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Geologic map of the Grayback Hills quadrangle

Figure 1. Index map showing the location of the Grayback Hills area.
Rectangle marked "figure 2" denotes an area ofnine quadrangles with
the Grayback Hills quadrangle in the center.

The remains of a landing strip are in the south-central part of the
quadrangle, and a few bombing targets can still be identified. In
addition, the Grayback Hills are intermittently used for winter
grazing of sheep and several gravel deposits in the Grayback
Hills foothills have been exploited for road metal, road fill, and
other nearby construction.

The Grayback Hills, and associated Thumb and Pinky Rid-
ges, lie mostly in the east half of the quadrangle. They are
aligned north-south and are as much as 1.5 miles (2.4 km) wide.
They extend one mile south into the adjoining Aragonite NW
quadrangle, so the length of the entire ridge group is about 9.5
miles (15.3 km). The altitude of the Grayback Hills varies from
about 4,260 feet (7,298 m) to 4,715 feet (1,437 m). Ripple
Valley, located east of the Grayback Hills, is 4,260 to 4,280 feet
(1,298-1,305 m) in altitude.

The west half of the quadrangle is mostly flat, former lake
bottom over which two very narrow, linear, north-trending dune
ridges were deposited. The altitude of the former lake bottom

z

varies from about 4,220 feet (1,285 m) in the northeastem
corner of the quadrangle to abost 4,260 feet ( I ,298 m) at
the foot of the Grayback Hills. The two north-trending
dune ridges have a maximum relief of 35 feet (10 m).

The principal access to the quadrangle is from an I-80
frontage road, and thence along a north-south-oriented
gravel road (figure 2). Several dirt roads extend easterly
to the base of the Grayback Hills. Some end at deserted
sheep camps or wells, others at gravel pits. Another dirt
road extends north from the I-80 frontage road east ofthe
Grayback Hills in Ripple Valley; it provides access to the
east side of the ridge.

Numerous sources of geologic information are avail-
able for the quadrangle. Early investigators (Stansbury,
1852; Gilbert, 1890) provided regional observations of the
Great Salt Lake Desert. Gilbert (1890) said of the desert
that "the area formerly covered by the main body of Lake
Bonneville is now a plain, conspicuous for its flatness."
He described the "lost mountains of Great Salt Lake De-
sert" as "circled by rocky and inhospitable coasts" during
the Lake Bonneville highstand.

Doelling (1964) mapped the east two-thirds of the
Grayback Hills quadrangle, and Davies (1980) later map-
ped the Grayback Hills. Hogg (1972) discussed volcanic
rocks exposed there. Jones (1953), Eardley (1962), and
Dean (1978) described eolian deposits of the region. Hal-
verson (1961), Stepp (1961), Tanis (1963), Cook and
others (1964, 1975, 1989), and Baer and Benson (1987)
conducted regional gravity surveys. Gravity data (Baer
and Benson, 1987) suggest that basin floors ofthe region
are complex collections of troughs and ridges rather than
single downfaulted grabens. Limited data on seismicity
and the engineering properties of soils were generated for
highway construction (Utah State University Engineering
Experiment Station,1962;Utah State Department of High-
ways,1967) and for a proposed superconducting supercol-
lider site (Dames & Moore and others, 1987a, 1 987b). The
U.S. Department of Agriculture Soil Conservation Service
mapped soils in the area and determined erosion hazard,
permeability, and land-use suitability (unpublished data,
1989). Solomon and Black (1990) reported on Quaternary

geology and geologic hazards of the West Desert Hazardous
Industry Area. Carpenter (1913), Stephens (1974), and Gates
and Kruer (1981) summarized the regional hydrology.

B.J. Solomon mapped and described the Quatemary deposits
and discussed Quatemary geologic history and geologic hazards.
H.H. Doelling and S.J. Davies worked out the Permo-Triassic
and Tertiary stratigraphy and structure for this project.

STRATIGRAPHY

The rocks of the Grayback Hills and associated knolls are
Permian, Triassic, and Tertiary in age. Unconsolidated surficial
deposits in the quadrangle are Quatemary in age. The rocks
consist of partial sections totaling nearly 3,400 feet ( 1 ,036 m) in
thickness. Perhaps an additional 2,000 feet (610 m) of these
rocks are shallowly buried by the sediments of Pleistocene Lake
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Figure 2. Nine-quadrangle area showing physiographic and cultural features and the
names and positions ofthe Grayback Hills and the surrounding quadrangles. Short
dashed lines represent the principal secondary roads. Boundaries for the Hill Air Force
Range (HAFR) and West Desert Hazardous Industry Area (WDHIA) are also shown'

Bonneville. Baer and Benson (1987) assumed that no more than
3,000 feet (914 m) of basin fill, including Tertiary and Quater-
nary units, cover bedrock in the western paft of the quadrangle'

Permian Rocks

We place Permian strata exposed in the Grayback Hills
quadrangle in the marine Grandeur?, Murdock Mountain, and
Gerster Formations (plates I and 2). Wardlaw and others (1979)
gave a summary of Permian rocks in the region. These forma-
tions are present in northeast-trending elongate ridges north of
the Grayback Hills, and in a small exposure in the south Gray-

Utah Geological Survey

backHills. Of these formations, only the Gerster
is completely exposed. Permian rocks exposed
in the quadrangle are just over 1,300 feet (396
m) thick.

Grandeur? Formation (Pg?)

Strata assigned to the Grandeur? Formation
are present in the northwest part of the quadran-
gle, in unsurveyed section 33,T.2 N., R. 12 W.,
in the Hill Air Force Range. The strata form
jagged and cliffy outcrops that match Grandeur
Formation exposures elsewhere in northwest
Utah. No definitive fossils were found to con-
strain the age, We attach a query (?) to the name
because other Permian units in the quadrangle
are partly similar in lithology and appearance.
Principles of stratigraphic position, thickness,
structure, or geographic position cannot be ap-
plied because other Permian rock outcrops are
more than a mile away. Additionally, we as-
signed a very small exposure in the SE% section
I, T. I S., R. 12 W. to the Grandeur? Formation
because it matches the rocks in the northwest
part of the quadrangle more closely than those of
the nearby Triassic Thaynes Formation. Other
isolated outcrops of Grandeur? Formation with
near-vertical attitudes are 3 miles (5 km) to the
east in the Ripple Valley quadrangle (Doelling,
1964,map 4).

The Grandeur? Formation consists of lighr
gray-weathering sandy limestone, dolomitic
limestone, and dolomite. Light-gray chert is
common as nodules and blebs, as well as in
sporadic thin beds. The exposed interval in the
northwest part of the quadrangle is approxi-
mately 500 feet (150 m) thick. The Grandeur
Formation in the Grassy Mountains was esti-
mated to be over 1,000 feet (300 m) thick
(Doelling, 1964, p. 230). Ameasured section in
the Hogup Mountains shows the Grandeur For-
mation as 1,838 feer (560 m) rhick (Stifel, 1964,
p. 56-59).

The Meade Peak Member of the Phosphoria
Formation is commonly present between the
Murdock Mountain and Grandeur Formations in

this part of the Great Basin. The unit is economically important
because of its phosphate content, and is assumed to be present

in the subsurface (Ppm, section A-A', plate 2). We found no
exposures of Meade Peak lithologies in the scattered outcrops in
the Grayback Hills quadrangle. Doelling (1964, p,256) meas-
ured an incomplete section of 233 feet (71 m) of the Meade Peak
Member on Finger Ridge about 3 miles (5 km) north of the
Grayback Hills quadrangle. Maurer (1970, p. 98) measured 141
feet (43 m) of the Meade Peak Member in the Cedar Mountains
about 16 miles (25 km) to the southeast. Stifel (1964, p. 69)
measured 404 feet (123 m) of the Meade Peak Member in the
Hogup Mountains 38 miles (61 km) north of the Grayback Hills
quadrangle.

R
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Murdock Mountain Formation (Pm)

Wardlaw and others (1979) described the various Permian
rocks in northwest Utah; in the Grayback Hills area they depict
dolomite, chert, mudstone, and sparse limestone of the Plympton
Formation grading into the chert, cherty dolomite, limestone,
and sandstone of the Murdock Mountain Formation. which in
turn grades northward into the Rex Chert Member of the Phos-
phoria Formation. In the Grayback Hills the rocks found in this
interval match the description of the Murdock Mountain Forma-
tion, although they were previously assigned to the Rex Chert
(Doelling, 1964; Stifel, 1964).

The Murdock Mountain Formation crops out on Thumb and
Pinky Ridges, and in a small ridge trending N. 10' E. at the north
end of the Grayback Hills. The upper contact of the formation
is found in the northeast part of the core of the Thumb Ridge
anticline. No contacts are present in either of the other two
exposures.

In the Grayback Hills quadrangle, the Murdock Mountain
Formation is mostly light-gray, blue-gray, gray-tan, and brown-
weathering, bedded and nodular chert, and light-gray cherty
dolomite and limestone. Most units are medium bedded and
rarely exceed l.5 feet (0.5 m) in thickness. Lake Bonneville has
modified the outcrops considerably and has covered many rock
outcrop areas with a veneer of lacustrine sediments so the rocks
now appear as subdued rubbly ledges. [n a few localities the
formation contains poorly preserved fossils (brachiopods). At
least 500 feet (150 m) of the unit are exposed. Doelling (1964,
p. 230) measured about 1,650 feet (503 m) of the Rex Chert
(Murdock Mountain Formation) on Finger Ridge, and Stifel
(1964, p.71) measured near$ 1,160 feet (354 m) in the Hogup
Mountains. We applied Doelling's estimated thickness to sec-
tion A-A'and the lithologic column (plare2).

