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Plate 1
Utah Geological Survey Map  285DM

Geologic Map  of the Sugar House Quadrangle

Although this product represents the work of professional 
scientists, the Utah Department of Natural Resources, Utah 
Geological Survey, makes no warranty, expressed or implied, 
regarding its suitability for a particular use, and does not 
guarantee accuracy or completeness of the data. The Utah 
Department of Natural Resources, Utah Geological Survey, 
shall not be liable under any circumstances for any direct, 
indirect, special, incidental, or consequential damages with 
respect to claims by users of this product. Geology intended for 
use at 1:24,000 scale.
This geologic map was funded by the Utah Geological Survey 
and the U.S. Geological Survey, National Cooperative Geologic 
Mapping Program, through USGS STATEMAP award number 
G15AC00249 (2015). The views and conclusions contained in 
this document are those of the author and should not be 
interpreted as necessarily representing the official policies, 
either expressed or implied, of the U.S. Government.
This map was created from geographic information system
(GIS) files. Persons or agencies using these data specifically 
agree not to misrepresent the data, nor to imply that changes 
they made were approved by the Utah Geological Survey, and 
should indicate the data source and any modifications they 
make on plots, digital copies, derivative products, and in 
metadata.
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Figure 2.  Inset map of shallow bedrock area near and east of Foothill Drive, where 
Marsell (1964a, 1964b, 1969) identified shallow bedrock in deep sewer and water main 
trenches in 1947.  Surficial deposits have been removed to show the shallow bedrock 
relationships, see plate 1 for the location and surficial geology.  Thickness of surficial 
deposits is uncertain.
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GEOLOGIC MAP OF THE SUGAR HOUSE 
QUADRANGLE, SALT LAKE COUNTY, UTAH

by Adam P. McKean

INTRODUCTION

The Sugar House 7.5-minute quadrangle is located within Salt 
Lake County on the eastern margin of Salt Lake Valley and in-
cludes the mountain front of the Wasatch Range. A number of 
creeks flow from the Wasatch Range into the valley, including 
Red Butte, Emigration, Parleys, Mill, Big and Little Cotton-
wood Creeks, and smaller creeks. The urbanized valley floor 
part of the quadrangle includes Salt Lake City in the northern 
part; Holladay, Millcreek Township, and South Salt Lake City 
in the central part; Murray, Midvale, and Cottonwood Heights 
in the southern part; and areas of unincorporated Salt Lake 
County. In the Wasatch Range the quadrangle contains part of 
the Mount Olympus Wilderness area and recreation areas in 
Mill Creek and Neffs Canyons, and other parts of the Uinta-
Wasatch-Cache National Forest. The Sugar House quadrangle 
was mapped partly to provide the basis for identifying and 
delimiting potential geologic hazards for derivative Utah 
Geological Survey (UGS) geologic hazard maps of urban and 
rapidly developing areas being prepared by the UGS Geologic 
Hazards Mapping Initiative.

GEOLOGY

Bedrock Stratigraphy and Geologic Structure

Bedrock exposed in the Wasatch Range covers an expansive 
geologic history from Precambrian to Tertiary with significant 
breaks in the Cambrian to Devonian and Cretaceous to early 
Tertiary. The oldest rock unit exposed in the quadrangle is 
the Neoproterozoic Big Cottonwood Formation, which was 
deposited in a rift basin (see for example Crittenden, 1977; 
Dehler and others, 2010). In Big Cottonwood Canyon south-
east of the quadrangle, the Neoproterozoic Mutual Forma-
tion and underlying Mineral Fork Formation unconformably 
overlie the Big Cottonwood Formation (Crittenden, 1977). 
In this quadrangle the Mineral Fork Formation is missing at 
the unconformity. An unconformity is also present below the 
Cambrian Tintic Quartzite, which overlies the Mutual Forma-
tion. The Ophir Formation conformably overlies the Tintic 
and the lower part of the Maxfield Limestone conformably 
overlies the Ophir. Most of the Maxfield Limestone and other 
Cambrian, Ordovician, Silurian, and most Devonian strata are 
missing in the quadrangle due to erosion and non-deposition 

during development of the Ordovician Tooele arch (Hintze, 
1959) and the Devonian Stansbury uplift (Rigby, 1959; Mor-
ris and Lovering, 1961). 

Carbonate and clastic rocks (limestone, dolomite, shale and 
sandstone) were deposited over the Stansbury uplift; in the 
map area these rocks are in the Late Devonian to Early Mis-
sissippian Fitchville Formation. Overlying the Fitchville 
Formation are the Mississippian Gardison Limestone, De-
seret Limestone, and Humbug Formation. The Late Missis-
sippian Doughnut Formation is in fault contact (Mount Ray-
mond thrust) with the Humbug and the Deseret. The lower 
Doughnut, seen in nearby areas, is missing and may have been 
faulted out. The overlying Early Pennsylvanian Round Valley 
Limestone is different (more carbonate and fossiliferous) than 
in nearby areas. The Middle Pennsylvanian to Early Permian 
Weber Sandstone overlies the Round Valley and has a detach-
ment fault in the upper part near the contact with the overly-
ing Early Permian Park City Formation. Shale or saline rocks 
of the Weber Sandstone seen in other areas (see for example 
Bissell and Childs, 1958; Bissell, 1964) are not recognized 
here due to the detachment fault. The Park City Formation is a 
mixed unit divided into two parts, with the lower part overlain 
by the intervening Meade Peak Phosphatic Shale Tongue of 
the Phosphoria Formation. The Meade Peak is overlain by a 
map unit that includes upper members of the Phosphoria and 
Park City Formations. 

The Early Triassic marine Woodside Shale and Thaynes 
Formation overlie the upper Park City Formation and Phos-
phoria unit. The ^-1 unconformity may separate the Wood-
side Shale from the Park City Formation (Pipiringos and 
O’Sullivan, 1978), as a thin part of the Dinwoody Formation 
is included at the base of the Woodside Shale, or the Din-
woody Formation may just be thin. The Mahogany Member 
of the Ankareh Formation conformably overlies the Thaynes 
Formation.  Fluvial and lacustrine deposits of the Gartra Grit 
Member and upper member of the Ankareh Formation over-
lie the Mahogany Member. The ^-3 unconformity is likely 
present at the base of the Gartra Grit on the north side of the 
Uinta Mountains and Uinta-Tooele structural zone (Pipirin-
gos and O’Sullivan, 1978). The Late Triassic-Early Jurassic 
Nugget Sandstone was interpreted to be separated from the 
underlying Ankareh by the J-0 unconformity (Pipiringos and 
O’Sullivan, 1978; Imlay, 1980); however, others have inter-
preted the Nugget-Ankareh contact as conformable (Sprinkel 
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and others, 2011b; Irmis and others, 2015). The ^-5 uncon-
formity is in the upper Ankareh (Lucas, 1993) and was de-
scribed by High and others (1969, see figures 1 and 10) as 
an angular unconformity between the Popo Agie Formation 
(upper member of the Ankareh Formation equivalent in Wyo-
ming) and Nugget Sandstone. 

The contact between the Nugget Sandstone and overlying 
Gypsum Spring Formation is the J-1 unconformity (Pipiringos 
and O’Sullivan, 1978; Sprinkel and others, 2011a) but in this 
quadrangle is a detachment fault. The uppermost pre-thrust 
unit exposed in the quadrangle is the Middle Jurassic Twin 
Creek Limestone, which is separated from the Gypsum Spring 
Formation by the J-2 unconformity (Imlay, 1967, 1980; Pipir-
ingos and O’Sullivan, 1978; Sprinkel and others, 2011a).

During the Jurassic to early Tertiary, contractional folding 
and faulting deformed bedrock units of the region (see for 
example Willis, 1999; DeCelles, 2006), leading to numerous 
unconformities, and as a part of this deformation, synorogenic 
deposits. The Late Cretaceous Mount Raymond thrust system 
developed with east-southeast directed slip and associated 
folding (see for example Bradley and Bruhn, 1988; Yonkee 
and Weil, 2011). Later, these thrusts and folds were tilted 
northward and folded by the Cottonwood arch of the Uinta-
Tooele structural zone. The Cottonwood arch is a broad, dom-
al, east-plunging antiform in the central Wasatch Range (see 
Eardley, 1968, 1969; Crittenden, 1977). In the Sugar House 
quadrangle, uplift of the Cottonwood arch caused Neoprotero-
zoic rocks of the Big Cottonwood Formation and Mutual For-
mation and overlying units to dip northward into the Parleys 
Canyon syncline. The timing of formation of the Cottonwood 
arch is a subject of continued debate; to the east the possibly 
related Uinta Mountain uplift is Late Cretaceous to Eocene 
(Bradley and Bruhn, 1988; Yonkee and Weil, 2011). The arch 
is partly coeval with intrusion of the Oligocene Little Cotton-
wood stock (John and others, 1997; Vogel and others, 2001), 
and uplift possibly continued into the middle Miocene with 
movement on the Wasatch fault zone (Parry and Bruhn, 1986). 
Potential Late Cretaceous to Eocene movement on both the 
rotated and reactivated Mount Raymond thrust system and a 
Mill Creek Canyon thrust fault was apparently down-to-the 
north normal, consistent with reversal of fault slip due to up-
lift of the Cottonwood arch (Yonkee and Weil, 2011).

Normal faults in the bedrock in the quadrangle may be evi-
dence for Eocene extension, “collapse” of the orogenic belt, 
or these faults may be related to late Miocene and younger 
basin-and-range faulting. Oligocene magmatism related to 
intrusions in the Cottonwood canyons (Constenius, 1996; 
Vogel and others, 1997, 2001; McKean, 2017c) is likely the 
source for a number of small intrusive dikes and sills (Tld, 
Tsd, and Tind) in the Sugar House quadrangle. The dikes 
and sills lack specific age control but are assumed to be Oli-
gocene, the same age as the Cottonwood canyons intrusions. 
Late Miocene to recent (ca. 18–0 Ma) extensional basin-and-
range faulting (see for example Parry and Bruhn, 1986) on 

the Wasatch fault zone is expressed in the area as the Salt 
Lake City segment of the Wasatch fault zone (see Personius 
and Scott, 1992), which separates Salt Lake Valley from the 
Wasatch Range. 

Surficial Geology

Surficial geologic deposits within the quadrangle consist of 
alluvial, colluvial, glacial, lacustrine and deltaic, marsh, and 
mass-movement deposits. They are unconsolidated deposits 
of Quaternary age that overlie the bedrock in the valleys and 
mountains and are dominated by deposits of late Pleistocene 
Lake Bonneville. Lake Bonneville was a large pluvial lake 
that covered much of northwestern Utah and adjacent parts 
of Idaho and Nevada in the Bonneville basin between 30,000 
and 13,000 years ago (all ages in this section are in calibrated 
years, see table 1) and can be divided into transgressive, over-
flowing, and regressive phases (Oviatt and others, 1992; God-
sey and others, 2005, 2011; Oviatt, 2015; see table 1). Along 
the range front these lacustrine deposits interfinger with al-
luvial deposits that form alluvial fans and fan-deltas. Table 1 
provides time constraints and elevations for many geologic 
features and map units in the quadrangle. 

Glacial deposits in and near Neffs Canyon (Qg, Qgp, and 
Qgmp) are mapped from near creek level to high-elevation 
cirques just east of the map area. While the deposits lack 
direct age control, they do have similar morphology, soil 
development, and vegetation to deposits in Big and Little 
Cottonwood Canyons that are from Pinedale and Bull Lake 
glaciations. These glaciations were previously referred to 
respectively with local terms as the Bells Canyon and Dry 
Creek glaciations (McCoy, 1977; Madsen and Currey, 1979; 
Scott, 1988a; Personius and Scott, 1992; Biek, 2005; McK-
ean and Solomon, 2018). In the Draper quadrangle to the 
south (McKean and Solomon, 2018), Madsen and Currey 
(1979) demonstrated that the Bells Canyon glacial deposits 
are correlative with the Pinedale glaciation (Marine Oxygen 
Isotope Stage [MIS] 2; Oviatt and others, 1999), and older 
Bull Lake glaciation (MIS 6 Madsen and Currey, 1979; Ovi-
att and others, 1999), when compared to their type area in 
central Wyoming.

