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INTRODUCTION

Location and Geographic Setting

The Draper quadrangle covers southeastern Salt Lake Valley and the western margin of the adjoining Wasatch Range (figure 1).
Within the quadrangle are the cities of Sandy in the west-central part, Midvale and Cottonwood Heights in the northern part,
and Draper to the south. The cities lie within the urbanized central Wasatch Front and in the Salt Lake City metropolitan area
and Salt Lake County. The eastern part of the quadrangle includes the lower parts of Big Cottonwood and Little Cottonwood
Canyons, portals to the Wasatch National Forest and popular winter recreation resorts to the east in the Wasatch Range. The
Wasatch Range in and near the Draper quadrangle is the site of two mining districts, the Big Cottonwood and Little Cottonwood
(Alta) districts, that were active from the late 19th century to the mid-20th century (Butler and others, 1920; Calkins and Butler,
1943; James, 1979, 2006). Big Cottonwood, Little Cottonwood, and Dry Creeks are the primary streams in the quadrangle,
flowing northwest from the Wasatch Range to the Jordan River. Regionally, groundwater flows toward or along the Jordan Riv-
er and eventually into Great Salt Lake (see Wallace and Lowe, 2009). Deaf Smith Canyon was previously named Little Willow
Canyon, for which the Little Willow Formation is named, as there were two Little Willow Canyons in the Draper quadrangle.

The valley part of the quadrangle is covered by a dense network of local roads, providing access to Interstate 15 about 2 miles
(3 km) west of the quadrangle and Interstate 215 about 1 mile (2 km) to the north. Access to Big Cottonwood and Little Cot-
tonwood Canyons is by State Routes 190 and 210, respectively.

GEOLOGY

Bedrock Stratigraphy and Geologic Structure

Bedrock exposed in the Draper quadrangle east of Salt Lake Valley includes folded and faulted metamorphosed rocks of the
likely Mesoproterozoic and/or Neoproterozoic Little Willow Formation (ZYIlw) unconformably overlain by metamorphosed
sedimentary rocks of the Big Cottonwood Formation (Zbc) (Granger and others, 1952; Condie, 1965, 1967) of Neoproterozoic
age (Dehler and others, 2010; Spencer and others, 2012). A small outcrop of Mississippian limestone (Granger and others,
1952) forms an erosional remnant above a gently west-dipping fault at the mouth of Bells Canyon. The metamorphosed sedi-
mentary strata are intruded and bounded on the east and south by the large, multi-phase, granitic to granodioritic Little Cot-
tonwood stock, dated at 30.5 + 0.5 Ma (John and others, 1997; Vogel and others, 1997). At the mouth of Bells Canyon, a large
diorite body (Tdi), likely of Oligocene age, is intruded near the Little Cottonwood stock (TIC). In the North Fork of Deaf Smith
Canyon an east-west trending Oligocene (?) intermediate dike (Tind) cuts across both the Big Cottonwood Formation (Zbcs)
and the Little Willow Formation (ZYIw). Between Big Cottonwood and Little Cottonwood Canyons, a granitic dike (Tgd) in-
trudes the Big Cottonwood Formation (Zbcs, Zbcq). In Deaf Smith Canyon a north-south trending granitic dike (Tgd) intrudes
amphibolite of the Little Willow Formation (ZYlwa). A lamprophyric dike (TId) cuts across the Little Cottonwood stock (TIc)
in Ferguson Canyon and another in the Big Cottonwood Formation (Zbcs, Zbcq) in Big Cottonwood Canyons (Crittenden,
1965a). These dikes are likely of Oligocene age, but they lack numerical ages.

Bedrock in the Draper quadrangle has undergone several episodes of deformation. Rocks of the Little Willow Formation show
complex folding and more than one generation of faulting, but the geologic structure is not well understood (James, 1979).
Younger Proterozoic rocks of the Big Cottonwood Formation are less deformed and have a crude northeast trending dip. The
Proterozoic rocks are exposed in the core of a broad uplift, plunging anticline, antiform, or dome of the central Wasatch Range
(see Eardley, 1968, 1969; Crittenden, 1977; and Bryant, 1990). Proterozoic and younger rocks were deformed by Cretaceous to
Eocene (ca. 130-50 Ma) contractional folding and faulting of the Sevier orogeny (see for example, Willis, 1999; and DeCelles,
20006), extensional faulting during late Eocene and Oligocene “collapse” of the Sevier orogenic belt (Constenius, 1996; Con-
stenius and others, 2003), coeval intrusion of the Little Cottonwood stock (about 31 to 30 Ma) with associated deformation and
shearing of the host rock (John and others, 1997; Vogel and others, 2001), and middle Miocene to recent (ca. 18—0 Ma) basin-
and-range faulting (see for example Parry and Bruhn, 1986, on Wasatch fault zone). The most prominent and youngest aspect
of extensional faulting in the map area is the Salt Lake City segment of the Wasatch fault zone (see for example Personius and
Scott, 1992), which separates Salt Lake Valley from the Wasatch Range.
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Quaternary Geology
Glacial and Related Deposits

The oldest recognized Quaternary deposits in the Draper quadrangle are limited to small remnants of glacial till near the mouth
of Bells Canyon and below the Second Hamongog in the southeast corner of the quadrangle. Richmond (1964) correlated these
deposits with early Bull Lake glaciation, whose type locality is Bull Lake in central Wyoming, and the older of the two most
widely recognized glaciations in the mountain west. Madsen and Currey (1979) named the mapped deposits (Qgdc) for Dry
Creek that drains Bells Canyon. They thought that the degree of weathering of the Dry Creek till confirmed the correlation of
Richmond (1964) and stated that the till was deposited during marine oxygen-isotope stage 6, which ended about 130 ka (Bassi-
not and others, 1994), though Bull Lake glaciation retreat is younger (Philips and others, 1997). Personius and Scott (1992)
mapped the deposits as “till of Dry Creek age” and thought that the degree of till weathering suggested an age of about 150 ka,
consistent with marine oxygen isotope stage ages but not with glacial ages. A uranium-trend age of 250 + 90 ka obtained on fan
alluvium (Qaf,) near South Fork Dry Creek, possible outwash of Dry Creek age (J.N. Rosholt, written communication, 1984,
in Scott and Shroba, 1985), indicated to Personius and Scott (1992) that some glacial deposits of Dry Creek age may be older
(marine oxygen-isotope stage 8 is about this age, see Bassinot and others, 1994).

Remnants of coalesced middle to upper Pleistocene alluvial-fan deposits (Qaf,, Qafs) are exposed above and slightly below
the highest Lake Bonneville shoreline along the base of the Wasatch Range (Personius and Scott, 1992) and likely underlie
Lake Bonneville deposits in the Salt Lake Valley. The Qaf, fans were deposited between the Bonneville and Little Valley lake
cycles in the Bonneville basin (Scott and others, 1983; McCoy, 1987; Scott, 1988b,1988c¢), or near the end of the Little Valley
lake cycle. The Little Valley lake cycle peaked about 138,000 years ago (McCalpin, 1986), is correlative with the later part of
marine oxygen-isotope stage 6 (Oviatt and others, 1999), and is largely contemporaneous with Bull Lake glaciation (Phillips
and others, 1997). The highest level of the Little Valley lake cycle is about 5000 feet (~1520 m) above sea level, or below the
elevation of the subsequent Lake Bonneville highstand (Scott and others, 1983; Scott, 1988b) and thus is buried throughout
most of the Bonneville basin, although Personius and Scott (1992) showed several exposures in Salt Lake Valley outside of the
Draper quadrangle.

Younger glacial deposits near Big Cottonwood and Little Cottonwood Canyons (Qgabc, Qgmbc, and Qgbc) are more exten-
sive and are contemporaneous with late Pleistocene Lake Bonneville (Oviatt and others, 1992). Richmond (1964) correlated
these deposits with late Bull Lake glaciation, but Madsen and Currey (1979) demonstrated that they are correlative with Pine-
dale glaciation (marine oxygen-isotope stage 2; Oviatt and others, 1999) whose type area is in central Wyoming. Their cor-
relation was based on the degree of weathering, geologic relationships with Lake Bonneville deposits, and a “C age of 26,080
+ 1200/1100 yr B.P. on the underlying Majestic Canyon paleosol. Madsen and Currey (1979) named these younger glacial
deposits the Bells Canyon till, and Personius and Scott (1992) mapped the deposits as “till” and “outwash of Bells Canyon age.”
Based on '’Be exposure ages measured from granite boulders in moraines north of the mouth of Little Cottonwood Canyon, the
glacial maxima in the till occurred about 17 to 15 ka (Lips and others, 2005).

Madsen and Currey (1979) observed that Lake Bonneville deposits both underlie and overlie Bells Canyon till. Lips and others
(2005; Lips p. 440—445 in Godsey and others, 2005a) interpreted the till as deposits of two different glacial advances during
marine oxygen-isotope stage 2, one advance occurring before the Lake Bonneville transgression and highstand and one after
the highstand (glacial maxima). Lips and others (2005; Lips in Godsey and others, 2005a) identified three lines of geomorphic
evidence that support at least one glacial advance after the Bonneville highstand.

1. The large delta surface west of Bells and Little Cottonwood Canyons was formed during a sustained period of stream
discharge throughout the Bonneville highstand, but prominent moraines (left and right lateral moraines near Little Cot-
tonwood Canyon and the end moraine near Bells Canyon) would have blocked sediment discharge from the canyons to
the delta, and therefore the moraines must have formed after the delta.

2. The cross-sectional area of the Dry Creek ravine is much larger than the notch eroded into the end moraine of Bells Can-
yon, indicating that after the ravine was eroded through Lake Bonneville highstand deposits, the Bells Canyon glacier
advanced past the canyon mouth, and Dry Creek eroded the notch into the post-highstand end moraine at a lower flow
rate than prior to the ravine erosion.

3. Fluvial terraces (Qat and Qatp) and an alluvial fan (Qafp) near the floor of Dry Creek suggest that there was sustained
flow through Dry Creek after the Bonneville flood, while the lake was at the Provo stillstand.
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In and near high-elevation cirques we identified potentially much younger glacial deposits (Qgmy), possibly as young as late
Holocene, but these deposits lack age control. They are potentially similar to the Hogum Fork and Devils Castle till of Madsen
and Currey (1979) and are herein distinguished based on a lack of vegetation and the presence of sharp moraine crests. More
work is needed to determine the age and timing of these potentially younger glacial deposits.

Lake Bonneville

Deposits and shorelines of Pleistocene Lake Bonneville dominate the surficial geology of the Draper quadrangle. Lake Bonn-
eville was a large lake that covered much of northwestern Utah and adjacent parts of Idaho and Nevada in the Bonneville basin.
The lake occupied the basin from 30,000 to 13,000 years ago (all ages in this section are in calibrated years, see table 1) and can
be divided into transgressive, overflowing, and regressive phases (Oviatt and others, 1992; Godsey and others, 2005b, 2011;
Oviatt, 2015; see table 1 for ages and elevation ranges).

