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3 (150 ft) Sears, J.D., 1926, Geology of the Baxter Basin gas field, Sweetwater County, Wyoming, in
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subangular to subrounded, quartz- and iron oxide-rich, gypsiferous, variably
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made from, or any decisions based on, the digital data or printed map. The WSGS and the State of
Wyoming retain and do not waive sovereign immunity.

The use of or reference to trademarks, trade names, or other product or company names in this
publication is for descriptive or informational purposes only, or is pursuant to licensing agreements
between the WSGS or State of Wyoming and software or hardware developers/vendors, and does
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NOTICE TO USERS OF INFORMATION FROM THE
WYOMING STATE GEOLOGICAL SURVEY

The WSGS encourages the fair use of its material. We request that credit be expressly given to the
“Wyoming State Geological Survey” when citing information from this publication. Please contact
the WSGS at 307-766-2286, or by email at wsgs-info@wyo.gov if you have questions about citing
materials, preparing acknowledgments, or extensive use of this material. We appreciate your
cooperation.

Individuals with disabilities who require an alternative form of this publication should contact the
WSGS. For the TTY relay operator, call 800-877-9975.

For more information about the WSGS or to order publications and maps, go to
WwWW.wsgs.wyo.gov, call 307-766-2286, or email wsgs-info@wyo.gov.

NOTICE FOR OPEN FILE REPORTS PUBLISHED BY THE WSGS

Open File Reports are preliminary and usually require additional fieldwork and/or compilation and
analysis; they are meant to be a first release of information for public comment and review. The
WSGS welcomes any comments, suggestions, and contributions from users of the information.
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INTRODUCTION

The South Baxter 7.5-minute quadrangle is located in southwestern Wyoming (fig. 1), along the southeastern flank
of the Rock Springs Uplift. The axis of the Rock Springs Uplift extends along the western boundary of the map
area, exposing southeast-dipping Upper Cretaceous rocks at its core that are unconformably capped by subhori-
zontal Paleogene strata.
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MAP LOCATION/

Figure 1. Map showing location of study area in Greater Green River Basin. Extent of the South Baxter quadrangle is shown as
solid red rectangle, positioned along the southern end of the Rock Springs Uplift. Major structural features, basins, and uplifts are
named; counties are outlined in gray.

While the South Baxter quadrangle has not previously been mapped at the 1:24,000 scale, extensive regional
mapping at various scales has covered portions of the map area. Schultz (1920) produced a general 1:250,000-scale
map that served as a basis for Sears’s (1926) 1:62,500-scale map of the Baxter Basin gas field and Roehler’s (1977)
1:125,000-scale map of the Rock Springs Uplift. Numerous structural maps of the Baxter Basin and Joyce Creek
gas fields have been produced as well, including those by Fidlar (1950) and Reese (1968). Adjacent 1:24,000-scale
bedrock maps include Titsworth Gap (Roehler, 1973) to the south, Mud Springs (Roehler, 1978) to the east, and
Camel Rock (Roehler, 1979) to the northeast.



Field mapping and sample collection occurred from June to October 2019. Whole rock and sediment samples were
gathered for geochemical analysis, while detrital zircon and fossil samples were collected to constrain geochronology.

Interpretation of field data, satellite imagery, and previous mapping aided in the final creation of the map and report.
This project was completed in cooperation with the U.S. Geological Survey StateMap grant award G19AC00142.

Location

The Rock Springs Uplift spans 96 km (60 mi) north to south and 64 km (40 mi) east to west within the central
portion of the Greater Green River Basin of southwestern Wyoming (fig. 1). This structural high separates the
Green River Basin to the west from the Great Divide Basin and the Washakie Basin to the northeast and southeast,
respectively. The South Baxter 1:24,000-scale quadrangle (Tps. 15-16 N. and Rgs. 103—-104 W.) is in south-central
Sweetwater County, Wyoming, on the southeastern flank of the Rock Springs Uplift.

The northern border of the quadrangle is approximately 23 km (14.3 mi) south of Rock Springs, Wyoming. The
field area is best accessed from County Road 27 (Aspen Mountain Road). County roads 32 (Mud Springs Road),
73 (Brooks Ranch Road), and 30 (South Baxter Road) also allow access to the quadrangle, along with numerous
two-track roads.

