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2 Utah Geological Survey

MAP UNIT DESCRIPTIONS

QUATERNARY

Alluvial Deposits

Qall Stream alluvium (Holocene) - Moderately sorted sand, silt, clay, and pebble to boulder gravel deposited in stream
channels; grades to younger alluvial fan deposits (Qafy) and is equivalent to the upper part of younger alluvial
deposits (Qaly); locally includes small alluvial-fan and colluvial deposits; mapped in ephemeral washes of West
Mountain; 0 to 20 feet (0-6 m) thick.

Qaly Younger alluvial deposits (Holocene to Upper Pleistocene) - Moderately sorted sand, silt, clay, and local pebble
gravel deposited in stream channels and flood plains; mapped along several drainages within Utah Valley; grades
to spring and marsh deposits (Qsm); thickness probably less than 20 feet (<6 m).

Qafl Level-1 alluvial-fan deposits (Holocene) - Poorly to moderately sorted, clay- to boulder-size sediment deposited
principally by debris flows at the mouths of active drainages; equivalent to the younger part of Qafy, but differ-
entiated because Qafl forms smaller, isolated fans; probably less than 20 feet (6 m) thick.

Qafy Younger alluvial-fan deposits (Holocene to Upper Pleistocene) - Similar in composition to Qafl; coalesced and
individual alluvial fans emanating from West Mountain and spilling over or cutting through older alluvial fan
deposits (Qafo); thickness unknown but likely several tens of feet.

Qafo Older alluvial-fan deposits (Upper Pleistocene) - Similar to younger alluvial-fan deposits (Qafy), but forms a
deeply dissected alluvial apron truncated by, and therefore predating, the Bonneville-level shoreline; upper parts
of fans locally receive sediment from minor washes; thickness unknown but likely several tens of feet.

Spring Deposits

Qsm Spring and marsh deposits (Holocene) - Silt and clay with local sand; present in low-lying areas of Utah Valley;
grades to younger alluvial deposits (Qaly), but not present in distinct channels; thickness probably 0 to 10 feet (0-
3 m).

Lacustrine Deposits

Deposits of the Provo (regressive) phase of the Bonneville lake cycle (Currey and Oviatt, 1985) are identified with

the last map symbol letter “p,” and deposits of the Bonneville (transgressive) phase of the Bonneville lake cycle
are identified with the last map symbol letter “b.”

Qly Younger lacustrine and marsh deposits (Holocene) - Silt, clay, and minor fine-grained sand deposited along the
margin of Utah Lake; locally organic rich, locally forms gravelly beaches and berms; includes areas of spring and
marsh deposits (Qsm) and mixed lacustrine and alluvial deposits (Qla) difficult to distinguish or map at target
scale; thickness probably 0 to 20 feet (0-6 m).

Qlgb, Qlgp
Lacustrine gravel and sand (Upper Pleistocene) - Moderately to well-sorted, moderately to well-rounded, clast-
supported pebble to cobble gravel and lesser pebbly sand; thin to thick bedded; typically interbedded with or lat-
erally gradational to sand and silt facies; gastropods common in sandy lenses; locally partly cemented with calci-
um carbonate; Qlgb deposited at and below Bonneville-level shoreline but above the Provo-level shoreline; Qlgp
deposited at and below the Provo-level shoreline; forms beach ridges, terraces, bars, and spits; 0 to 50 feet (0-15
m) thick.

Qlsb, Qlsp
Lacustrine sand and silt (Upper Pleistocene) - Coarse- to fine-grained sand and silt with minor gravel; typical-
ly well sorted and laminated in thick beds; gastropods locally common; grades downslope from sandy nearshore
deposits to finer grained offshore deposits; shorelines typically poorly developed on this facies; Qlsb deposited at



Interim geologic map of the West Mountain quadrangle, Utah County, Utah

Qlmp

Qllb

and below the Bonneville-level shoreline but above the Provo-level shoreline; Qlsp deposited at and below the
Provo level shoreline; probably less than 30 feet (9 m) thick.

Lacustrine silt and clay (Upper Pleistocene) - Calcareous silt (marl) with minor clay and fine-grained sand; typ-
ically thick bedded; deposited below the Provo-level shoreline in large areas of Utah Valley and Goshen Valley;
contact with distal parts of alluvial fans can be difficult to identify and is based on subtle geomorphic differences;
thickness unknown.

Lagoon-fill deposits (Upper Pleistocene) - Lacustrine silt and sand, with minor pebble gravel; deposited in lagoon
behind beach-ridge gravel of Bonneville shoreline; probably less than 20 feet (<6 m) thick.

Colluvial Deposits

Qc

Qco

Colluvial deposits (Holocene to Pleistocene) - Slopewash deposits of clay- to boulder-size, locally-derived sedi-
ment deposited on upland slopes; generally less than 20 feet (6 m) thick.

Older colluvial deposits (Pleistocene) - Slopewash deposits of clay- to boulder-size, locally-derived sediment
deposited on upland slopes; differentiated from map unit Qc by greater carbonate content in Qco; generally less
than 20 feet (6 m) thick.

