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7. McKean and Hylland (2013)
8. McKean (2013)
9. Schurer (1979a)
10. Solomon (1993)
11. Solomon (1996)
12. Solomon and others (2007)
13. Swensen and Kennecott staff (1991)
14. Thomas (1957)
15. Tooker (1980)
16. Tooker and Roberts (1971a)
17. Tooker and Roberts (1971b)
18. Yonkee and others (2000a)

YEAR 2
19. Chapusa (1969)
20. Clark, D.L. (UGS) and Oviatt, C.G. (KSU),
      2014-2015, photogeologic and limited field mapping
21. Dinter, D.A. (UU), unpublished work, data collected 1998, 2003,
      2006, Great Salt Lake fault zone mapping
22. Foose (1989) 
23. Helm (1994)
24. Palmer (1970) 
25. Rigby (1958)
26. Sack (1993) 
27. Solomon (1993)
28. Trexler (1992)

YEAR 3
29. Clark, D.L. (UGS), 2015-2016, photogeologic and
      limited field mapping
30. Dinter, D.A. (UU), unpublished work, data collected 1998, 2003,
      2006, Great Salt Lake fault zone mapping
31. Doelling (1964)
32. Maurer (1970)
33. Sack (1993)
34. Solomon (1993)
35. Young (1953)

YEAR 4
37. Clark, D.L. (UGS), 2016, photogeologic and limited field
      mapping
38. Dames & Moore and others (1987) 
39. Doelling (1964)
40. Maurer (1970)
41. Sack (1993)
42. Solomon (1993)

36. Dames & Moore and others (1987)

5. KUCC (2009)
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Contact 

High-angle normal fault – Dashed where 
approximately located, dotted where concealed; 
bar and ball on downthrown side

Normal fault, geophysical, seismic – Located from 
shallow seismic reflection data for Great Salt 
Lake fault zone; heavier line for main faults and 
lighter line for subsidiary faults; dotted where 
concealed; bar and ball on downthrown side; 
colors indicate relative age of sediments affected 
by faulting: red for lake bottom displacement, 
green for Holocene, blue for pre-Holocene

Normal fault, geophysical, seismic – located from 
seismic data, concealed and very approximately 
located; bar and ball on downthrown side

Normal fault, geophysical, gravity – Located from 
gravity data, concealed and very approximately 
located; bar and ball on downthrown side

Strike-slip or oblique-slip fault – Dashed where 
approximately located, dotted where concealed; 
dotted and queried where existence and location 
inferred; arrows and bar and ball indicate relative 
displacement

Fault of unknown geometry or slip – Dashed where 
approximately located, dotted where concealed, 
dotted and queried where existence and location 
inferred

Fault movement on cross section - toward(dot), 
away(cross)

Thrust fault – Dashed where approximately located, 
dotted where concealed; dotted and queried 
where existence and location inferred; teeth on 
hanging wall; bar and ball where later normal 
movement

Reverse fault – Dashed where approximately 
located; teeth on hanging wall

Attenuation fault – Dotted where concealed; boxes 
on hanging wall

Low-angle normal fault – Dotted where concealed; 
boxes on hanging wall

Lineament – From aerial photo interpretation

Quartz vein

Igneous dike or sill

Axial trace of anticline – Dashed where 
approximately located, dotted where concealed; 
arrow shows plunge

Axial trace of overturned anticline − Dashed where 
approximately located, dotted where concealed; 
arrow shows plunge

Axial trace of syncline – Dashed where 
approximately located, dotted where concealed; 
arrow shows plunge

Axial trace of overturned syncline − Dashed where 
approximately located, dotted where concealed; 
arrow shows plunge

Axial trace of monocline – Dotted where concealed

Lake Bonneville Shorelines –

Bonneville shoreline

Provo shoreline

Stansbury shoreline

Great Salt Lake shoreline (historical average 4200 
feet [1280 m])

Glacial cirque headwall

Nivation hollow headwall

Scarp (Landslide or undefined) – Hachures on 
down-dropped or lower side 

Pit/Open pit mine extent – SE Antelope Island 
gravel pit, Bingham Canyon, Barneys Canyon, 
Melco mines

Ditches and disturbed areas in lake bed below 
Great Salt Lake shoreline (4200 ft)

Sedimentary bedding attitude – 

Inclined 

   Inclined approximate   

   Vertical

   Overturned

Volcanic and metamorphic foliation attitude –

   Inclined

   Vertical

Spring

Mine or quarry

Adit

Shaft

Sand and gravel pit

Drill hole – Oil/Gas exploration

Sediment core – Great Salt Lake and vicinity

Ground water well/monitoring well

Geochronology sample

U-Pb zircon geochronology sample

Geochemical sample

Tephrochronology sample

Fossil sample

Paleoseismic trench

Shear zone – Hatched area where part of unit KXa

Areas of mine waste rock

Line of cross section
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INTRODUCTION

The Tooele 30' x 60' quadrangle straddles urban and rural areas west of Salt Lake City, in Tooele, Salt Lake, and Davis Coun-
ties, northwest Utah. The map area is in the eastern Basin and Range Province, and includes several mainly north-south-trend-
ing mountain ranges and intervening valleys, and the southern part of Great Salt Lake (plate 1, figure 1).

This geologic map is part of an ongoing effort to map the geology of the state of Utah at an intermediate scale. This map 
displays the fourth and final year of a project to map the geology of the Tooele 30' x 60' quadrangle at 1:62,500 scale (plate 
1; Clark, 2017). In the fourth year we completed mapping of the remaining unmapped area (Puddle Valley Knolls and Low 
quadrangle area, see Primary Sources of Geologic Mapping, plate 2) and completed structural analysis across the 30' x 60' 
quadrangle. We held a field review of this mapping project on May 9–10, 2017; recommendations have been incorporated. This 
map is an interim release prior to final map production. GIS data are provided as ESRI shapefiles.

Map data were compiled from several prior sources, and updated where needed. Clark compiled and mapped the bedrock and 
surficial deposit geology, Oviatt revised and mapped the Quaternary-Tertiary geology (see also scientific updates to Lake Bonn-
eville in Oviatt and Shroder, 2016), and Dinter mapped the Great Salt Lake fault zone and Carrington fault (see also Colman 
and others, 2002; Dinter and Pechmann, 2014). In addition, we used selected exploration drill hole, water well, and publically 
available geophysical data from several sources to map concealed and inferred faults, delineate basins, and draw geologic 
cross sections; these sources included Mabey and others (1963), Arnow and Mattick (1968), Zoback (1983), Lambert and 
West (1988), Cook and others (1989), Radkin and others (1989), McNeil and Smith (1992), Raines and others (1996), PACES 
(2012), Langenheim (2016), UDOGM (2017), and UDWR (2017). Due to complex structures and limited exposures, subsur-
face geology requires substantial interpretation. This map updates prior regional-scale (1:250,000) geologic maps by Stokes 
(1963) and Moore and Sorensen (1979).

We updated the stratigraphic nomenclature to be more consistent across the map area. In the description of bedrock geologic 
units we indicate various prior mapping/stratigraphic designations to show how the nomenclature has evolved over time.

GEOLOGIC UNIT DESCRIPTIONS

QUATERNARY-TERTIARY SURFICIAL DEPOSITS

Radiocarbon ages in the quadrangle are summarized in table 1. Tephrochrology data are summarized in table 2. Also refer to 
tables 3 and 4 for sediment core and exploration drill hole and water well locations. Figure 2 is a simplified Lake Bonneville 
hydrograph and chronology.

Alluvial deposits

Qa  Alluvium, undivided (Holocene) – Primarily clay, silt, and sand deposited in a broad, flat area in northern Tooele 
Valley; sediment reflects local sources; locally merges with alluvial-fan deposits and playa mud, and locally includes 
lacustrine and eolian deposits; thickness generally less than about 20 feet (6 m). 

Qal  Stream alluvium (Holocene) – Primarily clay, silt, and sand with some gravel lenses deposited by streams across the 
map area in channels and broad drainages; locally merges with alluvial-fan deposits; locally includes alluvial-fan, col-
luvial, low-level terrace, lacustrine, and eolian deposits; thickness generally less than about 20 feet (6 m). 

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

Qafy Younger fan alluvium, post-Lake Bonneville (Holocene to uppermost Pleistocene) – Poorly sorted gravel, sand, silt, 
and clay; deposited by streams, debris flows, and flash floods on alluvial fans and in mountain valleys; merges with 
unit Qal; includes alluvium and colluvium in canyon and mountain valleys; may include areas of eolian deposits and 
lacustrine fine-grained deposits below the Bonneville shoreline; includes active and inactive fans younger than Lake 
Bonneville, but may also include some older deposits above the Bonneville shoreline; in Puddle Valley and west of 
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Cedar Mountains commonly 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 shore-
lines; thickness variable, to 50 feet (15 m) or more. 

Qafo Older fan alluvium, pre-Lake Bonneville (upper to middle? Pleistocene) – Poorly sorted gravel, sand, silt, and clay; 
similar to unit Qafy, but forms higher level incised deposits that predate Lake Bonneville; includes fan surfaces of dif-
ferent levels; fans are incised by younger alluvial deposits and locally etched by Lake Bonneville; may locally include 
small areas of lacustrine or eolian deposits and younger alluvium; thickness variable, to 100 feet (30 m) or more.

QTaf Oldest fan alluvium (lower Pleistocene? to Pliocene?) – Poorly sorted gravel, sand, silt, and clay; unconsolidated to 
semi-consolidated with calcic soil development on upper surfaces; forms high-level deposits incised by younger al-
luvial deposits and locally etched by Lake Bonneville; may overlap in age with unit Tslc; may locally include small 
areas of lacustrine or younger alluvial deposits; only a few deposits mapped at northern Cedar and Stansbury Moun-
tains; thickness variable, as much as 100 feet (30 m).

Spring deposits

Qsm Spring and marsh deposits (Holocene) – Clay, silt, and sand that is variably organic-rich, calcareous, or saline; 
present in ephemerally or perennially saturated (marshy) areas near springs and seeps; form extensive areas mapped 
near Great Salt Lake and in Skull Valley; thickness 0 to 30 feet (0–10 m). SWCA Environmental Consultants (2004) 
presented more detailed mapping of wetlands in Tooele Valley.

Eolian deposits

Qes Eolian sand (Holocene) – Windblown sand and silt deposited as dunes and sheets; generally thin with no distinct bed-
ding; mostly silty, well-sorted, fine-grained quartz sand; only thicker deposits mapped; also mapped in stacked units; 
less than 15 feet (5 m) thick.

Qeo Eolian oolitic sand (Holocene) – Windblown sand composed of oolites formed in Great Salt Lake; forms sparsely 
vegetated, active dunes on shores of Stansbury Island and northern Antelope Island and in Lakeside Valley; less than 
10 feet (3 m) thick.

Qei  Eolian silt (Holocene) – Windblown silt with minor clay and fine sand that is commonly oolitic; occurs as low-relief 
dunes that cap fine-grained lacustrine and alluvial deposits in lower Tooele Valley; thickness as much as 10 feet (3 m).

Lacustrine and deltaic deposits (Great Salt Lake)

Qpm Playa mud (Holocene) – Clay, silt, oolitic sand, and pelletal sand composing the bed of Great Salt Lake and some 
slightly higher adjacent areas, and much of the floor of Skull Valley; formed through lacustrine as well as alluvial 
and eolian processes; locally mud is organic rich and contains carbonate chips; salts accumulate on playa surfaces 
as these deposits are locally and intermittently exposed depending on lake level; gradational with units Qal, Qlf, 
Qlk; the extent of Great Salt Lake is indicated on the map by the historical average altitude of 4200 feet (1280 m) 
(Baskin and Allen, 2005; U.S. Geological Survey, 2016); the historic highstand of Great Salt Lake (south arm) was 
4212 feet (1284 m) in 1873, 1986, and 1987 (U.S. Geological Survey, 2016); Atwood (2006) reported on shoreline 
superelevation in 1986–1987 that locally exceeded 4212 feet (1284 m) due to prevailing wind fetch; the historic 
lowstand (south arm) was 4191 feet (1278 m) in 1963 (U.S. Geological Survey, 2016); thickness is variable, gener-
ally less than 15 feet (5 m).

Qly  Younger lacustrine deposits (Holocene to upper Pleistocene?) – Silt, clay, and minor sand from higher levels of 
Great Salt Lake; form islands at paleo Jordan River delta and mudflats northeast of Magna; gradational upslope 
with fine-grained regressive Lake Bonneville deposits and downslope with units Qlmy and Qldy; near Magna unit 
Qly is incised by post-Lake Bonneville alluvium; locally covered with a loess veneer; thickness generally less than 
15 feet (5 m).
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Qdy Younger deltaic deposits (Holocene) – Silt, sand, and clay present in a lobate, paleo-Jordan River delta complex of the 
Baileys Lake and Browns Island area, lower Salt Lake Valley; locally includes distributary channel fill and deltaic fan 
deposits and a loess veneer; deposits overlie units Qlmy and Qldy; exposed thickness less than 10 feet (3 m).

Qlk  Younger lacustrine carbonate-chip sand and gravel (Holocene) – Lacustrine sand and gravel composed of calcium-
carbonate clasts, including ooids, pellets, and rounded, irregularly shaped flakes and chips, with some pebbles of local 
rocks; formed on the floor of Great Salt Lake when adjacent mudflats (unit Qpm) were submerged, or were precipi-
tated from pore waters in mud, and later reworked by waves; locally present in barrier bars and islands fringing Great 
Salt Lake and some beaches of Antelope Island; locally grades into units Qla and Qpm; exposed thickness as much as 
6 feet (2 m).

Qlmy Younger lacustrine mud (Holocene to upper Pleistocene?) – Mud composed of silt, clay, and minor sand; locally with 
thin salt deposits and some organic materials; forms mudflats in lower Salt Lake Valley from the margin of Great Salt 
Lake extending upslope where it laterally interfingers with units Qly and Qldy; thickness probably less than 10 feet (3 m).

Qldy Younger lacustrine and deltaic deposits (Holocene to upper Pleistocene?) – Clay, silt, sand, and minor pebble gravel 
deposited by the ancestral Jordan River where it entered Great Salt Lake; locally includes a loess mantle; forms a 
broad, gently sloping surface with some channel remnants; exposed thickness less than 10 feet (3 m). 

Lacustrine deposits (Great Salt Lake and Lake Bonneville)

Qlb  Lacustrine boulders (Holocene? to upper Pleistocene) – Shore-zone boulders of Lake Bonneville and locally of Great 
Salt Lake; boulders are in areas where finer-grained sediments were winnowed out by waves, leaving large boulders on 
bedrock knobs and headlands; forms boulder fields and strandlines on hillsides of Antelope Island; not differentiated 
by lake or elevation; thickness is probably as much as 10 feet (3 m). 

Qlg  Lacustrine gravel (Holocene to upper Pleistocene) – Sandy gravel to boulders composed of locally derived rock frag-
ments deposited in shore zones of Great Salt Lake and Lake Bonneville; clasts are typically well rounded and sorted; 
locally tufa-cemented (especially the Provo shoreline, figure 2) and draped on bedrock; not differentiated by lake or 
elevation; in Puddle Valley and west of Cedar Mountains commonly includes eolian silt and sand cover commonly less 
than 6 feet (2 m) thick; thickness variable, to 100 feet (30 m) or more.  

Lacustrine and deltaic deposits (Lake Bonneville)

Qls  Lacustrine sand (upper Pleistocene) – Sand and silt deposited by transgressive and regressive phases of Lake Bonn-
eville; generally thick bedded and well sorted; typically grades downslope to finer-grained lacustrine deposits; in 
Puddle Valley includes a barrier below the Stansbury level shoreline composed of sand and carbonate chips associated 
with the Puddle Valley A shoreline of Sack (1995); thickness to 100 feet (30 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 the white marl of Gilbert 
(1890); can include thin eolian sand deposits at surface; in Puddle Valley and west of Cedar Mountains commonly 
includes eolian silt and sand cover commonly less than 6 feet (2 m) thick; thickness 10 to 100 feet (3–30 m) or more.

Qlt  Lacustrine tufa (upper Pleistocene) – Light-gray tufa with laminated and vuggy appearance; locally caps small hills 
in six small exposures located just below Provo shoreline near Redlam Spring, east side of northern Cedar Mountains; 
other small unmapped deposits in northern Oquirrh Mountains; thickness as much as 10 feet (3 m).

Glacial deposits

Qgt  Glacial till (upper to middle Pleistocene) – Poorly sorted, angular, boulder to pebble gravel, sand, and mud in eroded 
moraines within and just below cirque basins in northern Stansbury and Oquirrh Mountains; locally includes glacial 
outwash, and some small areas of younger alluvium and colluvium; deposits are undated, but till is likely associated 
with the younger Pinedale/Angel Lake glaciation, ~12 to 24 ka, and possibly the older Bull Lake/Lamoille glaciation, 
~ 130 to 190 ka (Pierce, 2004); older till may be present downslope of the younger till, but more detailed mapping 
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of the glacial deposits is needed; Osborn and Bevis (2001) reported on glacial deposits in the Stansbury and Oquirrh 
Mountains, and Valora (1968) reported on The Jumpoff (geographic feature of glacial origin) in the Oquirrh Moun-
tains; probably as much as 50 feet (15 m) thick.

Mass-movement deposits

Qmct Colluvium and talus (Holocene to upper Pleistocene) – Local accumulations of mixed colluvium and talus through-
out the map area; common near Lake Bonneville shorelines; thickness up to 15 feet (5 m).

Qms Landslide deposits (Holocene to middle? Pleistocene) – Poorly sorted, clay- to boulder-size debris, and large, dis-
placed bedrock blocks; generally characterized by hummocky topography, main and internal scarps, and chaotic 
bedding in displaced bedrock; also includes several displaced bedrock blocks along the north end of the Oquirrh 
Mountains (Tooker and Roberts, 1971a; Solomon, 1993); we did not map the massive April 10, 2013, landslide at the 
Kennecott/Rio Tinto Bingham Canyon mine (see Pankow and others, 2014), which was subsequently altered to al-
low access to the mine operations; unit undivided as to inferred age because research shows that even landslides with 
subdued morphology (suggesting they are older and have not moved recently) may continue to creep or are capable 
of renewed movement (Ashland, 2003); age and stability determinations 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; consist 
of alluvial deposits reworked by lakes, lacustrine deposits reworked by streams and slopewash, and alluvial and la-
custrine deposits that cannot be readily differentiated at map scale; grade into other lacustrine and alluvial deposits; in 
Puddle Valley and west of Cedar Mountains commonly includes eolian silt and sand cover commonly less than 6 feet 
(2 m) thick; thickness locally exceeds 30 feet (10 m).

Qac Alluvial and colluvial deposits, undivided (Holocene to upper Pleistocene) – Mixed alluvium and colluvium locally 
in upland valleys and along bases of slopes; clay- to boulder-size materials; locally grades into other deposits; thick-
ness generally less than 20 feet (6 m).

Human-derived deposits 

Qh  Human disturbance (Historical) – Deposits and disturbed areas from human development; includes some Ken-
necott/Rio Tinto and other mining operations, gravel pits and quarries, landfills, wastewater and storm water ponds, 
the Grantsville reservoir, motor sports area, and thicker fill for Interstate Highway 80 and its overpasses; also mapped 
in several stacked units; laterally extensive mine dumps, mine tailings, and evaporation ponds are mapped separately 
(see below); additional unmapped disturbed areas and smaller fill deposits are common throughout the map area; 
thickness generally less than about 20 feet (6 m).

Qhm Mine dumps (Historical) – Unconsolidated mine waste rock at the Kennecott/Rio Tinto Bingham Canyon, Melco, and 
Barneys Canyon mines; dumps were mapped from 2011 orthophotos; nearly all of these mine dump areas are depicted 
on the map as patterned polygons (see geologic symbols) to show the underlying geology and considering map scale 
constraints; mine dumps are principally coarse rock fragments with lesser sand- and silt-sized particles; mine dump 
thickness is highly variable, but locally exceeds 200 feet (60 m).

Qht  Tailings impoundment (Historical) – Mine tailings disposal area of Kennecott/Rio Tinto located at the north end of the 
Oquirrh Mountains; aboveground diked area contains unconsolidated, fine-grained mine tailings that have been slurried 
and pumped to this location; also includes some areas of human disturbance; maximum thickness planned to be as much 
as 247 feet (75 m); maximum permitted elevation of the active north tailings pile is 4462 feet (1360 m), and the average 
elevation of the inactive south pile is 4430 feet (1350 m), with an original ground surface elevation in this area of ~4215 
feet (~1285 m) (Leslie Heppler, Utah Division of Oil, Gas and Mining, verbal communication, June 21, 2016).

Qhe Evaporation ponds (Historical) – Laterally extensive salt evaporation ponds (both active and inactive) operated by 
various companies near the southern margin of Great Salt Lake; lake water is pumped to a series of diked areas contain-
ing brine of varying concentrations that evaporates to form salt deposits; thickness is typically less than 6 feet (<2 m).



5Interim geologic map of the Tooele 30' x 60' quadrangle, Tooele, Salt Lake, and Davis Counties, Utah

Stacked-unit deposits

Consist of thin surficial deposits covering underlying surficial deposit and bedrock geologic units. The stacked units are 
mapped judiciously here due to map scale considerations. Thin materials may also be present on other geologic units through-
out the map area.

Qh/unit (Qh/Tsl, Qh/Tnf, Qh/Tw?)

  Human disturbance over unit (Historical over Tertiary) – Disturbed areas and deposits from human development 
overlying various bedrock map units at the large gravel pit on the southeast side of Antelope Island; thickness of upper 
disturbed cover is highly variable.

Qes/unit (Qes/Qafy, Qes/Qla, Qes/Qlg, Qes/Qls, Qes/Qlf, Qes/Qafo, Qes/Ks)  

  Eolian sand over unit (Holocene over Holocene, Pleistocene, Cretaceous) – Eolian sand forming a mantle on other 
surficial deposits and rock units, particularly along the flanks of the northern Cedar Mountains and southern Lakeside 
Mountains; cover unit thickness is highly variable, but possibly as much as 60 feet (20 m).

Qlf/Posl

  Lacustrine fine-grained deposits over Oquirrh Group, sandstone and limestone unit (Grassy Mountains) (upper 
Pleistocene over Lower Permian) – Sand, silt, marl, and clay locally with tufa over bedrock unit; thickness of Qlf as 
much as 10 feet (3 m).