GEOLOGY

Upper Cretaceous sedimentary rocks dominate the outcrops of the South Baxter quadrangle and dip shallowly to the
southeast off the southern flank of the Rock Springs Uplift. In the western side of the map area, Oligocene Bishop
Conglomerate unconformably overlies the Upper Cretaceous units. During the Late Cretaceous, the majority of
Wyoming was covered by the Western Interior Seaway (W1IS), an epicontinental sea that longitudinally spanned
across the center of North America (Steidtmann, 1993). Resulting sediment deposition during the Coniacian to
early Campanian (Upper Cretaceous) formed the Baxter Shale, a deep marine sequence primarily composed of shale
with minor sandstones in the upper extent of the formation (fig. 2). The sand content gradually increases toward the
top of the unit and grades into the coarser sediments of the overlying Mesaverde Group (fig. 3), which represents
a period of shoreline regression (Rudolph and others, 2015). The minimum depositional age is constrained to be
lower Campanian by the index fossil Scaphites hippocrepis found in the upper part of the Baxter Shale (Cobban and
others, 1994).
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Figure 2. (Left) Photograph of outcrop of gray silty shale of the upper part of the Baxter
Shale (Kba) exposed in badger hole in Circle Basin. Hammer in photograph is 35 cm (13.5

in) long.

Figure 3. (Above) Photograph showing contacts between overlying Bishop Conglomer-
ate (Tbi), Blair Formation (Kbl), basal sandstones of the Blair Formation (Kbls), and the
Baxter Shale (Kba). Baxter Shale often well exposed below upper contact with the basal
sandstone of the Blair Formation, which is typically cliff-forming.



Between the early Campanian and the early Maastrichtian, sea level fluctua-
tions and the initiation of the Laramide orogeny resulted in the deposition of $8
the Mesaverde Group and the formation of the Rock Springs Uplift (Roehler,
1990). Only the oldest two formations of the Mesaverde Group are present
in the map area: the Blair Formation and the Rock Springs Formation. The
Blair Formation is primarily composed of interbedded ripple-bedded sand-
stones and shales, with a thick package of cliff-forming basal sandstones (figs. #
3 and 4). The basal sandstones formed in a fluvial-deltaic environment, and §
are topped by a thick shale-dominated sequence deposited during a minor
transgression of the WIS (Hale, 1950; Rudolph and others, 2015). The shales,
thin siltstones, and sandstones that comprise the Blair Formation’s upper §
extent were likely deposited in distal delta-front and prodelta environments £
by low-density sediment gravity flows during a regressive period of the W1IS.
The prevalence of sandstone beds and coarser sediment increases toward the £
top of the formation, which intertongues with the base of the overlying Rock =
Springs Formation. Within the Blair Formation, the ubiquitous presence of 7/
the index fossil Scaphites hippocrepis restricts the formation’s depositional age ~** e o

to lower Campanian (Smith, 1961). Figure 4. Photograph of outcrop of the

basal sandstones of the Blair Formation

) (Kbls) showing ripple-bedded sandstone
Only the Chimney Rock Tongue and the lower part of the Black Butte Tongue o verbedded with thin horizons of shale.

of the Rock Springs Formation are present within the South Baxter quadran- . . :

gle. The Chimne{if Rock Tongue (fig. 5) is largely composed of sandstone Geologist for scale is 1.75 m (69 in) tall.
interbedded with thin shales that accumulated in nearshore environments

ranging from lagoon to shallow marine (Keith, 1965). Shoreline regression

occurred due to subsequent basin subsidence, resulting in a sharp transi-
tion to the shale-rich Black Butte Tongue (fig. 6; Hale, 1955). WIS ammo-
nite zone correlation constrains the Rock Springs Formation to early
Campanian (Gill and others, 1970). U-Pb detrital zircon geochronology
of a Black Butte Tongue sample (SB-190729-PW-B1) collected in the map
area yields a maximum depositional age of 82.4 + 9.9 Ma (weighted mean

age at 95 percent confidence; Appendix 3).

