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MAP UNIT DESCRIPTIONS 

 

QUATERNARY 

Alluvial deposits 

Qal1 Modern stream deposits (Holocene)  Moderately sorted sand, silt, clay, and 

pebble to boulder gravel deposited in active stream channels and flood plains; 

locally includes small alluvial-fan and colluvial deposits, and minor terraces up to 

about 10 feet (3 m) above current base level; mapped in ephemeral washes 

draining the Lake Mountains and low hills to the south; typically less than 20 feet 

(<6 m) thick. 

 

Alluvial-fan deposits represent a thin apron of sediment over a piedmont upslope from 

range-bounding normal faults.  Downslope from these faults, the deposits are much 

thicker and represent the upper part of thick basin-fill deposits of Utah Valley and Cedar 

Valley. 

Qaf1 Level-1 alluvial-fan deposits (Holocene)  Poorly to moderately sorted, non-

stratified, clay- to boulder-size sediment deposited principally by debris flows and 

debris floods at the mouths of active drainages; upper parts typically characterized 

by abundant boulders and debris-flow levees that radiate away from the apex of 

the fan; equivalent to the younger part of Qafy, but differentiated because they 

form smaller, isolated fans; probably less than 20 feet (<6 m) thick. 

 

Qafy Young undifferentiated alluvial-fan deposits (Holocene to Upper Pleistocene) 

 Similar to level-1 alluvial-fan deposits (Qaf1), but forms coalesced apron of 

post-Bonneville sediment shed off the Lake Mountains and low hills to the south; 

upper parts of fans are locally deeply incised; older parts of deposit are equivalent 

to Qaf2, which is locally present in the adjacent Saratoga Springs quadrangle 

(Biek, 2004); thickness unknown, but likely as much as several tens of feet thick. 

 

Qafo Old alluvial-fan deposits (Upper to Middle Pleistocene)  Similar to young 

undifferentiated alluvial-fan deposits (Qafy), but forms deeply dissected alluvial 

apron truncated by, and thus predating, the Bonneville shoreline; upper parts of 

fans locally receive sediment from minor washes; thickness unknown, but may 

locally exceed several tens of feet thick. 

 

Artificial deposits 

Qfm Mine-dump deposits (Historical)  Waste rock and overburden from clay 

quarries; as much as about 30 feet (9 m) thick. 

 

Qfd Disturbed land (Historical)  Land disturbed by clay and aggregate operations; 

only the larger operations are mapped, and their outlines are based in part on the 

1997 topographic base map; land within these areas contains a mix of cuts and 

fills as well as excellent exposures of Manning Canyon Shale and the formation 

of White Knoll. 
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Colluvial deposits 

Qc Colluvial deposits (Holocene to Upper Pleistocene)  Poorly to moderately 

sorted, angular, clay- to boulder-size, locally derived sediment deposited by slope 

wash and soil creep on moderate slopes and in shallow depressions; locally grades 

upslope into talus deposits and downslope into mixed alluvial and colluvial 

deposits; because many bedrock slopes are covered by at least a veneer of 

colluvium, only the larger, thicker deposits are mapped; typically 0 to 20 feet (0-6 

m) thick. 

 

Qco Older colluvial deposits (Upper to Middle Pleistocene)  Similar to colluvial 

deposits (Qc), but forms deeply dissected slopes at the base of Long Ridge and in 

the lower reaches of Mercer Canyon where it is as much as about 30 feet (9 m) 

thick; also is mapped in sections 20 and 29, T. 7 S., R. 1 W., where it is generally 

less than 10 feet (< 3 m) thick, consisting of silt, clay, and bedrock detritus 

derived from the formation of White Knoll. 

 

Eolian deposits 

Qes Eolian sand deposits (Holocene)  Well- to very well-sorted, fine- to medium-

grained, well-rounded, windblown sand near The Knolls and west of Clyde Knoll; 

forms small dunes mostly stabilized by vegetation; typically 0 to 10 feet (0-3 m) 

thick. 

 

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, and 

locally includes pebbly beach gravel; Brimhall and others (1976) reported that 

Holocene-age gray clayey silt composed mostly of calcite comprise the upper 15 

to 30 feet (5-10 m) of the lake sediments under Utah Lake; sediments of the 

Bonneville lake cycle underlie these beds. 