Human-Made Deposits

Qf

Qfd

Qfl

Fill (Historical) - Local earth materials used to construct dams for stock and wildlife watering ponds and berms
to divert drainages; several small watering-pond dams not mappable at 1:24,000 scale; also fill along railroad
overpasses and Interstate 15 in Utah Valley; thickness 0 to 30 feet (0-10 m).

Mine-dump deposits and disturbed land (Historical) - Waste rock and overburden from aggregate quarries and
gravel pits including the Keigley Quarry, Condie Pit, City of Payson Pit, and other smaller pits; variable thickness.

Sanitary landfill (Historical) - Waste disposal area and cover materials associated with the City of Payson land-
fill located in NW1/4 section 14, T. 9 S., R. 1 E; variable thickness.

Mass-Movement Deposits

Qms

Qmt

Landslide deposits (Holocene to Upper Pleistocene) - Very poorly sorted, clay- to boulder-size, locally derived
material deposited principally by rotational slides and slumps; characterized by slightly to moderately subdued
hummocky topography; developed on steeper slopes in Permian-Pennsylvanian strata; thickness variable.

Talus deposits (Holocene to Upper Pleistocene) - Very poorly sorted, angular cobbles and boulders and finer-
grained interstitial sediment deposited principally by rock fall on and at the base of steep slopes; locally grades
downslope to colluvial deposits; generally less than 20 feet (<6 m) thick.

Mixed-Environment Deposits

Qac

Qla

Alluvial and colluvial deposits (Holocene to Upper Pleistocene) - Poorly to moderately sorted, generally poorly
stratified, clay- to boulder-size, locally derived sediment deposited in swales, small drainages, and the upper
reaches of larger ephemeral streams by fluvial, slopewash, and creep processes; generally less than 20 feet (6 m)
thick.

Lacustrine and alluvial deposits (Holocene to Upper Pleistocene) - Moderately to well-sorted, fine-grained sand,
silt, and clay; grades into silt and clay deposits of the Bonneville Lake cycle; mapped in Goshen Valley; includes
areas of spring and marsh deposits (Qsm) and younger lacustrine deposits (Qly) difficult to distinguish or map at
target scale; thickness unknown.
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Qmtc  Talus and colluvium (Holocene to Upper Pleistocene) - Very poorly sorted, angular to subangular cobbles and
boulders and finer-grained interstitial sediment, deposited principally by rock fall on steep slopes, that grades
downslope into colluvial deposits; locally includes older colluvium; generally less than 20 feet (6 m) thick.

Stacked-Unit Deposits

Consist of a thin cover of deposits of the Bonneville lake cycle (first unit) overlying various bedrock or surficial
deposit units (second unit).

Qlsp/Tu

Lacustrine sand and silt over Tertiary strata (Upper Pleistocene/Pliocene? or Miocene?) - One exposure in rail-
road cut on the south side of the hill near Payson Station of silt and sand likely of the Provo phase of Lake Bon-
neville overlying conglomerate; conglomerate consists of pebbles, cobbles, and boulders (to 1 foot [0.3 m]) of
subrounded quartzite, dark-gray limestone, and a few igneous clasts; conglomerate matrix is very pale-orange to
orange, calcareous sand and grit, locally with travertine and freshwater limestone; conglomerate with slight east
dip; previously assigned to the Salt Lake Formation by Bissell (1948, 1963) and White (1953); age unknown,
assumed to be post-Oligocene; up to about 3 feet (1 m) of sand and silt over conglomerate; exposed thickness of
Tertiary strata about 20 feet (6 m), but total thickness is unknown.

Qlsp/Pdc

Lacustrine sand and silt over Diamond Creek Formation (Upper Pleistocene/Lower Permian) - One area near
Payson Station of sand and silt, likely of the Provo phase of Lake Bonneville, overlying the Diamond Creek For-
mation; a small unmapped exposure of sandstone in drainage on north side of hill; sandstone is light red to very
pale orange, fine grained, friable to well indurated, and cross-bedded; bedding varies from thin and medium to
indistinct; age from Baker and Williams (1940) and Morris and Lovering (1961); up to about 3 feet (1 m) of sand
and silt over sandstone, and exposed sandstone thickness is approximately 150 to 200 feet (45-60 m) (White,
1953); regional thickness of Diamond Creek up to about 1000 feet (300 m) (Hintze, 1962).

Ql/Qafo
Lacustrine deposits over older alluvial-fan deposits (Upper Pleistocene/Upper Pleistocene) - Veneer of fine- to
coarse-grained lacustrine deposits overlying older alluvial fan deposits; shoreline features present on alluvial-fan
deposits; lacustrine deposit thickness probably less than 10 feet (3 m).

QI/Pk
Lacustrine deposits over Kirkman Formation (Upper Pleistocene/Lower Permian) - Veneer of fine- to coarse-

grained lacustrine deposits overlying Kirkman Formation unit; surficial deposit thickness probably less than 20
feet (6 m).

Ql/Pfc
Lacustrine deposits over Freeman Peak and Curry Peak Formations (Upper Pleistocene/Lower Permian) -
Veneer of fine- to coarse-grained lacustrine deposits overlying Freeman Peak and Curry Peak Formations; surfi-
cial deposit thickness probably less than 20 feet (6 m).