QTaf/Tslc

  Oldest fan alluvium over Salt Lake Formation, conglomerate lithosome (lower Pleistocene? to Pliocene? over 
Pliocene? to Miocene) – Quartzite-clast gravel overlying conglomerate unit along east flank of northern Stansbury 
Mountains; difficult to differentiate units readily at this map scale; thickness of QTaf increases eastward and is from 
0 to about 350 feet (105 m).

TERTIARY (NEOGENE-PALEOGENE) ROCK UNITS

Tephrochronology age data are summarized in table 2. Tables 3 and 4 provide sediment core and exploration drill hole and 
water well locations. Radiometric age data are summarized in tables 5 and 6.

Tsl  Salt Lake Formation, undivided (Pliocene? to Miocene) – Tuffaceous sandstone, conglomerate, volcanic ash, con-
glomeratic limestone, and possibly poorly consolidated sandstone that locally crops out on eastern Antelope Island 
in small exposures and as unit Qh/Tsl in a large sand and gravel pit (Doelling and others, 1990; Willis and Jensen, 
2000), and in Hastings Canyon area, northern Cedar Mountains (Maurer, 1970, part of his “Tertiary unnamed unit”; 
this study); gray tuffaceous sandstone is very fine grained, moderately indurated, laminated to medium bedded, and lo-
cally cross-bedded; pale-gray conglomerate is crudely stratified, has clasts of quartzite and limestone cobbles that are 
subangular to subrounded, and a calcareous and sandy matrix; very light gray volcanic ash consisting of glass shards 
is present within poorly exposed fine-grained sediments; tephrochronology analyses from the east side of Antelope 
Island indicate ages from ~ 8 to 11 Ma (Willis and Jensen, 2000), and a fission-track age of 6.1 Ma (Bryant and others, 
1989) appears too young (Willis and Jensen, 2000); no direct age dating from Hastings Canyon, but apparently inter-
bedded with unit Tb; regionally Tsl age could extend into the Pliocene; unit Tsl unconformably overlies older rock 
units; incomplete thickness is about 1800 feet (550 m) at Antelope Island (Doelling and others, 1990), and as much as 
2200 feet (670 m) at Hastings Pass and Redlam Spring area in northern Cedar Mountains.

Tslc Salt Lake Formation, conglomerate lithosome (Pliocene? to Miocene) – Conglomerate, tuffaceous sandstone and 
gritstone, minor limestone and volcanic ash; clast composition includes volcanic, quartzite, and carbonate rock types; 
mapped on east and west flanks of northern Stansbury Mountains; east flank exposures are mapped as unit QTaf/Tslc 
since overlying quartzite-clast fan gravels cannot be readily separated at map scale; tephrochronology age from South 
Willow Canyon is about 11 Ma (Cougar Point Tuff XIII) (Perkins and others, 1998; Clark and others, 2012); underly-
ing basalt from Muskrat Canyon area is 12.1 Ma (K-Ar age) (Moore and McKee, 1983); may overlap in age with unit 
QTaf; regionally Tsl age could extend into the Pliocene; Rigby (1958) reported on conglomerate composition in South 
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Willow Canyon, but did not map the formation; Slentz (1955) measured sections in South Willow and Davenport 
Canyons; exposed (incomplete) thickness as much as 3500 feet (1065 m).

Salt Lake Formation, divided into two lithosomes in western Salt Lake Valley.

Tslf  Salt Lake Formation, fine-grained lithosome (Pliocene? to upper Miocene) – White to light-gray tuffaceous marl-
stone and micrite, lesser claystone, sandstone, unwelded rhyolitic tuff (volcanic ash), and minor limestone; appears 
to interfinger laterally with unit Tslg; typically poorly exposed with local exposures in cuts and pits near the Harkers 
Canyon-Clay Hollow area; previously called part of the Jordan Narrows unit (see Slentz, 1955; Biek and others, 2007; 
Solomon and others, 2007); new tephrochronology data indicate deposits contain Blacktail Creek ash (6.62 Ma), 
Walcott ash (6.4 Ma), and Wolverine Creek ash (5.6 Ma?) (UGS and others, 2015), but there are no direct radiometric 
ages; yielded anomalously young fission-track age of 4.4 ± 1.0 Ma for a rhyolitic tuff from the reclaimed Pioneer pit 
(Bryant and others, 1989); regionally Tsl age could extend into the Pliocene; exposed (incomplete) unit thickness is 
about 300 to 500 feet (90–150 m) (Biek and others, 2007; Solomon and others, 2007).

Tslg Salt Lake Formation, gravel lithosome (Pliocene? to upper Miocene) – Poorly sorted, unconsolidated gravel with 
sand, silt, and clay that locally contains unwelded rhyolitic tuff (volcanic ash); clasts are locally sourced from sedi-
mentary and volcanic rocks; appears to interfinger laterally with unit Tslf; occurs as piedmont gravel that is deeply 
dissected and capped by an erosional surface along western Salt Lake Valley; previously called part of the Harkers fan-
glomerate (Slentz, 1955), and previously mapped as unit QTaf (oldest alluvial-fan deposits) (Biek and others, 2007; 
Solomon and others, 2007); new tephrochronology data indicate the deposits contain Blacktail Creek ash (6.62 Ma) 
(UGS and others, 2015); regionally Tsl age could extend into the Pliocene; exposed (incomplete) thickness as much 
as 350 feet (100 m) (Biek and others, 2007; Solomon and others, 2007).

Tso  Older Tertiary strata, undivided (Oligocene? to Paleocene?) – Antelope Island, conglomeratic strata on eastern An-
telope Island where relationship to units Tnf or Tw? is unclear; pale-gray conglomerate with primarily carbonate and 
quartzite clasts that are very poorly sorted and range from pebble to boulder size (see unit 3, measured section S4, Willis 
and Jensen, 2000); exposed northwest of large gravel pit; Doelling and others (1990) previously mapped as part of lower 
member of unnamed conglomeratic unit; unconformably overlies the Farmington Canyon Complex and underlies the 
Salt Lake Formation; complete thickness about 190 feet (60 m) (Doelling and others, 1990); northern Oquirrh Moun-
tains have three exposures of conglomerate with subangular to subrounded pebbles to boulders of quartzite, sandstone, 
some black chert, and rare limestone, with silica cement; U-Pb detrital zircon maximum depositional age of 40 Ma from 
Harkers Canyon (UGS and O’Sullivan, 2017); unconformably overlies Permian and Pennsylvanian rock units; thick-
ness about 30 to 500 feet (10–150 m) (Tooker and Roberts, 1971a; Biek and others, 2007; Solomon and others, 2007); 
northern Stansbury Mountains outcrops near Davenport Canyon consist of pale-reddish-orange conglomerate with 
primarily subrounded limestone and dolomite clasts and lesser sandstone and quartzite clasts; clasts typically less than 
4 inches (10 cm) in a gritty, calcareous matrix; poorly bedded and exposed; previously called North Horn? Formation 
(Rigby, 1958); no direct age data, but underlies volcanic rocks (unit Tvs, 39–41 Ma); thickness as much as 400 feet 
(120 m) (Rigby, 1958); northern Cedar Mountains outcrops in easternmost Hastings Canyon consist of light-brown to 
light-gray sandstone and conglomerate, and one freshwater limestone bed; conglomerate clasts are sedimentary likely 
from Permian and upper Oquirrh Group formations and average 2 inches (5 cm) in diameter; bedding is poor, medium 
to thick, forming mostly slopes; previously called part of the “Tertiary unnamed unit” (Maurer, 1970); contains fossil 
gastropods Physa cf. P. bridgerensis, Viviparus trochiformis, and Sphaerium sp. of probable Eocene or late Paleocene 
age (LaRocque, in Maurer, 1970); regionally the age of unit Tso could extend into the Oligocene; unit Tso unconform-
ably overlies older rock units and overlain by unit Tb; incomplete thickness is 300 feet (90 m) (Maurer, 1970).

Tnf  Norwood Formation and Fowkes Formation, undivided (Oligocene? to Eocene) – Gray conglomerate with vol-
canic, metamorphic, carbonate, quartzite, and chert clasts (pebbles to boulders) with sandy, gritty matrix and calcite 
cement, and interbedded purple and gray bentonitic mudstone; mapped solely as stacked unit Qh/Tnf, and overlies unit 
Qh/Tw? and Tw? at large gravel pit of eastern Antelope Island; yielded K-Ar ages of 42.9 Ma (claystone/bentonite), 
and 38.8 and 49.2 Ma on recycled volcanic clasts (Doelling and others, 1990), and regionally the unit could extend 
into the Oligocene; thickness is about 300 feet (90 m) (measured sections S1, S2, Willis and Jensen, 2000).

Tw? Wasatch Formation? (Eocene? to Paleocene?) – Grayish-red to dark-reddish-brown conglomerate and breccia; con-
tains angular clasts of local metamorphic rocks (pebbles to boulders) in a gritty, densely cemented matrix; present 
within (unit Qh/Tw?) and adjacent to large gravel pit at Antelope Island; unconformably overlies the Farmington 
Canyon Complex; queried since no direct age control, but lacks volcanic clasts; thickness is about 135 feet (40 m) (see 
lower parts of measured sections S1, S2, Willis and Jensen, 2000).
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Volcanic Rocks of the Northern Cedar Mountains and Northern Stansbury Mountains

Refer to tables 3 and 4 for sediment core and exploration drill hole and water well locations. Radiometric and U-Pb zircon age 
data are summarized in tables 5 and 6. New whole-rock geochemical data are presented in table 7.

Tb  Trachybasalt and basalt (Miocene?) – Dark-gray, locally vesicular, aphanitic, potassic trachybasaltic and basaltic 
lava flows; form ledges and cliffs in northern Cedar Mountains (Hastings Canyon), northern Stansbury Mountains 
(Muskrat Canyon), and Salt Mountain area; Hogg (1972) provided some geochemical data, and new data were ob-
tained (Clark and Biek, 2017); prior K-Ar ages (whole rock) of 12.1 ± 0.3 Ma (northern Stansbury Mountains) and 
13.8 ± 0.4 Ma (northern Cedar Mountains) (Moore and McKee, 1983), but Nevada Isotope Geochronology Laboratory 
reports that the groundmass on a sample we submitted is too altered for a reliable 40Ar/39Ar age (northern Stansbury 
Mountains); thickness from 0 to 115 feet (0–35 m) (Davis, 1959; Maurer, 1970).

Tsh  Shoshonite (Miocene?) – Moderate-gray, aphanitic, shoshonitic lava flows; forms cliffs, ledges, and slopes in Mack 
Canyon–Miners Canyon area; Hogg (1972) provided some geochemical data, and we obtained some new data (Clark 
and Biek, 2017); previously called basalt (Rigby, 1958; Davis, 1959); prior K-Ar age of 12.7 ± 0.2 Ma (Moore and 
McKee, 1983), but Nevada Isotope Geochronology Laboratory reports that the groundmass on a sample we submitted 
is too altered for a reliable 40Ar/39Ar age; thickness from 0 to about 125 feet (0–40 m) (Rigby, 1958).

Tm  Olivine melanephelinite (Eocene?) – Dark-gray, porphyritic, melanephelinite lava flow(s); contains olivine and less-
er clinopyroxene and phlogopite phenocrysts in a fine-grained groundmass (clinopyroxene, olivine?, apatite, opaque 
oxides, nepheline or plagioclase) (Eric Christiansen, Brigham Young University, written communication, February 
1, 2017); present in three small hills in northern Cedar Mountains near Interstate highway 80; geochemical data are 
similar to melanephelinite/minette at the Bingham district (Maughan and others, 2002; Eric Christiansen, BYU, writ-
ten communication, December 6, 2016; Clark and Biek, 2017); no direct age data, but similar rocks at Bingham are 
about 38 Ma (Deino and Keith, 1997); exposed thickness less than about 30 feet (10 m).

Tvs, Tvsl

  Rhyolitic to andesitic volcanic rocks of Stansbury Mountains (Eocene) – Interlayered volcanic and volcaniclastic 
rocks in eastern Stansbury Mountains and Salt Mountain area; includes gray to red to brown lava flows, ash-flow tuffs, 
lahars, debris avalanches, and tuffaceous sandstone; lahars and debris avalanches contain clasts of intermediate volca-
nic rocks; previously called latite volcanic series (Rigby, 1958) and andesites and associated rocks (Davis, 1959); in 
Davenport Canyon within unit Tvs is a pod of lacustrine limestone (unit Tvsl), up to about 200 feet (60 m) thick, that 
was previously mapped as Great Blue Limestone (Rigby, 1958); units Tvs and Tvsl form slopes, ledges, and cliffs; 
new geochemical data show compositional range from rhyolite to dacite, trachydacite, and andesite (Clark and Biek, 
2017); prior K-Ar ages of 39.4 ± 0.5, 40.6 ± 1.7, and 41.8 ± 0.5 Ma (Moore and McKee, 1983), and new 40Ar/39Ar 
plateau ages on biotite of 39.68 ± 0.50 and 41.30 ± 0.60 Ma (UGS and Nevada Isotope Geochronology Laboratory, 
2017); thickness of unit Tvs is 740 feet (225 m) (Salt Mountain) and 1630 feet (500 m) (eastern Stansbury Mountains) 
(Rigby, 1958; Davis, 1959).

Tirs  Rhyolite and trachydacite porphyry intrusions of Stansbury Mountains (Eocene) – Light-gray to light-greenish-
gray porphyritic rhyolite and trachydacite plugs, dikes, and sills; phenocrysts include plagioclase, hornblende, and 
biotite; present along axis of Deseret anticline and near North Willow and Mack Canyons; new geochemical data 
were obtained (Clark and Biek, 2017); mapped as monzonite porphyry (Rigby, 1958) and andesite and trachyandesite 
porphyry (Davis, 1959); Rigby’s small monzonite? plug was not located; K-Ar ages of 39.0 ± 0.6 and 40.3 ± 0.5 Ma 
(Moore and McKee, 1983).

Volcanic Rocks of the Northern and Central Oquirrh Mountains

Volcanic rocks in the Bingham mining district were divided into four informal compositional suites by Waite (1996) and Waite 
and others (1997): (1) younger volcanic suite, (2) older volcanic suite, (3) nepheline minette-shoshonite suite (within the older 
volcanic suite), and (4) Bingham intrusive suite. Biek and others (2005) and Biek (2006a) informally referred to the younger 
suite as the “volcanic and intrusive rocks of the west Traverse Mountains,” and combined the latter three suites as the “volcanic 
and intrusive rocks of the Bingham Canyon suite.” We also group the igneous rocks into younger and older suites, and further 
separate the suites into extrusive and sedimentary rocks, and intrusive rocks. The terminology for the intrusive rocks of the 
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Bingham district (after Lanier and others, 1978) is based on historical usage at Bingham mine (for the purpose of separating 
similar rock units); it is entrenched and does not necessarily reflect geochemical composition and newer geochemistry-based 
rock classifications. Information on Bingham area geology and ore genesis is provided in numerous publications, including 
Moore (1973), Bray and Wilson (1975), Economic Geology (1978), Black and Babcock (1991), Chesley and Ruiz (1997), John 
and Ballantyne (1997), Gruen and others (2010), Kloppenburg and others (2010), Landtwing and others (2010), Redmond and 
Einaudi (2010), Porter and others (2013), and Pankow and others (2014).  For geochemical and age data see Moore and oth-
ers (1968), Moore and Lanphere (1971), Moore (1973), Warnaars and others (1978), Moore and McKee (1983), Waite (1996), 
Deino and Keith (1997), Waite and others (1997), Pulsifer (2000), Maughan (2001), Maughan and others (2002), Parry and 
others (2001), Biek and others (2005), Biek (2006b), NMGRL & UGS (2006), von Quadt and others (2011), and Clark and 
Biek (2017). Key geologic maps are indicated in the mapping sources. Radiometric and U-Pb zircon age data are summarized 
in tables 5 and 6. New whole-rock geochemical data are presented in table 7. Also refer to tables 3 and 4 for sediment core and 
exploration drill hole and water well locations.

Tbx  Breccia pipes and bodies (lower Oligocene? to upper Eocene?) – Unit includes the Kilkinny breccia, located on west 
side of the Bear Gulch porphyry, and Dalton breccia at Bingham Canyon mine (Smith, 1975; Swensen and Kennecott 
staff, 1991; KUCC, 2009); Kilkinny breccia is composed of intrusive and sedimentary fragments and is locally cut by 
latite porphyry dikes; Bear Gulch breccia has an intrusive matrix with small quartzite fragments; Dalton breccia ap-
pears as a hole filled with coarse crushed sedimentary fragments with no matrix (Smith, 1975); uncertain age of pipes 
and bodies, but likely post-mineralization (post ~37 Ma) (K.A. Krahulec, UGS, verbal communication to D.L. Clark, 
June 10, 2014); highly variable in diameter and depth.

Tvu  Volcanic rocks, undivided (upper? to middle Eocene) – Combined unit of various volcanic rocks located under the 
mine dumps on east side of Bingham mine, where prior mapping does not match existing schemes of KUCC (2009) 
or Biek and others (2007); map unit also includes small intrusion northwest of Copperton (unit Tiu of Biek and others, 
2007) and volcanic boulder lag (latite) overlying unit Tso near Harkers Canyon; geochemical data in Clark and Biek 
(2017); probably associated with older volcanic and intrusive suite rocks at Bingham (see below).

Younger Volcanic and Intrusive Suite (early Oligocene to late Eocene, ~30–37 Ma) – Younger volcanic and intrusive rocks 
are widely exposed in the western Traverse Mountains just south of the quadrangle. Part of one intrusion extends into the map 
area (Biek and others, 2005; Clark and others, 2012, in preparation).

Younger Intrusive Rocks
Tir  Rhyolitic intrusion (late Eocene) – Shaggy Peak plug or dome is light- to medium-gray porphyritic rhyolite that 

contains a border phase with abundant plagioclase, quartz, and biotite phenocrysts and generally near-vertical flow 
foliations, and an interior phase with slightly larger phenocrysts and little or no flow foliation (Biek, 2006a; Biek, 
2006b); present at the southern map boundary in the Butterfield-Rose Canyon area; 40Ar/39Ar age of 35.49 ± 0.13 Ma 
(Biek and others, 2005). Other rhyolitic intrusions are present south of the map area in Tickville Gulch, Dry Mountain-
Ophir, and Eagle Hill-Mercur (Laes and others, 1997; Clark and others, 2012, in preparation).

Older Volcanic and Intrusive Suite (upper to middle Eocene, ~37–41 Ma) – Older suite rocks are largely comagmatic with the 
Bingham intrusive complex (Waite and others, 1997) and contain significantly higher chromium and barium concentrations and 
more magnetic minerals than the younger suite (Pulsifer, 2000).

Older Extrusive and Sedimentary Rocks
Tvfou Older intermediate lava flows (middle Eocene) – Dark-gray lava flows of intermediate composition derived from 

the Bingham intrusive complex; may locally include small areas of lahars and debris avalanches; interlayered with 
and difficult to differentiate from the older lahars and debris avalanches (unit Tvlo); present along the east flank 
of the Oquirrh Mountains; geochemical data in Clark and Biek (2017); 40Ar/39Ar age of 38.17 ± 0.09 Ma from 
recycled volcanic clast (Deino and Keith, 1997), and interlayered with Eocene lacustrine strata near Butterfield 
Canyon, south of map area (Biek and others, 2005); exposed thickness likely exceeds 1000 feet (300 m) (Biek and 
others, 2007).

Tvlo Older lahars and debris avalanches (middle Eocene) – Pebbles to boulders of intermediate-composition volcanic 
rocks in a matrix of lithic and crystal fragments; locally contain mostly mafic clasts; contain some thin discontinuous 
lava flows of intermediate composition (Pulsifer, 2000; Maughan, 2001; Biek and others, 2005); generally form rub-
bly slopes along east flank of Oquirrh Mountains; Bingham area 40Ar/39Ar ages of 38.68 ± 0.13 Ma from waterlain 
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tuff near top of unit (Maughan, 2001) and 39.18 ± 0.11 Ma from a volcanic clast near base of unit (Deino and Keith, 
1997); also interlayered with Eocene lacustrine strata near Butterfield Canyon, south of map area (Biek and others, 
2005); thickness may exceed 4000 feet (1200 m) (Biek and others, 2007).

Older Intrusive Rocks
Tipqm Porphyritic quartz monzonite intrusions (late to middle Eocene) – Intrusion at the former Lark townsite and the 

Ohio Copper dike in Bingham mine. Lark intrusion (plug) is light- to medium-gray dacite porphyry with abundant 
phenocrysts of plagioclase and biotite and lesser hornblende in a fine-grained groundmass; typically weathers to 
grussy or clayey soils; present near mouth of Butterfield Canyon near former Lark townsite (Laes and others, 1997; 
Biek and others, 2005; Biek and others, 2007); geochemical data in Clark and Biek (2017); K-Ar ages from Bingham 
tunnel portal of 36.9 ± 0.9 Ma (hornblende) and 36.9 ± 1.0 Ma (biotite) (Moore and others, 1968). Ohio Copper dike 
(east of Bingham stock) is medium-gray to greenish-gray, porphyritic amphibole-biotite quartz monzonite with or-
thoclase and plagioclase phenocrysts in a phaneritic groundmass; a distinct late phase of Bingham and Last Chance 
(quartz) monzonite (KUCC, 2009); no direct age data, but probably between 37 and 38.5 Ma (K.A. Krahulec, UGS, 
verbal communication, July 2015); other similar intrusions are mapped in the Porphyry Hill/Knob area north of Mer-
cur, Oquirrh Mountains (Laes and others, 1997).

Tiqmp Quartz monzonite porphyry intrusion (middle Eocene) – Forms western part of the Bingham stock at Bingham 
mine; light-gray, amphibole-biotite quartz monzonite porphyry; amphibole is altered to phlogopite and quartz, and 
plagioclase is altered to sericite and clay; there are no exposures of unaltered rock; inferred source of Bingham miner-
alizing fluids (KUCC, 2009); southwestern part of unit Tiqmp is referred to as hybrid quartz monzonite porphyry by 
Kennecott (KUCC, 2009); U-Pb zircon age of 37.94 ± 0.08 Ma (von Quadt and others, 2011).

