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MAP UNIT DESCRIPTIONS
QUATERNARY

Alluvial deposits

Stream deposits (Holocene) − Moderately to well-sorted sand, silt, clay, and pebble to boulder gravel in river 
channels and flood plains; locally includes small alluvial-fan and colluvial deposits, and minor terraces up to 10 
feet (3 m) above current base level; mapped principally along the larger streams in the quadrangle, including 
American Fork River and Dry Creek; generally 0 to 20 feet (0-6 m) thick.

Stream-terrace deposits (Holocene to Upper Pleistocene) – Moderately to well-sorted sand, silt, clay, and pebble 
to boulder gravel that forms level to gently sloping terraces incised by modern streams; subscript denotes height 
above modern stream channels; level 2 deposits are 10 to 30 feet (3-9 m), and level 3 deposits are 30 to 75 feet 
(10-20 m) above modern drainages; deposited in river channels and flood plains; generally 0 to 20 feet (0-6 m) 
thick.

Young alluvial deposits (Holocene to Upper Pleistocene) − Moderately sorted sand, silt, clay, and pebble to boulder 
gravel deposited in river channels and flood plains; incised by active stream channels, and locally include small 
alluvial-fan and colluvial deposits; equivalent to modern stream deposits (Qal1) and older, post-Bonneville 
stream deposits that are undifferentiated because units are complexly overlapping; probably less than 20 feet (6 
m) thick.

Older alluvial deposits (Upper Pleistocene) − Moderately sorted sand, silt, clay, and pebble to boulder gravel 
incised by younger alluvial deposits in Fort Canyon; probably less than 30 feet (9 m) thick; small deposit 
overlying Dry Creek glacial outwash (Qgod) in Fort Canyon is well-cemented, subangular to subrounded pebble 
conglomerate composed of Pennsylvanian or Permian calcareous sandstone clasts and is about 3 feet (1 m) 
thick.

Alluvial deposits related to the Provo phase of the Bonneville lake cycle (Upper Pleistocene) − Moderately to 
well-sorted sand, silt, and pebble gravel deposited principally in river channels; coarsens upgradient and 
includes boulder-size clasts in the upper reaches of Dry Creek; locally includes veneer of fine-grained eolian 
sand and silt, and may include loess veneer; large deposits in south-central part of quadrangle are mostly fluvial 
topset beds that grade into Provo-level deltaic deposits (Qldp) derived from American Fork and Dry Creek 
Canyons; generally 5 to 20 feet (2-6 m) thick.

Older alluvial deposits related to the Provo phase of the Bonneville lake cycle (Upper Pleistocene) − Moderately to 
well-sorted sand, silt, and pebble to boulder gravel deposited in ancestral Dry Creek channel; forms terrace 
remnant north of Alpine that is about 30 feet (9 m) above adjacent Qalp deposits; may include loess veneer; 
exposed thickness about 30 feet (9 m).

Alluvial deposits related to the Bonneville phase of the Bonneville lake cycle (Upper Pleistocene) − Moderately 
sorted sand, silt, and pebble to boulder gravel deposits of ancestral Dry Creek that are graded to the Bonneville 
shoreline; about 20 feet (6 m) thick.

Modern alluvial-fan deposits (Holocene) − Poorly to moderately sorted, non-stratified, clay- to boulder-size 
sediment deposited principally by debris flows 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; generally less 
than 30 feet (9 m) thick.

Level 2 alluvial-fan deposits (Holocene to Upper Pleistocene) − Poorly to moderately sorted, clay- to boulder-size 
sediment deposited principally by debris flows; large deposits at American Fork likely also deposited by 
perennial and intermittent streams of the American Fork River distributary system; incised by modern alluvial-fan 
and alluvial deposits; forms moderately dissected surfaces equivalent to the lower part of Qafy; probably less 
than 30 feet (9 m) thick.

Level 3 alluvial-fan deposits (Upper Pleistocene) − Poorly to moderately sorted, clay- to boulder-size sediment 
deposited principally by debris flows; locally conceals the Bonneville shoreline and is incised by younger 
undifferentiated alluvial deposits; forms deeply dissected surface north of Alpine; probably less than 40 feet (12 
m) thick.