Ql/Pfp?
Lacustrine deposits over Freeman Peak Formation? (Upper Pleistocene/Lower Permian) - Veneer of fine- to

coarse-grained lacustrine deposits overlying Freeman Peak Formation?; surficial deposit thickness probably less
than 20 feet (6 m).

Ql/Pcp
Lacustrine deposits over Curry Peak Formation (Upper Pleistocene/Lower Permian) - Veneer of fine- to

coarse-grained lacustrine deposits overlying Curry Peak Formation; surficial deposit thickness probably less than
20 feet (6 m).

QIl/Pobm
Lacustrine deposits over Bingham Mine Formation of Oquirrh Group (Upper Pleistocene/Upper Pennsylvan-
ian) - Veneer of fine- to coarse-grained lacustrine deposits overlying Bingham Mine Formation; surficial deposit
thickness probably less than 20 feet (6 m).
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Ql/Pobp

Lacustrine deposits over Butterfield Peaks Formation of Oquirrh Group (Upper Pleistocene/Middle to Lower
Pennsylvanian) - Veneer of fine- to coarse-grained lacustrine deposits overlying Butterfield Peaks Formation; sur-
ficial deposit thickness probably less than 20 feet (6 m).

QI/Md, QI/Mg, QI/MDfp

Ql/Cu

Ql/Pz

Lacustrine deposits over Deseret Limestone, Gardison Limestone, Fitchville Formation and Pinyon Peak
Limestone (Upper Pleistocene/Upper and Lower Mississippian and Upper Devonian) - Veneer of fine- to coarse-
grained lacustrine deposits overlying bedrock units of Goshen Hill; surficial deposit thickness probably less than
20 feet (6 m).

Lacustrine deposits over undivided Cambrian strata (Upper Pleistocene/Cambrian) - Veneer of fine- to coarse-
grained lacustrine deposits overlying undivided Cambrian strata; surficial deposit thickness probably less than 20
feet (6 m).

Lacustrine deposits over undivided Paleozoic strata (Upper Pleistocene/Paleozoic) - Veneer of fine- to coarse-
grained lacustrine deposits overlying undivided Paleozoic strata; surficial deposit thickness probably less than 20
feet (6 m).

QUATERNARY-TERTIARY

QTaf

Oldest alluvial-fan deposits (Lower Pleistocene to Pliocene) - High-level alluvial-fan deposits in two areas west
of Goshen Gap; predominantly quartzite and carbonate clasts, locally with volcanic clasts; poorly sorted suban-
gular to subrounded boulders, cobbles, and pebbles in a matrix of sand and silt (also see Elison, 1952); mapped
as fanglomerate by Elison (1952) and White (1953), and Provo-level gravel by Bissell (1963); age unknown, but
Bissell (1948) considered it Pleistocene (pre-Bonneville); up to about 60 feet (20 m) exposed, but total thickness
unknown.

Unconformity

TERTIARY-CRETACEOUS

TKs

TKsl

Tertiary-Cretaceous strata (Paleocene? to Upper Cretaceous?) - Moderate-reddish-orange mudstone, gray to
light-brown conglomerate, and light-brown limestone; conglomerate contains subangular to subrounded pebbles,
cobbles, and boulders of quartzite, limestone, with small fragments of black chert; generally forms slopes with
local conglomerate and limestone ledges; caps the upper part of West Mountain between Hill 6797 and West Mtn
2 triangulation station (Hill 6904); queried where uncertain designation; mapped by White (1953) as the North
Horn Formation; age unknown, but may be partly equivalent to North Horn Formation of central Utah; similar
strata are present in the southern Wasatch Mountains and northern Long Ridge (Hintze, 1962), and are up to about
600 feet (180 m) thick (Metter, 1955); thickness O to 200 feet (0-60 m) in the quadrangle.

Limestone unit of Tertiary-Cretaceous strata (Paleocene? to Upper Cretaceous?) - Light-brown limestone
weathering to white; mapped separately where thicker and better exposed; oncolitic and algal limestone, locally
with sandy and pebbly lenses; medium bedded to indistinctly bedded; forms ledges and small cliffs and weathers
to rounded boulders and cobbles; mapped by White (1953) as Flagstaff Limestone; age unknown; 0 to 40 feet (0-
10 m) thick.