 

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 laterally 

gradational to sand and silt facies; gastropods common in sandy lenses; locally 

partly cemented with calcium carbonate; typically forms wave-cut or wave-built 

benches, bars, and spits; wave-cut benches are commonly partly covered by 

colluvium derived from adjacent oversteepened slopes; intermediate shorelines 

are locally well developed on Provo-level deposits; Qlgb deposited at and below 

highest Bonneville shoreline but above the Provo shoreline, and Qlgp deposited at 

and below the Provo shoreline; typically 0 to 30 feet (0-9 m) thick. 
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Qlsb, Qlsp 

Lacustrine sand and silt (Upper Pleistocene)  Fine- to coarse-grained sand and 

silt with minor gravel; typically 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; locally concealed by loess veneer; Qlsb deposited at and below highest 

Bonneville shoreline but above the Provo shoreline, and Qlsp deposited at and 

below the Provo shoreline; probably less than 30 feet (<9 m) thick. 

 

Qlmb, Qlmp 

Lacustrine silt and clay (Upper Pleistocene)  Calcareous silt (marl) with minor 

clay and fine-grained sand; typically laminated, but weathers to appear thick 

bedded; locally grades upslope into lacustrine sand and silt (Qlsb, Qlsp) and 

locally concealed by loess veneer; shorelines typically poorly developed on this 

facies; contact with distal parts of younger alluvial-fan deposits is difficult to 

identify and commonly based on subtle geomorphic differences; Qlmb deposited 

below Bonneville shoreline but above the Provo shoreline, and Qlmp deposited 

below the Provo shoreline; thickness uncertain, but may exceed several tens of 

feet thick. 

 

Qllb, Qllp 

 Lagoon-fill deposits (Upper Pleistocene)  Forms level, grassy areas behind 

offshore gravel bars; not exposed, but likely consists of thick-bedded silt with 

sand and minor pebbles washed in from adjacent slopes; may be capped by loess, 

and is typically concealed by a veneer of colluvial deposits; probably less than 20 

feet (<6 m) thick. 

 

Mass-movement deposits 

Qms Landslide deposits (Historical? to Upper Pleistocene)  Very poorly sorted, 

locally derived material deposited by rotational and translational movement; 

typically clay- to boulder-size debris, but some landslides include large bedrock 

blocks; characterized by hummocky topography, numerous internal scarps, and 

chaotic bedding attitudes; basal slip surfaces most commonly form in the 

Manning Canyon  Shale and in fine-grained lake deposits over bedrock; 

undivided as to inferred age because new research shows that even landslides with 

subdued morphology (suggesting that they are older, weathered, and have not 

moved recently) may continue to exhibit slow creep or are capable of renewed 

movement if stability thresholds are exceeded (Francis Ashland, Utah Geological 

Survey, verbal communication, April 2006); age and stability determinations 

require detailed geotechnical investigations; thickness highly variable. 

 

Qmt Talus deposits (Holocene to Upper Pleistocene)  Very poorly sorted, angular 

cobbles and boulders and finer-grained interstitial sediment deposited principally 

by rock fall on or at the base of steep slopes; only a few deposits are mapped 

because most talus in the area is gradational with colluvial deposits and is thus 
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mapped as talus and colluvium undivided (Qmtc); generally less than 20 feet (<6 

m) thick. 

 

Mixed-environment deposits 

Qac 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 and small drainages by fluvial, slope-wash, 

and creep processes; generally less than 20 feet (6 m) thick. 

 

Qaco Older alluvial and colluvial deposits (Upper Pleistocene)  Similar to mixed 

alluvial and colluvial deposits (Qac), but form isolated remnants deeply incised by 

adjacent streams; generally less than 20 feet (<6 m) thick. 

 

Qmtc Talus and colluvium (Holocene to Upper Pleistocene)  Very poorly sorted, 

angular to subangular cobbles and boulders and finer-grained interstitial sediment 

deposited by rock fall and slope wash on and at the base of steep slopes; includes 

minor alluvial sediment in the bottom of washes; generally less than 20 feet (<6 

m) thick. 

 

 

Stacked-unit deposits  

Qc/Qlgp 

Colluvial deposits over lacustrine gravel and sand deposits (Holocene/Upper 

Pleistocene)  Mapped at Clyde Knoll, where colluvial deposits partly conceal 

gravel and sand associated with the regressive (Provo) phase of Lake Bonneville. 