Tim  Monzonite intrusions (middle Eocene) – Comprise Bingham and Last Chance stocks and associated intrusions at 
Bingham mine; medium- to dark-gray, augite-actinolite-phlogopite (quartz) monzonite; where altered, augite is re-
placed by actinolite, chlorite, phlogopite, and quartz, and some plagioclase is replaced by orthoclase; contains pyrite, 
chalcopyrite, bornite, and molybdenite mineralization; original magnetite is replaced by sulfide minerals; main Bing-
ham ore host (KUCC, 2009); Last Chance stock has a U-Pb zircon age of 38.55 ± 0.19 Ma and 40Ar/39Ar age of 38.40 
± 0.16 Ma (Parry and others, 2001); similar monzonite intrusions occur south of the map area in the Spring Gulch and 
Calumet mine area (near Stockton), Soldier Canyon, and near axis of Long Ridge anticline (Lufkin, 1965; Laes and 
others, 1997; Krahulec, 2005).

Tilp  Latite to dacite porphyry sills and dikes (middle Eocene) – Light- to dark-gray, latite to dacite porphyry (hornblende-
augite-biotite quartz latite porphyry) with abundant phenocrysts of plagioclase and hornblende and lesser biotite; at 
Bingham mine include the Fortuna sill, Main Hill, and Starless dikes, Bear Gulch porphyry, and apophyses (Laes and 
others, 1997; Biek and others, 2005; KUCC, 2009); geochemical data in Clark and Biek (2017); 40Ar/39Ar age of 38.84 
± 0.19 Ma (Deino and Keith, 1997), and U-Pb zircon age of 37.94 ± 0.13 Ma (von Quadt and others, 2011).

Tiqlp Quartz latite porphyry dikes and sills (late to middle Eocene) – Medium-brown and light-greenish-gray, hornblende-
biotite quartz latite porphyry; hornblende is altered to phlogopite and/or chlorite within the Bingham pit area; distin-
guished from other latitic dikes and sills by the presence of relatively large quartz phenocrysts and higher percentage 
of aphanitic groundmass; groundmass usually contains considerable hornblende (KUCC, 2009); includes Raddatz 
porphyry dikes with large K-feldspar phenocrysts (Settlement Canyon area) (see Krahulec, 2005; new geochemical 
data in Clark and Biek, 2017), and the Andy Dike and apophyses at Bingham mine (KUCC, 2009); 40Ar/39Ar ages of 
37.66 ± 0.08 and 37.72 ± 0.09 Ma (Deino and Keith, 1997), and U-Pb zircon age of 37.97 ± 0.11 Ma (von Quadt and 
others, 2011); also forms some small dikes (unmapped) east of Pass Canyon and near North Oquirrh thrust (Swensen 
and Kennecott staff, 1991) with K-Ar age of 36.5 ± 1.1 Ma (Moore, 1973); Raddatz dike has 40Ar/39Ar age of 39.4 ± 
0.34 Ma (Kennecott, unpublished age in Krahulec, 2005).

CRETACEOUS TO NEOPROTEROZOIC ROCK UNITS

Refer to table 4 for exploration drill hole and water well locations. U-Pb zircon data are summarized in table 6, and fossil age 
data are summarized in table 8.

Ks  Cretaceous strata (Lower Cretaceous, Aptian) – Predominantly moderate-reddish-orange mudstone with lesser red 
and gray conglomerate, sandstone, and siltstone; becomes more coarse grained in northern outcrops; conglomerate 
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clasts include sandstone, limestone and chert (likely derived from Permian formations) as much as 18 inches (46 cm) 
in diameter; bedding is laminated to very thick; crops out as slopes and few ledges in western foothills between Hast-
ings Canyon and Quincy Spring, northern Cedar Mountains; present in footwall of the Cedar thrust fault near Quincy 
Spring and unconformably overlies Triassic and Permian strata; gastropod fossils include Gyraulus sp. (LaRoque in 
Maurer, 1970); U-Pb detrital zircon maximum depositional age of 117 Ma (UGS and O’Sullivan, 2017); samples for 
palynology and charophyte evaluation are pending; previously called the North Horn? Formation (Maurer, 1970); 
thickness from 0 to 1100+ feet (0–335+ m) (Maurer, 1970; this study).

^d  Dinwoody Formation (Lower Triassic) – Moderate-brown limestone and lesser light-brown shale; laminated to thin-
ly bedded forming slopes and ledges; mapped in two small outcrops located 2 miles (3 km) west-southwest of Hast-
ings Pass, northern Cedar Mountains; no age data obtained; disconformably overlies unit Pgp; incomplete thickness is 
about 100 feet (30 m) or less.

Notes on Paleozoic and Neoproterozoic Stratigraphic Nomenclature

Previous workers applied a complicated mixture of Paleozoic and Neoproterozoic stratigraphic nomenclature drawn from 
western, northern, and central Utah in the map area. This nomenclature was used largely without complete consideration of 
the numerous structural features, such as the Uinta axis (see, for example, Waite and others, 1997; Rowley, 1998), Tooele arch 
(Hintze, 1959), Stansbury uplift (Rigby, 1959), Oquirrh basin (Jordan and Douglass, 1980), Sevier fold-thrust belt (see, for 
example, DeCelles, 2004; Kwon and Mitra, 2004; Yonkee and Weil, 2011), and eastern Great Basin (see, for example, Zoback, 
1983). Clark has not resolved all nomenclatural issues, but typically applied western Utah nomenclature (like that used by 
Hintze and Davis, 2003) to rocks of the western thrust system (bounded on the east by the Willard and East Stansbury thrust 
faults). The western thrust system carries thicker, deeper water/passive margin facies rocks. The western Utah nomenclature 
was used based on the lithostratigraphy. Clark applied nomenclature of northern and central Utah to rocks of the eastern thrust 
system (Antelope Island and Oquirrh Mountains). The eastern thrust system carries correlative, thinner, cratonic facies rocks.

In the Oquirrh Mountains, Tooker and Roberts (1970) divided Permian, Pennsylvanian, and Mississippian rocks into three se-
quences (from north to south: Rogers Canyon, Curry Peak, and Bingham, each interpreted to belong to a separate thrust sheet), 
and Tooker and Roberts (1998) and Tooker (1999) provided different formation nomenclature per thrust nappe. Conversely, 
Welsh (1976, 1983, 1998) and Welsh and James (1998) argued that there were no major lithologic facies changes between 
structural blocks of the Oquirrh Mountains, and applied Bingham area stratigraphic nomenclature to the northern Oquirrh 
Mountains (Rogers Canyon sequence). The Bingham sequence nomenclature was modified by Kennecott geologists to include 
Lower Permian formations (Swensen, 1975; Swensen and Kennecott staff, 1991; Laes and others, 1997). Clark applied these 
updated Oquirrh Group and associated formation names from Bingham across a larger area (and across thrust sheets) based 
on similar lithofacies and age relations throughout this part of Utah (figure 3; see Constenius and others, 2011; Clark and oth-
ers, 2012, 2016). Clark and others (2016) revised the Oquirrh Group stratigraphy in the Cedar Mountains from that of Maurer 
(1970). The Oquirrh Group lithofacies and nomenclature change from the Cedar Mountains to the Grassy Mountains (figure 3).

We do not use the name Kessler Canyon Formation in this map area. The Kessler Canyon Formation was included as the upper 
part of the Oquirrh Group of the Rogers Canyon sequence of Tooker and Roberts (1970) in the northern Oquirrh Mountains. 
However, Swensen (1975) and Welsh (1998) noted that east of the Garfield fault (located near Kessler Canyon) this unit is 
roughly equivalent to several formations (Diamond Creek-Kirkman, Freeman Peak, and Curry Peak?) and therefore omitted it 
from the Oquirrh Group. We herein reassign strata formerly mapped as the Kessler Canyon Formation south of the Arthur fault 
(located near Little Valley Wash) to Permian strata, undivided (Pu), while west of the Garfield fault and north of the Arthur fault 
we reinterpret most of the Kessler Canyon Formation as the Oquirrh Group, Bingham Mine Formation.

Tooker and Roberts (1970) divided the Bingham Mine Formation of the Bingham sequence into the Markham Peak and Clip-
per Ridge Members, and later Kennecott maps (Swensen and others, 1991; Laes and others, 1997; KUCC, 2009) also used the 
names Markham and Clipper Members. However, we follow Swensen (1975), who reported the type section of Tooker and 
Roberts (1970) is invalid, as it is inappropriately located (faulted), and used informal upper and lower members. We did not 
map these informal members outside of the Bingham district due to map scale considerations.

Pgp  Gerster Formation and Plympton Formation? (Middle Permian, Guadalupian) – Light-brown and light-gray lime-
stone, cherty limestone, and dolomite; locally common chert nodules (gray, tan, pink) (Maurer, 1970); Wardlaw and 
others (1979) reported different lithologies [they provided no details on measured section or fossil locations]; locally 
fossiliferous with brachiopods, pelecypods, and gastropods (Maurer, 1970); bedding is medium and thin forming 
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steep, rough slopes; crops out near the crest of the northern Cedar Mountains and south of Hastings Pass; Maurer 
(1970) considered the unit all Gerster Formation, while Wardlaw and others (1979) indicated the top part is Gerster 
Limestone (Kuvelousia biostratigraphic zone) and underlying part is the Plympton Formation (Thamnosia biostrati-
graphic zone, but no fossil data there) [note that the Permian time scale has changed over time]; we do not apply the 
Park City Group nomenclature of these formations from Wardlaw and others (1979); the Gerster is considered cor-
relative to the upper Franson Member of the Park City Formation (east), while the Plympton is considered correlative 
to the Murdock Mountain Formation (west) and Rex Chert and lower Franson Member (east) (Wardlaw and others, 
1979); complete thickness is about 1000 feet (300 m) (this study), whereas Maurer (1970) and Wardlaw and others 
(1979) [note incorrect scale bar] reported incomplete thicknesses of 511 to 870 feet (156–265 m).

Ppp Park City Formation and Phosphoria Formation, undivided (Middle to Lower Permian, Guadalupian to Leon-
ardian) – Combined unit that contains the Franson and Grandeur Members of the Park City Formation separated by 
the Meade Peak Member of the Phosphoria Formation (Biek in Solomon and others, 2007); incomplete upper part 
(Franson) contains gray dolomite and tan quartzite (261+ feet [80+ m] thick); middle part (Meade Peak) includes platy, 
shaley dolomite, quartzite, sandstone, shale, chert, and phosphorite (284 feet [87 m] thick); lower part (Grandeur) con-
sists of gray to light-brown limestone that is bioclastic, sandy, and cherty (215 feet [65 m] thick) (Tooker and Roberts, 
1970; Solomon and others, 2007); overall, unit is thin to thick bedded; present in the northeastern Oquirrh Mountains, 
Little Valley area southward to near Barneys Canyon; entire unit previously called Park City Formation, undivided 
(Welsh and James, 1961; Gunter, 1991; Laes and others, 1997), and Grandeur Member of Park City Formation (Tooker 
and Roberts, 1970, 1971a; Swensen, 1975); may be conformable or disconformable with underlying unit Pu (see 
Tooker and Roberts, 1970); limestone from the Meade Peak part recently yielded conodont Neostreptognathodus 
sulcoplicatus of late Leonardian (Kungurian) age (table 8); several fossils from the lowermost limestone (Grandeur) 
indicate a Leonardian to possible Wordian? age (Gordan and Duncan, in Tooker and Roberts, 1970), and this limestone 
also recently yielded the conodont Neostreptognathodus sp. of Leonardian age (table 8); top eroded, but incomplete 
thickness of 760 feet (230 m) was measured by Tooker and Roberts (1970) at Coon Canyon, and Kennecott cross sec-
tion at Barneys Canyon (Gunter, 1991 and plate 4) indicates incomplete thickness of about 350 feet (110 m).

Ppm Phosphoria Formation, Meade Peak Member (Lower Permian, Leonardian) – Black and gray shaley phosphatic 
rock with interbedded chert and dolomite; contains oolitic phosphatic layers, and layers rich in brachiopods, verte-
brate teeth, and skeletal fragments; forms covered slopes and few ledges at northern Cedar Mountains; contains fossil 
Helicoprion sp. (shark-like fish) and lingulid brachiopod molds (Maurer, 1970); Wardlaw and others (1979) included 
Meade Peak strata in their Penicularis (brachiopod) biostratigraphic zone; thickness is 75 to 141 feet (23–43 m) (Mau-
rer, 1970; Wardlaw and others, 1979).

Ppg Park City Formation, Grandeur Member (Lower Permian, Leonardian) – Moderate-gray and light-brownish-gray 
limestone, dolomitic limestone, and dolomite that is finely crystalline and bioclastic; light-brown and gray chert is 
locally abundant and minor amounts occur throughout the member; can form two cliffs separated by a thin slope-
forming unit of dolomite and chert; crops out south of Hastings Pass, northern Cedar Mountains; Maurer (1970) stated 
that brachiopod fossils suggest a Leonardian age, while Wardlaw and others (1979) reported Quadrochonetes, Echin-
auris, and Peniculauris (brachiopods) of the Penicularis biostratigraphic zone; we do not apply the Park City Group 
nomenclature of Wardlaw and others (1979); thickness is 419 to 575 feet (128–175 m) (Maurer, 1970; Wardlaw and 
others, 1979).

Psl  Sandstone, limestone and dolomite (Lower Permian, Leonardian) – Gray to light-brown sandstone, limestone, and 
lesser dolomite; sandstone is fine to medium grained with calcareous cement and tabular cross beds; carbonate rocks are 
finely crystalline, locally with chert and calcite nodules, and locally with brachiopods and gastropods; medium to thick 
bedded forming steep, ledgey slopes at northern Cedar Mountains; base of formation yielded fusulinids Parafusulina 
of Leonardian age (Clark and others, 2016); previously mapped as “Permian unnamed formation” (Maurer, 1970); may 
correlate with the Pequop Formation (west) and Diamond Creek Sandstone (east); few small outcrops along western 
map border (Grassy Mountains), and complete thickness at Cedar Mountains is 3953 feet (1205 m) (Maurer, 1970).

Pu  Permian strata, undivided (Lower Permian, Leonardian? to Wolfcampian?) – Combined unit at northern Oquirrh 
Mountains due to structural disturbance, limited age control, and poor exposure that includes units Pdk, Pofp, Pocp?; 
present below unit Ppp in a fault-bounded block containing a series of NE-trending folds; unit contains interbedded 
light-brown to reddish-brown and light-gray quartzite, sandstone (calcareous, ferruginous, dolomitic), limestone, do-
lomite, dolomite breccia, and some thin chert beds; bedding is thin to medium; worm trails in ferruginous sandstone 
are common (Tooker and Roberts, 1970; Swensen, 1975); present east of the Garfield fault from near Harkers Canyon 
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northward to the Arthur fault where it is poorly exposed and typically forms slopes and some ledges; fossil age data 
are very limited (see Tooker and Roberts, 1970); thickness is uncertain due to structural complications.

Pdk Diamond Creek Sandstone and Kirkman Formation, undivided (Lower Permian, Leonardian? to Wolfcampian?) 
– Combined unit due to structural disturbance that extends across the northern Oquirrh Mountains from Flood and 
Pass Canyons (west) to near Barneys Canyon (east); stratigraphically higher beds in Flood and Pass Canyons consist 
of interbedded light-gray sandstone, quartzitic sandstone, and local beds of light-brownish-gray dolomite or dolomitic 
limestone that are typically contorted, lenticular, and discontinuous; lower part is light-gray to tan, calcareous sand-
stone breccia; lenses and slump blocks of limestone and dolomite occur within the unit; lower part of unit in upper 
Dry Fork consists of light-gray to tan calcareous sandstone that is locally brecciated, cross-bedded, and ripple-marked 
and is underlain by dark-gray, weathering to light- to medium-bluish-gray, limestone and arenaceous limestone that is 
thinly laminated and commonly contorted and brecciated (Welsh and James, 1961; Swensen, 1975); typically forms 
slopes; unit underwent both soft-sediment and tectonic deformation (Welsh and James, 1961; Schurer, 1979a, 1979b); 
Welsh (1998) reported the Diamond Creek Sandstone beds are in part brecciated because of collapse due to dissolution 
of anhydrite in the underlying Kirkman Formation in the Oquirrh Mountains and Wasatch Range; the unit has been 
structurally deformed between the North Oquirrh thrust fault (located near Nelson Peak) and Midas thrust (located in 
Bingham mine) and Bear fault (located west of Freeman Peak), and also south of the Arthur fault where included as 
unit Pu; contact with underlying Freeman Peak Formation is locally faulted, but is otherwise conformable (Schurer, 
1979a; Gunter, 1991; Gunter and Austin, 1997); limited age control in Oquirrh Mountains (Swensen, 1975); thickness 
is uncertain due to structural complexity, but Swensen (1975) estimated about 2000 feet (600 m).

Oquirrh Group strata, subdivided into several formations, members, and units across the map area.

Oquirrh Group strata of the Grassy Mountains and Puddle Valley Knolls, divided into three informal units (modified from Doel-
ling, 1964; Jordan, 1979):

Posl Oquirrh Group, sandstone and limestone unit (Lower Permian, Leonardian to Wolfcampian) – Dark-gray calcare-
ous sandstone weathering to light and dark brown, and moderate-gray fossiliferous limestone; bedding is medium to 
thick forming slopes and ledges; fusulinids range from early Leonardian to early Wolfcampian in age, and other fossils 
including crinoids, brachiopods, pelecypods, sponges, trilobites, and bryozoans were noted (Doelling, 1964); fusulinid 
Schwagerina obtained from Puddle Valley Knolls (table 8); corresponds to Oquirrh Formation, unit 2 (upper part) and 
units 3, 4, 5, and 6 of Doelling (1964); incomplete thickness is 3150 feet (960 m) in map area; Doelling (1964) reported 
a complete thickness of 7620 to 9004 feet (2323–2745 m) in the Grassy Mountains.

*os Oquirrh Group, sandstone unit (Upper Pennsylvanian, Virgilian) – Light-brown, light-gray, pale-red sandstone and 
calcareous sandstone and siltstone, lesser silty and sandy limestone; bedding is thin forming slopes; fusulinids indicate 
a Virgilian age (Doelling, 1964); corresponds to Oquirrh Formation, unit 2 of Doelling (1964), but excluding the upper 
part (272 feet, 83 m) that is lower Wolfcampian in age based on fusulinids; unconformably overlies unit *ol; incom-
plete thickness is 1600 feet (490 m) in map area; Doelling (1964) reported a complete thickness of 1934 feet (590 m) 
in the Grassy Mountains.

*ol  Oquirrh Group, limestone unit (Middle Pennsylvanian, Desmoinesian) – Moderate-gray limestone and cherty limestone 
with minor interbedded light-brown sandstone; typically thick bedded, forming cliffs and ledges; fusulinids (Fusulina sp., 
Fusulina cf. haworthi) indicate a Desmoinesian age, and other fossils include brachiopods, corals, trilobites, and bryozoans 
(Doelling, 1964); corresponds to Oquirrh Formation, unit 1 of Doelling (1964); incomplete thickness is 1450 feet (440 m) 
in map area, and Doelling (1964) reported incomplete thickness of 1607 feet (490 m) in the Grassy Mountains.

P*o Oquirrh Group, undivided (Lower Permian to Lower Pennsylvanian) – Three isolated outcrops of possible Oquirrh 
Group rocks in Tooele Valley (Tooele Army Depot) that Tooker (1980) mapped as the Bingham Mine Formation, 
Markham Peak Member, but stratigraphic context is difficult to determine; exposed thickness roughly 1100 feet (340 
m). Unit also used on some cross sections.

Po  Oquirrh Group, Permian formations, undivided (Lower Permian, Wolfcampian?) – Combined unit of probable 
Oquirrh Group Permian formations in the Cedar thrust sheet for which there is no biostratigraphic control; corresponds 
to Maurer’s (1970) Oquirrh Formation unit 4, and may correspond to unit Pofc.
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Pofc Oquirrh Group, Freeman Peak Formation and Curry Peak Formation, undivided (Lower Permian, Wolfcam-
pian) – Combined unit in the northern Cedar Mountains and southern Lakeside Mountains; medium- to dark-gray, 
weathering to yellowish-gray, calcareous, fine-grained sandstone and siltstone with lesser interbedded very pale or-
ange, medium-gray and pale-red quartz sandstone and orthoquartzite (particularly in upper part) and uncommon gray 
sandy limestone; laminated to thick-bedded unit typically breaks into chips and plates forming rounded hills and 
slopes with occasional ledges; “worm trail” markings common on bedding planes in lower part of unit; Wolfcampian 
fusulinids reported by Maurer (1970) and Clark and others (2016); appears to be conformable with underlying Bing-
ham Mine Formation; corresponds to most of Maurer’s (1970) Oquirrh Formation unit 4 and unit 5; Clark and others 
(2016) reported unit is 3500 feet (1065 m) in Cedar Mountains; incomplete thickness in southern Lakeside Mountains 
estimated at 2600 feet (790 m) (where folded).

Pofp Oquirrh Group, Freeman Peak Formation (Lower Permian, Wolfcampian) – Light-gray to tan to brownish-tan 
calcareous quartzite that is thick bedded and interbedded with some thin, calcareous sandstone and platy, argil-
laceous siltstone and shale (rarely exposed except in roadcuts or prospect tunnels); lacks worm tracks found in 
the Curry Peak Formation and fine banding of the Bingham Mine Formation; forms jointed blocks and distinctive 
talus-covered slopes; present along the nose of the Copperton anticline from Bingham Canyon north and west 
around to Freeman Peak and also to the west near Pass and Bates Canyons, northern Oquirrh Mountains (Welsh 
and James, 1961; Swensen, 1975); previously referred to as the Clinker formation (Welsh and James, 1961); un-
conformable with underlying Curry Peak Formation; fusulinids Schwagerina and Pseudoschwagerina indicate 
a Wolfcampian age (Welsh and James, 1961); thickness is 2400 feet (730 m) at Freeman Peak, central Oquirrh 
Mountains (Swensen, 1975).

