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Rise and fall of the Bonneville lake cycle between about 28 and 10 ka, and of Great Salt Lake (modified from Oviatt, 1997, 
Murchison and Mulvey, 2000, and Godsey and others, 2005).  Elevations have been adjusted to remove effects of isostatic rebound. 
Holocene portion of hydrograph is largely schematic and does not show the Holocene or lower Holocene shorelines.  

  Ages of major shorelines of Lake Bonneville and Great Salt Lake and shoreline elevations in the Plain City  quadrangle. 

Age Lake Cycle and Phase Shoreline 
(map symbol) radiocarbon years B.P. calendar years B.P.1 

Elevation 
feet (meters) 

Lake Bonneville 
Stansbury 22,000–20,0002 24,400–23,200 Not exposed Transgressive Phase 
Bonneville (B) 15,500–14,5003 18,000–16,800  ~ 5200 (1585)  
Provo (P) 14,500–12,0004 16,800–13,5005   Regressive Phase 
Gilbert 11,000–10,0006 12,800–11,600 

Great Salt Lake 
 Holocene highstand    

1Calendar-calibrated ages of most shorelines have not been published.  Calendar-calibrated ages shown here, except for the age of the end of the Provo shoreline, 
are from D.R. Currey, University of Utah (written communication to Utah Geological Survey, 1996; cal yr B.P. = 1.16 14C yr B.P.). 

2Oviatt and others (1990); Currey (written communication to Utah Geological Survey, 1996, assumed a maximum age for the Stansbury shoreline of 21,000 14C yr 
B.P., which is used in the conversion to calendar years). 

3Oviatt and others (1992), Oviatt (1997). 
4Godsey and others (2005) revised the timing of the occupation of the Provo shoreline and subsequent regression; Oviatt and others (1992) and Oviatt (1997) 

proposed a range from 14,500 to 14,000 14C yr B.P.  Oviatt and Thompson (2002) summarized many recent changes 
in the interpretation of the Lake Bonneville radiocarbon chronology. 

5Calendar-calibrated age of the end of the Provo shoreline estimated by interpolation from data in Godsey and others (2005), table 1, who used Stuiver and 
Reimer (1993) for calibration. 

6Murchison (1989), figure 20. 
7Murchison (1989), Sack (2005).  

flood 

lower Holocene highstand ---- 9700–94007
---- 2500–20007 4221 (1287)

~ 4240 (1292)

~ 4800–4830 (1463–1472)
~ 4250 (1295)
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Silty limestone - incomplete thickness

Major unconformity
  Wasatch fault zone

Basal part contains quartz-pebble conglomerate, 
arkosic sandstone, and siltstone

High-grade metamorphic and igneous 
rocks, most structures and minerals 
formed during Early Proterozoic 
metamorphism and igneous intrusion 
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early Tertiary retrograde metamorphism

Major unconformity
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Canyon
Complex

Q variable

Tb variable

Symbol
Unit/ 

Formation
Thickness
meters (ft)

Cross section only

>100
(300)_m

_t

 - incomplete thickness_o
Ophir

Formation
>50

(150)

 - incomplete thickness

Lithology

>300
(1000)

Fault

Fault

Ophir Formation outcrop on the Pleasant View salient with well developed cleavage.  The mountain front 
in the distance lies in the footwall of the Wasatch fault zone and is composed of gneiss of the Farmington 
Canyon Complex. Hammer for scale.

Outcrop of the gray silty limestone of the Maxfield Limestone near the Provo shoreline on the Pleasant 
View Salient.  Light colored boulders of the Tintic Quartzite in the foreground were deposited during the 
regression of Lake Bonneville.     

DESCRIPTION OF MAP UNITS

QUATERNARY-TERTIARY UNCONSOLIDATED DEPOSITS

Units are subdivided based on dominant process (l- lacustrine, d- deltaic, a- alluvial, m- 
mass wasting, s- spring and marsh, f- fill), and on relative age (1- younger Holocene, 2- older 
Holocene, 3- Lake Bonneville regressive, 4- Lake Bonneville transgressive, and 5- pre-Lake 
Bonneville).  