 

The following stacked units are used to denote various surficial and bedrock units that are 

partly eroded by wave action associated with the rise and fall of Lake Bonneville, and 

that are concealed by a discontinuous veneer of undifferentiated lacustrine gravel, sand, 

silt, or clay; coarser-grained lacustrine facies commonly exhibit intermediate-level 

shorelines.  The southern part of the Lake Mountains were formerly referred to as the Fox 

Hills and Mosida Hills, but are not presently indicated as such on the topographic base 

map.  The Fox Hills lie between Soldiers Pass and Goshen Pass, and the Mosida Hills lie 

south of Goshen Pass. 

Ql/Qafo 

Lacustrine deposits over older alluvial-fan deposits (Upper Pleistocene/Upper 

Pleistocene)  Mapped along the margins of Lake Mountain and the low hills to 

the south. 

 

Ql/QTaf, Qlgb/QTaf 

Lacustrine deposits over oldest alluvial-fan deposits (Upper 

Pleistocene/Pleistocene-Pliocene)  Mapped west of Mercer Canyon. 

 

Ql/Tb Lacustrine deposits over trachybasalt lava of Mosida (Upper 

Pleistocene/Lower Miocene)  Mapped along the west side of Fox Hills. 
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Ql/Twk 

 Lacustrine deposits over formation of White Knoll (Upper Pleistocene/Upper 

or Lower Oligocene)  Mapped along the margins of Fox Hills. 

 

Ql/IPou 

Lacustrine deposits over undifferentiated Oquirrh Group (Upper 

Pleistocene/Lower Pennsylvanian-uppermost Mississippian)  Mapped between 

Pfeiffer and Burnt Canyons on the southeast flank of the Lake Mountains, where 

the contact between the West Canyon Limestone and overlying Butterfield Peaks 

Formation is concealed. 

 

Ql/IPob 

Lacustrine deposits over Butterfield Peaks Formation (Upper 

Pleistocene/Middle-Lower Pennsylvanian)  Mapped just north of Burnt Canyon 

on the southeast flank of the Lake Mountains. 

 

Ql/Mmc 

Lacustrine deposits over Manning Canyon Shale (Upper Pleistocene/Upper 

Mississippian)  Mapped near Big Cove in the northeast part of the quadrangle. 

 

Ql/Mgb 

Lacustrine deposits over undifferentiated Great Blue Formation (Upper 

Pleistocene/Upper Mississippian)  Mapped near Big Cove in the northeast part 

of the quadrangle. 

 

Qlgb/Mgbu 

Lacustrine deposits over the upper part of the Great Blue Formation (Upper 

Pleistocene/Upper Mississippian)  Mapped west of the entrance to Mercer 

Canyon on the west side of the mountain. 

 

Ql/Mh Lacustrine deposits over Humbug Formation (Upper Pleistocene/Upper 

Mississippian)  Mapped in the Mosida Hills in the southwest corner of the 

quadrangle. 

 

Ql/Mg Lacustrine deposits over Gardison Limestone (Upper Pleistocene/Upper 

Mississippian)  Mapped in the Mosida Hills in the southwest corner of the 

quadrangle. 

 

Unconformity 

 

QUATERNARY/TERTIARY 

QTaf Oldest alluvial-fan deposits (Pleistocene to Pliocene)  Poorly to moderately 

sorted, clay- to boulder-size sediment deposited principally by debris flows and 

debris floods; consists of Butterfield Peaks Formation clasts shed off the 

southwest side of Lake Mountain; forms cobble- and boulder-covered, deeply 
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dissected remnant between Mercer and Long Canyons; maximum thickness 

exceeds 200 feet (60 m). 

 

Unconformity 

 

TERTIARY 

New informal names are applied to Tertiary rock units; see table 1 for major- and trace-

element whole-rock geochemical data; rock names for lava flows and tuffs derived from 

total alkali-silica diagram of LeBas and others (1986); updated geochronologic data from 

the New Mexico Geochronology Research Laboratory is pending.  The southern part of 

the Lake Mountains were formerly referred to as the Fox Hills and Mosida Hills, but are 

not presently indicated as such on the topographic base map.  The Fox Hills lie between 

Soldiers Pass and Goshen Pass, and the Mosida Hills lie south of Goshen Pass. 

