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T hi s o p e n-fil e r el e a s e m a k e s i nf or m ati o n a v ail a bl e t o t h e p u bli c d uri n g t h e r e vi e w a n d pr o d u cti o n p eri o d n e c e s s ar y f or a f or m al 
U G S p u bli c ati o n. T h e m a p m a y b e i n c o m pl et e, a n d i n c o n si st e n ci e s, err or s, a n d o mi s si o n s h a v e n ot b e e n r e s ol v e d. T h e m a p m a y 
n ot c o nf or m t o U G S p oli c y a n d e dit ori al st a n d ar d s a n d it m a y b e pr e m at ur e f or a n i n di vi d u al or gr o u p t o t a k e a cti o n s b a s e d o n it s 
c o nt e nt s. Alt h o u g h t hi s pr o d u ct r e pr e s e nt s t h e w or k of pr of e s si o n al s ci e nti st s, t h e Ut a h D e p art m e nt of N at ur al R e s o ur c e s, Ut a h 
G e ol o gi c al S ur v e y, m a k e s n o w arr a nt y, e x pr e s s e d or i m pli e d, r e g ar di n g it s s uit a bilit y f or a p arti c ul ar u s e. T h e Ut a h D e p art m e nt of 
N at ur al R e s o ur c e s, Ut a h G e ol o gi c al S ur v e y, s h all n ot b e li a bl e u n d er a n y cir c u m st a n c e s f or a n y dir e ct, i n dir e ct, s p e ci al, 
i n ci d e nt al, or c o n s e q u e nti al d a m a g e s wit h r e s p e ct t o cl ai m s b y u s er s of t hi s pr o d u ct. G e ol o g y i nt e n d e d f or u s e at 1: 6 2, 5 0 0 s c al e.
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e x pr e s s e d or i m pli e d, of t h e U. S. G o v er n m e nt.
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INTRODUCTION

The Bonneville Salt Flats and east part of the Wendover 30' x 60' quadrangles extend along the Interstate highway 80 corridor 
in northwestern Tooele County, northwest Utah (figure 1). The map area is in the eastern Basin and Range Province; on the west 
it includes the city of Wendover, the Leppy Hills, Silver Island Mountains, Floating Island, Pilot Valley, and a small part of the 
Pilot Range; on the east are the Grassy Mountains, Grassy Ridge, Finger Ridge, Grayback Hills, Thumb Ridge, other low hills, 
Ripple Valley, Lone Mountain (informal name), and a small part of the Cedar Mountains; the central part includes the Great Salt 
Lake Desert and southern tip of the Newfoundland Mountains (figure 1). Part of the desert includes the Bonneville Salt Flats, 
a salt pan known for land speed records at the Bonneville Speedway. Most of the map area is public land (Federal and State 
administered) and military land (U.S. Air Force ranges, also known as UTTR - Utah Test and Training Ranges). Smaller areas 
of private land are used for waste management and potash extraction.

This geologic map is part of an ongoing effort to map the geology of the state of Utah at an intermediate scale (see Willis, 2017). 
This map displays the first year of work (northeast part) on a multi-year project to map the geology of the Bonneville Salt Flats 
quadrangle and the Utah part of the Wendover 30' x 60' quadrangle at 1:62,500 scale (plate 1, figure 1). The map explanation 
includes a booklet containing geologic unit descriptions, references, figures and tables, and also includes plate 2 showing map-
ping sources, geologic units, correlation charts, lithologic columns, and geologic symbols.

Year 1 map data were compiled from several prior sources, and updated where needed (see plate 2, mapping sources). Clark 
compiled and mapped the bedrock and surficial-deposit geology with assistance from Oviatt. Gravity data used to delineate 
basin-bounding faults are from PACES (2012) and Smith and others (2011). We extended intermediate-scale mapping from 
adjacent areas including Dugway Proving Ground (Clark and others, 2016), Rush Valley 30' x 60' quadrangle (Clark and others, 
2012, 2018 in review), Tooele 30' x 60' quadrangle (Clark and others, 2017, 2018 in review), and Newfoundland Mountains 
30' x 60' quadrangle (Miller and others, in review). This map updates prior less detailed (1:250,000 scale) geologic maps by 
Stokes (1963) and Moore and Sorensen (1979). Future work will involve collaboration with U.S. Geological Survey (USGS) 
geologists who have mapped the geology in the northwestern part of the map area.

GEOLOGIC  UNIT DESCRIPTIONS 

QUATERNARY SURFICIAL DEPOSITS

Alluvial deposits

Qafy Younger fan alluvium (Holocene to uppermost Pleistocene) – Poorly sorted gravel, sand, silt, and clay; deposited 
by streams, debris flows, and debris floods on alluvial fans and in mountain valleys; includes alluvium and colluvium 
in mountain valleys; grades into unit Qai in lacustrine lagoons; may include areas of lacustrine fine-grained deposits 
below the Bonneville shoreline; includes active and inactive fans younger than Lake Bonneville, but may include 
older alluvial deposits above the Bonneville shoreline; locally includes eolian silt and sand cover commonly less than 
6 feet (2 m) thick; locally, unit Qafy spreads out on lake terraces and, due to limitations of map scale, is shown to abut 
Lake Bonneville shorelines even though it is not cut by these shorelines; Qafy also locally drapes over, but does not 
completely conceal shorelines; thickness  variable, up to 50 feet (15 m) or more.

Qai  Alluvial silt (Holocene to upper Pleistocene?) – Silt, clay, some sand, and minor gravel deposited by streams and sheet 
wash in former lagoonal areas related to Lake Bonneville shorelines; locally, bottom of lagoonal basins can include 
unexposed, thin, fine-grained lacustrine deposits; thickness less than about 20 feet (6 m).

Eolian deposits

Qes Eolian sand (Holocene) – Windblown sand and silt in dunes and sheets; bedding is variable from laminated to thin, 
with abundant cross-bedding; includes well-sorted, fine to very fine grained quartz sand, and also coarse to very fine 
grained sand of variable composition including gypsum, ooids, carbonate lumps, and shell fragments (gastropods and 
ostracodes); some gypsum compositions are reported to be as much as 60 percent (Jones, 1953; Boden, 2016); we 
noted the dune sand composition in several locations was variable and did not map dunes separately for this project; 
several prior reports included eolian sand dunes of the Great Salt Lake Desert area (Nolan, 1927; Jones, 1953; Eardley, 



Utah Geological Survey2

1962; Doelling, 1964; Stifel, 1964; Dean, 1976, 1978; Doelling and others, 1994; Boden, 2016); locally forms thin 
cover on map units (see stacked units), only thicker deposits mapped as unit Qes; as much as 40 feet (12 m) thick.

Qei  Eolian silt (Holocene) – Windblown silt with minor clay and fine sand that is commonly oolitic; present in the north-
east corner of the map area; also occurs as sheets that typically cap lacustrine and alluvial deposits in stacked units; 
additionally forms thin, unmapped cover on several map units; thickness as much as 10 feet (3 m).

Lacustrine and deltaic deposits (Lake Bonneville)

Qlg  Lacustrine gravel (upper Pleistocene) – Sandy gravel to boulders composed of rock fragments deposited in shore 
zones of Lake Bonneville (figure 2); clasts are typically well rounded and sorted; locally tufa-cemented and draped on 
bedrock (especially at the Provo shoreline, figure 2); not differentiated by transgressive or regressive lake phase; may 
include small areas of lacustrine sand and fines, eolian and pre-Lake Bonneville deposits; thinner deposits on bedrock 
are not mapped; thickness variable, up to 100 feet (30 m) or more.