The Pinedale glaciation is roughly correlative in age to MIS 
2 (14 to 29 ka; data from Lisiecki and Raymo, 2005). In the 
Wasatch Range, maximum ice extent during the Pinedale 
glaciation occurred about 19 to 22 ka (Laabs and Munroe, 
2016; Quirk and others, 2018) with deglaciation and minor 
moraine-building pauses lasting through about 13 ka (Laabs 
and others, 2011; Laabs and Munroe, 2016; Quirk and oth-
ers, 2018). These ages coincide well with ages of the Pine-
dale glaciation in the Wind River and Teton Ranges (about 13 
to 30 ka; Gosse and others, 1995; Phillips and others, 1997; 
Pierce and others, 2018 and references therein). Recalculated 
and new 10Be ages from Big Cottonwood, Little Cottonwood, 
American Fork, and Bells Canyons show glaciers readvanced 
between 17 and 15 ka to near the maximum positions, fol-
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Lake Cycle and Phase Shoreline  
(map symbol)

Age Shoreline Elevation  
feet (meters)radiocarbon years 

 (14C yr B.P.) 
calibrated years  

(cal yr B.P.)1

Lake Bonneville
 Transgressive phase Stansbury shorelines 22,000–20,0002 26,000–24,000 4480–4500 (1365–1372)

Bonneville (B) ~15,0003 ~18,000 5160–5230 (1573–1595)

 Overflowing phase Provo (P) 15,000–12,6004 18,000–15,000 4810–4850 (1466–1478)

 Regressive phase Regressive shorelines (r) 12,600–11,5004 15,000–13,000 4400–4800 (1341–1463)

Gilbert episode Gilbert (G) 10,0005 11,500 Not present6

Great Salt Lake early Holocene highstand 9700–94007 11,000–10,500 Not present6

late Holocene highstand 4200–21008 5000–2000 Not present6

Historical highstand late 1860s to early  
1870s and 1986-879

Not present6

flood

Table 1. Ages of major shoreline occupations of Lake Bonneville, Gilbert episode, and Great Salt Lake with shoreline elevations in the Sugar 
House quadrangle.

1 All calibrations made using OxCal 14C calibration and analysis software (version 4.3.2; Bronk Ramsey, 2009; using the IntCal13 
calibration curve of Reimer and others, 2013), rounded to the nearest 500 years.

2 Oviatt and others (1990)
3 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) 

4 Godsey and others (2005, 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 (2005) may suggest that regression 
began earlier, shortly after 16.5 cal ka (see sample Beta-153158, with an age of 13,660 ± 50 14C 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.

5 Gilbert-episode highstand may have been very short lived; age represents lake culmination (Oviatt and others, 2005; Oviatt, 2014).
6 Gilbert episode and Great Salt Lake shoreline data are provided for reference only, as they are only present downslope of the lowest 
elevations in the quadrangle.

7 Murchison (1989), Currey and James (1982)
8 Miller and others (2005)
9 Arnow and Stephens (1990)

lowed by rapid deglaciation that coincided with the begin-
ning of the regressive phase of Lake Bonneville around 14.8 
ka (Quirk and others, 2018). 

The Bull Lake glaciation is roughly correlative in age to MIS 
6 (130 to 191 ka; data from Lisiecki and Raymo, 2005). Bull 
Lake glacial deposits are typically higher on ridges and farther 
away from cirques, suggesting larger ice volumes during this 
glacial cycle than the Pinedale. However, many of the Bull 
Lake glacial features were obliterated by the younger Pinedale 
glaciation. Minimal chronology data exist for the Bull Lake 
glaciation in the Wasatch Range. Quirk and others (2018) re-
ported a 10Be exposure age of 132.2 ± 5.9 ka from a striated 
bedrock surface in Big Cottonwood Canyon and interpreted 
this as a minimum age for the onset of Bull Lake deglacia-
tion. In the Wind River and Teton Ranges Gosse and Phillips 
(2001), Sharp and others (2003), and Pierce and others (2018, 
and references therein) suggest a Bull Lake glacial maximum 
of about 140 to 160 ka for the Wind River and Teton Ranges. 

The oldest surficial deposits exposed in the quadrangle are allu-
vial-fan deposits (Qaf4, Qaf5) of pre-Bonneville age. They are 

exposed above the highest Lake Bonneville shoreline along the 
Wasatch Range, and likely underlie Lake Bonneville deposits 
in Salt Lake Valley. The Qaf4 fans are cut by Lake Bonnev-
ille shorelines and overlain by Lake Bonneville deposits near 
Neffs Canyon and in other places along the Wasatch Range 
(Personius and Scott, 1992; McKean and Solomon, 2018). 
On the north side of Mount Olympus Qaf5 fans are deposited 
higher upslope then Qaf4 fans and are incised, with younger 
alluvial fans (Qafy) inset into the older deposits. The Qaf4 fans 
were deposited between the Lake Bonneville and Little Valley 
and/or Pokes Point lake cycles (Scott and others, 1983; Mc-
Coy, 1987; Scott, 1988b, 1988c).  The Qaf5 fans are likely pre-
Little Valley and/or Pokes Point lake cycles (Machette, 1992).

A number of Quaternary geologic hazards are mapped in the 
quadrangle, including landslide deposits (Qms) and surface 
fault ruptures (scarps). The study area contains a number of 
potential Holocene-active normal faults, including the East 
Bench and Cottonwood faults of the Salt Lake City segment 
of Wasatch fault zone. Another active Quaternary fault in the 
quadrangle includes the Nibley Park fault, a fault Van Horn 
(1972) originally mapped to the west of the East Bench fault. 
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Another potentially active Quaternary fault is the Foothill 
fault, a concealed basin-bounding fault along the mountain 
front, with evidence for displacement of pre-Bonneville de-
posits found in an exposure along Parleys Creek (Van Horn, 
1972; Scott and Shroba, 1985) (see unit Qafo). These faults 
and other geologic hazards are described and discussed in 
more detail in the Surface Fault Rupture subsection of the Se-
lected Geologic Hazards section. 

PREVIOUS MAPPING

Numerous earlier geologic maps of Salt Lake Valley and 
the Sugar House quadrangle exist for the area (figure 1 on 
plate 2). These maps focus on the bedrock geology, including 
Granger and others (1952) at a scale of 1:62,500 and Marsell 
and Threet (1960), who showed the geology of the Wasatch 
Range in a regional compilation at a scale of 1:63,360. Bryant 
(1990) mapped the Salt Lake City 30′ x 60′ quadrangle at a 
scale of 1:100,000. Crittenden (1965d) mapped the bedrock 
of the Sugar House quadrangle in greater detail at a scale of 
1:24,000; I revised his bedrock map for this map. 

Early maps of Quaternary deposits in Salt Lake Valley in-
clude: (1) Morrison (1965) at 1:24,000 scale that included the 
southern part of the Sugar House quadrangle; (2) Van Horn 
(1972) at 1:24,000 scale of the entire Sugar House quadran-
gle; and (3) Miller (1980) at 1:100,000 scale of the Wasatch 
Front. For this map I revised these early interpretations of the 
Quaternary geology, and particularly of Lake Bonneville stra-
tigraphy. 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 com-
pile a surficial geologic map of the Salt Lake City segment of 
the Wasatch fault zone at 1:50,000 scale. Also of interest are 
numerous derivative maps produced by Van Horn and oth-
ers for the Sugar House quadrangle that examined a range of 
topics from geologic hazards, to groundwater, to sources of 
construction materials, all published as a series (or folio) of 
maps in U.S. Geological Survey Miscellaneous Geologic In-
vestigations Map I-766-(A through O) (see appended Sugar 
House Folio References at the end of the References section).

My mapping combines the separate bedrock mapping of 
Crittenden (1965d), surficial geologic mapping from two 
sources (Van Horn, 1972; Personius and Scott, 1992), a soils 
map (U.S. Natural Resources Conservation Service [NRCS], 
2015), and my revised correlation of Quaternary surficial de-
posits. Contacts and units were field checked and changed 
where needed based on field observations and interpretation in 
2015–2016. I remapped the glacial deposits, revised the bed-
rock geology, revised the traces of the Wasatch fault zone, and 
remapped landslides. The surficial geology of the quadrangle 
was mapped following the UGS surficial mapping guidelines 
that emphasize landforms and depositional processes (Doel-
ling and Willis, 1995).

METHODS

Mapping of surficial deposits by the UGS is based on age and 
depositional environment or origin. The letters of the map 
units indicate (1) age (Q = Quaternary), (2) depositional en-
vironment or origin, determined from landform morphology, 
bedding, or other distinctive characteristics of the deposits, (3) 
grain size(s), and (4) age (Doelling and Willis, 1995) as re-
lated to the phases of Lake Bonneville. For example unit Qaf4 
is a Quaternary (Q) surficial deposit of alluvial-fan origin (af), 
and the subscript number four indicates it is older than Lake 
Bonneville. Letters “y” and “o” in place of a subscript indi-
cate deposits younger and older than Lake Bonneville, respec-
tively. Unit numbers indicate relative age with “1” being the 
youngest and increasing with age.

Mapping for the project was done using stereographic pairs 
of aerial photographs, including black-and-white aerial pho-
tographs at scales of 1:20,000 and 1:10,000 from the U.S. 
Department of Agriculture (USDA) Agricultural Stabiliza-
tion and Conservation Service (1937, 1958), black-and-white 
oblique aerial photography at various scales from 1:12,000 to 
1:5000 from the Woodward-Lundgren & Associates Wasatch 
fault investigation (Cluff and others, 1970, complied in Bow-
man and others, 2015), and natural color aerial photographs 
at a scale of 1:15,840 from the USDA Forest Service (2001). 
Some unit contacts were mapped with the aid of NRCS (2015) 
soil map data. Gravel pit outlines and some contacts were re-
vised using 2012 orthophotographs (Utah Automated Geo-
graphic Reference Center [AGRC], 2012). Most Quaternary 
faults, glacial deposits, landslides, and some additional con-
tacts were revised using 2-meter and 0.5-meter lidar elevation 
data (AGRC, 2006, 2013–2014). The geologic map was made 
by transferring the geology from the aerial photographs to a 
geographic information system (GIS) database in ArcGIS for 
a target scale of 1:24,000, using the lidar data, orthophoto-
graphs of Salt Lake County (AGRC, 1977), and 2012 ortho-
photographs (AGRC, 2012).

Surficial geology and the Cottonwood fault of the Wasatch 
fault zone were mapped in the areas disturbed by sand and 
gravel operations using the black-and-white aerial photo-
graphs (USDA, 1937) to show the pre-excavation geology and 
cross-cutting relationships. Pit outline(s) and fill pattern(s) on 
the map indicate areas of land disturbed by excavations (plate 
1). The pre-excavation surficial geology, based on 1937 aerial 
photographs, is shown on the map so the Cottonwood fault is 
located correctly, along with the units that it offsets, and in 
the correct geologic context. At the time my map was created 
most of the evidence of the Cottonwood fault had been de-
stroyed and most surficial deposits mapped in these areas had 
been removed by sand and gravel operations.

Cross-section A-A′ was created by combining available sub-
surface and gravity data from Cook and Berg (1961), Arnow 
and others (1970), Mattick (1970), Meiiji Resource Consul-
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tants (1983), Zoback (1983), Crone and Harding (1984), and 
Case (1985). Well logs from Case (1985), Meiiji Resource 
Consultants (1983), and others compiled online (UGS, un-
dated) were used to estimate the subsurface contact between 
Quaternary unconsolidated deposits and Tertiary semiconsoli-
dated to consolidated strata. West of 2100 East the depth to 
Mesozoic and Paleozoic bedrock is a minimum depth below 
unconsolidated and semiconsolidated material inferred from 
water well logs in the area (online well data from Utah Divi-
sion of Water Rights, 2009). The actual depth to bedrock could 
be much greater, especially west of the East Bench fault.

SELECTED GEOLOGIC HAZARDS

Geologic hazards in the map area include surface fault rupture, 
landsliding (Qmsh, Qms, Qms?, Qmso, Qmc), and flood-
ing (Qal1, Qac, Qafy, and Qaly) as noted in the following 
sections. Other potential geologic hazards include debris flow 
(Qac, Qafy, and Qmdf), earthflow (Qmef), rockfall (Qmt 
and Qmc), earthquake ground shaking, liquefaction, tectonic 
subsidence/tilting, expansive soils, collapsible soils, shallow 
groundwater, corrosive soils, radon, and other problem soils. 
For example, alluvial and marsh deposits (Qlam) can indi-
cate areas of shallow groundwater, while clay-rich lacustrine 
deposits (Qlf and Qlfp) can indicate soil problems. See the 
map unit descriptions and geologic map (plate 1) for more 
information and the locations of potential hazards. Additional 
geologic hazards may exist but are not addressed in this re-
port. Comprehensive site-specific geotechnical and geologic 
hazard investigation are recommended.

Surface Fault Rupture

The Salt Lake City segment of the Wasatch fault zone includes 
three subsections that overlap, and are from north to south the 
Warm Springs, East Bench, and Cottonwood faults (Personius 
and Scott, 1992). In the map area the East Bench and Cot-
tonwood faults have scarps that indicate surface fault rupture; 
these faults are discussed below. Two other faults of the Salt 
Lake City segment in the quadrangle are also discussed, the 
Nibley Park fault (a fault west of the East Bench fault) and 
the Foothill fault (a concealed fault along the mountain front). 
Numerous available consultant surface-fault-rupture investi-
gations in the Sugar House quadrangle provided valuable new 
information for the mapping of the fault locations in the quad-
rangle (see for example, McKean, 2017a).

Cottonwood Fault

The Cottonwood fault is a roughly north-south trending, down-
to-the-west normal fault zone that bounds the east side of Salt 
Lake Valley. It separates the valley floor from the Wasatch 
Range as far north as Mount Olympus and appears to termi-
nate just north of Casto Spring. The fault continues south of the 
quadrangle, but its trace has mostly been obscured by sand and 

gravel operations and disturbed by residential and commercial 
property development. Timing of surface-faulting earthquakes 
on the Cottonwood fault has not been studied in the quadran-
gle; for a detailed description of paleoearthquake timing on the 
fault in the Draper quadrangle see Swan and others (1981), 
Schwartz and Lund (1988), Black and others (1996), McCal-
pin (2002), and Hiscock and DuRoss (2016). For earthquake 
timing and recurrence and fault slip rates for the entire Salt 
Lake City segment see DuRoss and Hylland (2015).