Younger undifferentiated alluvial-fan deposits (Holocene to Upper Pleistocene) − Equivalent to modern, level-2, 
and the upper part of level-3 alluvial-fan deposits, but undifferentiated because units are complexly overlapping 
or too small to show separately; upper parts of fans are locally deeply incised; thickness unknown, but likely up 
to several tens of feet.

Alluvial-fan deposits related to the Provo phase of the Bonneville lake cycle (Upper Pleistocene) − Poorly to 
moderately sorted, clay- to cobble-size sediment deposited principally by debris flows; larger deposits at Lehi 
and American Fork are mostly reworked deltaic and fan-delta deposits; incised by younger alluvial and 
alluvial-fan deposits; deposited by streams associated with the Provo (regressive) phase of Lake Bonneville; 
thickness unknown, but likely up to several tens of feet.

Alluvial-fan deposits related to the Bonneville phase of the Bonneville lake cycle (Upper Pleistocene) − Poorly to 
moderately sorted, clay- to cobble-size sediment deposited principally by debris flows; incised by younger 
alluvial and alluvial-fan deposits; deposited by streams associated with the Bonneville (transgressive) phase of 
Lake Bonneville; probably less than about 40 feet (12 m) thick.

Older alluvial-fan deposits (Upper Pleistocene) − Similar to younger 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 likely up to several tens of feet.

Artificial deposits
Artificial fill (Historical) − Engineered fill used in the construction of Interstate 15 and other road and railroad beds; 

larger areas of fill used to create new level building areas are also mapped based on aerial photographs taken 
in May 2002; although only larger fill deposits are shown, fill of variable composition may be present in any 
developed area; variable thickness up to about 90 feet (30 m).

Landfill deposits (Historical) − Miscellaneous fill, principally building and road construction debris, placed in sand 
and gravel or aggregate pits; variable thickness up to several tens of feet.

Disturbed land (Historical) – Land disturbed by sand and gravel operations; only the larger operations are mapped 
and their outlines are based on aerial photographs taken in May 2002; land within these areas contains a 
complex, rapidly changing mix of cuts and fills, as well as excellent exposures of Lake Bonneville sediments.  
Disturbed land at the top of the east Traverse Mountains is also mapped based on aerial photographs taken in 
May 2002; this area contains a complex mix of very large cuts and areas of fill in deeply weathered volcanic 
rocks of the east Traverse Mountains (Tv).

Colluvial deposits
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; 
may include older landslide deposits whose subtle features make positive identification impossible without 
detailed geotechnical investigations; because most bedrock is covered by at least a veneer of colluvium, only 
the larger, thicker deposits are mapped; 0 to about 20 feet (0-6 m) thick.

Glacial deposits
Deposits of the Bells Canyon advance - Pinedale equivalent; generally thought to be 12 to 30 ka (Madole, 

1986),although some Pinedale moraines may be as old as 70 ka (Coleman and Pierce, 1979; Porter and others, 
1983).

Outwash (Upper Pleistocene) − Moderately to well-sorted, subangular to subrounded, clast-supported, pebble to 
boulder sand and gravel; typically medium to thick bedded; clasts are little weathered and are derived from the 
Little Cottonwood stock and Mississippian and Pennsylvanian strata of Dry Creek Canyon; mapped north of 
Alpine where it forms moderately dissected, bouldery surfaces graded to Bells Canyon till immediately east of 
the Lehi quadrangle; probably 0 to at least 40 feet (0-12+ m) thick.

Till (Upper Pleistocene) − Non-stratified, poorly sorted, sandy pebble to boulder gravel in a matrix of silt and minor 
clay; clasts are matrix supported, subangular to subrounded, and were derived from the Little Cottonwood stock; 
clasts typically lack weathering rind common on granitic clasts of the Dry Creek advance; mapped near the First 
Hamongog north of Alpine where lateral and end moraines are well preserved; also present as lateral moraines 
immediately east of the Lehi quadrangle along Dry Creek, where it has a more diverse clast composition 
(Machette, 1992); up to several tens of feet thick.