Tb Trachybasalt lava of Mosida (Lower Miocene)  Medium-dark-gray, 

weathering to light olive gray and blue gray, porphyritic, potassic trachybasalt (or 

absarokite in some classifications) lava flow; phenocrysts (10 to 20%) of olivine 

(Fo60), plagioclase (An60 to An70), and clinopyroxene (Mg# 0.78 to 0.72) in a fine-

grained groundmass; olivine commonly altered to iddingsite and appears as rust-

colored blebs; locally vesicular; caps ridges of Fox Hills and forms blocky ledges 

and small cliffs; source vent probably located near Soldiers Pass; 
40

Ar/
39

Ar age 

pending, but yielded K-Ar age of about 17.0 Ma (McKee and others, 1993); 

thickness from 0 to 120 feet (0-35 m). 

 

Unconformity 

 

Ts Shoshonite lava of Goshen Pass (Upper or Lower Oligocene?)  Dark-gray, 

white, pale-reddish-brown, and pale-red shoshonite lava flow; crops out mostly as 

distinctive, brecciated, carbonate-impregnated lava; also occurs as medium-gray, 

blue-gray, and pale-red lava flow, and is locally vesicular; fine-grained with 

trachytic to felty groundmass of plagioclase, olivine (typically altered), and 

oxides; calcite near margins of flow appears to be primary and formed as flow 

entered lake (formation of White Knoll); crops out in southern Fox Hills near 

Goshen Pass as slopes, ledges, rounded knobs, and small cliffs; source vent 

unknown; 
40

Ar/
39

Ar age pending; thickness from 0 to 160 feet (0-50 m). 

 

Twk Formation of White Knoll (Upper or Lower Oligocene?)  White and pale- 

yellowish-orange, yellowish-gray-weathering limestone with interbedded very 

pale orange, white, and pale-red claystone; locally light-gray pyroclastic-fall beds; 

limestone locally sandy and conglomeratic and with fossilized plant remains; 

locally with vertical structures and algal laminations suggestive of spring 

deposits; bedding laminated to medium to indistinct; generally flat-lying deposits 

are locally draped on paleotopography; interfingers locally with shoshonite lava 

of Goshen Pass (Ts); forms ledges and slopes in Fox Hills and northernmost 

Mosida Hills; claystone excavated from quarries and pits in quadrangle, including 

the Fox Hills clay pit in the SW1/4 section 20, T. 7 S., R. 1 W. (Stringham and 

Sharp, 1950); thickness from 0 to 240 feet (0-75 m). 
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Unconformity? 

 

Ta Andesite lava of Black Point (Lower Oligocene)  Medium-gray andesitic lava 

flow weathering to pale yellowish brown and pale brown; no phenocrysts; has 

platy fracture and weathers to blocks and chips; crops out near Black Point as 

ledges and rounded hills of limited extent; source vent unknown; 
40

Ar/
39

Ar age 

pending, but yielded K-Ar age of 32.6 Ma (McKee and others, 1993); thickness 

from 0 to 40 feet (0-12 m). 

 

Unconformity 

 

Tr Rhyolite tuff of pumice pit (Upper Eocene)  Yellowish-gray, weathering to 

grayish orange and medium dark gray, non-welded, pumice-rich, porphyritic, 

rhyolitic ash-flow tuff; phenocrysts (20%) of quartz, reversely zoned plagioclase 

(An30 to An50), Ba-rich sanidine (Or50 to Or75), and biotite in a glassy 

groundmass; contains pumice fragments (20%) up to 6 inches (15 cm) in length 

and lithic fragments; exposed as ledges and slopes north of Soldiers Pass and in 

Fox Hills; named for pit in section 17, T. 7 S., R. 1 W; source vent unknown; it 

extends into the adjacent Allens Ranch quadrangle where it is well exposed in 

Chimney Rock Pass and overlies the Packard Rhyolite (E.H. Christiansen, 

Brigham Young University, unpublished data); new 
40

Ar/
39

Ar age pending, but 

yielded preliminary 
40

Ar/
39

Ar age of 34.2 Ma (S.T. Nelson, Brigham Young 

University, unpublished data); exposed thickness as much as 60 feet (20 m). 

