and biotite (Table 1) (Figure 8b). Silty dolomitic
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Table 1: Composite XRD Data from 86 samples of varying lithologies in the Solvay S-34-1 core. Lithology key: Oil shale
(0S); Laminated to thin-bedded detrital mudstone (MS), Carbonate mudstone (CMS),; Laminated to thin-bedded silty
mudstone (SMS); Wavy-bedded peloidal grainstone (WBP); Evaporites (EVAP); Tuff (TUFF).

mudstone contains rare sulfide minerals (pyrrhotite, Interpretation: Silt grains (Figure 7g) suggest
pyrite, and marcasite), and abundant diagenetic lower lake levels that allowed transport of suspended
shortite, some as a pseudomorphous replacement of siliciclastic sediment to the basin center from fluvial
gaylussite (Na,Ca(COs3),-5H,0) or pirssonite (Na,Ca systems. The lack of disruption by burrowing or des-
(COs),°2H,0) that grew displacively in brine saturat- iccation supports the hypothesis that these silty muds
ed silty muds. Shortite also fills fractures. accumulated in a perennial lake, shallower and/or

10
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Figure 7. Core photographs of: a) Organic-matter-rich dolomitic mudstone (0il shale), with compacted mud clasts
(white arrow). GRCO-GRF16-1A4-2400Q-4-W (631.78-632.36 mbs). b) Oil shale with loop bedding (white arrow). Dis-
ruption feature is a displacive fracture filled with shortite (red arrow). GRCO-GRF16-14-230Q-5-W (601.68-602.29
mbs). ¢) Oil shale breccia with large dolomitic mudstone clast (white arrow). GRCO-GRF16-14-240Q-2-W (630.54-
631.17 mbs). d) Authigenic dolomite mudstone (white arrow) with soft sediment deformation and interlaminated silty
dolomitic mudstone. GRCO-GRF16-14-2170-6-W (562.65-563.17 mbs). e) Laminated- to very thin-bedded dolomitic
mudstone with diagenetic shortite pseudomorphs after displacive gaylussite or pirssonite (white arrow). GRCO-GRF'16-
14-2330-3-W (609.37-609.99 mbs). f) Laminated- to very thin-bedded silty dolomitic mudstone. Silicate minerals asso-
ciated with a detrital origin (quartz and muscovite) appear in XRD analysis. GRCO-GRF16-14-226Q-5-W (589.94-
590.53 mbs). g) Laminated- to very thin-bedded silty dolomitic mudstone with diagenetic shortite crystals. GRCO-
GRF16-14-1990-2-W (505.44-506.06 mbs). Scale bar = 1 cm for all images.
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Figure 8. X-Ray Diffraction scan of: a) Relatively pure dolomite composition confirms the authigenic origin of this mud-
stone. GRCO-GRF16-14-2320Q-1 13-17 cm (605.63-605.87 mbs). b) Occurrence of muscovite and orthoclase support
detrital origin. GRCO-GRF16-14-181Q-2 11-15 cm (453.64-454.25 mbs).

closer to the shoreline than where oil shale was de-
posited. The lack of mudcracks suggests perennial
lake conditions. Abundant diagenetic crystals of
shortite, some pseudomorphous after gaylussite, are
similar to those in Pleistocene Searles Lake, Califor-
nia, and indicate syndepositional brines (Figure 7e, g,
9) (Olson and Lowenstein, 2021). At Searles Lake,
gaylussite formed by replacement of a precursor car-
bonate mineral (calcite, aragonite) within the brine-
filled pores at the bottom of a hypersaline lake
(Smith, 1979; Eugster and Smith, 1965; Smith et al.,
1983; Olson and Lowenstein, 2021).

Peloidal Dolomite Grainstone

Description: Peloidal dolomite grainstone is com-
posed of sand- and silt-sized peloidal grains of dolo-
mitic mud (Figure 10a,b,c). Euhedral dolomite over-
growths occur on some peloid nuclei (Figure 10c).
Thin beds are wavy and discontinuous, and, in some
cases, small-scale cross-lamination was observed
(Figure 10a,b).

Interpretation: Small-scale cross lamination is in-
dicative of current or wave-reworking (Figure 10a,b).
Rarely, these cross-stratified layers are symmetrical
in cross section with oppositely dipping foresets, sug-
gesting they were reworked by waves at or above
wave base (Smoot, 1983). Northupite cements sug-
gest the syndepositional occurrence of hypersaline
brines, as discussed in the following section.