Deposits of the Dry Creek advance (Bull Lake equivalent; 130 to 155 ka [Pierce and others, 1976]).
Outwash (Middle Pleistocene) − Similar to outwash of Bells Canyon advance, but clasts are deeply weathered; 

granitic clasts typically have grussified rind; mapped north of Alpine where it forms a moderately dissected, 
bouldery surface adjacent to Dry Creek till; also mapped in upper Fort Canyon where it consists entirely of 
deeply weathered granitic clasts; probably 0 to 80 feet (0-25 m) thick.

Till (Middle Pleistocene) − Non-stratified, poorly sorted, sandy pebble to boulder gravel in a matrix of silt and minor 
clay; clasts are matrix supported, subangular to subrounded, and were derived from the Little Cottonwood stock 
and Mississippian and Pennsylvanian strata of Dry Creek Canyon; clasts deeply weathered and granitic clasts 
especially exhibit grussified weathering rind; forms end and lateral moraines offset by the Wasatch fault at the 
mouth of Dry Creek Canyon; up to about 150 feet (45 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.”

Lacustrine gravel and sand (Upper Pleistocene) − Moderately to well-sorted, moderately to well-rounded, 
clast-supported, pebble to cobble gravel and pebbly sand; thin to thick bedded; typically interbedded with or 
laterally gradational to sand and silt facies; gastropods locally common in sandy lenses; locally partly cemented 
with calcium carbonate; typically forms well-developed wave-cut or wave-built benches, bars, and spits; 
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; 
exposed thickness from 0 to about 150 feet (0-45 m).

Lacustrine sand and silt (Upper Pleistocene) − Fine- to coarse-grained lacustrine sand and silt with minor gravel; 
typically thick bedded and well sorted; gastropods locally common; grades downslope from sandy nearshore 
deposits to finer grained offshore deposits; locally concealed by loess veneer; intermediate shorelines typically 
poorly developed on this facies; Qlsb deposited at and below highest Bonneville shoreline but above the Provo 
shoreline, and Qlsp deposited at and below the Provo shoreline; exposed thickness less than 40 feet (12 m).

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 concealed by loess veneer; Qlmb deposited below 
Bonneville shoreline and Qlmp deposited below the Provo shoreline; grades upslope into lacustrine sand and 
silt; exposed thickness less than about 40 feet (12 m).

Deltaic deposits (Upper Pleistocene) – Moderately to well-sorted, moderately to well-rounded, clast-supported, 
pebbly sand and pebbly gravel; thin to thick bedded; locally partly cemented with calcium carbonate; foreset 
beds commonly dip 30º-35º; mapped as eroded remnants at the leading edge of large deltas deposited by the 
American Fork River and Dry Creek; Provo-level deposits are overlain by up to 15 feet (5 m) of topset alluvium 
(Qalp); Bonneville-level deposits are less well exposed and are in part mapped simply as lacustrine gravel and 
sand (Qlgb); intermediate shorelines are locally well developed on the Provo-level deposits; exposed thickness 
from 0 to about 150 feet (0-45 m).

Mass-movement deposits
Debris-flow deposits (Holocene) − Very poorly sorted, subangular, cobble- to boulder-size gravel in a matrix of silt, 

sand, clay, and pebbles; mapped on younger undifferentiated alluvial-fan deposits east of Alpine; although all 
alluvial fans consist principally of debris-flow deposits, these debris flows are mapped separately due to their 
relatively fresh morphology and well-developed levee deposits of angular rubble; includes debris flows that 
occurred at the mouth of Preston Canyon in November 2001 and September 2002; typically less than 10 feet (3 
m) thick.