The earliest of the regionally recognized shorelines is the Stansbury group, which resulted from climatically induced lake-level
oscillations from about 26,000 to 24,000 years ago during transgression of Lake Bonneville. The Stansbury shorelines formed
at elevations of about 4420 to 4520 feet (13471378 m); these elevations are presently found in the northwest corner of the
Draper quadrangle, but the shoreline(s) cannot be identified because subsequent deposition during Lake Bonneville regression
and erosion by Little Cottonwood Creek made significant changes to the landscape.

Lake Bonneville reached its highest level sometime after about 18,500 years ago, with an overflow outlet near Zenda, in south-
ern Idaho (Oviatt and others, 1992; Oviatt, 2015). The Bonneville shoreline, which can be traced across most of northwest Utah,
was created at the highstand and forms the highest bench near the base of the Wasatch Range in the Draper quadrangle.

About 18,000 years ago rapid downcutting through the Zenda threshold lowered the lake by 340 feet (100 m) during the cata-
strophic Bonneville flood (Gilbert, 1890; Malde, 1968; Jarrett and Malde, 1987; Oviatt and others, 1992; Oviatt, 2015), perhaps
in less than one year (O’Conner, 1993). Lake Bonneville then stabilized at a new lower threshold near Red Rock Pass, Idaho
(Janecke and Oaks, 2011) and the Provo shoreline began to form (Miller and others, 2012; Miller, 2016).

Rivers flowing into the lake while it was at or near the Provo shoreline formed large deltas, such as the delta at the mouth of
Little Cottonwood Canyon in the Draper quadrangle. About 15,000 years ago, climatic factors (higher evaporation and lower
precipitation) induced further lowering of the lake level within the Bonneville basin (Godsey and others, 2005b, 2011; Oviatt,
2015; Miller, 2016). By about 13,000 years ago, the level of Lake Bonneville had fallen below the elevation of present Great
Salt Lake (Currey and others, 1988; Godsey and others, 2005b; Oviatt, 2015). A subsequent minor lake expansion in the Bonn-
eville basin culminated about 11,500 years ago, the Gilbert-episode lake, regarded as a separate lake, rather than a phase of the
Bonneville or Great Salt Lake cycles (Oviatt, 2014). The Gilbert-related shoreline (Oviatt, and others, 2005) formed at eleva-
tions below any in the Draper quadrangle. After the Gilbert expansion, the lake fell to near the current level of Great Salt Lake,
leaving Great Salt Lake and Utah Lake as its two most prominent remnants (table 1).

Isostatic rebound following the Bonneville flood, as well as displacement along the Wasatch fault zone, altered the elevations of
regionally recognized shorelines in the Bonneville basin (Crittenden, 1963; Currey, 1982; Bills and others, 2002). The amount
of isostatic rebound (uplift) is greater toward the center (deepest part) of the basin where the volume of “removed” water was
greatest; Crittenden (1963) originally estimated a maximum isostatic uplift of 210 feet (64 m) near the Lakeside Mountains west
of Great Salt Lake, but Currey (1982) estimated maximum isostatic uplift of 240 feet (74 m) using additional topographic data
and aerial photographs. The maximum elevation of the Bonneville shoreline in the Draper quadrangle is about 5280 feet (1610
m) compared to the lake’s threshold elevation of 5092 feet (1552 m) at Zenda. The maximum elevation of the Provo shoreline
in the quadrangle is about 4850 feet (1480 m) compared to its threshold elevation of 4737 feet (1444 m) at Red Rock Pass (table
1; Currey, 1982). The relative contribution of displacement along the Wasatch fault zone in the Draper quadrangle is greatest
for the Bonneville shoreline, which is on the footwall of the fault zone, whereas the Provo shoreline is on the hanging wall of
the fault zone.

Other Surficial Deposits

Other surficial deposits in the quadrangle are mostly younger than Lake Bonneville and reflect post-glacial landscape evolution.
Streams incised in response to the lowering base level as Lake Bonneville regressed. The streams deposited alluvium in the
channels and floodplains of Big Cottonwood and Little Cottonwood Creeks that are inset into Lake Bonneville deltaic deposits
west of the Wasatch Range, and in smaller range-front drainages and alluvial fans. Locally, steeper slopes underlain by shoreline
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and deltaic deposits of Lake Bonneville failed. The largest slope failures are previously unmapped earth flows along the steep
front of the Little Cottonwood delta, evident on aerial photographs taken prior to development, but now obscured; these mass
movements began during regression of Lake Bonneville. Some slope failures in the Draper quadrangle may be associated with
earthquakes on the Wasatch fault zone. Some landsliding is historical.

Wind locally reworked Lake Bonneville sands into eolian blankets and low dunes (Qes). Common in the quadrangle is a thin
but widespread mantle of calcareous loess mostly derived from desert areas of western Utah, Idaho, and Nevada, present on
stable geomorphic surfaces (Shroba, 1984). The loess is friable to moderately firm, homogenous, nonstratified, and porous, and
forms steep to vertical faces where exposed in stream cuts. Most argillic B horizons of late Pleistocene-age soils in the region
are formed in this loess (Machette, 1992), which is typically less than 3 feet (1 m) thick in the Draper quadrangle. Loess de-
posits were not mapped as a separate unit because they are thin, weathered, and commonly mixed with underlying sediments.

PREVIOUS GEOLOGIC MAPPING

Many geologic studies of bedrock in the Wasatch Range of the Draper quadrangle have been completed, some more than a
century ago. Much of the earliest work was unpublished and related to mining in the Big Cottonwood mining district that began
just prior to 1870 (James, 1979). The following summary focuses on geologic mapping and ground-breaking studies and is not
an exhaustive list. Figure 2 shows selected geologic maps of adjacent quadrangles. Loughlin (1913) published the first geologic
map of the Wasatch Range in the quadrangle at a reconnaissance scale of 1:250,000. Birch (1940) mapped the geology between
Little Cottonwood and Big Cottonwood Canyons at a scale of 1:31,680 for an M.S. thesis concentrating on Precambrian stra-
tigraphy. Granger and others (1952) published the first detailed geologic map of bedrock in the Draper quadrangle at a scale
of 1:62,500 as part of their map of the Wasatch Range east of Salt Lake Valley; future maps benefited from the level of detail
included in their map. Marsell and Threet (1960) showed the geology of the Wasatch Range at a scale of 1:63,360 in their map
of Salt Lake County. Precambrian geology was also the subject of Neff (1962), who mapped the area near Little Willow and
Little Cottonwood Canyons at a scale of 1:12,000 for his M.S. thesis. Condie (1965, 1967) worked farther north around Big
Cottonwood Canyon for his Ph.D. dissertation. Crittenden (1965a) mapped the Draper quadrangle at a scale of 1:24,000; his
bedrock map is revised here and provided the framework for discussion of the geology of the Big Cottonwood mining district
by James (1979). Lawton (1980) studied the Little Cottonwood stock and adjacent metamorphic rocks, mapping geology at a
scale of 1:48,000.

Geologic maps by Lofgren (1947) and Morrison (1965) at 1:24,000 scale, Van Horn (1975) at 1:48,000 scale, and Miller (1980)
at 1:100,000 scale, were early attempts to map the Quaternary unconsolidated deposits of Salt Lake Valley and place them in
a stratigraphic framework. However, interpretations of Quaternary geology, and particularly of Lake Bonneville stratigraphy,
continued to evolve. The map of Scott and Shroba (1985) of the surficial geology of eastern Salt Lake Valley at 1:24,000 scale
was the primary source used by Personius and Scott (1992) to compile a surficial geologic map of the Salt Lake City segment
of the Wasatch fault zone at 1:50,000 scale.

Our mapping adds detail to the surficial deposits on the valley floor. We also remapped the glacial deposits, revised the bedrock
geology, changed the configuration of some strands of the Wasatch fault zone along the Wasatch Range front, and mapped new
landslides along the steep front of Lake Bonneville deltas at the mouths of Big Cottonwood and Little Cottonwood Canyons.

METHODS

Mapping of surficial deposits by the Utah Geological Survey (UGS) is based on age and depositional environment or origin.
The letters of the map units indicate (1) age (geologic period, e.g., Q for Quaternary); (2) depositional environment or origin,
and (3) morphology, texture, lithology, or other distinctive characteristics of the deposits and relative age (Doelling and Willis,
1995). For example, unit Qafy is a Quaternary surficial deposit of alluvial fan origin, and the number four indicates it is older
than Lake Bonneville. In contrast Qaty.47 are stream terraces with number 1 being the youngest and number 17 being the old-
est, but all are younger than the Bonneville shoreline. Note that units having the same number are not necessarily the same age
(see correlation chart).

Co-author Solomon used 1:10,000-scale black-and-white aerial photographs from the U.S. Department of Agriculture (USDA)
Agricultural Stabilization and Conservation Service (Soil Conservation Service) (1958) to map surficial geology prior to most
development in the quadrangle. (Most surficial geology can only be accurately mapped from aerial photos that pre-date devel-
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opment.) He conducted limited field checking in the spring of 2009 to study significant Quaternary features. He interpreted the
contacts between some of his Quaternary units from the U.S. Soil Conservation Service (now Natural Resources Conservation
Service) soil maps of the Salt Lake Valley (Woodward and others, 1974). Solomon made the unpublished geologic map by
transferring the geology from the aerial photographs to a mashup of a orthophotographic and topographic base map and then to
a geographic information system (GIS) database using ArcGIS, at a target scale of 1:24,000. Solomon retired before his map-
ping of the Draper quadrangle surficial deposits could be formally published.

Our geologic map is from revised surficial mapping of Solomon, revised bedrock mapping of Crittenden (1965a), and new map-
ping by co-author McKean. It was done in a geographic information system (GIS) database using ArcGIS and computer-aided
design (CAD) VrOne and VrTwo (digital stereographic mapping) programs for a target scale of 1:24,000. As needed McKean
revised the surficial mapping using Solomon’s original aerial photographic mapping. In addition to the 1958 aerial photographs,
McKean used stereographic pairs of black-and-white aerial photographs from the U.S. Department of Agriculture (USDA) Ag-
ricultural Stabilization and Conservation Service (1937), and black-and-white oblique aerial photography from the Woodward-
Lundgren & Associates Wasatch fault investigation (Cluff and others, 1970, complied in Bowman and others, 2015). Natural col-
or, digital, aerial photographs from the USDA National Agriculture Imagery Program (2009) were used in digital stereo software
to map the glacial deposits in the quadrangle. Gravel pit outlines and some contacts were revised using 2012 orthophotographs
(Utah Automated Geographic Reference Center [UAGRC], 2012). Most Quaternary active faults, glacial deposits, landslides,
and some additional contacts were revised using lidar elevation data (2 meter data available from UAGRC [2006]; and 0.5 meter
from UAGRC [2013-2014]). Over 200 surface fault rupture investigations conducted by private consultants for construction
were reviewed to supplement fault mapping (McKean, 2017a). These reports were collected by the UGS and are available online
from the UGS Geo-Data Archive System website (https://geodata.geology.utah.gov/). Our surficial mapping is similar to and in
places revised from Personius and Scott (1992). McKean revised bedrock geologic mapping from previous mapping by Crit-
tenden (1965a); contacts and units were field checked and changed where needed based on field observations and interpretation.
McKean remapped and field checked the surficial, glacial, and bedrock deposits in 2014 and 2015.