Growth of the Rock Springs Uplift continued into the late Eocene and
early Oligocene, during which a period of crustal stability fostered the
development of the Gilbert Peak erosional surface (fig. 6). Alluvium and
colluvium primarily derived from the Uinta Mountains accumulated on
this pediment and eventually lithified to form the Bishop Conglomerate
(Bradley, 1936; Hansen, 1986). In the western part of the South Baxter
quadrangle, Bishop Conglomerate caps plateaus of Upper Cretaceous
rocks (figs. 6 and 7). U-Pb detrital zircon studies of multiple facies within
the greater Firehole Canyon area yielded maximum depositional ages
ranging from 35.5 + 0.6 Ma to 31.2 + 0.6 Ma (Aslan and others, 2017).
Near Diamond Mountain Plateau, Utah, K-Ar analysis of biotite within i ‘ :
Bishop Conglomerate tuff beds yielded ages of 29.50 + 1.08 Ma to 26.2 Figure 5. Photograph of an outcrop of
+0.7 Ma (\Winkler, 1970; Hansen, 1986). the Blair Formation (Kbl), overlain by the
Chimney Rock Tongue of the Rock Springs
A conglomeratic sample (LB-190802KK-C) with similar lithology and FormanonT(hKrsc) in the S?utherfn E arlglof t};
appearance to the Bishop Conglomerate was gathered in the adjacent Lion $Zg§;e;e d;;lfn[; etz g (l))mr(:;z:;ivte :halzlivit(}lr_
Bluffs quadrangle for U-Pb detrital zircon geochronology. The youngest .~ 1 ayers, w}):il e the thin but more
cluster of grains yields a maximum depositional age of 43.5 + 1.2 Ma

> - resistant sands of the Chimney Rock Tongue
(weighted mean age at 95 percent confidence; Kehoe and others, 2020). (end to cap ridges and form low hills.

AN
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Figure 6. Pf}otograph of an outcrop of a sandier layer ) Figure 7. Photograph of an outcrop of Bishop Conglomerate
(foregr(fund) in the .Bla.ck Butte Tongue of the Rock Springs (Tbi) showing poorly sorted clasts, ranging from 1 cm (0.4 in)
Formation (Krsb) dipping to the south and unconformably to 30 cm (12 in), with trough cross-bedding in finer-grained,

overlain by the relatively flat-lying Bishop Conglomerate (Tbi).  ma¢rix-dominated layers. Hammer in photograph is 40.6 cm
The mesa in the background is a typical example of the Gilbert (16 ip) long.

Peak erosion surface that dominates the topography in the
southern Rock Springs Uplift. The basal contact of the Bishop
conglomerate, which caps the mesa, is marked by a line of
vegetation.

However, the youngest single grain in the sample is 25.9 + 2.3 Ma, younger than other regional Bishop samples
(Aslan and others, 2017). Further, the positioning of the outcrop, which is 182 m (600 ft) below the typical Bishop
conglomerate samples and on the valley floor, suggests that this may be a sample of the Miocene Browns Park
Formation instead. See Kehoe and others (2020) for further discussion.

Bedrock units of the South Baxter quadrangle have since been eroded, reworked, and deposited as alluvium, col-
luvium, and landslide debris.

Structure

The South Baxter quadrangle is positioned along the southern end of the Rock Springs Uplift, which is a base-
ment-cored, low-amplitude, asymmetric, doubly plunging, generally north—south-trending anticline. The crest of
the anticline does not intersect the map area, but crosses sec. 29, T. 16 N., R. 104 W. through sec. 16, T. 15 N., R.
104 W in the adjacent Earnest Butte quadrangle to the west (Lynds and others, 2020). As a result, the rocks within
the quadrangle generally dip toward the southeast.

Offset within the southern Rock Springs Uplift is primarily controlled by several extensive, north—northeast-trend-
ing, west-vergent reverse faults with significant right-lateral oblique motion (Besse, 1999). The uplift’s major axis lies
within the hanging wall of the easternmost of these faults, which is the primary structure exposed within the adjacent
Earnest Butte (Lynds and others, 2020) and Lion Bluffs quadrangles (Kehoe and others, 2020). This easternmost
fault, which has been verified at depth from seismic data and geophysical well log correlation, has more than 1,200
m (4,000 ft) of vertical displacement within the Paleozoic section (Besse, 1999). Numerous smaller faults break the
surface in the northwestern part of the South Baxter map area, and are generally conjugate to the major regional
subsurface faults and vary in lateral extent as well as amount and orientation of displacement.