Landslide deposits (Historical to Pleistocene) − Very poorly sorted, clay- to boulder-size, locally derived material 
deposited by rotational and translational movement; characterized by hummocky topography, numerous internal 
scarps, and chaotic bedding attitudes; basal slip surfaces most commonly form in the volcanic rocks of the east 
Traverse Mountains (Tv) and Tertiary alluvial-fan deposits (Taf), but are also in lacustrine deposits and regolithic 
and colluvial sediment derived from Oquirrh Group and altered Little Cottonwood stock; Qmsh denotes small 
slides with historical movement in Corner Canyon and northeast of Cedar Hills in the Timpanogos Cave 
quadrangle; younger landslides (Qmsy) may have historical movement, but typically are characterized by 
slightly to moderately subdued landslide features indicative of middle or late Holocene to Late Pleistocene age; 
older landslides (Qmso) are deeply incised and head scarps and hummocky topography have been extensively 
modified by erosion and so most are likely Late Pleistocene in age; many of these landslides show evidence for 
complex, multiple episodes of movement; query indicates uncertain designation; the northwest-facing slope of 
Steep Mountain is covered by colluvium that, in low light, shows evidence of creep as wavy, subhorizontal ridges 
and swales (shown by hachure pattern on plate 1); additional unmapped landslide deposits may be present in 
the east Traverse Mountains, but subdued features, poor exposures, and altered and faulted nature of Tv and 
Taf deposits make positive identification impossible without detailed geotechnical investigations; thickness 
highly 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 or at the base of steep slopes; locally grades 
downslope into colluvial deposits, and may include colluvial deposits where impractical to differentiate the two; 
generally less than 20 feet (6 m) thick.

Mixed-environment deposits
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, slope-wash, and creep processes; older deposits (Qaco) form 
isolated remnants deeply incised by adjacent streams; Qaco deposit in upper reaches of Fort Canyon contains 
several poorly developed soil horizons and may represent deposition in a sag pond adjacent to Fort Canyon 
fault; generally less than 30 feet (9 m) thick.

Alluvial terrace and colluvial deposits (Holocene to Upper Pleistocene) − Mapped along Dry Creek where it is 
impractical to differentiate deposits of two or more terrace levels and colluvium derived from adjacent slopes; 
may include small areas of fine-grained lacustrine deposits; up to a few tens of feet thick.

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 and slope wash at the base of 
steep washes in the Traverse Mountains; includes minor alluvial sediment at the bottom of the washes; older 
deposits (Qmtco) mapped at the head of Oak Hollow grade downslope into older alluvial-fan deposits; generally 
less than 30 feet (9 m) thick.

Lacustrine and alluvial deposits (Holocene to Upper Pleistocene) − Moderately to well-sorted, fine-grained sand, 
silt, and clay deposited in the Mill Pond area at the mouth of Mitchells Hollow; probably less than 15 feet (5 m) 
thick.

Lacustrine and alluvial coarse-grained deposits (Pleistocene) − Poorly to moderately sorted, clay- to boulder-size 
sediment; mapped at the mouth of Fort Canyon where it is impractical to differentiate alluvial-fan, alluvial, and 
nearshore lacustrine deposits; 0 to about 30 feet (0-9 m) thick.

Stacked-unit deposits
Lacustrine sand and silt deposits over older alluvial-fan deposits (Upper Pleistocene) − Older alluvial-fan deposits 

planated by wave action and partly concealed by a discontinuous veneer of lacustrine sand and silt; mapped 
along the southwest side of the east Traverse Mountains; where lacustrine deposits are thin or absent, fan 
surfaces are commonly covered by a lag of angular to subangular boulders.

Lacustrine gravel and sand over Bingham Mine Formation(?) (Upper Pleistocene/Upper Pennsylvanian) − 
Discontinuous veneer of Bonneville-level gravel and sand that partly conceals orthoquartzite of the Oquirrh 
Group; mapped along the southwest side of the east Traverse Mountains.

Colluvial deposits over older mass-movement deposits (Holocene to Upper Pleistocene) − Interpreted to be older 
landslide deposits concealed by a thick cover of colluvium, both derived from highly fractured Oquirrh Group 
orthquartzite and both of which are believed to consist of angular pebbles to boulders of orthoquartzite in a 
sandy to silty matrix; main scarp is deeply eroded; forms distinctive surface that blocks lower part of Little Valley; 
lower reaches of deposit may be underlain by and involve volcanic rocks of the east Traverse Mountains (Tv); 
colluvial veneer may be in excess of 15 feet (5 m) thick and the entire mass may be 80 to 100 feet (25-30 m) 
thick.