The contact with the overlying Gerster Formation is poorly
exposed and was mapped at the base of a thick-bedded to
massive lighrgray limestone ledge assigned to the Gerster For-
mation. Brown-weathering cheft rubble is commonly found
below the contact.

Gerster f'ormation (Pge)

Outcrops of the Gerster Formation are limited to Thumb
Ridge. There, the unit weathers gray and light-gray, and consists
of fine- to coarse-grained and crystalline cherty limestone in
medium to massive beds. Chert is present as beds, nodules,
blebs, and stringers and is tan, light gray, and light blue gray.
Weathering produces brown rinds around the cherl. The unit is
fossiliferous, containing layers with productid and spiriferid
brachiopods, crinoid columnals, and shell fragments, Wardlaw
and others (1979) described the Gerster of northern Utah as
cherty bioclastic limestone containing minor beds of cherI, dol-
omite, and siltstone that interfinger with and overlie the Murdock
Mountain Formation.

On Thumb Ridge the formation is about 310 feet (95 m)
thick. Doelling (1964, p. 259) measured an incomplete 263 foot
(80 m) section on Finger Ridge and Stifel (1964, p. 83) recog-
nized 900 feet (274 m) in the Hogup Mountains. The upper
contact of the Gerster Formation with the overlying Dinwoody

Formation may be present at the north end of a gravel pit in
unsurveyed section 3, T. I N., R. 1 N., where soft, brownish,
shaly limestone in the Dinwoody is adjacent to resistant and
fossiliferous limestone of the Gerster Formation (unit 9 in meas-
ured section below). Regional relationships indicate the contact
is an unconformity (Hintze, 1988, p. 37).

Measured section of the GERSTER FORMATION exposed on the north

flank of Thumb Ridqe, N V2 section 2, T. I N., R. 12 W., Tooele County,
Utah (measured by H.H. Doelling, April 1992).

TRIASSIC
Covered Dinwoody Formation. Measurement begins where the first
resistant limestone ledge of the Gerster rises above the level of a
prominent Lake Bonneville gravel bar. The Dinwoody overlying the
Gerster Formation is coveredfor 238feet (73 m).

PERMIAN

Gerster Formafion

Unit Feet

9. Limestone, light-gray, crystalline, massive; weathers hackly; ledge-

former; contains large, spheroidal, gray chert nodules, artd crinoi-
da landbrach iopoda ldebr is  . . . . . , .15+

8. Limestone; light- to medium-gray, crystalline and biociastic, thick-
bedded to massive; contains many small brown-weathering blebs
and nodules of chert, resistant and hackly weathering; contains
crinoidal and brachiopodal debris and sparse productid brachi-
o p o d s . .  . . . . . . . . . . 2 0

7, Limestone; like unit 8, but less resistant, poorly exposed, contaitls
b r a c h i o p o d s  . . . . . . . 2 8

6. Limestone; light-gray, like unit 8,85 percentlimestone and l5 percent
chert, weathers into hackly and sugary surfaces, commonly very

foss i l i fe rous  (c r ino ids  and brach iopods) . . . .  . . . . . . . .  33

5. Interbedded chert and limestone; chert brown and brown-gray,
medium- to thin-bedded, rubbly weathering; limestone light-tan,
sandy, medium-bedded, very fossiliferous (productid and spiriferid
brachiopods); upper and lower parts dominated by chert, middle
more fossiliferous and dominated by limestone; unit is partially
b r e c c i a t e d .  . . . . . . . 7 2

4. Interbedded limestone and chert; limestone ta,x-gray, medium-bed-
ded, hard and ledgy; tops of ledges v)eather pitted with granular
surfaces; chert gray, light-blue-gray, bedded and in nodules, nodule
rinds weather medium brown; upper 12 feet (3.6 m) is 30 percent
chert and 70 percent limestone, middle 17 feet (5 m) nearly chert

free, lower 16 feet (4.9 m) is 60 percent chert and 40 percent
l i m e s t o n e  . . . . . . . . . 4 5

3. Covered slope littered with limestone fragm.ents (70 percent) and
brown-weathering chert (30 percent). . .. . .. 50

2. Chert ; gray, medium-bedded, fornts resistant brownish- gray ledges
with thin iruegular interbeds of light-gray limestone (upper and
Iower parts contain as much as 30 percent limestone) . . . . . . . . . 30

I. Limestone; ligltt-gray, crystalline, thick-bedded to massive; contains
large, medium-gray nodules with brown rinds: contains scattered
small brachiopods and traces of shelffish debris. ..... 18

Total Gerster Formation . 3I I + feet

Murdock Mountain Formation: Covered slope littered with bloclcy,
brown-gray-weathering gray chert. Brown, rubbly ledges ofchert crop
out at base of slope.



Triassic Rocks

Triassic rocks of the Grayback Hills quadrangle include the
Dinwoody and Thaynes Formations, the exposures of which
display over 1,700 feet (5 18 m) of strata. A summary of Triassic
rocks of the region is available in Carr and Paull (1983).

Dinwoody Formation (Td, OlgfTd)

The Dinwoody Formation is poorly exposed at the west end
of Thumb Ridge. The best exposures are on the northwest flank
of the Thumb Ridge anticline. Float from the Dinwoody and/or
Thaynes Formations is present in a gravel bar connecting the
central part of Thumb Ridge with its south margin. We mapped
this area as Lake Bonneville gravel overlying the Dinwoody
(Qlgfnd). The Dinwoody Formation also probably underlies the
gravel bar connecting Pinlcy Ridge with ttre Grayback Hills. The
Dinwoody consists of interbedded shale, sandstone, and silty and
sandy limestone (figure 3). The unit is fossiliferous and locally
contains ripple marks. The lower half of the Dinwoody is very poorly
exposed in the quadrangle.

The thickness of the Dinwoody Formation is about 1,280feet
(390 m) on the north side of Thumb Ridge. Large intervals
covered by surficial deposits preclude a more precise thickness
calculation. Stifel (1964) measured 1,670 feet (509 m) and Paull
(1982) measured 1,342 feet (409 m) of Dinwoody strata in
complete sections in the Hogup Mountains to the north. The
contact with the overlying, more resistant, gray-weathering
limestone of the Thaynes Formation is sharp and conformable.

Measured section of the DINWOODY FORMATION as exposed at the
edge of a Lake Bonneville bar at the southwest end of Thumb Ridge, E
12 of unsurveyed section 3, T. I N., R. 12 W., Tooele County, Utah
(Measured by H.H. Doelling, March, 1992).

Utah GeologicnI Survey

TRIASSIC
Thaynes Formation: Pale-brown (5yR 52) limestone that weathers
Iight gray (N7) to medium light gray (N6), with patchlt ey blotchy
grayish-yellow (5y 8/4) to moderate-yellow (5Y 7/6) silty limestone,
veryfine grained andpartially recrystallized, containing some veryfine
sand grains; indistinct bedding, weathering somewhat platy, forms a
crude slope, and containsfossilfragments; about 20feet (6 m) thick;
grades upward into a coquina of fragmented and tightly packed
p e Lecypods and micro gastropods, thin- to medium-bedded, pocked with
irregular openings. Contact is reasonably sharp, withvery silty, thin-
bedded limestone in the basal foot.

Dinwoody Formation

Unit

7. Interbedded shale, very thin-bedded siltstone, and thin beds of very
silty linestone, yellowish-gray (5Y 72) to grayish-yellow (5Y 8/4)

fresh and weathered; minor fine-grained sandstone; shales are
slightly calcareous; limestone beds l-2 inches (5 cm) thick, shale
laminae 0.04 - 0.4 inches (lmm-Icm) thick; weathers to steep shaly
slope coveredwith irregular platelets with diameters to 3 inches (7.6
cm); thin limestones contain poorly presen'ed fossil debris, mostly
fragments of small shellfish; limestone beds decrease in number
rapidly below upper contact, and are widely spaced. . . . . . . . . 122

6. Silty and sandy shale; yellowish-gray to light-olive-gray, paper-thin
to nearly one-inch (2 cm) thick laminae; weathers to rounded slopes
l i t te redwi th f inesha lydebr is  . . . . . . .68

5. Alternating sandstone and limestone; sandstone pale red to duslq
brown, fine grained, calcareous, and platy weathering; limestone
grayish red, light-olive gray, andmedium gray, sandy, roughweath-
ering, contains rare fossil debris; 80 percent sandstone and 20
p e r c e n t  l i m e s t o n e . . . . .  . . . . 3 5 0

4. Alternating sandstone and limestone like unit 5, but limestones
generallyfossiliftrous, withClaraio? or similar pelecypod . . . . 490

3 . C o v e r e d i n t e r v a l .  . . . . . . . . . . 5

Figure 3. Outcrop of upper Dinwoody Fornntion (ftd) on Thumb Ridge. Upper Dinwoody strata are shaly and contain thin (2 inches [5 cm] or less) beds
of limestone.