 

Unconformity 

 

Td Trachydacite tuff of Soldiers Pass (Upper Eocene)  Medium-gray, weathering 

to light olive gray, densely welded, porphyritic, trachydacite ash-flow tuff; 

phenocrysts (30%) of quartz, strongly zoned plagioclase (An40 to An80), and Mg-

rich biotite, hornblende, and clinopyroxene in a glassy groundmass; has local red 

and black banding; exposed as rounded ledges on east side of Fox Hills; source 

vent unknown; new 
40

Ar/
39

Ar age pending, but yielded preliminary 
40

Ar/
39

Ar age 

of 34.7 Ma (S.T. Nelson, Brigham Young University, unpublished data); exposed 

thickness as much as 60 feet (20 m). 

 

Major unconformity 

 

PENNSYLVANIAN and MISSISSIPPIAN 

Oquirrh Group (Upper Pennsylvanian to uppermost Mississippian)  Principally 

calcareous sandstone, sandy limestone, limestone, and minor orthoquartzite that form the 

bulk of Lake Mountain; divided into, in ascending order, the West Canyon Limestone 

and Butterfield Peaks Formation; believed to be part of the Bingham sequence of Tooker 

and Roberts (1970); best exposed along or just below ridge crests – elsewhere, slopes are 

commonly covered by a veneer of colluvium and talus not practical to map at a scale of 

1:24,000; ages from Gordon and Duncan (1970), Davis and others (1994), and Biek 
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(2004); deposited in the Oquirrh marine basin of north-central Utah and southern Idaho, 

with fine arkosic sand derived principally from the Weber shelf and Uncompahgre Uplift 

(Welsh and Bissell, 1979); only the lower 4850 to about 5500 feet (1480-1675 m) is 

preserved in the Lake Mountain syncline, but the group is in excess of 17,800 feet (5425 

m) thick in the Oquirrh Mountains (Tooker and Roberts, 1970) and about 25,000 feet 

(7600 m) thick near Mt. Timpanogos (Baker, 1964). 

IPob Butterfield Peaks Formation (Middle – Lower Pennsylvanian [Desmoinesian – 

uppermost Morrowan])  Interbedded, brown-weathering, fine-grained calcareous 

sandstone, medium-gray, fine-grained sandy limestone, minor orthoquartzite, and 

several limestone intervals, four of which are mapped separately; typically 

cyclically interbedded with several tens of feet of calcareous sandstone capped by 

gray limestone several feet thick; contains minor siltstone and mudstone interbeds 

that are very poorly exposed; forms ledgy to cliffy slopes.  Calcareous sandstone 

is typically medium to thick bedded, light brownish gray to medium gray but 

grayish orange to brown weathering, very fine to fine grained, locally with planar, 

low-angle, and ripple cross-stratification and bioturbation; sandstone is commonly 

non-calcareous on weathered surfaces and so appears similar to orthoquartzite, 

but fresh surfaces are invariably calcareous.  Orthoquartzite is grayish orange pink 

to light brown, very thick bedded, very fine to fine grained, with faint low-angle 

cross-stratification and a prominent conchoidal fracture; it is restricted to a 

prominent, 35-foot-thick (11 m) ledge between the “upper” (IPou) and “lower” 

(IPol) limestones and a few thinner beds above the “upper” limestone.  Unmapped 

limestone intervals are typically medium gray, medium to thick bedded, locally 

with fine-grained sand, locally fossiliferous with syringoporid and rugose corals, 

bryozoans, brachiopods, and fossil hash, locally with irregularly shaped black 

chert nodules and ribbon chert, and commonly grade upward to finer grained, 

platy weathering limestone and argillaceous limestone; Chaetetes coral bed is 

about 325 feet (100 m) above the base of the formation.  A partial measured 

section on the west flank of Lake Mountain, just north of the quadrangle, is 3823 

feet (1166 m) thick, but the incomplete thickness of the formation at Lake 

Mountain is as much as 4500 feet (1370 m) (Biek, 2004); Tooker and Roberts 

(1970) reported the formation is 9070 feet (2765 m) thick in the Oquirrh 

Mountains. 