Diagenetic Saline Mineral Overprints

Shortite
Description: Shortite is abundant in dolomitic
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silty mudstone and oil shale in the WPM of the Sol-
vay S-34-1 core as: 1) pseudomorphs after displacive
crystals of gaylussite and pirssonite, 2) displacive
crystalline aggregates, and 3) vein and fracture fills
(Jagniecki and Lowenstein, 2015).

Euhedral displacive crystals (now single crystals
and crystal aggregates of shortite) that appear triangu-
lar in cross section (1-5 mm) are common in oil shale
and dolomitic silty mudstone (Figure 11a). These
crystals exhibit monoclinic morphology (all three
crystal axes are unequal in length, and two axes are
perpendicular to one another), with a flattened wedge
shape (Figure 11a). Surrounding sediment is com-
pacted around the crystals, suggesting displacive
growth before lithification. These crystals are now
composed of shortite (orthorhombic), suggesting
shortite has pseudomorphously replaced a monoclinic
precursor mineral. Based on crystal morphology and
modern analogues, the precursor mineral was proba-
bly gaylussite (monoclinic) (Olson and Lowenstein,
2021) (Figure 11a).

Displacive crystal aggregates of shortite are com-
posed of crystals 0.5-2 mm in size. Displacive crystal
aggregates typically contain pyrite and inclusions of
the host sediment. Such shortite crystal aggregates
crosscut laminae or surrounding layers are compacted
around them (Figure 11b). The compaction of sur-
rounding layers indicates formation before lithifica-
tion.

Shortite, composed of interlocking crystalline mo-
saics, fills veins and fractures in oil shale and dolo-
mitic silty mudstone (Figure 11c¢). Such shortite-filled
horizontal and vertical fractures crosscut sedimentary
laminae. Surrounding sediment is commonly com-
pacted around the shortite.
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Figure 9. Core photograph of GRCO-GRF16-1A4-
2190-3-W (left) (~566.91-567.53 mbs) compared to
Searles Lake SLAPP-SRLS17-1A4-37V-1-A (right)
(58.38-59.85 mbs). Laminated mud in the SLAPP
core, deposited in a perennial saline lake, is similar
in appearance to laminated silty dolomitic mudstone
in the GRCO core (white arrow). Carbonate-rich
laminae occur in the SLAPP (aragonite) and GRCO
(dolomite) cores (red arrow). Diagenetic gaylussite
crystals in the SLAPP core are similar in texture to
shortite crystals in the GRCO core (black arrow).
Laminated mud in the SLAPP core was bowed down
on the edges during coring. Scale bar = 1 cm for both
images.
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Interpretation: Pleistocene muds from Searles
Lake contain euhedral gaylussite crystals that exhibit
the same flattened wedge shape and monoclinic crys-
tal structure as the crystal pseudomorphs in the Sol-
vay core (Figure 11a) (Olson and Lowenstein, 2021).
Experimentally, gaylussite and pirssonite dehydrate at
elevated temperatures to form shortite (Bury and
Redd, 1933; Jagniecki et al., 2013; Jagniecki and
Lowenstein, 2015). Bury and Redd (1933) showed
that at temperatures >40 °C gaylussite dehydrates to
pirssonite. Jagniecki et al. (2013) showed that at tem-
peratures >52 °C pirssonite dehydrates to shortite.
Such processes probably led to pseudomorphous re-
placement by shortite in WPM sediments during buri-
al (Jagniecki et al., 2013; Jagniecki and Lowenstein,
2015).

Northupite

Description: Northupite nodules, nodular aggre-
gates, and cements occur in oil shale, dolomitic silty
mudstone, and peloidal dolomite grainstone (Figure
11d, e). Northupite nodules are 1-3 mm in diameter
and composed of dense crystal mosaics (Figure 11d).
Northupite cement fills pore spaces in peloidal dolo-
mite grainstones as large, poikilotopic crystals
(Figure 11ei, eii). Peloids show no sign of compaction
and cross stratification structures are well preserved.

Interpretation: Poikilotopic northupite cement
filling voids in open frameworks of uncompacted do-
lomite peloids indicates that northupite formed during
early, pre-compaction diagenesis. On the other hand,
the lack of compaction around northupite nodules
suggests they grew after lithification. Orientation of
the nodules in mudstone is random, with no direction-
al growth pattern. These features indicate a post-
lithification, diagenetic origin.