Lacustrine deposits (see table 1 and figure 1 for ages and elevations of Bonneville lake cycle 
and Great Salt Lake lacustrine shorelines)

Lacustrine fine-grained deposits, Holocene to upper Pleistocene – Intervals of mixed 
fine-grained sediment, clay to silt, and intervals of rhythmically interbedded fine to medium 
sand; commonly calcareous; typically laminated or thin bedded; deposited in low-energy, 
generally offshore environments at elevations below the Provo shoreline; thickness 
typically less than 5 meters (15 ft).

Lacustrine sand deposits, regressive phase of the Bonneville lake cycle, upper Pleistocene 
– Moderately to well-sorted, sand, silt, and minor gravel, deposited in sheets below the 
Provo shoreline; mapped along shoreline platforms near the Provo shoreline and across 
broad sloping swaths of sediment on Pleasant View salient below Provo shorelines; regres-
sive shoreline features are common on this unit; thickness is less than 10 meters (30 ft).

Lacustrine gravel, cobble, boulder, and sand deposits, regressive phase of the Bonneville 
lake cycle, upper Pleistocene – Moderately to well-sorted, sub-rounded to rounded 
cobbles, boulders and pebble gravel, sand, and minor silt; deposited as gravel bars and 
sheets at and below the Provo shoreline; thickness is less than 12 meters (40 ft).

Lacustrine lagoon deposits, transgressive phase of the Bonneville lake cycle, upper 
Pleistocene – Light-colored well-sorted silt, clay, sand, and marl; deposited leeward of 
barrier bars of Qlg4 near the  Bonneville shoreline, on the crest of the Pleasant View salient; 
unit overlies oldest alluvial deposits (QTaf) and appears to interfinger with or be overlain by 
lacustrine deposits of Qlg4; thickness is less than 6 meters (20 ft).

Lacustrine sand deposits, transgressive phase of the Bonneville lake cycle, upper Pleisto-
cene – Moderately to well-sorted, sand, silt, and minor gravel, deposited in sheets below the  
Bonneville shoreline; mapped along shoreline platforms near the Bonneville  shoreline and 
across broad sloping swaths of sediment on Pleasant View salient between the Bonneville 
and Provo shorelines; transgressive shoreline features are common on this unit; deposited 
during the transgressive and highstand phase of Lake Bonneville, thickness is less than 10 
meters (30 ft).

Lacustrine gravel, cobble, boulder, and sand deposits, transgressive phase of the Bonne-
   ville lake cycle, upper Pleistocene – Moderately to well-sorted, sub-rounded to rounded 

cobbles, boulders and pebble gravel, sand, and minor silt; deposited as gravel bars and 
sheets at and below the Bonneville shoreline; deposited during the transgressive or 
highstand phase of Lake Bonneville; thickness is less than 12 meters (40 ft).

Deltaic deposits

Delta deposits, lower Holocene – Silt, fine sand, and clay deposited in a platform-like 
topographic form with an upper-surface elevation of about 1292 meters (4240 ft) (about 8 
meters [25 feet] above modern Weber River flood plain);  scattered pebble gravel covers the 
surface of the platform in some areas; deposited during transgression of the post-Gilbert 
Great Salt Lake shoreline between about 9.7 and 9.4 ka (Murchison, 1989; Sack, 2005); 
relates to the lower Holocene high water level; northwestern boundary of Qd2 at Plain City 
is cut by a well-defined, sublinear upper Holocene shoreline at 1287 meters (4221 ft), and 
traceable for about 4.8 kilometers (3.0 mi) along the ground surface; formed between 2.5 
and 2.0 ka, remnants of this shoreline are exposed elsewhere in the Lake Bonneville basin 
and are considered to mark Great Salt Lake’s upper Holocene high water level (Sack, 2005);  
Qd2  is dissected by and thus predates Qal2 deposits; total thickness about 3 to 6 meters 
(10–20 ft).

Alluvial Deposits

Younger stream alluvium, Holocene – Well to poorly sorted silt, sand, and gravel deposited 
along modern channels and flood plains; clasts subrounded to rounded; mapped where 
fluvial processes are currently or episodically active; thickness generally less than 3 meters 
(10 ft).