 

IPou Upper limestone (upper to middle Desmoinesian)  Thin- to medium-bedded, 

medium-gray, fine-grained limestone and very fine to fine-grained sandy 

limestone with minor, brown-weathering, irregularly shaped black chert nodules; 

locally includes sandstone interbeds that pinch out along strike; locally difficult to 

trace unit across fold axes and areas of poor exposure, and as mapped, may 

locally include adjacent thin limestone intervals; forms ledgy slopes at the top of 

Lake Mountain; contains uncommon crinoid, brachiopod, bryozoan, and fusulinid 

fossils; about 220 feet (67 m) thick. 

 

IPol Lower limestone (upper to middle Desmoinesian)  Thin- to medium-bedded, 

platy weathering, light- to medium-gray, fine-grained limestone with common, 

irregularly shaped black chert nodules; lower part contains minor spherical black 
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chert nodules; upper part is typically medium to thick bedded, coarser grained, 

has less chert, and contains crinoid, bryozoan, and brachiopod fossils; forms 

slopes; locally includes sandstone interbeds that pinch out along strike; locally 

difficult to trace unit across fold axes and areas of poor exposure, and as mapped, 

may locally include adjacent thin limestone intervals; about 320 feet (98 m) thick. 

 

IPobu Upper billiard ball limestone (middle Desmoinesian)  Light-gray-weathering, 

medium-dark-gray, thin-bedded, fine-grained limestone and argillaceous 

limestone with characteristic black spherical chert 0.25 to 2 inches (0.5-5 cm) in 

diameter in the lower two-thirds of the unit; upper part typically medium- to 

thick-bedded, medium- to coarse-grained limestone and fine-grained sandy 

limestone with common, irregularly shaped black chert nodules, and, in the upper 

10 feet (3 m), brachiopod and crinoid fossils and fossil hash; well developed in 

section 2, T. 7 S., R. 1 W.; conspicuously platy weathering, forming slopes and 

saddles high on the flanks of Lake Mountain; 295 feet (90 m) thick. 

 

IPobl Lower billiard ball limestone (middle to lower Desmoinesian)  Divisible into 

two parts not mapped separately:  lower half has a ledge-forming basal bed 

several feet thick of medium-dark-gray, medium- to coarse-grained fossiliferous 

limestone with crinoid fossils and fossil hash overlain by thin- to medium-bedded, 

laminated and platy weathering, fine-grained limestone and argillaceous 

limestone with typically abundant black spherical chert nodules 0.25 to 2 inches 

(0.5-5 cm) in diameter; upper half tends to be light- to medium-gray, medium- to 

thick-bedded limestone with planar and low-angle cross-stratification and 

uncommon irregularly shaped black chert nodules; conspicuously platy 

weathering, forming slopes and saddles; 105 to 140 feet (32-43 m) thick. 

 

IPMowc 

 West Canyon Limestone (Lower Pennsylvanian [Morrowan] to uppermost 

Mississippian)  Medium-light-gray to medium-gray, thick- to very thick bedded, 

fine- to medium-grained limestone and fossiliferous limestone; locally thin- to 

medium-bedded and laminated, and locally with brown-weathering silt and very 

fine grained sand laminae; macrofossils include typically sparse crinoid 

columnals, brachiopods, bryozoans, and rugose corals; lower part forms ledges 

and slopes, upper part contains three prominent cliff-forming limestone beds with 

brown- to black-weathering irregularly shaped chert nodules and irregular beds 

that impart a slight “black banded” appearance, especially to the upper cliff; 15- 

to 20-foot-thick (4-6 m) cliff-forming, light-brown- to grayish-orange-pink-

weathering, light-olive-gray to olive-gray, very thick bedded, fine-grained 

calcareous sandstone with planar and low-angle cross-stratification is present near 

middle of formation; upper and lower contacts are gradational and conformable; 

upper and lower parts correspond to slope-forming intervals about 180 feet (55 m) 

and 145 feet (45 m) thick, respectively, that contain interbedded calcareous 

sandstone, limestone, and minor shale or mudstone (Biek, 2004); Shoore (2005) 

reported that the lower few meters of the Bridal Veil Falls Limestone at Cascade 

Mountain, as this unit is known in the Wasatch Range, contain latest Chesterian 
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conodonts (Upper Mississippian); he recognized 21 sequence boundaries within 

the member, caused by world-wide glacio-eustatic sea-level fluctuations, and 

reasoned that the member was deposited in cool, shallow-marine water, showing 

evidence of shoaling and steady progradation of the Weber shelf; 1025 feet (313 

m) thick at Lake Mountain (Biek, 2004), but may be slightly thinner at the south 

end of the mountain. 