East Bench Fault

The East Bench fault is also a down-to-the-west normal fault 
zone. Offset on the Cottonwood fault “steps” west to the 
East Bench fault near the intersection of Holladay Road and 
Highland Drive (see Marsell, 1964a, 1964b, 1969; Scott and 
Shroba, 1985). Located farther west in Salt Lake Valley, the 
East Bench fault is a roughly north-south trending fault zone 
through the central part of the quadrangle. Timing of surface-
faulting earthquakes on the East Bench fault in the map area 
has not been studied, but for paleoearthquake timing on the 
fault north of the quadrangle see Machette and others (1992) 
and DuRoss and others (2014). For earthquake timing and 
recurrence and fault slip rates for the entire Salt Lake City 
segment see DuRoss and Hylland (2015). For a detailed dis-
cussion of the East Bench fault’s location and description see 
Marsell (1964a, 1964b), Scott and Shroba (1985), and Per-
sonius and Scott (1992). The Mount Olivet fault intersects 
the East Bench fault but may not have been as active in the 
Holocene as the East Bench fault, which displaces younger 
Holocene alluvial deposits while the Mount Olivet fault does 
not. I consider the Mount Olivet fault to be a strand of the East 
Bench fault.

Nibley Park Fault

The Nibley Park fault is similar to a fault Van Horn (1972) 
mapped as a possible fault west of the East Bench fault (a 
fault near the west quadrangle border), but Scott and Shroba 
(1985) and Personius and Scott (1992) did not show this fault. 
I have shown the Nibley Park fault even though the trace is 
obscured by development. North-south trending, down-to-
the-west scarps that are subparallel to the East Bench fault 
are visible between ~1800 South and ~4000 South Streets 
on the 0.5-meter lidar image (AGRC, 2013–2014). Evidence 
and related observations on the fault include: (1) profiles 
from 0.5-meter lidar data across the feature(s) show sub-
dued or eroded scarps between 5 and 10 feet (1.5–3 m) high; 
(2) faint scarps on 1937 aerial photographs; (3) scarps that 
cross elevation contour lines, indicating they are not shore-
lines; and (4) a spring near Nibley Park and near the mapped 
fault trace possibly indicating fault disruption of groundwa-
ter flow. The scarps are absent on younger alluvial deposits 
(Qaly), indicating offset is older than these late Holocene 
channels. The scarps are present on Lake Bonneville fine-
grained deposits (Qlf) and post-Lake Bonneville alluvial 
fans (Qafy), suggesting a post-Lake Bonneville age; alter-
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natively, the subdued nature of the scarps may indicate they 
are older faults over which lake sediments and post-Lake 
Bonneville alluvial fans are draped. A recent consultant sub-
surface investigations confirmed the existence of this fault 
near 3580 South and 900 East, trenching exposed what we 
interpreted as offset post-Bonneville alluvial deposits and 
Bonneville lacustrine deposits. More work is needed to de-
termine the age of faulting.

Foothill Fault 

The Foothill fault was shown by Crittenden (1965d) as a 
concealed fault from Mount Olympus to Bonneville Park. 
Van Horn (1972) showed it as a basin-bounding fault cutting 
post-Lake Bonneville deposits at the mouth of Parleys Can-
yon. However, Scott and Shroba (1985) described tilted Little 
Valley lake cycle fine sand, silt, and clay deposits, dipping 
to about 30° to the southwest or toward the fault (see plate 1 
and unit Qafo), to the west of the outcrop, with the offset and 
tilting occurring between the Lake Bonneville and Little Val-
ley lake cycles. Evidence of faulting continues northward to 
an area of shallow bedrock near Foothill Drive (see figure 3 
on plate 2). East of Foothill Drive bedrock is offset relative to 
shallow bedrock west of Foothill Drive, as is shallow bedrock 
west of the Bonneville shoreline compared to exposures to the 
east (see Marsell, 1964a, 1964b, and 1969). Offset of pre-Lake 
Bonneville sediments in the Fort Douglas 7.5-minute quad-
rangle to the north provides additional evidence for the con-
tinuation of the Foothill fault to the north. Everitt (1979) noted 
a site at the University Hospital where pre-Lake Bonneville 
strata are offset by faulting. Pavlis and Smith (1980) and Scott 
and Shroba (1985) discussed the Virginia Street fault (City 
Cemetery fault of Van Horn and Crittenden, 1987), which 
could be a northern extension of the Foothill fault. Unfortu-
nately, development at these sites has destroyed most surficial 
evidence of this fault. Some uncertainty remains regarding the 
location and nature of faulting along the south side of the Salt 
Lake salient and more study is needed.

Landslides

In the Sugar House quadrangle several landslides are active 
or have evidence of historical movement (Qmsh) that is vis-
ible on various sets of aerial photographs or through per-
sonal accounts from landowners of active movement. Other 
landslides (Qms, Qms?, and Qmc) and older landslides 
(Qmso) with subdued morphology (suggesting that they are 
older, weathered, and have not moved recently) continue to 
exhibit slow creep or are capable of renewed movement if 
stability thresholds are exceeded (Ashland, 2003); age and 
stability determinations require detailed geotechnical inves-
tigations. Also mapped are a few debris-flow (Qmdf) and 
earth-flow (Qmef) deposits. Additionally, younger alluvial 
fans (Qaf1 and Qafy) contain undifferentiated debris-flow 
deposits and require detailed geotechnical investigations for 
risk reduction. 

Flooding

Flood and other debris-flow hazard areas are primarily in, but 
are not limited to, alluvial channels (Qal1, Qac, Qmc, and 
Qaly) and areas mapped as alluvial-fan deposits (Qaf1 and 
Qafy), particularly steep alluvial fans. Delineation of flood and 
debris-flow hazards require detailed geotechnical investigation.

MAP UNIT DESCRIPTIONS

QUATERNARY

Alluvial Deposits

Qal1 Level-1 stream and floodplain deposits (upper Ho-
locene) – 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 planar bedding and cross-bedding; mapped in 
channels and active floodplains of Big and Little Cot-
tonwood Creeks and on terraces 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 de-
posits (Qaly), but differentiated because active chan-
nels and bar-and-swale topography of Qal1 can be 
mapped separately; some stream deposits are human 
modified (channelized, including channel embank-
ments), but are too small to map separately as Qh; 
estimated thickness less than 15 feet (5 m).

Qal2 Level-2 stream deposits (middle Holocene to up-
per 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 planar bedding and low-angle 
cross-bedding; forms terraces 5 to 15 feet (1.5–5 
m) above and adjacent to channels and floodplains 
of Big Cottonwood and Little Cottonwood Creeks 
that may be in the active floodplain; inset into Lake 
Bonneville deposits; equivalent to the older part of 
Qaly, but differentiated from level-1 stream deposits 
(Qal1) where level-2 stream deposits are character-
ized by subdued bar-and-swale topography so can be 
mapped separately; estimated thickness less than 15 
feet (5 m).

Qaly Young stream deposits, undivided (Holocene to 
upper Pleistocene) – Poorly to moderately sorted 
pebble and cobble gravel, locally bouldery, with a 
matrix of sand and silt; mapped in channels and ac-
tive floodplains of Big Cottonwood, Parleys, Emi-
gration, and Mill Creeks and small creeks; locally 
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includes small alluvial-fan and colluvial deposits; 
includes level-2 stream deposits (Qal2) incised by 
active streams with level-1 stream deposits (Qal1); 
Qal1 and Qal2 deposits cannot be mapped separately, 
due to lack of bars and swales and because patches 
of deposits are too small to show separately at map 
scale; postdates regression of Lake Bonneville from 
the Provo shoreline and lower shorelines; thickness 
variable, probably less than 30 feet (10 m).

Qat  Stream-terrace deposits (middle Holocene? to up-
per Pleistocene?) – Poorly to moderately sorted, peb-
ble and cobble gravel, locally bouldery, with a matrix 
of sand and silt; contains thin sand lenses; subangu-
lar to rounded clasts; thin to thick bedded with planar 
bedding and low-angle cross-bedding; mapped along 
Big Cottonwood, Parleys, and Mill Creeks where 
age of deposits is unknown, but constrained since in-
set into Qldp (post-Provo) and cut by Qaly so likely 
regressive-phase Lake Bonneville; may include mi-
nor alluvial-fan, lacustrine, and colluvial deposits; 
estimated thickness 5 to 20 feet (1.5–6 m).

Qaf1 Level-1 alluvial-fan deposits (upper Holocene) – 
Poorly to moderately sorted, pebble to cobble gravel, 
with boulders near bedrock sources, with a matrix of 
sand, silt, and clay; deposited by debris flows, debris 
floods, and streams at the mouth of Tolcats Canyon; 
may contain small debris-flow deposits (Qmdf) that 
cannot be shown separately at map scale; equivalent 
to the younger part of young alluvial-fan depos-
its (Qafy) but mapped where active small, discrete 
fans are not incised by younger channels and can be 
shown separately; no Lake Bonneville shorelines are 
present on these alluvial fans; estimated thickness 
less than 30 feet (10 m).

Qaf2 Level-2 alluvial-fan deposits (middle Holocene to 
upper Pleistocene) – Poorly sorted pebble and cobble 
gravel, with boulders near bedrock sources, with a 
matrix of sand, silt, and minor clay; clasts subangu-
lar to well rounded; thin to thick planar bedding and 
low-angle cross-bedding; deposited by debris flows, 
debris floods, and streams; present downslope from 
regressive-phase Lake Bonneville deltaic deposits 
(Qldp) and incised by active streams along Emigra-
tion and Mill Creeks and where several small creeks 
approach the East Bench fault; equivalent to the old-
er part of Qafy, but mapped separately based on inci-
sion by active streams; exposed thickness less than 
15 feet (5 m).

Qafy Younger alluvial-fan deposits, undivided (Holo-
cene to upper Pleistocene) – Poorly to moderately 
sorted, pebble to cobble gravel, with boulders near 
bedrock sources, with a matrix of sand, silt, and 
clay; downslope gradational into mixtures of sand, 

silt, and clay on gentler slopes; clasts subangular to 
well rounded; thin to thick planar bedding and low-
angle cross-bedding; deposited by debris flows, de-
bris floods, and streams at the mouths of small can-
yons draining the Wasatch Range and at the mouth 
of Neffs Canyon, and Emigration, Parleys, and Mill 
Creeks; includes both ages of younger alluvial-fan 
deposits (Qaf1 and Qaf2); postdates the regression of 
Lake Bonneville from the Provo shoreline and lower 
shorelines; a more specific age cannot be determined 
where incision by active streams in uncertain, or 
where areas of Qaf1 and Qaf2 are too small to show 
separately at map scale; Lake Bonneville shorelines 
are not present on these alluvial fans; most depos-
its between about 10 and 40 feet (3–12 m) thick but 
could be locally thicker.

Qafp Alluvial-fan deposits, related to Provo shoreline 
and regressive phase of Lake Bonneville (upper 
Pleistocene) – Poorly to moderately sorted, pebble to 
cobble gravel, with boulders near bedrock sources, 
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 streams at the mouth of Big Cottonwood, Mill 
Creek, Parleys, and Emigration Canyons; downslope 
gradational into regressive-phase Lake Bonneville 
deltaic deposits (Qldp); mapped by Personius and 
Scott (1992) as stream alluvium related to the regres-
sive phase of Lake Bonneville (their unit alp) which 
are topset alluvial beds of a delta; deposits have fan-
shaped morphologies, are mostly above the Provo 
shoreline, and grade downslope into deltaic deposits 
(Qldp); Qafp deposits are likely the subaerial part of 
a fan-delta complex; equivalent to the younger part 
of level-3 alluvial-fan deposits (Qaf3) mapped else-
where along the Wasatch Front (see af3 of Nelson 
and Personius, 1993), but in the Sugar House quad-
rangle only mapped separately; fan deposits near 
Mill Creek, Parleys, and Emigration Canyons have 
benches that “step down” to the north, likely indicat-
ing incision as the fans were deposited during Lake 
Bonneville regression; exposed thickness less than 
30 feet (10 m).

Qafb Alluvial-fan deposits, related to Bonneville 
shoreline and transgressive phase of Lake Bonn-
eville (upper Pleistocene) – Poorly to moderately 
sorted, pebble to cobble gravel, with boulders near 
bedrock sources, with a matrix of sand, silt, and 
minor clay; clasts subangular to rounded; thin to 
very thick planar bedding and low-angle cross-bed-
ding; deposited by debris flows, debris floods, and 
streams at the mouths of Spring, Mill Creek, and 
smaller canyons; appear graded to slightly below 
the Bonneville (highest) shoreline of Lake Bonnev-
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ille; inset into pre-Lake Bonneville alluvial-fan de-
posits (Qaf4) and incised by post-Lake Bonneville 
alluvial-fan deposits (Qafy); equivalent to the older 
part of level-3 alluvial-fan deposits (Qaf3) mapped 
elsewhere along the Wasatch Front (see Nelson and 
Personius, 1993), but mapped separately in the Sug-
ar House quadrangle; exposed thickness less than 
30 feet (10 m).