Older stream alluvium, Holocene – Well to poorly sorted silt, sand, and gravel deposited 
along inactive flood plains 1 to 3 meters (3–10 ft) above modern stream level; mapped 
where fluvial processes are generally no longer active; thickness generally less than 3 
meters (10 ft).

Younger alluvial-fan deposits, Holocene – Poorly to moderately sorted, predominantly 
clast-supported but locally matrix-supported, weakly to non-stratified silt- to boulder-sized 
sediment deposited by perennial and intermittent streams and periodic debris flows; clasts 
angular to subrounded; forms fans, locally with distinct levees, and channels at mouths of 
mountain-front canyons; thickness less than 10 meters (30 ft).

Older alluvial-fan deposits, Holocene – Poorly to moderately sorted, predominantly 
clast-supported but locally matrix-supported, weakly to non-stratified silt- to boulder-sized 
sediment deposited by perennial and intermittent streams and periodic debris flows; clasts 
angular to subrounded; fans are slightly incised by modern stream channels; thickness less 
than 10 meters (30 ft).

Alluvial-fan deposits, Lake Bonneville-regressive, upper Pleistocene – Poorly to moder-
ately sorted, crudely stratified or massive, pebble to cobble gravel with boulders near 
bedrock exposures, sand, silt, and minor clay; clasts angular to subrounded and commonly 
matrix supported; deposited principally by debris flows and sheet floods; unit is incised by 
younger Qaf1 and Qaf2 alluvial fans and grades to near and below the elevation of the  Bonn-
eville shoreline and a zone of mixed alluvial and lacustrine deposits (map unit Qla) in the 
northeast corner of the quadrangle; thickness less than 10 meters (30 ft).

Younger alluvial-fan deposits, undivided, Holocene to upper Pleistocene – Poorly to 
moderately sorted, crudely stratified or massive, pebble to cobble gravel with boulders near 
bedrock exposures, sand, silt, and minor clay; clasts angular to subrounded and commonly 
matrix supported; deposited principally by debris flows and sheet floods at the mouths of 
intermittent stream channels draining bedrock, near the mouths of other channels in older 
alluvial-fan and other unconsolidated deposits, or across large alluvial slopes where 
individual fan surfaces cannot be differentiated; includes Qaf1 and Qaf2 alluvial-fan deposits 
that postdate Lake Bonneville and the youngest part of alluvial fans deposited during Lake 
Bonneville regression (Qaf3); also mapped in areas where the specific age of deposits that 
postdate Lake Bonneville cannot be determined; thickness variable, probably less than 12 
meters (40 ft).

Oldest alluvial-fan deposits, pre-Bonneville lake cycle, lower Pleistocene to Pliocene? – 
Poorly sorted, pebble to cobble gravel, locally bouldery, in a matrix of sand, silt, and clay; 
mapped above the Bonneville shoreline along the upper part of the Pleasant View salient; 
unit lacks fan morphology here and is cut by a series of orthogonal fault scarps up to 10 
meters (30 ft) high; unit correlates with the Qaf5 unit of Personius (1990); thickness 
probably less than 60 meters (200 ft).

Mass-movement deposits

Liquefaction-induced landslide deposits, upper Holocene to upper Pleistocene – Mixture 
of silt, fine sand, and minor gravel redeposited in flow slides and lateral spreads (the North 
Ogden landslide complex) as a result of liquefaction during large earthquakes; first identi-
fied as a possible lateral spread by Miller (1980); subsequently mapped in northern and 
eastern parts by Personius (1990) and Nelson and Personius (1990); on the surface, deposits 
display landslide-related lineaments and scarps, and hummocky topography; disrupted 
bedding and sand-filled cracks (injection features) are present in the deposits in the subsur-
face (Harty and Lowe, 2003); largest landslide is a complex landslide of twenty five square 
kilometers (10 mi2), of which six square kilometers (2 mi2) (degraded and modified toe and 
lower portion) occupies the eastern part of the quadrangle; variable thickness; refer to Harty 
and Lowe (2003) for more details on this landslide; based on the presence of subdued 
hummocky topography, a small, queried lateral-spread landslide is shown on the map near 
Willard Bay reservoir (NE1/4NW1/4 section 16, T. 7 N., R. 2 W., Salt Lake Base Line and 
Meridian). 