Pocp Oquirrh Group, Curry Peak Formation (Lower Permian, Wolfcampian) – Dark-gray, weathering to light-gray 
and tan, very fine grained, calcareous sandstone and siltstone that is thin bedded (poorly), and includes some minor 
quartzite and limestone; sandstone and siltstone locally weather with a darker brown, punky rind; sparsely fossilifer-
ous, but worm tracks and trails are abundant on bedding planes; quartzite lacks fine color banding of Bingham Mine 
Formation (Welsh and James, 1961; Swensen, 1975); generally forms chippy slopes with few ledges; present on flanks 
of Copperton anticline north of the Midas thrust and west in the Markham Peak–Pole Canyon area, northern Oquirrh 
Mountains; previously referred to as Curry formation (Welsh and James, 1961); unconformable on underlying Bing-
ham Mine Formation (Welsh and James, 1961), but unconformity is not observed to the west (Clark and others, 2012, 
2016); uppermost part of formation yielded fusulinids (Triticites, Schwagerina, Pseudoschwagerina) of Wolfcampian 
age (Welsh and James, 1961); thickness is 2450 feet (750 m) in section on south flank of Curry Peak, central Oquirrh 
Mountains (Swensen, 1975).

*o  Oquirrh Group, Pennsylvanian formations, undivided (Pennsylvanian) – Combined unit likely of Bingham Mine 
Formation?, Butterfield Peaks Formation, and West Canyon Limestone where backthrusted and structurally deformed 
along the east side of the northern Cedar Mountains; locally may include small outcrops of Manning Canyon Forma-
tion; also mapped in the Cedar thrust sheet (west side of Cedar Mountains) and in Skunk Ridge where there is no bio-
stratigraphic control, but Clark (this study) and Clark and others (2016) assumed the Cedar Mountains Oquirrh Group 
stratigraphy remained valid there based on similarity of lithofacies; largely corresponds to Maurer’s (1970) Oquirrh 
Formation units 1, 2, and 3.

*obm Oquirrh Group, Bingham Mine Formation (Upper Pennsylvanian, Virgilian-Missourian) – Brown-weathering, 
fine-grained quartzitic sandstone, quartzite, and calcareous sandstone with lesser interbeds of medium- to dark-gray, 
fine-grained, sandy and cherty limestone; light-brown to pale-red sandstone is very fine grained, feldspathic, and 
cross-laminated; bedding is medium to thick, but can be poor; forms talus-covered slopes with some intervening 
ledges; Commercial and Jordan Limestone marker beds present at base of formation only in the central Oquirrh Moun-
tains; in the northern Oquirrh Mountains, previously mapped as the Kessler Canyon Formation (Tooker and Roberts, 
1970); fossil age data from the northern Oquirrh Mountains are limited (Tooker and Roberts, 1970; Welsh, 1998), but 
this area yielded conodont Streptognathodus pawkuskaensis of Virgilian (Gzhelian) age (table 8); fusulinids reported 
from Cedar Mountains by Maurer (1970) and Clark and others (2016), and northern Cedar Mountains and southern 
Lakeside Mountains yielded Triticites sp. (table 8); corresponds to upper part of Maurer’s (1970) unit 3 and lower part 
of unit 4; in northern Oquirrh Mountains, west of Garfield fault, incomplete lower part of formation is about 1000 to 
2000 feet (300–600 m) thick (Tooker and Roberts, 1970, 1971a), and incomplete section between Garfield and Arthur 
faults is about 3400 feet (1040 m) thick (this study); complete thickness is 2700 feet (825 m) in Cedar Mountains 
(Clark and others, 2016), and possibly that thick in southern Lakeside Mountains where folded.
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*obmu Oquirrh Group, Bingham Mine Formation, upper member (Upper Pennsylvanian, Virgilian-Missourian) – Light-
gray to tan, thinly color-banded and locally cross-bedded quartzite with interbedded thin, light- to medium-gray, 
calcareous, fine-grained sandstone, limestone, and siltstone; several of the thin calcareous units are locally important 
as marker beds; upper-lower member contact is placed at base of the Manefay limestone marker bed; unit is very 
similar to the lower member above the Commercial Limestone (Swensen, 1975); Virgilian and Missourian fusulinids 
(Triticites) are reported from the Markham Peak section (R.C. Douglass, in Tooker and Roberts, 1970), and Welsh and 
James (1961) reported a Virgilian and Missourian age for the entire formation; 2200 feet (670 m) thick at the Bingham 
district (Swensen, 1975).

*obml Oquirrh Group, Bingham Mine Formation, lower member (Upper Pennsylvanian, Missourian) – Most of the unit 
consists of light-gray to tan, color-banded quartzite with thin, interbedded, light- to medium-gray, calcareous, fine-
grained sandstone, limestone, siltstone, and minor shale; unit includes several limestone marker beds including the 
Commercial and basal Jordan Limestone beds (important Bingham ore hosts, but not mapped separately here due to 
scale limitations); the Commercial (100 feet [30 m] thick) consists of dark-gray to black, argillaceous, thin-bedded, 
silty and cherty limestone, whereas the Jordan (308 feet [94 m] thick) is thin-bedded, dark-gray, argillaceous and silty, 
cherty limestone and arenaceous limestone (Swensen, 1975); Missourian-age conodont fauna were recovered from 
the Jordan Limestone east of Tooele (S.R. Ritter, Brigham Young University, written communication to D.L. Clark, 
October 27, 2009) and Missourian fusulinids were also reported from this member (Welsh and James, 1961; R.C. 
Douglass, in Tooker and Roberts, 1970); thickness is about 3100 feet (945 m) near Middle Canyon, Bingham district 
(Swensen, 1975).

*obw Oquirrh Group, Butterfield Peaks Formation and West Canyon Limestone, undivided (Middle to Lower Penn-
sylvanian) – Mapped as combined unit in eastern Stansbury Mountains and southern Lakeside Mountains, where 
contact is unclear due to sandy intervals in West Canyon Limestone; limited conodont data indicated Pennsylvanian 
age in southern Lakeside Mountains (S.R. Ritter, Brigham Young University, written communication to D.L. Clark, 
March 1, 2016); incomplete thickness about 550 feet (170 m) in northern Stansbury Mountains, and estimated at 4000 
feet (1220 m) thick (where folded) in southern Lakeside Mountains.

*obp Oquirrh Group, Butterfield Peaks Formation (Middle to Lower Pennsylvanian, Desmoinesian-Atokan-Morrowan) 
– Generally characterized by cyclically interbedded limestone and clastic intervals; limestone is medium gray and lo-
cally fossiliferous, arenaceous, cherty, and argillaceous in thin to thick beds and contains locally abundant brachiopod, 
bryozoan, coral, and fusulinid fauna; diagnostic black chert weathers brown and locally occurs as spherical nodules 
and laterally linked masses; light-brown quartzite and calcareous sandstone are thin to medium bedded and locally 
cross-bedded; includes some poorly exposed light-gray siltstone and mudstone interbeds; overall, limestone predomi-
nates over quartzite and sandstone, and clastic percentages increase upsection; unit forms ledges and cliffs with regu-
larly intervening slopes; subdivided in the Bingham district into upper and lower members by Swensen (1975) and 
Laes and others (1997), but not differentiated in our map; includes the Erda Formation of the northern Oquirrh Moun-
tains based on similar lithofacies and age relations (see Welsh, 1976, 1983, 1998); in Cedar Mountains corresponds 
to Maurer’s (1970) Oquirrh Formation unit 2 and most of unit 3; fossil age data in Welsh and James (1961), Maurer 
(1970), Tooker and Roberts (1970), Douglass and others (1974), Swensen (1975), Davis and others (1989, 1994), 
Welsh (1998), Konopka (1999), Clark and others (2016), and Clark (this study) (see table 8); conodont data in the 
northern Oquirrh Mountains indicate the base of unit *obp is Atokan, but in the southern Oquirrh Mountains the base 
is Morrowan (Davis and others, 1994); complete thickness is 9072 feet (2766 m) at Butterfield Peaks, central Oquirrh 
Mountains (Tooker and Roberts, 1970), and 3606 feet (1099 m) measured by Tooker and Roberts (1970; their Erda 
Formation), and 3690 feet (1125 m) measured by Konopka (1999) near Rogers Canyon, northern Oquirrh Mountains; 
4150 feet (1265 m) thick in Cedar Mountains (Clark and others, 2016).

*Mwm Oquirrh Group, West Canyon Limestone and Manning Canyon Formation, undivided (Lower Pennsylvanian, 
Morrowan to Upper Mississippian, Chesterian) – Combined unit along the North Oquirrh thrust fault where separation 
of formations is difficult due to poor exposure and map scale.

*owc Oquirrh Group, West Canyon Limestone (Lower Pennsylvanian, Morrowan) – Light- to medium-gray limestone, 
fossiliferous limestone, arenaceous limestone, with subordinate light-brown to light-gray calcareous sandstone and 
quartzite and minor dark-gray carbonaceous shale; limestone is medium to very thick bedded, and locally very fossil-
iferous, cherty, arenaceous, bioclastic, or bioturbated; fossils include crinoids, bryozoans, brachiopods, trilobites, fora-
minifera, corals, gastropods, sponges, calcareous algae, and pellets (Tooker and Roberts, 1970; Swensen, 1975; Davis 
and others, 1989); present in ledgy and cliffy exposures in the Kessler anticline, in the core of an unnamed anticline 
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near Lake Point, along North Oquirrh thrust (Bates Canyon–Nelson Peak area), and in a few small exposures south of 
Henry Spring, northern Cedar Mountains; includes the upper two-thirds of the Lake Point Limestone of Tooker and 
Roberts (1970) in the northern Oquirrh Mountains based on lithofacies and age relations; there are uncertainties about 
picking consistent lithologic and fossil datum associated with the formation contacts (see Davis and others, 1989, 
1994); microfossil and macrofossil data from northern and southern Oquirrh Mountains are available from Gordon 
and Duncan in Tooker and Roberts (1970), Welsh (1976), and Davis and others (1989, 1994); complete thickness of 
1050 feet (320 m) (Green Ravine area, measured section units 109 to 10, northern Oquirrh Mountains, Davis and oth-
ers, 1989, 1994); type and reference sections south of map area range from 1456 to 1007 feet (444–307 m) (Nygreen, 
1958; Tooker and Roberts, 1970; Davis and others, 1994).

Mmc Manning Canyon Formation (Upper Mississippian, Chesterian) – The formation is an interval of regional decol-
lement, commonly exhibiting substantial deformation, so regional thicknesses vary, but more reliable thicknesses 
of the formation are 1140 to 1559 feet (320–475 m) at Soldier Canyon, Oquirrh Mountains (Gilluly, 1932; Moyle, 
1959) and 1176 feet (359 m) at the Lake Mountains (Biek and others, 2009). Northern Stansbury Mountains 
includes dark-gray to light-brown and pale-red shale and dark-gray carbonaceous limestone, and lesser sandstone 
and quartzite; bedding is very thinly laminated to medium; forms slopes and ledges on east flank from Broad to 
West Canyons; no fossil age data; thickness is about 1000 feet (300 m), greater than mapped by Rigby (1958). 
Northern Oquirrh Mountains includes light-gray to dark-gray limestone, sandy limestone, fossiliferous limestone 
and some thin shaley partings; limestone is thin to thick bedded with local black chert nodules, wispy sand layers, 
and intraformational conglomerate; macrofossils include brachiopods, crinoids, bryozoans, gastropods, corals, and 
trilobites (Tooker and Roberts, 1970; Davis and others, 1989); forms slopes and ledges on flanks of the Kessler 
anticline; includes the lower one-third of the Lakepoint Limestone of Tooker and Roberts (1970), which has similar 
age relations, but differing lithofacies compared to the typical Manning Canyon; upper contact placed at top of 
the prominent double-cliff limestone unit (units 9 and 8 of measured section by Davis and others, 1989, 1994; see 
also Tooker and Roberts, 1970, figure 8; Welsh, 1976); conodont and macrofossil data indicate a Chesterian age 
(Davis and others, 1989, 1994; Gordon and Duncan, in Tooker and Roberts, 1970); thickness in northern Oquirrh 
Mountains is 477 feet (145 m) (units 9 through 1 of measured section by Davis and others, 1989, 1994). Southern 
Lakeside Mountains and Northern Cedar Mountains include few exposures west of the Lakeside fault and as-
sociated with thrust faults in the Hastings Pass and Henry Spring areas; incomplete thickness as much as 500 feet 
(150 m) (Young, 1953; Doelling, 1964; Maurer, 1970); Maurer estimated a total thickness in the Cedar Mountains 
of 1500 to 2000 feet (460–610 m).

Mgb Great Blue Limestone (Upper Mississippian) – Primarily limestone with minor shale and sandstone; bluish-gray to 
medium- and dark-gray limestone is locally fossiliferous, cherty, and argillaceous; bedding is medium to very thick; 
locally black chert occurs as nodules, particularly near the top; macrofossils include brachiopods, corals, bryozoans, 
and crinoids (see Davis, 1956; M.K. Elias, in Arnold, 1956; Gordon and Douglas, in Tooker and Roberts, 1970); dark-
gray to olive-gray shale occurs in middle part of section just south of the map area and in the lower part of the north-
ern Oquirrh Mountains section; uncommon yellowish-brown sandstone beds locally occur; forms ledgey and cliffy 
exposures; in northern Oquirrh Mountains previously mapped as the Green Ravine Formation of Tooker and Roberts 
(1970); complete thickness is from 650 to 1000 feet (200–300 m) at eastern Stansbury Mountains (Arnold, 1956; 
Rigby, 1958; this study), incomplete thickness at northern Oquirrh Mountains is about 1400 feet (430 m) (Tooker and 
Roberts, 1970), and incomplete thickness at southern Lakeside Mountains is 1537 feet (469 m) (Young, 1953).

Mh  Humbug Formation (Upper Mississippian) – Light-brown and medium-blue-gray interbedded sandstone, quartzite, 
fossiliferous limestone, and sandy limestone; bedding is thin to thick; fossils include bryozoans, corals, brachiopods, 
and crinoid columnals (Davis, 1956; Rigby, 1958); forms slopes and ledges; thickness is 950 to 1300 feet (290–400 
m) at northern Stansbury Mountains (Rigby, 1958; this study), 850 feet (260 m) in southern Lakeside Mountains (this 
study), and Palmer (1970) reported 350 feet (105 m) (where incomplete and structurally disturbed) at Stansbury Is-
land, near Cedar Canyon.

Mdf  Deseret Limestone, Gardison Limestone, Fitchville Formation?, undivided (Upper to Lower Mississippian) – 
Combined unit in northern Stansbury Mountains and west side of Stansbury Island where difficult to separate forma-
tions at this map scale as Delle Phosphatic Member of Deseret is poorly exposed or thin (attenuated?) and because the 
contact of Gardison and Fitchville? is unclear; see descriptions for units Md and Mgf; in Stansbury Mountains locally 
silicified near major unconformity; unit may conformably overlie Stansbury Formation; lower part of unit contains 
late Kinderhookian conodonts (Sandberg and Gutschick, 1979; Nichols and others, 1992; Stamm, in Silberling and 
Nichols, 1992a; Trexler, 1992); thickness is from 800 to 2200 feet (245–670 m).
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Md  Deseret Limestone (Upper to Lower Mississippian) – Mapped as separate unit in eastern Stansbury Island (where 
folded) and in isolated exposures near Skull Valley; medium- to dark-gray cherty limestone, limestone, fossiliferous 
limestone, cherty dolomite, minor medial light-olive-gray, weathering to light-brown, quartz sandstone; lower Delle 
Phosphatic Member includes dark phosphatic shale (poorly exposed) and medial cherty limestone (Sandberg and 
Gutschick, 1984), not mapped separately; bedding is thin to very thick; forms ledges and slopes; fossils locally include 
rugose corals, spiriferid brachiopods, and crinoids (Rigby, 1958), and Petersen (1969) reported ammonoids of early 
Meramecian age from the Delle Member in the northern Stansbury Mountains; Deseret was previously mapped as 
the upper part of the Pine Canyon Formation in Stansbury Mountains (Rigby, 1958); thickness of 1150 feet (350 m) 
reported by Palmer (1970), may be excessive due to folding.

Mw  Woodman Formation (Upper? to Lower Mississippian) – Upper part is pale-red, light-brown, moderate-gray, do-
lomitic, calcareous siltstone and fine-grained sandstone; lower part (Delle Phosphatic Member) is gray, black, and 
pale-red, phosphatic and cherty siltstone and mudstone with lesser nodular limestone and cherty limestone; formation 
is laminated to thinly bedded forming slopes with few ledges in southern Lakeside Mountains (Sandberg and Gutsch-
ick, 1984; Poole and Sandberg, 1991; Silberling and Nichols, 1992a, 1992b); yielded Osagean fossil data (Sandberg 
and Gutschick, 1984; Poole and Sandberg, 1991; Silberling and Nichols, 1992b); previously mapped as part of the 
Humbug Formation and Deseret Limestone (Young, 1953); correlates to the Deseret Limestone to the east (Poole and 
Sandberg, 1991); thickness is 445 feet (135 m) (Silberling and Nichols, 1992b).

MDgp Gardison Limestone, Fitchville Formation?, Pinyon Peak Limestone, undivided (Lower Mississippian, Osag-
ean to Upper Devonian, Famennian) – Combined unit in the southern Lakeside Mountains following Silberling and 
Nichols (1992a); upper part (Gardison) is moderate- to dark-gray silty limestone and limestone that is commonly 
cherty and fossiliferous; middle part (Fitchville?) is moderate- to dark-gray limestone that is locally fossiliferous and 
cherty; lower part (Pinyon Peak) is greenish-gray nodular silty limestone that is poorly exposed; bedding is thin to 
very thick forming ledges, cliffs, and few slopes; megafossils include corals, gastropods, brachiopods, bryozoa, and 
crinoid columnals, while conodonts from upper part (Gardison) range from Osagean to late Kinderhookian, and from 
the lower part (Pinyon Peak) are late Fammenian; unconformably overlies Devonian dolomite; previously mapped as 
the Madison Limestone and part of the Deseret Limestone (Young, 1953); 640 to 1000 feet (195–300 m) thick in the 
southern Lakeside Mountains (Silberling and Nichols, 1992a; this study).

Mgf  Gardison Limestone and Fitchville Formation? (Lower Mississippian, Osagean? to Kinderhookian) – Combined 
unit where difficult to separate formations and presence of Fitchville is unclear; upper part is light- to dark-gray lime-
stone and minor dolomite that is locally cherty and fossiliferous; bedding is thin to thick; fossils include brachiopods, 
gastropods, and corals (Arnold, 1956; Rigby, 1958; Palmer, 1970); lower part is medium-gray dolomite and cherty 
dolomite with thin limestone interval at base; thin to very thick bedded; fossils locally include corals and brachiopods 
(Arnold, 1956; Rigby, 1958; Palmer, 1970; Howell, 1978); combined unit forms ledges, cliffs, and slopes; Chapusa 
(1969), Palmer (1970), and Howell (1978) called lower part Fitchville Formation, however, an interval in lower part 
contains possible Osagean brachiopods (Howell, 1978) suggesting it is Gardison; in Broad Canyon, Stansbury Island, 
lower limestone contains upper Kinderhookian conodonts (Howell, 1978; Sandberg and Gutschick, 1979); lowermost 
shale interval of Howell (1978) and Sandberg and Gutschick (1979) placed in unit Dst herein; unit may conform-
ably overlie Stansbury Formation; previously called the Gardison/Madison Limestone and Fitchville Formation at 
Stansbury Island (Chapusa, 1969; Palmer, 1970; Howell, 1978), but Sandberg and Gutschick (1979) used different 
nomenclature; the Fitchville was previously mapped as the lower part of the Gardner Dolomite (Rigby, 1958); queried 
in isolated exposures; thickness is 1000 to 1200 feet (300–365 m) in eastern Stansbury Island and western Stansbury 
Mountains (Chapusa, 1969; Palmer, 1970; Howell, 1978; this study).

Dst  Stansbury Formation (Lower Mississippian, Kinderhookian to Upper Devonian, Famennian) – Enigmatic rock unit 
with complicated lithofacies relationships due to the Stansbury uplift (see Arnold, 1956; Stokes and Arnold, 1958; 
Rigby, 1958; Rigby, 1959; Nichols and others, 1992; Trexler, 1992). Clark’s mapping follows Trexler (1992) and the 
uppermost part (commonly covered) likely includes strata equivalent to the Pinyon Peak Limestone, and possibly 
other units (see Howell, 1978; Sandberg and Gutschick, 1979). In northern Stansbury Mountains (type section at 
Flux), the formation includes conglomerate with lesser quartz sandstone and quartzite, dolomite, limestone, and shale; 
the distinctive conglomerate is gray dolomite-clast type in a dolomite matrix, and varies from matrix to clast sup-
ported; clasts are subrounded to subangular and up to 5 feet (2 m) in diameter; light-colored sandstone and quartzite 
has small-scale cross-lamination and can be laterally discontinuous; some dolomite and limestone is present near the 
lower and upper contacts, is locally fossiliferous, and may contain carbonate rock fragments; Stansbury Island section 
is different from the type section—it does not have conglomerate and it has roughly four times as much quartz sand-
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stone compared to Flux (Trexler, 1992); yellowish-orange and pale-red shale was observed at the top of the section 
at Stansbury Island (Howell, 1978; Sandberg and Gutschick, 1979; Clark, this study); bedding is thin to very thick, 
forming mostly ledges and slopes; unit Dst also includes three large slide blocks of Laketown–Ely Springs Dolomite, 
unit Dst(SOu), near Flux and Miners Canyon, Stansbury Mountains (Rigby, 1958; Stokes and Arnold, 1958; Trexler, 
1992); major unconformity at base of formation (Rigby, 1958, 1959; Trexler, 1992); various fossil data indicate the 
formation ranges from early Kinderhookian to late Famennian in age (Sandberg and Gutschick, 1979; Nichols and 
others, 1992; Stamm, in Silberling and Nichols, 1992a; Mamet, in Trexler, 1992; Silberling?, in Trexler, 1992); fossil 
brachiopod Paurorhyncha endlichi reported by Arnold (1956) and Rigby (1958) from the formation; Hollis (2015) 
reported U-Pb detrital zircon provenance data, but no maximum depositional age; upper part was previously mapped 
as Pinyon Peak Limestone in Stansbury Mountains by Rigby (1958); the formation is limited in lateral extent (Trexler, 
1992); thickness from 0 to 1770 feet (0–540 m) at northern Stansbury Mountains and 925 feet (282 m) at Stansbury 
Island (Trexler, 1992).