 

MISSISSIPPIAN 

 

Mmc Manning Canyon Shale (Upper Mississippian)  Lithologically diverse, 

interbedded, black to grayish-purple, calcareous and carbonaceous shale and 

siltstone; light-brown to pale-yellow-brown, very fine to fine-grained calcareous 

sandstone with planar and low-angle cross-stratification; brown-weathering, 

thick-bedded, fine-grained orthoquartzite with a vitreous and scintillating luster; 

and medium-gray to bluish-gray, thin- to thick-bedded fossiliferous limestone and 

argillaceous limestone; fossils include brachiopods, bryozoans, rare trilobites, and 

leaves; weathers to form strike valleys, but at the south end of Lake Mountain, 

south of Pfeiffer Canyon, holds up uncommonly steep, ledgy slopes mapped by 

previous workers as lower Butterfield Peaks Formation; slopes and soils 

developed on Manning Canyon strata tend to have slight reddish-brown to 

lavender hues in contrast to the browns and grays of enclosing units; upper 

contact is conformable and gradational and corresponds to a change from 

predominantly clastic to predominantly carbonate strata; age from Gordon and 

Duncan (1970); Bullock (1951) reported thicknesses of 1121 feet (west side) and 

1419 feet (east side) (342-433 m) at Lake Mountain, but the thicker section on the 

east side of the mountain likely results from structural complications. 

 

Great Blue Limestone (Upper Mississippian) 

Mgb Great Blue Limestone, undivided  Undivided in the vicinity of Soldiers Pass, 

at The Knolls, and in the northeast corner of the quadrangle due either to limited 

exposure or structural complications. 

 

Mgbu Upper limestone member  Medium- to very thick bedded, bluish-gray 

limestone, locally cherty and commonly fossiliferous with brachiopods, corals, 

and bryozoans; contains interbedded shale in lower part; typically forms ledges 

and cliffs; upper contact marks a prominent change from cliff-forming limestone 

to slope-forming shale; Gordon and others (2000) reported a thickness of 1540 

feet (470 m) for the upper limestone unit in the southern Oquirrh Mountains, but 

in the Lake Mountains, we estimate the member is about 2100 feet (640 m) thick. 

 

Mgbl Long Trail Shale Member and lower limestone member, undivided  Long 

Trail Shale Member is interbedded, reddish-brown, dark-gray, and grayish-

purple calcareous and locally carbonaceous shale, and thin-bedded, medium-gray 

limestone and fossiliferous limestone; locally abundant rugose corals, pelecypods, 

brachiopods, and bryozoans; weathers to form strike valleys and saddles; locally 

contains limonite pseudomorphs after pyrite; neither the lower nor upper contact 
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of the Long Trail Shale Member is well exposed, but regionally both appear 

conformable and gradational; Gordon and others (2000) reported a thickness of 

108 feet (33 m) for the Long Trail Shale Member in the southern Oquirrh 

Mountains; the member is about 90 feet (28 m) thick in the Lake Mountains 

(Bullock, 1951).  Lower limestone member is medium- to very thick bedded, 

light- to dark-gray but typically medium-gray limestone and fossiliferous 

limestone; upper part is typically thin-bedded and platy weathering argillaceous 

limestone and interbedded gray to grayish-purple shale; bryozoans are locally 

abundant; the lower limestone member is 850 feet (260 m) thick in the southern 

Oquirrh Mountains (Gordon and others, 2000), but appears to be only about 300 

feet (90 m) thick in the Lake Mountains.  Queried where designation is uncertain. 