Cross-section A—A' was created by combining available subsurface information and gravity data from several sources, includ-
ing Cook and Berg (1961), Arnow and Mattick (1968), Arnow and others (1970), Mattick (1970), Bashore (1982), Meiiji
Resource Consultants (1983), Zoback (1983), Case (1985), and Radkins and others (1989). Lithologic well logs from Case
(1985), Meiiji Resource Consultants (1983), and others compiled online (UGS, undated), were used to determine the subsur-
face contact between Quaternary deposits (unconsolidated sediments) and Tertiary strata (semiconsolidated to consolidated
strata). The subsurface position of the Little Cottonwood stock below the Tertiary strata is based on gravity data from Meiiji
Resource Consultants (1983), Bashore (1982), and minimum vertical offsets calculations across the Wasatch fault zone and
gravity interpretations by Zoback (1983).

PALEOSEISMOLOGY

The Draper quadrangle is in the Intermountain Seismic Belt, one of the most seismically active regions in the interior of the
U.S. (Smith and Arabasz, 1991). The region includes many faults that have been repeatedly active in the late Quaternary. The
most significant of these faults is the 230-mile-long (370 km), range-bounding Wasatch fault zone. The Wasatch fault zone
strikes north-south through northern Utah and has been divided into 10 segments, each capable of generating strong earth-
quakes (Machette and others, 1992). The five central segments (the Brigham City, Weber, Salt Lake City, Provo, and Nephi
segments) are the most active.

The Salt Lake City segment cuts through the quadrangle. Its mean recurrence for Holocene surface-faulting events is ~1.3—1.6
ky (DuRoss and Hylland, 2015), and it has the potential to generate earthquakes with a moment magnitude of about 7.1 (Work-
ing Group on Utah Earthquake Probabilities [WGUEP], 2016). Earthquakes of this size pose extensive geologic risk (Solomon
and others, 2004). The Salt Lake City segment includes three subsections separated by left steps, and are, from north to south,
the Warm Springs, East Bench, and Cottonwood faults (Personius and Scott, 1992). Most of the Cottonwood fault is in the
Draper quadrangle, forming a prominent, complex zone of faulting along the Wasatch Range front from just north of Big Cot-
tonwood Canyon to the Traverse Mountains. At the mouth of Little Cottonwood Canyon, the fault forms a 160-foot-wide (50
m) graben with an 80-foot-high (25 m) main scarp and 30-foot-high (10 m) antithetic scarp. Farther south at South Fork Dry
Creek, the graben is a 1300-foot-wide (400 m) fault zone.

The complexity of the fault zone and poor recognition of low antithetic fault scarps has precluded accurate determination of net
tectonic displacement. However, profiling of moraine surfaces across the fault zone in the Little Cottonwood Canyon area indi-
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cates approximately 45 to 50 feet (14—14.5 m) of net vertical tectonic displacement (Madsen and Currey, 1979; Swan and oth-
ers, 1981). From paleoseismic trench studies at four locations on the Cottonwood fault, the main fault zone shows stratigraphic
evidence for seven surface-faulting earthquakes since 15 ka (McCalpin and Nelson, 2000), and estimates of displacement per
event vary from 5 to 15 feet (1.5-5 m) (Schwartz and Lund, 1988; Black and others, 1996). Based on structural geology, distri-
bution and size of fault scarps, and comparisons with large historical earthquakes elsewhere, surface ruptures on the Salt Lake
City segment may initiate at the southern end of the Cottonwood subsection and propagate northward (Bruhn and others, 1987;
Personius and Scott, 1992).

Paleoearthquake-timing data for the Salt Lake City segment is from multiple paleoseismology studies from the Draper quad-
rangle summarized below (see approximate locations on plate 1). For earthquake timing and recurrence rates for the entire
segment see DuRoss and Hylland (2015). An early study at the Little Cottonwood Canyon site (see LCC on plate 1, SW1/4
section 1, T. 3 S., R. 1 E., Salt Lake Base Line and Meridian [SLBLM]) found evidence for two to three Holocene earthquakes,
but was only able to determine an early Holocene minimum limiting age for the second oldest (penultimate) earthquake (Swan
and others, 1981). About 3 miles (5 km) south of Little Cottonwood Canyon, Schwartz and Lund (1988) excavated four
trenches across three of the six scarps at the South Fork Dry Creek site (see SFDC on plate 1, NE1/4 section 23, T. 3 S, R.
1 E., SLBLM). Their study produced maximum limiting ages for two events, but Schwartz and Lund (1988) cautioned that
the earthquake chronology at this site remained incomplete because not all of the scarps were trenched. In a follow-up study
at the South Fork Dry Creek site, Black and others (1996) excavated five trenches (resulting in trenching of all scarps at the
site) and determined maximum limiting ages for four events. The South Fork Dry Creek data, combined with the results of a
geotechnical trench excavation at Dry Gulch (see DG on plate 1, NE1/4 section 23, T. 3 S., R. 1 E., SLBLM) (see Lund, 1992;
and Black and others, 1996), established the current chronology of four earthquakes in 6 kyr on the Cottonwood fault. This
chronology, however, is based on apparent mean residence time (AMRT) radiocarbon ages, which are difficult to interpret given
the uncertainties in what is actually being dated. In 1999, McCalpin (2002) reoccupied the Little Cottonwood Canyon site, and
with a “megatrench” investigation, extended the paleoseismic record for the southern Salt Lake City segment into the latest
Pleistocene. McCalpin (2002) identified seven post-Bonneville (<17 ka) earthquakes, including three younger than about 5 ka.
A significant finding from that study is that the average earthquake recurrence interval is much longer between 6 and 15 ka than
it is after 6 ka. In 2014 Hiscock and DuRoss (2016) opened a paleoseismic trench in Corner Canyon (see CC on plate 1, NE1/4
section 4, T. 4 S., R. 1 E., SLBLM); preliminary results identified six events; the older four occurred between about 5 and 1 ka
and correlated with previously identified earthquakes at Penrose Drive (located to the north in the Fort Douglas quadrangle),
Little Cottonwood Canyon (see LLC on plate 1) and South Fork Dry Creek (See SFDC on plate 1) sites (DuRoss and others,
2014; DuRoss and Hylland, 2015). The youngest two events (younger than 1 ka) postdate previously identified Salt Lake City
segment earthquakes and may record spillover rupture from the Provo segment (Hiscock and DuRoss, 2016).

These paleoseismology studies (Swan and others, 1981; Schwartz and Lund, 1988; Black and others, 1996; McCalpin, 2002;
Hiscock and DuRoss, 2016), combined with many available consultant surface fault rupture investigations, provided valuable
scientific information for our mapping of the Wasatch fault zone in the quadrangle.

MAP UNIT DESCRIPTIONS
QUATERNARY
Alluvial deposits
Qa Alluvial deposits (Holocene to upper Pleistocene) — Silt and minor clay, sand, and gravel, in deposits of streams,

alluvial fans, and sheetwash that grade imperceptibly into one another on nearly flat stream terraces south of Little
Cottonwood Creek; thickness less than about 10 feet (3 m).

Qal;  Level-1 stream and floodplain deposits (upper Holocene) — Poorly to moderately sorted pebble and cobble gravel,
locally bouldery, with a matrix of sand and silt; contains thin discontinuous sand lenses; subangular to rounded clasts;
thin to medium bedded with parallel bedding and cross-bedding; mapped in channels and active floodplains of Big
Cottonwood, Little Cottonwood, Dry, and Willow Creeks, and smaller tributaries, and on minor terraces mostly less
than 5 feet (1.5 m) above stream channels; locally includes minor colluvial deposits along steep stream embankments;
equivalent to the younger part of young stream deposits (Qaly), but differentiated where active channels and bar-and-
swale topography can be mapped separately; exposed thickness less than 10 feet (3 m).
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Qaly

Qalp

Level-2 stream deposits (middle Holocene to upper Pleistocene) — Poorly to moderately sorted pebble and cobble
gravel, locally bouldery, with a matrix of sand and silt; contains thin discontinuous sand lenses; subangular to rounded
clasts; thin to medium bedded with parallel bedding and cross-bedding; forms low terraces 5 to 15 feet (1.5-5 m)
above and adjacent to channels and floodplains of Big Cottonwood and Little Cottonwood Creeks, inset into deposits
of the Bonneville lake cycle; deposits may be in the active flood plain; equivalent to the older part of Qaly, but dif-
ferentiated from level-1 stream deposits (Qaly) where level-2 stream deposits are characterized by subdued bar-and-
swale topography that can be mapped separately; exposed thickness less than 15 feet (5 m).

Young stream deposits, undivided (Holocene to upper Pleistocene) — Poorly to moderately sorted pebble and cobble
gravel, locally bouldery, with a matrix of sand and minor silt and clay; deposited in the upper reaches of several
streams near the Wasatch Range front; locally includes small alluvial-fan and colluvial deposits; includes level-2
stream deposits (Qal,) incised by active stream channels that are too small to show separately at map scale or where
the specific age of post-Lake Bonneville deposits cannot be determined; postdates regression of Lake Bonneville from
the Provo shoreline and lower shorelines; thickness variable, probably less than 15 feet (5 m).