Geologic map of the Grayback Hills quadrangle

2. Sihstone; dark-reddish-brown, shaly, Iike Moenkopi Formation of
the  Co lorado P la teau . . . . . .  16

I . C o v e r e d i n t e n a l  . . .  , . . , . . 2 3 0

Total Dinwoody Formation ' 1,281

- disconfornity -

PERMIAN
(lppermost Gerster Formation: Light-gray, thick-bedded to massive,
resistant, contains large light-gray to very-light-gray chert concretions
as nuch as I foot (0.3 m) in diameter, rinds of chert concretions weather
to dusky brown, contains fossil debris, mostly crinoid columnals and a

few productid brachiopod outlines.

Thaynes Formation (Ttl, T.tu)

The Thaynes Formation crops out in three areas in the
Grayback Hills quadrangle but no continuous section could be
found. The lower part of the Thaynes Formation (Trtl) is ex-
posed in thin ridges of steeply dipping beds on both sides of
Thumb Ridge. A thicker section is eKposed in a northeast-trend-
ing ridge at the north end of the Grayback Hills. Heavy Thaynes-
derived float in surficial deposits indicates thatthe formation is
near the surface along much of the west side of the Grayback Hills'

The lower Thaynes consists of gray ledges of thick- to very
thin-bedded, resistant limestone (figures 4 and 5). These lime-
stones are dominantly micrite, Fossils found in the lower Thay-
nes include crinoids, echinoids, microgastropods, pelecypods,
conodonts, and fragments from fish and sharks. The conodont
guide fossil Platyvillosus asperatus indicates a lower Spathian
substage (Can and Paull, 1983, p. 41) and provides biostrati
graphic control for the lower Thaynes in the Grayback Hills
quadrangle. This fossil was found 50 feet (15 m) above a starting
point in a section with no exposed base. We assume that the
lower contact with the Dinwoody Formation at Thumb Ridge
marks the base of the Meekoceras gracilitatis zone, but we could
not verify this. The original sediments of the lower Thaynes
probably consisted of carbonate mud deposited in a sheltered
environment (Davies, 1980, p. 46). At least240 feet (73 m) of
lower Thaynes strata are exposed in the Grayback Hills quadrangle'

Measured section of a part of the lowerTHAYNES FORMATION taken
across a ridge at the northent entl of the Grayback Hills h NVz SWt
SWV|unsuweyed section 13, T. I N., R. 12 W., Tooele County' Utah
(measuredby S.F. Davies, 1980, p. 160-162).

TRIASSTC

Upper contact covere.d.

Thaynes Formation - Iower Part:
Unit Feet
17. Limestone, light-gray (N7) to light-olive-gray (5Y 5/2); weathers

medium-gray (N5.5) to grayish-orange (I?YR 7/4); thinly bedded,
wavy larninations scattered throughout, stylolites present; moder'
ately resistant; abundant crinoid columnals, common pelecypods,
rare Pentacrinus columnals and microgastopods. .. ' . ..., . . 3.3

l 6 . C o v e r e d s l o p e . . . . . .  . . . .  3 . 6

15. Limestone; light-gray (N7) to light-olive-gray (5Y 2/2)' u'eathers

medium-gray (N5.5) to grayish-orange ( I0YR7/4); outcrop descrip'
tion same as unit 17; pelecypods, abundant crinoid columnals and
echinoid fragments; comman Cylindrobullina sp. and unid'entified
micro gastropods ; uncommo n scaphopods ? and Pentacrinus : rare
N a t i c o p s i s ? r p . . . . .  . . . . . . . 2 . 5

1 4 . C o v e r e d s l o p e . . . . . .  . . . . . 6 . 8

13. Limestone (60 percent) and sandstone (10 percent); limestone
light-gray (N7) to light-brown (5yR 5/4), weathering to duslcy brown
(5YR 5/4), poorly developed wavy laminations present; sandstone
medium-brown (sYR 5/4), weathers same colorto duslcy brown (5YR

22); laminated and thinly laminated, weakly developed cross-lami-
nations; very thin beds and laminations of sandstone and limestone
are intercalated; moderately resistant, surfaces weather smooth to
hackly; commonly contains unidentified pelecypods and microgas'
tropods, Naticopsis? sp., Cylinilrobullina sp., Pentacrinus colum'
nals, shark denticles and fish teeth; tmcommon scapho-pods?,
echinoidfragments,rareEllhoniasp. . . . . . .  3.7

I 2 . C o v e r e d s l o p e . . . . . .  ' . . '  3 5 . 9

ll. Limestone and sandstone: sanxe as unit 13; contains conxmon
unidentified conodonts, Cylindrobullina sp., shark denticles' and

fish teeth, Plntyvillosus asperqtus, Naticopsis? sp., scaphopods?,
uncomnxon c r ino id  co lumnals  and ech ino id  f ragments ,
N e o s patho ilus ? trian gularts, and rar e P e ntacrinu s c o lumnal s . . 8' 3

l 0 . C o v e r e d s l o p e . . . . . .  . ' . . 3 8 . 6

9. Limestone; medium-gray (N5.5), weathers same color; moderately
resistant, surface weathers hackly; contains abundant echinoid

fragments and uniilentified pelecypods, common Naticopsis? sp.,
C ylinilrob ullina s p., and un i de ntffi e d mic r o g a s t r op o d s, uncommo n
scaphopods ?, Pents.crinus columnals, shark denticles andflsh te eth,
rareunidentff iedconodontfragments. .  ' .  ' .  '  5.5

8 . C o v e r e d s l o p e . . . . . .  . . ' . . 3 1 . 6

7. Limestone, light-gray (N7) to light-olive-gray (5Y 5/2), weathers
medium-gray (N6); bedding is thin to very thin in lower one-fourth,
middle part slightly thicker bedded; upper part is massive, blocky,
and weathers hackly; very resistant unit; abundant uttidentffied
pelecypods, unconmon crinoid columnals, echinoid fragments,
shark denticles andfish teeth, rare Cylinilrobullina sp. 14.2

6 . C o v e r e d s l o p e . . . . . .  ' . . . . 2 3 ' 2

5. Limestone; light-gray (N7), weathers same color to medium gray
(N6): lower half of unit displays thin to very thin bedding and upper
half is massive; all surfaces display hacHy weathering; abundant
pelecypods; common unidentified microgastropods, Cylilr
drobullina sp., shark denticles, andfish teeth; uncommon Naticop'
sisl sp., crinoid columnals, echinoid fragments, and unidentified
conodontfragntents;rareEllhoniasp, . . . . . .9' l

4 . C o t , e r e d s l o p e . . . . . .  . . . . . . . . . 1 0 . 5

3. Limestone; medium-gray (N5), u,eathers light gray (N6): massive,
broken at irregular intervals by well-developed bedding planes;
highly resistant, swfaces weather hackly; aburtdant unidentiiled
pelecvpods, contmon shark denticles and fish teeth, unconffixon
Naticopsis? sp., and echinoid fragme,'tts, rare Pentacrinus colwn-
n a l s . . .  " " " " ' / 5 ' 8

2 . C o v e r e d s l o p e . . . . . .  . . . . . 2 8 ' 7

l. Limestone: like unit 3, but pale brown (SYR 62) to light gray (N7)'

weathers medium gray (N5); abundant unidentified pelecypods,
comnnn microgastropods, crinoid colr.rmnals, shark denticles, and

fish teeth, ut common Naticopsis ? sp., and echinoid fragments, and
rarePentucr tnusco lumnals  . . ' .  ' . .14 .2

Total lowerThal,nes Formation(ittcotnplete). . . . . . ... 255'5
Lower contact covered,
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Figure 4. Resistant outcrop of the lower Thaynes Formation (R tl) on the northwest flank of Thumb Ridge.

FigureS. PorousbedsoflimestoneconsistingoffossilshellsnearthebaseoftheThaynesFormation(Ftl)alongthenorthwestflankofThumbRidge.



Geologic map of the Grayback Hills quadrangle

The upper Thaynes Formation (T.tu) is exposed on the west
side of the Grayback Hills, and is composed mainly of yellowish-
brown, gray, or tan weathering, silty, very thin-bedded to lami-
nated limestone. The finely recrystallized limestone displays
characteristic, irregular-spaced, rough-surfaced wavy lamina-
tions and forms discontinuous low-relief outcrops. About 200
feet (60 m) of upper Thaynes rocks were measured in the
Grayback Hills quadrangle, and additional strata are probably
present in isolated, poorly exposed outcrops. The upper Thaynes
Formation is locally fossiliferous and biostratigraphic control is
provided by the ammonite guide fossil Prohungcrires sp. which
indicates an upper Spathian substage (Kummel, 1954, p. 176).

Measured section of a part of the upper THAYNES FORMATION (Ttu)
taken across a series oflow- to ntoderate-relieflimestone beds that crop
out along the southwest flank of the Grayback Hills in the Wt/z SE|A
unsurveyed section 12, T. I 5., R. 12 W., Tooele County, Utah. The line
of measurenent was ffiet in many places to obtain the best information
(measuredby S.F. Davies, 1980, p. 149-152).

TRIASSIC

Upper contact covered.