Qls  Lacustrine sand (upper Pleistocene) – Sand, silt, and sandy marl deposited by transgressive and regressive phases 
of Lake Bonneville; generally thick bedded and well sorted; typically grades downslope to finer-grained lacustrine 
deposits; may include small areas of gravel and fines, and eolian sand and silt; thickness to 60 feet (20 m) or more.

Qlf  Lacustrine fine-grained deposits (upper Pleistocene) – Sand, silt, marl, and calcareous clay of Lake Bonneville; thin 
to very thick bedded; may include ostracode- and gastropod-rich layers; locally includes small areas of sand or sand 
and gravel; Doelling (1964) reported diatomaceous marl in Ripple Valley and Puddle Valley and referred to an area 
as “Diatom Gulch” (sections 17–20, T. 3 N., R. 10 W.); a great variety of diatoms were identified by A.P. Setty from 
section 29, T. 1 N., R. 10 W., and Doelling (1964) also did microscopic examinations of samples from seven loca-
tions; unit Qlf locally includes the white marl of Gilbert (1890); locally can include thin eolian silt and sand deposits 
at surface; thickness as much as 60 feet (20 m) or more.

Qlgf Lacustrine gravel to fine-grained deposits (upper Pleistocene) – Lacustrine deposits with mixed grain sizes where 
stream cuts locally expose much or all of the Lake Bonneville section (figure 2); may include small areas of eolian, 
pre-Lake Bonneville deposits, and bedrock; thickness up to 100 feet (30 m) or more.

Mass-movement deposits

Qms Landslide deposits (Holocene to uppermost Pleistocene?) – One deposit in western Grassy Mountains on steep 
gravelly slope of poorly sorted, clay- to boulder-size debris, and displaced bedrock blocks; generally characterized by 
hummocky topography, main and internal scarps, and chaotic bedding in displaced bedrock; age and stability determi-
nations require detailed geotechnical investigations; thickness highly variable.

Mixed-environment deposits

Qla  Lacustrine and alluvial deposits, undivided (Holocene to upper Pleistocene) – Sand, gravel, silt, and clay; consists 
of alluvial deposits reworked by Lake Bonneville, lacustrine deposits reworked by streams and covered by slopewash 
and alluvial fans, as well as alluvial and lacustrine deposits that cannot be readily differentiated at map scale; grades 
into other lacustrine and alluvial deposits; near Lone Mountain unit Qla is sandier than typical gravelly piedmont 
exposures, probably due to source material; thickness locally exceeds 30 feet (10 m).

Qlme Lacustrine, marsh (wetland), mudflat and eolian deposits, undivided (pre-Lake Bonneville) (Pleistocene) – Subsurface 
only. Lacustrine facies includes white to gray carbonate mud (marl), oolitic sand, sand and mud, pebbly sand; locally 
laminated; contains lacustrine ostracodes including Candona sp. and/or Fabaeformiscandona sp., and Limnocythere 
staplini; marsh/mudflat facies includes mud, sandy mud, fine sand, with marsh or wetland ostracodes and gastropods, 
and rootlet casts; eolian facies includes fine sand, sandy mud, oolitic sand, and paleosols; unit Qlme deposits underlie 
Lake Bonneville deposits in the University of Utah (UU) Knolls sediment core and pit walls of Clive landfill (table 1) 
(Shuey, 1971; Oviatt and Thompson, July 25, 1995, unpublished evaluation of UU Knolls core; Oviatt, 2014, unpub-
lished pit wall logs from Clive landfill); Williams (1994) reported three ash beds from the UU Knolls core including 
an unnamed ash (KNL-142.0), the Lava Creek B ash (0.64 Ma), and Glass Mountain D (?) ash (1.06 Ma) (see table 3); 
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pollen data are from Martin and Mehringer (1965) and Davis (2002); Shuey (1971) conducted paleomagnetic studies; 
unit Qlme may overlie Pliocene deposits?, Pliocene-Miocene Salt Lake Formation, and other Tertiary rock units (noted 
in two drill holes near Salduro; table 2), but there is no direct evidence in this part of the map area; incomplete thickness 
is greater than 22 feet (6.7 m) near Clive (Oviatt, 2014, unpublished pit wall logs from Clive landfill) and greater than 
495 feet (151 m) near Knolls (Oviatt and Thompson, July 25, 1995, unpublished evaluation of UU Knolls core).

Human-derived deposits

Qh  Human disturbance (historical) – Deposits and disturbed areas from human development; includes sand and gravel 
and borrow pits, and developed areas on the former and current U.S. Air Force range (UTTR); more extensive waste 
management areas and evaporation ponds are mapped separately; thickness generally less than about 20 feet (6 m).

Qhw Waste management facilities (historical) – Deposits, disturbed areas, and borrow areas of waste management fa-
cilities within the West Desert Hazardous Industry Area (see Black and others, 1999); includes (1) Grassy Mountain 
landfill, located north of Knolls (hazardous waste, operated by Clean Harbors Environmental), and (2) Clive landfill 
(low-level radioactive and mixed hazardous and radioactive waste, operated by Energy Solutions) and adjacent U.S. 
Department of Energy Vitro Tailings disposal site; waste management area thicknesses are variable, but locally to as 
much as 65 feet (20 m) above ground at the Grassy Mountain facility, and 46 to 85 feet (14–26 m) (both below and 
above ground) at the Clive facility (Utah Department of Environmental Quality communications to D.L. Clark, 2018).

Qhe Evaporation ponds (historical) – Part of laterally extensive evaporation ponds (inactive) formerly operated by Amax 
(predecessor to Magcorp and US Magnesium) located north of Knolls; in the 1980s excess Great Salt Lake water was 
pumped via the West Desert pumping station to the Newfoundland evaporation basin and subsequently transferred to 
the evaporation ponds—a series of diked areas used to concentrate salts through solar evaporation (Jones and others, 
2009; Tripp, 2009); thickness is typically less than 6 feet (<2 m).

Stacked-unit deposits

Consists of thin surficial deposits covering underlying surficial deposit geologic units. The stacked units are limited here due to 
map scale considerations. Thin cover materials may also be present on other geologic units throughout the map area.

Qea/Qlf

  Eolian silt and alluvial deposits over lacustrine fine-grained deposits (Holocene over upper Pleistocene) – Wind-
blown silt in sheets adjacent to and locally covering alluvial sand and gravel in unmapped channels that collectively 
overlie lacustrine marl and fine-grained deposits of Lake Bonneville; cover materials are locally saline or gypsiferous; 
ostracodes were obtained from the Lake Bonneville fines (Qlf) part of the unit (Oviatt and Thompson, July 25, 1995, 
unpublished evaluation of UU Knolls core; Oviatt, 2017; Oviatt and Clark, 2017, unpublished data from hand-dug 
trenches); forms extensive mudflats of the Great Salt Lake Desert, and mapped as playa mud and alluvial mud on some 
adjacent maps; underlain by unit Qlme in subsurface near Clive and Knolls; unit Qea thickness is highly variable 
from 1 inch (3 cm) near Knolls to 1 to 4 feet (0.4–1.1 m) near Clive, and underlying unit Qlf is 3 feet (0.8 m) near 
Knolls and 7 to 10 feet (2.2–3.1 m) thick near Clive (Oviatt, 2014, unpublished data, pit wall logs Clive landfill; Oviatt 
and Clark, 2017, unpublished data from hand-dug trenches).