Stream deposits related to Provo shoreline and regressive phase of Lake Bonneville (upper Pleistocene) — Poorly
to moderately sorted, clast-supported pebble and cobble gravel, locally bouldery, with a matrix of sand and silt; con-
tains thin discontinuous sand lenses; subangular to rounded clasts; thin- to thick-bedded with parallel bedding and
cross-bedding; deposited in (1) six small channels between Big Cottonwood and Little Cottonwood Creeks, graded
to or slightly below the Provo shoreline and incised into transgressive Lake Bonneville gravel, sand, and silt deposits
(Qldbg, Qldbs); (2) two large channels between Little Cottonwood and Dry Creeks, graded to or slightly below the
Provo shoreline and incised into transgressive Lake Bonneville deltaic deposits (Qldb); and (3) two small channels
hanging above Willow Creek, incised into transgressive Lake Bonneville sandy deltaic deposits (Qldbs) and regres-
sive sand and silt (Qlsp); northernmost channel near Big Cottonwood Creek was identified as a “paleostream channel”
by Personius and Scott (1992), but its deposits, and other similar deposits in small channels between Big Cottonwood
and Little Cottonwood Creeks, were not mapped; deposits in channels between Little Cottonwood and Dry Creeks
were mapped as stream alluvium related to regressive phase of Lake Bonneville by Personius and Scott (1992); they
also included topset beds of alluvial origin deposited during regressive Lake Bonneville in their alluvial unit; we
restrict the unit to deposits in clearly defined channels, commonly with fluvial scarps along both edges, and map the
topset beds as part of Qafp; exposed thickness less than 15 feet (5 m).

Qat, Qat1 17

Qatp

Stream-terrace deposits (middle Holocene to upper Pleistocene) — Poorly to moderately sorted, clast-supported
pebble and cobble gravel, locally bouldery, with a matrix of sand and silt; contains thin sand lenses; subangular to
rounded clasts; thin to thick bedded with parallel bedding and cross-bedding; deposited by streams graded to the
Provo shoreline and other shorelines of the regressive phase of Lake Bonneville, with preserved fluvial scarps, and as
topset beds on regressive deltaic deposits (Qldp); deposited as undivided stream terraces, and as many as 17 levels
of gently sloping terraces near Little Cottonwood Creek, with subscripts denoting relative position above the active
stream channel, likely in a down-cutting sequence with 1 being the lowest level, see table 2 for summary heights and
positions above the active stream channel; level 1 deposits (Qat;) are 15 to 20 feet (5-6 m) above the active stream
and are incised by it; levels 2 through 11 (Qat, through Qaty4) are closely spaced at increasing relative heights of 20
to 120 feet (5—40 m) above the active stream in a narrow area on the south side of Little Cottonwood Creek; remnants
of level 12 (Qaty,) are up to 150 feet (45 m) above the active stream on both sides of Little Cottonwood Creek; levels
13 through 17 (Qaty3 through Qaty7) are up to 240 feet (70 m) above Little Cottonwood Creek on its south side;
level 17 covers flats that extend from the mouth of Little Cottonwood Canyon, overlying remnants of the transgres-
sive Lake Bonneville delta (Qldb), and grade to faint regressive Provo shorelines etched into the downslope toe of the
flats (terrace mapping similar to Morrison, 1965); numbered subscripts are relative to each other and do not indicate a
specific age; subscripts are absent near Big Cottonwood Creek and at the mouth of Little Cottonwood Creek east of the
Wasatch fault zone because terraces cannot be correlated between drainage basins and the effects of fault displacement
on stream terraces cannot be determined; the highest (oldest) terraces (Qaty7) grade downslope to the Provo shoreline,
and the lowest (youngest) terraces (Qaty and Qat,) are incised into the regressive Lake Bonneville delta, suggesting
a late Pleistocene to middle Holocene age; thicknesses typically 5 to 15 feet (1.5-5 m) for each map unit.

Stream-terrace deposits related to Provo shoreline and regressive phase of Lake Bonneville (upper Pleistocene)
— Moderately to poorly sorted pebble and cobble gravel, locally bouldery, with a matrix of sand, silt, and minor clay;
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subangular to rounded clasts; deposited on a terraces above Dry Creek; terrace appears to grade to the Provo shoreline;
age equivalent to Qafp; subscripts are absent along Dry Creek because terraces cannot be correlated with stream-
terrace deposits (Qaty.17) in the drainage basins to the north; exposed thickness less than 15 feet (5 m).

Qaf;  Level-1 alluvial-fan deposits (upper Holocene) — Poorly to moderately sorted, weakly to non-stratified, pebble to
cobble gravel, locally bouldery, with a matrix of sand, silt, and minor clay; clasts subangular to well-rounded, com-
monly derived from Lake Bonneville gravel; thin to thick parallel bedding and cross-bedding; deposited by debris
flows, debris floods, and streams graded to active streams at the mouths of small canyons along the fronts of the
Wasatch Range and Traverse Mountains; may contain small debris-flow deposits (Qmdf;) that cannot be differenti-
ated at map scale; equivalent to the younger part of young alluvial-fan deposits (Qafy) but differentiated where active
small, discrete fans are not incised by younger channels and can be shown separately at map scale; Personius and Scott
(1992), using the terminology of Birkeland (1984), described typical soil profiles of this unit as ranging from A-Cn to
A-Bw-Cox-Cn; exposed thickness less than 15 feet (5 m).

Qaf,  Level-2 alluvial-fan deposits (middle Holocene to upper Pleistocene) — Poorly sorted pebble and cobble gravel, lo-
cally bouldery, with a matrix of sand, silt, and minor clay; clasts subangular to well-rounded, commonly derived from
Lake Bonneville gravel; thin to thick parallel bedding and cross-bedding; deposited by debris flows, debris floods,
and streams graded slightly above active streams at the mouths of several small canyons south of Little Cottonwood
Canyon, and in larger deposits near Draper at the convergence of Willow Creek and its tributaries and at the mouth
of Corner Canyon; may contain small debris-flow and level-1 alluvial-fan deposits (Qmdf; and Qaf,) that cannot be
differentiated at map scale; equivalent to the older part of Qafy, but differentiated where deposits are incised by ac-
tive streams and can be mapped separately; Personius and Scott (1992), using the terminology of Birkeland (1984),
described typical soil profiles of this unit as ranging from A-Bw-Cox-Cn to A-Bt(weak)-Cox-Cn; exposed thickness
less than 15 feet (5 m).

Qafy  Younger alluvial-fan deposits, undivided (Holocene to upper Pleistocene) — Poorly to moderately sorted, pebble to
cobble gravel with boulders near bedrock sources, with a matrix of sand, silt, and clay, grading to mixtures of sand,
silt, and clay on gentler slopes; clasts subangular to well-rounded, commonly derived from Lake Bonneville gravel;
thin to thick parallel bedding and cross-bedding; deposited by debris flows, debris floods, and streams at the mouths
of small canyons draining the Wasatch Range and at the mouth of Corner Canyon in Draper; includes level-1 and
level-2 alluvial-fan deposits (Qaf; and Qaf,) that postdate the regression of Lake Bonneville from the Provo shore-
line, mapped where these levels cannot be differentiated at map scale and in areas where the specific age of Holocene
deposits cannot be determined; no Lake Bonneville shorelines are found on these alluvial fans; thickness variable,
probably less than 30 feet (10 m).

Qafp  Alluvial-fan deposits related to Provo shoreline and regressive phase of Lake Bonneville (upper Pleistocene) —
Poorly to moderately sorted, pebble to cobble gravel, locally bouldery, with a matrix of sand, silt, and minor clay;
clasts typically angular but well rounded where derived from Lake Bonneville gravel; medium to very thick bedded;
deposited by debris flows, debris floods, and stream flow at the mouth of Big Cottonwood and Little Cottonwood
Canyons, grading downslope to regressive Lake Bonneville deltaic deposits (Qldp); mapped by Personius and Scott
(1992) as stream alluvium related to the regressive phase of Lake Bonneville (their alp), however the deposits have
fan-shaped morphologies and grade downslope to deltaic deposits (Qldp), representing the subaerial part of the fan-
delta complex and some topset alluvial beds that cannot be differentiated; equivalent to the younger part of level-3
alluvial-fan deposits (Qafs) mapped elsewhere along the Wasatch Front (see af3 of Nelson and Personius, 1993); in
the Draper quadrangle deposits related to the regression of Lake Bonneville (Qafp) can be mapped separately from
older af3 deposits (see Qafb below); Personius and Scott (1992) describe typical soil profiles of this unit, using the
terminology of Birkeland (1984), as ranging from A-Bt(weak)-Cox-Cn to A-Bt-Cox-Cn; exposed thickness less than
30 feet (10 m).

Qafb  Alluvial-fan deposits related to Bonneville shoreline and transgressive phase of Lake Bonneville (upper Pleisto-
cene) — Poorly to moderately sorted, pebble to cobble gravel, locally bouldery, with a matrix of sand, silt, and minor
clay; clasts subangular to rounded; thin to very thick parallel bedding and cross-bedding; deposited by debris flows,
debris floods, and stream flow at the mouth of Ferguson Canyon, a tributary to Big Cottonwood Canyon, graded
slightly below the highest (Bonneville) shoreline of Lake Bonneville; incised into pre-Bonneville alluvial-fan deposits
(Qafy) and incised by post-Bonneville alluvial-fan deposits (Qafy); equivalent to the older part of level-3 alluvial-fan
deposits (Qafz) mapped elsewhere along the Wasatch Front (see af3 of Nelson and Personius, 1993), but in the Draper
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Qafo

Qaf,

Qafy

quadrangle deposits related to the transgression of Lake Bonneville (Qafb) can be mapped separately; Personius and
Scott (1992), using the terminology of Birkeland (1984), described the typical soil profile of this unit as A-Bt-Cox-Cn;
exposed thickness less than 15 feet (5 m).

Older alluvial-fan deposits, undivided (upper to middle? Pleistocene) — Poorly to moderately sorted, pebble to cob-
ble gravel with boulders near bedrock sources, with a matrix of sand, silt, and clay; clasts subangular to well-rounded;
thin to thick parallel bedding and cross-bedding; deposited by debris flows, debris floods, and streams on the south side
of Big Cottonwood Canyon; may include some older colluvial and talus; likely Lake Bonneville age alluvial-fan de-
posits (see af3 of Nelson and Personius, 1993) and/or older alluvial-fan deposits that predate Lake Bonneville (Qaf,);
incised by younger alluvial-fan deposits (Qafy); thickness variable, probably less than 30 feet (10 m).

Level-4 alluvial-fan deposits, pre-Bonneville lake cycle (upper to middle Pleistocene) — Poorly sorted, clast-sup-
ported pebble to cobble gravel, with matrix-supported interbeds in the upper part and locally bouldery, with a matrix
of sand, silt, and clay; clasts subangular to rounded; thin to very thick parallel bedding and cross-bedding; forms small
fans and fan remnants above, and commonly cut by, the Bonneville shoreline; correlative deposits likely underlie Lake
Bonneville deposits in Salt Lake Valley, and probably grade laterally to lacustrine sediment of the Little Valley or
Pokes Point lake cycles below an elevation of about 4920 feet (~1500 m) for the Little Valley lake cycle (Scott, 1988b),
and the elevation of Pokes Point lake cycle 4685 feet (1428 m) in Little Valley (McCoy, 1987); Personius and Scott
(1992), using the terminology of Birkeland (1984), described the typical soil profile of this unit as A-Bt(moderate-
strong)-Cox-Cn; exposed thickness less than 15 feet (5 m).