Thay n es F ormation--upp er p art :

Unit Feet

31. Limestone (50 percent) and silty limestone (50 percent); light-gray
(N7), weathers pale-yellow-brown (1}YR 52) to duslq brown (5YR
22); limestone forms upper half of .unit, finely crystalline, massive,
weathers hackly; silty limestone with wavy-laminated coarse silt,
weathers into rounded to bloclq low outcrops; fossiliferous with
abundant microgastropods and pelecypod fragments, common
scaphopods 7, echinoidfragments, shark denticles andfish teeth, and
uncommon Pentacrinus 7, and crinoid columnals. . . . . I .8

3 0 . C o v e r e d s l o p e . . . . . .  . . . . . 1 3 . 3

29. Silty limestone; light gray (N7) weathers same color to moderate
yellowish brown ( I )YR 6/4) ; coarse silt; massive to wavy laminated;
weathers hackly and into rounded and bloclq, low-relief outcrops;

fossiliferous with abundant echinoid and pelecypod fragments, un-
common microgastopods, and rare scaphopods? . . . . 2.2

2 8 , C o v e r e d s l o p e . . . .  . . . . . . . . 1 . 9

27. Silty limestone: lisht gray (N7) to moderate yellowish brown ( 10YR
5/4), weathers to same colors; coarse silt; wavy laminated; rounded
to bloclq moderate-reliefautcrops thatweather into rough surfaces;

fossilifurous with common microgastopods and hematite-replaced
echinoid spines, and rare Bakevillia? sp. . . . . . . . . . . . 3.2

2 6 . C o v e r e d s l o p e . . . , . .  . . . . . . 1 . 6

25. Limestone; light gray (N7) to yellowish gray (5Y 72) weathers to
same colors to moderate yellowish-brown (10YR 6/4); contains
minor coarse silt; massive to wary laminated, forms bloclq to
rounded moderate-relief outcrops; fossiliferous with abundant pe-
lecypod fragments, conxnon echinoid fragments, uncomrnon frag-
ments of Lingula borealis?, and rare Prohungarites sp.,
Bakev i l l i t?  sp . ,andNeosch izodus  sp . .  . . .  .  . . . . . . . .  7 .7

2 4 C o v e r e d s l o p e . . . . . .  . . . . . 2 2 . 3

23. Silty limestone; light gray (N7) and dusl<y yellow (5Y 6/3), weathers
light olive brown (5Y 5/4) and dark yellowish brown ( l?YR 62);
coarse silt; weathers to rounded to bloclcy low-relief outcrops;
fossiliferous with common microgastropods and Linguh borealis?

fragrnents, uncomtnon echinoid fragments and scaphopods?, and
rarepe lecypodf ragments  ' . . . . . . . . .1 . - t

2 2 .  C o v e r e d s l o p e . . . . . .  ' . . . . 2 2 . 2

2 L Silty limestone; light gray (N7), weathers moderate yellowish brown
( 10YR 6/4) to dark yellowish brown ( 1}YR 42); medium silt; mas'
sive and wavy laminated; weathers smooth and hackly into low- to
moderate-relief outcrops; contains abundant microgastropods,
common echinoid fragments, and uncommon scaphopods? and pe-
l e c y p o d f r a g m e n t s . . .  . . ' . . 5 . 7

2 0 . C o v e r e d s l o p e , . . , , .  . , ,  ' . 1 5 . 2

19. Limestone; olive gray (5Y 52,), weathers moderateyellowish brown
(I?YR 6/4) to duslcy yellowish brown (l0YR 2/2); contqins minor
quantities of medium silt; common wavy laminations; weathers to
rough, slightly hackly surfaces andforms outcrops with low relief;
contains abundant microgostropods and echinoid fragments, and
rareL ingu laborea l i s  ' . . . .1 .4

I 8 . o v e r e d s l o p e . . . . . .  . . . . . 1 3 . 7

U. Silty limestone; light gray (N7) weathers to satne color and mod-
erate yellowish brown (l0YR 5/4); medium silt common in wavy
laminations; weathers to rounded to bloclq low-relief outcrops;

fossiliferous with abundant microgastropods . . . . . . . . ... . . " 2.6

l 6 . C o v e r e d s l o p e . . . .  . . . . . . .  '  8 . 5

15. Limestone; light gray (N7), weathers to same color and moderate
yellowish brown (10YR 5/4); minor amount of medium silt present
as waw laminations; forms rounded to blocky low-relief outcrops;

fossiliferous with common microgastropods, and echinoid and pe-

le cypod fragments, uncommon s caphopods ?, and rare Prohunga-
riles? sp. and Keyserlingites bearhkensis? . . . . . . . . . 1.8

1 4 .  C o v e r e d s l o p e . . . . . .  . . . . . . 8 . 0

13. Silty limestone; like unit 17, but notfossiliferous . . . . . .4.6

l 2 . C o v e r e d s l o p e . . . .  . . . . . . . 1 3 . 0

Il .Silty limestone; light gray (N7), weathers same color to pale
yellowish brown (10YR 62); medium silt, wavy laminations com-
mon; weathers sftnoth to hackly; fossiliferous with abundant micro-
gastropods, common echinoid fragments, uncommon pelecypod

fragments, and rare Prohungariles? sp. and Keyserlingites bear-
l a k e n s i s  . . . . . . . . . . 1 . 8

l 0 . C o v e r e d s l o p e . . . . . .  . ' . . 1 1 . 4

9. Silty limestone; like unit 17, fossiliferous with abundant microgas-
tropods, echinoid fragments, and Prohungariles sp., common Lin'
gula borealis and pelecypod fragments, uncommon Eumorphotis
mukiformis, and rare Keyserlingites bearriverensis? and Bakevil-
l i a T s p .  . . . . 2 . 3

8 .  C o v e r e d s l o p e . . . . . .  . . . . . . 1 7 . 7

7. Silty limestone; yellowish gray (5Y 72) weathers same color and
pale-yellowish-brown (10YR 72); contains coarse silt with wavy
laminations; weathered to discontinuous, Iow- to moderate-relief
outcrops; fossiliferous with abundant Prohungarites sp., and rare
Linguhborealis andNeoschizodus sp. . .... -t.8

6 . C o v e r e c l s l o p e , , , . , .  . . . . . . . 3 . 7

5. Silty limestonei pale olive (5Y 7/2), weathers grayish orange ( l0YR
7/4) to moderate brown (5YR 3/4); commonly contains mediunt silt
grains; massive to wary laminated; weathers to rough and pitted

sutfaces; resistant; fossiliferous with abundant Prohungariles sp.
and Keyserlingites bearlakensis, cornmon microgastropods and
e c hino id fra gn',ents, uncom.mon Lingula borealis fra gments,
Bakevillia? sp, and scaphopodsT, and rare Eumorphotis nultifor'
mis, Stachites sp., and Keyserlingites beativerensis ? . . . . . . .' I 2.0

4 . C o v e r e d s l o p e , , , . . .  . . ' . , , , 6 . 0
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3. Silty limestone; pale olive (5Y 72) weathers pale orange ( l0YR 7/3)

to duslcy-brown (5YR 2/2); contains medium silt' wavy laminations
are common; surfaces weather smooth to rough, forming outcrops
w i t h l o w  r e l i e f  . .  ' .  ' . . . . . . . . . 7

2 .  C o v e r e d s l o p e . . . . . .  . . . . . . . 3 ' 0

t. Silty limestone; pale olive (5Y 7/2), weathers pale orange (10YR7/3)

to dusl<y brown (5YR 22); common coarse silt and waty lamina-
tions; surfaces weather smooth to hackly, outcrops display noderate
r etief ; fo s s ilife r o u s w ith ab undant mic ro g os tr op o d s, e c hino id fra g -

ments and pelecypod fragments, common Prohungarites sp., un'
common scaphopods? and Keyserlingites bearl*kensis, and rare
Key serlingites b earriv erensis ?, Bakevillia? sp., shark denticle s, and

f i s h t e e t h .  . . . . ' . . ' . 3 . 9

Total upperThaynes Formation(incomplete).. ' . . .  . . .  219.3

Lou,e r contact cov e red.

Tertiary Rocks

Volcaniclastic Rocks (Tsd)

Outcrops of a tuffaceous conglomeratic sandstone and dacite
tuff are exposed in gullies at the northwest end of the Grayback
Hills (unsurveyed sections 13 and 23,T. I N., R. 12 W') and are
assigned to the volcaniclastic rocks unit. The scattered expo-
sures are present in the piedmont well below the Stansbury
shoreline (about 4,525 feet or 1,379 m) of Lake Bonneville, but
above the Gilbert shoreline (about 4,290 feer. or 1,308 m)'
Similar rocks may be present along the west side of the Grayback
Hills, but have been so reworked by Lake Bonneville that they
can no longer be positively identified as bedrock outcrops.

The tuffaceous conglomeratic sandstone contains clasts
ranging in size from very fine sand grains to cobbles. The
percentage of grit-sized and larger clasts in the rocks is highly
variable. The sand-sized and smaller particles of the rock are
loosely cemented, and are somewhat laminated and cross-strati-
fied (figure 6). Lenticular channels 0.2 to 1 foot (6-30 cm) deep
and 1.5 to l0 feet (0.5-3 m) wide are common and are filled by
poorly sorted lag concentrations of cobbles, pebbles, and gran-

ules that are embedded in a tuffaceous sandy matrix' The coarser
constituents of the tuffaceous conglomeratic sandstone consist
mostly of silty or sandy limestone, siltstone, sandstone, and
chert, whereas the finer clasts are glass shards, grains of mica,
mafic minerals, quartz, feldspar, and bits of siltstone, sandstone,
cheft, gypsum, and calcite. The gypsum and calcite may be
secondary. The coarse clasts are generally subangular; cobbles
show the greatest degree of rounding.