Major Unconformity

PERMIAN

Also refer to Discussion of Permian-Pennsylvanian Strata on this plate.
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Pk Kirkman Formation (Lower Permian [lower Leonardian to middle Wolfcampian]) - Interbedded limestone and
calcareous sandstone; some limestone units include distinctive dark-gray, finely laminated, finely-crystalline lime-
stone, weathering to medium-gray, light-gray, and grayish-yellow; laminations are commonly gray and yellow on
millimeter scale and larger; limestone units also include fine calcite stringers, and are laminated to thinly bedded;
other limestone units are medium-gray with thin to medium bedding; limestone locally includes black chert in
irregular bands up to 1 foot (0.3 m) thick, calcite stringers, and fossils, including fusulinids, and crinoid and bra-
chiopod fragments. Calcareous sandstone is medium-gray and very-pale-orange, weathering to light-brown or
orange-brown with light-red patches, contains fine sand with calcareous cement, bedding is very thin to thick,
locally well indurated and forms fractured ledges; minor dark-gray shale weathers to pale-red. Formation forms
ledges and slopes; exposed in block north of Inez tear fault and in the eastern White Lake-Keigley Quarry Hills;
contact with Freeman Peak Formation mapped at change from calcareous sandstone to limestone and calcareous
sandstone; fusulinids indicate early Leonardian and middle Wolfcampian ages (table 1); apparent discrepancy in
age and stratigraphic position (sample W-20) suggests structural complications difficult to map at 1:24,000 scale;
regionally the age of the Kirkman is not well constrained and was reported as Wolfcampian (Welsh and James,
1961; Hintze, 1962), although Dunbar and others (1960) indicated an early Leonardian age at the type locality;
upper part of unit in contact with Inez tear fault; exposed thickness of approximately 1000 feet (300 m) measured
by H.J. Bissell (Swanson, 1952; White, 1953); regional thickness up to maximum of 1600 feet (490 m) at type
section east of Springville, Utah (Baker and Williams, 1940; Hintze, 1962).

Pfc Freeman Peak and Curry Peak Formations, undivided (Lower Permian [middle and lower Wolfcampian]) -
Combined where separation of formations is unclear due to similar lithologies and lack of paleontologic data;
mapped on north side of Inez tear fault; exposed thickness estimated at 2000 feet (600 m).

Pfp Freeman Peak Formation (Lower Permian [middle to lower? Wolfcampian]) - Calcareous sandstone, lesser
quartzite, and minor limestone; medium-gray to very-pale-orange calcareous sandstone weathering to light-brown
and yellowish-gray with light-red patches, contains fine sand with calcareous cement, fractured where better
induration; pale-orange quartzite; sparse medium-gray limestone interbeds; very thinly to thickly bedded; exposed
with Kirkman Formation near White Lake Hills thrust fault, and also exposed with underlying Curry Peak Forma-
tion? (see map unit Pfc) and overlying Kirkman Formation in block north of Inez tear fault; forms ledges and
slopes; contact with underlying Curry Peak Formation not mapped (see Pfc); age based on fusulinids (table 1);
exposed thickness uncertain (see Pfc); formation thickness of 2000 to 2450 feet (600-750 m) reported in the
Oquirrh Mountains (Welsh and James, 1961; Swenson, 1975).

Pcp Curry Peak Formation (Lower Permian [middle? to lower Wolfcampian]) - Calcareous sandstone, lesser lime-
stone, and minor sandy shale; medium-gray to very-pale-orange calcareous sandstone weathers to moderate-yel-
lowish-brown, brown, and yellowish-gray with light-red patches; contains fine sand with calcareous matrix; local-
ly cross-bedded, where sandstone is more indurated it forms fractured ledges and weathers to darker orange-
brown; dark- to medium-gray limestone interbeds, limestone intervals generally 3 feet (1 m) or less thick, locally
with fusulinids, brachiopods and other fossil fragments, calcite stringers, and sandy intervals; also minor, chippy,
dark-gray sandy shale; very thin to thick bedded; exposed on lower east flank and southwest side of West Moun-
tain north of Inez tear fault; forms ledges and slopes; queried where uncertain designation; contact with underly-
ing Bingham Mine Formation located with the aid of fossils; conodonts and fusulinids in these beds at West Moun-
tain include several species ranging from middle? to early Wolfcampian (table 1); base appears to be locally
exposed on east flank of range above West Mountain thrust fault and southwest of West Mtn 2 triangulation sta-
tion (Hill 6904); maximum exposed thickness of 1500 feet (500 m); formation thickness of 2450 to 2800 feet
(750-850 m) in the Oquirrh Mountains (Welsh and James, 1961; Swenson, 1975).

Unconformity?

PENNSYLVANIAN-MISSISSIPPIAN

Also refer to Discussion of Permian-Pennsylvanian Strata on this plate.
IPo Oquirrh Group, undivided - shown on cross section only.

[Pobm Bingham Mine Formation (Upper Pennsylvanian [Virgilian to Missourian]) - Calcareous sandstone with minor
limestone, quartz sandstone and shale and including a limestone marker unit (IPoml); medium-gray to light-brown
calcareous sandstone weathering to light-brown, light-gray, grayish-orange with light-red patches, very thin to
thickly bedded, fine sand in calcareous matrix; medium-gray limestone interbeds; white quartz sandstone weath-
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ers to light-brown; dark-gray to light-brown sandy shale; basal part of unit (~300 feet [100 m]) also includes dark-
gray limestone weathering to medium-gray, friable light- to moderate-red sandstone, and few thin orthoquartzite
beds; unit forms ledges and ledgey slopes; crops out on eastern upper flank and southwestern upper flank of West
Mountain; early Virgilian fusulinids (table 1) obtained from uppermost part of limestone marker unit (map unit
IPoml), and Nolan (1950) assigned a Missourian age to lower part of the formation; contact with underlying But-
terfield Peaks Formation mapped at top of relatively thick quartzite interval, not substantiated with fossil age; Jor-
dan and Commercial limestone units marking the base of the formation in the Oquirth Mountains (Welsh and
James, 1961) do not appear to be present on West Mountain; on West Mountain, Nolan (1950) measured 2780 feet
(850 m) of Missourian? strata and some Virgilian strata but did not recognize thrust fault contacts with Permian
rocks; formation thickness of approximately 4000 feet (1200 m) determined from cross section; thicknesses of
5300 feet (1600 m), 6500 feet (2000 m) and 7311 feet (2229 m) reported by Swenson (1975), Welsh and James
(1961) and Tooker and Roberts (1970), respectively, in the Oquirrh Mountains.