Level-5 alluvial-fan deposits, pre-Little Valley and/or Pokes Point lake cycles (middle Pleistocene) — Poorly sort-
ed, clast-supported pebble to cobble gravel, with matrix-supported interbeds in the upper part and locally bouldery, in a
matrix of sand, silt, and clay; clasts subangular to rounded; thin to very thick parallel bedding and cross-bedding; pres-
ent on a ridge north of Little Cottonwood Canyon in an eroded fan remnant high (between 820 and 1150 feet [250-350
m]) above the active channel of Little Cottonwood Creek; deposit lacks fan morphology; may be a deposit of glacial
till that lacks morainal morphology; Machette (1992) reported that level 5 alluvial fan-deposits are exposed in a stream
gully on the divide east of Peteetneet Creek in the Payson Lakes quadrangle south of Utah Valley, and contain isolated
pods of 0.640 + 0.004 Ma Lava Creek B volcanic ash (Lanphere and others, 2002); correlative alluvial deposits likely
underlie Lake Bonneville deposits and probably grade laterally into lacustrine sediment of older pre-Pokes Point lake
cycles; Personius and Scott (1992), using the terminology of Birkeland (1984), described the typical soil profile of this
unit as A-Bt(strong)-Cox-Cn; exposed thickness less than 30 feet (10 m).

Colluvial deposits

Qc

Colluvial deposits (upper Holocene to middle Pleistocene?) — Pebble, cobble, and boulder gravel, commonly clast
supported, with a matrix of sand and silt; clasts commonly angular to subangular, but includes some subround to
round recycled lacustrine gravel below the Bonneville shoreline; very poorly sorted, poorly stratified, locally derived
sediment deposited by slopewash and soil creep; includes landslides, rock falls, and debris flows too small to map
separately; most bedrock is covered by at least a thin veneer of colluvium, and only the larger, thicker deposits are
mapped; mapped as small cones and debris aprons above the Bonneville shoreline between Big Cottonwood and Little
Cottonwood Canyons, derived from Paleozoic rocks; along the steep sides of Bells Canyon, derived from Tertiary
granite; locally covers the Bonneville bench south of Bells Canyon; derived from adjacent oversteepened bedrock
slopes; along the banks of Willow Creek, derived from transgressive Lake Bonneville deltaic deposits; thickness be-
tween 3 and 30 feet (1-10 m).

Glacial deposits

Nomenclature of glacial deposits used here follows the work of McCoy (1977), Madsen and Currey (1979), Scott (1988a), Per-
sonius and Scott (1992), and dating of glacial deposits is from Madsen and Currey (1979) and Laabs and others (2011). Deposits
of Bells Canyon age are broadly equivalent to deposits of Pinedale age in the middle Rocky Mountains. Deposits of Dry Creek
age have weathering characteristics similar to those of deposits of Bull Lake age in the middle Rocky Mountains.

Qg

Glacial deposits, undivided (Holocene? to middle Pleistocene) — Unsorted boulder, cobble, and pebble gravel with a
matrix of sand and silt; clasts subangular to subround; non-stratified; mapped along the canyon walls of Little Cotton-
wood Canyon, and on the ridge between Little Cottonwood and Bells Canyon where till is stranded high on the ridge
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and may be older; also mapped as a stacked unit (Q@/TIc) that includes Bells Canyon and Dry Creek age deposits; may
locally include mass-movement and colluvial deposits too small to show separately at map scale; exposed thickness
less than 30 feet (10 m).

Qgmy Young glacial moraines, undivided (Holocene? to upper Pleistocene?) — Unsorted boulder, cobble, and pebble gravel
with a matrix of sand and silt; clasts subangular to subround; non-stratified; moraines are comparatively less vegetated
and appear younger than the Bells Canyon age deposits; mapped in high-elevation cirques where sharp moraine crests
are visible on aerial photographs and lidar imagery; may locally include mass-movement and colluvial deposits too
small to show separately at map scale; estimated thickness less than 50 feet (15 m).

Qgbc  Glacial deposits of Bells Canyon age (upper Pleistocene) — Unsorted boulder, cobble, and pebble gravel with a ma-
trix of sand and silt; clasts subangular to subround; non-stratified; mapped in Little Cottonwood and Bells Canyons
and at higher elevations in cirques and canyons in the Wasatch Range where moraines and outwash are not distinct;
may locally include mass-movement and colluvial deposits too small to show separately at map scale; exposed thick-
ness less than 30 feet (10 m).

Qgmbc Glacial moraines of Bells Canyon age (upper Pleistocene) — Unsorted boulder, cobble, and pebble gravel with a
matrix of sand and silt; clasts subangular to subround; non-stratified; mapped at the mouths of Little Cottonwood and
Bells Canyons where distinct U-shaped end, lateral, and regressional moraines are visible, and at higher elevations in
the Wasatch Range in cirques and canyons; at the mouth of Bells Canyon, end moraine is partially overlapped by a
wedge of transgressive Lake Bonneville lacustrine gravel and sand (Qlgb) (Madsen and Currey, 1979); may locally
include mass-movement and colluvial deposits too small to show separately at map scale; estimated maximum thick-
ness less than 240 feet (70 m).

Qgabc Glacial outwash of Bells Canyon age (upper Pleistocene) — Poorly to moderately sorted clast-supported cobble and
pebble gravel, locally bouldery, with a minor matrix of sand and silt; clasts subangular to rounded; thin to thick parallel
bedding and cross-bedding; deposited by glacial meltwater streams at the mouths of Big Cottonwood, Little Cotton-
wood, and Bells Canyons; overlie (younger than) Bonneville-level deltaic deposits at the mouth of Big Cottonwood
Canyon; graded to stream-terrace deposits (Qaty7) at the mouth of Little Cottonwood Canyon that in turn grade to the
Provo shoreline; exposed thickness up to 130 feet (40 m).

Qgdc  Glacial deposits of Dry Creek age (middle Pleistocene) — Unsorted boulder, cobble, and pebble gravel with a matrix
of sand and silt; clasts subangular to subround; non-stratified; small exposures mapped below transgressive Bonneville
deltaic deposits (Qldb) and outwash of Bells Canyon age (Qgabc) along the banks of Dry Creek near the mouth of
Bells Canyon (Madsen and Currey, 1979) and below the Second Hamongog in the southeast corner of the quadrangle;
surface of deposits commonly contain grus derived from weathered granite boulders; Personius and Scott (1992), us-
ing the terminology of Birkeland (1984), described the typical soil profile of this unit as A-Bt(moderate-strong)-Cox-
Cn; exposed thickness less than 25 feet (8 m).

Qgmdc Glacial moraines of Dry Creek age (middle Pleistocene) — Unsorted boulder, cobble, and pebble gravel with a ma-
trix of sand and silt; clasts subangular to subround; non-stratified; mapped on the north and south margins of Bells
Canyon at elevations above moraines of Bells Canyon age (Qgmbc), and below the Second Hamongog in the south-
east corner of the quadrangle; surface of deposits commonly contain grus derived from weathered granite boulders;
Personius and Scott (1992), using the terminology of Birkeland (1984), described the typical soil profile of this unit as
A-Bt(moderate-strong)-Cox-Cn; estimated maximum thickness less than 200 feet (60 m).

Human-derived

Qh Fill and disturbed land (historical) — Undifferentiated artificial (human) fill and disturbed land related to construc-
tion, borrow pits, and sand and gravel operations, commonly in both transgressive (Qldb, Qlgb, and Qlsb) and regres-
sive (Qldp, Qlgp, and Qlsp) Lake Bonneville deposits; the outlines of artificial fill and disturbed land are based on
1958 aerial photographs, updated using 2012 orthophotography; only the larger areas of disturbed land are mapped;
unmapped fill is present in most developed areas; land within developed areas contains a complex and still changing
mix of cuts and fills; thickness unknown.
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Lacustrine deposits

Deposits related to the Provo shoreline and regressive phase of Lake Bonneville: Only mapped below the Provo shoreline,
which is at elevations from about 4780 to 4850 feet (1460—1480 m) in the Draper quadrangle (table 1). Currey (1982) estimated
an clevation of 4787 feet (1459 m) for the Provo shoreline in the quadrangle at the crest of a southwest-trending spit (N1/2
section 21, T. 3 S., R.1 E., SLBLM).

Qldp

Qlgp

Qlsp

Qlfp

Deltaic deposits (upper Pleistocene) — Moderately to well-sorted, clast-supported, pebble and cobble gravel with a
matrix of sand and silt; locally includes thin beds of silt and sandy silt; clasts subrounded to rounded; locally weakly
cemented with calcium carbonate; deposited as thin to thick parallel and cross-bedded foreset beds having original
dips of 5 to 30 degrees; locally deposited as topset beds, and commonly capped with topset beds of poorly sorted, silty
to sandy, pebble and cobble alluvium in stream-terrace (Qat) and alluvial-fan deposits (Qafp); exposed along the steep
fronts of large delta complexes graded to the Provo shoreline at the mouths of Big Cottonwood and Little Cottonwood
Canyons, and also exposed in bluffs along stream terraces where Little Cottonwood Creek incised the deltas; exposed
thickness about 120 feet (35 m).

Lacustrine gravel and sand (upper Pleistocene) — Moderately to well-sorted, subrounded to rounded, clast-support-
ed, pebble to cobble gravel with a matrix of sand and pebbly sand; locally interbedded with beds and lenses of silt and
sandy silt; gastropods locally common in sandy lenses; gravel commonly cemented with calcium carbonate (tufa);
thin to thick bedded; deposited below the Provo shoreline in parallel and cross-bedded, thin to thick horizontal beds
and in beds dipping as much as 15 degrees; deposited in beaches, bars, and spits, and in small deltas that do not have
distinctive deltaic morphology; commonly interbedded with or laterally gradational to lacustrine sand and silt of the
regressive phase (Qlsp); exposed thickness less than 60 feet (20 m).

Lacustrine sand and silt (upper Pleistocene) — Moderately to well-sorted, subrounded to rounded, fine to coarse sand
and silt with minor pebbly gravel; thick to very thick bedded, commonly laminated, with some ripple marks and scour
features; gastropods locally common; deposited below the Provo shoreline, commonly downslope from the Big Cot-
tonwood and Little Cottonwood delta fronts; most of this unit was mapped as regressive lacustrine sand and gravel
by Personius and Scott (1992; Ipg), but we have divided their unit into one unit that is predominantly sand (Qlsp) and
another unit that is predominantly gravel (QIgp); locally concealed by loess veneer and reworked into eolian deposits
(Qes) along west edge of the quadrangle, south of Dry Creek; exposed thickness less than 60 feet (20 m).