Interlayered with the tuffaceous conglomeratic sandstone are
grayish-pink or yellowish-gray dacite airfall tuffs (Le Bas and

others, 1986) (figure 7). In thin section the tuff is composed of
minute clayey, mostly devitrified glass shards, quartz, light-
brown mica, and subordinate feldspar and mafic minerals. The
minerals are mostly finely crystalline, but in some layers are as
large as one millimeter in diameter. Tuff layers make up 20
percent of the following measured section.

Measured section of the VOLCANICI^{STIC ROCKS unit (Tsd) at the
north end of the Grayback Hills in EVz NEVq unsurveyed section 23' T.
1 N., R. 12 W' Tooele County, Utah (measured by H.H. Doelling' 1991 ).

Utah Geological SuneY
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T rachyande s ite flow, black, dark- g ray, Potphy ritic, poorly ex,p o s ed,
reworked by Lake Bonneville below Stansbury level irtto rounded bouL-
ders, at least 25 to 35 feet thick.

Volcanithstic rocks unit

Unil Feet

9. Tuffaceous conglomeratic sartdstone; light gray, a little lighter color

where weathered; mostly very fine' to coarse'grained with laminae
of grit, pebbles, and local cobbles; sand-sized' grains are black,

transparent, and light yellowish orange; cobbles generally consist

ofcalcareous,fi.ne-grained sandstone or silty and sandy limestone
derived from the Triassic Thaynes Formation; finer constituents
dominate and are composed ofbroken glass shards, grains ofbiotite,
ancl clinopyroxene with subordinate sanidine(?), quartz, and cal-

cite; cross-bedded at angles as high as 25 degrees; generally

resistarfi butfriable and breaks easily with hammer, poorly exposed

under mantle ofLake Bonnevi l le sediments .. . . . . . . .  103

S.Covered in te rva l ,concaves lope ' .  . ' . .52

7. Dacite tuff; yetlowish gray fresh, very pale orange weathered, very

fine grained; scattered tiny phenocrysts of dull-white mineral and

blackflecks of mica; structureless, massive; fotms subdued rounded

o u t c r o p s  . " . . ' . " . - t 5

6. Dacite tuff; grayishorange pinkfresh, grayishpinkweathered; very

friable and clayey; altered and poorly exposed (tuffdated at 38.6 t

1 . 0 M a l  . . . . . . . . . . .  z

5. Dacite tuff; Iike unit 7, interlayeredwith very thirt bands of reworked

t u f f ,  l i k e u n i t 6 . .  . . . . . . . . .  6 . 5

4.Tuffaceous conglomeratic sandstone; like unit9 . -. ... 57

3 . D a c i t e t u f f ;  I i k e u n i t T . .  . . - . . 1 6

2.Dac i te tu f f ;  t i keun i t6 . .  . ' . .  1 .5

I. Mostly covered interval with patches of very poorly exposed tuf-

faceous conglomeratic sandstone . .. 34+

Totalvolcaniclastic rocks unit (incomplete). .' . . . . .. . 307+

Base of section covered by Lake Bonneville deposits.

Volcaniclastic rocks in the N 7a unsurveyed section 23, T . I

N., R. 12 W., are apparently coeval with the trachyandesite lava

flows in the Grayback Hills. The tuffaceous conglomeratic

sandstone strikes N. 50-55" E. and dips 12-15' SE', apparently

beneath the trachyandesite flows of the Grayback Hills. In the

NW7+ SE7+ of the same section, the strike is N. 8o W. and the dip

is 18' SW. In the SW74 section 13, T. I N., R' 12 W', tuffaceous

conglomeratic sandstone appears to underlie Quatemary Lake

Bonneville white marl (Qlm) and overlie a lava flow. However,
the white marl may have been deposited where previous erosion

removed an overlying lava flow.

Sanidine from a sample of dacite tuff (unit 6 in the measured

section) had a K-Ar age of 38.6 + 1.0 Ma. The trachyandesite
lava flows age (about 39 million years) we obtained is similar

and indicates a late Eocene age for both units. An Ar-Ar total

fusion age estimate was determined by the U.S. Geological
Survey on five plagioclase crystals taken from the same dacite

tuff layer used in the K-Ar determination (table 2). The resulting

weighted age estimate of 35.52 t 0.38 Ma indicates an early

Oligocene age for the rock.
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Figure 6. Outcrop of tuffaceous conglomeratic sandstone of the volcaniclastic rocks (Tsd) at the north

end of the Grayback Hills.
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Figure 7. Geochenical plnt for the Grayback Hills volcanic rocks (fieldfrom Le Bas and others, 1986).
Dits represent lava samples and triangles represent dacite+uff samples. See table I for more complete
geochemistry.

Trachyandesite Lava Flows (Tt' Qlg/Tt)

A large part of the Grayback Hills is capped with trachyan-
desite lava flows. Lake Bonneville inundated and modified
these outcrops (figure 8). Most exposures are labeled Qlg/Tt;
less-affected exposures are shown as Tt.

The lava flows were probably erupted from fissures which
mostly paralleled the trend of the Grayback Hills. Doelling

brown, and brownish gray in color.
Much of the rock is porphyritic, with an average phenocryst

content of about 15 percent, with phenocrysts as large as 0.2

inches (5 mm) in diameter. The phenocrysts are randomly
scattered in an aphanitic to cryptocrystalline to trachytic ground-
mass. In order of abundance phenocrysts include calcic plagio-
clase, ortho- and clino-pyroxene, olivine, iddingsite' and iron

Q96a, p.272) assumed the vents

trended roughly N. l5o W., be-
cause they are visible as resistant
linear features on aerial photos. He
discovered linear igneous dikes
with similar trends in the nearbY
Grassy Mountains, and thought the
Grayback Hills activity was re-
lated. The compositions of the
Grassy Mountains dikes are un-
known.

Davies (1980, p. 125 and 126)
indicated the presence of two Par-
allel north- by northwest-trending
fissures in the Grayback Hills, one
passing through Reed Peak, NET4
SW7+ unsurveyed section 24,T. I
N., R. 12 W. (Reed Triangulation
Point 4673), the other through Tri-
angulation Point4623 in the SWTq
NETa unsurveyed section l, T. I S',
R. 12 W. We presume lava emer-
ged from these linear fissures (fig-
ure 9). We could not determine if
eruptions occurred as a single event
or in multiple episodes. Most lavas
(Tt) appear to overlie the volcani-
clastic rock unit (Tsd), but in a few
places are found at the same level
or below the volcaniclastic rock
outcrops. Lava may have cut
through the volcaniclastics in fis-
sures or may be interlayered with
the Tsd. The thickness of the caP-
ping lava flows is difficult to deter-
mine but appears to be less than 35
feet (l I m) in most places.

The lava is grayish black, olive
black, olive gray, dark gray, me-
dium dark gray, and grayish brown
on fresh surfaces. Less commonly
the fresh rock is grayish red. Some
rocks, especially those with olive
coloration, have regular, narrowlY
spaced (less than 0.2 inches [0.5
mml), very thin (less than 0.02
inches [0.5 mm]) ,  subparal le l ,
somewhat lighter mottlings, Prob-
ably due to deuteric alteration.
Weathered rock is grayish black,
grayish brown, moderate yellowish
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Grayback Hills as Qla (plate 1), This unit consists mainly of
fine- to coarse-grained alluvial-fan deposits that were moder-
ately reworked by Lake Bonneville. As a result, the alluvial-fan
deposits are overlain by a thin cover of lacustrine sediments,
generally less than 10 feet (3 m) thick. The lacustrine sediments
are coarser grained in the upper and middle piedmont because
the preJake fan material was finernearthe distal ends of the fans.
Erosional remnants of older alluvial-fan deposits, reworked at
the surface, form prominent knobs on the piedmont below drain-
ages in bedrock in the SW7+ unsurveyed section 1, T 1. S', R. 12
W. Small areas of Qla occur where Lake Bonneville lacustrine
deposits were slightly reworked by postJake alluvial-fan proc-
esses, or where lacustrine and alluvial gravels intertongue at
unmappable scales. This unit is latest Pleistocene through latest
Holocene in age.

Lacustrine clay deposits (Qlc): This unit consists primarily of
water-saturated, thinly bedded to laminated, lake-deposited clay,
but also includes small amounts of marl and non-lacustrine sand
and silt. The unit is generally less than 10 feet (3 m) thick, and
is commonly ovedain by a thin crust of efflorescing salts or a
thin layer of sand- and silt-sized gypsum particles, particularly
where it occurs adjacent to coarser grained deposits. Lacustrine
clay occurs on the west margin of the quadrangle and extends
westward into the Great Salt Lake Deserl. The lacustrine clay
deposits are latest Pleistocene to early Holocene in age but may
include surficial layers of younger, alluvial-mud or playa-lake
deposits that are not differentiated.

Lacustrine fine-grained deposits (Qlf): Lacustrine fine-
grained deposits occur in Ripple Valley, in the flats north of the
Grayback Hills, and between the Grayback Hills and mudflats
to the west. These deposits are generally less than 30 feet (9 m)
thick, and consist of varying combinations of lake-deposited
sediment in which silt and clay predominate, and fine sand and
marl are subordinate. In some places this unit is reworked into
shrub-coppice dunes; elsewhere eolian deflation has removed
fines, exposing the underlying water-saturated mud and leaving
small, isolated remnant buttes. The unit is characterized by
crescentic, l- to 2-feet (0.3-0.6 m) wide, unvegetated features
first named "desert ripples" by Ives (1946), who attributed their
formation to a combination of precipitation, evaporation, and
wind transport of sediment. Lacustrine fine-grained deposits are
latest Pleistocene to early Holocene in age.