 

Mh Humbug Formation (Upper Mississippian)  Interbedded calcareous quartz 

sandstone, orthoquartzite, and limestone that weather to ledgy slopes.  Sandstone 

is light- to dark-brown weathering, pale yellowish brown to olive gray, medium to 

very thick bedded, variably calcareous or siliceous, locally with planar or low-

angle cross-stratification.  Limestone rarely contains dark-gray chert nodules and 

is:  (1) light gray weathering, medium dark gray, medium to thick bedded, and 

fine grained with local small white chert blebs; (2) dark gray, very thick bedded 

with small white calcite blebs; or (3) locally medium to coarse grained with 

sparse fossil hash.  Upper half contains several distinctive, ledge-forming, white, 

medium- to thick-bedded sublithographic limestone beds up to 10 feet (3 m) 

thick; upper contact is conformable and gradational and represents a change from 

interbedded sandstone and limestone to limestone; age from Morris and Lovering 

(1961); about 700 to 750 feet (210-230 m) thick. 

 

Md Deseret Limestone (Upper to Lower Mississippian)  Medium- to very thick 

bedded, medium-dark-gray, variably sandy and fossiliferous limestone; contains 

distinctive white calcite nodules and blebs and local to common brown-

weathering chert nodules; fossils include rugose corals, uncommon brachiopods, 

crinoids, bryozoans, and fossil hash; lower part not exposed, but regionally the 

lower 20 to 30 feet (6-9 m) is marked by slope-forming, thin-bedded, black 

phosphatic chert likely of the Dell Phosphatic Member; upper contact is 

conformable and gradational and corresponds to a change from fossiliferous 

limestone to predominantly sandstone; query indicates uncertain correlation at 

Clyde Knoll; age from Morris and Lovering (1961) and Sandberg and Gutschick 

(1984); about 700 to 750 feet (210-230 m) thick. 

 

Mg Gardison Limestone (Lower Mississippian)  Medium- to very thick bedded, 

medium-gray to medium-dark-gray limestone, cherty limestone, and fossiliferous 

limestone; contains minor medium-dark-gray, medium- to thick-bedded dolomite 

near the base; chert is present as black, irregularly shaped nodules and thin, 

discontinuous beds; fossils include rugose and colonial corals, brachiopods, 

gastropods, and bryozoans replaced by white calcite; upper contact appears 

conformable and gradational and generally corresponds to a break in slope, with 

slope-forming, thinner bedded, cherty limestone below and thicker bedded, ledge- 
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and cliff-forming limestone above; age from Morris and Lovering (1961); 

thickness uncertain due to structural complications, but probably about 500 to 650 

feet (150-200 m) thick. 

 

Pzu Paleozoic, undivided – Shown in cross section only. 
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Interim Geologic Map of the Soldiers Pass Quadrangle,
Utah County, Utah

by
Robert F. Biek1, Donald L. Clark1, and Eric H. Christiansen2

2006
1 Utah Geological Survey, P.O. Box 146100, Salt Lake City, UT 84114-6100;
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Disclaimer

This Open-File release makes information available to the public during the review and production
period necessary for a formal UGS publication.  This map may be incomplete, and inconsistencies, errors,
and omissions have not been resolved.  While the document is in the review process, it may not conform to
UGS standards; therefore it may be premature for an individual or group to take actions based on its contents.
Although this product represents the work of professional scientists, the Utah Department of Natural Resources,
Utah Geological Survey, makes no warranty, expressed or implied, regarding its suitability for a particular use.
The Utah Department of Natural Resources, Utah Geological Survey, shall not be liable under any circumstances
for any direct, indirect, special, incidental, or consequential damages with respect to claims by users of this product.

For use at 1:24,000 scale only.  The UGS does not guarantee accuracy or completeness of the data.
This geologic map was funded by the Utah Geological Survey and U.S. Geological Survey,
National Cooperative Geologic Mapping Program, through USGS STATEMAP award number 05HQAG0084.
The views and conclusions contained in this document are those of the author and should not be interpreted
as necessarily representing the official policies, either expressed or implied, of the U.S. Government.

Base from U.S. Geological Survey,
Soldiers Pass Quadrangle, 1997

Field mapping by authors: 2006
Digital photogrammetry:

Robert F. Biek, Donald L. Clark, and Kent D. Brown
This geology was originally mapped using a USGS topographic

base map published in 1993 that conforms to the North American
Datum of 1927 (NAD 27).  At the time of this printing an updated

base map printed in 1997 that conforms to NAD 83 was substituted.
The geology remains in NAD 27 to conform to adjoining geologic
maps.  As a result, the boundaries of the geology and the base map
are slightly different, creating the narrow strip near the map edges.
However, the geology is accurately shown relative to topographic

features on the base map.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