unconformity
QUATERNARY-TERTIARY
Old alluvial deposits (Lower Pleistocene to Pliocene) – Moderately well sorted, sand, silt, and pebble- to boulder 

gravel deposited by ancestral Dry Creek; locally moderately cemented; clasts consist of grussified granitic 
boulders and uncommon grussified volcanic clasts, and orthquartzite, limestone, and marble; southernmost 
deposit contains abundant, large orthoquartzite blocks; forms remnants overlying marble breccia north of Alpine; 
0 to about 100 feet (0-30 m) thick.

unconformity
TERTIARY
Alluvial-fan deposits (Miocene[?] to Oligocene[?]) – Unconsolidated, pebble- to boulder-size, subangular to 

subrounded orthoquartzite and calcareous sandstone clasts and, especially near the base and top of the 
deposits, minor volcanic clasts; limestone clasts are rare and appear to be restricted to the upper part of the 
deposits; clasts of monzogranite or granodiorite of the Little Cottonwood stock are conspicuously absent, 
probably because the intrusion had not yet been unroofed when these sediments were being deposited; 
includes 300-foot-long (100 m) block of brecciated orthquartzite near the center of section 11, T. 4 S., R. 1 E. that 
I interpret to be a slide block derived from former nearby mountain front; a single good exposure of the lower part 
of the deposits in Hog Hollow that dips 20º east reveals subangular to subrounded, pebble- to cobble-size clasts 
with fewer boulders, medium to thick beds, and clasts that are about 60% sandstone and orthoquartzite and 
about 40% grussified volcanic clasts of the east Traverse Mountains; appears to lack tuffaceous sediments and 
so is likely older than the Salt Lake Formation; may correlate with the Tibble Formation (late Eocene to 
Oligocene), and if so the deposits in the east Traverse Mountains probably have undergone about 4 miles (7 km) 
of southwestward tectonic transport along the Deer Creek detachment fault (see Constenius and others, 2003), 
with orthoquartzite clasts derived principally from footwall exposures of the Weber Sandstone; first mapped as 
undifferentiated Oquirrh Group by Bullock (1958) and later reinterpreted as Neogene-age alluvial-fan deposits 
by Machette (1992); mapped south of the Fort Canyon fault at the east end of the Traverse Mountains where it 
unconformably overlies volcanic rocks of the east Traverse Mountains (Tv); age poorly constrained between 
middle Oligocene(?) and Miocene(?); lineaments visible on aerial photographs suggest that these deposits may 
be cut by additional, unmapped normal or oblique-slip faults that are difficult to identify due to poor exposures 
and lack of marker beds; similarly, aerial photo interpretation indicates that additional landslide deposits may be 
present on this unit, but subdued features and poor exposures make positive identification impossible without 
detailed geotechnical investigations; thickness uncertain but likely in excess of 1000 feet (330 m).

unconformity
Pebble dikes (Oligocene) – Gray to brown silicified breccia that forms small dikes or plug-like masses intruded into 

volcanic rocks of the east Traverse Mountains (Tv) southwest of Corner Canyon; consists principally of angular 
pebbles of Oquirrh Group orthoquartzite and volcanic rocks of the east Traverse Mountains (Tv) and less 
common, rounded orthoquartzite, black chert, and granitic pebbles; clast composition varies widely between 
exposures; Marsell (1932) reported that the matrix consists of finely comminuted quartzite and granite cemented 
by cryptocrystalline quartz and opal; includes thin veinlets of chalcedony; probably about 30 million years old, 
emplaced by pressurized fluids from intrusion of Little Cottonwood stock that picked up and milled and 
pulverized rock through which it passed; width and length uncertain due to poor exposures, but likely varies from 
a few inches to several feet wide by up to 200 feet (60 m) long.