[Poml Limestone marker unit of Bingham Mine Formation (lower Virgilian) - Medium-light-gray to medium-gray
limestone locally grading to medium-gray and light-brown calcareous sandstone; thinly to indistinctly bedded;
limestone is finely crystalline with calcite stringers, sandy laminae, irregular black chert lenses to 1 inch (3 cm)
thick, and fossil fragments (brachiopod, fusulinid); ledge- to cliff-forming unit; early Virgilian fusulinids (table 1)
from near top of unit; exposed thickness up to 100 feet (30 m).

Unconformity?

IPobp  Butterfield Peaks Formation (Middle to Lower Pennsylvanian [Desmoinesian-Atokan]) - Repetitively interbed-
ded sequence of calcareous sandstone, quartzite, and limestone; limestone abundance decreases upsection,
quartzite interval caps formation (Nolan [1950] reported as 620 feet [190 m] thick); medium-gray to light-brown
calcareous sandstone weathering to very-pale-orange and light-gray, with fine to medium grains in calcareous
matrix; very-pale-orange to grayish-orange and white quartzite often cross-bedded and fractured; dark-gray to
medium-gray limestone locally with irregular lenses and spherical black chert that weathers to grayish-orange,
locally fossiliferous with brachiopods, bryozoans, crinoids, and fusulinids, and with calcite in stringers and small
masses; very thin to thick bedded; forms ledges and slopes along the west flank and crest of West Mountain; Nolan
(1950) reported fusulinids including Fusulina (Desmoinesian) and Fusulinella (Desmoinesian-Atokan) from
about the lower 3500 feet (1100 m) of section exposed on the west flank of West Mountain, whereas Desmoine-
sian conodonts obtained from a similar interval include Idiognathodus sp. and Neognathodus sp. (table 1); no
Chaetetes coral bed was observed near the west base of the range as reported by White (1953); lower portion of
unit (Atokan?) and base not exposed; exposed thickness of approximately 7300 feet (2200 m) (Nolan, 1950;
White, 1953); Biek (2004) reported an incomplete thickness of up to 4500 feet (1370 m) in the northern Lake
Mountains, while Tooker and Roberts (1970) stated the formation is 9070 feet (2770 m) thick in the Oquirrh
Mountains.

[Pobl  Limestone marker unit of Butterfield Peaks Formation (Desmoinesian) - Medium-dark-gray limestone; fine
grained, thin to medium bedded, generally with characteristic spherical black chert, 1 inch (3 cm) or less in diam-
eter in selected beds, but locally absent to north; chert also occurs as irregular masses and nodules that weather to
orange-brown; forms ledges and saddles; samples W-5 and W-6 yielded Idiognathodus sp. conodonts (Desmoine-
sian) (table 1); appears to be uppermost limestone unit with spherical black chert at West Mountain; ranges from
about 40 to 100 feet (12-30 m) thick.

[Powc  West Canyon Limestone (Lower Pennsylvanian [Morrowan] to Upper Mississippian) - not exposed.

MISSISSIPPIAN
Mmc  Manning Canyon Shale (Upper Mississippian) - not exposed.

Inez tear fault

Unit descriptions for Mississippian, Devonian, and Cambrian rocks modified from Elison (1952), Schindler (1952), Swanson
(1952), White (1953), and John Welsh (unpublished data, 1978). The lower hills between the Inez tear fault and State Route 141
are herein referred to as the White Lake-Keigley Quarry Hills, although not indicated as such on the topographic base map.
Goshen Hill is located south of State Route 141.
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Mgb Great Blue Formation, undivided (Upper Mississippian) - Dark-gray limestone weathers to medium-bluish-gray
and medium-gray; some slope-forming sandstone and shale in lower part; limestone is fine to medium crystalline,
locally cherty and with calcite stringers, and locally fossiliferous with brachipods and bryozoans; thin to very thick
bedded; crops out on the east side of the White Lake-Keigley Quarry Hills; forms ledges and some small cliffs;
contact with Humbug Formation based on change from sandstone and limestone to primarily limestone of Great
Blue Formation; age from Gordon and others (2000); Gordon and others (2000) discussed a three-member sepa-
ration of the Great Blue Limestone in the Oquirrh Mountains, while Morris and Lovering (1961) separated the
Great Blue Formation into four members in the East Tintic Mountains, but no member separation could be mapped
in the quadrangle; regionally the formation is about 2500 feet (800 m) thick (Morris and Lovering, 1961; Gordon
and others, 2000); top not exposed in quadrangle, and exposed thickness of approximately 1200 feet (400 m) has
been affected by structural complications (Elison, 1952; Schindler, 1952; Swanson, 1952; White, 1953).