Qaf4 Level-4 alluvial-fan deposits, pre-Bonneville lake 
cycle (upper to middle Pleistocene) – Poorly sorted, 
pebble to cobble gravel, with boulders near bedrock 
sources, with a matrix of sand, silt, and clay; clasts 
subangular to well rounded; thin to very thick pla-
nar bedding and low-angle cross-bedding; forms 
small fans and fan remnants above the Bonneville 
shoreline at the mouth of Spring and Neffs Canyon, 
and in Olympus Cove; locally cut by the Bonneville 
shoreline; deposits of the same age likely underlie 
Lake Bonneville deposits in Salt Lake Valley, and are 
probably gradational into lacustrine deposits of the 
Little Valley or Pokes Point lake cycles; Little Valley 
lake cycle peaked at about 138,000 14C yr B.P. (Mc-
Calpin, 1986), with the highstand of the Little Valley 
lake at about 4920 feet (1500 m) (Scott and others, 
1983) or 5000 feet (~1525 m) (Scott, 1988b); the 
Pokes Point lake cycle highstand is at an elevation 
of 4685 feet (1428 m) in Little Valley in the Prom-
ontory Range (McCoy, 1987), with the ages for the 
Pokes Point lake cycle varying from more than ~271 
ka (230Th corrected age, Balch and others, 2005) to 
MIS 12 or about 430 ka (Oviatt and others, 1999); 
exposed thickness less than 40 feet (12 m).

Qaf5 Level-5 alluvial-fan deposits, pre-Little Valley 
and/or Pokes Point lake cycles (middle Pleisto-
cene) – Poorly sorted, clast-supported pebble to 
cobble gravel, with boulders near bedrock sourc-
es, with a matrix of sand, silt, and clay; boulders 
common on weathered surfaces; clasts subangular 
to rounded; thin to very thick planar bedding and 
low-angle cross-bedding; mapped south of Olympus 
Cove on north-sloping surfaces above the Bonnev-
ille shoreline; deposit lacks fan shape; Machette 
(1992) reported that level-5 alluvial-fan deposits 
(his af5), exposed in a stream gully on the divide 
east of Peteetneet Creek in the Payson Lakes quad-
rangle south of Utah Valley, contain isolated pods of 
Lava Creek B volcanic ash (sanidine 40Ar/39Ar age 
of 0.640 ± 0.004 Ma on the ash from other sites; see 
Lanphere and others, 2002); alluvial and alluvial-
fan deposits of this age likely underlie Lake Bonn-
eville, Little Valley, and Pokes Point lacustrine de-
posits and interlacustrine alluvial deposits, and are 
probably gradational into pre-Pokes Point deposits; 
exposed thickness less than 30 feet (10 m).

Qafo Older alluvial-fan deposits, undivided (middle 
Pleistocene?) – Poorly sorted, clast to matrix sup-
ported pebble to cobble gravel, with a matrix of sand, 
silt, and clay; clasts are subangular to well rounded; 
some clasts have thin calcium carbonate veneer on 
the underside part to entire clast; thin to thick planar 
bedding and low-angle cross-bedding; mostly con-
cealed by Lake Bonneville deposits; exposed at the 
mouth of Parleys Canyon and along the footwall of 
the East Bench fault between about 2700 South and 
3900 South Streets; mapped extent along the East 
Bench fault is modified from Van Horn (1972) using 
consultant trenches that identified pre-Bonneville al-
luvium; at the mouth of Parleys Canyon Van Horn 
(1972) mapped the unit as old alluvium; Scott and 
Shroba (1985) described the unit at the mouth of Par-
leys as fault-tilted Little Valley lake cycle alluvium 
but did not date the unit; age could also be interpret-
ed as alluvium deposited between the Little Valley 
and Bonneville lake cycles; exposed thickness less 
than 40 feet (12 m).

Colluvial Deposits

Qc  Colluvial deposits (upper Holocene to middle Pleis-
tocene?) – Pebble, cobble, and boulder gravel, com-
monly clast supported, with a matrix of sand, silt, 
and clay; clasts commonly angular to subangular, but 
includes some subrounded to rounded, recycled la-
custrine gravel below the Bonneville shoreline; very 
poorly sorted, poorly stratified, locally derived; sedi-
ment deposited by slopewash and soil creep; may in-
clude landslides, rockfalls, and debris flows that are 
too small to map separately; most bedrock is covered 
by at least a thin veneer of colluvium, but only the 
larger, thicker (> 3 feet [1 m]) deposits are mapped; 
mapped as small cones and debris aprons along the 
East Bench and Cottonwood faults; thickness be-
tween 3 and 15 feet (1–5 m).

Glacial Deposits

Qg   Glacial deposits, undivided (Pleistocene?) – Un-
sorted, non-stratified boulder, cobble, and pebble 
gravel with a matrix of sand and silt; clasts sub-
angular to subrounded; mapped using lidar at the 
head of Norths Fork of Neffs Canyon where mo-
raine and till deposits are visible and just south of 
Hobbs Peak where possible glacial deposits fill an 
unnamed peak’s northwest-facing bowl; may in-
clude Pinedale and Bull Lake-age deposits (see age 
discussion in Surficial Geology subsection); may 
include mass-movement and colluvial deposits too 
small to show at map scale; exposed thickness less 
than 30 feet (10 m).
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Qgp Glacial deposits of Pinedale age (upper Pleisto-
cene) – Unsorted, non-stratified boulder, cobble, and 
pebble gravel with a matrix of sand and silt; clasts 
subangular to subrounded; mapped in Neffs Canyons 
where moraines and outwash are not distinct; may lo-
cally include mass-movement and colluvial deposits 
too small to show at map scale; likely Pinedale age 
based on the lack of identifiable Bull Lake deposits 
(see age discussion in Surficial Geology subsection); 
estimated thickness less than 30 feet (10 m).

Qgmp Glacial moraines of Pinedale age (upper Pleisto-
cene) – Unsorted, non-stratified boulder, cobble, and 
pebble gravel with a matrix of sand and silt; clasts 
subangular to subrounded; mapped in Neffs Canyon; 
distinct end, lateral, and recessional moraines; may 
locally include mass-movement and colluvial depos-
its too small to show at map scale; likely Pinedale age 
based on the lack of identifiable Bull Lake deposits 
(see age discussion in Surficial Geology subsection); 
estimated thickness less than 100 feet (30 m).

Human-Derived

Qh  Fill and disturbed land (historical) – Undifferenti-
ated artificial (human) fill and disturbed land related 
to construction, road embankments, water storage, 
flood and debris flood control structures, bedrock 
mines, borrow pits, clay pits, and sand and gravel 
operations (commonly in Lake Bonneville depos-
its); the extent of fill and disturbed land are based 
on 1958 aerial photographs; outlines were updated 
using 2012 orthophotography; only the larger areas 
of disturbed land are mapped; unmapped fill is pres-
ent in most developed areas; land within developed 
areas contains a complex and still changing mix of 
cuts and fills; thickness unknown.

Lacustrine Deposits

Qlf   Lacustrine silt and clay, undivided (upper Pleisto-
cene) – Moderately sorted silt and clay with minor 
fine sand and locally pebble gravel; typically lami-
nated or thin bedded; variably calcareous; ostracodes 
locally common; deposited in shallow to moderately 
deep parts of the Bonneville basin; commonly gra-
dational upslope into lacustrine sand and silt (Qlsp); 
locally concealed by loess veneer; regressive Lake 
Bonneville shorelines typically poorly developed 
in contrast to shorelines on units Qlgp and Qlsp; 
mapped west of the East Bench fault where deposit 
is incised by Big and Little Cottonwood Creeks; ex-
posed thickness less than 25 feet (7 m).

Deposits related to the Provo shoreline and regressive 
phase of Lake Bonneville: Located below the Provo 

shoreline, about 4810 to 4850 feet (1466–1480 m) in el-
evation in the Sugar House quadrangle (table 1). 

Qldp Deltaic deposits (upper Pleistocene) – Moderately 
to well-sorted, pebble and cobble gravel with a ma-
trix of sand and silt; locally includes thin beds of silt 
and sandy silt; clasts subrounded to rounded; locally 
weakly cemented with calcium carbonate; depos-
ited as thin to thick planar and foreset beds; locally 
includes topset beds; exposed at the mouths of Big 
Cottonwood, Mill Creek, Parleys, and Emigration 
Canyons in delta-alluvial complexes related to the 
Provo shoreline; extent mapped from aerial photo-
graphs and lidar based on multiple regressive shore-
lines; exposed thickness less than 120 feet (35 m).

Qlgp Lacustrine gravel and sand (upper Pleistocene) – 
Moderately to well-sorted, subrounded to rounded, 
clast-supported, pebble to cobble gravel with a ma-
trix of sand and pebbly sand; locally interbedded 
with and containing lenses of silt and sandy silt; thin 
to thick planar and cross-bedded beds; present north 
and west of Big Cottonwood Canyon below the Pro-
vo shoreline; commonly interbedded with or later-
ally gradational into lacustrine sand and silt (Qlsp); 
exposed thickness less than 60 feet (20 m).

Qlsp 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 planar bed-
ded, with some ripple marks and scour features; 
present downslope from the Big Cottonwood deltas, 
and downslope of the Provo shoreline gravel and 
sands (Qlgp); distinguished from (Qlfp) by the pres-
ence of sand as indicated in soil maps (NRCS, 2015); 
exposed thickness less than 60 feet (20 m).

Qlfp  Lacustrine silt and clay (upper Pleistocene) – Mod-
erately sorted silt and clay with minor fine sand and 
locally pebble to cobble gravels; typically laminated 
or thin bedded; variably calcareous; ostracodes lo-
cally common; deposited in shallow to moderately 
deep parts of the Bonneville basin; in subsurface 
this deposit typically overlies lacustrine transgres-
sive gravel, sand, silt, and clay deposits of Lake 
Bonneville as indicated by regressive-phase silt and 
clay overlying beach gravels; commonly gradational 
upslope into lacustrine sand and silt (Qlsp) and re-
gressive delta deposits (Qldp); regressive shorelines 
typically poorly developed in contrast to unit Qldp 
and Qlsp; previously mapped by Personius and Scott 
(1992) as lacustrine clay and silt that was not sepa-
rated into transgressive and regressive deposits, but 
here mapped as regressive due to their proximity to 
regressive delta deposits (Qldp), and the appearance 
of regressive beach gravels over silt and clay in con-
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sultant trenches observed near 3300 South and High-
land Drive; Qlfp may include some undifferentiated 
transgressive deposits and older alluvium; Van Horn 
(1972) mapped the regressive silt and clay deposits 
as the Bonneville Formation (bm and bc) and Draper 
Formation (dm)—these terms are no longer used 
(Scott and others, 1983); exposed thickness less than 
15 feet (5 m), but total thickness may exceed several 
tens of feet.

Deposits related to the Bonneville shoreline and trans-
gressive phase of Lake Bonneville: Mapped between 
the Bonneville and Provo shorelines. The Bonneville 
shoreline is at elevations from about 5160 to 5230 feet 
(1570–1595 m) in the Sugar House quadrangle (table 1).

Qldb Deltaic deposits, undivided (upper Pleistocene) – 
Moderately to well-sorted gravel and sand, locally 
including thin beds of silt and sandy silt; clasts sub-
rounded to rounded; thin to thick planar and cross-
bedded foreset beds; locally includes topset alluvial 
beds; locally weakly cemented with calcium carbon-
ate; undivided (Qldb) where exposed in bluffs be-
tween streams or below terraces, subdivided into a 
gravelly unit (Qldgb) where delta contains clast-sup-
ported, pebble and cobble gravel in a matrix of sand 
and silt; present near the mouth of Big Cottonwood 
Canyon; previously mapped near the mouth of Big 
Cottonwood Canyon as outwash of Bells Canyon 
age by Personius and Scott (1992; gbco), but mapped 
here as deltaic based on the delta-fan shape and mod-
erately to well-sorted, well-rounded gravel and sand 
in planar and foreset beds exposed in sand and gravel 
pits; exposed thickness less than 130 feet (40 m).

Qldgb  Deltaic gravel and sand (upper Pleistocene) – Mod-
erately to well-sorted gravel and sand, locally includ-
ing thin beds of silt and sandy silt; clasts subrounded 
to rounded; thin to thick planar and cross-bedded 
foreset beds; locally includes topset alluvial beds; 
locally weakly cemented with calcium carbonate; 
undivided (Qldb) where exposed in bluffs between 
streams or below terraces, subdivided into a gravelly 
unit (Qldgb) where delta contains clast-supported, 
pebble and cobble gravel in a matrix of sand and silt; 
present near the mouth of Emigration Canyon; ex-
posed thickness less than 130 feet (40 m).