Trona

Description: Diagenetic trona occurs in oil shale
and dolomitic silty mudstone as displacive rosettes, 2-
5 cm in diameter (Figure 11f). These rosettes com-
monly contain inclusions of detrital mud and pyrite
(Figure 11f). Diagenetic trona rosettes also occur in
cumulate trona layers of the evaporite subfacies
(Figure 11g). Diagenetic trona crystals in mudstones
and trona layers are randomly oriented and typically
crosscut deformed mudstone or evaporite laminae
(Figure 11f, g). Trona crystals ~ 200 pm to 5 mm in
length also occur as a pseudomorphous replacement
of bottom growth halite (Figure 5).

Interpretation: Mudstone and evaporite beds that
surround trona rosettes commonly exhibit soft sedi-
ment deformation suggesting the trona rosettes
formed before significant lithification occurred. Bot-
tom-growth halite crystals replaced by trona were in-
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Figure 10. Core photograph of a) wavy-bedded and cross-stratified (black arrow) dolomite peloids in peloidal dolo-
mite grainstone. GRCO-GRF16-14-2100-4-W (540.25-540.85 mbs). Thin section photograph of b) cross-stratified do-
lomite peloid laminae (white arrow/dashed lines). GRCO-GRF16-14-209Q-3 15-19 cm (536.69-537.30 mbs). Photomi-
crograph of c) dolomite mud peloids, some with dolomite overgrowths. GRCO-GRF16-14-2100-4 5-9 cm (540.23-

540.86 mbs). Scale bar = 1 cm for a and b.

terpreted by Jagniecki and Lowenstein (2015) to re-
sult from temperature increases during burial. To test
this hypothesis, Jagniecki and Lowenstein (2015)
modeled Na-carbonate-bicarbonate-rich brines from
Lake Magadi, Kenya. They concluded that when
brine temperature was raised during burial, halite par-
tially dissolved, reintroducing Naback into the brine.
Sodium derived from halite dissolution then caused
supersaturation with respect to trona which precipitat-
ed in the void spaces left from dissolved halite, pro-
ducing pseudomorphs.

Halite
Diagenetic halite occurs in the WPM as clear, fi-
brous satin-spar in vertical and horizontal fractures in
silty dolomitic mudstone (Figure 11h). Fracture-fill
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halite is interpreted to have formed during movement
of halite-saturated brines through hydraulic fractures
(Birnbaum and Radlick, 1982; Leigh, 1991).

Alluvial Facies

The alluvial facies in the Solvay S-34-1 core con-
sists of (1) massive mudstone, and (2) siliciclastic
sandstone that together comprise alluvial marker beds
A-I (Culbertson, 1961). Siliciclastic marker units in
marginal localities of the Bridger subbasin are com-
posed of trough cross-stratified sandstone, planar- to
ripple-laminated sandstone, and climbing ripple cross
-stratified sandstone. Pebble-sized rip-up clasts of
sandstone and mudstone are common in the Bridger
subbasin but rare in the Solvay core. These siliciclas-
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Figure 11. Core photographs of diagenetic saline minerals: a) White arrows show gaylussite crystals
in SLAPP core that have same morphology as shortite pseudomorphs after displacive gaylussite in
GRCO core. Similarities include euhedral crystal terminations and flattened wedge shapes. Colored
lines indicate crystal axes: red: a; blue: b, yellow: c. All lengths different. B and c axes are perpendic-
ular to each other. Core photographs of: (left top) GRCO-GRF16-14-1700Q-6-W (422.45-422.80 mbs),
(left bottom) GRCO-GRF16-1A4-219Q-3-W (566.91-567.52 mbs), and (right) SLAPP-SRLS17-14-37V-
1-A (59.38-59.85 mbs). b) Shortite displacive crystal aggregate (white arrow) in silty dolomitic mud-
stone. Sediment is compacted around the shortite. GRCO-GRF16-14-2180-1-W (562.96-563.52 mbs).
¢) Fracture fill shortite in oil shale (white arrows). GRCO-GRF16-14-2230-5-W (584.31-584.71
mbs). d) Northupite nodules preferentially formed in mud laminae (white arrow). Dense northupite
nodule mosaics completely replaced mud laminae (red arrow). GRCO-GRF16-14-222Q-3-W (576.37-
576.97 mbs).
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Figure 11 continued. Core photographs of diagenetic saline minerals: ei, eii) Thin section photomicrograph of dolo-
mite peloids cemented by northupite. Fig. ei was taken in plane polarized light, Fig. eii is viewed in cross-polarized
light. Large interlocking crystals of northupite cement appear birefringent under cross-polarized light (Fig. eii). GRCO
-GRF16-14-2100-4 5-9 cm (540.25-540.85 mbs). f) Trona rosette (white arrow) and randomly oriented needles in silty
dolomitic mudstone. Randomly oriented tabular crystals (red arrow) are shortite. GRCO-GRF16-14-2340-6-W (614.65
-614.78 mbs). g) Trona rosette in bedded trona. GRCO-GRF'16-14-2320-4-W (607.09-607.62 mbs). h) Halite “spar”
filling fracture in mudstone. GRCO-GRF16-14-234Q-2-W (612.26-612.85 mbs). Scale = 1 cm on all figures a-d and f-
h.