Lacustrine gravel (Qlg): This unit consists of well-rounded
coastal gravel and typically contains significant intervals of
interbedded sand. It is generally thin, but may be up to 30 feel
(9 m) thick in some banier beaches. Most Lake Bonneville
coastal gravel was deposited during the lake's transgressive
phase. Tertiary volcanic rocks in the Grayback Hills and Permo-
Triassic rocks in Thumb and Pinky Ridges constituted the major
source material for the lacustrine gravel, although alluvial fans
provided a significant component. Large quantities of reworked
volcanic talus ("residual boulder-pebbles" of Davies, 1980) in
the Grayback Hills, transported short distances by waves and
deposited near outcrops of trachyandesite lava flows (Tt), are

shown as Qlg/Tt. Tufa masses on the west slope of the Grayback
Hills near the Stansbury shoreline (about 4,525 feet or 1,379 m)

are too small to be mapped separately and are included with the
lacustrine gravel unit. Geomorphically, the gravel deposits

Utah Geological SumeY

formed as beaches, spits, tombolos, bayhead barriers, and cus-
pate barriers (V-bars). Lacustrine gravel deposits are latest
Pleistocene in age.

Lacustrine lagoon deposits (Qll): Lacustrine lagoon deposits
consist of silt, clay, marl, and small amounts of fine sand that
were primarily deposited in lagoons behind Lake Bonneville
gravel bars along the Stansbury and other prominent shorelines.
This unit occurs at several locations along the flanks of the
Grayback Hills. The unit is generally less than 10 feet (3 m)
thick, and latest Pleistocene in age, although a minor amount of
post-Lake Bonneville, Holocene slopewash and ponding sedi-
ment may have accumulated in the lagoonal basins'

Lacustrine marl (Qlm): This unit includes finely bedded to
indistinctly laminated, very fine-grained, white to gray lacus-
trine marl (Gilbert's [1890] pelagic Lake Bonneville white
marl), and younger, alluvially reworked sandy marl and marly
sand. In the Grayback Hills quadrangle, marl is generally less
than 6 feet (2 m) thick and occurs below the Stansbury shoreline
as isolated erosional remnants which locally contain ostracodes
and rare gastropods. The lacustrine marl is latest Pleistocene to
middle Holocene in age.

Lacustrine sand (Qls): The lacustrine sand unit typically con-
tains silty, and locally clayey qtaftzitic and feldspathic sand that
is fine to medium grained. The unit also contains pebbly layers
and lenses in the tombolo which connect Thumb and Pinky
Ridges. The unit locally contains thin clayey and marly inter-
beds. The lacustrine-sand unit may be as much as 30 feet (9 m)
thick. The unit occurs in bars, spits, tombolos, and beaches,
usually at or below, but locally higher than the Gilbert shoreline.
A probable source for the sand is pre-Lake Bonneville alluvial
fans which underlie the various lacustrine deposits ofthe pied-
mont and were originally derived from Permian rocks. The
lacustrine sand is of latest Pleistocene age.

Playa-Mud Deposits (Qpm)

Playa-mud deposits consist of poorly sorted, muddy mixtures
of clay and silt, and small amounts of sand. Local accumulations
of gypsum, halite, and other salts form on the playa surface. The
unit is generally less than 10 feet (3 m) thick. Small mud-filled
playas have formed within and adjacent to gypsum dunes on the
eastem margin of the Great Salt Lake Desert, west of the Gray-
back Hills. Playa-mud deposits are Holocene in age'

Alluvial Deposits

Alluvial-fan deposits (Qaf): Alluvial-fan deposits include
coarse- to fine-grained alluvium and debris-flow sediments de-
posited on piedmont slopes after regression of Lake Bonneville
from the Provo level. The distal portions of the fans generally
contain finer grained alluvial material which is locally mixed
with lacustrine sediments. The fan deposits are thickest near fan
apices and thin to a feather edge into the basin but are generally
less than 10 feet (3 m) thick. Alluvial-fan deposits have been
accumulating from latest Pleistocene time to the present.

Alluvial-channel and floodplain deposits (Qal): Alluvial-
channel and floodplain deposits consist offine-grained sediment
with thin gravel layers and lenses. These deposits respectively
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occur in a channel and associated floodplain on the northeast end
of the Grayback Hills, and include small amounts of alluvially
reworked colluvium on adjacent piedmont slopes. Deposits are
generally less than 10 feet (3 m) thick. They are of post-Provo
shoreline age, and vary in age from latest Pleistocene to latest
Holocene.

Eolian Deposits

Gypsum dune deposits (Qeg): Morphologically well-devel-
oped dunes composed mainly of sand-sized gypsum particles are
located on the west edge ofthe quadrangle. The dunes form a
pair of north-south linear ridges, up to 30 feet (9 m) high, east of
the extensive mudflats of the Great Salt Lake Desert. The dunes
are mostly active, but in places are stabilized by vegetation and
capped by shrub-coppice dunes. The gypsiferous material may
be derived, in part, from the erosion of efflorescent mudflat salts
(Eardley, 1962), and may also represent almost in-place eolian
reworking of lacustrine beach deposits associated with the final
static level of the Gilbert beach cycle of Murchison (1989)' This
level. established at an elevation of about 4,230 feet (1,289 m)
between 9,400 and 9,700 years ago, is at approximately the same
elevation as the base of the gypsum-dune deposits, indicating the
dunes were preferentially deposited at and near the former
Gilbert shoreline. The phenomenon of eolian sand preferentially
depositing along former shorelines has been noted elsewhere in
the Bonneville basin (Dennis, 1944; Ross, 1973; Currey, 1980;
Sack, 1990). The results of parametric tests by Dean (1978) also
indicate that the gypsum dunes ofthis region were derived from
local lacustrine sediments. The dunes are mostly Holocene in
age, but some may have started accumulating in latestPleisto-
cene time.
Silica-dune deposits (Qes): A small deposit of siliceous, fine-
grained sand on the east-central flank of the Grayback Hills
consists oflongitudinal and parabolic dunes. The dunes are up
to l0 feet (3 m) high and are partly active. The sand was
probably derived from nearshore, sandy lakebeds and pre-Lake
Bonneville alluvial fans. The silica-dune deposits are mostly
Holocene in age, but may have started accumulating in latest
Pleistocene time.

Artificial-Fill Deposits (Qf)

A thin layer of Lake Bonneville gravel has been used as a
base for a landing strip west of the Grayback Hills. This artifi-
cial-fill deposit is less than 1 foot (0.3 m) thick.

STRUCTURAL GEOLOGY

The Grayback Hills and associated ridges trend subparallel
to the principal mountain ranges of the eastern Basin and Range
Province. Most of these larger ranges are bounded by one or
more major basin-and-range faults, but no direct evidence of
such faults was found in the Grayback Hills quadrangle. How-
ever, Baer and Benson (1987) show two such faults on the east
side of the Grayback Hills based on gravity data. The elevation
of the valley floor at the base of the piedmont is 20 to 30 feet

(6-9 m) higher on the east side of the Grayback Hills. Although
difficult to prove, this may indicate displacement along a down-
dropped to the west basin-and-range fault.

Structures in Permo-Triassic Rocks

The Permo-Triassic rocks are folded into anticlines that trend
norlheast and plunge gently southwest in the northem part ofthe
quadrangle (plates I and 2). Corresponding synclines are
thought to be buried between the ridges. To the south, Permo-
Triassic rocks strike north and dip gently along the margins of
the Grayback Hills. We found no major faults between the two
areas, but assume a northeast-trending fault (not shown), buried
by the Tertiary volcaniclastic rocks and lava flows, may be
present to account for the change in strike and dip between the
northern and southern parts of the Grayback Hills.

One or more faults may be present between Pinky Ridge and
the northem Grayback Hills to account for the assumed thick-
nesses ofrocks that should be present between the ridges. Paral-
leling faults may cut rocks between the northem ridges and under
the Grayback Hills although the lack of major faulting in the
exposed strata in this area suggests otherwise.

Structure in Knolls of Unsurveyed Section 33' T.
2 N., R; lzW:

The Permian Grandeur? Formation beds that form knolls in

the Hill Air Force Range mostly strike N. 20-25" E., but veer

easterly to N. 45o E. at the south end of the knolls. The inclina-
tion of beds is steep, ranging from 38 degrees to vertical. It is
not clear whether the east or west side is up because strata are
overturned along much of the outcrop length. The inclinations
are as steep or steeper than those in the other ridges in the
quadrangle and may represent the steepest part of an anticlinal
or synclinal limb.

Thumb Ridge Anticline

The rocks in Thumb Ridge are folded into an anticline which
plunges 2.5 to 3 degrees to the southwest. The plunge steepens
to at least l6 degrees at the southwest end ofthe ridge. The axial
trace of the anticline does not strictly follow the ridge top, but
occurs halfway down the southeast-facing ridge slope. The axial

trace curves such that it trends N. 65'E. in the southwest part of

the ridge and N. 45' E. in the northeast part of the ridge. The
dips on each side ofthe axial trace steepen from 30 to 40 degrees
in the Permian Gerster Formation to 50 to 90 degrees in the
Triassic Thaynes Formation.