Dgs Guilmette Formation and Simonson Dolomite, undivided (Middle Devonian) – Combined unit in the southern 
Lakeside Mountains where not readily separable for mapping purposes; predominantly gray color-banded dolomite 
and minor light-brown sandstone (Doelling, 1964); mapped as Jefferson Dolomite by Young (1953); complete thick-
ness is 1469 to 1850 feet (448–565 m) (Young, 1953; Doelling, 1964; this study).

Dss Simonson Dolomite and Sevy Dolomite, undivided (Middle to Lower Devonian) – Combined unit of dark- and 
light-gray dolomite that is medium to coarsely crystalline (Simonson) and light-gray dolomite that is finely crystalline 
with laminated surface appearance (Sevy); bedding is thin to very thick; occurs as ledges and slopes at Salt Mountain; 
no fossils or other age data; unconformable on unit SOu; combined unit thickness is 375 feet (115 m) at Salt Moun-
tain, but removed elsewhere by Devonian unconformity (Rigby, 1958, 1959).

Dsy Sevy Dolomite (Lower Devonian) – Light- to moderate-gray dolomite that is finely to coarsely crystalline with lami-
nated surface appearance; bedding is medium to thick; lighter colored and less resistant than surrounding formations; 
contains fossil fish fragments (Young, 1953); mapped separately in the southern Lakeside Mountains; previously 
called the Water Canyon Dolomite (Young, 1953; Doelling, 1964); complete thickness is 220 to 242 feet (67–74 m) 
(Young, 1953; Petersen, 1956) and 341 feet (104 m) farther north (Doelling, 1964).

SOu Laketown Dolomite, Ely Springs Dolomite, Eureka Quartzite, undivided (Silurian to Upper Ordovician) – Com-
bined unit of medium- to light-gray dolomite that is medium to coarsely crystalline (Laketown) and underlying banded 
dark- and medium-gray dolomite that is fine to medium crystalline (Ely Springs); in southern Lakeside Mountains 
also includes thin interval of Eureka Quartzite at base 15 to 35 feet (5–10 m) thick; bedding is medium to very thick; 
primarily forms ledges and cliffs; fossils include primarily brachiopods and corals (Rigby, 1958; Young, 1953; Doel-
ling, 1964); three slide blocks of SOu are included in unit Dst near Flux and Miners Canyon, Stansbury Mountains; 
at Stansbury Island, dark- to light-gray dolomite (likely Ely Springs) was previously mapped as Laketown (Chapusa, 
1969) and Fish Haven (Palmer, 1970); in the Stansbury Mountains, Ely Springs was previously mapped as Fish Haven 
Dolomite (Rigby, 1958); in the Lakeside Mountains was previously mapped as Laketown Dolomite, Fish Haven Dolo-
mite, and upper unit of Swan Peak Formation (Young, 1953; Doelling, 1964); complete thickness is 1075 feet (328 m) 
in southern Lakeside Mountains (Young, 1953), 925 feet (280 m) at Salt Mountain and northern Stansbury Mountains 
(Rigby, 1958), and 425 feet (130 m) at Stansbury Island where it is locally unconformable with overlying Stansbury 
Formation and younger rocks and with the underlying Pogonip Group (Chapusa, 1969; Palmer, 1970).

Op  Pogonip Group (Middle to Lower Ordovician) – Medium-gray limestone and lesser dolomite (variably sandy and 
cherty) with yellowish-orange argillaceous partings and laminae interbedded with siltstone, shale, and intraformational 
pebble conglomerate; bedding is thin to medium, and soft-sediment deformation exists as wavy bedding, slump folds, 
and intraformational breccia; forms ledges and slopes; fossils include trilobites, brachiopods, cephalopods, grapto-
lites, echinoderms, ostracodes, bryozoans, and algae (Young, 1953; Arnold, 1956; Rigby, 1958; Doelling, 1964); the 
thin upper formation (Kanosh Shale) is locally present only at Salt Mountain and southern Lakeside Mountains, but 
elsewhere the upper Pogonip Group (including the Kanosh) was removed on the Ordovician unconformity (Tooele 
arch) (Rigby, 1958; Hintze, 1959); previously mapped as the Kanosh Shale and Garden City Formation (Rigby, 1958; 
Chapusa, 1969; Palmer, 1970; Helm, 1994, 1995), and Swan Peak Formation (lower unit) and Garden City Limestone/
Formation (Young, 1953; Doelling, 1964); thickness as much as 1900 feet (580 m) at Stansbury Island (this study), 
1200 feet (365 m) at northern Stansbury Mountains and Salt Mountain (Rigby, 1958), and 1037 to 1186 feet (315–360 
m) at southern Lakeside Mountains (Young, 1953; Doelling, 1964).
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Opk Pogonip Group, Kanosh Shale (Middle Ordovician) – Local marker unit that is an upper formation of the Pogonip 
Group; olive-green and black shale with minor argillaceous sandstone, limestone, and dolomite; forms slopes in Salt 
Mountain area; present but not mapped separately in southern Lakeside Mountains; fossils include graptolites and 
brachiopods (Rigby, 1958); thickness from 0 to about 100 feet (0–30 m) near Salt Mountain (Rigby, 1958; this study).

Notes on Cambrian Stratigraphic Nomenclature

Cambrian stratigraphic nomenclature for the Stansbury Mountains was revised by Clark and Kirby (2009) from that of Rigby 
(1958) and Teichert (1959). These strata correspond to the thicker, deeper water/passive margin facies (western Utah nomencla-
ture), rather than the correlative thinner, eastern/cratonic facies (East Tintic nomenclature). Due to the map scale, some forma-
tions are combined, similar to the map units in Millard County (see Hintze and Davis, 2003). This Cambrian nomenclature also 
appears to be applicable at the southern Lakeside Mountains (see revisions to Young, 1953, 1955; Doelling, 1964).

_um Upper and Middle Cambrian strata, undivided (lowermost Ordovician, Upper to Middle Cambrian) – Combined 
unit at Stansbury Island, where subdivision of several Cambrian formations could not be readily accomplished due to 
structural complications (also see Chapusa, 1969), as well as land access and time restrictions. Western or northern 
Utah nomenclature is more appropriate than the East Tintic area nomenclature applied by Palmer (1970).

_np Notch Peak Formation (lowermost Ordovician? to Upper Cambrian) – Dark-gray dolomite locally with very light 
gray intervals, bands and mottling; common chert nodules and stringers, Girvanella (microbial oncolites), pisolites, 
and calcite rods; medium to very thick bedded forming ledges and cliffs; contains rare trilobite fossils (Arnold, 1956); 
previously mapped as the Ajax Dolomite/Limestone (Rigby, 1958), part of the Lynch Dolomite (Young, 1953), and 
part of the Nounan-St. Charles Formations (Doelling, 1964); complete thickness is 750 to 900 feet (230–275 m) in 
northern Stansbury Mountains (Rigby, 1958; this study), and 1375 feet (420 m) at southern Lakeside Mountains, and 
incomplete in southernmost Stansbury Island.

_o  Orr Formation (Upper Cambrian) – Upper part is light- to moderate-gray silty dolomitic limestone with rust-colored 
silty laminae and local rip-up clasts (possibly the Sneakover and Johns Wash Limestone Members), and intervening 
olive-green to pale-red shale (Corset Spring Shale Member) that includes trilobite Housia varro (Rigby, 1958); in 
southern Lakeside Mountains, upper part includes gray silty dolomite, dolomite, limestone, moderate-brown sand-
stone, and light-brown weathering dolomite; lower part is light- and dark-gray dolomite (Big Horse Member) with 
calcite rods and blebs, pisolites, oolites, and Girvanella; bedding is typically medium to very thick bedded; forma-
tion forms ledges, slopes, and cliffs; previously mapped as the Dunderberg Shale and Opex Formation in Stansbury 
Mountains (Rigby, 1958), part of the Lynch Dolomite (Young, 1953), and part of the Nounan-St. Charles Formations 
(Doelling, 1964); thickness is 450 feet (135 m) at northern Stansbury Mountains, and 935 feet (285 m) at southern 
Lakeside Mountains.

_lt  Lamb Dolomite and Trippe Limestone, undivided (Upper to Middle Cambrian) – Combined unit in northern Stans-
bury Mountains; Lamb includes thin upper part of moderate-gray silty limestone with rust-colored silty laminae and 
some oolites, and thicker lower part of light- and dark-gray dolomite; bedding is thin to thick; Trippe, top part includes 
thin silty and shaley limestone and olive-green to pale-red shale (Fish Springs Member), underlying moderate-gray 
limestone and lesser silty and shaley limestone; locally includes rip-up clasts/flat pebble conglomerate in limestone; 
fossils include inarticulate brachiopods and agnostid trilobite fragments (Rigby, 1958); bedding is thinly laminated to 
medium. Combined map unit forms ledges, slopes, and cliffs; Lamb previously mapped as the Cole Canyon and Blue-
bird Dolomites, and Trippe previously mapped as the Bowman Limestone and Herkimer Limestone (Rigby, 1958); 
thickness is 1200 feet (365 m).

_l  Lamb Dolomite (Upper to Middle Cambrian) – Mapped as separate formation in southern Lakeside Mountains; see 
description for unit _lt above; complete thickness is 1075 feet (325 m).

_tp  Trippe Limestone and Pierson Cove Formation, undivided (Middle Cambrian) – Combined unit in southern Lake-
side Mountains; Trippe, upper part is olive-green shale and shaley nodular limestone (Fish Springs Member, the upper 
nodular limestone unit of Doelling, 1964) and lower part is moderate-dark-gray silty limestone, limestone, and dolo-
mite that forms ledges; upper shale contains brachiopods (Doelling, 1964); Pierson Cove, moderate-gray limestone 
(locally silty) and dolomite with calcite rods and local oolites; more resistant and poorly bedded (medium to thick) 
forming rounded ledges and cliffs; previously mapped as the Bowman and Hartmann Limestones (Young, 1953), and 
Marjum Formation (Doelling, 1964); complete thickness is 975 feet (300 m) (Doelling, 1964).
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_pc Pierson Cove Formation (Middle Cambrian) – Mapped as separate formation in northern Stansbury Mountains; 
upper few beds of white and mottled dolomite (light and dark gray, called tiger-striped by Rigby [1958], and zebra-
banding by Cohenour [1959]) underlain by light- and dark-gray silty limestone (silty laminae are tan, pale orange, and 
moderate to dark gray); locally dolomitized intervals are moderate-gray to mottled gray dolomite that is more resistant 
and with some calcite rods; bedding is thin to very thick; forms ledges, cliffs, slopes; previously mapped as part of the 
Dagmar Dolomite? and Teutonic Limestone (Rigby, 1958); thickness is 575 feet (175 m).

_ww Wheeler Formation, Swasey Limestone, Whirlwind Formation, undivided (Middle Cambrian) – Combined unit 
in northern Stansbury Mountains; Wheeler, upper part is olive-green shale and minor moderate-gray silty limestone 
interbeds with tan silty laminae, middle part is silty limestone, lower part is shale and some silty limestone and limey 
shale; bedding is thinly laminated to very thick; contains Peronopsis (agnostid trilobite) (Rigby, 1958); Swasey is 
moderate- to dark-gray limestone and silty limestone with some small oncolites; locally dolomitized; bedding is me-
dium to thick; Rigby (1958) reported some fragments of Elrathia (trilobite); Whirlwind is pale-red and tan shale, and 
moderate-gray silty limestone; poorly exposed; fossils include Ehmaniella and Ehmania (trilobites) (Rigby, 1958); 
bedding is thinly laminated to medium. Combined unit forms slopes, ledges, and few cliffs; previously mapped as 
middle and lower part of the Teutonic Limestone and Ophir Group, Condor Formation (Rigby, 1958); thickness is 950 
feet (290 m).

_wh Wheeler Formation (Middle Cambrian) – Mapped as separate formation in southern Lakeside Mountains; gray silty 
limestone interbedded with lesser olive-green and grayish-green shale; bedding is laminated to thin forming slopes; 
no fossil data; complete thickness is 441 feet (135 m) (Doelling, 1964).

_sw Swasey Limestone (Middle Cambrian) – Mapped as separate formation in southern Lakeside Mountains; gray lime-
stone and lesser silty limestone; bedding is thick to very thick; unit forms cliffs between less resistant formations; 
sparse fossils include brachiopods and trilobites; complete thickness is 606 feet (185 m) (Doelling, 1964).

_wl Whirlwind Formation (Middle Cambrian) – Mapped as separate formation in southern Lakeside Mountains; moder-
ate-gray silty limestone with light-brown silty laminae interbedded with gray and green shale; bedding is laminated to 
medium; forms slopes with few ledges; fossils include trilobite debris; incomplete thickness is about 300 feet (90 m) 
(Doelling, 1964).

_dh Dome Limestone, Chisholm Formation, Howell Limestone, undivided (Middle Cambrian) – Dome is moderate- to 
dark-gray silty limestone with tan and red silty laminae; bedding is thin to medium; in the southern Lakeside Moun-
tains, it is orange-brown-weathering, medium-gray dolomite that is coarsely crystalline; Chisholm is olive-green shale 
(weathers brown), and lesser moderate-gray silty limestone and limestone with tan and orange silty laminae; bedding 
is thinly laminated to medium; contains uncommon Glossopleura (trilobite) (Rigby, 1958); Howell is moderate-gray 
silty limestone with orange silty laminae; bedding is thin to medium. Unit forms ledges and slopes; previously mapped 
as part of the Ophir Group–Dome, Burnt Canyon, Burrows equivalents, and Millard Limestone (Rigby, 1958), and as 
the Hartmann Limestone and Ophir Shale (Young, 1953); complete thickness is 750 feet (230 m) at northern Stansbury 
Mountains, and an incomplete section in the southern Lakeside Mountains is 695 feet (210 m).

_p  Pioche Formation (Middle to Lower Cambrian) – Dark-greenish-gray and dark-reddish-gray (typically weathering 
to reddish brown or brown gray) graywacke sandstone, phyllitic shale and shale, quartzite, calcareous sandstone, and 
sandy and silty limestone; bedding is thin to medium; unit typically forms slopes and some ledges; on west flank of 
Stansbury Mountains south of Pass Canyon, formation contains more quartzite and sandstone and therefore is more 
difficult to separate from upper part of the Prospect Mountain Quartzite (see Rigby, 1958); previously mapped as the 
lower Ophir Group including the Busby Quartzite and Pioche Shale (Rigby, 1958), and as part of the Tintic Quartzite 
(Young, 1953); complete thickness is 310 to 450 feet (95–135 m) at northern Stansbury Mountains (Rigby, 1958; this 
study), and about 500 feet (150 m) at Stansbury Island, north of Corral Canyon (Chapusa, 1969); about 545 feet (165 
m) thick in the southern Lakeside Mountains where it is mostly quartzite.

_pm Prospect Mountain Quartzite (Lower Cambrian to Neoproterozoic?) – Light-brown, light-gray, and white quartzite 
with scattered iron specks that is medium to coarse grained with cross-beds; bedding is medium to very thick; thin, 
uncommon conglomerate lenses occur with pebbles less than 1 inch (3 cm) diameter of quartzite and chert; in the 
Stansbury Mountains, uppermost part is reddish-brown colored and well bedded forming ledges above the more 
easily eroded white-colored unit below (Rigby, 1958); forms ledges, slopes, and cliffs; detrital zircon data have not 
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constrained the age for the formation (Yonkee and others, 2014); previously mapped as the Tintic Quartzite by Young 
(1953), Rigby (1958), Palmer (1970), and Doelling (1964); top of unit is conformable and base is not exposed; incom-
plete thickness is about 1150 to 2500 feet (350–760 m) at Stansbury Island (Chapusa, 1969; Palmer, 1970), and 4200 
feet (1280 m) (nearly complete?) at the Stansbury Mountains (Rigby, 1958); incomplete thickness is 665 feet (200 m) 
at southern Lakeside Mountains.

Neoproterozoic Rocks at Northern Stansbury Island and Carrington Island

Northern Stansbury Island was previously mapped as the Big Cottonwood series and Formation (Chapusa, 1969; Palmer, 
1970). Clark mapped this section of rock as the Mutual Formation, Inkom Formation, and Caddy Canyon Quartzite, which are 
faulted against Cambrian rocks. To the north, Carrington Island is composed of the Perry Canyon Formation.

Zm  Mutual Formation (Neoproterozoic) – Light-brown to light-gray quartzite and quartzite conglomerate that weathers 
to moderate brown; conglomerate with rounded quartzite and chert pebbles in lenses and beds; common cross-bedding 
and some liesegang banding; thin to thick bedded; forms ledges and cliffs; detrital zircon (DZ) analyses have not 
constrained the age of the formation (Yonkee and others, 2014); top part may not be exposed; incomplete thickness is 
about 1200 feet (365 m) at northern Stansbury Island.

Zi  Inkom Formation (Neoproterozoic) – Grayish-green and maroon phyllitic shale and argillite, and minor quartzite and 
sandstone; thinly laminated to medium bedded; typically weathers to chips, and largely covered by surficial deposits 
forming a poorly exposed strike valley; DZ maximum depositional age for the formation has not been constrained 
(Yonkee and others, 2014); complete thickness is about 200 to 300 feet (60–90 m) at northern Stansbury Island.

Zcc  Caddy Canyon Quartzite (Neoproterozoic) – Very pale orange to white quartzite with orange and red liesegang 
banding; cross-bedding and local pebble conglomerate lenses; bedding is medium to very thick; forms ledges and 
cliffs; DZ maximum depositional age for the formation has not been constrained (Yonkee and others, 2014); only top 
part of formation is exposed; incomplete thickness as much as 500 feet (150 m) at northern Stansbury Island.

Zpc  Perry Canyon Formation (Neoproterozoic) – Dark-brown and light-gray quartzite that is part of slate and quartzite 
member (see Balgord and others, 2013; Yonkee and others, 2014; Yonkee and others, in preparation); one small expo-
sure in map area at the southernmost part of Carrington Island; DZ data from Carrington Island are not yet available, 
but DZ data from Little Mountain (NE of Fremont Island) indicate a maximum depositional age of 683 Ma (Balgord 
and others, 2013); exposed (incomplete) thickness in map area is less than 100 feet (30 m).

CRETACEOUS TO PALEOPROTEROZOIC ROCK UNITS OF ANTELOPE ISLAND

Refer to table 4 for exploration drill hole and water well locations.

KXa Altered and deformed rocks (Cretaceous, Paleoproterozoic) – Older rocks (Farmington Canyon Complex) that were 
altered in the Cretaceous to dark-green to greenish-black chloritic to dark-reddish-brown hematitic gneiss, mylonite, 
and phyllonite (see Yonkee and Lowe, 2004; Willis and others, 2010;); locally silicified and cut by quartz veins and 
pods (includes Kq unit of Doelling and others, 1990); found along shear zones, including a major shear zone in the 
central part of Antelope Island and near the contact with the overlying sedimentary cover; retrograde alteration and 
deformation of Farmington Canyon Complex protoliths is mostly Cretaceous in age (Yonkee and others, 1989; Willis 
and others, 2010), however, Bryant (1988) indicated some quartz veins and pods may be related to Precambrian altera-
tion; in chloritic gneiss the original minerals are altered to sericite, fine-grained chlorite, biotite, stilpnomelane, epi-
dote, and albite; phyllonite and mylonite contain sericite (6–35%), chlorite (21–31%), quartz (29–51%), and feldspar 
(0–30%) (Yonkee and others, 2000a); previously mapped as units XWfg and XWfs by Doelling and others (1990); unit 
KXa thickness is highly variable, and quartz veins and pods are <10 feet (3 m) to 400 feet (120 m) across (Doelling 
and others, 1990; Yonkee and others, 2000a).

_t  Tintic Quartzite (Middle? to Lower? Cambrian) – Tan to pale-gray to greenish-gray metaquartzite with interbeds of 
quartz pebble conglomerate; quartzite (60%) is dense, fine to medium grained; pebbly quartzite (20%) and conglom-
erate (20%) contain moderately well sorted clasts of tan, white, and red polycrystalline quartz from 0.5 to 4 inches 
(1–10 cm) in diameter; bedding is medium to thick, and the unit commonly forms ledgey slopes and small blocky 
cliffs; quartzite is variably deformed with locally well-developed cleavage (stretched pebbles and micaceous part-
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ings), quartz-filled veins, and minor folds; unconformably overlies unit Zsd (Doelling and others, 1990; Yonkee and 
others, 2000b); detrital zircon data have not constrained the maximum depositional age (Yonkee and others, 2014); 
incomplete thickness is at least 800 feet (245 m), and top is not exposed (Doelling and others, 1990; Yonkee and oth-
ers, 2000b).

Zsm Slate and dolomite unit and Mineral Fork Formation, undivided (Neoproterozoic) – Combined unit in small ex-
posures due to map scale.

Zsd  Slate and dolomite (Neoproterozoic) – Consists of an upper slate member and thin lower dolomite member (Christie-
Blick, 1983; Doelling and others, 1990; Yonkee and others, 2000b); the slate member consists of purple, greenish-
gray, and reddish-brown slate, argillite, silty dolomite, and fine-grained metaquartzite that is thin bedded; the upper 
half consists mostly of purplish to reddish slate and fine-grained metaquartzite, and the lower half consists of multi-
colored slate with interbedded calcareous slate and silty dolomite; commonly forms smooth, covered slopes, but is 
locally well exposed; generally displays well-developed slaty cleavage, widespread minor folds, and locally complex 
quartz-filled veins developed during Mesozoic thrusting; slate grades downward to underlying light-gray to pink 
dolomite; the dolomite is finely crystalline to marbleized; bedding is finely laminated to thick bedded, partly reflect-
ing recrystallization; the dolomite forms resistant cliffs; dolomite is generally weakly deformed and from 20 to 30 
feet (6–10 m) thick; unit Zsd unconformably overlies the Mineral Fork Formation; previously called Kelley Canyon 
Formation (Doelling and others, 1990; Yonkee and others, 2000b; Willis and others, 2010), but the strata on Antelope 
Island may not be correlative with the Kelley Canyon Formation (W.A. Yonkee, Weber State University, written com-
munication to D.L. Clark, February 24, 2014; Yonkee and others, 2014) and the nomenclature may not be appropriate 
for the eastern thrust system (cratonic) rock units; detrital zircon data were obtained from the unit on Antelope Island, 
but the maximum depositional age and correlation are unclear (Yonkee and others, 2014); unit thickness is variable 
from 70 to 280 feet (20–85 m) due to structural deformation (Doelling and others, 1990; Yonkee and others, 2000b).