tic beds contain sandstone beds which alternate with
faintly bedded to structureless mudstone and poorly
developed paleosols (Eugster and Hardie, 1975;
Smoot, 1983; Pietras and Carroll, 2006; Smith et al.,
2015). Previous workers interpreted the marker units
to have been deposited in fluvial, overbank, and shal-
low deltaic depositional environments.

Massive Mudstone Subfacies

Description: Siliciclastic marker units A-I in the
Solvay S-34-1 core, from near the hydrologic low
point of the Bridger subbasin, occur primarily as
structureless to faintly laminated green mudstone
(Figure 12a-d). Green mudstones, 2-20 m thick, con-
tain Fe-bearing sulfides and oxides (pyrrhotite, pyrite,
and magnetite), multiple generations of mud cracks,
and other disruption features (Figure 12a,b).

Interpretation: Sediments of the basin-center
marker beds are probably sheet delta deposits formed
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when sheet flood or fluvial channels intersected the
margins of a standing body of water (perennial or
ephemeral; Smoot and Lowenstein, 1991). Sheet delta
deposits are commonly composed of clay, silt, and
sand that accumulated in lakes, mudflats, and chan-
nels during flooding events. Mudstone layers with
multiple generations of mudcracks and other disrup-
tion features indicate repeated wetting and drying epi-
sodes (Smoot, 1983; Smoot and Lowenstein, 1991).
The common mudcracks in the siliciclastic marker
units of the Solvay core establish desiccation near the
hydrologic low point

Siliciclastic Sandstone Subfacies

Description: Fine- to medium-grained siltstone
and sandstone beds (1 cm to 0.5 m thick) contain
abundant unidirectional cross-lamination and climb-
ing ripple cross-stratification (Figure 12b,c).

Interpretation: Siliciclastic sandstones in marker
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Figure 12. Core photograph of: a) Disrupted mudstone and mudcracks (white arrows), proto-paleosol (red arrow)
and sulfides (black arrow) in massive mudstone. GRCO-GRF16-14-208Q-1-W (532.48-533.05 mbs). b) Silty laminat-
ed mudstone (White arrow) with mudcracks (red arrow). GRCO-GRF16-14-2080Q-3-W (533.68-534.30 mbs). c) Fine
grained siliciclastic sandstone with small-scale cross stratification. GRCO-GRF16-14-208Q-5-W (534.93-335.51
mbs). d) Massive mudstone with sulfides and organic material (white arrows). GRCO-GRF16-14-208Q-4-W (534.31-
534.933 mbs). Scale = I cm on all figures.
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beds A-I suggest significant shallowing or complete
desiccation of Lake Gosiute, which allowed fluvial
channel and sheet flood deposits to reach the basin
center (Figure 12a-c) (Smoot, 1983; Smoot and Low-
enstein, 1991).

WILKINS PEAK MEMBER LAKE EXPAN-
SION-CONTRACTION SUCCESSIONS

Meter-scale vertical successions in the WPM were
divided by Eugster and Hardie (1975) into four types
defined by stratigraphic variations of five lithologies
observed in outcrops (flat pebble conglomerate, oil
shale, mudstone, lime sandstone and trona). Smoot
(1983) described WPM vertical successions using
seven dolomitic facies and evaporite. Smoot (1983)
interpreted coarse grained sandstone and evaporite as
shallow, marginal lake deposits, whereas carbonate
mudstone and oil shales formed in deeper lakes.
Pietras and Carroll (2006) and Smith et al. (2015) de-
scribed WPM basin expansion-contraction succes-
sions beginning with transgressive intraclast con-
glomerate and calcareous sandstone deposits at the
base, followed by deep-lake oil shale and detrital car-
bonate, capped with disrupted mudstone, siltstone,
and evaporite.