Qei/Qlf

  Eolian silt over lacustrine fine-grained deposits (Holocene over upper Pleistocene) – Eolian silt forming a mantle on 
fine-grained lacustrine deposits of Lake Bonneville; surface commonly contains distinctive vegetation stripes of uncer-
tain origin (see Oviatt and others, 2003; West and Johnson, 2005); these distinctive stripes were called desert ripples by 
Ives (1946), and Doelling (1964) apparently named Ripple Valley for these features; may include some small areas of 
eolian sand as thin sheets and low dunes; cover unit thickness is highly variable, but possibly as much as 3 feet (1 m).

Qei/Qlg

  Eolian silt over lacustrine gravel (Holocene over upper Pleistocene) – Eolian silt forming a mantle on lacustrine 
gravel in German Valley (Grassy Mountains) and near Clive; cover unit thickness is highly variable, but possibly as 
much as 6 feet (2 m).
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Qei/Qla

  Eolian silt over lacustrine and alluvial deposits (Holocene over upper Pleistocene) – Eolian silt forming a mantle 
on mixed alluvial and lacustrine deposits along lower margins of piedmont around Ripple Valley; cover unit thickness 
is highly variable, but possibly as much as 6 feet (2 m).

Qes/Qla

  Eolian sand over lacustrine and alluvial deposits (Holocene over upper to middle? Pleistocene) – Eolian sand form-
ing a mantle on mixed lacustrine and alluvial deposits along the piedmont west of the Cedar Mountains and above the 
Provo shoreline; cover unit thickness is highly variable, but possibly as much as 6 feet (2 m).

Qes/Qafo

  Eolian sand over older alluvial-fan deposits (Holocene over upper to middle? Pleistocene) – Eolian sand forming 
a mantle on older alluvial-fan deposits along the piedmont west of the Cedar Mountains; older fan deposits consist of 
poorly sorted gravel, sand, silt, and clay; fans are incised by younger streams and locally etched by Lake Bonneville; 
cover unit thickness is highly variable, but possibly as much as 6 feet (2 m).

TERTIARY (NEOGENE-PALEOGENE) ROCK UNITS

Tsl  Salt Lake Formation (Pliocene? to Miocene?) – Two very small exposures of light-brownish-gray, tuffaceous sand-
stone (glassy) that is locally pebbly and conglomeratic; thin bedded; forms slopes in eastern and central Grassy Moun-
tains; queried in small outcrop in higher Grassy Mountains; unit Tsl probably underlies pre-Lake Bonneville deposits 
(including unit Qlme and possibly Pliocene deposits) as a thick section in the subsurface of valleys as indicated by two 
drill holes to the west near Salduro (table 2), but there is no direct evidence in this part of the quadrangle; no direct age 
data in map area, regionally age is Pliocene to Miocene (Oakes and others, 1999; Miller and others, 2012); incomplete 
thickness as much as 20 feet (6 m).

Tls  Tertiary limestone (Oligocene? to Eocene?) – Three small exposures of light grayish-brown lacustrine limestone; 
locally cherty or silicified; poorly bedded; present at Grassy Ridge overlying unit Psd near the Provo shoreline; no 
direct age data, could be part of Salt Lake Formation but probably older; thickness as much as 20 feet (6 m).

Volcanic Rocks of the Grayback Hills and Grassy Mountains

Rock names are based on geochemical classification of Le Bas and others (1986).

Tl  Latite lava flows (Eocene) – Black, gray, grayish-brown, and grayish-red latite and latite porphyry lava flows; locally 
vesicular and flow banded; phenocrysts (10–15%) include (decreasing) calcic plagioclase, pyroxene, olivine, idding-
site, and iron oxides; form extensive exposures in the Grayback Hills that have been modified by Lake Bonneville; 
geochemical data by Hogg (1972), Doelling and others (1994), and this study (table 5); Doelling and others (1994) 
called trachyandesite; yielded K-Ar ages of 38.5 ± 0.6 Ma, whole rock (M. Best, Brigham Young University, in Da-
vies, 1980) and 39.1 ± 1.0 Ma on groundmass (Doelling and others, 1994; UGS and Krueger Enterprises, 2018) (table 
4); thickness as much as 35 feet (11 m) (Doelling and others, 1994).

Til  Latite intrusion (Eocene) – A single neck or plug in the northwest Grayback Hills of latite that is medium- to dark-
gray, weathering to reddish brown; flow banded; forms resistant exposure near outcrops of units Tsd and Tl; geo-
chemical data by Doelling and others (1994) and this study (table 5); no direct age data, but likely of similar age to 
unit Tl; probable source vent of unit Tl; Doelling and others (1994) called trachyandesite and included it with the lava 
flows; width is about 250 feet (75 m).

Tsd  Tuffaceous sandstone and tuff (Eocene) – Tuffaceous conglomeratic sandstone (80%) and interbedded dacitic airfall 
tuff (20%) in the northern Grayback Hills; light-gray tuffaceous sandstone is conglomeratic with clasts up to cobble 
size of limestone, siltstone, sandstone and chert; locally cross-bedded and contains channel forms; bedding is thin to 
medium; grayish-pink and yellowish-gray dacitic tuff is poorly bedded and interlayered with thin bands of reworked 
tuff; tuff is composed of clayey, mostly devitrified glass shards, quartz, mica, and subordinate feldspar and mafic min-



5Interim geologic map of the Bonneville Salt Flats and east part of the Wendover 30' x 60' quadrangles, Tooele County, Utah

erals; few exposures near northern end of volcanic outcrops; geochemical data on dacite tuff in Doelling and others 
(1994) and table 5; K-Ar age of 38.6 ± 1.0 Ma on sanidine (Doelling and others, 1994; UGS and Krueger Enterprises, 
2018), and 40Ar/39Ar total fusion on several plagioclase grains gave a much younger weighted age of about 35.5 Ma 
(M. Pringle, USGS, in Doelling and others, 1994) (table 4); unit Tsd appears to be interlayered with and underlies unit 
Tl, but unit Tl lacks the sanidine phenocrysts of unit Tsd; incomplete measured thickness is 307 feet (94 m) (Doelling 
and others, 1994).

Tid  Dacitic intrusions (Eocene?) – Several dark-gray to black (weathers to reddish brown) porphyritic dacite to andesite 
dikes and pods in the western Grassy Mountains; phenocrysts (10–20%) include (decreasing abundance) plagioclase, 
pyroxene and iron oxides; form discontinuous outcrops trending north to northwest; new geochemical data (this study) 
in table 5; no direct age data, but possibly of similar age to unit Til; Doelling (1964) called basalt porphyry dikes; width 
is 15 to 50 feet (5–15 m) (Doelling, 1964).