Lacustrine silt and clay (upper Pleistocene) — Moderately sorted silt and clay with minor fine sand and locally pebble
gravel; typically laminated or thin bedded; variably calcareous; ostracodes locally common; deposited in quiet water
in shallow to moderately deep parts of the Bonneville basin; in subsurface typically overlies lacustrine silt and clay of
Lake Bonneville transgression (QIfb), and contact not exposed in the Draper quadrangle; commonly grades upslope
into lacustrine sand and silt (Qlsp); locally concealed by loess veneer; regressive lacustrine shorelines typically poorly
developed, in contrast to units QIgp and Qlsp; mapped in small areas along the west edge of the quadrangle; previ-
ously mapped by Personius and Scott (1992) as the eastern edge of more extensive deposits of lacustrine clay and silt
that were not divided between transgressive and regressive deposits because of a lack of distinguishing characteris-
tics, but here assigned to the regressive phase because of their proximity to clearly regressive coarser deposits (QIgp,
Qlsp), although Qlfp may include some undifferentiated transgressive deposits; exposed thickness less than 15 feet (5
m), but total thickness may exceed several tens of feet.

Deposits related to the Bonneville shoreline and transgressive phase of Lake Bonneville: Only mapped between the Bonn-
eville and Provo shorelines. The highest Bonneville shoreline is at elevations from about 5180 to 5280 feet (1580-1610 m) in
the Draper quadrangle (table 1).

Qldb

Deltaic deposits, undivided (upper Pleistocene) — Moderately to well-sorted deposits of gravel and sand; clasts sub-
rounded to rounded; locally includes thin beds of silt and sandy silt, and locally weakly cemented with calcium car-
bonate; undivided (Qldb) where exposed in bluffs along stream terraces, but commonly subdivided into a gravelly
unit with clast-supported, pebble and cobble gravel in a matrix of sand and silt (Qldbg) and a sandy unit (Qldbs) with
thin beds and lenses of gravel; deposited west of Big Cottonwood and Little Cottonwood Canyons as thin to thick
parallel and cross-bedded foreset beds having original dips of 5 to 30 degrees; locally includes topset alluvial beds;
previously mapped as transgressive lacustrine sand and gravel by Personius and Scott (1992; lbg), but remapped as
deltaic because of distinctive fan-shaped morphology at the mouths of major canyons draining into Lake Bonneville
at its highstand; exposed thickness about 120 feet (35 m).
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Qldbg Deltaic gravel and sand (upper Pleistocene) — Moderately to well-sorted deposits of gravel and sand; clasts subround-
ed to rounded; locally includes thin beds of silt and sandy silt, and locally weakly cemented with calcium carbonate;
undivided (Qldb) where exposed in bluffs along stream terraces, distinguished from sandy unit (Qldbs) by abundance
of gravel; deposited west of Big Cottonwood and Little Cottonwood Canyons as thin to thick parallel and cross-bedded
foreset beds having original dips of 5 to 30 degrees; locally includes topset alluvial beds; previously mapped as trans-
gressive lacustrine sand and gravel by Personius and Scott (1992; Ibg), but remapped as deltaic because of distinctive
fan-shaped morphology at the mouths of major canyons draining into Lake Bonneville at its highstand; exposed thick-
ness about 120 feet (35 m).

Qldbs Deltaic sand and silt (upper Pleistocene) — Moderately to well-sorted deposits of sand and silt; thin to thick beds of
silt and sandy silt, with thin beds and lenses of gravel, and locally weakly cemented with calcium carbonate; gravel
clasts subrounded to rounded; undivided (Qldb) where exposed in bluffs along stream terraces, distinguished from
gravelly unit (Qldbg) by abundance of sand; deposited west of Big Cottonwood and Little Cottonwood Canyons as
thin to thick parallel and cross-bedded foreset beds having original dips of 5 to 30 degrees; locally includes topset
alluvial beds; previously mapped as transgressive lacustrine sand and gravel by Personius and Scott (1992; Ibg), but
remapped as deltaic because of distinctive fan-shaped morphology at the mouths of major canyons draining into Lake
Bonneville at its highstand; exposed thickness about 120 feet (35 m).

QIgb  Lacustrine gravel and sand (upper Pleistocene) — Moderately to well-sorted, clast-supported, pebble to cobble gravel
and rare boulders, with a matrix of sand and pebbly sand; locally interbedded with thin beds and lenses of silt and
clay; clasts commonly subrounded to rounded, but some deposits consist of poorly sorted, angular gravel derived from
nearby bedrock outcrops; deposited between the Bonneville and Provo shorelines in parallel and cross-bedded, thin
horizontal beds, and in beds dipping as much as 15 degrees; typically deposited below and on erosional benches at
the Bonneville shoreline near the base of the Wasatch Range southwest of Little Willow Canyon and in Big Cotton-
wood Canyon; commonly covered by unmapped deposits of colluvium from adjacent oversteepened slopes that are
not mapped because the colluvium is thin and underlying gravel benches retain their distinctive morphology; exposed
thickness less than 75 feet (25 m).

QIsb  Lacustrine sand and silt (upper Pleistocene) — Moderately to well-sorted, subrounded to rounded, fine to coarse sand
and silt with minor pebbly gravel; thick to very thick bedded; commonly has ripple marks and scour features; gastro-
pods locally common; deposited in relatively shallow water nearshore at the base of the Wasatch Range southwest
of Little Willow Canyon, downslope of transgressive gravel and sand (QIgb), and on the steep bluffs south of Dry
Creek; overlies coarse-grained beach gravel, implying deposition in increasingly deeper water of a transgressing lake;
exposed thickness less than 30 feet (10 m).

QIfb  Lacustrine silt and clay (upper Pleistocene) — Moderately to well-sorted, silt and clay with minor fine sand; very thin
to thick bedded; variably calcareous; mapped in a single location in a bluff on the south side of Dry Creek, overlying
transgressive deltaic sand and silt (Qldbs), implying deposition in increasingly deeper, quieter water; exposed thick-
ness less than 15 feet (5 m).

Eolian deposits

Qes  Eolian sand (Holocene to upper Pleistocene) — Moderately to well-sorted, fine to coarse wind-blown sand, with minor
silty sand; sand is mostly siliceous; loose to moderately firm where cemented by secondary calcium carbonate; thin
to very thick bedding, commonly cross-bedded; forms sheets and small parabolic and longitudinal dunes; mapped on
a terrace on the north side of Little Cottonwood Creek, reworked from sandy alluvium on terraces; on the surface of
the transgressive Lake Bonneville compound delta at the mouths of Little Cottonwood and Bells Canyon, mapped as
eolian sand (Qes) reworked from lacustrine sand and silt (Qlsp) and as a stacked unit Qes/Qldbs where sandy del-
taic deposits (Qldbs) and thin eolian deposits are indistinguishable; located between Dry and Willow Creeks on the
western edge of the quadrangle, reworked from regressive sand and silt (Qlsp); and in a similar setting in smaller areas
south of Willow Creek; 3 to 15 feet (1-5 m) thick.

Mass-movement deposits

Qmefy Younger earth-flow deposits (Holocene to upper Pleistocene?) — Unsorted sand, silt, and minor pebble and cobble
gravel with a matrix of sand, silt, and clay; forms an elongated lobe extending downslope from older earth-flow depos-
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its (Qmefp) at the front of the Bells Canyon-Little Cottonwood Creek compound delta, north of Dry Creek; the main
scarp of the younger earth-flow deposits is slightly above (east of) the regressive wave-cut shoreline that truncates the
older earth-flow deposits, indicating that the younger earth-flow moved after older slope failure; thickness less than 15
feet (5 m).

Lake Bonneville-age earth-flow deposits (upper Pleistocene) — Unsorted pebbly sand, sand, and minor silt and clay
below the Provo shoreline; mapped in two areas near the regressive delta front between Little Cottonwood and Dry
Creeks; derived from regressive lacustrine sand (Qlsp) and deltaic deposits (Qldp); characterized by arcuate longitu-
dinal ridges on the surface of the deposit; mass movement occurred soon after lacustrine deposition during regression
of Lake Bonneville as indicated by a minor regressive shoreline that truncates the downslope edge of the southern
exposure, this indicates a late Pleistocene age for these earthflow deposits, but later movement may have occurred in
the northern exposure; both exposures have been extensively modified, first by sand and gravel pits (Qh) and later
by commercial and residential development; longitudinal scarps visible on aerial photographs before sand and gravel
extraction are mapped with dotted lines as concealed features in areas of disturbed land (Qh); thickness probably less
than 50 feet (15 m).

Younger Holocene debris-flow deposits (upper Holocene) — Very poorly sorted clast-supported pebble, cobble, and
boulder gravel with a matrix of sand, silt, and clay; very thick bedding; commonly covered with coarse, angular rubble
and distinct overlapping levees and channels; forms fan-shaped to lobate deposits at the mouths of four small canyons
along the Wasatch Range front; Personius and Scott (1992), using the terminology of Birkeland (1984), described the
typical soil profile of this unit as ranging from A-Cn to A-Bw-Cox-Cn; thickness less than 15 feet (5 m).

Older Holocene debris-flow deposits (middle Holocene to upper Pleistocene?) — Very poorly sorted, clast-supported
pebble, cobble, and boulder gravel with a matrix of sand, silt, and clay; very thick bedding; commonly covered with
coarse, angular rubble and hummocky surface of relict levees and channels; forms fan-shaped deposits at the mouths
of South Fork Dry Creek and Big Willow Creek that are incised by younger debris-flow deposits (Qmdf,), and lobate
deposit at the mouth of Bear Canyon that diverted alluvial-fan deposits (Qafy) southward; Personius and Scott (1992),
using the terminology of Birkeland (1984), described the typical soil profile of this unit as ranging from A-Bw-Cox-Cn
to A-Bt(weak)-Cox-Cn; thickness less than 15 feet (5 m).