Zmf Mineral Fork Formation (Neoproterozoic) – Dark-brownish-black, very poorly sorted, matrix-supported diamictite 
with minor interbedded argillite, metaquartzite, and conglomerate locally present near the top of the unit; clasts com-
pose 20 to 60% of the diamictite and lie within a micaceous, gritty matrix; clast size is highly variable from pebbles to 
boulders 7 feet (2 m) across, but cobble-sized clasts are abundant; clasts vary from angular to rounded, but many were 
altered and flattened during Mesozoic deformation; clast types include quartzo-feldspathic gneiss and granite, meta-
quartzite (including rare, but distinctive, chrome-green quartzite), schist, and amphibolite, with relative abundances 
varying between outcrops; diamictite has a well-developed cleavage formed during Mesozoic thrusting and is defined 
by subparallel partings in the matrix and flattened clasts; unit generally forms slopes, but cliffs are locally present; 
usually not bedded; locally chloritized and structurally deformed; unconformably overlies the Farmington Canyon 
Complex (Doelling and others, 1990; Yonkee and others, 2000b); a detrital zircon maximum depositional age of 700 
Ma is given for the formation in the southern Wasatch Range (Yonkee and others, 2014) where it overlies the Big Cot-
tonwood Formation (<766 Ma) (Dehler and others, 2010); unit Zmf (eastern thrust system/cratonic) is correlative to 
part of Perry Canyon Formation (western thrust system/passive margin) in the northern Wasatch Range (Yonkee and 
others, 2014); thickness is 0 to 200 feet (0–60 m) (Christie-Blick, 1983; Doelling and others, 1990; Yonkee and others, 
2000b; Willis and others, 2010).

Farmington Canyon Complex, divided into eight informal units after Yonkee and others (2000a); also see Willis and others 
(2010). Considered Paleoproterozoic in age from about 1.6 to 1.7 Ga (Nelson and others, 2011, and references therein; also see 
Willis and others, 2010) (table 6), although debate remains whether it is older (W.A. Yonkee, Weber State University, verbal 
communication to D.L. Clark, October 22, 2015). Correlation with units of the Wasatch Range is presently unclear (Bryant, 
1988; Yonkee and Lowe, 2004; Coogan and King, 2016). Map unit descriptions are modified from Yonkee and others (2000a) 
and Willis and others (2010).

Xfcp Granite and pegmatite (Paleoproterozoic) – Mostly weakly to non-foliated, coarse-grained granite and pegmatite; 
only larger bodies mapped separately; unit includes pegmatitic granite that forms large bodies on the eastern part of 
the island, garnet-muscovite-bearing granite in small pods within and near layered gneiss, red granite that forms small 
plutons on the southern end of the island, and pegmatite in widespread dikes and pods within other units; larger out-
crops of granite and pegmatite are generally white to gray to pink, variably fractured, and have a knobby appearance; 
contains quartz (25–40%), plagioclase (20–35%), K-feldspar (30–50%) with minor muscovite, garnet, biotite, and 
accessory minerals, and is compositionally granite based on mineral modes; grain sizes variable from <1 to 10 mm in 
granite and locally >1 cm in pegmatite.
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Xfcgr, Xfcg

  Granitic gneiss (Paleoproterozoic) – Light- to pinkish-gray, weakly to strongly foliated, hornblende-bearing, quartz-
feldspar gneiss with lenses of hornblende-plagioclase gneiss; intruded by widespread pegmatite dikes; unit includes a 
central body of weakly to moderately foliated, red granitic gneiss (unit Xfcgr) and a surrounding body of moderately 
to strongly foliated migmatitic granitic gneiss (Xfcg) that are mineralogically indistinguishable (Yonkee and others, 
2000a); widely spaced, generally planar fractures produce a blocky appearance in most outcrops; exposed in a large 
elliptical area on the west-central part of the island and in a smaller area to the northeast; contains quartz (31–36%), 
plagioclase (18–32%), K-feldspar (27–39%), hornblende and rare pyroxene (4–8%), and accessory minerals, and has 
granitic compositions based on mineral modes; grain sizes from 0.1 to 10 mm.

Xfcb Banded gneiss (Paleoproterozoic) – Light- to pinkish-gray, strongly foliated and banded, locally migmatitic, horn-
blende-bearing, quartz-feldspar gneiss with lenses of hornblende-plagioclase gneiss; intruded by widespread pegma-
tite dikes; dominant rock type within the central and eastern parts of the island and surrounds the granitic gneiss unit; 
contains quartz (31–34%), plagioclase (28–38%), K-feldspar (16–27%), hornblende (6–12%), possible pyroxene and 
biotite, and accessory minerals, and is granitic to granodioritic in composition based on mineral modes; grain sizes 
from 0.1 to 3 mm.

Xfch Hornblende-plagioclase gneiss (Paleoproterozoic) – Dark-gray to black elongate pods of hornblende-plagioclase 
gneiss incorporated into granitic gneiss and banded gneiss, and light-gray to black plagioclase- to hornblende-rich 
gneiss that forms a large mafic body in the central part of the island; intruded by pegmatite dikes; contains hornblende 
(20–60%), plagioclase (30–60%), quartz (0–15%), minor pyroxene, and accessory minerals, and varies composition-
ally from gabbro to diorite to tonalite based on mineral modes; grain sizes from 0.1 to 4 mm.

Xfcu Metamorphosed ultramafic rock (Paleoproterozoic) – Dark-green to black meta-ultramafic rock with amphibole, 
pyroxene, and rare olivine that are variably altered to chlorite, serpentine, and talc, and commonly with some sur-
rounding hornblende-rich gneiss; forms small isolated pods within layered gneiss at the southern end of the island; 
contains anthophyllite and tremolite (~30%), orthopyroxene and clinopyroxene (15%), minor olivine, alteration min-
erals, and accessory minerals; grain size up to 3 mm.

Xfcq Quartz-rich gneiss (Paleoproterozoic) – White to pale-gray, quartz-plagioclase gneiss with minor layered gneiss and 
biotite schist; forms concordant lenses from 3 to 100 feet (1–30 m) wide within the layered gneiss; weathers to form 
vitreous, milky to greenish-gray, fractured and resistant outcrops; consists dominantly of quartz (79–94%), with lesser 
amounts of plagioclase (5–12%), biotite, muscovite, and accessory minerals; grain sizes from 0.2–5 mm.

Xfcl  Layered gneiss (Paleoproterozoic) – Light- to dark-gray outcrops of biotite- and garnet-bearing, migmatitic, quartz-
feldspar gneiss with well-developed compositional layering (quartzo-feldspathic, biotite-rich, quartz-rich, amphibo-
lite layers from 0.2 to 6 feet [0.05–2 m] thick); contains lenses of biotite schist and quartz-rich gneiss and rare pods 
of metamorphosed ultramafic and mafic rock; cut by widespread amphibolitic dikes; intruded by pegmatite dikes 
and granitic pods; forms heterogeneous, gray to brown to pink outcrops of variable erosional resistance in elongate 
regions within the southern and central parts of the island; layered gneiss mineral abundances are variable and contain 
quartz (18–46%), plagioclase (27–43%), K-feldspar (3–16%), biotite (4–32%), locally garnet, sillimanite, cordierite, 
and accessory minerals; grain sizes from 0.1–5 mm; U-Pb zircon age of 1691 ± 26 Ma from layered gneiss in south-
ern Antelope Island (Nelson and others, 2011); biotite schist forms lenses up to 6 feet (2 m) wide; present locally 
with intercalated thin layers and pods of granitic material; relatively non-resistant, weathering to form brown slopes 
and subdued ledges; schist consists of biotite (38–55%), quartz (1–16%), coarser-grained muscovite (4–7%), garnet 
(1–4%), and lesser sillimanite and highly altered cordierite?, alteration to sericite (33%); grain sizes from 0.1–5 mm.
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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.

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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Figure 3. Comparison of Permian-Pennsylvanian nomenclature of the Oquirrh Group/Formation and 
other units used in this map and adjacent areas. Grassy Mountains modified from Doelling (1964). See 
Constenius and others (2011) for Wasatch Range.

Figure 3. Comparison of Permian-Pennsylvanian nomenclature of the Oquirrh Group/Formation and other units used in this map and 
adjacent areas. Grassy Mountains modified from Doelling (1964). See Constenius and others (2011) for Wasatch Range.
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Table 1.   Summary of radiocarbon age analyses from the Tooele 30' x 60' quadrangle.

Map No. Core/Location
Collection 
Date

Latitude (N) 
NAD83

Longitude (W) 
NAD83 Depth (cm)

Radiocarbon 
Ages (Years) Lab Number Reference

SC9 GLAD core 3A 2000 40.8968 -112.2461 1137-1147 8704±50 AA54639

Dinter and others, 2001; Dinter and 
Pechmann, 2001?; Schnurrenberger and 
Haskell, 2001

SC9 GLAD core 3A 2000 40.8968 -112.2461 1141-1142 9068±66 AA55094

Dinter and others, 2001; Dinter and 
Pechmann, 2001?; Schnurrenberger and 
Haskell, 2001

SC10 GLAD core 3B 2000 40.8969 -112.2433 37-41 804±38 AA43718

Dinter and others, 2001; Dinter and 
Pechmann, 2001?; Schnurrenberger and 
Haskell, 2001

SC10 GLAD core 3B 2000 40.8969 -112.2433 50-54 1027±44 AA44469

Dinter and others, 2001; Dinter and 
Pechmann, 2001?; Schnurrenberger and 
Haskell, 2001

SC10 GLAD core 3B 2000 40.8969 -112.2433 633-644 5711±50 AA53426

Dinter and others, 2001; Dinter and 
Pechmann, 2001?; Schnurrenberger and 
Haskell, 2001

SC10 GLAD core 3B 2000 40.8969 -112.2433 842-846 7186±66 AA44475

Dinter and others, 2001; Dinter and 
Pechmann, 2001?; Schnurrenberger and 
Haskell, 2001

SC5 Spencer core C late 1970s 40.9880 -112.4491 334 9680±130 AA-663 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 337 11970±180 AA-667 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 350 12100±130 AA-666 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 360 12400±300 AA-662 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 380 13300±140 AA-661 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 414 15860±180 AA-660 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 425 17760±150 AA-3948 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 430 18110±120 AA-3949 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 458 19540±140 AA-3950 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 461 22500±190 AA-3951 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 489 21050±320 AA-664 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 496 26460±320 AA-657 Thompson and others, 1990
SC5 Spencer core C late 1970s 40.9880 -112.4491 560 31000±650 W-4809 Spencer and others (1984)
SC5 Spencer core C late 1970s 40.9880 -112.4491 560 >41000 W-4669 Spencer and others (1984)
˗ USGS core 95-1 1995 41.0000 -112.4522 123 11850±60 WW-786 Thompson and Oviatt (unpublished data)
˗ USGS core 95-1 1995 41.0000 -112.4522 246 12420±70 WW-787 Thompson and Oviatt (unpublished data)
SC8 USGS core 95-2 1995 40.9963 -112.3012 50 2660±60 WW-788 Thompson and Oviatt (unpublished data)
SC8 USGS core 95-2 1995 40.9963 -112.3012 420 6000±60 WW-835 Thompson and Oviatt (unpublished data)
SC8 USGS core 95-2 1995 40.9963 -112.3012 260 6580±60 WW-834 Thompson and Oviatt (unpublished data)
SC8 USGS core 95-2 1995 40.9963 -112.3012 585 7260±60 WW-792 Thompson and Oviatt (unpublished data)
SC8 USGS core 95-2 1995 40.9963 -112.3012 100 8410±70 WW-833 Thompson and Oviatt (unpublished data)
SC8 USGS core 95-2 1995 40.9963 -112.3012 745 8900±60 WW-793 Thompson and Oviatt (unpublished data)
SC8 USGS core 95-2 1995 40.9963 -112.3012 905 9550±60 WW-794 Thompson and Oviatt (unpublished data)
SC8 USGS core 95-2 1995 40.9963 -112.3012 1055 10330±60 WW-795 Thompson and Oviatt (unpublished data)
˗ Magna spit 1980s; 1990s 40.709 -112.044 ˗ 10285±265 GX-6614 Currey and others, 1983; Oviatt, 2014
˗ Magna spit 1980s; 1990s 40.709 -112.044 ˗ 10300±310 GX-6949 Currey and others, 1983; Oviatt, 2014
˗ Magna spit 1980s; 1990s 40.709 -112.044 ˗ 10570±60 Beta-159195 Currey and others, 1983; Oviatt, 2014
˗ Tooele Valley 2000s 40.708 -112.215 ˗ 14370±240 Beta-5697 Godsey and others, 2005
˗ Tooele Valley 2000s 40.512 -112.215 ˗ 15080±90 Beta-151451 Godsey and others, 2005
˗ Tooele Valley 2000s 40.510 -112.215 ˗ 15060±50 Beta-169099 Godsey and others, 2005
˗ Tooele Valley 2000s 40.512 -112.215 ˗ 13580±40 Beta-159810 Godsey and others, 2005
˗ Tooele Valley 2000s 40.465 -112.215 ˗ 14730±140 Beta-146004 Godsey and others, 2005
˗ Tooele Valley 2000s 40.512 -112.215 ˗ 11940±130 Beta-156660 Godsey and others, 2005
˗ Stansbury Island 2000s 40.791 -112.517 ˗ 7510±40 Beta-208972 Patrickson and others, 2010
˗ Stansbury Island 2000s 40.791 -112.517 ˗ 19370±80 Beta-195845 Patrickson and others, 2010
˗ Stansbury Island 1980s 40.791 -112.517 ˗ 20710±310 Beta-5566 Currey and others, 1983
˗ Stansbury Island 2000s 40.791 -112.517 ˗ 20990±150 Beta-209904 Nishizawa and others, 2013
˗ Stansbury Island 2000s 40.791 -112.517 ˗ 23630±240 Beta-151447 Nishizawa and others, 2013
˗ Stansbury Island 2000 40.791 -112.517 ˗ 23270±160 Beta-119851 Oviatt, 2015
˗ Stansbury Island 1980s 40.791 -112.517 ˗ 24870±410 Beta-8343 Currey and Oviatt, 1985
˗ Antelope Island 1990s 40.96 -112.17 ˗ 3450±250 Beta-25289 Murchison and Mulvey, 2000
˗ Antelope Island 1990s 40.96 -112.17 ˗ 5890±120 Beta-26629 Murchison and Mulvey, 2000
˗ Antelope Island 1990s 40.96 -112.17 ˗ 7650±90 Beta-25290 Murchison and Mulvey, 2000

˗ Baileys Lake fault trench 2010 40.795 -112.012 ~80 675±30 OS-86491
Hylland and others, 2012; DuRoss and 
Hylland, 2014

˗ Baileys Lake fault trench 2010 40.795 -112.012 ~80 1800±25 OS-86573
Hylland and others, 2012; DuRoss and 
Hylland, 2014

˗ Baileys Lake fault trench 2010 40.795 -112.012 ~20 3890±30 OS-86492
Hylland and others, 2012; DuRoss and 
Hylland, 2014

˗ Baileys Lake fault trench 2010 40.795 -112.012 ~20 4280±30 OS-86494
Hylland and others, 2012; DuRoss and 
Hylland, 2014

˗ Baileys Lake fault trench 2010 40.795 -112.012 ~35 5400±30 OS-86493
Hylland and others, 2012; DuRoss and 
Hylland, 2014

˗ Baileys Lake fault trench 2010 40.795 -112.012 ~440 31400±350 OS-86572
Hylland and others, 2012; DuRoss and 
Hylland, 2014

Notes:
Map number corresponds to plate 1.
Core/sample locations are approximate except for GLAD cores 3A and 3B, Tooele Valley, and Baileys Lake fault trench.
nd is no data.

Table 1. Summary of radiocarbon age analyses from the Tooele 30' x 60' quadrangle.
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Table 2.  Summary of tephrochronology data from the Tooele 30' x 60' quadrangle.

Map No. Sample No./Core 7.5' Quadrangle
Latitude (N) 
NAD27

Longitude (W) 
NAD27 Tephra Name Depth (ft.in) Depth (m) Age (Ma) Error (Ma) Laboratory Reference

Antelope Island
AT1 AITT-0840 Antelope Island 40°56'36" ˗112°10'52" Rush Valley? or unamed? 7.9 or 9.2 0.5 Univ of Utah, Perkins and Nash Willis and Jensen, 2000
AT2 AITT-1200 Antelope Island 40°54'32" ˗112°10'20" Rush Valley? or unamed? 7.9 or 9.2 0.5 Univ of Utah, Perkins and Nash Willis and Jensen, 2000
AT3 AITT-1030 Antelope Island 40°55'59" ˗112°11'02" unamed (SW MT?) ~9.8 Univ of Utah, Perkins and Nash Willis and Jensen, 2000
AT4 AITT-1090 Antelope Island 40°54'08" ˗112°10'16" unamed (SW MT?) ~9.8 Univ of Utah, Perkins and Nash Willis and Jensen, 2000
AT5 AITT-1220 Antelope Island 40°54'38" ˗112°10'18" unamed (Mink Creek SE ID?) 9.5 to 10.5 Univ of Utah, Perkins and Nash Willis and Jensen, 2000
AT6 AITT-0700 Antelope Island 40°55'36" ˗112°10'35" Cougar Point Tuff XIII 10.94 0.03 Univ of Utah, Perkins and Nash Willis and Jensen, 2000
AT7 AITT-1020 Antelope Island 40°56'00" ˗112°11'05" unknown (Group A, Trapper Ck, ID?) 8.0? to 10.5? Univ of Utah, Perkins and Nash Willis and Jensen, 2000

Western Salt Lake Valley
Latitude (N) 
WGS84

Longitude (W) 
WGS84

T8 T8 Copperton 40.60838 -112.11254 Blacktail Creek 6.62 0.03 University of Utah, Nash UGS and others, 2015
T9 T9 Copperton 40.60836 -112.11912 Blacktail Creek 6.62 0.03 University of Utah, Nash UGS and others, 2015
T10 T10 Copperton 40.61457 -112.08536 Blacktail Creek 6.62 0.03 University of Utah, Nash UGS and others, 2015
T11 T11 Copperton 40.61081 -112.07180 Wolverine Creek 5.6? University of Utah, Nash UGS and others, 2015
T12 T12 Copperton 40.56779 -112.10096 Blacktail Creek 6.62 0.03 University of Utah, Nash UGS and others, 2015
T14 T14 Copperton 40.62013 -112.07592 Walcott 6.27 0.04 University of Utah, Nash UGS and others, 2015
T15 T15 Magna 40.67666 -112.08463 unknown University of Utah, Nash UGS and others, 2015
T16 T16 Magna 40.67688 -112.08638 unknown University of Utah, Nash UGS and others, 2015

Latitude (N) 
NAD83

Longitude (W) 
NAD83

SC2 S28 Core Baileys Lake 40.7869 -112.0687
Natural Trap? 112.9 0.11* University of Utah Williams, 1994
Lava Creek B 467.9 142.6 0.62 University of Utah Williams, 1994
Ranch Canyon 505.4 University of Utah Williams, 1994
Rye Patch Dam 505.8 154.1 University of Utah Williams, 1994
Bishop 0.759 University of Utah Williams, 1994

SC1 Saltair Core Baileys Lake 40.7879 -112.1247
Natural Trap? 0.11* University of Utah Williams, 1994
Lava Creek B 547.6 0.62 University of Utah Williams, 1994
Bishop 0.759 University of Utah Williams, 1994

SC3 Burmester Core Burmester 40.6549 -112.4526
Hansel Valley 2 0.03 Oviatt and others, 1999
Natural Trap? 50.6 15.4 0.11* University of Utah Williams, 1994
Paoha Island 23.4 0.16* University of Utah Williams, 1994

Lava Creek B
281.9, 283.1, 
285.2 86.9 0.62 University of Utah Williams, 1994

Bishop 96.6 0.759 University of Utah Williams, 1994
Bailey 148.8 1.15* University of Utah Williams, 1994
BUR-498.11 498.11 152.1 1.17* University of Utah Williams, 1994
BUR-523.3 523.3 159.5 1.22* University of Utah Williams, 1994
Mesa Falls 547.8 166.9 1.27 University of Utah Williams, 1994
Rio Dell 605 184.4 1.44* University of Utah Williams, 1994
BUR-621.3 621.3 189.4 1.49* University of Utah Williams, 1994
Last Chance Bench 744.4 226.9 1.91* University of Utah Williams, 1994
Huckleberry Ridge 756.1, 760.8 231.9 2.06 University of Utah Williams, 1994
Hogsback? 812.6 247.7 2.65* University of Utah Williams, 1994
BUR-841.2 840.4, 841.2 256.4 2.77* University of Utah Williams, 1994
BUR-871.11 871.11 265.8 2.90* University of Utah Williams, 1994
Upper Horse Hill 914.2, 915.0 278.9 3.04* University of Utah Williams, 1994
BUR-962.8 960.2, 962.8 293.5 3.15* University of Utah Williams, 1994

Nomlaki
989.4, 993.0, 
996.0 303.6 3.29* University of Utah Williams, 1994

SC4 Spencer core A Plug Peak NW 40.9501 -112.4778
Mazama 1.4 0.0763 Spencer and others, 1984
Hansel Valley? ? Oviatt, unpublished data

SC5 Spencer core C Plug Peak NW 40.9880 -112.4491
Mazama 1.4 0.0763

Hansel Valley 5 0.03

Spencer and others, 1984
Spencer and others, 1984; Thompson 
and others, 1990

SC6 Spencer core G Plug Peak SE 40.8224 -112.2608
Mazama 3.8 0.00763 Spencer and others, 1984
Hansel Valley? ? Oviatt, unpublished data

SC7 Spencer core H Plug Peak NE 40.9930 -112.3330
Mazama 3.1 0.00763 Spencer and others, 1984
Hansel Valley? ? Oviatt, unpublished data

SC9 GLAD core 3A Antelope Island 40.8968 -112.2461

Mazama 8.555 0.00763

Hansel Valley 17.08 0.03

Dinter and others, 2001; Schnurrenberger 
and Haskell, 2001
Dinter and others, 2001; Schnurrenberger 
and Haskell, 2001

SC10 GLAD core 3B Antelope Island 40.8969 -112.2433

Mazama 8.45 0.00763

Hansel Valley 17.14 0.03

Dinter and others, 2001; Schnurrenberger 
and Haskell, 2001
Dinter and others, 2001; Schnurrenberger 
and Haskell, 2001

SC8 USGS core 95-2 Plug Peak NE 40.9963 -112.3012
Mazama 6.86, 7.89 0.00763 Thompson and Oviatt, unpublished data

DH14 Amoco Sandbar well Plug Peak SE 40.75522 -112.30556
Lava Creek 250 0.62 not analyzed Kowalewska and Cohen, 1998
Bishop 277 0.759 not analyzed Kowalewska and Cohen, 1998

Notes:
Map number corresponds to plate 1.