TRIASSIC TO PENNSYLVANIAN ROCK UNITS

^t  Thaynes Formation (Lower Triassic, Spathian-Smithian) – Upper part (southwest Grayback Hills) is yellowish-
brown silty limestone and limestone (measured sections 1, 2, 3, 3A, 3B of Davies, 1980); middle part (northern 
Grayback Hills) is gray, finely crystalline limestone and some brown sandstone (measured section 4 of Davies, 1980); 
lower part (Thumb Ridge) is pale red, brown and gray, interbedded sandstone, limestone, shale, and siltstone (Thaynes 
unit and units 7 through 4 of Dinwoody Formation measured section of Doelling and others, 1994); thinly lami-
nated to medium bedded; forms ledges, slopes, and cliffs; numerous fossils include ammonoids, conodonts, crinoids, 
echinoids, microgastropods, pelecypods, brachiopods, scaphopods?, and fragments of fish and sharks (Davies, 1980; 
Doelling and others, 1994); ammonoids and conodonts reported in table 6 indicate the upper part is late Spathian 
substage, the middle part is early Spathian, and the lower part is Smithian; lower contact was adjusted based on am-
monoids, but no bed with Meekoceras was found to define the base (K. Bylund, independent researcher, email to D.L. 
Clark, Feb. 16, 2018; table 6); unconformably overlies the Gerster Formation at Thumb Ridge, but a tiny unmapped 
patch of intervening red beds (unit 2, Dinwoody measured section in Doelling and others, 1994) could possibly be 
tongue of Woodside Formation; incomplete thickness is about 1930 feet (590 m) (Davies, 1980; Doelling and others, 
1994; this study), upper and lower contacts are not exposed.

Pge Gerster Formation (Middle Permian) – Medium- to light-gray cherty limestone and chert; tan, light-gray, and light-
blue-gray chert occurs as beds, nodules, blebs and stringers, some with brown weathering rinds; medium to very 
thick bedded; forms ledges on Thumb Ridge and east side of Finger Ridge; fossils include productid and spiriferid 
brachiopods, crinoid columnals, and shell fragments (Doelling, 1964; Doelling and others, 1994) that are not age 
diagnostic; formerly mapped as Gerster Limestone and part of Park City Group, undifferentiated (Doelling, 1964); 
regional age is Guadalupian (Maughan, 1979; Wardlaw and Collinson, 1979; Hintze and Kowallis, 2009); incom-
plete measured thickness is 263 to 311 feet (80–95 m) (Doelling, 1964; Doelling and others, 1994), upper contact is 
not exposed; complete thickness is 1600 feet (485 m) in Terrace Mountain (McCarthy and Miller, 2002), 50 miles 
(80 km) to the northwest.

Pm  Murdock Mountain Formation (Middle Permian) – Light-gray cherty dolomite and limestone, and light-gray, blue-
gray, gray-tan, and brown weathering bedded and nodular chert; bedding is typically medium; forms rubbly ledges that 
have commonly been modified by Lake Bonneville; locally contains poorly preserved brachiopods; formerly mapped 
as Rex Chert and part of Park City Group, undifferentiated (Doelling, 1964); regional age is Guadalupian (Maughan, 
1979; Wardlaw and others, 1979; Hintze and Kowallis, 2009); incomplete thickness is about 500 feet (150 m) at 
Thumb Ridge and northern Grayback Hills (Doelling and others, 1994) and complete thickness is 1643 feet (500 m) 
at Finger Ridge (Doelling, 1964).

Ppm Phosphoria Formation, Meade Peak Member (Middle? to Lower Permian) – Light-brown, pale-red, black and gray 
cherty dolomite, cherty siltstone, phosphatic dolomitic limestone, and chert; bedding is laminated to medium; forms 
rough ledges and slopes at Finger Ridge and Grassy Ridge, and not exposed in Grayback Hills-Thumb Ridge area but 
assumed present in subsurface (Doelling and others, 1994); regional age is Guadalupian? to Leonardian (Maughan, 
1979; Wardlaw and Collinson, 1979; Hintze and Kowallis, 2009); previously called Meade Peak(?) Limestone of Park 
City Group and part of Park City Group, undifferentiated (Doelling, 1964); incomplete measured thickness is 233 feet 
(71 m) at Finger Ridge (Doelling, 1964), where upper part is not exposed.
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Ppg Park City Formation, Grandeur Member (Lower Permian) – Light-gray-weathering dolomite, dolomitic limestone, 
and sandy limestone; light-gray chert is common as nodules, blebs, and sporadic thin beds; forms cliffy outcrops at 
Finger Ridge, Grassy Ridge, Lone Mountain, and queried in isolated knolls west of Thumb Ridge and in Ripple Valley; 
Doelling (1964) included as Grandeur Limestone in Park City Group, undifferentiated at Grassy Ridge; Clark used 
terminology of Park City Formation rather than Group of some prior studies; regional age is Leonardian (Maughan, 
1979; Wardlaw and Collinson, 1979; Hintze and Kowallis, 2009); incomplete thickness is estimated at 500 to over 
1000 feet (150–300+ m) (Doelling, 1964; Doelling and others, 1994), and complete thicknesses are 419 feet (128 m) 
in Cedar Mountains (Maurer, 1970) and 1838 feet (560 m) in Hogup Mountains (Stifel, 1964).

Psd Sandstone and dolomite (Lower Permian, Leonardian) – Interbedded sandstone, cherty dolomite, dolomite, and 
limestone; lower part consists of some bedded chert and subordinate limestone; sandstone is orange-tan and light tan, 
fine-grained, and locally cross-bedded; carbonate rocks are medium to dark gray and commonly cherty; medium to 
very thick bedded; forms ledges and slopes in the Grassy Mountains and Lone Mountain; fossils include Plagioglypta 
canna (mollusk, renamed Dentalium) and an unidentified pelecypod (Doelling, 1964); the Leonardian age is from 
bracketing strata and fusulinids in the Cedar Mountains (Clark and others, 2016); Doelling (1964) reported the upper 
contact is gradational and difficult to separate from the Grandeur; previously mapped as “Unnamed” formation by 
Doelling (1964) and Maurer (1970); may correlate with the Pequop Formation to the west and Diamond Creek Sand-
stone and Kirkman Formation to the east; incomplete measured thicknesses are 1463 and 3374 feet (446 and 1029 
m) in Grassy Mountains (Doelling, 1964), and the unit is incomplete in Lone Mountain, with about 900 feet (275 m) 
exposed (this study); complete thickness is 3953 feet (1205 m) in the Cedar Mountains (Maurer, 1970).

Oquirrh Group strata of western Finger Ridge

Pol  Oquirrh Group, limestone unit (Lower Permian, Wolfcampian) – Dark-gray limestone and minor light-brown sand-
stone; thick to very thick bedded; present in the hanging wall of the thrust fault at western Finger Ridge; Doelling (1964) 
reported that these rocks contain Schwagerina sp. (fusulinid) that Lambson stated was late early Wolfcampian in age 
(table 6), but these beds do not resemble any of the Wolfcampian beds in the center of the Grassy Mountains; Doelling 
(1964) previously mapped as Oquirrh Formation, unit 4? (anomalous section), but noted these rocks resemble his unit 
1 lithologies; incomplete measured thickness is 1182 feet (360 m) (Doelling, 1964), neither top or bottom exposed.

Oquirrh Group strata of Grassy Mountains and Lone Mountain (Calcite and other thrust sheets)

Modified from Doelling (1964) and Jordan (1979b).

Posl Oquirrh Group, sandstone and limestone unit (Lower Permian, Leonardian-Wolfcampian) – Light- to dark-brown 
sandstone, gray calcareous sandstone that weathers to light and dark brown, and light- to dark-gray limestone and 
fossiliferous limestone that is locally siliceous; local intraformational conglomerate beds; medium to thick bedded, 
forms slopes and ledges; numerous fossil fusulinids and conodonts (table 6) indicate an early Leonardian through early 
Wolfcampian age (Doelling, 1964; Jordan, 1979a, 1979b; this study); other fossils include crinoids, brachiopods, pe-
lecypods, sponges, trilobites, and bryozoans (Doelling, 1964); corresponds to Oquirrh Formation, units 6, 5, 4, 3, and 
upper part of unit 2 of Doelling (1964); complete thickness is 7620 to 9004 feet (2323–2745 m) in Grassy Mountains 
(Doelling, 1964), but only 1500 feet (460 m) in Lone Mountain (this study) on a different thrust sheet.