Landslide deposits (historical? to middle Pleistocene) — Poorly sorted clay- to boulder-sized material in slides and
slumps, with grain and rock composition varying with the nature of source material; landslides are mapped in several
areas, including: (1) two landslides north of Little Willow Canyon slightly above the Bonneville shoreline along the
steep Wasatch Range front, derived from failure of Precambrian bedrock (Zbc and ZYIw), either exposed or beneath
a shallow cover of colluvium or talus (Qc and Qct); (2) one landslide near the mouth of Little Cottonwood Canyon,
derived from glacial deposits (Qgmbc and Qgabc); (3) two landslides near Cherry Canyon along the steep front of the
Bonneville bench derived from failure of transgressive Lake Bonneville deposits (Qlgb and Qlsb); (4) one landslide
south of Dry Creek, slightly above the Provo shoreline, derived from sandy Lake Bonneville deposits (Qldbs); (5)
multiple landslides derived from failure of Lake Bonneville deposits along the steep bluffs of Dry Creek (Qldb and
Qlsb); (6) landslides mixed with colluvium in lacustrine and deltaic deposits are mapped along Dry Creek bluffs as
undivided mass movement and colluvial deposits (Qmc); (7) multiple landslides in Lake Bonneville deltaic deposits
(Qldb) are mapped along the steep bluff on the north side of Little Cottonwood Creek; (8) one landslide and one
nearby small debris flow are mapped below the steep Lake Bonneville delta front between Big Cottonwood and Little
Cottonwood Creeks; the landslide exhibits two clearly defined scarps on 1958 aerial photographs and displaces closely
spaced regressive shorelines etched into regressive Lake Bonneville gravel (Qlgp)—the shorelines are preserved in
the landslide mass, the small debris flow appears to be the result of a canal failure in the 1958 aerial photographs; and
(9) several rock falls characterized by blocky car to house sized collapse deposits are likely related to deglaciation in
Little Cottonwood Canyon, Bells Canyon, and at the head of South Fork of Dry Creek; most of the landslides are small
and characterized by hummocky topography, main and internal scarps, toe thrusts, back-rotated blocks, and chaotic
bedding in displaced bedrock; not subdivided by apparent age because 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 (Ashland, 2003); stability determinations require
detailed geotechnical investigations; thickness highly variable.

Talus deposits (historical to middle Pleistocene?) — Very poorly sorted, angular cobble- and boulder-size rocks and
minor amounts of finer-grained interstitial sediment; deposited principally by rock fall on and/or at the base of steep
slopes; mapped above and below the Bonneville shoreline, and in previously glaciated areas in the Wasatch Range;
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other small and thin talus deposits are not mapped due to map scale limitations; includes fresh, potentially active rock
fall to partially vegetated stabilized talus slopes; generally less than 20 feet (6 m) thick.

Mixed-environment deposits

Qac  Alluvial and colluvial deposits, undivided (upper Holocene to middle Pleistocene?) — Poorly to moderately sorted,
generally poorly stratified, clay- to boulder-size, locally derived sediment; mapped where deposits of alluvium, slope-
wash, and soil creep grade imperceptibly into one another; mapped at the base of steep slopes in the Wasatch Range
where the alluvial component is mostly fan alluvium, in small channels where the alluvial component is mostly stream
alluvium, and in fault grabens where alluvial and colluvial deposits are mixed; small, unmapped deposits are likely in
most small drainages; thickness less than 15 feet (5 m).

Qct Colluvial and talus deposits, undivided (upper Holocene to middle Pleistocene?) — Gravel and angular debris with
a finer grained matrix; deposited at the base of steep slopes in Big Cottonwood and Little Cottonwood Canyons and
other steep slopes in the Wasatch Range; mapped deposits of slopewash, creep, and rock fall are mixed and grade
imperceptibly into one another; thickness less than 30 feet (10 m).

Qla Lacustrine and alluvial deposits, undivided (upper Holocene to upper Pleistocene) — Sand, silt, and clay in areas of
mixed alluvial (Qaly) and lacustrine (QIfp) deposits that cannot be mapped separately because the units grade imper-
ceptibly into one another; mapped in the southwest corner of the Draper quadrangle where spring-fed streams incise
lake beds; thickness less than 10 feet (3 m).

Qle Lacustrine and eolian deposits, undivided (upper Holocene to upper Pleistocene) — Sand, silt, and clay in an area of
mixed lacustrine and eolian deposits that cannot be mapped separately because the units grade imperceptibly into one
another; mapped in northwest Draper City; thickness less than 10 feet (3 m).

Qmc  Mass movement and colluvial deposits, undivided (Holocene to middle Pleistocene?) — Mixed landslide, slump,
slopewash, and soil creep that grade imperceptibly into one another; mapped along Dry Creek and Willow Creek in
areas where deposits derived from sandy Lake Bonneville units (Qlsp and Qldb) lack the cohesion needed to main-
tain morphologies characteristic of the depositional process, and in thin deposits on steep bedrock slopes in Ferguson
Canyon; thickness less than 30 feet (10 m).

Stacked-Unit Deposits

Qes/Qldbs

Eolian sand over sandy deltaic deposits (related to the Bonneville shoreline and transgressive phase of Lake
Bonneville) (Holocene to upper Pleistocene/upper Pleistocene) — Eolian deposits over sandy deltaic deposits; mapped
on the large delta surface west of Bells and Little Cottonwood Canyons; the eolian deposits are between about 3 and
15 feet (1-5 m) thick.

Qg/Tlc Glacial deposits, undivided over Little Cottonwood stock (Holocene? to middle Pleistocene/Oligocene) — Glacial
deposits (Qg) overlie and conceal the Little Cottonwood stock (TIc) in Bells Canyon and on Lone Peak; small bedrock
knobs are included in the unit and not mapped separately due to map scale limitations; glacial deposit thickness likely
between 3 and 30 feet (1-10 m).

Major unconformity
TERTIARY

Whole-rock geochemical data for volcanic units in the Draper 7.5-minute quadrangle are available in McKean (2017c). Rock
names are from the total alkali-silica classification diagram for volcanic rocks (see figure 3).

TId Lamprophyric dikes (Oligocene) — Light brownish-gray, porphyritic, lamprophyric dikes in a microcrystalline ma-
trix; two dikes are mapped that have similar trachydacitic geochemical results (see figure 3); (1) the southern dike,
as mapped between Big Cottonwood and Ferguson Canyons intruding the Little Cottonwood stock (TIc), is modified
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from Crittenden’s (1965a) lamprophyric dike (see plate 1 and figure 3, sample DP2015-277); the dike and phenocrysts
are likely highly altered; phenocrysts in order of abundance, are plagioclase, hornblende, and biotite, with hornblende
that appears to be altered to chlorite; dike is poorly exposed and only mapped in isolated outcrops and through float;
(2) the northern dike is newly mapped near the mouth of Big Cottonwood Canyon on the northside (see plate 1 and
figure 3, sample DP2015-463), and it cuts Big Cottonwood Formation (Zbcs, Zbcq), but is not as altered or weathered
as the southern dike; phenocrysts in order of abundance are plagioclase, quartz, biotite, and hornblende; neither dike
is isotopically dated but is likely Oligocene in age; dikes are 10 to 30 feet (3—6 m) wide, with width exaggerated on
plate 1 for visibility.

Granitic dikes (Oligocene) — Light-gray to medium-gray, fine-grained to porphyritic granitic dikes; phenocrysts, in
order of abundance, are plagioclase, quartz, biotite, and hornblende in a microcrystalline matrix; locally more quartz
and plagioclase rich; geochemically the sampled dikes are granite (plate, 1, figure 3, samples DP2014-74 and DP2015-
309), similar to the Little Cottonwood stock (TIc); two dikes are mapped in Deaf Smith Canyon, one was previously
mapped as intermediate and cutting the Big Cottonwood Formation by Crittenden (1965a) (sample DP2015-309),
and the other is a newly mapped dike that intrudes the amphibolite of the Little Willow Formation (ZYlwa) (sample
DP2014-74); ages uncertain, but similar to the stock and thus likely Oligocene; dike 3 to 20 feet wide (1-6 m), with
width exaggerated on platel for visibility.

Intermediate dike (Oligocene) — Dark greenish-gray, fine-grained, intermediate dike with hornblende phenocrysts
in a microcrystalline matrix; the east-west trending nonresistant dike is located on the north side of the North Fork
of Deaf Smith Canyon, and intrudes the Big Cottonwood (Zbcs) and Little Willow Formations (ZYlw); dike is geo-
chemically a monzonite (see plate 1 and figure 3, sample DP2014-52); age uncertain, likely Oligocene; dike 10 to 20
feet wide (3—6 m), width exaggerated on platel for visibility.

Little Cottonwood stock (Oligocene) — Medium-light-gray to medium-gray, equigranular to coarsely porphyritic
granite to quartz monzonite to granodiorite; phenocrysts, in order of abundance, are plagioclase, quartz, potassium
feldspar, biotite, and hornblende with accessory magnetite, sphene, apatite, zircon, and allanite; potassium feldspar
commonly occurs as megacrysts 1 to 2.5 inches (2—6 cm) across; includes minor aplite dikes (see for example Lawton,
1980; Hanson, 1995; Marsh and Smith, 1997; John and others, 1997; and Vogel and others, 2001); two fingers (or
apophyses) extend from the Little Cottonwood stock into the Big Cottonwood Formation (Zbcs) between Ferguson
and Deaf Smith Canyons—a geochemical sample (DP2015-212, see plate 1 and figure 3) shows the sample to be
slightly more silica rich than the main body of the Little Cottonwood stock; east-west and north-south joints are com-
mon in the stock on Lone Peak; weathers to grussified soils; alteration is common near the Wasatch fault zone (Evans
and others, 1997), but was not mapped separately for this map (see for example Biek, 2005b); unmapped colluvium is
present in many areas of the map unit, but is too small or thin to show separately at map scale; sericite from the altera-
tion zone yielded a K-Ar age of 17.6 + 0.7 Ma and dates movement on the Wasatch fault zone, with an estimated depth
of formation between 4.5 and 7.1 miles (7.2-11.4 km) (Parry and Bruhn, 1986); the lower western part of the stock
had an emplacement depth of about 7 miles (11 km) (John, 1989); Vogel and others (1997) summarized emplacement
ages for the Little Cottonwood stock including several K-Ar hornblende ages ranging from 29.80 + 0.89 to 31.1 £ 0.9
Ma from the northwestern part of the stock (Crittenden and others, 1973; John and others, 1997) and U-Pb zircon ages
from the eastern part of the stock are 30.5 = 0.6 and 30.5 + 0.5 Ma (Constenius, 1998); John and others (1997) reported
a “°Ar/3° Ar hornblende total fusion age of 30.41 = 0.11 Ma; see plate 1 for locations and figure 3 for geochemical plots
for the Little Cottonwood stock (Tlc), samples DP2014-188, DP2015-212, DP2015-255, DP2015-256, DP2015-377,
and DP2015-378; thickness unknown.

Diorite (Oligocene) — Medium-gray to dark greenish-gray equigranular to porphyritic diorite; phenocrysts, in order
of abundance, are plagioclase, quartz, hornblende, and biotite, with hornblende altered to chlorite; Crittenden (1965a)
showed the diorite as older than the Little Cottonwood stock, but it is only in contact with Big Cottonwood Formation
on the north side of Bells Canyon; geochemically dike samples are diorite to gabbroic diorite (see plate 1 and figure
3, samples DP2014-178, and DP2014-179; with DP2014-176 likely altered as it plots in the granodiorite field); age
uncertain, likely Oligocene, but could be older; thickness unknown.

MISSISSIPPIAN

MI?