Mh Humbug Formation (Upper Mississippian) - Alternating intervals of light- to blue-gray limestone and very-pale-
orange and light-brown sandstone and quartzite; limestone is fine to medium grained, crinoidal, with lesser light-
gray, finely crystalline, and silty dolomite; sandstone is dolomitic near base, fine to medium grained, with well
sorted and rounded grains; thin to medium bedded; present in White Lake-Keigley Quarry Hills and Goshen Hill;
forms ledges and slopes; lower contact marked by change from limestone (Deseret) to sandstone and limestone;
age from Morris and Lovering (1961); measured thickness of 785 feet (240 m) in White Lake-Keigley Quarry
Hills (Elison, 1952; Schindler, 1952; Swanson, 1952; White, 1953).

Md Deseret Limestone (Upper Mississippian) - Light- to dark-gray-blue and dark-gray limestone and lesser light-
gray to medium-gray dolomite; limestone is micritic to coarse grained, with chert in lower portions as nodules,
bands, and beds; some black chert bands up to 1 foot (0.3 m) thick; fossiliferous limestone in upper half includes
crinoids, and few Trilophyllites corals, brachiopods, and Lithostrotion corals; limestone thin to medium bedded,
upper part is indistinctly bedded; dolomite is coarse grained, crinoidal, and locally cherty; thin basal Delle Phos-
phatic Shale Member is not obvious and may be largely covered; crops out in White Lake-Keigley Quarry Hills
and Goshen Hill; forms primarily ledges with some slopes; lower contact corresponds to a change from cherty fos-
siliferous limestone and dolomite (Gardison) to unfossilierous limestone of the Deseret; age from Morris and
Lovering (1961) and Sandberg and Gutschick (1984); prior mapping reported thickness of 832 feet (254 m) (Eli-
son, 1952; Schindler, 1952; Swanson, 1952), while thickness of 765 feet (235 m) measured by John Welsh (unpub-
lished data, 1978); previously mapped as the Pine Canyon limestone (Elison, 1952; Schindler, 1952; Swanson,
1952; White, 1953).

Mg Gardison Limestone (Lower Mississippian) - Cherty limestone, fossiliferous limestone, and dolomite; upper part
(140 feet [40 m]) is dark-blue-gray to blue-gray cherty limestone, dolomitic at top, fine to medium grained, bio-
clastic, crinoidal, and containing Trilophyllites corals; chert found in layers (10%) of dark-gray weathering to tan,
grading to 1 to 2 inch (0.4-1 cm) black chert bands; middle part (190 feet [60 m]) is medium- to light-gray
dolomite with recrystallized bioclastic and crinoidal clasts, and Syringopora corals near top, underlain by light-
gray dolomite that is medium crystalline and unfossiliferous, medium-bedded; lower part (290 feet [90 m]) is
blue-gray to dark-gray limestone and gray dolomite underlain by light- to dark-gray-blue fossiliferous limestone,
with a fine-grained matrix with varying coarse-grained clasts; fossils include spirifers, gastropods, small produc-
tids, few Triplophyllites and horn corals, and crinoid columnals; also with tight non-porous, graded beds from
coarse grained to very fine grained; forms ledges and slopes; lower contact with Fitchville based on change from
dolomite and limestone to fossiliferous limestone of the Gardison; age from Morris and Lovering (1961); thick-
ness of 620 feet (190 m) measured by John Welsh (unpublished data, 1978); previously mapped with Fitchville
strata as the Gardner dolomite (Elison, 1952; Schindler, 1952; Swanson, 1952; White, 1953).

MISSISSIPPIAN - DEVONIAN

MDfp Fitchville Formation and Pinyon Peak Limestone, undivided (Lower Mississippian and Upper Devonian):
Fitchville - light-gray-blue limestone and light-gray dolomite; limestone is thin bedded with crinoids, small pro-
ductid brachiopods, and Triplophyllites corals; dolomite is medium bedded with crystalline laminae, and contains
fossil Syringopora, horn corals, and silicified brachiopods; 2-foot-thick [0.6 m] tan, bedded chert at base; Pinyon
Peak - medium-gray to dark-gray dolomite weathering blue-gray; poorly bedded to massive; fossils include
crinoids and gastropods, with silicified corals at base of unit; Pinyon Peak thickness of 129 feet (39 m) measured
in the White Lake-Keigley Quarry Hills (Elison, 1952; Schindler, 1952; Swanson, 1952). Fitchville and Pinyon
Peak also exposed on Goshen Hill; combined unit forms ledges and slopes; the Fitchville was not previously
mapped at West Mountain, and the lower portion of the former Gardner is here assigned to the Fitchville, consid-
ering that it has been mapped in this region (Biek, 2004), and John Welsh included the Fitchville and Pinyon Peak
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in his measured section at the White Lake-Keigley Quarry Hills area; contact with underlying Cambrian forma-
tion characterized by an unconformity; age from Morris and Lovering (1961); thicknesses of 170 feet (50 m)
(Fitchville) and 130 feet (40 m) (Pinyon Peak) totaling 300 feet (90 m) measured by John Welsh (unpublished
data, 1978); from 370 to 425 feet (110-130 m) of these combined formations are reported in the East Tintic Moun-
tains (Morris and Lovering, 1979).