Qlgb Lacustrine gravel and sand (upper Pleistocene) – 
Moderately to well-sorted, clast-supported, pebble to 
cobble gravel, with boulders near bedrock sources, 
with a matrix of sand and pebbly sand; locally in-
terbedded with thin beds and lenses containing silt 
and clay; clasts commonly subrounded to rounded, 
but some deposits consist of poorly sorted, angular 
gravel derived from nearby bedrock outcrops; depos-
ited between the Bonneville and Provo shorelines in 

planar and cross-bedded beds; typically overlies bed-
rock near the foot of the Wasatch Range; commonly 
covered by unmapped colluvium from adjacent steep 
slopes on erosional benches at the Bonneville shore-
line that is thin and does not cover the benches; ex-
posed thickness less than 75 feet (25 m).

Qlsb Lacustrine sand and silt (upper Pleistocene) – 
Moderately to well-sorted, subrounded to rounded, 
fine to coarse sand and silt with minor pebbly gravel; 
thin to thick bedded; commonly has ripple marks and 
scour features; deposited in relatively shallow water 
nearshore, downslope from transgressive gravel and 
sand (Qlgb); overlies coarser-grained beach gravel, 
indicating deposition in increasingly deeper water in 
the transgressing lake; exposed thickness less than 
30 feet (10 m).

Qlb  Transgressive-phase deposits, undivided (upper 
Pleistocene) – Moderately to well-sorted deposits of 
subrounded to rounded, fine to coarse sand, silt, and 
clay with pebbly gravel; locally includes thick beds 
of gravel and sand; limited to exposures in bluffs 
along stream terraces beneath Lake Bonneville re-
gressive deposits where slope colluvium conceals 
the relative amounts of sand, silt, and clay in these 
transgressive deposits; may include pre-Bonneville 
deposits that have not been differentiated; exposed 
thickness less than 100 feet (30 m).

Mass-Movement Deposits

Qmdf Debris-flow deposits (historical to middle Pleisto-
cene) – Unsorted, pebble, cobble, and boulder gravel 
with a matrix of sand, silt, and clay; forms valley bot-
tom fill and lobate deposits in Spring and Carrigan 
Canyons; derived from shale, mudstone, and sand-
stone of Ankareh Formation; estimated thickness 10 
to 30 feet (3–10 m).

Qmef Earth-flow deposits (historical to middle Pleisto-
cene) – Unsorted sand, silt, and minor pebble and 
cobble gravel with a matrix of sand, silt, and clay; 
forms a broad, subdued, hummocky earth flow with 
approximate margins in Carrigan Canyon; likely gra-
dational into slope colluvium; derived from shale, 
mudstone, and sandstone of Ankareh Formation; sta-
bility determinations require detailed geotechnical 
investigations; thickness highly variable.

Qmsh Historical landslide deposits (historical to middle 
Pleistocene?) – Poorly sorted clay- to boulder-sized 
material in slides, slumps, and minor flows; compo-
sition varies with source material; characterized by 
hummocky topography, main and internal scarps, 
toe thrusts, back-rotated blocks, and chaotic bedding 
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in displaced bedrock; mapped in multiple locations 
in the quadrangle; includes two 1980s failures near 
Big Cottonwood Canyon, one is a side wall failure 
of the sand and gravel pit and the other is a failure 
above a clay mine in older landslide deposits; also 
includes a group of landslides in Pharaohs Glen be-
tween Grandeur Peak and Parleys Canyon; historical 
age based on accounts of active movement, or aerial 
photographic mapping with renewed movement on 
older landslides shown between the mid-1990s and 
2012 (AGRC, mid-1990s, 2012); age and stability 
determinations require detailed geotechnical inves-
tigations; thickness highly variable.

Qms, Qms?

  Landslide deposits (historical? to middle Pleisto-
cene) – Poorly sorted clay- to boulder-sized mate-
rial in slides and slumps; composition varies with 
the source material; 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 subdi-
vided by apparent age because even landslides with 
subdued morphology (suggesting that they are older, 
weathered, and have not moved recently) may con-
tinue to exhibit slow creep or are capable of renewed 
movement if stability thresholds are exceeded (Ash-
land, 2003); stability determinations require detailed 
geotechnical investigations; smaller landslides are 
not mapped because they are too small to show at 
map scale; queried where identification uncertain; 
thickness highly variable. 

  Landslides in bedrock are mapped in many areas, in-
cluding: (1) multiple landslides in the area of Spring 
and Carrigan Canyons are from the failure of shale, 
mudstone, and sandstone of the Ankareh Formation 
(^au, ^am); (2) one landslide in Pharaohs Glen is 
from shale, mudstone, and sandstone of the Mahog-
any Member of the Ankareh Formation (^am); and 
(3) a landslide located on the south side of Olympus 
Cove is derived from the Ophir Formation (_o). The 
Ophir Formation on the south side of Olympus Cove 
presently mapped as thrust-faulted strata could also 
be explained as large landslide bedrock blocks.

  Numerous landslides are from failures in surficial 
deposits, including: (1) two possibly dry sand flows 
on the south side of Parleys Creek just west of the 
canyon mouth that were from failure of transgres-
sive Lake Bonneville deposits (Qlb) and alluvial-
fan deposits related to the regressive phase of Lake 
Bonneville (Qafp); (2) one landslide derived from 
failure of transgressive Lake Bonneville gravel and 
sand deposits along the west side of Mount Olympus 
(Qlgb); (3) one younger landslide failure of an older 

landslide (Qmso) on the south side of Heughs Can-
yon; (4) one large landslide derived from regressive 
Lake Bonneville deltaic deposits (Qldp) mapped 
along the now mined-out bluff on the south side of 
Big Cottonwood Creek; (5) two landslides along the 
East Bench fault northeast of the 4500 South and 
Highland Drive intersection in Qlfp; and (6) one 
queried landslide southwest of the Van Winkle Ex-
pressway and 900 East intersection.

Qmso Older landslide deposits (Pleistocene?) – Poorly 
sorted colluvium and brecciated bedrock; charac-
terized by subdued eroded scarps with benches and 
steps in the topography reminiscent of eroded slide 
blocks or back-rotated surfaces; much of the hum-
mocky surface and identifiable features have been 
removed by erosion or filled by deposition; mapped 
south of Heughs Canyon in the Big Cottonwood 
Formation; potential evidence indicating an older 
age for these landslides are: (1) a remnant toe thrust 
is incised at the Bonneville shoreline, indicating 
landslide movement occurred before the highstand 
of Lake Bonneville; and (2) in Heughs Canyon the 
northern margin of the landslide is incised by a 
stream exposing what appears to be in-place bed-
rock on the south side of the canyon; landslides with 
subdued morphology (suggesting that they are older, 
weathered, and have not moved recently) may con-
tinue to have slow creep or are capable of renewed 
movement if stability thresholds are exceeded (Ash-
land, 2003); these older landslides contain an inter-
nal younger landslide (Qms) and a 1980s historical 
landslide (Qmsh); age and stability determinations 
require detailed geotechnical investigations; thick-
ness unknown.

Qml?  Lateral spread deposits? (Holocene to upper Pleis-
tocene) – Poorly sorted clay- to boulder-sized ma-
terial in blocks of displaced sediment, displaced 
slumps, and grabens, with grain size varying with 
the nature of source material; characterized by dis-
placed sediments in rotated blocks, chaotic bedding, 
small to no net offset in grabens, hummocky topog-
raphy, and main and internal scarps; lateral spreads 
are a type of liquefaction-induced landslide trig-
gered by strong earthquake ground motion; one de-
posit mapped along Little Cottonwood Creek in the 
southwest part of the quadrangle where consultant 
geotechnical investigations (unpublished file data, 
UGS Report of Excavation Inspection 85-04 by H. 
Gill, dated 1/18/1985) identified highly deformed 
bedding, small-offset faults, and liquefaction dikes; 
slight hummocky graben topography visible on old 
aerial photographs (USDA, 1937), but all surficial 
evidence has been removed by development; more 
lateral spread deposits are likely, but urbanization 
has concealed evidence of the deposits; age and sta-
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bility determinations require detailed geotechnical 
investigations; thickness highly variable.

Qmt Talus deposits (historical to middle Pleistocene?) 
– Very poorly sorted, angular pebble-to cobble- and 
boulder-size rocks, with pebble-size to finer grained 
matrix; deposited principally by rockfall on and/or 
at the base of steep slopes; mapped above and be-
low the Bonneville shoreline, in previously glaciated 
areas in Neffs Canyon, in Mill Creek Canyon, and 
on other steep slopes in the Wasatch Range; other 
small and thin talus deposits are not mapped due to 
map-scale limitations; includes unvegetated poten-
tially active rockfall to partially vegetated stabilized 
slopes; 0 to 50 feet (0–15 m) thick.

Mixed-Environment Deposits

Qac Alluvial and colluvial deposits, undivided (Holo-
cene to middle Pleistocene?) – Poorly to moderately 
sorted, generally poorly stratified, clay- to boulder-
size, locally derived sediment; rounded to angu-
lar clasts; mapped where alluvium and colluvium 
(slopewash and soil creep) grade into one another 
or are intermixed and cannot be shown separately at 
map scale; mapped at the base of steep slopes in the 
Wasatch Range where the alluvium is mostly fan al-
luvium and in small drainages where stream and fan 
alluvium and colluvium from the sides of the drain-
age are intermixed; small, unmapped deposits are 
likely present in most small drainages; Qac deposit 
areas have a potential for debris flow and flood risk; 
thickness less than 15 feet (5 m). 

Qct  Colluvial and talus deposits, undivided (Holocene 
to middle Pleistocene?) – Very poorly sorted, gravel-
sized angular debris with a finer grained matrix; de-
posited at the base of steep slopes in Big Cottonwood 
and Mill Creek Canyons and on other steep slopes 
in the Wasatch Range; Qct is slopewash, soil creep, 
and rockfall deposits that are mixed and gradational 
into one another; typically distinguished from talus 
(Qmt) because they are almost entirely vegetated and 
on lower angle slopes; 0 to 50 feet (0–15 m) thick.

Qla  Lacustrine and alluvial deposits, undivided (Ho-
locene to upper Pleistocene) – Sand, silt, and clay 
in areas of mixed alluvial and lacustrine deposits 
that cannot be shown separately at map scale, or 
because the deposits are gradational into each other, 
or thin patches of one unit overlie the other; mapped 
along the Cottonwood and East Bench faults where 
lacustrine units are likely overlain by thin alluvial-
fan deposits, and just north of Heughs Canyon re-
gressive shorelines of Lake Bonneville that are cut 
into underlying alluvium; exposed thickness 10 to 
40 feet (3–12 m).

Qlam Lacustrine and alluvial and marsh deposits, un-
divided (Holocene to upper Pleistocene) – Silt, 
clay, and minor sand and pebble, with organic-rich 
sediment associated with springs, ponds, seeps, and 
other wetlands; commonly wet, but seasonally dry; 
mapped in northwest corner of the quadrangle where 
marsh, alluvial, and lacustrine deposits are patchy 
and intermixed; cannot be shown separately at map 
scale; estimated thickness 15 feet (5 m).

Qmc Mass movement and colluvial deposits, undi-
vided (Holocene to middle Pleistocene?) – Mixed 
landslide, slump, slopewash, and soil creep that are 
gradational into one another; typically have a hum-
mocky appearance on the lidar-derived elevation 
models but lack clear landslide scarps and lateral 
margins to allow separate mapping; mapped as thin 
deposits on steep bedrock slopes north of Spring 
Canyon, in Pharaohs Glen, and on the north and 
east sides of Mount Olympus; thickness 0 to 30 feet 
(0–10 m).

Stacked-Unit Deposits

Stacked units are mapped only near and east of Foothill 
Drive, in the north-central part of the quadrangle, where 
Marsell (1964a, 1964b, 1969) identified shallow bedrock in 
a deep sewer trench in 1947. Shallow bedrock in a “labyrinth 
of trenches for both sewer lines and water mains” (Marsell, 
1964a) was later included, in a modified form, in geologic 
maps by Granger and others (1952), Granger (1953), Marsell 
and Threet (1960), Marsell (1964b, 1969), and Crittenden 
(1965d). The numerous older maps do not agree on the inter-
pretation of units or location of faults. In addition, these sites 
are no longer accessible, precluding definitive statements of 
depth, units, and locations. In this area several units may 
have been misidentified. Thin, faulted, red rocks that were 
mapped as Ankareh Formation by Marsell and Threet (1960) 
may be the red Boundary Ridge and Gypsum Spring Mem-
bers of the Twin Creek Limestone, and the adjacent rocks 
they mapped as Thaynes Formation may be Twin Creek 
Limestone members. This would simplify the hypothetical 
faults shown on previous older maps into unit contacts. Units 
and contacts shown on this map are after Crittenden (1965d), 
and are shown as thin surficial deposits over bedrock.

Qafy/Jtc, Qafy/J^n, Qafy/^a, Qafy/^t

  Younger alluvial-fan deposits over Jurassic and 
Triassic bedrock (Holocene to upper Pleistocene 
over Jurassic and Triassic) – Poorly sorted pebble 
and cobble gravel with a matrix of sand, silt, and 
clay over bedrock (Jtc, J^n, ^a, and ^t); estimated 
thickness of Qafy above bedrock is likely 0 to 15 
feet (0–5 m).
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Qafp/^a

  Alluvial-fan deposits, related to Provo shoreline 
and regressive phase of Lake Bonneville over 
Ankareh Formation (upper Pleistocene over Trias-
sic) – Poorly to moderately sorted, pebble to cobble 
gravel with a matrix of sand, silt, and clay over ^a; 
thickness of Qafp above bedrock is likely 0 to 15 
feet (0–5 m).