Limestone (Mississippian?) — Medium to dark-gray, brecciated, crinoidal limestone remnant; mapped above gently
dipping fault at the mouth of Bells Canyon; previously mapped as a Paleozoic limestone klippe (thrust sheet erosional
remnant) by Crittenden (1965a); previously mapped as undivided Mississippian Madison and Deseret Formations
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(Granger and others, 1952; Marsell and Threet, 1960) (Gardison Limestone and Deseret Formation of Bryant, 1990);
thickness likely less than 50 feet (15 m).

Gently dipping fault

PROTEROZOIC

Pak (1999) identified six Oligocene metamorphic zones or isograds extending away from the Oligocene Little Cottonwood
stock into the Proterozoic country rock (Big Cottownwood and Little Willow Formations), in order of increasing grade towards
the stock: biotite zone, cordierite+biotite zone, andulusite+biotite zone, andalusite+K-feldspar zone, sillimanite zone, and a
second sillimanite zone. Their zones have not been mapped and are only shown on figures by Pak (1999) and Wohlers and
Baumgartner (2013); see these references for these mineral isograds related to the Little Cottonwood stock.

Zbc, Zbcq, Zbcs

Big Cottonwood Formation (Neoproterozoic) — Interbedded greenish-gray, gray, and reddish- to bluish-purple, thin-
bedded shale and siltstone (Zbcs), and white, greenish-gray, and gray, rusty-weathering orthoquartzite (Zbcq), meta-
morphosed to argillite, schist, and quartzite; undifferentiated (Zbc) where poorly exposed, altered by metamorphism,
or highly fractured; in Deaf Smith Canyon the shale is locally highly altered to schist (Crittenden, 1965a); andalusite
and pseudomorphs after andalusite are common from Ferguson Canyon to Little Cottonwood Canyon; cross-bedding,
mud cracks, ripple marks, rain-drop prints, and tidal rhythmites found in the formation suggest shallow water deposi-
tion (Crittenden, 1977; Chan and others, 1994; Ehlers and others, 1997); Crittenden (1965a, 1977) divided the forma-
tion into thirds; the lower third is a bluish-purple, thin-bedded shale or siltstone interbedded with gray orthoquartzite;
the middle third is a greenish-gray or gray shale interbedded with gray and greenish orthoquartzite; the upper third
is a variegated greenish-gray and red shale and siltstone interbedded with white quartzite; quartzites may be geologi-
cally distinct enough to map across quadrangle boundaries; the top of the unit is not exposed in the quadrangle, but
is unconformably overlain by the Mineral Fork Tillite and Mutual Formation (Crittenden, 1977); the base of the unit
is marked by an unconformity with the higher grade metamorphosed Little Willow Formation below; however, the
contact is difficult to map where both units have been contact-metamorphosed next to the Little Cottonwood stock.

In Little Cottonwood Canyon, Neff (1962) and Kohlmann (1980) mapped the rocks in contact with the Little Cot-
tonwood stock as a migmatite of the Little Willow Formation. However, Crittenden (1965a) and Pak (1999) mapped
the migmatite as Big Cottonwood Formation undivided and we agree with them because the quartzite and pelite units
of the Big Cottonwood Formation can be mapped north of the migmatite in Little Cottonwood Canyon, and rocks
within the migmatite zone are metapelitic and 90 percent quartzite, like the Big Cottonwood Formation (Wohlers and
Baumgartner, 2013).

Likely Neoproterozoic in age, and possibly correlative with the <770 Ma Uinta Mountain Group strata, based on U-Pb
data from detrital zircon (Mueller and others, 2007; Dehler and others, 2010); only the lower 7000 feet (2100 m) of
the total 16,000 feet (5000 m) are exposed in the Draper quadrangle (Crittenden, 1965a, 1977), and these thicknesses
may be inflated by complex folding and faulting.

Unconformity
ZYlw, ZYlwa

Little Willow Formation (Neoproterozoic and/or Mesoproterozoic?) — Interbedded (in order of abundance) gneiss,
chlorite-quartz-biotite schist, biotite and muscovite schist, quartzite, and thin stretched-pebble metaconglomerate;
amphibolite and chlorite schist that cross-cut other Little Willow rocks are mapped separately (ZYlwa); the meta-
conglomerate, shown separately by Crittenden (1965a) as “cg” could not be consistently located in the field so it is
combined with unit ZYIw; the amphibolite and chlorite schist could be an ortho- or para-amphibolite (mafic igneous
rock or calcareous sedimentary rock protolith, respectively) (Neff, 1962); see plate 1 for ZYlwa sample locations and
figure 3 for geochemical plots, samples DP2015-191, DP2015-211, and DP2015-219, and McKean (2017c) for sample
whole-rock geochemical data; andalusite and pseudomorphs after andalusite are common throughout the Little Wil-
low Formation and into the Big Cottonwood Formation; metamorphism is amphibolite grade (Neff, 1962; Wohlers and
Baumgartner, 2013) or greenschist to middle amphibolite grade (Crittenden, 1965a; Spencer and others, 2012); the
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greenschist metamorphism could be retrograde (Neff, 1962) and related to the Wasatch fault zone; the Little Willow
Formation is a lower metamorphic grade than the Farmington Canyon Complex (Bryant, 1988); we were unable to
locate any almandine garnets in outcrop or thin section of the Little Willow Formation, despite descriptions in Kohl-
mann (1980) and as noted by Neff (1962); estimated exposed thickness based on map pattern is 6500 feet (2000 m),
amphibolite is about 300 to 700 feet thick (100-200 m).

The age of the Little Willow is problematic. The Little Willow Formation has long been considered a Middle or Early
Proterozoic metamorphic complex (Birch, 1940; Neff, 1962; Crittenden, 1965a; Kohlmann, 1980; Bryant, 1988), but
confirmation of a sedimentary formation or metamorphic age is lacking. Despite an apparent unconformity and differ-
ences in lithology (in particular the amphibolite schist), Spencer and others (2012) used U-Pb detrital zircon age data
from what they called Little Willow Formation to suggest that the Little Willow Formation is not a Mesoproterozoic or
Paleoproterozoic metamorphic complex, but rather the more metamorphosed part of the Neoproterozoic Big Cotton-
wood Formation (see Paris, 1935). However, based on our mapping their samples may have come from the Big Cot-
tonwood Formation. Mueller and others’ (2011) sample of the Little Willow suggests a Paleoproterozoic or older age.
More work is needed on the Little Willow Formation to determine its true origin, geologic history, and age. Samples
of the formation have been collected and processed, and results are pending.
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Table 1. Ages of major shoreline occupations of Lake Bonneville, Gilbert episode, and Great Salt Lake with shoreline elevations in the Draper quadrangle.

Lake Cycle and Phase Shoreline Age Shoreline Elevation
(map symbol) radiocarbon years calibrated years feet (meters)
(*CyrB.P) (cal yr B.P.)!
Lake Bonneville
Transgressive phase Stansbury shorelines 22,000-20,0002 26,000-24,000 Not recognized?
Bonneville (B) flood ~15,000* ~18,000 5180-5280 (1580-1610)
Overflowing phase Provo (P) 15,000-12,600° 18,000-15,000 47804850 (1460-1480)
Regressive phase Regressive shorelines (r) 12,600-11,500° 15,000-13,000 44404780 (1350-1460)
Gilbert episode Gilbert (G) 10,000° 11,500 Not present’
Great Salt Lake early Holocene highstand 9700-94008 11,000-10,500 Not present’
late Holocene highstand 4200-2100° 5000-2000 Not present’
Historical highstand late 1860s to early 1870s Not present’

and 19868710

I All calibrations made using OxCal '“C calibration and analysis software (version 4.3.2; Bronk Ramsey, 2009; using the IntCall3 calibration curve of Reimer and others,
2013), rounded to the nearest 500 years.

2 Oviatt and others (1990)

3 The Stansbury shoreline formed at elevations of about 4440 to 4450 feet (1350—1360 m), which are found in the northwest corner of the Draper quadrangle, but the shoreline
was either weakly developed or poorly preserved and cannot be identified.

4 Bonneville shoreline highstand duration may have been shorter than our rounding error of 500 years; age represents lake culmination (Oviatt, 2015; Miller, 2016; and
references therein)

3> Godsey and others (2005b, 2011), Oviatt (2015), Miller (2016) for the timing of the occupation of the Provo shoreline and subsequent regression of Lake Bonneville to near
Great Salt Lake level. Alternatively, data in Godsey and others (2005b) may suggest that regression began earlier, shortly after 16.5 cal ka (see sample Beta-153158, with an
age of 13,660 + 50 '*C yr B.P. [16.5 cal ka] from 1.5 m below the Provo shoreline). Also, lacustrine carbonate deposits in caves reported by McGee and others (2012) seem to
support an earlier Lake Bonneville regression beginning around 16.4 cal ka.

¢ Gilbert-episode highstand may have been very short lived; age represents lake culmination (Oviatt and others, 2005; Oviatt, 2014).

7 Gilbert episode and Great Salt Lake shoreline ages are provided for reference only, as they are only present downslope of the lowest elevations in the quadrangle.
8 Murchison (1989), Currey and James (1982)

° Miller and others (2005)

10 Arnow and Stephens (1990)

yvyn ‘sonuno)) yni) puv ayvT s ‘dj3uv.aponb sodp.aq ay1 Jo dvw 21307023 wiridpu]

Y4



26

Utah Geological Survey

Table 2. Relative position and height of stream-terrace deposits
(Qat;.47) above the Little Cottonwood Creek active stream channel.

Terrace Number

Height above channel

Feet Meters
Qat; (youngest) 15-20 5-6
Qat, to Qaty 20 to 120 51040
Qaty, <150 <45
Qaty3 to Qaty7 (oldest) <240 <70
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Figure 3. Total alkali-silica classification for igneous rocks of the Draper 7.5-minute quadrangle (values have been normalized to 100% on a volatile-free
basis), classificat on diagram from LeBas and others (1986), with plutonic (holocrystalline) names from Middlemost (1994) in parentheses. See McKean
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Major shorelines of the Bonneville lake cycle.
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coincide with geologic contacts

Bonneville highstand shoreline of Lake
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Structural measurements — red symbols and
dips are from Crittenden (1965a)

Strike and dip of inclined bedding
Strike and dip of overturned bedding
Strike of vertical bedding

Strike and dip of metamorphic foliation

Spring

Quarry

Adit

Prospect

Shaft

Sand and gravel pit

Rock sample location and number

Stacked unit — Denotes thin cover of first unit
overlying second unit

Trench sites for paleoseismic investigations:
DG - Dry Gulch (Black and others, 1996);
LCC - Little Cottonwood Canyon (Swan and
others, 1981; McCalpin, 2002); SFDC -
South Fork Dry Creek (Schwartz and Lund,
1988; Black and others, 1996); CC - Corner
Canyon (Hiscock and DuRoss, 2016)
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