*osi Oquirrh Group, sandstone and siltstone unit (Upper Pennsylvanian, Virgilian) – Light-brown, light-gray, and pale-
red sandstone, calcareous sandstone and siltstone, and minor silty and sandy limestone; local intraformational con-
glomerate beds; thin to medium bedded; forms slopes and few ledges; fossil fusulinids were reportedly of Virgilian 
age (Doelling, 1964; Jordan, 1979a, 1979b) (table 6); corresponds to Oquirrh Formation, unit 2 of Doelling (1964), 
but excluding the upper part (272 feet, 83 m) that is reportedly lower Wolfcampian in age based on fusulinids (table 6); 
unconformably overlies unit *ol; queried near Puddle Valley where separation from unit Posl is difficult (see Doel-
ling, 1964); complete thickness is 1934 feet (590 m) in Grassy Mountains (Doelling, 1964), and 2500 feet (760 m) in 
Lone Mountain (this study).

*ol  Oquirrh Group, limestone unit (Middle Pennsylvanian, Desmoinesian-Atokan?) – Medium-gray limestone and 
cherty limestone with minor interbedded light-brown sandstone and calcareous sandstone; typically thick bedded, 
forming cliffs and ledges; fossil fusulinids and conodonts indicate a Desmoinesian to late Atokan? age (table 6); other 
fossils include brachiopods, corals, trilobites, and bryozoans (Doelling, 1964); corresponds to Oquirrh Formation, unit 
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1 of Doelling (1964); incomplete thickness is 1607 feet (490 m) in Grassy Mountains (Doelling, 1964), base is faulted; 
unknown thickness in Lone Mountain due to folding.

Oquirrh Group strata of Cedar thrust sheet

*osc Oquirrh Group, sandstone and siltstone unit (Upper to Middle? Pennsylvanian) – Medium- to dark-gray, weath-
ering to yellowish-gray, calcareous sandstone, light-brown to pale-red to dark-gray, calcareous siltstone, minor me-
dium- to dark-gray limestone, and uncommon light-brown to light-gray quartzite near base; calcareous sandstone and 
siltstone contain worm trails; laminated to medium bedded; forms slopes and a few ledges; upper unit of Cedar thrust 
sheet overlies unit *olc on adjacent maps, and unit *osc is overlain on the west by unnamed thrust sheets; fossil 
conodonts from upper part of unit indicate a Virgilian age (table 6); Maurer (1970) mapped as Oquirrh Formation unit 
4 based on lithologies; incomplete thickness is roughly 1400 feet (425 m).

*olc Oquirrh Group, limestone unit (Middle? to Lower? Pennsylvanian) – On adjacent maps. Medium- to dark-gray lime-
stone and lesser medium to dark-gray, weathering to yellowish-gray, calcareous sandstone and siltstone; medium to 
thick bedded; forms cliffs and ledges; lower unit of the Cedar thrust sheet; no useful fossil data yet for biostratigraphic 
control; Maurer (1970) mapped as Oquirrh Formation unit 3 based on lithologies; incomplete thickness is roughly 
1900 feet (580 m).
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Figure 2. Simplified Lake Bonneville hydrograph and chronology.  Lake Gunnison overflowed from the Sevier basin
to the Great Salt Lake basin.  GSL is Great Salt Lake.  Modified from Oviatt, 2015.
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Table 1.   Summary of sediment cores and trenches from the Bonneville Salt Flats and east part of the Wendover 30' x 60' quadrangles.

Map 
Number Name Date 7.5'  Quadrangle

Latitude (N) 
NAD83

Longitude (W) 
NAD83 Ground Level (ft)

Total Depth 
(ft)

Total Depth 
(m) Reference

˗˗ UU Knolls core 1956–1970 Knolls 40.72685 113.30903 4234 497.6 151.7 Williams, 1994
˗˗ UU Wendover core 1956–1970 Salduro 40.73712 113.87185 4217 560 171 Williams, 1994
˗˗ Blue Lake core (BL04-4) 2004 Ferguson Flat 40.49997 114.03614 4257 28.14 8.58 Louderback and Rhode, 2009; Bensen and others, 2011
TS1 Clive landfill pit wall N (29-5) 2014 Aragonite 40.70608 113.11609 4283 32.8 10.0 Oviatt, 2014, unpublished data
TS2 Clive landfill pit wall S (5-5) 2014 Aragonite 40.67403 113.12063 4272 11.48 3.5 Oviatt, 2014, unpublished data
TS3 Hand-dug trench 1 2017 Grayback Hills 40.76902 113.23968 4226 1.80 0.55 Oviatt and Clark, 2017, unpublished data
˗˗ Hand-dug trench 2 2017 Knolls 40.72439 113.35040 4220 3.77 1.15 Oviatt and Clark, 2017, unpublished data
˗˗ Juke Box trench 1986, 2009 Leppy Peak 40.7549 114.0102 4254 9.8 3 Oviatt and others, in press

Notes:
Map number corresponds to plate 1. Other sites not in current map area.
UU is University of Utah.
Utah Core Research Center maintains the UU Knolls and Wendover core.
UU Knolls and Wendover core locations are approximate.
Blue Lake core (BL04-4) was collected in the Currie 30'  x 60'  quadrangle.
A second Blue Lake core, BL05-2, was collected 18 m south of BL04-4 to a depth of 5.89 m.

Table 2.  Summary of oil and gas exploration drill holes from the Bonneville Salt Flats and east part of the Wendover 30' x 60' quadrangles.

Exploration Drill Holes (Utah Division of Oil, Gas and Mining)

Map 
Number API Number Well Name Company

Year 
Completed 7.5'  Quadrangle

Latitude (N) 
NAD83

Longitude (W) 
NAD83 Total Depth (ft) Total Depth (m) Lithology Notes

˗˗ 4304511076 Salduro 1 Shell Oil 1956 Silsbee 40.68416 113.89716 2950 900
Tops as follows: clay, gypsum, limestone, siltstone, shale 40 
ft; volcanic fragments 1350 ft; conglomerate 1504 ft; volcanics 
1610 ft; limestone 1740 ft; tuff? 1800 ft; volcanic sandstone 
1840 ft; volcanic breccia 1860 ft; andesite 2640 ft; basalt 2740 
ft.  Utah Core Research Center has four core samples from 
1489–1504 ft, 1900-1911 ft, 2820?–2830? ft, 2941–2950 ft.

˗˗ 4304530001 Alpha Govt 1 Alpha Minerals 1975 Salduro 40.70155 113.76509 4260 1299 Tertiary volcanics 500–1128 ft, Tertiary shale 1128–2980 ft, 
Paleozoic limestone and dolomite 2980–4260 ft

Notes:
Drill holes not in current map area.
Lithology notes from Utah Division of Oil Gas and Mining (UDOGM) well files.
Utah Core Research Center (UCRC) has samples from Phillips Petroleum Co. Grassy Mountain Sec. (October 1949) from T. 2 N., R. 11 W. probably from a surface section, rather than a drill hole.  There are no known Phillips drill holes from this area.
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Table 3.  Summary of tephrochronology data from the Bonneville Salt Flats and east part of the Wendover 30' x 60' quadrangles.