Regional seismic lines and geophysical well log correlation show a series of subsurface, east—west-trending, north-ver-
gent, high-angle reverse faults on the southeastern flank of the uplift (Besse, 1999). The northernmost of these
crosses the center of the South Baxter quadrangle and is associated with the low-amplitude, east-plunging Gottsche
Ranch Anticline-Syncline pair (Roehler, 1978; Besse, 1999). Several other northeast-trending, west—northwest-ver-
gent subsurface reverse faults occur south of this fault; the northernmost of these faults appears to terminate at the
main east—west-trending fault. However, as a result of limited subsurface data, the continuity and extent of these
is not known.



ECONOMICS

Qil and Gas

Several oil and gas fields overlap the South Baxter quadrangle, including the Circle Basin portion of the South
Baxter Basin field, and the Joyce Creek, Salt Wells, and Little Worm Creek fields. Since 1915, forty-nine wells have
been drilled on the quadrangle (table 1). Nine of these wells have produced oil, and 17 have produced natural gas.
Currently, 2 wells are producing oil and 8 are producing natural gas. From 1978 through 2019, 54,022 barrels of
oil, 10.73 billion cubic feet of natural gas, and 343,412 barrels of water were produced from wells within the quad-
rangle. Target formations include the Permian-age Phosphoria Formation and the Cretaceous-age Dakota and

Frontier formations (WOGCC, 2020).

The location of most well sites were confirmed through either aerial imagery or physical location in the field. Field-
confirmed well locations were recorded with handheld GPS. The confirmed positions were subsequently compared
to well site locations reported by the Wyoming Oil and Gas Conservation Commission (2020) and corrected on
the final map when necessary.

Table 1. Records and field-verified locations and status for wells within the South Baxter quadrangle (WOGCC, 2020).

Total Gas Qil Water
Latitude Longitude depth produced produced produced Producing or target