Colluvial deposits

Colluvium, Holocene to Pleistocene – Weakly to non-layered, variably sorted, matrix- to 
clast-supported, silt, sand, clay, and minor gravel of local origin; deposits formed mostly by 
creep and slope wash; found along some margins of the Plain City delta (Qd2); thickness 
probably less than 3 meters (10 ft) in most areas.

Spring deposits

Marsh deposits, Holocene –  Wet, fine-grained, organic-rich sediment associated with springs 
and seeps; thickness probably less than 1 meter (3 ft) in most areas.

Artificial deposits

Fill and disturbed land, historical – Land disturbed and excavated during aggregate (sand 
and gravel) operations; fill in Interstate highways, highway interchanges, Willard Bay dikes, 
and major canal embankments; mapped where major excavations, grading, road building or 
fill obscure underlying deposits or bedrock geology; large, active aggregate operations on 
and north of the Pleasant View salient are taken from aerial photographs (2006), unmapped 
fill exists in developed areas; variable thickness 0 to 15 meters (0–50 ft). 

Mixed-environment deposits

Lacustrine deposits and alluvial-fan deposits, undivided, Holocene to lower Pleistocene – 
Poorly to well-sorted sand, pebble gravel, and silt; deposited below the Bonneville shoreline 
as sloping sheets of sediment; incised by post-Bonneville alluvial channels and fans; 
includes a variety of lacustrine and alluvial-fan facies either too complex or too poorly 
exposed to map; locally contains small gastropods several millimeters in diameter; mapped 
below Bonneville highstand shoreline on the north flank of the Pleasant View salient; 
regressional shorelines exist on this unit; thickness less than 10 meters (30 ft).

Mixed lacustrine, alluvial, and marsh deposits, Holocene to Pleistocene – Predominantly 
fine-grained sediment (sand, silt, and clay) deposited by low-gradient streams and in 
marshes, and mixed with Lake Bonneville and Great Salt Lake sediment; mapped south and 
west of the Pleasant View salient; total thickness typically less than 6 meters (20 ft).

Stacked units

Talus and colluvium over Farmington Canyon Complex gneiss, Holocene over Paleopro-
terozoic – Gray angular and blocky talus deposits and colluvium; mapped where bedrock of 
the Farmington Canyon Complex is obscured by unconsolidated deposits in the footwall of 
the Wasatch fault;  clasts consist entirely of locally derived Farmington Canyon Complex 
bedrock; thickness up to 3 meters (10 ft).

QUATERNARY AND TERTIARY BASIN FILL

Quaternary basin fill, Holocene to Pleistocene – On cross sections only. Weakly to 
non-consolidated mixture of alluvial and lacustrine clay, silt, sand, gravel, marl, and thin 
tuffaceous layers; includes two thicker, gravel-bearing zones corresponding to the Sunset 
and Delta aquifers (Feth and others, 1966); shown only on cross sections; up to 400 meters 
(1300 ft) thick.

Upper Tertiary basin fill, Pliocene? to Oligocene? – On cross sections only. Weakly to strongly 
consolidated mixture of conglomerate, sandstone, mudstone, tuffaceous sandstone, tuff, and 
lacustrine limestone; up to 2400 meters (8000 ft) thick.

CAMBRIAN SEDIMENTARY ROCKS

Maxfield Limestone, Middle Cambrian – Light bluish-gray to grayish-blue-green, silty 
limestone; thin- to medium-bedded fine-grained limestone with abundant brown or orange 
wavy-bedded silty interbeds; crops out as small blocky towers and low float-covered slopes; 
unit is in fault contact with underlying and overlying Tintic Quartzite based on dip discor-
dance between adjacent bedrock exposures and incomplete thickness relative to better 
exposed sections in the nearby Ogden quadrangle; unit is folded into south-plunging fold 
pair on the south flank of the Pleasant View salient; incomplete thickness is up to 100 meters 
(300 ft); in the adjoining Ogden quadrangle, Yonkee and Lowe (2004) subdivided the 
Maxfield Limestone into three members; exposures on the Pleasant View salient may 
correlate with the lower Maxfield unit mapped by Yonkee and Lowe (2004) based on the 
absence of Girvanella, shale, and dolomite; age of the Maxfield Limestone elsewhere is 
Middle Cambrian (Rigo, 1968; Yonkee and Lowe, 2004); three members have a combined 
thickness of 180 to 300  meters (600–1000 ft).