Map 
Number Core Name 7.5' Quadrangle Latitude (N) NAD83

Longitude (W) 
NAD83 Tephra Name Depth (ft.in) Depth (m)

Correlation 
Age (Ma) Laboratory Reference

˗˗ UU Knolls Knolls 40.72685 113.30903 KNL-142.0 142.0 43.3 nd University of Utah Williams, 1994
˗˗ UU Knolls Knolls 40.72685 113.30903 Lava Creek B 346.0, 350.6 105.5, 106.9 0.62 University of Utah Williams, 1994
˗˗ UU Knolls Knolls 40.72685 113.30903 Glass Mtn D? 486.10 148.2 1.06 University of Utah Williams, 1994
˗˗ UU Wendover Salduro 40.73712 113.87185 Paoha Island 88.6 27.0 0.17* University of Utah Williams, 1994
˗˗ UU Wendover Salduro 40.73712 113.87185 Lava Creek B 271.8, 272.8 82.8, 83.13 0.62 University of Utah Williams, 1994
˗˗ UU Wendover Salduro 40.73712 113.87185 Bishop 323.0 98.5 0.759 University of Utah Williams, 1994
˗˗ UU Wendover Salduro 40.73712 113.87185 Glass Mtn D? 372.7 113.6 1.06 University of Utah Williams, 1994
˗˗ UU Wendover Salduro 40.73712 113.87185 Bailey 497.4 151.6 1.15* University of Utah Williams, 1994

Notes:
The two core sites are not in the current map area.
UU is University of Utah.

Laboratory for geochemical analysis by electron microprobe and X-ray fluorescence.
Knolls and Wendover core locations are approximate.
* Estimated ages in Wendover core (Williams, 1994, figure 6).

Correlation age is based on geochemical correlation of glass composition to the database of analyses/stratigraphic data/age dates for late Cenozoic vitric tephra layers in the Western U.S. assembled at the 
University of Utah, Dept. of Geology and Geophysics. Refer to Williams (1994) for methods and sources of actual radiometric ages on various ash beds. Lanphere and others (2002) have updated the radiometric 
age on the Lava Creek ash to 0.64 Ma.

Table 4.  Summary of radiometric age analyses of Tertiary rocks from the Bonneville Salt Flats and east part of the Wendover 30' x 60' quadrangles and adjacent areas.

Map 
Number

Sample 
Number Map Unit Rock Name 7.5'  Quadrangle Location

Location Data 
UTM83-12 E

Location Data 
UTM83-12 N Age (Ma) Material Dated Laboratory Analysis Type Comments References

A A Tsd dacite tuff Grayback Hills Grayback Hills 317386.622 4519724.892 35.52 ± 0.38 plagioclase USGS 40Ar/39Ar total fusion ages, 
weighted age

Doelling and others, 1994, 2018

B B Tsd dacite tuff Grayback Hills Grayback Hills 317386.622 4519724.892 38.6 ±	1.0 sanidine KE K-Ar Doelling and others, 1994, 2018; UGS and 
Krueger Enterprises, 2018

C C Tl latite lava flow Grayback Hills Grayback Hills 318247.123 4515096.190 39.1 ±	1.0 groundmass KE K-Ar Doelling and others, 1994, 2018; UGS and 
Krueger Enterprises, 2018

˗˗ nd Tl latite lava flow nd Grayback Hills nd nd 38.5 ± 0.6 whole rock BYU K-Ar Davies, 1980; Doelling and others, 1994

Notes:
Map number and map unit correspond to plate 1.  

nd is no data.
Laboratory:  USGS is U.S. Geological Survey Lab; KE is Krueger Enterprises, Cambridge, MA; BYU is Brigham Young University Lab. 
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Table 5.   Major- and trace-element whole-rock geochemical analyses from the Bonneville Salt Flats and east part of the Wendover 30' x 60' quadrangles.

ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 ME-XRF06 OA-GRA06 ME-XRF06 ME-4ACD81 ME-4ACD81 ME-4ACD81 ME-4ACD81 ME-4ACD81 ME-4ACD81 ME-4ACD81
% % % % % % % % % % % % % % % ppm ppm ppm ppm ppm ppm ppm

Map 
Number

Sample 
Number

Map 
Unit Rock Name 7.5' Quad

Location Data 
Latitude WGS84 N

Location Data 
Longitude WGS84 W Source SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Cr2O3 TiO2 MnO P2O5 SrO BaO LOI Total Ag As Cd Co Cu Li Mo

˗˗ BW1 Tl Latite Aragonite NW 40.74466 113.14455 This study 58.94 17.27 6.96 5.33 2.21 3.22 3.9 <0.01 0.72 0.12 0.312 0.06 0.13 1.02 100.2 <0.5 5 <0.5 18 14 20 2
BW2 BW2 Til Latite Grayback Hills 40.80745 113.16499 This study 58.38 17.05 6.57 5.02 2.52 3.13 4.03 <0.01 0.71 0.08 0.307 0.05 0.12 1.81 99.78 <0.5 <5 0.5 17 14 30 2
BW5 BW5 Tl Latite Grayback Hills 40.80001 113.16483 This study 57.25 16.96 6.93 5.83 2.58 3.11 3.61 0.01 0.71 0.11 0.313 0.06 0.13 1.76 99.36 <0.5 <5 0.8 16 17 30 2
BW7 BW7 Tid Dacite Grassy Mountains 40.90357 113.09988 This study 63.12 16.32 5.26 4.57 1.83 3.44 3.18 0.01 0.73 0.08 0.184 0.04 0.12 1.28 100.15 <0.5 <5 <0.5 11 15 10 3
BW8 BW8 Tid Andesite Grassy Mountains 40.94005 113.11605 This study 61.27 16.88 4.99 5.08 1.62 3.45 3.23 0.01 0.99 0.09 0.298 0.05 0.15 1.61 99.72 <0.5 <5 <0.5 14 36 10 3

Location Data  
UTM83-12 E

Location Data  
UTM83-12 N

1 1 Til Trachyandesite Grayback Hills 317372.885 4519662.393 Doelling and others, 1994, 2018 58.83 16.25 6.53 5.04 2.37 3.09 3.71 0.07 0.08 0.29 2.02 98.91
2 2 Tl Andesite Grayback Hills 318247.123 4515096.190 Doelling and others, 1994, 2018 60.97 16.03 5.70 4.78 1.45 3.43 3.21 0.98 0.08 0.28 2.04 98.95
3 3 Tl Trachyandesite Grayback Hills 319276.747 4520243.390 Doelling and others, 1994, 2018 58.50 16.57 6.53 5.25 2.40 3.08 3.60 0.71 0.10 0.25 2.06 99.05
4 4 Tl Trachyandesite Grayback Hills 318393.368 4517620.607 Doelling and others, 1994, 2018 58.30 16.62 6.97 5.60 2.52 3.26 3.69 0.75 0.11 0.36 1.98 100.16
5 5 Tl Trachyandesite Grayback Hills 317819.994 4519417.785 Doelling and others, 1994, 2018 58.32 16.50 6.52 5.63 2.44 3.09 3.60 0.69 0.10 0.27 2.04 99.02
˗˗ 6 Tl Banakite nd nd nd Hogg, 1972, table B-4, p. 180 57.93 16.65 7.22 5.93 2.44 3.13 4.46 0.87 0.09 0.35 nd 99.07
7 7 Tsd Dacite Grayback Hills 317386.622 4519724.892 Doelling and others, 1994, 2018 63.96 15.12 4.75 4.15 1.90 3.02 nd 0.60 0.06 0.20 1.95 98.80
8 8 Tsd Dacite Grayback Hills 318274.335 4520354.886 Doelling and others, 1994, 2018 63.30 17.82 3.28 0.88 5.02 3.79 nd 0.36 0.04 0.16 1.75 98.78