API Number Well name Company (NAD27) (NAD27) Year Status (ft) (Mcf) (Bbl) (Bbl) formation(s)
49-037-05216 GOVT 1 Benedum Interests 41.25222 -109.10775 1964 DH 5,002 - - - DAKOTA
49-037-05218 GOVT 2-26 Caulkins Oil CO 41.25314 -109.09828 1957 DH 5,074 - - - MORRISON
49-037-05223 GOVT 1 Kramer Huff Drlg CO 41.27487 -109.11756 1961 DH 5,216 - - - UNKNOWN
49-037-05224 GOVT 1-14 Caulkins Oil CO 41.28568 -109.09898 1959 DH 4,946 - - - UNKNOWN
49-037-05226 JOYCE CREEK 31-18A US Natural Gas CO 41.28552 -109.05156 1963 DH 4,011 - - - DAKOTA
49-037-05227 RJCOOK 1 Skelly Oil Company 41.28626 -109.03560 1960 DH 4,698 - - - MORRISON
49-037-05228 UNIT FEDERAL 24-7A Crown O&G CO INC 41.28762 -109.05334 1962 PG 4,855 242,652 433 17 FRONTIER
49-037-05229 DAN’S CREEK 1 Davis Oil CO 41.28902 -109.00844 1963 DH 5,004 - - - MORRISON
49-037-05230 FEDERAL 4-8A Caulkins Oil CO 41.28906 -109.04045 1958 DH 5,055 - - - DAKOTA
49-037-05233 UNIT 23-8A Crown O&G CO INC 41.29745 -109.03268 1964 Al 4,075 - - - DAKOTA
49-037-05234 UNIT 3-8A Crown O&G CO INC 41.29264 -109.04198 1960 PG 4,100 726,075 425 17 FRONTIER
49-037-05236 CAPITOL COMPANY 1 1 Mountain Fuel Supply 41.29563 -109.10736 1951 DH 4365 - - - MORRISON
49-037-05239 UNIT 32-8A Crown O&G CO INC 41.29769 -109.03263 1962 PG 4,440 365,001 406 - FRONTIER
49-037-05240 *CAPITOL -GOV’T 1 Ibex Resources Operg 41.30028 -109.09389 1955 DH 7,230 - - - UNKNOWN
49-037-05241 GREAT WESTERN 1-11 Ibex Resources Operg 41.30007 -109.09327 1962 PA 3,800 80,878 - - FRONTIER
49-037-05252 GOVT 1 Pray Max 41.35080 -109.06974 1959 DH 4,709 - - - UNKNOWN
49-037-05253 AJPOSTON 3 North Shore E & P 41.35108 -109.11787 1933 PG 2,732 874,060 - 362 FRONTIER
49-037-05254 E08341 A1 Marathon Oil Company 41.35936 -109.10201 1924 DH 2,610 - - - UNKNOWN
49-037-05258 UPRR PATENTED 1 Wexpro Company 41.35809 -109.12371 1922 DH 2,950 - - - DAKOTA
49-037-05259  UNIT POSTON E-08341 2 AJ ‘Wexpro Company 41.35805 -109.11854 1928 PA 2,869 100,734 - 55 FRONTIER, DAKOTA
49-037-05260 SOUTH BAXTER 1 Petrol Oil & Gas INC 41.35900 -109.10051 1915 DH 100 - - - UNKNOWN
49-037-05263 STATE LAND 2 Mountain Fuel Supply 41.36160 -109.12314 1930 DH 2,190 - - - FRONTIER
49-037-05264 UNIT UPRR 2 ‘Wexpro Company 41.36173 -109.11781 1930 PA 2,200 41 - - FRONTIER
49-037-05265 ~ BAXTER BASIN SO UNIT 1 Mountain Fuel Supply 41.36445 -109.12169 1922 PA 2,693 7,700 - - DAKOTA
49-037-05266 ADAM COOPER PATENTED 1 North Shore E & P 41.36536 -109.10894 1936 PG 2,222 1,937,134 - 696 FRONTIER
49-037-05267 1 Montana Power Company 41.36738 -109.05203 1924 DH 30 - - - UNKNOWN
49-037-05269 UPRR PATENTED 3 ‘Wexpro Company 41.36898 -109.10415 1937 DH 2322 - - - FRONTIER
49-037-05271 BURNT CANYON UNIT 2 Pray Max 41.37248 -109.02313 1960 DH 1,403 - - - BAXTER
49-037-05272 JH BROOKS PATENTED 1 Mountain Fuel Supply 41.37264 -109.10830 1935 DH 2,195 - - 16 FRONTIER
49-037-05273 ~ BURNT CANYON UNIT 2-X Pray Max 41.37248 -109.02324 1960 DH 4,822 - - - UNKNOWN
49-037-20237 OCONNELL-GOVT 1 Chandler & Assoc INC 41.27435 -109.00361 1970 DH 4,885 - - - MORRISON
49-037-20249 FEDERAL-GRYNBERG 1 Grynberg Jack J 41.29287 -109.07509 1970 DH 4,687 - - - UNKNOWN
49-037-20307 BROOKS 1 Occidental Petr 41.31787 -109.10285 1971 DH 4,285 - - - UNKNOWN
49-037-20347 GOVT 1 Crown O&G CO INC 41.29572 -109.03792 1972 PO 8,290 54,102 33,842 306,732 DAKOTA
49-037-20392 JOYCE CREEK 2 Crown O&G CO INC 41.29628 -109.04200 1972 PG 6,720 1,174,510 475 75 FRONTIER, DAKOTA
49-037-20396 BAXTER BASIN UNIT 15 North Shore E & P 41.36322 -109.12457 1973 PG 7,130 2,002,383 - 257 DAKOTA
49-037-20507 JOYCE CREEK 3 Hilliard O&G INC 41.29990 -109.04201 1973 DH 4,150 - - - DAKOTA
49-037-20530 JOYCE CREEK 4 Crown O&G CO INC 41.29280 -109.04664 1973 PO 4,725 43451 6,497 29,746 DAKOTA
49-037-20705 *JOYCE CREEK 11-8 Devon Corporation 41.29401 -109.03301 1975 DH 17,012 - - - UNKNOWN




Table 1 Continued

Total Gas Qil Water
Latitude Longitude depth produced produced produced Producing or target