Qldp/Jtc, Qldp/J^n, Qldp/^a, Qldp/^t

  Deltaic deposits related to the Provo shoreline and 
regressive phase of Lake Bonneville over Jurassic 
and Triassic bedrock (upper Pleistocene over Juras-
sic and Triassic) – Moderately to well-sorted, pebble 
and cobble gravel with a matrix of sand and silt over 
bedrock (Jtc, J^n, ^a, and ^t); thickness of Qldp 
above bedrock is likely 0 to 15 feet (0–5 m).

Qlgb/Jtc, Qlgb/J^n, Qlgb/^a, Qlgb/^t

  Lacustrine gravel and sand related to the Bonn-
eville shoreline and transgressive phase of Lake 
Bonneville over Middle Jurassic to Lower Tri-
assic bedrock (upper Pleistocene over Jurassic 
and Triassic) – Moderately to well-sorted, clast-
supported, pebble to cobble gravel, with boulders 
near bedrock sources, with a matrix of sand and 
pebbly sand over bedrock (Jtc, J^n, ^a, and ^t); 
thickness of Qlgb above bedrock is likely 0 to 15 
feet (0–5 m).

Qlsb/Jtc, Qlsb/J^n, Qlsb/^a

  Lacustrine sand and silt deposits related to the 
Bonneville shoreline and transgressive phase 
of Lake Bonneville over Jurassic and Triassic 
bedrock (upper Pleistocene over Jurassic and Tri-
assic) – Moderately to well-sorted, subrounded to 
rounded, fine to coarse sand and silt with minor 
pebbly gravel over bedrock (Jtc, J^n, and ^a); 
thickness of Qlsb above bedrock is likely 0 to 15 
feet (0–5 m).

Qac/Jtc, Qac/J^n, Qac/^a 

  Alluvial and colluvial deposits, undivided, over 
Jurassic and Triassic bedrock (Holocene to middle 
Pleistocene? over Jurassic and Triassic) – Poorly to 
moderately sorted, generally poorly stratified, clay- 
to boulder-size, locally derived sediment over bed-
rock (Jtc, J^n, and ^a); estimated thickness of Qac 
above bedrock is likely 0 to 15 feet (0–5 m).

Major unconformity

TERTIARY

Whole-rock geochemical data for igneous units in the Sugar 
House quadrangle are available in McKean (2017b). Geo-
chemical rock names are from the total alkali-silica classifi-
cation diagram for igneous rocks (see figure 3 on plate 2). 
Rock unit names are adapted from a previous geologic map 
by Crittenden (1965d).

Tld  Lamprophyric dikes and sill (Oligocene?) – Gray-
ish-yellow, medium-gray, to pale yellowish-brown, 
porphyritic, highly altered, lamprophyric dikes and 
a sill with fine-grained matrix; highly altered pheno-
crysts that appear to be biotite; geochemically are clas-
sified as trachydacites (see plate 1 and figure 3 on plate 
2, samples SH2015-67, SH2015-68, and SH2015-73), 
but their composition prior to alteration is unknown; 
dikes are nonresistant to resistant; dikes and the sill 
are located in three main areas: (1) an east-west trend-
ing sill about 3 to 6 feet thick (1–2 m) mapped on the 
north side of Mill Creek Canyon subparallel to strike 
in the Weber Sandstone and nearby Mill Creek detach-
ment (sample SH2015-67); (2) a north-south trending 
dike, about 10 to 20 feet (3–6 m) wide, mapped on the 
ridge south of Parleys Canyon that cuts Triassic rock 
perpendicular to strike (sample SH2015-68); and (3) 
a northeast-trending dike in Carrigan Canyon, about 
6 to 10 feet (2–3 m) wide, was mapped by Critten-
den (1965d) as an intermediate dike but here mapped 
as a lamprophyric dike because chemically (sample 
SH2015-73) it is more similar to the lamprophyric 
dikes; the Carrigan Canyon dike was mapped parallel 
to strike in the upper Ankareh Formation in isolated 
outcrops and through float; age uncertain, likely Oli-
gocene; width exaggerated on plate 1 for visibility.

Tsd  Silicic dikes (Oligocene?) – Pale yellowish brown to 
light brownish gray, highly altered, coarse-grained, 
porphyritic silicic dikes; phenocrysts, in order of 
abundance, are plagioclase and hornblende in al-
tered microcrystalline (aphanitic) matrix; the dikes 
also contain xenocrysts of quartz (0.25 inch [0.5 cm] 
across) and partially resorbed megacrysts of plagio-
clase up to 0.75 inch (2 cm) across; after alteration 
the dikes are geochemically dacite and rhyolite (see 
plate 1 and figure 3 on plate 2, samples SH2015-7 and 
SH2015-23); nonresistant, slope formers, mapped 
on the ridge north of the mouth of Big Cottonwood 
Canyon (southeast margin of map area) at an oblique 
angle to the strike of the Big Cottonwood Formation 
(sample SH2015-23); also mapped near Mule Hol-
low north of Big Cottonwood Canyon in a fold hinge 
and nearly perpendicular to strike in the Big Cotton-
wood Formation (sample SH2015-7); mapped only 
in isolated outcops and through float; age uncertain, 
likely Oligocene; dike 20 to 30 feet (6–9 m) wide; 
width exaggerated on plate 1 for visibility.
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Tind  Intermediate dikes and sills (Oligocene?) – Light 
to dark greenish-gray, porphyritic, highly altered, in-
termediate dikes with hornblende and biotite pheno-
crysts in a microcrystalline (aphantitic) matrix; some 
dikes also contain xenocrysts of quartz and large 
phenocrysts of hornblende (0.5 inch [1 cm] across); 
geochemically they are altered to latite (see plate 1 
and figure 3 on plate 2, samples SH2015-9, SH2015-
13, SH2015-41, and SH2015-203); not resistant 
and poorly exposed; mapped in three locations: (1) 
northwest-trending sills, subparallel to strike in the 
Big Cottonwood Formation, located on the north 
side of Big Cottonwood Canyon and are 3 to 6 feet 
(1–2 m) thick (samples SH2015-9 and SH2015-13); 
(2) a small northwest-trending dike in Neffs Canyon 
is roughly perpendicular to strike of Mississippian 
strata and about 3 feet (~1 m) thick, is highly altered 
with no identifiable phenocrysts, and was mapped by 
Crittenden (1965d) as a lamprophyric dike but chem-
ically is more similar to the intermediate dikes, (sam-
ple SH2015-41); and (3) a small, 3- to 6-foot (1–2 m) 
thick, east-west trending dike parallel to strike in the 
Ophir Formation and a nearby fault on the south side 
of Olympus Cove, was mapped as a lamprophyric 
dike by Crittenden (1965d) but is chemically (sam-
ple  SH2015-203) more similar to the intermediate 
dikes; dikes and sills were mapped only in isolated 
outcrops and through float; age uncertain, likely Oli-
gocene; width exaggerated on plate 1 for visibility.

Major unconformity

Limited fossil data are available for Mesozoic through Precam-
brian strata in and near the map area. Ages are from more dis-
tant studies of strata assumed to be equivalent geologic units.

The apparent thickness of the Mesozoic and Paleozoic rock 
units is highly variable because of structural attenuation and 
thickening due to folding and faulting. The reported thick-
nesses are approximate.

MESOZOIC

JURASSIC

Twin Creek Limestone – Subdivided by Imlay (1967) into 
seven members, from top to bottom (youngest to oldest): Gi-
raffe Creek, Leeds Creek, Watton Canyon, Boundary Ridge, 
Rich, Sliderock, and Gypsum Spring Members. Here the 
Gypsum Spring Member is removed from the Twin Creek and 
mapped as a separate formation following Sprinkel and oth-
ers (2011a), who recommend that it be called Gypsum Spring 
Formation like the type area in northeast Wyoming. The dis-
tinction is based on isotopic ages from the Devils Slide, Utah, 
area that suggest the Gypsum Spring is separated from the 

overlying Twin Creek by a major (~9 Myr) unconformity 
(Sprinkel and others, 2011a). The Utah Gypsum Spring For-
mation is thinner than at the type area and is missing strata. 
The unconformity likely removed the upper part of the type 
Gypsum Spring. The Twin Creek’s Middle Jurassic age is 
from Imlay (1980) and Sprinkel and others (2011a). Estimat-
ed complete unit thickness 2400 to 2900 feet (730–885 m) in 
Emigration Canyon; however, units are highly variable due to 
folding within the quadrangle. On the north side of Emigra-
tion Canyon, Granger (1953) measured a thickness of 2821 
feet (860 m) but several covered intervals may be faults. Im-
lay (1967) reported a similar measured thickness at Burr Fork 
in Emigration Canyon of 2851 feet (870 m).

Jtgc  Giraffe Creek Member (Middle Jurassic, 
Callovian) – Gray to tan-weathering, siltstone, 
calcareous sandstone, and sandy limestone; thin- 
to medium-bedded; forms resistant blocky ledg-
es; mapped in the core of the Parleys Canyon 
syncline; locally contains a resistant bioclastic 
limestone bed; upper part of the member is not 
exposed in the quadrangle, estimated complete 
unit thickness approximately 120 to 180 feet 
(~35–55 m); Middle Jurassic (Callovian) age 
from Imlay (1980); Imlay (1967) reported it 
is 200 feet (61 m) thick near Burr Fork on the 
north side of Emigration Canyon. 

Jtl Leeds Creek Member (Middle Jurassic, Callo-
vian to Bathonian) – Light-gray, thin-bedded, 
shaly to silty, micritic limestone, with minor in-
terbedded ripple-laminated silty or sandy lime-
stone; contains interbeds of thin-bedded, green-
ish-gray siltstone, medium-bedded, very fine to 
fine-grained sandstone, calcareous sandstone, or 
shaley limestone; also uncommon interbeds of 
blocky-weathering bioclastic limestone that in-
crease in abundance toward the top of the unit; 
poorly exposed slope former that weathers to a 
scree-covered gray soil; variably spaced cleav-
age, typically bedding-normal pencil cleavage; 
lower contact is gradational with the resistant 
limestone of the Watton Canyon Member and 
visible in some locations as a double vegeta-
tion band, near the contact, which might be the 
platy limestone at the base of the Leeds Creek; 
mapped in the Emigration Canyon and Parleys 
Canyon synclines; Middle Jurassic (Callovian) 
age from Imlay (1980), and Callovian to Ba-
thonian age from Sprinkel and others (2011a); 
mapped unit may include undifferentiated strata 
of the Giraffe Creek Member, but characteristic 
sandy beds not recognized; estimated thickness 
greater than 1500 feet (>457 m); Imlay (1967) 
reported 1520 feet (464 m) thickness from Burr 
Fork on the north side of Emigration Canyon.
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Jtw Watton Canyon Member (Middle Jurassic, 
Bathonian) – Gray, resistant, blocky, ledge-
forming, medium-bedded micritic limestone to 
wackestone; oolitic limestone beds common and 
locally a thin red mudstone interval; limestone 
has blocky weathering due to presence of tec-
tonic stylolites and cleavage at high angles to 
bedding; some thin silty layers but much less 
than Leeds Creek and Rich Members; mapped 
in Emigration and Parleys Canyon synclines; 
lower contact is mapped at the sharp transition 
from the more resistant limestone of the Wat-
ton Canyon to the slope-forming red beds of the 
upper Boundary Ridge; mined for aggregate in 
Parleys Canyon; Middle Jurassic (Bathonian) 
age from Imlay (1980); estimated thickness 420 
to 580 feet (~128–177 m); Imlay (1967) report-
ed 348 feet (107 m) thickness in Brigham Fork 
(near Burr Fork) on the north side of Emigration 
Canyon. 

Jtb Boundary Ridge Member (Middle Jurassic, 
Bathonian) – Red to red-brown mudstone and 
siltstone with interbedded gray oolitic to bio-
clastic thick-bedded limestone; upper part is 
mostly mudstone and forms a swale with red 
soil; basal part is mostly a thick bed of oolitic to 
bioclastic limestone that forms a resistant ridge; 
mapped in Emigration and Parleys Canyon syn-
clines; lower contact below the resistant lime-
stone, with a local thin interval of red mudstone 
or yellow siltstone above the gray shaly lime-
stone of the Rich; Middle Jurassic (Bathonian) 
age from Imlay (1980); estimated thickness 120 
to 160 feet (~36–49 m); Imlay (1967) reported 
102 feet (31 m) thickness in Brigham Fork (near 
Burr Fork) on the north side of Emigration Can-
yon.

Jtr Rich Member (Middle Jurassic, Bajocian) – 
Gray, thin-bedded, shaly micritic limestone; 
typically has close-spaced cleavage at high an-
gles to bedding that results in pencil cleavage 
and weathering to a scree-covered non-resistant 
slope or swale; mapped in Emigration and Par-
leys Canyon synclines; lower contact mapped 
at the gradational change from gray shaly lime-
stone to resistant bioclastic and oolitic limestone 
of the Sliderock; Middle Jurassic (Bajocian) age 
from Imlay (1980); estimated thickness 220 to 
250 feet (~67–76 m); Imlay (1967) reported 391 
feet (119 m) thickness in Burr Fork on the north 
side of Emigration Canyon.