Pinky Ridge Anticline

The rocks of Pinky Ridge are folded into a broad box-type
anticline with two subparallel anticlines separated by a shallow
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southwest-plunging syncline. The axial traces of the two anti-
clines trend N.45-65" W., and are 600 to 1,400 feet (185-425 m)
apart. The medial syncline is barely noticeable at the northeast
end of Pinky Ridge, where the rocks are locally flat-lying. The
strata dip to a maximum of about 30 degrees between the two
anticlinal axes. Rocks on the northwest flank of Pinky Ridge dip
50 to 70 degrees and rocks on the southeast flank dilp25 to 45
degrees. Abrupt changes in dip across flexures are common
along the ridge flanks.

Grayback Hills Structure

A ridge of Triassic Thaynes Formation trends N. 40o E. at
the north end of the Grayback Hills in unsurveyed section 13, T.
1 N., R. 12 W., and may be a more resistant part of the southeast
limb of the Pinky Ridge anticline. The rocks in this ridge mostly
dip 40 to 60 degrees to the southeast.

The Thaynes Formation is also exposed in scattered locations
on the west margin of the Grayback Hills. These rocks strike
north and dip 10 to 20 degrees east under Tertiary lava. The
Permian Murdock Mountain Formation crops out as a resistant
ridge on the northeast side of the Grayback Hills in sections l8
and 19, T. t N., R. 1l W. These strata strike approximately north
and dip 40 to 60 degrees to the west which suggests that a
synclinal structure underlies the GraybackHills, No connecting
exposures show how these north-striking rocks on both sides of
the Grayback Hills are structurally intenelated and how they
may be related to the northeast-stdking rocks of Pinky and
Thumb Ridges. Two tiny exposures of Permo-Triassic rocks
mapped along the GraybackHills crestprobably strike east-west.
If the small outcrop is Permian Grandeur? Formation as mapped,
then a feature more complex than a syncline underlies the
Grayback Hills.

The Tertiary volcaniclastic rocks in N7+ unsurveled section
23,T. 1N., R. 12 W., strike N. 20-30" E. and dip 10-15 degrees
to the southeast. Another small area of volcaniclastic rocks in
the SE7+ unsurveyed section 23,T. I N., R, 12 W., strike about
N. l0'W., and dip 15-20 degrees to the southwest. Strikes and
dips were averaged from pa(ially cross-bedded rocks. We
assume these rocks were deposited on a terrain of moderate
relief, and may not have been deposited in a strictly horizontal
fashion. The lavas flowed over a terrain exposing both Permo-
Triassic and volcaniclastic rocks. We assume the lava issued
from mostly north-northwest-trending fissures and flowed over
nearly flat surfaces or down gentle slopes.

GEOLOGIC HISTORY

The Permian rocks exposed in the ridges and knolls of the
Grayback Hills quadrangle were depositedin alarge miogeocli-
nal basin that covered westem Utah. Some units (Grandeur and
Gerster) were deposited in shallow seas, others (Meade Peak and
Murdock Mountain) were deposited in deeper waters (Hintze,
1988, p. 38). The unconformity that divides Permian from
Triassic rocks is of world-wide proportion (Hintze, 1988, p. 37)
and represents an erosional interval of more than 5 million years.

Utalt Geological Suwey

The Triassic rocks generally represent the shallow-water
deposits of the last marine transgression into westem Utah from
the west. Most were removed when western Utah was uplifted
during the Crefaceous Sevier orogeny. The Sevier orogeny is
characterized by piggy-back thrust faulting, folding, and faulting
(Hintze, 1988, p.7). Rocks in the eastern Great Basin, including
those of the Grayback Hills quadrangle, were generally dis-
placed many miles eastward (Levy and Christie-Blick, 1989), to
accommodate crustal shortening caused by crustal compression.
The thrust plates near the Wasatch Front have been defined and
named, but those in the Sevier hinterland belt of northwest Utah
are poorly defined and understood (Allmendinger and others,
1984). Postulated and known thrust faults in northwest Utah are
shown in figure 10. Cashman(1992,p.172) described anticline-
syncline pairs in the Stansbury Mountains, which are somewhat
comparable to those in Thumb and Pinky Ridges, as fault^propa-
gation folds, representing the deformation directly ahead of the
propagating fault surface. If propagation folding formed the
Grayback Hills ridges, they would indicate southeast-vergent
thrusting.

The trachyandesite flows and volcaniclastic rocks of the
Grayback Hills have been dated as latest Eocene to earliest
Oligocene (38-35 million years). An early surge of magmatism
occuned in northwestem Utah during this time. Intermediate
volcanic and volcaniclastic rocks ofthis age have been described
in the Thomas and DrumMountains, Wasatch Range near Ogden
(Norwood Tuf0, Traverse Mountains, and elsewhere (Hintze,
1988, p. 65). Simultaneously several stocks of intermediate
composition intruded an area between Paik City and the Oquinh
Mountains.

Basin-and-range faulting commenced in middle Miocene
time (15 million years), elevating northwest Utah and forming
the characteristic north-south-trending, fault-block mountain
ranges separated by wide graben-like basins. These extensional
structures displaced and, in some cases, masked the earlier
Sevier orogenic compressional strucfures. The Grayback Hills
may be a small, tilted, fault-block range, but more likely they are
an erosional remnant of resistant lava and Permo-Triassic,rocks.

Pleistocene Lake Bonneville materials dominate the surficial
geology of the quadrangle. Marginal, shore-zone, and deep-
water sediments deposited during the various oscillations of the
lake are present. The lake's basin has been an area of closed
drainage for much of the past 15 million years, and several lakes
existed in the basin during this time. Pre-Lake Bonneville
lacustrine sediments of Quatemary age are believed to be buried
in the valleys adjacent to the Grayback Hills (Heylmun, 1963, p.
293;Pattan and Lent, 1980, p. 118). Younger Holocene sedi-
ments overlie the Lake Bonneville deposits in places.

The Bonneville lacustrine cycle was essentially coincident
with the last global ice age, and lasted from about 28,000 to
12,000 years ago (Oviatt and others, 1992). Lake Bonneville
began to rise from levels close to those of the modem Great Salt
Lake and transgression was well underway about 26,000 years
ago (Cuney and Oviatt, 1985). The lake experienced a major
oscillation between 22,000 and 20,000 years ago that resulted in
the formation of the Stansbury shoreline (Oviatt and others,
1e90).

Lake Bonneville occupied its highest shoreline, which Gil-
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Figure 10, Thrust faults and postulated thrust faults of the Sevier orogeny and importont basin-and-range faults in northwestern Utah (modified

from Allmendinger and others 1984; Smith and Brauhn, 1984; and Cashman, 1992I

ben (1875) named the Bonneville beach, after 16,400 years ago
and perhaps as late as 15,000 years ago (Cuney and Oviatt,
1985). After the catastrophic incision of the Zenda threshold in
southern Idaho and the rapid drawdown of Lake Bonneville, the
lake stabilized at a lower threshold and formed the prominent
Provo shoreline (Gilbert, 1875, 1890). About 14,000 years ago
climatic factors induced regression from the Provo level (Currey
and Oviatt, 1985). During all this time the Grayback Hills were
submereed. In less than 2.000 vears the lake level declined to

below the altitude of the present Great Salt Lake, Subsequent
transgression of the earliest post-Lake Bonneville oscillation,
known as the Gilbert, began about 12,000 years ago (Murchison,
1989), and culminated between 10,900 and 10,300 years ago
(Cuney, 1990). The lake regressed from the Gilbert stage be-
tween 9,400 and 9,700 years ago.

Only two of the regional lacustrine shorelines, the Stansbury
and the Gilbert, occur in the Grayback Hills quadrangle. The
Bonneville and Provo shorelines are at elevations higher than
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those present in the quadrangle. Both the Stansbury and Gilbert
shorelines are complex groups or sets of shorelines that record
lake fluctuations. The highest static level of each shoreline
complex is mapped. The highest level of the Stansbury shoreline
occurs at altitudes between4,520 and 4,530 + 10 feet (1,378 and
1,381 + 3 m). This is higher than the elevation noted by Davies
(1980), who recorded the most prominent, rather than the high-
est, level of the Stansbury shoreline complex. The highest level
of the Gilbert shoreline complex occurs at an elevation of about
4,290 + l0 feet (1,308 + 3 m). This agrees with the elevations
of the Gilbert shoreline noted by Currey (1982, table lC, loca-
tions 16 and l7) in the Grayback Hills, and is at about the same
elevation as the highest Gilbert shoreline identified by Mur-
chison (1989) in the central Bonneville basin. The Gilbert
shoreline of Davies (1980) is the most prominent Gilbert level'
and likely corresponds to the final static level of the Gilbert
beach cycle of Murchison (1989). The Pilot Valley shoreline is
present elsewhere in northwestern Utah (Miller and others,
1990) at about the same elevation as the highest Gilbert level in
the Grayback Hills. We found no evidence to indicate that the
shoreline herein identified as the highest Gilbert level is actually
the Pilot Valley shoreline.

ECONOMIC GEOLOGY

Gypsite

Longitudinal and transverse dunes (Qeg) consisting of 60
percent gypsum, 35 percent calcareous material, and 5 percent
quartz and other impurities lie in the west half of the Grayback
Hills quadrangle. Dune material mixed with sand has been used
as fill and as pavement material in the construction of the roads
servicing the hazardous-waste landfill in the northwest part of
the quadrangle. The roads constructed using gypsite are excel-
lent in the dry climate and produce little dust. These roads are
durable and are used by heavy trucks. Other uses for the gypsite
may be to condition soils deficient in sulfur, modify soil alkalin-
ity, and granulate heavy-clay soils. If the average thickness of
the dunes is 15 feet (5 m) (dunes are as much as 30 feet [9 m]
high), then the volume of this resource in the Grayback Hills
quadrangle is about 65 million cubic yards (50 million cubic
meters) or 53 million tons (47 million tonnes).