API Number Well name Company (NAD27) (NAD27) Year Status (ft) (Mcf) (Bbl) (Bbl) formation(s)
49-037-20728 NORTHWEST JOYCE CREK 1 Davis Oil CO 41.32125 -109.05646 1975 DH 4,977 - - - UNKNOWN
49-037-20973 POLUMBUS 1-1 Ibex Resources Operg 41.30384 -109.07923 1977 PA 7,165 2,002,508 6,982 3,540 PHOSPHORIA
49-037-21188 CITIES-FEDERAL 1-10 Great Western Drl CO 41.29118 -109.11607 1978 DH 7,385 - - - UNKNOWN
49-037-21418 PRETTY WATER CREEK 3-11 Ibex Resources Operg 41.29829 -109.09519 1979 PA 7,179 612,542 3,786 1,859 PHOSPHORIA
49-037-21419 FEDERAL 1-2 Ibex Resources Operg 41.30552 -109.08627 1981 PA 7,130 429,140 1,176 - PHOSPHORIA
49-037-21490 FEDERAL 1-6 Great Western Drl CO 41.31455 -109.06098 1979 DH 4,993 - - - DAKOTA
49-037-22783 SE JOYCE CREEK 20-29 Pacific Entpr Oil CO 41.25411 -109.02986 1990 DH 5419 - - - MORRISON
49-037-23245 NOZZLENOB 2-14 Anadarko E&P Onshore LLC ~ 41.27659 -109.08706 1993 DH 4,542 - - - DAKOTA
49-037-24907 SOUTH BAXTER UNIT 21 North Shore E & P 41.37207 -109.12022 2001 PG 2,552 73,531 - 40 FRONTIER
49-037-26969 SOUTH BAXTER 30 ‘Wexpro Company 41.34699 -109.12320 2006 DH 3,437 - - - DAKOTA

Uranium

There are no active or historic uranium mines or prospect pits on the South Baxter quadrangle. However, in the
1970s and 1980s, the Department of Energy’s National Uranium Resource Evaluation (NURE) program collected
19 sediment samples from locations within the map area in an effort to identify uranium occurrences across the
United States (U.S. Geological Survey, 2004). Thirteen of these sites were resampled in 2019. Results from the
geochemical analysis of these samples are reported in Appendix 2.

Aggregate

Historically, aggregate was mined from the Bishop
Conglomerate in two locations within the South §
Baxter quadrangle. The Joyce Creek sand and gravel
pit, in the southwestern part of the map area along §
County Road 27, operated from 1986 to 2016. The
second mine is unnamed and exists along the north-
ern boundary of the quadrangle (fig. 8).

Although no active mines exist on the South Baxter
quadrangle, development potential for aggregate
resources is favorable. The Bishop Conglomerate
often weathers into unconsolidated colluvium sur-

faces that are typically less than 0.6 m (2 ft) thick Figure 8. Photograph of small aggregate pit in Bishop Conglomerate

but llilterally CXtCH?lVC, ?uih as those fﬁurlld 1(111 th:i (Tbi) near northern boundary of quadrangle. Hammer in photograph
southwestern portion of the map (Sutherland and i 49 5 o (16 in) long,

others, 2018).
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APPENDIX |I: GEOCHEMICAL ANALYSES—ROCK SAMPLES

ALS Chemex, in Reno, Nevada, analyzed one sample from the South Baxter quadrangle using complete elemental
characterization package CCP-PCKO1 for whole rock, trace elements, rare earths, and base metals. Analyses were
conducted using inductively coupled plasma (ICP) atomic emission spectrometry, ICP mass spectrometry, and by
infrared spectroscopy via induction furnace. The sample submitted for geochemical analysis was selected to collect
baseline data of strata that has not undergone alteration observed elsewhere in the region. Data table A1 shows sample
name, sampled formation, location, and the elemental results as reported by ALS Chemex. All sample locations are
shown on the map.

APPENDIX 2: GEOCHEMICAL ANALYSES—STREAM-SEDIMENT SAMPLES

Stream-sediment samples were collected from the South Baxter quadrangle to test the reproducibility of geochem-
ical results obtained from sediment samples collected in the late 1970s as part of the National Uranium Resource
Evaluation (NURE) program (Smith, 1997). Sample locations were chosen to mimic those of the original NURE
dataset. AGAT Laboratories, from Mississauga, Ontario, analyzed thirteen stream-sediment samples for 58 elements
using sodium peroxide fusion followed by ICP-OES and ICP-MS finish (AGAT method code: 201 378; AGAT
SOP: MIN-200-12001). Data table A2 shows sample name, location, and the elemental results as reported by AGAT
Laboratories. All sample locations are shown on the map.