S28, Saltair, Burmester, Spencer A, C, G, H, and USGS 95-2 core locations are approximate
* Estimated age in Burmester core (Williams, 1994)

Age type (correlation) are based on correlation to the database of analyses/stratigraphic data/age dates for late Cenozoic vitric tephra layers in the Western U.S. assembled by M.E. Perkins and several colleagues at the University of Utah, Dept. of Geology and Geophysics.  Some of the key 
tephra layers in this database are described in Perkins and others (1995, 1998).  Refer to Perkins and others (1995) for procedures on sample preparation and analyses.

Table 2. Summary of tephrochronology data from the Tooele 30' x 60' quadrangle.
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Table 3.   Summary of sediment cores from the Tooele 30' x 60' quadrangle.

Map No. Core Name Date Cored 7.5' Quadrangle
Latitude (N) 
NAD83

Longitude (W) 
NAD83

Total Depth 
(m) Reference

SC1 Saltair prior to 1960 Baileys Lake 40.7879 -112.1247 198 Eardley and Gvosdetsky, 1960
SC2 S28 1960s Baileys Lake 40.7869 -112.0687 233 Williams, 1994

SC3 Burmester 1970 Burmester 40.6549 -112.4526 307
Eardley and others, 1973; Oviatt and 
others, 1999

SC4 Spencer core A late 1970s Plug Peak NW 40.9501 -112.4778 3.8 Spencer and others, 1984
SC5 Spencer core C late 1970s Plug Peak NW 40.9880 -112.4491 5.8 Spencer and others, 1984
SC6 Spencer core G late 1970s Plug Peak SE 40.8224 -112.2608 5.0 Spencer and others, 1984
SC7 Spencer core H late 1970s Plug Peak NE 40.9930 -112.3330 3.4 Spencer and others, 1984
SC8 USGS core 95-2 1995 Plug Peak NE 40.9963 -112.3012 10.55 USGS, unpublished

SC9 GLAD core 3A 2000 Antelope Island 40.8968 -112.2461 57.3
Dinter and others, 2001; Schnurrenberger 
and Haskell, 2001

SC10 GLAD core 3B 2000 Antelope Island 40.8969 -112.2433 22.86
Dinter and others, 2001; Schnurrenberger 
and Haskell, 2001

Notes:
Map number corresponds to plate 1.
Core locations are approximate except for GLAD cores 3A, 3B.

Table 3. Summary of sediment cores from the Tooele 30' x 60' quadrangle.
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Table 4.  Summary of oil and gas exploration drill holes and selected water wells from the Tooele 30' x 60' quadrangle.

Exploration Drill Holes (UDOGM)

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

DH1 4301130002 ST OF UT E 1 (Antelope Island) AMOCO PRODUCTION COMPANY 1979 Plug Peak NE 40.97917 ˗112.34907 10,419 3,177 Pleistocene 0 ft, Pliocene ~3000 ft, Miocene ~4500 ft, 
Precambrian ? ft - TD (Bortz and others, 1985; Bortz, 2002)

DH2 4301130003 ANTELOPE ISLAND 9-17 ANSCHUTZ CORPORATION, THE 2007 Antelope Island 40.99440 ˗112.20243 100 30 ˗
DH3 4303511442 WHITLOCK-MORTON SALT CO 1 WHITLOCK, L E 1956 Antelope Island South 40.80631 ˗112.13131 4231 1290 Quaternary 0 ft, Tertiary 1432 ft, Oligocene-Eocene volcanics 

2330-2807 ft, Tertiary clastics? 2807-3654 ft, Precambrian 
metamorphics 3654 ft -TD (Ritzma, UGS files, 1975; Willis and 
Jensen, 2000)

DH4 4303516540 JONNIE FEE 1 GEOTRONIC DEVELOPMENT CO 1959 Baileys Lake 40.79658 ˗112.00159 565 172 Quat. to TD (McKean and Hylland, 2013)
DH5 4303516542 FROST 1 BYRD-FROST INC 1951 Baileys Lake 40.85080 ˗112.05632 1916 584 Quaternary?
DH6 4303530002 SALTAIR 1 MOUNTAIN FUEL SUPPLY CO 1975 Baileys Lake 40.78945 ˗112.09911 3265 995 Quat. 0 ft, Tertiary 1328 ft, Precambrian 3070 ft (Willis and 

Jensen, 2000)
DH7 4303530003 SALTAIR 2 MOUNTAIN FUEL SUPPLY CO 1975 Baileys Lake 40.81804 ˗112.0798 3207 978 unreliable data (Willis and Jensen, 2000)
DH8 4303530005 GILLMOR 3 PEASE OIL & GAS COMPANY 1976 Baileys Lake 40.79176 ˗112.05118 2119 646 Quat. 0 ft, Tertiary? 1048 ft (McKean and Hylland, 2013)
DH9 4304510468 CASSITY 2 HICKEY OIL CORP 1955 Mills Junction 40.64683 ˗112.36731 3540 1079 Tertiary at TD
DH10 4304511428 WOODLAY-GARSON-CASSITY 1 WHITLOCK, L E 1956 Burmester 40.64285 ˗112.38391 7993 2437 Quat. 0 ft, Tertiary? 920? ft, Tertiary at TD
DH11 4304520100 NATIONAL OIL & GAS CO 1 NATIONAL OIL & GAS CO 1917 Burmester 40.69093 ˗112.4633 1127 344 ˗
DH12 4304520102 CASSITY 1 HICKEY OIL CORP 1955 Mills Junction 40.64620 ˗112.36881 5540 1689 Quat. 0 ft, Tertiary? 892 ft, Oquirrh? 4880 ft-TD (Slentz, 1955)
DH13 4304520104 C WORTHINGTON 1 BONNEVILLE OIL & GAS EXPLO 1948 Burmester 40.64530 ˗112.48848 3115 950 ˗
DH14 4304530010 ST OF UT N 1 (Sandbar) AMOCO PRODUCTION COMPANY 1980 Plug Peak SE 40.75522 ˗112.30556 7864 2398 Paleozoics at TD (Bortz and others, 1985)
DH15 4304530018 SIX MILE RANCH 1 TRINITY EXPLOR & PROD INC 1984 Mills Junction 40.63555 ˗112.34703 5150 1570 Valley fill to 4365 ft, Paleozoics below
DH16 4304530024 STRATIGRAPHIC TEST 1 ROSSBERG, KENNETH 1988 Mills Junction 40.64302 ˗112.26422 700 213 Valley fill to TD
DH17 4304530025 SKULL VALLEY FED 26-3 PIERCE, ANDY 1989 Hastings Pass SE 40.53327 ˗112.83311 2108 643 Tertiary 50 ft, Oquirrh 211 ft, Manning Canyon 1250 ft
DH18 4304530029 FEDERAL 26 1-2 SAXON OIL COMPANY 1994 Hastings Pass SE 40.53336 ˗112.8328 6392 1979 Manning Canyon and Mississippian 1300 ft, palynology samples
DH19 4304530031 SKULL VLY FED 21-1 VA RESOURCES, LLC 2011 Hastings Pass SE 40.53768 ˗112.86424 8051 2455 ˗
DH20 4304530032 TEST WELL 2 STODDARD DRILLING COMPANY 1978 Grantsville 40.54273 ˗112.39792 1483 452 Valley fill to TD
DH21 4304530033 TEST WELL 7 STODDARD DRILLING COMPANY 1978 Grantsville 40.57068 ˗112.45638 1522 464 Valley fill to TD
DH22 4304530034 TOOELE VALLEY TEST 8 STODDARD DRILLING COMPANY 1978 Tooele 40.56765 ˗112.27222 1511 461 Valley fill to TD
DH23 4304530035 TOOELE VALLEY 6 STODDARD DRILLING COMPANY 1978 Grantsville 40.59996 ˗112.45659 1516 462 Valley fill to TD
DH24 4304530036 TOOELE VALLEY 1 STODDARD DRILLING COMPANY 1977 Grantsville 40.60091 ˗112.38033 1513 461 Valley fill to TD
DH25 4304530037 TOOELE VALLEY 4 STODDARD DRILLING COMPANY 1978 Tooele 40.60200 ˗112.28484 1500 457 Valley fill to TD
DH26 4304530038 TEST WELL 5 STODDARD DRILLING COMPANY 1978 Mills Junction 40.67451 ˗112.26698 1176 359 Valley fill to TD
DH27 4304530039 TOOELE VALLEY 10 STODDARD DRILLING COMPANY 1978 Mills Junction 40.64575 ˗112.26658 992 302 Valley fill? to TD

Notes:
Data from Utah Division of Oil, Gas and Mining (UDOGM) database.
Lithology notes compiled from UDOGM files and other sources.

Selected Water Wells/Groundwater Monitoring Wells (UDWR and Kennecott)

Map No. Well ID No. Well Type Owner
Year 
Completed 7.5' Quadrangle UTM27-12E UTM27-12N Total Depth (ft) Total Depth (m) Lithology Notes

W1 427887 water well SITLA (GSL Marina) 1966 Farnsworth Peak 397718.108 4509900.466 485 148 Valley fill to 475 ft, limestone and quartzite to TD
W2 12621 water well Kennecott Utah Copper 1964 Farnsworth Peak 401043.969 4509869.846 886 270 Valley fill to 882 ft, limestone to TD, well abandoned
W3 ECG1114 monitoring well Kennecott Copperton 407509.929 4488550.040 3000 915 QT to 235', Tv 235' to 2900', Paleozoics to TD
W4 ECG1113 monitoring well Kennecott Copperton 408374.647 4488103.046 980 299 QT to 775', Tv 775' to TD
W5 ECG1143 monitoring well Kennecott Copperton 409085.156 4488365.889 1150 351 QT to 1036', Tv to TD
W6 ECG1131 monitoring well Kennecott Copperton 409700.556 4488758.118 1090 332 QT to 710', Tsl 710' to TD
W7 P273 monitoring well Kennecott Copperton 409694.757 4488388.528 340 104 QT gravel to TD
W8 P241 monitoring well Kennecott Copperton 411653.654 4488553.700 1007 307 QT gravel to TD

Notes:
Map number corresponds to plate 1.
UDWR is Utah Division of Water Rights.
Water well locations are approximate.
Kennecott groundwater monitoring wells on the Copperton quadrangle geologic map are related to the 1998 Remedial Investigation/Feasibility Study.

Table 4. Summary of oil and gas exploration drill holes and selected water wells from the Tooele 30' x 60' quadrangle.
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Table 5.  Summary of radiometric age analyses of Tertiary rocks from the Tooele 30' x 60' quadrangle and adjacent areas.

Map No. Sample No. Map Unit Rock Name 7.5' Quadrangle Location Latitude (N) Longitude (W)

Location 
Coordinate 
System Age (Ma) Material Dated Laboratory Analysis Type Comments Reference

˗ TS33104-4 Tir rhyolite Tickville Spring W Traverse Mtns 40°29'44.1" ˗112°05'05.7" NAD83 35.49 ± 0.13 sanidine NMGRL 40Ar/39Ar single-crystal laser fusion Biek and others, 2005; NMGRL and UGS, 2006
R5 BING-18 Tiqlp quartz latite porphyry Bingham Canyon Oquirrh Mtns 402630.764E 4486640.554N UTM27-12 37.66 ± 0.08 sanidine BERK 40Ar/39Ar single-crystal laser fusion Deino and Keith, 1997
R5 BING-18 Tiqlp quartz latite porphyry Bingham Canyon Oquirrh Mtns 402630.764E 4486640.554N UTM27-12 37.72 ± 0.09 sanidine BERK 40Ar/39Ar plateau age Deino and Keith, 1997
R6 BING-38 minette dike in Tiqmp Bingham Canyon Oquirrh Mtns 401681.219E 4485914.359N UTM27-12 37.74 ± 0.11 biotite BERK 40Ar/39Ar plateau age Deino and Keith, 1997
R4 LARK-6 Tvfou latite cobble Copperton (Lark) Oquirrh Mtns 40°36'54" ˗112°07'00" NAD27? 38.17 ± 0.09 sanidine BERK 40Ar/39Ar single-crystal laser fusion Deino and Keith, 1997
˗ 674-1 Tim monzonite Bingham Canyon Oquirrh Mtns nd nd nd 38.40 ± 0.16 biotite NMGRL 40Ar/39Ar plateau age Parry and others, 2001
˗ TICK-113 Tvlo volcaniclastic sand Tickville Spring W Traverse Mtns 40°26'42.500" ˗112°06'4.051" NAD27? 38.68 ± 0.13 sanidine BERK 40Ar/39Ar single-crystal laser fusion Deino in Maughan, 2001
˗ BING-6 Tilp latite Tickville Spring Oquirrh Mtns 40°29'42" ˗112°07'24" NAD27? 38.84 ± 0.19 plagioclase BERK 40Ar/39Ar plateau age Deino and Keith, 1997
˗ TICK-23 Tvlo latite cobble Tickville Spring W Traverse Mtns 40°28'47" ˗112°07'11" NAD27? 39.18 ± 0.11 biotite BERK 40Ar/39Ar plateau age Deino and Keith, 1997
˗ DH Tiqlp nd Stockton Oquirrh Mtns 40°27'15" ˗112°20'39" NAD83 39.4 ± 0.34 K-feldspar nd 40Ar/39Ar from drill hole Krahulec, 2005
T24 T24 Tvs dacite North Willow Canyon Stansbury Mtns 40.55543 ˗112.59221 WGS84 39.68 ± 0.50 biotite NIGL 40Ar/39Ar plateau age UGS and NIGL, 2017
T30 T30 Tvs rhyolite North Willow Canyon Stansbury Mtns 40.54427 ˗112.57715 WGS84 41.30 ± 0.60 biotite NIGL 40Ar/39Ar plateau age UGS and NIGL, 2017

˗ 74-KA-4 Tb alkali olivine basalt Stansbury Mtns 40°37'35" ˗112°38'50" NAD27? 12.1 ± 0.3 whole rock USGS K-Ar Moore and McKee, 1983
˗ 74-KA-3 Tsh alkali olivine basalt Stansbury Mtns 40°37'35" ˗112°35'15" NAD27? 12.7 ± 0.2 whole rock USGS K-Ar Moore and McKee, 1983
˗ 74-KA-9 Tb augite basalt Cedar Mtns 40°42'10" ˗112°55'15" NAD27? 13.8 ± 0.4 whole rock USGS K-Ar Moore and McKee, 1983
˗ 4 Tiqlp latite porphyry Oquirrh Mtns 40°35'00" ˗112°12'00" NAD27? 36.5 ± 1.1 biotite USGS K-Ar Pass Canyon area Moore, 1973
˗ 12B Tipqm quartz latite Oquirrh Mtns nd nd nd 36.9 ± 0.9 hornblende USGS K-Ar Bingham tunnel portal Moore and others, 1968
˗ 12A Tipqm quartz latite Oquirrh Mtns nd nd nd 36.9 ± 1.0 biotite USGS K-Ar Bingham tunnel portal Moore and others, 1968
R3 AITW-0930 Tnf volcanic clast Antelope Island 40°52'48" ˗112°10'22" NAD27 38.8 ± 1.5 phlogopite KE K-Ar Doelling and others, 1990
˗ 70-KA-1 Tirs biotite-augite granodiorite Stansbury Mtns 40°31'40" ˗112°36'00" NAD27? 39.0 ± 0.6 biotite USGS K-Ar Moore and McKee, 1983
˗ 74-KA-6 Tvs hornblende-biotite latite Stansbury Mtns 40°33"25" ˗112°35'25" NAD27? 39.4 ± 0.5 biotite USGS K-Ar Moore and McKee, 1983
˗ 70-KA-2A Tirs hornblende latite Stansbury Mtns 40°31'00" ˗112°35'45" NAD27? 40.3 ± 0.5 biotite USGS K-Ar Moore and McKee, 1983
˗ 74-KA-7 Tvs hornblende-augite dacite Stansbury Mtns 40°33'15" ˗112°41'50" NAD27? 40.6 ± 1.7 hornblende USGS K-Ar Moore and McKee, 1983
˗ 74-KA-5 Tvs biotite-hornblende latite Stansbury Mtns 40°30'05" ˗112°34'45" NAD27? 41.8 ± 0.5 biotite USGS K-Ar Moore and McKee, 1983
R1 AIGW-0102 Tnf claystone/bentonite Antelope Island 40°52'52" ˗112°10'25" NAD27 42.9 ± 1.7 biotite KE K-Ar Doelling and others, 1990
R2 AIMJ-0101 Tnf volcanic clast Antelope Island 40°52'51" ˗112°10'28" NAD27 49.2 ± 1.9 biotite KE K-Ar Doelling and others, 1990

Notes:
Map number and map unit corresponds to plate 1.
Approximate locations for BING-18 and BING-38.

nd is no data.
Laboratory:  NIGL is Nevada Isotope Geochronology Laboratory, Las Vegas, NV; NMGRL is New Mexico Geochronology Research Laboratory, Socorro, NM; BERK is Berkely Geochronology Center, Berkeley, CA; USGS is U.S. Geological Survey Lab, Menlo Park CA; KE is Krueger Enterprises, Cambridge, MA. 

Table 6.  Summary of U-Pb zircon age analyses from the Tooele 30' x 60' quadrangle.

Map No. Sample No. Map Unit Rock Name 7.5' Quadrangle Location
Original 
Location

Original 
Location

Original 
Location 

Coordinate 
System Age (Ma) Laboratory Analysis Type Comments Reference

˗ 5091-400 Tiqmp quartz monzonite porphyry Bingham Canyon? Oquirrh Mtns nd nd nd 37.94 ± 0.08 nd Crystallization age von Quadt and others, 2011
˗ KM5 Tilp latite porphyry Bingham Canyon? Oquirrh Mtns 700E neg 250N mine coords 37.94 ± 0.13 nd Crystallization age von Quadt and others, 2011
˗ D310 Tiqlp quartz latite porphyry Bingham Canyon? Oquirrh Mtns nd nd nd 37.97 ± 0.11 nd Crystallization age von Quadt and others, 2011
Zr2 760-1 Tim monzonite Bingham Canyon Oquirrh Mtns 4030'26"N 11209'40"W nd 38.55 ± 0.19 Ontario Crystallization age Last Chance Stock Parry and others, 2001
T3 T3 Tso sandstone Farnsworth Peak Oquirrh Mtns 40.63223 112.14668 UTM WGS84 39.38 ± 1.91 GeoSep DZ max depositional age UGS and O'Sullivan, 2017
T46 T46 Ks sandstone Quincy Spring N Cedar Mtns 40.58470 112.99034 UTM WGS84 116.52 ± 4.78 GeoSep DZ max depositional age UGS and O'Sullivan, 2017
Zr1 01FCC8 Xfcl biotite orthogneiss Antelope Island South Antelope Island 0400950E 4523250N UTM 27-12 1691 ± 26 ANU Crystallization age Nelson and others, 2011

Notes:
Map number and map unit corresponds to plate 1.
Approximate locations for samples 760-1 and 01FCC8.
Laboratory:  Ontario is Royal Ontario Museum geochronology laboratories, Toronto, Canada; GeoSep is GeoSep Services, Moscow, ID; ANU is Australian National University, Canberra, Australia. 
nd is no data
DZ is detrital zircon

Table 5. Summary of radiometric age analyses of Tertiary rocks from the Tooele 30' x 60' quadrangle and adjacent areas.

Table 6. Summary of U-Pb zircon age analyses from the Tooele 30' x 60' quadrangle.
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Table 7.   Major- and trace-element whole-rock geochemical analyses from the Tooele 30' x 60' quadrangle.