Major unconformity

CAMBRIAN

Co

Cc

Cb

Ch

Cd

Cte

Opex Formation? (Upper Cambrian) - Light-gray, finely crystalline, medium-bedded, ledge-forming dolomite;
exposed in White Lake-Keigley Quarry Hills area; queried in exposures immediately south of Inez tear fault that
appear to be affected by structural attenuation, where a relatively thin dolomite interval between Cole Canyon
Dolomite and Gardison Limestone may include part of Fitchville-Pinyon Peak; lower contact marked by change
to laminated and mottled, less resistant dolomite of the Cole Canyon; age unknown but assumed to be Upper Cam-
brian based on correlation with Opex Formation of East Tintic Mountains (see Morris and Lovering, 1961),
although the dolomite lithology is atypical for Opex there; thickness of 220 to 472+ feet (65-144+ m) in the White
Lake-Keigley Quarry Hills (Elison, 1952; Schindler, 1952; Swanson, 1952, White, 1953); Opex thickness of 140
to 250 feet (40-80 m) in East Tintic Mountains (Morris and Lovering, 1961).

Cole Canyon Dolomite (Middle Cambrian) - Alternating light-gray and blue-gray to medium-gray dolomite; in
general, lighter beds are finely laminated and darker beds are mottled; dense to finely crystalline in medium to
thick beds; a few units contain twiggy bodies (small rods of calcite and dolomite); lower contact based on change
to lack of layered appearance and presence of twiggy bodies of the Bluebird Dolomite; age from Morris and
Lovering (1961); measured thickness of 287 feet (88 m) in White Lake Hills and 495 feet (151 m) in Keigley
Quarry (Elison, 1952; Schindler, 1952; Swanson, 1952; White, 1953); including Opex? strata with the Cole
Canyon would bring the formation thickness range to 507 to 967+ feet (155-295+ m), which is closer to the 830
to 900 feet (250-275 m) reported for the Cole Canyon Dolomite in the East Tintic Mountains by Morris and Lover-
ing (1961).

Bluebird Dolomite (Middle Cambrian) - Medium-gray dolomite weathers to light-gray; dolomite includes abun-
dant white twiggy bodies; fine to medium crystalline, medium to thick bedded, prominent ledge-forming unit;
lower contact corresponds to change from limestone (Herkimer) to dolomite; age from Morris and Lovering
(1961); measured thickness of 198 feet (60 m) in White Lake Hills and 305 feet (93 m) in Keigley Quarry (Eli-
son, 1952; Schindler, 1952; Swanson, 1952; White, 1953); East Tintic Mountains area thickness of 150 to 200 feet
(50-60 m) (Morris and Lovering, 1961); the Bluebird Dolomite was one of the two main rock formations former-
ly quarried at Keigley and processed by Columbia-Geneva Steel (Bryce Tripp, Utah Geological Survey, verbal
communication, 2006).

Herkimer Limestone (Middle Cambrian) - Blue limestone and blue-gray to dark-blue-gray dolomite; upper half
of thin- to medium-bedded limestone includes discontinuous yellow-brown bands of argillaceous material; lower
half of dolomite that weathers to light gray to red brown and is locally mottled (light and dark gray), medium- to
thick-bedded, with twiggy bodies and pisolites; forms slopes and ledges; lower contact based on change to
dolomite; age from Morris and Lovering (1961); measured thickness of 339 feet (103 m) in White Lake Hills, and
324 to 336 feet (99-102 m) in Keigley Quarry (Elison, 1952; Schindler, 1952; Swanson, 1952; White, 1953);
thickness in the East Tintic Mountains is 350 to 430+ feet (110-130+ m) (Morris and Lovering, 1961).

Dagmar Dolomite (Middle Cambrian) - Light-gray to blue-gray to medium-gray dolomite, weathers to light gray-
brown; finely crystalline, finely laminated, and exhibits a blocky fracture; a key marker unit in the Cambrian sec-
tion due to relatively distinctive lithology; forms small ledges and slopes; age from Morris and Lovering (1961);
57 feet (17 m) measured in White Lake Hills, and from 31 to 52 feet (9-16 m) in Keigley Quarry (Elison, 1952;
Schindler, 1952; Swanson, 1952; White, 1953); 60-100 feet (20-30 m) thick in the East Tintic Mountains (Morris
and Lovering, 1961).

Teutonic Limestone (Middle Cambrian) - Blue-gray and medium- to dark-gray, thin- to thick-bedded limestone
that includes orange-gray to orange-brown argillaceous material in discontinuous bands and stripes; pisolitic and
oolitic beds abundant in lower part of unit, which includes thin bed of flat-pebble conglomerate about 80 feet (20
m) above base; ledge- to cliff-former; queried where uncertain designation; lower contact marked by change to
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shale of the Ophir Formation; age from Morris and Lovering (1961); thickness of 360 feet (110 m) measured in
the northwest part of Keigley Quarry (Elison, 1952; Schindler, 1952; Swanson, 1952; White, 1953); thickness of
420 feet (130 m) in the East Tintic Mountains (Morris and Lovering, 1961); formerly quarried at Keigley and
processed for use as a flux in the steel industry (Bryce Tripp, Utah Geological Survey, verbal communication,
2006).