unconformity
Monzogranite and granodiorite of Little Cottonwood stock (Oligocene) – Medium to coarse-grained, porphyritic 

biotite monzogranite and biotite-hornblende granodiorite (Hanson, 1995; Marsh and Smith, 1997; Vogel and 
others, 2001); potassium feldspar crystals up to 1.5 inches (4 cm) are common; accessory minerals include 
magnetite, sphene, zircon, apatite, and allanite (Lawton, 1980); includes minor aplite dikes; fractures commonly 
coated with thin slickensided surfaces of epidote; grades upward into increasingly altered rock of the transition 
zone; Parry and Bruhn (1986) and John (1989) reported an emplacement depth of about 7 miles (11 km) for the 
western part of the stock; John and others (1997) discussed the age of the Little Cottonwood stock and reported 
numerous K-Ar and 40Ar/39Ar ages that suggest an emplacement age of about 31 to 30 million years ago; Vogel 
and others (1997) reported a U-Pb age on zircon of  30.5 ± 0.5 Ma; forms the largest and westernmost intrusion 
of the Wasatch igneous belt.

Altered monzogranite and granodiorite of Little Cottonwood stock (Miocene[?] alteration of Oligocene rocks) – 
Hydrothermally altered and mechanically deformed monzogranite and granodiorite of the Little Cottonwood 
stock (see map unit Ti); grades from greenish, highly altered rocks near the Wasatch and Fort Canyon faults to 
brownish, less altered rocks toward the interior of the pluton; fracture surfaces, even in less altered rocks, are 
commonly coated with epidote; forms partly preserved footwall carapace up to about 650 feet (200 m) thick that 
grades downward into little altered or unaltered monzogranite and granodiorite; age of alteration uncertain, but 
Parry and Bruhn (1986) reported a K-Ar age of 17.6 ± 0.7 Ma on hydrothermal sericite and estimated depths of 
formation between 4.5 and 7.1 miles (7.2-11.4 km); units and contacts adapted from Evans and others (1997):
Fault slip zone – Consists of cataclasite and phyllonite that each contain two syndeformational mineral 
assemblages, including an early, higher temperature epidote-chlorite-sericite-magnetite assemblage and a later, 
lower temperature laumontite-prehnite-hematite and clay mineral assemblage locally found in cross-cutting 
veins (Parry and Bruhn, 1986); includes pseudotachylyte veins; preserved thickness generally less than 30 feet 
(10 m).
Transition zone – Hydrothermally altered and fractured monzogranite and granodiorite of Little Cottonwood stock; 
grades upward into heterogeneous and increasingly deformed and altered rock of fault slip zone, and down-
ward into unaltered Little Cottonwood stock; weathers to grussified soils; about 65 to 650 feet (20-200 m) thick.

unconformity

Volcanic rocks of the east Traverse Mountains, undivided (Oligocene-Eocene) − Complexly interbedded block and 
ash-flow tuffs, volcanic mudflow breccia, minor lava flows, and minor fluvial volcaniclastic deposits in the east 
Traverse Mountains that are impractical to map separately due to poor exposures and extensive alteration; classified 
as borderline latite, trachyte, dacite, and andesite on the TAS diagram of LeBas and others (1986) (see table 1 for 
analytical data); block and ash-flow tuffs likely comprise the bulk of these deposits and are typically gray, 
brownish-gray, or pinkish-gray, massive, coarse-grained, crystal lithic tuff with sparse to abundant volcanic clasts up 
to 6 feet (2 m) or more in diameter; matrix contains abundant sand- to pebble-size volcanic fragments, feldspar, and 
typically uncommon euhedral biotite and hornblende; a trench in the NE1/4NW1/4 section 15, T. 4 S., R. 1 E. (sample 
L12103-4) exposed a weathered tuff bed at least 25 feet (8 m) thick that lacks volcanic clasts; volcanic rocks of the 
east Traverse Mountains show some similarity with Keetley Volcanics and some of the eastern group of stocks of the 
Wasatch igneous belt based on minor and trace element variation diagrams; Crittenden and others (1973) reported 
a K-Ar age of 37.3 ± 1.1 Ma for volcanic rocks near Corner Canyon, and sample L33103-9 from Maple Hollow yielded 
an 40Ar/39Ar age of 35.25 ± 0.13 on biotite, which is consistent with the older rocks of the Wasatch igneous belt; 
volcanic rocks of the east Traverse Mountains thus appear to be older than those of the west Traverse Mountains 
(east of Rose Canyon), which belong to the younger volcanic suite (about 33 to 31 million years old) of Waite (1996; 
see also Waite and others, 1997; Biek and others, 2004; Biek, 2005); undifferentiated volcanic rocks of the east 
Traverse Mountains are probably about 1000 feet (300 m) thick.