Sand and Gravel

Several gravel pits have been opened in the Lake Bonneville
gravels (Qlg) along the margins of Thumb and Pinky Ridges
(table 3, plate 1). The material has been used in local road
construction as base and surfacing gravel, and for construction
in support of the hazardous-waste landfill in the northwest part
of the quadrangle. Test data by the Utah Department of Trans-
portation (about 1967) (table 4), indicate good-quality gravel
with low abrasion and a low percentage of fines. Gravel sizes
mostly range from pebbles to 3-inch (7.5-cm) cobbles, but
cobbles to I foot (30 cm) in diameter are common as are grit and

sand. The cobbles are mostly subrounded. Areas where more
gravel may be exploited are limited; the thickest sources are the
lacustrine bars (Qlg) adjacent to Thumb and Pinky Ridges.

Gravel resources from pits 1,2, and 4 (plate 1) are exhausted.
Additional resources may be developed in adjacent areas. About
one-half of the available resource remains in pit 3, but a waming
sign indicates that the area has been used as a munitions-residue
burial site and that no material should be removed or added
without proper authority. Irregular masses of a silvery-colored
slag remain in the bottom of pit 3. Additional gravel resources
are exposed along parts of the highwall of pit 6, but 50 percent
of the material forms thin sandy or marly tongues. Thin soil
horizons exist at the top of some of the sandy or mady tongues,
and at least one exhibited spaghettiJike masses of root casts.
The bottoms of most pits contain fine-grained Lake Bonneville
deposits, but pit 4 is mainly floored in the Dinwoody Formation.

WATER RESOURCES

Studies of the hydrogeology of the Bonneville mud flats to
the west of the quadrangle (Nolan, I 928; Turk, I 969) suggested
to Stephens (1974) a model of a ground-water system for the
Great Salt Lake Desert divided into three distinct segments: (1)

a surficial brine-yielding aquifer composed of lakebeds and
crystalline salt, (2) an alluvial-fan aquifer on piedmont slopes
that yields moderately saline water, and (3) a valley-fill aquifer
that underlies lake-bed sediments and also yields brine. This
model applies to the study area: the surficial brine-yielding
aquifer is in the mud flats west of the Grayback Hills, the
alluvial-fan aquifer extends from the east in the piedmont zone
of the Grassy and Cedar Mountains to the mudflats, and the
valley-fill aquifer underlies the entire area.

GEOLOGIC HAZARDS

Geologic hazards in the Grayback Hills quadrangle have
been summarizedby Solomon and Black (1990) for the West
Desert Hazardous Industry Area, and include earthquakes and
related hazards, the possible contamination of ground water in
basin-fill aquifers, surface flooding, debris flows in the pied-
mont, and rock falls on steep slopes. Unsafe foundation condi-
tions may result from numerous other factors such as
earthquake-induced liquefaction, hydrocompaction of silty and
sandy sediments, shrinking or swelling of clayey sediments and
mud flats, and subsidence due to dissolution of gypsiferous
dunes and salt flats.

Earthquake Hazards

The Grayback Hills quadrangle lies beyond the westem edge
of the Intermountain seismic belt, a zone of pronounced earth-
quake activity extending from Montana to southwestern Utah
and including the Wasatch Front (Smith and Sbar, 1974). Seis-
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mic risks are lower in the quadrangle than along the Wasatch
Front. The University of Utah seismograph stations earthquake
catalog shows that no earthquake with a magnitude greater than
3.0 has been recorded since 1850 within 35 miles (60 km) of fhe
Grayback Hills (Arabasz and others, 1989). An earthquake in
the Wasatch Front area might be of sufficient magnitude to affect
the quadrangle. Within a 50-year exposure time, there is a l0
percent probability that the area will experience horizontal
ground accelerations between 0.10 and 0.20 g (Algermissen and
others, 1983). The Grayback Hills lie in the boundary area
between seismic zones 28 and 3 of the Uniform Building Code
(Intemational Conference of Building Officials, 1991).

No faults displacing Quaternary deposits were identified
within the quadrangle; the closest suspected Quatemary-age
fault is the Puddle Valley fault, about 15 miles (25 km) northeast
of the Grayback Hills on the east flank of the Grassy Mountains.
Scarps in this zone may be related to two different surface-fault-
ing events; one predates the Lake Bonneville highstand (more
than 15,000 years ago) and the other postdates it (less than
15,000 years ago) (Barnhard and Dodge, 1988). Faceted spurs
mark the west range front of the Cedar Mountains, about 10 miles
(15 km) southeast of the Grayback Hills, but there are no scarps
in the adjacent lake beds. The range-front fault has not experi-
enced movement in Holocene time.

Earthquake hazards to be expected in the quadrangle include
ground shaking and the resulting effects, such as soil liquefaction
and slope failure. Conditions necessary to induce liquefaction
include earthquakes of magnitude 5.0 or greater (Kuribayashi
and Tatsuoka, 1975, 1977;, Youd, 1977) and the presence of
ground water within about 30 feet (9 m) of the ground surface
(Youd and others, 1978). Soils with more than about 15 percent
clay typically have sufficient cohesive strength to prevent lique-
faction (Anderson and others, 1986). Deposits ofloose, fine to
medium sand with uniform grain-size distributions are generally
considered to be the most susceptible to liquefaction. Saturated,
sandy sediments less than 30 feet (9 m) deep within the quadran-
gle include eolian material (Qeg) west of the Grayback Hills and
alluvial-fan deposits (Qaf) adjacent to the hills. Since essentially
all the lacustrine deposits have sandy subsurface intervals, po-
tentially liquefiable areas exist west and north of the Grayback
Hills, where ground water in lacustrine sediments is less than 30
feet (9 m) deep. Although soils susceptible to liquefaction are
present in the quadrangle, Mabey and Youd (1989) indicate that
the probability of occurrence of ground shaking sufficient to
cause liquefaction is relatively low; they estimate a l0 percent
probability that moderate to severe damage may occur in 250
years,

Shallow Ground Water and Recharge Areas

Areas with shallow ground water are susceptible to infiltra-
tion of contaminants into aquifers. Ground water is less than 50
feet (15 m) deep beneath all valleys within the quadrangle. The
abundance of sandy, permeable interbeds in lacustrine deposits,
and the possibility offractured lacustrine clays underlying valley
bottoms, contribute to the potential for ground-water contami-
nation.

Utah Geological Suney

Recharge to aquifers provides a direct pathway for contami-
nants to enter the ground-water system. Recharge to the three
regional aquifers (see WATER RESOURCES section) origi-
nates from precipitation, particulary on the mountains and upper
parls of alluvial fans on the piedmont. Lateral subsurface inflow
from alluvial fans into the surficial brine-yielding aquifer is
probably negligible (Gates and Kruer, 1981).

Construction of facilities which might contaminate aquifers
in either shallow-ground-water or recharge areas, should be
avoided. If avoidance is not practical, aquifers should be pro-
tected from contamination with the use of appropriate liners,
pumps, and channels.

Surface Flooding

Flooding potentially may occur in the quadrangle from a rise
in the level of the Great Salt Lake or a lake in the Great Salt Lake
Desert, which are separated by a 4,217-foot (1,285-m) topo-
graphic threshold (Cuney and others, 1984). Recent work by
Murchison (1989) has identified the highest lake level attained
during the last 10,000 years to be 4,230 feet (1,290 m), reached
between 9,700 and 9,400 years ago. A late Holocene high of
4,221 feet (1,286 m) was reached between 3,440 and 1,400 years
ago, and the historic peak elevation of 4,212 feet (l,284 m) was
reached in 1873, 1986, and again in 1987 (Harty and Christen-
son, 1988; Arnow and Stephens, 1990). A rise in the Great Salt
Lake to 4,230feet (1,290 m) is unlikely, but should it occur, the
lake would exceed the 4,217-foot(1,285-m) topographic thresh-
old. Low-lying mud flats on the west edge of the quadrangle,
which are at elevations as low as 4,226 feet (1,288 m), would be
inundated.

Alluvial fans (Qafl on the slopes of the Grayback Hills are
areas undergoing active alluvial deposition. Channels cany
runoff and sediment from the hills and deposits them on the fan
surface as the stream channel emerges from its fanhead trench.
In channels and on active fan surfaces, flooding may be severe
during major stoms. Overflowing channels add to sheet-flood
problems lower on the fan. Most precipitation that falls on the
valley floor is not naturally channelized and generally becomes
lost to evapotranspiration and infiltration. However, sheet
flooding and ponding may occur here during periods of intense,
cloudburst rainfall or rapid snowmelt. Runoff and precipitation
on the mud flats on the west margin of the quadrangle usually
evaporate quickly, but sustained ponding often occurs during the
winter and early spring.

Debris Flows and Debris Floods

Although annual rainfall is generally low, periods of intense,
cloudburst storms may trigger debris flows and debris floods in
the quadrangle. Rapid spring snowmelt can also contribute to
this hazard. Largerocks carried by debris flows ordebris floods
can cause considerable damage to structures in theirpath. Debris
flows can be initiated or be deposited on hill slopes of the
Grayback Hills where post-Bonneville alluvial fans (Qaf) are
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