APPENDIX 3: DETRITAL ZIRCON GEOCHRONOLOGY
U-Pb Methodology

Detrital zircon geochronology analyses were carried out at the Arizona LaserChron Center at the University of
Arizona, and the following text is modified from Pecha (2019). Zircon grains were extracted from bulk sample,
including density separation using a Wilfley table and heavy liquids (methylene i). The resulting heavy mineral
fraction then underwent separation using a Frantz LB-1 magnetic barrier separator to isolate the zircons. A represen-
tative split of the entire zircon yield of each sample was incorporated into a 1-inch epoxy mount along with multiple
fragments of each of the three zircon standards (FC1, SL-mix, and R33). The mounts were sanded down approxi-
mately 20 microns, polished progressively using a 9-, 5-, 3-, and 1-micron polishing pads, and backscatter electron
(BSE) imaged using a Hitachi S-3400N scanning electron microscope (SEM) equipped with a Gatan Chroma
CL2 detector. Prior to isotopic analysis, the mounts were cleaned in an ultrasound bath of 1 percent HNO, and 1
percent HCl in order to remove any residual common Pb from the surface of the mount.

U-Pb geochronology of individual zircon crystals was conducted by laser ablation multicollector inductively coupled
mass spectrometry (LA-ICPMS) at the Arizona LaserChron Center (Gehrels and others, 2006, 2008). The isoto-
pic analyses involved ablation of zircon using a Photon Machines Analyte G2 excimer laser coupled to a Thermo
Element 2 single-collector-ICPMS. Dirill rate is approximately one micron per second, resulting in a final ablation
pit depth of about 12 microns.

The errors in determining the °°Pb/?*8U and 2*°Pb/?*“Pb result in a final measurement error of approximately 1-2
percent (at 26 level) in the 2*°Pb/***U age for each analysis. The errors in determining 2°°Pb/?’Pb and *°Pb/***Pb also
result in approximately 1-2 percent (at 26 level) uncertainty in age for grains that are older than 900 Ma, however,
they are substantially larger for younger grains due to the low intensity of the **’Pb signal.

The common Pb correction is accomplished by using the Hg-corrected **Pb and assuming an initial Pb composi-
tion from Stacey and Kramers (1975). Uncertainties of 1.5 for 2°°Pb/2*“Pb and 0.3 for *’Pb/***Pb are applied to these
compositional values based on the variation in Pb isotopic composition in modern crystalline rocks. Interference of

24Hg with 2*“Pb is accounted for measurement of **Hg during laser ablation and subtraction of ***Hg, according
to the natural **Hg/***Hg of 4.35.
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U-Pb Results

One sample was collected for detrital zircon geochronology from the Black Butte Tongue of the Rock Springs
Formation. The location of the sample is shown on the map, and the sample location is summarized in data table A3.

The maximum depositional age was calculated by multiple methods following Dickinson and Gehrels (2009),
with results summarized in data table A3. Youngest single grain (YSG) is the absolute youngest age measured in
a sample. The probability density peak (PDP) age was calculated from the crest of the youngest discrete age peak
on a probability density plot. Final age (FA), or age incorporating both internal analytical error accounted for with
the weighted mean age and external systematic error, was calculated using the DZ Age Pick Program (version of
September 1, 2009) of the Arizona LaserChron Center (www.geo.arizona.edu/alc). The weighted mean age at 26
was determined from the youngest cluster of three or more grain ages (i > 3) overlapping in age by weighting each
measurement by the square of its uncertainty. This method assumes the grains are cogenetic and is valid if the mean
square weighted deviation (MSWD) of the set of grains is near one.

Compiled single zircon age results for the sample are summarized and reported in data table A3. Uncertainties
shown in these results are at the 16 level and include only measurement errors. Complete digital analytical data are
available from the Wyoming State Geological Survey (Www.wsgs.wyo.gov/).
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