Notes:
Map number and map unit correspond to plate 1.  Other sample not in current map area.
Rock names from total alkali-silica diagram of Le Bas and others (1986).
New analyses performed by ALS Global.  Analytical Procedures:  ME-XRF06 (whole-rock package by XRF; major oxides), OA-GRA06 (LOI for ME-XRF06 by WST-SIM), ME-4ACD81 (base metals 4-acid digestion by ICP-AES, elemental), and ME-MS81 (lithium borate fusion by ICP-MS, trace elemental).
Major oxides reported in weight percent (%);  < indicates value below detection limit.
LOI is loss on ignition.
Minor and trace elements reported in parts per million (ppm); < indicates value below detection limit.
nd is no data.
Analytical lab for samples from Doelling and others (1994) not given.
Hogg (1972) sample collected from southern Grayback Hills.
Analytical lab for Hogg (1972) sample not given, probably Brigham Young University.
Total Fe reported as FeO (Hogg, 1972).
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ME-4ACD81 ME-4ACD81 ME-4ACD81 ME-4ACD81 ME-4ACD81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81 ME-MS81
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

Ni Pb Sc Tl Zn Ba Ce Cr Cs Dy Er Eu Ga Gd Hf Ho La Lu Nb Nd Pr Rb Sm Sn Sr Ta Tb Th Tm U V W Y Yb Zr
5 21 11 <10 89 1140 77.5 20 2.56 4.25 2.15 1.42 21 5.42 5.1 0.89 43.7 0.33 13.5 32.2 8.85 138 6.09 2 444 0.8 0.73 14.2 0.37 3.5 123 2 21.6 1.92 196
5 24 11 <10 92 1095 74.9 20 3.31 4.18 2.19 1.35 20.9 5.14 4.8 0.81 42.2 0.33 13.3 31.5 8.52 156.5 5.97 2 422 0.7 0.66 13.8 0.32 3.62 119 1 21 2.24 190
5 20 11 <10 89 1170 77.8 20 3.12 3.95 2.14 1.39 23.9 5.22 5.1 0.86 43 0.33 13.7 32.3 8.71 138.5 6.43 2 470 0.7 0.74 14.5 0.36 3.52 120 1 22.1 2.14 197
4 26 11 <10 77 1075 108 20 2.44 6.94 4.02 1.62 22.5 7.78 8.7 1.5 60.7 0.58 22.3 44.2 12.2 117 8.31 3 262 1.4 1.14 21.5 0.64 5.14 102 1 38.4 3.87 332
7 28 12 <10 88 1310 135 20 3.18 7.68 4.38 1.96 23.4 8.28 10.1 1.59 75.6 0.62 23.5 54.8 15.05 104 10.3 3 389 1.3 1.29 22.8 0.63 4.93 126 2 40.2 4.23 389

Table 5. Continued
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Table 6.   Selected fossil identifications and ages from the Bonneville Salt Flats and east part of the Wendover 30' x 60' quadrangles.

Map 
Number

Sample 
Number Map Unit 7.5' Quadrangle Location Data Location Data Fossil Type Fauna Age Paleontologist

Data from map area (Clark, this study) Latitude (N) WGS84 Longitude (W) WGS84
BW14 BW14 Posl Aragonite 40.67721 113.05872 conodont Mesogondolella bisselli, Sweetognathus whitei Late Wolfcampian S.Ritter
BW14 BW14 Posl Aragonite 40.67721 113.05872 fusulinid Pseudoschwagerina  sp. Late Wolfcampian S.Ritter
BW12 BW12 IPosc Aragonite 40.63655 113.02796 conodont Streptognathodus pawkuskaensis, Streptognathodus virgilicus Early Virgilian S.Ritter
BW13 BW13 IPol Ripple Valley 40.77859 113.05003 conodont Neognathodus  sp. Desmoinesian or perhaps late Atokan S.Ritter
BW9 BW9 IPol Aragonite 40.66021 113.03593 conodont Neognathodus  sp., Idiognathodus  sp., Adetognathus lautus Desmoinesian S.Ritter

Data from Thumb Ridge (Bylund, 2016, unpublished data)
FB1 nd TRt Grayback Hills 40 50.885' 113 11.322' ammonoid Anasibirites sp. Late Smithian K. Bylund
FB2 nd TRt Grayback Hills 40 50.827' 113 11.266' ammonoid Owenites? sp. Middle Smithian K. Bylund

Selected Data from Grayback Hills  (Davies, 1980) Cadastral Unit in Measured Section
FD1 nd TRt Aragonite NW W1/2 SE1/4 s. 12, T1S, R12W unit 25 ammonoid Prohungarites sp. Late Spathian B. Kummel

FD1 nd TRt Aragonite NW W1/2 SE1/4 s. 12, T1S, R12W units 15, 11, 9, 5, 1 ammonoid
Prohungarites sp., Prohungarites? sp., Keyserlingites bearlakensis, Keyserlingites 
bearlakensis? Late Spathian B. Kummel

FD1 nd TRt Aragonite NW W1/2 SE1/4 s. 12, T1S, R12W units 9, 5, 1 ammonoid Keyserlingites bearriverensis? Late Spathian B. Kummel
FD4 nd TRt Grayback Hills N1/2 SW1/4 SW1/4 s. 13, T1N, R12W unit 11 conodont Platyvillosus asperatus Early Spathian David L. Clark
FD4 nd TRt Grayback Hills N1/2 SW1/4 SW1/4 s. 13, T1N, R12W unit 11 conodont Neospathodus? triangularis Early Spathian David L. Clark

Data from Grassy Mountains (Jordan, 1979a) Cadastral
FJ10 f14051 Posl Grassy Mountains NW1/4 NE1/4 s. 33, T3N, R11W fusulinid Schwagerina sp. early Leonardian R.C. Douglass
FJ9 f14050 Posl Grassy Mountains SW1/4 NE1/4 s. 10, T2N, R11W fusulinid Schwagerina sp. Wolfcampian R.C. Douglass
FJ8 f14049 Posl Grassy Mountains NW1/4 SW1/4 s. 11, T2N, R11W fusulinid Pseudofusulina sp., Schwagerina sp., Pseudoschwagerina sp. Wolfcampian R.C. Douglass
FJ7 GM15 Posl Grassy Mountains NW1/4 SW1/4 s. 11, T2N, R11W fusulinid Schwagerina sp., Pseudoschwagerina  aff. convexa, Eoparafusulina  sp. early late Wolfcampian C.H. Stevens
FJ6 f14048 Posl Grassy Mountains NE1/4 SW1/4 s. 11, T2N, R11W fusulinid Triticites  sp., Pseudofusulina sp., Schwagerina sp., Pseudoschwagerina sp. Wolfcampian R.C. Douglass
FJ5 f14047 Posl Grassy Mountains SE1/4 SE1/4 s. 2, T2N, R11W fusulinid Schwagerina sp. Wolfcampian R.C. Douglass
FJ4 f14046 Posl Grassy Mountains NW1/4 NW1/4 s. 12, T2N, R11W fusulinid Triticites sp., Pseudofusulina sp. Wolfcampian R.C. Douglass
FJ3 f14045 Posl Grassy Mountains near center SW1/4 s. 12, T2N, R11W fusulinid Pseudofusulinella sp., Triticites sp., Pseudofusulina sp. Wolfcampian R.C. Douglass
FJ2 f14044 IPosi Grassy Mountains SE1/4 SE1/4 s. 1, T2N, R11W fusulinid Pseudofusulinella sp., Triticites sp. Virgilian R.C. Douglass
FJ1 f14043 IPosi Grassy Mountains SW1/4 SE1/4 s. 12, T2N, R11W fusulinid Bartramella?, Pseudofusulinella sp., Triticites sp. Virgilian R.C. Douglass