Map No. Sample No. Map Unit Rock Name 7.5' Quadrangle Location

Location Data 
Latitude 
WGS84

Location Data 
Longitude 

WGS84 Source SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Cr2O3 TiO2 MnO P2O5 SrO BaO LOI Total

T2 T2 Tiqlp rhyolite Tooele Oquirrh Mountains 40.51161 -112.30016 This study 67.47 14.16 3.11 2.33 1.57 3.15 4.58 <0.01 0.41 0.04 0.18 0.06 0.18 2.58 99.81
T4 T4 Tvu latite Farnsworth Peak Oquirrh Mountains 40.63232 -112.15107 This study 60.09 14.98 5.31 5.36 3.48 3.22 3.46 0.01 0.75 0.08 0.288 0.09 0.21 2.25 99.59
T17 T17 Tb trachybasalt Timpie Stansbury Mountains 40.62585 -112.64719 This study 48.35 13.52 11.38 8.61 6.49 2.54 3.56 0.03 2.24 0.15 1.223 0.14 0.29 1.3 99.82
T20 T20 Tsh shoshonite North Willow Canyon Stansbury Mountains 40.62468 -112.58983 This study 50.66 15.04 9.43 8.22 6.68 2.65 3.83 0.03 1.5 0.13 0.745 0.2 0.35 0.25 99.72
T21 T21 Tirs quartz monzonite North Willow Canyon Stansbury Mountains 40.62154 -112.58545 This study 65.31 15.13 3.74 3.3 1.91 3.94 3.97 <0.01 0.47 0.04 0.192 0.13 0.24 0.56 98.94
T22 T22 Tirs rhyolite North Willow Canyon Stansbury Mountains 40.51831 -112.59584 This study 67.67 14.06 3.11 2.68 1.75 2.68 4.46 <0.01 0.34 0.04 0.139 0.04 0.14 2.66 99.77
T24 T24 Tvs dacite North Willow Canyon Stansbury Mountains 40.55543 -112.59221 This study 65.67 13.87 2.9 4.06 1.08 2.86 4.03 <0.01 0.34 0.08 0.139 0.05 0.13 4.04 99.24
T25 T25 Tvs rhyolite North Willow Canyon Stansbury Mountains 40.55497 -112.58975 This study 70.42 13.13 2.87 2.77 1.2 3.09 3.89 <0.01 0.32 0.04 0.133 0.05 0.13 0.92 98.96
T27 T27 Tvs trachydacite North Willow Canyon Stansbury Mountains 40.55291 -112.58781 This study 61.47 15.43 6.05 3.67 1.19 3.28 4.36 <0.01 0.65 0.02 0.352 0.07 0.15 3.09 99.79
T28 T28 Tvs trachydacite North Willow Canyon Stansbury Mountains 40.55359 -112.58328 This study 61.60 15.14 6.1 3.97 1.11 3.29 4.29 0.01 0.67 0.09 0.356 0.07 0.16 2.48 99.33
T29 T29 Tvs trachydacite North Willow Canyon Stansbury Mountains 40.55361 -112.57475 This study 65.99 15.71 3.85 3.29 0.44 3.49 4.33 <0.01 0.43 0.07 0.18 0.07 0.16 1.56 99.56
T30 T30 Tvs rhyolite North Willow Canyon Stansbury Mountains 40.54427 -112.57715 This study 68.05 14.43 3.25 2.77 1.27 3.15 4.32 <0.01 0.34 0.05 0.14 0.05 0.14 1.74 99.7
T31 T31 Tvs andesite North Willow Canyon Stansbury Mountains 40.50167 -112.57036 This study 56.61 12.65 9.18 7.78 5.75 2.44 2.83 0.03 0.9 0.12 0.29 0.05 0.11 0.87 99.62
T34 T34 Tb trachybasalt Salt Mountain Salt Mountain 40.54509 -112.68285 This study 49.28 13.95 11.56 8.02 6.66 2.63 3.54 0.04 2.3 0.16 1.181 0.13 0.28 0.43 100.15
T35 T35 Tvs dacite Salt Mountain Salt Mountain 40.55613 -112.69231 This study 63.14 14.51 4.08 4.14 2.07 3.14 3.92 <0.01 0.46 0.08 0.188 0.06 0.16 3.02 98.98
T37 T37 Tvs trachydacite Salt Mountain Salt Mountain 40.56504 -112.68190 This study 66.74 14.11 3.74 3.18 1.34 3.57 5.44 0.02 0.36 0.09 0.237 0.05 0.19 0.77 99.83
T39 T39 Tvs andesite Salt Mountain Salt Mountain 40.54210 -112.69051 This study 57.73 14.01 7.26 6.43 3.92 2.48 2.9 0.02 0.79 0.1 0.308 0.05 0.11 3.15 99.25
T42 T42 Tb basalt Hastings Pass NE Cedar Mountains 40.70218 -112.86610 This study 50.25 14.4 11.29 8.69 7.98 2.37 2.23 0.06 1.45 0.16 0.518 0.08 0.15 0.13 99.76
T44 T44 Tb basalt Hastings Pass Cedar Mountains 40.70142 -112.92234 This study 50.24 15.12 11.68 9.27 7.37 2.53 1.31 0.06 1.41 0.17 0.4 0.05 0.1 0.21 99.92
T45 T45 Tb basalt Hastings Pass Cedar Mountains 40.65475 -112.98005 This study 50.20 14.17 11.15 8.64 8.31 2.34 2.41 0.07 1.43 0.16 0.534 0.08 0.17 0.3 99.96
T57 T57 Tm olivine melanephelinite Low Cedar Mountains 40.80950 -112.87752 This study 40.97 10.5 9.64 12.44 15.81 2.86 2.34 0.13 0.84 0.17 0.656 0.25 0.2 3.54 100.35

Location Data 
Latitude 
NAD83

Location Data 
Longitude 

NAD83 SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Cr2O3 TiO2 MnO P2O5 SrO BaO LOI6 Total
CG1 C41504-2 Tilp dacite Copperton Oquirrh Mountains 40° 30' 09.6" ˗112° 07' 25.3" Biek and others, 2007 61.33 14.78 5.55 3.72 3.55 3.07 3.52 0.01 0.64 0.06 0.27 0.07 0.24 2.29 99.10
CG2 C41504-3 Tilp dacite Copperton Oquirrh Mountains 40° 30' 29.4" ˗112° 06' 57.3" Biek and others, 2007 61.99 14.69 5.12 3.79 3.25 2.80 3.46 0.01 0.58 0.05 0.23 0.07 0.24 2.30 98.58
CG3 C42704-1 Tipqm dacite Copperton Oquirrh Mountains 40° 31' 08.2" ˗112° 06' 00.5" Biek and others, 2007 64.59 15.60 4.63 3.45 1.82 3.22 3.46 <0.01 0.56 0.04 0.28 0.08 0.16 1.33 99.22
CG4 C42704-2 Tipqm dacite Copperton Oquirrh Mountains 40° 31' 36.1" ˗112° 05' 57.9" Biek and others, 2007 66.00 15.09 3.50 2.65 1.31 3.17 3.52 <0.01 0.44 0.04 0.22 0.07 0.16 2.10 98.28
CG5 C43004-3 Tipqm dacite Copperton Oquirrh Mountains 40° 32' 27.7" ˗112° 06' 22.9" Biek and others, 2007 57.15 15.28 5.45 3.19 3.30 1.87 3.90 0.02 0.60 0.03 0.26 0.07 0.21 7.07 98.40
CG6 C50404-2 Tvu trachydacite Copperton Oquirrh Mountains 40° 34' 18.8" ˗112° 06' 52.1" Biek and others, 2007 61.33 15.47 5.05 3.24 1.87 2.93 4.38 0.01 0.66 0.04 0.34 0.10 0.29 2.64 98.36
CG7 C50504-1 Tvfou dacite Copperton Oquirrh Mountains 40° 35' 38.4" ˗112° 07' 15.4" Biek and others, 2007 61.25 15.56 5.59 3.56 1.99 3.07 3.57 0.02 0.62 0.02 0.26 0.07 0.22 3.22 99.02

Notes:
Map	number	and	map	unit	corresponds	to	plate	1.
Rock	names	from	total	alkali-silica	diagram	of	LeBas	and	others	(1986)	or	Middlemost	(1994).
Major	oxides	reported	in	weight	percent	by	XRF;		<	indicates	value	below	detection	limit.
LOI	is	loss	on	ignition.
Minor	and	trace	elements	reported	in	ppm	by	ICP-MS	and	ICP-AES;	<	indicates	value	below	detection	limit.

Analyses	performed	by	ALS	Minerals	and	ALS	Chemex.

Data	from	Copperton	7.5'	quadrangle	are	also	included	here,	as	it	was	inadvertently	omitted	from	the	UGS	website,	see	Biek	and	others	(2007).	Also	see	Clark	and	Biek	(2017).

Only	new	and	unpublished	data	are	presented	here.	We	reviewed	but	did	not	attempt	to	compile	the	prior	voluminous	geochemical	data	available	for	the	Bingham	mining	district	and	other	areas	within	the	quadrangle.

Table 7. Major- and trace-element whole-rock geochemical analyses from the Tooele 30' x 60' quadrangle.
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Ag As Ba Cd Ce Co Cr Cs Cu Dy Er Eu Ga Gd Hf Ho La Lu Mo Nb Nd Ni Pb Pr Rb Sc Sm Sn Sr Ta Tb Th Tl Tm U V W Y Yb Zn Zr

<0.5 6 1665 <0.5 197.5 7 60 5.84 28 2.98 1.49 1.39 22 4.57 10.6 0.56 116.5 0.25 <1 25.2 57.1 19 48 18.45 254 5 7.73 2 573 2.1 0.66 80 <10 0.23 7.69 62 2 16.2 1.52 40 396
<0.5 7 2000 <0.5 135 20 110 2.46 42 3.28 1.82 1.88 21.8 5.31 6.1 0.58 75.7 0.23 1 11.9 50.4 59 34 14.6 128 12 7.99 1 881 0.7 0.73 20.2 <10 0.23 3.33 123 1 17.6 1.71 79 233
<0.5 <5 2740 <0.5 155.5 37 240 0.5 33 6.39 3.2 3.25 20.4 8.9 11.5 1.22 77.4 0.41 <1 22 71.6 148 16 17.95 65.3 20 11.9 2 1065 1 1.23 8.68 10 0.45 1.83 224 1 30 2.85 124 461
<0.5 <5 3220 <0.5 192 34 230 0.47 44 5.25 2.42 2.98 19.5 7.74 11.3 0.91 100 0.29 <1 18.5 77.3 137 25 21.4 69.6 19 11.4 2 1470 0.9 0.98 14.2 <10 0.34 2.15 183 1 23.1 2.07 99 436
<0.5 5 2420 <0.5 116.5 9 40 1.17 14 2.26 1.11 1.58 21.9 3.76 4.7 0.44 65.2 0.15 <1 9.6 43.8 22 34 12.45 97.8 6 6.71 1 1070 0.6 0.48 21.7 <10 0.18 2.69 67 1 11.1 1.16 63 169
<0.5 <5 1355 <0.5 67 6 40 3.18 12 2.46 1.41 0.95 17.3 2.72 5 0.43 40.2 0.24 <1 10.4 23.1 7 25 6.73 138 5 3.65 1 323 0.7 0.36 16.85 <10 0.21 4.86 53 2 12.6 1.55 43 182
<0.5 <5 1260 <0.5 73.5 5 40 4.01 15 3.59 1.93 1.02 17.4 4.2 4.5 0.64 43.3 0.29 <1 10.3 28.2 8 30 7.71 125.5 5 5.06 1 431 0.8 0.61 16 <10 0.31 4.96 51 1 19.9 1.85 42 170
<0.5 <5 1250 <0.5 60.3 6 40 4.95 10 2.16 1.38 0.78 16.2 2.62 4.2 0.43 35 0.22 <1 9.7 21 6 24 6.16 124.5 5 3.53 1 454 0.7 0.39 15.3 <10 0.21 3.18 49 1 11.4 1.38 39 148
<0.5 <5 1410 <0.5 84.5 7 50 3.63 27 4.54 2.66 1.59 19.5 5.26 5.4 0.88 48 0.39 <1 13.1 37.1 6 21 9.99 135.5 10 6.55 1 552 0.8 0.78 15.55 10 0.4 3.3 111 1 22.9 2.66 71 213
<0.5 <5 1540 <0.5 87.8 12 60 3.01 24 4.73 2.54 1.61 19.8 5.3 5.7 0.91 46 0.38 <1 13 36.7 8 23 9.56 135 11 6.62 2 567 0.8 0.75 15.9 <10 0.37 4.11 97 2 22.7 2.45 74 220
<0.5 <5 1540 <0.5 84.7 5 20 3.2 9 2.87 1.69 1.19 17.9 3.47 5.4 0.56 47.8 0.26 <1 13.1 31.1 2 23 8.95 125.5 4 5.12 1 616 0.8 0.5 16.05 <10 0.24 3.63 60 2 15.2 1.81 57 208
<0.5 <5 1375 <0.5 68.5 7 40 4.38 15 2.54 1.52 0.95 18.3 3.12 5.1 0.49 41.2 0.23 <1 11.3 24.2 7 26 7.44 133.5 5 4.52 1 463 0.8 0.4 17.1 <10 0.25 2.58 60 1 13.3 1.45 44 192
<0.5 <5 966 <0.5 59.5 31 240 2.01 70 4.35 2.44 1.46 16.7 4.7 4.1 0.88 31.5 0.38 <1 9.6 27.4 49 10 7.16 70.2 24 5.66 1 379 0.6 0.71 9.01 <10 0.35 2.32 216 1 23 2.4 80 148
<0.5 <5 2580 <0.5 148 39 230 0.62 32 5.99 3.19 3.28 21.2 9.15 11.4 1.11 78.6 0.36 <1 20.3 69.9 156 15 18.2 64.7 21 12.55 2 1055 0.9 1.22 8.65 10 0.44 1.69 221 1 31.7 2.55 125 460
<0.5 <5 1490 <0.5 73 13 50 4.29 17 2.73 1.85 1.12 19.3 3.37 4.7 0.58 45.6 0.26 <1 10.4 28.4 13 30 7.89 118 7 4.69 1 548 0.6 0.48 16.65 <10 0.23 4.67 74 2 16.7 1.66 52 189
<0.5 <5 1745 <0.5 61.4 11 140 4.06 24 3.06 2.16 1.12 19.6 4.83 4.3 0.67 34.6 0.28 <1 10.4 28 21 37 7.3 161.5 8 5.36 1 408 0.7 0.57 14.85 10 0.3 4.69 37 2 20.1 1.9 48 152
<0.5 <5 954 <0.5 59.6 21 110 2.55 44 3.83 2.13 1.41 18.8 5.07 4.1 0.75 33.3 0.32 <1 8.1 27.8 27 13 7.08 110 18 5.34 1 408 0.4 0.69 9.88 <10 0.32 2.7 162 1 21.1 2.13 69 161
0.5 5 1255 0.5 99.1 44 450 0.52 28 5.73 3.15 2.17 19.3 7.09 8.4 1.2 49.7 0.46 <1 20.9 44.8 153 12 12.25 48 26 8.11 1 646 1.1 1.06 6.83 <10 0.49 1.4 231 1 30 3.01 116 325
<0.5 <5 710 0.5 68.2 41 360 0.5 27 6.1 3.57 1.84 18.8 6.62 5.3 1.29 34.4 0.47 <1 16.6 34 108 7 8.69 29.7 27 6.51 1 423 1 1 5.36 10 0.51 1.07 228 1 32.4 3.32 115 214
<0.5 <5 1395 0.6 107 43 470 0.56 35 5.75 3.15 2.07 18.8 7.06 8.8 1.15 52.6 0.44 <1 21.3 47.6 164 8 12.9 52.6 26 8.44 2 711 1.1 0.98 7.58 <10 0.44 1.5 214 1 29.1 2.79 115 345
<0.5 <5 1855 <0.5 190 53 970 1.45 110 3.33 1.37 2.35 14.2 6.03 2.5 0.6 94.1 0.16 <1 33.5 85.3 400 14 23 78.7 21 10.4 1 2080 1.1 0.65 10.65 <10 0.17 2.5 155 <1 14.6 1.32 77 90

Ag7 As Ba Cd Ce Co Cr Cs Cu Dy Er Eu Ga Gd Hf Ho La Lu Mo Nb Nd Ni Pb Pr Rb Sc Sm Sn Sr Ta Tb Th Tl Tm U V W Y Yb Zn Zr
<1 nd 2170 nd 113.5 20.1 200 1.7 35 3.3 1.7 1.7 20 6.1 6 0.6 63.8 0.2 <2 13 42.0 48 46 12.2 107.5 nd 7.0 1 721 0.7 0.7 17 <0.5 0.2 2.9 112 1 16.8 1.5 75 191.0
<1 nd 2320 nd 114.0 17.0 210 0.9 28 3.0 1.7 1.6 20 5.9 6 0.6 64.2 0.2 <2 13 41.2 48 30 12.2 106.0 nd 6.7 1 736 0.8 0.7 16 <0.5 0.2 3.0 96 1 17.4 1.6 62 185.5
<1 nd 1535 nd 96.8 12.0 70 1.8 12 3.3 1.8 1.5 22 5.6 5 0.6 53.5 0.2 <2 10 41.7 15 23 11.5 112.5 nd 6.2 1 792 0.7 0.7 11 <0.5 0.2 3.6 93 2 17.3 1.7 65 185.5
<1 nd 1660 nd 103.5 8.7 120 4.1 11 3.3 1.9 1.5 21 5.2 5 0.6 51.8 0.2 2 12 38.6 11 24 11.0 134.5 nd 6.4 1 702 0.7 0.7 12 <0.5 0.2 2.7 65 2 19.7 1.8 58 182.5
<1 nd 2050 nd 118.5 16.6 180 2.0 21 2.8 1.5 1.4 22 5.1 6 0.5 63.3 0.1 <2 13 42.2 41 25 12.4 131.5 nd 6.5 1 766 0.8 0.6 18 <0.5 0.1 3.0 92 2 15.5 1.4 69 201.0
<1 nd 2980 nd 174.0 15.1 210 2.8 46 4.6 2.2 2.4 22 9.5 8 0.8 106.5 0.2 3 18 73.0 52 46 21.0 159.5 nd 10.8 1 1090 1.0 1.1 34 <0.5 0.2 6.1 117 3 23.8 1.7 81 278.0
<1 nd 2040 nd 97.9 19.2 330 2.2 31 3.0 1.5 1.5 21 5.6 5 0.5 58.9 0.2 2 12 39.8 71 29 11.4 120.0 nd 6.1 1 771 0.8 0.7 17 <0.5 0.2 3.1 100 1 15.6 1.4 77 193.5

Table 7. Continued
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Table 8.   Selected microfossil identifications and ages from the Tooele 30' x 60' quadrangle.

Map No. Sample No. Map Unit Stratigraphic Position 7.5' Quadrangle Location Data Location Data Fossil Type Fauna Age
Data from Clark (this study) Latitude (N) WGS84 Longitude (W) WGS84
T5 T5 Ppp Phosphoria Fm, Meade Peak Mbr Farnsworth Peak 40.65240 -112.15651 conodont Neostreptognathodus sulcoplicatus Kungurian (Late Leonardian)

T6 T6 Ppp
Park City Fm, Grandeur Mbr (basal 
limestone) Farnsworth Peak 40.65188 -112.15372 conodont Neostreptognathodus  sp. Leonardian

T53 T53 Posl Puddle Valley Knolls 40.88189 -112.97398 fusulinid Schwagerina sp. Wolfcampian
T50 T50 IPobm Hastings Pass 40.70199 -112.94318 conodont Idiognathodid sp. Pennsylvanian
T7 T7 IPobm Farnsworth Peak 40.69135 -112.15923 conodont Streptognathodus pawhuskaensis Gzhelian (Virgilian)
T48 T48 IPobm Delle 40.81500 -112.79136 fusulinid Triticites sp. Missourian to early Wolfcampian
T55 T55 IPobm Low 40.80735 -112.92489 fusulinid Triticites sp. Virgilian
T41 T41 IPobp Delle 40.83999 -112.81898 conodont Idiognathodid sp. Pennsylvanian
T13 T13 IPobp Farnsworth Peak 40.72060 -112.18958 fusulinid Fusulinella  sp., Beedeina sp.? Middle Pennsylvanian

Note: Fossils identified by Scott Ritter (Brigham Young University).

Data from Tooker and Roberts (1970) UTM27-12 E Approx UTM27-12 N Approx
F17 f23432 IPobmu Bingham Canyon 400971.026 4488590.62 fusulinid Triticites  sp., Pseudofusulinella sp. nd
F14 f23111 IPobmu Bingham Canyon 395887.957 4487299.184 fusulinid Triticities  sp. nd
F13 f23112 IPobmu Bingham Canyon 396875.860 4486046.230 fusulinid Triticities  sp. nd
F12 f22604 IPobmu Bingham Canyon 396741.662 4485409.378 fusulinid Triticites  sp., ?Kansanella  sp., Millerella  sp. nd
F11 f22603 IPobml Bingham Canyon 396737.393 4485373.457 fusulinid Triticites  sp. Missourian or early Virgilian
F10 f22602 IPobml Bingham Canyon 396637.374 4485255.951 fusulinid Triticites  sp. Missourian or Virgilian
F9 f22600 IPobml Bingham Canyon 396592.455 4485056.951 fusulinid Bradyina  sp., Triticities  sp. Missourian
F8 f22598 IPobml Bingham Canyon 396457.385 4484478.495 fusulinid Triticites  sp., Missourian
F7 22597 IPobml Bingham Canyon 396261.136 4484185.586 fusulinid Triticities  sp. Missourian
F16 f22431 IPobml Bingham Canyon 400215.536 4486457.41 fusulinid Triticites  sp. nd
F15 f23105 IPobml Bingham Canyon 394441.742 4485151.122 fusulinid Triticites  sp. nd
F1 f21018 IPobm Farnsworth Peak 403209.423 4504815.245 fusulinid Triticites sp. Late Pennsylvanian
F2 f20479 IPobm Farnsworth Peak 402271.217 4507671.031 fusulinid Triticites  sp., Pseudofusulinella? Late Penn or early Permian
F3 f22569 IPobp Farnsworth Peak 396546.856 4501765.309 fusulinid Fusulina  sp. Desmoinesian

F4 f22568 IPobp Farnsworth Peak 398100.185 4505428.815 fusulinid
Climacammina  sp., Bradyina  sp., Fusulina  sp., 
Wedekindellina? Desmoinesian

F5 f22570 IPobp Farnsworth Peak 396518.723 4504961.736 fusulinid Fusulina  sp. Desmoinesian
F6 f20486 IPobp Farnsworth Peak 396430.246 4504794.784 fusulinid Profusulinella early Atokan

Note: Fossils identified by R.C. Douglass (USGS)

Unpublished data from John Welsh (Bear Creek Mining Company) UTM27-12 E Approx UTM27-12 N Approx
F18 ˗ IPobm Farnsworth Peak 396857.567 4506482.785 fusulinid nd Missourian?
F19 ˗ IPobm Farnsworth Peak 398800.025 4499604.111 fusulinid nd Missourian?
F20 ˗ IPobp Farnsworth Peak 396571.111 4505275.929 fusulinid nd Desmoinesian?
F21 ˗ IPobp Bingham Canyon 399183.015 4496884.658 fusulinid nd Desmoinesian?
F22 ˗ IPobp Bingham Canyon 400734.323 4493185.775 fusulinid nd Desmoinesian?

Notes:
Map number and map unit corresponds to plate 1.
nd is no data
Data in the quadrangle from Maurer (1970), Davis and others (1989, 1994), and other data from Tooker and Roberts (1970) are not included here.
Kowalewska and Cohen (1998) reported on ostracodes, mollusks, and brine shrimp fecal pellets from the Amoco Sandbar well.
Peterson, in Bortz and others (1985) reported on palynology data in the Amoco-Antelope Island well.

Table 8. Selected microfossil identifications and ages from the Tooele 30' x 60' quadrangle.
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