The volcanic rocks are locally extensively hydrothermally altered in the east Traverse Mountains, including 
fracture-controlled silicified zones up to 400 feet (120 m) wide that grade outward to kaolinitized and oxidized 
volcanic rock; much of the rock is so weathered that blasting is seldom required for large excavations; alteration and 
weathering of these volcanic rocks resulted in widespread landslides, and additional, unmapped landslides may be 
present on this map unit; silicified zones are marked by complete replacement of volcanic rock by opal and 
cryptocrystalline and microcrystalline quartz that forms red, pink, yellow, and white jasper and opalite with local 
preservation of relict porphyritic texture (Marsell, 1932); silicified masses are locally vuggy with drusy quartz crystals 
and cross-cutting chalcedony veins; two large areas of opalite are mapped separately, but opalite is also common in 
the east-central part of section 16, T. 4 S., R. 1 E.

unconformity
PENNSYLVANIAN and MISSISSIPPIAN
Oquirrh Group

Bingham Mine Formation(?) (Upper Pennsylvanian) − Light-brown, fine-grained orthoquartzite and calcareous 
sandstone; typically highly fractured, intensely brecciated, or locally pulverized; very poorly exposed and overall 
structure uncertain; best exposed along or just below ridge crests, but elsewhere slopes are commonly covered by 
a veneer of colluvium and talus not practical to map at a scale of 1:24,000; correlation uncertain, but probably part of 
the middle and upper 7300-foot-thick (2200 m) Bingham Mine Formation (Upper Pennsylvanian [Gordon and 
Duncan, 1970]), part of the Bingham sequence of Tooker and Roberts (1970), and may include Permian strata of the 
Curry Peak and Freeman Formations; may be the Weber Quartzite (Lower Permian to Middle Pennsylvanian), which 
may exceed 2000 feet (600 m) in thickness in American Fork Canyon (Baker, 1964; Bryant, 1992); total exposed 
thickness in the Lehi quadrangle is unknown, but likely exceeds 1000 feet (300 m); the Oquirrh Group is in excess of 
17,800 feet (5400 m) thick in the Oquirrh Mountains (Tooker and Roberts, 1970) and about 25,000 feet (7600 m) thick 
near Mt. Timpanogos (Baker, 1964).

Butterfield Peaks Formation (Middle Pennsylvanian [Desmoinesian – Atokan]) − Not exposed in quadrangle; Tooker 
and Roberts (1970) reported the formation is 9070 feet (2765 m) thick in the Oquirrh Mountains.

West Canyon Limestone (Lower Pennsylvanian [Morrowan] to Upper Mississippian) − Not exposed in quadrangle; age 
from Davis and others (1994), who reported a thickness of 1007 feet (307 m) in the southern Oquirrh Mountains.

MISSISSIPPIAN 
Manning Canyon Shale (Upper Mississippian) − Not exposed in quadrangle; about 1650 feet (500 m) thick in the 

Wasatch Range (Baker, 1972; Bryant, 1992).
Doughnut Formation (Upper Mississippian) − Mostly white to light-gray, medium- to coarse-grained marble, marble 

breccia, and lesser white, fine-grained quartzite; appears to grade northward such that northernmost 1500 feet (500 
m) of outcrop, exposed at hill 5889 near Alpine, is medium-gray brecciated limestone and marble overlain by similarly 
brecciated calcareous sandstone and orthoquartzite; highly fractured; likely equivalent to metamorphosed Doughnut 
Formation exposed in the Silver Lake area on the footwall of the Deer Creek detachment fault, about 5 miles (8 km) 
to the northeast in the Dromedary Peak quadrangle, but fractured clastic strata of northern exposures could be a fault 
block of the Oquirrh Formation, or possibly a very well lithified colluvial or talus facies of the Tibble Formation; likely 
displaced about 4 miles (7 km) or more laterally and vertically along the Deer Creek detachment fault (Constenius 
and others, 2003); marble strata represent metamorphosed shallow-water (shelf) facies likely equivalent to upper 
part of Great Blue Limestone and lower part of Manning Canyon Shale; incomplete section present in Lehi 
quadrangle, but formation is 300 to 1200 feet (90-365 m) thick (Baker and Crittenden, 1961).