Although the WPM facies successions are well
recognized and documented, less work has been done
detailing their evaporitic component. The evaporites
of the Solvay S-34-1 core exhibit sedimentary struc-
tures which suggest they were predominantly deposit-
ed in perennial, anoxic, hypersaline lakes, and not on
desiccated salt pans as hypothesized by previous au-
thors (Eugster and Hardie, 1975; Smoot, 1983; Pietras
and Carroll, 2006; Smith et al., 2015).

WPM vertical successions observed in the Solvay
core are here defined by: (1) oil shale with or without
(2) evaporite (perennial hypersaline lake), (3) peloidal
dolomite grainstone and/or silty dolomitic mudstone
(shallow saline lake, above wave base), and (4) mas-
sive mudstone with disruption features or desiccation
cracks, and/or siliciclastic sandstone with ripple cross
-stratification (subaerially-exposed mudflat-sheet del-
ta) (Figure 13). Vertical changes of these four rock
types indicate changes in lake depth (shallowing or
deepening). Here, we define vertical successions on
the basis of “shallowing-upward” trends. Authigenic
dolomite mudstone is associated with oil shale and
silty dolomitic mudstone, but, because of its rarity,
was not included in this discussion of vertical succes-
sions.

An idealized shallowing-upward vertical succes-
sion observed in the Solvay S-34-1 core is illustrated
in Figure 13. Oil shale, deposited during the deepest
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lake stage, occurs at the base of the succession. This
interpretation is supported by the wide lateral extent
of many oil shales (Smith et al., 2015), the complete
lack of evidence for exposure or shallow-water fea-
tures in oil shales, and their high organic matter con-
tent and Fe-sulfide minerals, which suggests pro-
longed lake anoxia.

In the idealized shallowing-upward succession, oil
shale (deepest lake stage) is overlain by and common-
ly interlayered with bedded evaporite. Fine scale in-
terlaying of oil shale and evaporite (Figure 4a) sug-
gests that oil shales were deposited in saline waters,
but below trona saturation. Bedded evaporite indi-
cates lake shallowing and salinity increase to reach
saturation with respect to trona and halite while main-
taining continuous subaqueous conditions. Well-
preserved evaporites in the Solvay core, with only ra-
re evidence for syndepositional dissolution, suggests
evaporite deposition occurred below the thermocline
in a density stratified lake, such as in the modern
Dead Sea where the thermocline occurs at depths of
20-30 m (Sirota et al., 2017).

Observations from the modern Dead Sea suggest
that cumulate trona was deposited during the colder,
winter months, whereas bottom growth evaporites
were formed during the warmer, summer months
(Sirota et al., 2017). Rare occurrences of bottom
growth trona with dissolution surfaces, like those ob-
served in trona from Lake Magadi, Kenya, probably
represent periods when the lake shallowed (McNulty
et al., 2017). The WPM oil shale and evaporite depos-
its in the Solvay core are similar to those found in
modern Mono Lake and Lake Bogoria, Kenya, where
deposition of organic matter-rich muds and evaporites
is common (Domagalski et al.,1989; Renaut et al.,
2013; Jagniecki and Lowenstein, 2015; Lowenstein et
al., 2017).

In the idealized shallowing upward succession, oil
shale and evaporite are overlain by peloidal dolomitic
grainstone or silty dolomitic mudstone. The important
characteristics of these two subfacies are wave rip-
ples, which indicate reworking by waves at or above
wave base, and coarser sediment, suggesting deposi-
tion in shallower water or closer to the shoreline than
where oil shale was deposited. Mud peloids, for ex-
ample, occur along the shoreline of the modern Dead
Sea in waters shallower than wave base (Lowenstein
et al., 2021). Shortite after gaylussite, and northupite
nodules and cement in silty dolomitic mudstone and
peloidal dolomitic grainstone, suggest saline, Na-CO;
-HCOs-rich brines existed at the time of deposition of
peloidal dolomitic grainstone and silty dolomitic
mudstone (Smith, 1979; Eugster and Smith, 1965; Ol-
son and Lowenstein, 2021).