Ophir Formation, Middle Cambrian – Olive-gray to brownish-gray, silty or micaceous 
shale and argillite; unit is generally poorly bedded except for localized silty interbeds; a 
cleavage is locally common and unit appears to have undergone extensive deformation 
and attenuation; dip discordance between this unit and the underlying units, and incom-
plete thickness of the underlying Tintic Quartzite, support a fault contact at the base the 
Ophir; upper contact is not exposed and no limestone is found within the unit; crops out at 
several small borrow pits and as shale float-covered slopes and flat areas below the Lake 
Bonneville highstand shoreline, on the upper part of the Pleasant View salient;  age of the 
Ophir Fm. is Middle Cambrian (Rigo, 1968); incomplete thickness is up to 50 meters (150 
ft); nearby to the east and south the Ophir Fm. has been divided into two shale members 
and a medial limestone with a total thickness of 90 to 210 meters (300-700 ft) (Rigo, 1968; 
Yonkee and Lowe, 2004).

Tintic Quartzite, Middle to Lower Cambrian – White to pale yellowish orange to light 
brown, medium- to coarse-grained orthoquartzite, and quartzo-feldspathic pebble 
conglomerate; unit is medium to thick bedded and commonly displays trough cross-
bedding and low-angle cross-stratification; crops out as blocky and broken, discontinuous 
bands and pods; unit is in fault contact with other bedrock units exposed on the Pleasant 
View salient; unit is divisible into two distinct structural plates separated by an intervening 
slice of Maxfield Limestone; upper plate lies above folded Maxfield Limestone and below 
attenuated Ophir Fm. and lower plate lies below the Maxfield Limestone; age is Early to 
Middle Cambrian based on the presence of Skolithos and Plagiogmus trace fossils in the 
nearby Ogden quadrangle (Yonkee and Lowe, 2004); unit is correlative with the Geertsen 
Canyon Quartzite exposed in the Willard thrust sheet to the north and east (Crittenden and 
others, 1971); incomplete thickness is up to 100 meters (300 ft); total thickness to 
southeast near Ogden is 330 to 390 meters (1100–1300 ft) (Yonkee and Lowe, 2004).

PROTEROZOIC METAMORPHIC AND IGNEOUS ROCKS

Farmington Canyon Complex, quartzo-feldspathic gneiss, Paleoproterozoic – Medium- 
light gray to dark gray, foliated quartzo-feldspathic gneiss; fine- to medium-grained 
quartz, plagioclase, biotite, alkali feldspar- and hornblende-bearing gneiss; unit contains 
zones of migmatite, quartz and feldspar-bearing pegmatitic dikes, and amphibolite layers; 
similar gneiss is characteristic of northern parts of Farmington Canyon Complex in the 
footwall of the Wasatch fault zone (Crittenden and Sorensen,  1985; Bryant, 1988; Yonkee 
and Lowe, 2004); unit forms cliffs and rubble-strewn steep slopes in the northeast corner 
of the quadrangle; U-Pb zircon and Rb-Sr whole rock age data for Farmington Canyon 
granitic gneiss southeast of the quadrangle indicate an age of peak metamorphism at about 
1700 Ma (Nelson and others, 2002); exposed thickness less than 400 m (1300 ft).
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NOTES

Geologic mapping of the Plain City quadrangle was done using the following aerial 
photographs: NAPP 1:40,000 scale, 1997; USDA 1:20,000 scale, 1965; and USDA 
1:20,000 scale, 1978. Field mapping and checking were performed in 2003, 2006, and 
2010.

Geologic units follow those used by adjoining quadrangles, including the Roy 
quadrangle to the south (Sack, 2005), and the Ogden quadrangle to the southeast 
(Yonkee and Lowe, 2004).
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