Great Blue Limestone, undivided (Upper Mississippian) − Medium- to very thick bedded, light- to dark-gray but typically 
bluish-gray limestone; locally cherty and fossiliferous with brachiopods, corals, and bryozoans; commonly laminated 
and platy weathering; “curly” limestone exposed on north side of American Fork Canyon; upper contact not exposed, 
but regionally marks a prominent change from cliff-forming limestone to slope-forming shale; incompletely exposed 
south of American Fork Canyon; age from Gordon and others (2000); thickness uncertain, but regionally the 
formation is about 2500 feet (750 m) thick (Gordon and others, 2000).

Humbug Formation (Upper Mississippian) − Interbedded calcareous quartz sandstone, orthoquartzite, limestone, and 
dolomite; gray to pale-purple shale may mark the top of the formation at American Fork Canyon; upper contact is 
conformable and gradational and regionally represents a change from predominantly sandstone of the Humbug to 
limestone of the Great Blue; incomplete section mapped near the mouth of American Fork Canyon and also exposed 
north of Box Elder Canyon; age from Morris and Lovering (1961); about 800 feet (245 m) thick (Baker and Crittenden, 
1961) in the Wasatch Range.

Deseret Limestone (Upper Mississippian) − Thick- to very thick bedded, light- to medium-gray dolomite with irregularly 
shaped black chert nodules; lower part has thin- to medium-bedded, platy weathering limestone with sparse crinoid 
stems and rugose corals; upper contact is conformable and gradational and corresponds to the base of the first thick 
sandstone bed; age from Morris and Lovering (1961); 420 feet (128 m) thick (Baker and Crittenden, 1961) in the 
Wasatch Range.

Gardison Limestone (Lower Mississippian) − Mostly dark-gray, thick- to very thick bedded limestone and dolomite; 
upper contact not exposed in the Lehi quadrangle, but regionally appears conformable and gradational; also 
exposed in the Timpanogos Cave quadrangle; about 600 feet (185 m) thick (Baker and Crittenden, 1961).

MISSISSIPPIAN and DEVONIAN
Fitchville Formation (Lower Mississippian – Upper Devonian) − Upper part:  massive, dark-gray dolomite, thin white 

beds at top; lower part: medium-bedded, pale-gray vuggy dolomite; 100 to 175 feet (30-53 m) thick (Baker and 
Crittenden, 1961).

unconformity
CAMBRIAN
Maxfield Limestone (Middle Cambrian) – Thin- to thick-bedded, gray mottled, dolomitic limestone and dolomite; oolitic 

or pisolitic near the base; about 200 feet (60 m) thick (Baker and Crittenden, 1961).
Ophir Formation (Middle – Lower? Cambrian) – Upper unit:  blocky, brown calcareous sandstone; middle unit:  massive, 

wavy-bedded gray limestone; lower unit: olive-green shale; 510 feet (155 m) thick (Baker and Crittenden, 1961).
Tintic Quartzite (Lower Cambrian) – Medium- to coarse-grained, white to pale-pink quartzite; includes pale-purple 

pebbly quartz conglomerate near the base; about 1300 feet (400 m) thick (Baker and Crittenden, 1961).
unconformity
PRECAMBRIAN
Mutual Formation – Rusty to red-purple quartzite, gritstone, and conglomerate with minor red-purple or greenish shale; 

100 to 1300 feet (30-400 m) thick (Baker and Crittenden, 1961).
unconformity

Mineral Fork Tillite – Black conglomeratic quartzite or sandstone, with some thin layers of rhythmically bedded siltstone; 
250 to 1000 feet or more (75-400+ m) thick; (Baker and Crittenden, 1961).
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