In the idealized shallowing-upward succession,
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peloidal dolomitic grainstone or silty dolomitic mud-
stone are overlain by massive mudstone with mud-
cracks and paleosol features and/or siliciclastic sand-
stone with ripple cross-stratification of marker beds A
-I. Mudcracks and paleosol features indicate desicca-
tion. Siliciclastic sandstones also suggest significant
shallowing or desiccation of the lake, allowing for
deposition of channel and sheet flood deposits
(Smoot, 1983; Smoot and Lowenstein, 1991). In the
Solvay core, mudcracked mudstones become com-
mon in the WPM above Trona Bed 16, which marks
the northward shift of the Bridger subbasin depocen-
ter (Walters et al., in review). Such a northward depo-
center shift, and the lack of evaporites above the low-
er WPM in the Solvay core, indicate that trona depo-
sition migrated to a more northward area of the
Bridger subbasin. Despite this shift of the depocenter,
oil shale layers occur in the Solvay core throughout
the WPM, which shows that large lakes existed in
Lake Gosiute throughout WPM deposition.
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Figure 13. Generalized section, based on
observations from the Solvay S-34-1 core,
showing sedimentary features and interpret-
ed depositional environments that define
lower WPM shallowing-upward successions.
Figure numbers refer to representative core
and thin section photographs.

Defined as above, there are 48 shallowing upward
successions in the WPM of the Solvay S-34-1 core
(Figure 14). Eighteen of these successions contain un-
equivocal evidence (mudcracks) for a perennial saline
lake shallowing and drying out. The remaining 30
shallowing-upward successions exhibit evidence of
lake shallowing, but not desiccation. For example, at
585 m and above, oil shale and Trona Bed 9 (TB9)
(perennial saline lake: deepest lake), are overlain by
peloidal dolomite grainstone and silty dolomitic mud-
stone (saline lake, shallower than wave base). Oil
shale and evaporite from TB10 (perennial saline lake:
deepest lake water depth) lie above the peloidal dolo-
mite grainstone and silty dolomitic mudstone. This
succession lacks massive mudstone or siliciclastic
sandstone or any evidence of basin desiccation. But
the vertical transition from oil shale to evaporite to
peloidal dolomite grainstone and silty dolomitic mud-
stone (one shallowing upward succession) and then
back to oil shale and evaporite (base of overlying
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Figure 14. Detailed measured section of Wilkins Peak Member interval in the Solvay S-34-1 core. Black triangles show 48 shallowing-upward successions.
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shallowing upward succession) implies lake shallow-
ing followed by deepening. Of the 18 shallowing-
upward successions below Trona Bed 16 and the shift
in the basin depocenter, only four contain evidence
for complete desiccation at the hydrologic low point.
Above Trona Bed 16 and the northward shift of the
basin depocenter, basin desiccation is much more
common (14 out of 30 successions contain mud-
cracks).

CONCLUSIONS

1. The close association of oil shale with bottom
growth evaporite and cumulate trona in the WPM in
the Solvay S-34-1 core indicates evaporite accumula-
tion below the thermocline of a perennial hypersaline
lake and not a saline pan as interpreted by previous
workers.

2. Interlayered trona and oil shale represent peri-
ods when lake waters were above and below trona
saturation, likely due to seasonal temperature changes
of the hypersaline brine body.

3. Rare instances of trona with dissolution surfac-
es represent periods of evaporite accumulation in a
shallower saline lake with no thermocline, similar to
Lake Magadi, Kenya where bottom growth trona with
dissolution surfaces is common.

4. Mudcracked mudstones and siliciclastic sand-
stones in the WPM of the Solvay core represent peri-
odic desiccation at the hydrologic low point of the
Bridger subbasin. After deposition of Trona Bed 16,
the basin depocenter shifted northward, and the abun-
dance of mudcracked mudstone associated with allu-
vial marker bed facies increases, and evaporites are
rare.

5. Dolomitic mudstone laminae are commonly
compacted around diagenetic shortite crystals
(commonly as pseudomorphs after gaylussite), sug-
gesting displacive growth before lithification. This
implies that Na-CO;-HCOs-rich brines existed during
deposition and burial temperatures reached at least
52°C.

6. Four key facies indicators used to define repeti-
tive shallowing upward successions in the Solvay
core are (1) oil shale with or without (2) evaporite
(perennial hypersaline lake), (3) peloidal dolomitic
grainstone and/or silty dolomitic mudstone (shallow
saline lake, above wave base) and (4) massive mud-
stone with disruption features or desiccation cracks,
and/or siliciclastic sandstone with ripple cross-
stratification (mudflat-sheet delta).

7. In the Solvay core, there are 48 shallowing-
upward successions, 18 of which contain key litholo-
gies diagnostic of lake desiccation. Of the 18 shallow-
ing-upward successions deposited near the hydrologic
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low point (successions below Trona Bed 16), 4 show
evidence for complete desiccation.
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