Jts Sliderock Member (Middle Jurassic, Bajo-
cian) – Medium-gray, thick-bedded, bioclastic 
limestone with oolitic limestone and micritic, 

medium-bedded limestone in upper part; micrit-
ic limestone typically has wide-spaced stylolitic 
cleavage at high angles to bedding that results 
in a blocky appearance; lower thick-bedded bio-
clastic and oolitic limestone forms resistant ridge 
and blocky ledges; mapped in Emigration and 
Parleys Canyon synclines; lower contact mapped 
at sharp contact with red beds of the Gypsum 
Spring Formation; Middle Jurassic (Bajocian) 
age from Imlay (1980); isotopic ages from Sprin-
kel and others (2011a) at Devils Slide are a sani-
dine 40Ar/39Ar age of 168.0 ± 1.0 Ma and a U-Pb 
zircon age of 173.6 ± 1.0 Ma, that may be too old 
and may indicate the zircons are detrital rather 
than an air-fall deposit; estimated thickness 120 
to 130 feet (~37–40 m); Imlay (1967) reported 
150 feet (46 m) thickness in Burr Fork on the 
north side of Emigration Canyon.

Jtc  Twin Creek Limestone and Gypsum Spring For-
mation, undivided (Middle Jurassic to Lower Juras-
sic?) – Mostly gray to greenish-gray, thin bedded, 
shaly to silty to sandy limestone and calcareous 
siltstone; undivided because individual members 
cannot be distinguished due to fracturing and poor 
exposures; mapped as small outcrops, a road cut, 
and as shallow bedrock (Qafy/Jtc, Qldp/Jtc, Qlgb/
Jtc, Qlsb/Jtc, and Qac/Jtc) along Foothill Drive 
between Parleys and Emigration Canyons; estimated 
complete unit thickness 2400 to 2900 feet (730–890 
m), but highly variable due to folding of the unit 
within the quadrangle.

Jtsg  Sliderock Member of Twin Creek Limestone and 
Gypsum Spring Formation, undivided (Middle 
Jurassic to Lower Jurassic?) – Mapped where the 
Sliderock Member and Gypsum Spring Formation 
form a strike valley slope adjacent to the contact 
with the Nugget Sandstone and the two units can-
not be distinguished in the field or on the aerial pho-
tography; folding and faulting may have removed or 
thinned the Gypsum Spring Formation leaving only 
the Sliderock Member; see respective units for esti-
mated thicknesses.

J-2 Unconformity (between Twin Creek Limestone and  
Gypsum Spring Formation)

Jgs  Gypsum Spring Formation (Middle Jurassic to 
Lower Jurassic?, lower Bajocian to upper Pliensba-
chian?) – Poorly exposed red to red-brown mudstone 
and siltstone, with rare brecciated limestone; mapped 
where unit forms red soil along a strike valley slope 
adjacent to the contact with the Nugget Sandstone; 
where better exposed the Gypsum Spring contains 
dolomite, sandstone, glauconitic (green) fine-grained 
rocks, and gypsum; lower contact at the sharp change 
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to eolian sandstone beds of the Nugget Formation; 
the unit is extensively thinned throughout the quad-
rangle, likely the result of a detachment fault that 
accommodates disharmonic folding between the 
Nugget Sandstone and Twin Creek Limestone in the 
Emigration and Parleys Canyon synclines; estimated 
thickness 0 to 150 feet (~0–45 m); Imlay (1967) re-
ported 140 feet (42 m) thickness in Burr Fork on the 
north side of Emigration Canyon.

  The age of the Gypsum Spring Formation is a topic 
of current research. Imlay (1980) reported the late 
Bajocian (Middle Jurassic) gastropod Lyosoma 
powelli White from the unit and noted unconformi-
ties above and below the formation. Sprinkel and 
others (2011a) reported an 40Ar/39Ar age of 184.6 
± 0.2 Ma from sanidine and a U-Pb zircon age of 
183.2 ± 0.49 Ma from a sample of an ash bed in the 
Gypsum Spring Formation near Devils Slide. These 
isotopic ages suggest a Pliensbachian (Lower Juras-
sic) age for the ash bed. Sprinkel and others (2011a) 
also correlated the Gypsum Spring Member/ Forma-
tion with the Temple Cap Formation; however, D.A. 
Sprinkel (UGS, verbal communication, January 22, 
2018) no longer thinks that the two units are time 
correlative. More work is needed to determine the 
age of the type Gypsum Spring Formation in Wyo-
ming and of the strata in the member of the Twin 
Creek Limestone in Utah. 

J-1 Unconformity

JURASSIC-TRIASSIC

J^n Nugget Sandstone (Lower Jurassic to Upper Trias-
sic?) – Pale grayish-orange to reddish-orange, fine- 
to medium-grained, well-sorted, quartz sandstone; 
eolian; cross-bedded to planar bedded; cliff former; 
mapped in Parleys Canyon, and on the ridges south 
of Carrigan and north of Spring Canyon; lower con-
tacted mapped at the unconformity with the red shale 
and mudstone of the upper member of the Ankareh 
Formation; Jurassic age from Imlay (1980), Triassic 
age from Sprinkel and others (2011b) on the south 
flank of the Uinta Mountains where the Ankareh 
Formation is not present; estimated thickness is 800 
to 1300 feet (244–400 m); at the mouth of Parleys 
Canyon, on the north side, Granger (1953) measured 
a thickness of 830 feet (253 m); Granger and others 
(1952) reported a thickness of 800 feet (244 m) east 
of Salt Lake City; in the Fort Douglas quadrangle 
Van Horn and Crittenden (1987) reported a thickness 
of about 1300 feet (400 m).

J-0 Unconformity? (Pipiringos and O’Sullivan, 1978; Imlay, 
1980)

TRIASSIC

^a  Ankareh Formation, undivided (Upper Trias-
sic to Lower Triassic) – Mapped only as a stacked 
unit, see the unit descriptions for Qac/^a, Qafy/^a, 
Qafp/^a, Qlsb/^a, Qlgb/^a, and Qldp/^a.

^-5 Unconformity? (in the upper Ankareh [Lucas, 1993])

^au Ankareh Formation, upper member (Upper 
Triassic) – Medium reddish-brown, grayish-red, 
or red, thin-bedded shale, mudstone, siltstone, 
and fine-grained sandstone; locally includes rare 
lenses of pebble conglomerate; ripple-laminat-
ed with reduction spots; slope former; exposed 
near Parleys Canyon, and near Carrigan and 
Spring Canyons; prone to landslides (Carrigan 
Canyon); lower contact mapped at the top of 
the sandstone beds of the Gartra Grit Member; 
previously called Stanaker Member by some 
geologists (Thomas and Krueger, 1946); where 
Gartra Grit Member is absent upper member is 
indistinguishable from Mahogany Member; age 
from Stewart and others (1972b) based on up-
per member being roughly equivalent to Chinle 
Formation; estimated undeformed thickness is 
500 to 700 feet (150–210 m); on south side of 
Parleys Canyon Granger (1953) measured 384 
feet (117 m), while Granger and others (1952) 
reported a thickness of 700 feet (213 m).

^ag Ankareh Formation, Gartra Grit Member 
(Upper Triassic) – White to pale-red,  purple, 
cross-bedded, coarse-grained sandstone and or-
thoquartzite, with subangular to well-rounded 
quartz grains and some feldspar; well-sorted, 
medium-bedded; ledge to cliff former; exposed 
near Parleys Canyon, and near Carrigan and 
Spring Canyons; not mapped near the mouth 
of Carrigan Canyon where the resistant ridge is 
not present; lower contact is likely an unconfor-
mity with red beds of the underlying Mahogany 
Member; age based on rough correlation with 
Chinle Formation (Stewart and others, 1972b), 
but not the same unit as Shinarump Member 
of the Chinle Formation (Poole and Stewart, 
1964; Stewart and others, 1972b); thickness 70 
to 100 feet (20–30 m); thickness reported as 50 
to 100 feet (15–30 m) by Granger and others 
(1952) and 60 feet (18 m) measured by Granger 
(1953) on the south side of Parleys Canyon.

^-3 Unconformity

^am Ankareh Formation, Mahogany Member 
(Lower Triassic) – Medium reddish-brown, 
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grayish-red or red, thin-bedded shale, mudstone, 
and fine-grained sandstone to siltstone, with mi-
nor thin limestone beds; ripple laminated with 
reduction spots and mud cracks; slope former; 
mapped south of Parleys Canyon and in Car-
rigan and Spring Canyons; prone to landslides 
(Carrigan Canyon); lower contact is mapped at 
top of limestone beds of Thaynes Formation; 
age based on rough correlation with upper part 
of Moenkopi Formation (Stewart and others, 
1972a); estimated undeformed thickness is 800 
to 900 feet (245–280 m); Granger (1953) mea-
sured 855 feet (260 m) thickness on the south 
side of Parleys Canyon; Granger and others 
(1952) reported a thickness of 800 feet (244 m).

^t, ^tl Thaynes Formation (Lower Triassic) – Interbed-
ded, medium- to thick-bedded, light-gray lime-
stone, light brown-gray, very fine grained sandstone 
and siltstone, and minor olive-gray and light-red 
shale; contains light-gray, thick- to very thick bed-
ded, medial resistant limestone marker bed (^tl) 
that appears to be limestone bed at base of upper 
calcareous siltstone member of Kummel (1954) 
near Devils Slide and Salt Lake City (Coogan and 
King, 2016); locally fossiliferous, fossils include 
bivalves, gastropods, and ammonites; light brown-
gray chert, both nodular and bedded (thin and dis-
continuous); ledge to cliff former; mapped near 
Grandeur Peak and the Spring Canyon anticline 
ridge north of Carrigan Canyon; divided into mul-
tiple members by Coogan and King (2016); though 
not found in the map area, Granger (1953) measured 
a red-brown shale that may be the Decker Tongue 
of the Ankareh Formation in middle of the Thaynes 
Formation in the Fort Douglas quadrangle; lower 
contact is mapped at the transition from limestone 
beds to the red beds of the Woodside Shale; Kum-
mel (1954) defined the base of the Thaynes Forma-
tion as the Meekoceras bed, but the Meekoceras 
bed was not found during my mapping; regional 
age from Kummel (1954) and more local age from 
Solien and others (1979) who reported Spathian to 
Smithian conodonts; estimated thickness is 1800 to 
2400 feet (550–730 m); Granger (1953) reported a 
thickness of 1931 feet (589 m) on the ridge between 
Red Butte and Emigration Canyons, but he used a 
different lower contact below the Meekoceras bed 
of Kummel (1954).

^w  Woodside Shale (Lower Triassic) – Grayish-red, 
reddish-brown, and red shale, siltstone, and fine-
grained sandstone; slope former with very few 
outcrops; mapped on the north side of Mill Creek 
Canyon and south of Grandeur Peak; at the base of 
the unit, above the Park City carbonates, is a thin 
greenish-gray shale that is likely part of the Din-

woody Formation, but here is less than 6 to 9 feet 
(2–3 m) thick; age based on stratigraphic position; 
estimated thickness 400 to 1000 feet (120–300 m), 
and may thin to the north; Granger (1953) reported 
a unit thickness of about 384 feet (120 m) at the 
mouth of Dry Canyon in the Fort Douglas quadran-
gle, but described it as pale-brown, raising a ques-
tion as to the unit designation; Granger and others 
(1952) reported a thickness of 1000 feet (300 m) 
south of Parleys Canyon.

^-1 Unconformity

PALEOZOIC

PERMIAN

Pp  Park City and Phosphoria Formations (Perm-
ian) – Light- to medium-gray, sandy limestone and 
dolomite, calcareous and dolomitic sandstone, and 
dark-gray medial phosphatic shale; rocks are cherty 
(both nodular and bedded); fossils include brachio-
pods, crinoids, bryozoans, and fossil hash; brecci-
ated nature of the outcrop on the north side of Mill 
Creek Canyon obscured fossils from identification; 
regionally these rocks are typically divided into 
three units: upper unit mostly of Franson Member 
of Park City Formation (and thin other members of 
both formations), middle unit of Meade Peak Phos-
phatic Shale Member or Tongue of Phosphoria For-
mation, and lower unit of Grandeur Member of Park 
City Formation (McKelvey and others, 1959); not 
subdivided here because rocks are folded, sheared, 
and brecciated, and more work is needed to poten-
tially split out individual units; slope to ledge for-
mer; less resistant than the interbedded sandstone 
and limestone of the Weber Sandstone; regionally 
Phosphoria and Park City unit is early Leonardian 
and Guadalupian (Wordian) in age (McKelvey and 
others, 1959; Gordon and Duncan, 1970; Wardlaw 
and Collinson, 1979); estimated thickness of about 
700 to 900 feet (210–280 m), but highly deformed; 
Granger (1953) reported the unit is 974 feet (297 m) 
thick in the Fort Douglas quadrangle; Granger and 
others (1952) reported a thickness of 600 feet (180 
m) south of Parleys Canyon.