Data from Grassy Mountains (Doelling, 1964) Cadastral Unit in Measured Section
nd Pol Finger Ridge nd (Finger Ridge) Oquirrh Fm fusulinid Schwagerina  sp. Late Early Wolfcampian B. Lambson
nd Posl Grassy Mountains S1/2 s. 3, T2N, R11W Oquirrh Fm Unit 6, 21 fusulinid Schwagerina  cf. communis, Schwagerina  cf. japonica subsp. cincta Early Leonardian B. Lambson
nd Posl Grassy Mountains S1/2 s. 3, T2N, R11W Oquirrh Fm Unit 6, 5 fusulinid Schwagerina  sp. (partially replaced) Early Leonardian B. Lambson
nd Posl Grassy Mountains S1/2 s. 3, T2N, R11W Oquirrh Fm Unit 6, 3 fusulinid Schwagerina  cf. modica Early Leonardian B. Lambson

nd Posl Grassy Mountains nd Oquirrh Fm Unit 5 fusulinid
Pseudofusulinella  sp., Triticites  sp., ?Pseudofusulina sp., Bradyina  sp., Schwagerina 
sp., Pseudoschwagerina  sp.

Early Permian (perhaps Early Leonardian 
to Late Wolfcampian) R.C. Douglass

nd Posl Grassy Mountains nd Oquirrh Fm Unit 5 (upper part) fusulinid Parafusulina shaksgamensis  var. crassimarginata Early Leonardian B. Lambson

nd Posl Grassy Mountains nd Oquirrh Fm Unit 4 fusulinid
Bradyina  sp., Pseudofusulinella  sp., Triticites  sp., Schubertella  aff. S. kingi, 
Pseudofusulina  sp. (rare) Early Permian R.C Douglass

nd Posl Grassy Mountains s. 2, T2N, R11W Oquirrh Fm Unit 4, 12 fusulinid Schwagerina  sp. (partially replaced) Middle to Late Wolfcampian B. Lambson
nd Posl Grassy Mountains s. 2, T2N, R11W Oquirrh Fm Unit 4, 1 fusulinid Schwagerina  aff. providens, Schwagerina aff. wellsensis, Triticites  sp. Middle to Late Wolfcampian B. Lambson
nd Posl Grassy Mountains nd Oquirrh Fm Unit 3 fusulinid Pseudofusulinella?, Pseudofusulina, Triticites  sp. (advanced form), Pseudofusulina  sp. Early Permian? R.C. Douglass
nd Posl Grassy Mountains NW1/4 s. 1, T2N, R11W Oquirrh Fm Unit 3, 9 fusulinid Triticites cellamagnus, Schwagerina aculeata Middle to Late Wolfcampian B. Lambson
nd Posl Grassy Mountains NW1/4 s. 1, T2N, R11W Oquirrh Fm Unit 3, 8 fusulinid Triticites aff. providens Middle to Late Wolfcampian B. Lambson
nd Posl Grassy Mountains NW1/4 s. 1, T2N, R11W Oquirrh Fm Unit 3, 3 fusulinid Triticites cf. rockensis, Schwagerina sp.? Early Wolfcampian B. Lambson
nd Posl Grassy Mountains NW1/4 s. 1, T2N, R11W Oquirrh Fm Unit 3, 1 fusulinid Triticites cf. rockensis, Pseudofusulinella sp. Early Wolfcampian B. Lambson
nd Posl Grassy Mountains s. 12, T2N, R11W Oquirrh Fm Unit 2, 27 fusulinid Triticites  creekensis, Pseudofusulinella sp. Wolfcampian B. Lambson
nd Posl Grassy Mountains s. 12, T2N, R11W Oquirrh Fm Unit 2, 25 fusulinid Triticites  meeki, Pseudofusulinella utahensis Wolfcampian B. Lambson
nd Posl Grassy Mountains s. 12, T2N, R11W Oquirrh Fm Unit 2, 23 fusulinid Triticites rockensis, Triticites  creekensis, Pseudofusulinella sp. Wolfcampian B. Lambson
nd Posl Grassy Mountains s. 12, T2N, R11W Oquirrh Fm Unit 2, 22 fusulinid Triticites  cf. creekensis, Pseudofusulinella utahensis, Bartramella heglarensis Wolfcampian B. Lambson
nd Posl Grassy Mountains s. 12, T2N, R11W Oquirrh Fm Unit 2, 18 fusulinid Triticites notus, Psedofusulinella  cf. utahensis Wolfcampian B. Lambson
nd IPosi Grassy Mountains s. 12, T2N, R11W Oquirrh Fm Unit 2, 17 fusulinid Triticites hobblensis Virgilian B. Lambson
nd IPosi Grassy Mountains s. 12, T2N, R11W Oquirrh Fm Unit 2, 16 fusulinid Triticites cf. rhodesi Virgilian B. Lambson
nd IPosi Grassy Mountains s. 12, T2N, R11W Oquirrh Fm Unit 2, 14 fusulinid Triticites sp. Virgilian B. Lambson
nd IPosi Grassy Mountains s. 12, T2N, R11W Oquirrh Fm Unit 2, 3 fusulinid Triticites gallowayi, Pseudofusulinella sp. Virgilian B. Lambson
nd IPosi Grassy Mountains nd Oquirrh Fm Unit 2 (lower part) fusulinid Triticites app. (2 species) Virgilian R.C. Douglass
nd IPosi Grassy Mountains nd Oquirrh Fm Unit 2 (lower part) fusulinid Schubertella sp. aff. S. kingi Virgilian R.C. Douglass
nd IPol Grassy Mountains NE1/4 s. 12, T2N, R11W Oquirrh Fm Unit 1, 29 fusulinid Fusulina  cf. haworthi Desmoinesian B. Lambson
nd IPol Grassy Mountains NE1/4 s. 12, T2N, R11W Oquirrh Fm Unit 1, 21 fusulinid Fusulina  sp. (partial replacement) Desmoinesian B. Lambson

Notes:
Map number and map unit correspond to plate 1.  Samples from Doelling (1964) are not included on the map.
nd is no data.
Sample locations for Doelling (1964), Davies (1980), and Jordan (1979a) are approximate.
FD2, FD3, FD3AB are other section locations of Davies (1980) that contain fossils.
Ages from paleontologists listed.
Paleontologist Affiliation:  S. Ritter (Brigham Young Univ.), K. Bylund (independent researcher), B. Kummel (Harvard Univ.), David L. Clark (Univ. of Wisconsin, Madison), B. Lambson (Shell Oil Co.), R.C. Douglass (USGS), C.H. Stevens (San Jose State Univ.).
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