Cop Ophir Formation (Middle Cambrian) - Primarily olive-green shale with a medial limestone; upper portion (48
feet [15 m]) is micaceous, calcareous, sandy shale; dark-gray medial limestone (86 feet [26 m]), weathering to
blue-gray, is pisolitic and oolitic, and characterized by discontinuous bands of yellow-brown argillaceous materi-
al; lower portion (170 feet [50 m]) is slightly calcareous, micaceous shale with lenses of sandstone and sandy
shale, and 5-foot-thick (2 m) gray to green quartzite bed near base of unit; fragments of trilobites and brachiopods
present in some shale horizons; exposed adjacent to the Inez tear fault and at the Keigley Quarry area; somewhat
gradational contact with resistant Tintic below; age from Morris and Lovering (1961); measured thickness of 307
feet (94 m) at Keigley Quarry (Elison, 1952; Schindler, 1952; Swanson, 1952; White, 1953); East Tintic area
thickness of 275 to 430 feet (85-130 m) (Morris and Lovering, 1961).

Ct Tintic Quartzite (Lower Cambrian) - White to light-pink quartzite weathering to dark-yellowish-orange; medi-
um-bedded quartzite is fine- to medium-grained, with common cross-bedding, includes some small beds or lens-
es of quartz-pebble conglomerate, and somewhat micaceous toward top of formation; forms ledges, cliffs, and
boulder-strewn outcrops; crops out in the White Lake-Keigley Quarry Hills; age from Morris and Lovering
(1961); base not exposed, exposed thickness up to 700 feet (200 m) (Elison, 1952; Schindler, 1952; Swanson,
1952; White, 1953); thickness in the East Tintics of 2300 to 3200 feet (700-1000 m) (Morris and Lovering, 1961).

Pz Paleozoic strata, undivided - Shown on cross section only.
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Text Box Plate 2

DISCUSSION OF PERMIAN-PENNSYLVANIAN STRATA

The majority of West Mountain is composed of Permian-Pennsylvanian strata previously
mapped as the Oquirrh Formation (Permian-Pennsylvanian) and overlying Kirkman
Limestone (Permian). Nolan (1950) conducted a stratigraphic study of the Oquirrh
Formation on the central part of West Mountain. Swanson (1952) and White (1953)
mapped the Oquirrh Formation on West Mountain as one map unit with little internal
structure, and reported a total Oquirrh thickness of 16,200 feet (4900 m). This total
thickness includes 11,450 feet (3490 m) attributed to Nolan, an additional 350 feet (110
m) of underlying strata (White, 1953), and an additional 4400 feet (1300 m) of overlying
strata attributed to Swanson (White, 1953). Nolan’s section was measured across the
central portion of the range in sections 33 and 34, T. 8 S., R. 1 W. (stated as Wilsons and
Long Trail Canyons); Nolan reported a total measurement of 11,040 feet (3370 m) (1950,
p. 11, plate 1V), but plate Il indicates 11,450 feet (3490 m). Swanson (1952) reportedly
measured 5000 feet (1500 m) of section (overlapping Nolan’s section by about 600 feet
[200 m]), but the location or basis for this measurement was not stated in his thesis.
These studies reported the Oquirrh Formation ranged from Lower Permian
(Wolfcampian) to Lower Pennsylvanian (Atokan) (Nolan, 1950; Swanson, 1952; White,
1953). Swanson and White reported that 1000 feet (300 m) of Kirkman Limestone
overlay the Oquirrh Formation. The present mapping indicates a thickness of Permian-
Pennsylvanian strata (below the Kirkman Formation) of approximately 13,000 feet (4000
m), ranging from Wolfcampian to Desmoinesian. The disparity in thickness estimates is
due to the further delineation of structure at West Mountain.

Larson (1977) and Larson and Clark (1978) measured a stratigraphic section of
uppermost Pennsylvanian (Virgilian) and Lower Permian (Sakmarian) strata attributed to
the Oquirrh Formation on West Mountain totaling 5209 feet (1588 m). They identified
conodont and fusulinid assemblages, and discussed depositional environments.

Terminology and subdivision of the Pennsylvanian Oquirrh Formation/Group and
associated Permian strata varies by thrust plate and region (see Welsh and James, 1961;
Tooker and Roberts, 1970; Swenson, 1975; Morris and others, 1977; Welsh and Bissell,
1979; Hintze, 1988). The Oquirrh Formation/Group has formally been restricted to
Pennsylvanian strata (Welsh and James, 1961; Tooker and Roberts, 1970); however,
Kennecott-Bingham Mine geologists informally include both the Permian (Freeman Peak
and Curry Peak) and Pennsylvanian formations (Bingham Mine, Butterfield Peaks, and
West Canyon Limestone) under the Oquirrh Group (see Hintze, 1988; Laes and others,
1997).
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