PERMIAN-PENNSYLVANIAN

P*w Weber Sandstone (Lower Permian to Middle Penn-
sylvanian) – Yellowish-gray to very light gray, fine- 
to medium-grained, quartzose sandstone with inter-
bedded thin- to thick-bedded, medium-gray to very 
light gray limestone and dolomite; black chert lo-
cally; forms ledges and cliffs on dip slope into and 
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just north of Mill Creek Canyon; the fault/detachment 
horizon along Mill Creek Canyon may be equivalent 
to the swale below the capping resistant bed in Weber 
Canyon, shown as the lower detachment in a Perm-
ian shale of Yonkee and Weil (2011); lower contact is 
gradational into the Round Valley Limestone and is 
placed at the first thick sandstone bed (greater than 3 
feet thick [1 m]) in the Weber Sandstone; fossils from 
the uppermost beds of the Weber Sandstone near the 
mouth of Mill Creek Canyon are Desmoinesian (Van 
Horn and Crittenden, 1987) (no Upper Pennsylva-
nian); Middle Pennsylvanian and Early Permian age 
from Bissell and Childs (1958) and Bissell (1964) is 
based on fusulinids; estimated thickness of the folded 
and faulted Weber Sandstone is 1200 to 3000 feet 
(365–900 m); Granger (1953) estimated the thickness 
in the City Creek area is about 1200 feet (365 m), and 
my upper estimate based on thicknesses repeatedly 
calculated from dip, outcrop width, and topography is 
similar to that estimated by Coogan and others (2018) 
near Devils Slide, and may be the result of close prox-
imity to the Oquirrh basin.

PENNSYLVANIAN

*rv  Round Valley Limestone (Lower Pennsylvanian) – 
Light- to medium-gray, thin- to thick-bedded lime-
stone, fossiliferous limestone, and silty, low-angle, 
cross-bedded, bioclastic limestone; pinkish-gray to 
gray nodules and thinner beds of chert and silicified 
fossils; fossils include crinoids, corals, brachiopods, 
and fossil hash; ledge to slope former; mapped on 
the north side of Neffs Canyon; lower contact is 
gradational; contact placed at change from dark-
gray Doughnut Formation limestone to lighter gray 
Round Valley Limestone; Early Pennsylvanian (Ato-
kan and Morrowan) age from Sadlick (1955); esti-
mated thickness is 500 to 1000 feet (120–300 m).

MISSISSIPPIAN

Mdo Doughnut Formation (Upper Mississippian) – 
Light- to dark-gray, fossiliferous, cherty limestone, 
shaly limestone, and minor beds of rusty-weathering, 
silty, calcareous sandstone; fossils include crinoids, 
bivalves, rugose corals, brachiopods, bryozoans, and 
fossil hash; thin- to medium-bedded limestone; lo-
cally some beds appear to be highly silicified and 
very dense; nodular dark-gray to black chert; slope 
former; mapped on the north side of Neffs Canyon; 
the lower contact is the Mount Raymond thrust, 
which may be in the lower Doughnut shale that is 
visible near Morgan (see Coogan and others, 2015); 
Late Mississippian age from Baker and Crittenden 
(1961); in the Morgan quadrangle Coogan and others 
(2015) reported a Morrowan (Early Pennsylvanian) 

palynomorph age on the upper Doughnut, but strata 
like their clastic-poor upper Doughnut have not been 
identified during my mapping; estimated thickness 
1000 feet (300 m).

Mount Raymond Thrust

Mh  Humbug Formation (Upper Mississippian) – Inter-
bedded, medium- to dark-gray limestone and light-
brown, calcareous, quartz sandstone; both are medi-
um-bedded and light-brown weathering; limestone is 
fine to medium grained, with shell hash, and is lo-
cally dolomitic; sandstone is fine to medium grained 
with moderately sorted and rounded grains, and low-
angle cross-stratification; weathers to ledges and 
slopes; exposed in Neffs Canyon and truncated by 
the Mount Raymond thrust; lower contact with the 
Deseret Limestone is gradational and occurs near the 
change from limestone (Md) to alternating sandstone 
and limestone (Mh), such that reported thicknesses 
may not be based on the same contact; regional age 
from Morris and Lovering (1961); estimated thick-
ness is 700 to 900 feet (210–280 m); in City Creek 
Canyon, Granger (1953) reported a Humbug Forma-
tion thickness of 727 feet (220 m), and Granger and 
others (1952) reported a thickness of 400 feet (120 
m) in the Cottonwood canyons area.

Md  Deseret Limestone (Upper to Lower Mississippi-
an) – Medium- to dark-gray, medium- to very thick 
bedded limestone and dolomite; nodular to lensoid 
thin beds of chert that are mostly dark gray to black 
and brown; fossils include rugose corals, crinoids, 
brachiopods, bryozoans, and fossil hash; beds of co-
quina (fossil hash) composed of fragments of shells, 
crinoid columnals, and corals in laminae and low-
angle cross-beds; slope to ledge former; mapped 
in Neffs Canyon; the lower contact is placed at the 
change from fossiliferous limestone of the Gardi-
son Limestone to cherty limestone of the Deseret 
Limestone (Md); a small saddle at the base of the 
Deseret may be the basal Delle Phosphatic Mem-
ber, a poorly exposed, black, phosphatic shale and 
shaly limestone; regional age from Sandberg and 
Gutschick (1984); in the Sugar House quadrangle 
the unit is cut by a subsidiary thrust in the Mount 
Raymond thrust zone system; estimated thickness 
is between 500 and 900 feet (150–275 m); in City 
Creek Canyon reportedly about 450 feet (140 m) 
thick but Granger (1953) may have used different 
contacts; Granger and others (1952) reported 800 to 
900 feet (244–275 m) thickness in the Cottonwood 
canyons area.  

Mg  Gardison Limestone (Lower Mississippian) – 
Medium-gray to dark-gray limestone, fossiliferous 
limestone, and locally dolomitic limestone; medium- 
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to very thick bedded; fossils include rugose and co-
lonial corals, brachiopods, crinoids, distinctive gas-
tropods, and bryozoans; contains nodular chert in the 
upper part and minor intraformational (flat-pebble) 
conglomerate beds; ledge forming; mapped in Neffs 
Canyon; the lower contact is distinguished by the 
very light gray dolomite at the top of the Fitchville 
Formation; age from Morris and Lovering (1961); 
estimated thickness 350 to 600 feet (100–180 m); 
in the Fort Douglas quadrangle 650 feet (200 m) 
thick (Madison Limestone of Granger, 1953); 450 
feet (137 m) thick in the Cottonwood canyons area 
(Madison Limestone of Granger and others, 1952).

MISSISSIPPIAN-DEVONIAN

MDf Fitchville Formation (Lower Mississippian to Up-
per Devonian) – Gray to light-gray, medium- to 
thick-bedded dolomite; upper part is a dark-gray do-
lomite, with a 4-foot-thick (1.2 m), very light gray 
dolomite at the top of the formation; locally pebbly 
sandstone at the base (Crittenden, 1965d); slope to 
ledge forming; mapped in Neffs Canyon and on the 
northern lowermost part of Mount Olympus, where 
it is in thrust fault contact with the Tintic Quartzite 
and Ophir Formation; lower contact is an exten-
sive unconformity above the Ophir Formation, and 
where present, the Maxfield Limestone; regional age 
from Morris and Lovering (1961); estimated thick-
ness 150 to 200 feet (50–60 m); Granger and oth-
ers (1952) reported a unit thickness of about 120 to 
150 feet (36–45 m) in the Cottonwood Canyons area 
(their basal Mississippian dolomite unit).

Major Unconformity

CAMBRIAN

_m  Maxfield Limestone (Middle Cambrian) – Light- 
to dark-gray limestone, dolomite, sandy and silty 
limestone, and calcareous to dolomitic shale; thin 
to medium bedded; only thin “sliver” of Maxfield 
Limestone is mapped on the south side of Neffs Can-
yon as remnant below major Devonian and Ordovi-
cian erosional unconformity; lower contact mapped 
at transition to brown limy sandstone of the Ophir 
Formation; Middle Cambrian age based on Elrathia 
sp. trilobites reported by Rigo (1968) in Ogden Can-
yon and placed in the Maxfield Limestone by Yonkee 
and Lowe (2004); estimated thickness in map area 
0 to 60 feet (0–20 m); thickens northward to about 
1000 feet (~300 m) in the Fort Douglas quadrangle 
(Granger, 1953).

_o  Ophir Formation (Middle Cambrian) – Upper part 
is brown limy and shaly siltstone and fine-grained 

sandstone; middle part is light- to medium-gray, 
thin- to medium-bedded limestone with orange-tan-
weathering silty laminae or partings; lower part is 
olive-gray to brown micaceous shale and siltstone; 
slope former; mapped on slope north of Mount 
Olympus and in Neffs Canyon; poorly exposed; 
lower contact with the Tintic Quartzite is gradational 
with alternating quartzite and micaceous shale beds; 
Middle Cambrian age based on Ehmaniella sp., and 
Glossopleura sp. trilobites in Ogden Canyon (Rigo, 
1968); thickness is highly variable on the north side 
of Mount Olympus from being tectonically thickened 
and thinned or perhaps by landsliding; undeformed 
thickness estimated to be 170 to 250 feet (50–75 m) 
in the map area; in City Creek Canyon area Granger 
(1953) reported a thickness of about 400 feet (120 
m), and in the Little and Big Cottonwood Canyons 
area Granger and others (1952) reported a thickness 
of 400 feet (120 m).

_t  Tintic Quartzite (Middle and Lower Cambrian?) 
– White- to pinkish-gray, dark-yellowish-orange 
weathering, moderately to well-sorted, fine- to 
coarse-grained, quartzose, well-cemented sandstone 
(orthoquartzite); thin to thick bedded with wide-
spread cross-beds; contains lenses of moderately 
to poorly sorted quartz pebble conglomerate; feld-
spathic in lower part; cliff former; exposed along 
the northern part of Mount Olympus and in Neffs 
Canyon; lower contact with the Mutual Formation 
is an unconformity; trace fossils in the upper part 
of the formation in the Ogden Canyon area include 
Skolithus tubes and Plagiogmus traces that indicate 
Middle Cambrian age (Peterson and Clark, 1974); 
estimated thickness 1000 to 1400 feet (300–400 m) 
in the map area; 1000 feet (300 m) thick in the Fort 
Douglas quadrangle (Brigham Quartzite of Granger, 
1953) and the Cottonwood canyons area (Granger 
and others, 1952).

Unconformity

NEOPROTEROZOIC

Zm  Mutual Formation (Neoproterozoic) – Grayish-red 
to red-purple quartzite and argillite; quartzite is fine 
to medium grained with medium sorting, well bed-
ded with common cross-bedding; locally the unit 
contains pebble conglomerate; the quartzite forms 
cliffs and ridges and the argillite forms slopes; lo-
cated on the north side of Mount Olympus and in 
Neffs Canyon; lower contact is an unconformity 
with the argillite unit of Big Cottonwood Formation 
(Zbcs); farther to the east in Big Cottonwood Can-
yon the Mineral Fork Formation is present between 
these two units (Crittenden, 1965c, 1977), but in the 
Sugar House quadrangle the Mineral Fork Formation 
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is completely missing; age based on stratigraphic po-
sition; unit thickness is an estimated 800 to 1200 feet 
(250–365 m); Granger and others (1952) reported a 
maximum thickness of 1200 feet (365 m) in the Cot-
tonwood canyons area. 

Unconformity

Zbcq, Zbcs, Zbc

  Big Cottonwood Formation (Neoproterozoic) – Inter-
bedded greenish-gray, gray, and reddish- to bluish-pur-
ple, thin-bedded shale and siltstone (metamorphosed 
to argillite) (Zbcs), and grayish-white, greenish-gray, 
and gray, rusty-weathering orthoquartzite to quartzite 
(Zbcq); undivided on cross section C-C' (Zbc); Crit-
tenden (1965a, 1965b, 1977) divided the formation into 
thirds but did not map them; the lower third is bluish-
purple, thin-bedded argillite interbedded with gray or-
thoquartzite; the middle third is greenish-gray or gray 
argillite (metashale) interbedded with gray and green-
ish-gray orthoquartzite; and the upper third is varie-
gated greenish-gray and red argillite and meta-siltstone 
interbedded with white quartzite; cross-bedding, mud 
cracks, ripple marks, raindrop prints, and laminated 
beds, interpreted as tidal rhythmites, suggest shallow-
water deposition (Crittenden, 1977; Chan and others, 
1994; Ehlers and others, 1997); mapped from Mount 
Olympus south and east beyond the quadrangle bound-
ary; the base of the unit is not exposed in the quadrangle; 
Neoproterozoic age based on possible correlation with 
the <770 Ma Uinta Mountain Group strata (U-Pb age 
data from detrital zircons) (Mueller and others, 2007; 
Dehler and others, 2010); the upper approximately 
12,000 feet (~3800 m) of the total 16,000 feet (5000 m) 
is exposed in the Sugar House quadrangle (Crittenden, 
1965d, 1977); these thicknesses may be overestimated 
due to complex folding and faulting.
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