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DESCRIPTION OF MAP UNITS
ENTIRE QUADRANGLE
Quaternary and Tertiary deposits
Qal Alluvium (Holocene)—Dark-brown to gray, thin- to
thick-bedded deposits of clay, silt, sand, granules,
pebbles, and sparse cobbles. Unconsolidated.
Forms broad, level surfaces along modern streams.
Thickness ranges widely; commonly less than 50 ft
e thick
~0f | Alluvial-fan deposits (Holocene)—Light-brown to

y 9

Qm

Qof

QTr

brown, unconsolidated to semiconsolidated, poorly
to moderately well sorted deposit of silt, sand,
granules, pebbles, and cobbles that form lobate
deposits at stream mouths. Chiefly siltstone and
sandstone clasts. Thickness uncertain; probably as
much as 50 ft locally

Valley-fill deposits (Holocene)—Light-brown to

brown, unconsolidated, interbedded clay, silt, sand,
and gravel. Composition of clasts reflects rocks
exposed in adjacent hills. Thickness ranges from a
pinchout to 25 ft

Tufa deposit (Holocene}—Light-gray to light-tan, low,

rounded mound of calcium carbonate. Consists of
thin, soft, cellular, porous layers. Deposit encircles
spring that formed along a major high-angle nor-
mal fault that extends along the east front of the
San Pitch Mountains (also known locally as the
Gunnison Plateau). Thickness unknown, but likely
not more than 50 ft

Slope-wash deposits (Holocene)—Light- to dark-gray,

thin- to thick-bedded deposits of clay, silt, sand,
granules, and some pebbles. Faintly crossbedded.
Unconsolidated to weakly cemented by calcium
carbonate. Clasts, chiefly siltstone and sandstone,
reflect formations exposed in adjacent uplands.
Forms broad, gently sloping sheets. As much as
25 ft thick

Colluvium (Quaternary)—Brown to dark-brown heter-

ogeneous mixture of fragments, commonly angu-
lar and ranging in size from sand to small boulders
that locally mantle lower valley sides and accumu-
late at base of steep cliffs. Chiefly siltstone and
sandstone clasts. Unconsolidated to semiconsoli-
dated. As much as 50 ft thick

| Dune sand (Holocene)—Light-brown, unconsoli-

dated, loose quartzose sand of eolian origin. Forms
low dunes and ridges. Surface is bare to sparsely
covered by vegetation. As much as 35 ft thick

Gravel deposits (Quaternary)—Light-brown, uncon-

Silt

solidated to semiconsolidated, thin- to thick-bed-
ded, moderately well sorted alluvial deposits of
clay, silt, sand, and gravel. In places, may include
deposits formed during the Bonneville lake cycle
deposits (Quaternary)—Light-brown to tan,
unconsolidated silt, marly sand, and minor clay,
possibly of lacustrine origin, that is locally interbed-
ded with pebble gravel. In places, probably
includes lacustrine deposits of the Bonneville lake
cycle. Possibly as much as 25 ft thick

Terrace deposits (Quaternary)}—Light- to dark-brown,

thin- to medium-bedded deposit of silt, sand, gran-
ules, pebbles, cobbles, and a few boulders. Locally
crossbedded. Clasts, chiefly siltstone, sandstone,
and limestone, are derived from bedrock exposed
in source areas. Forms narrow, sloping benches
adjacent to and above major rivers and their tribu-
taries. Ranges in thickness from about 10 ft to
about 20 ft

Landslide deposits (Quaternary}—Brown to dark-

brown and gray heterogeneous mixture of frag-
ments, commonly angular, that range in size from
silt to large boulders. Unit includes mainly slope-
movement deposits such as earthflows, rock and
debris slides, debris slumps, and large complex
landslides underlain by the North Horn Formation.
A few of the larger landslides exceed 200 ft in
thickness and cover several square miles.
Locally includes areas of colluvium.

Some of the large, complex landslides are
scarred by small, distinctive earthflows and land-
slides. These younger flows and slides, such as the
Manti landslide, are also labeled QI

| Older alluvium (Quaternary}—Much like alluvium

(Qal) in color, bedding, and composition. Forms
small, discrete, rounded to irregular masses of flu-
vial origin marked by even surfaces. Generally
exposed 50 to 150 ft above adjacent valley floors.
Ranges in thickness from about 10 to 200 ft

Morainic deposits (Pleistocene)—Brown to dark-

brown masses of unsorted, unconsolidated to semi-
consolidated glacial debris. Fragments range in size
from clay to boulders as much as 6 ft in diameter.
Characterized by lobate shape, morainal ridges,
and locally by knob-and-kettle topography. Water-
saturated till that flowed downslope locally mapped
as landslide deposits (Ql). Thickness as much as
200 ft

Older alluvial-fan deposits (Pleistocene}—Gray to

dark gray; thin- to thick-bedded deposits; channel
deposits are prominently crossbedded; unconsoli-
dated. Consists of silt, sand, granules, pebbles, and
cobbles. Includes small, thin interbedded lenses of
crossbedded coarse sand. Mostly fluvial sediment.
As much as 200 ft thick. Includes the “volcanic
gravels” of Gilliland (1951, p. 53)

Rubble (Holocene to Pliocene?)—Light-brown to

grayish-orange debris, mostly mudstone; unconsol-
idated to semiconsolidated, unbedded, well-com-
pacted. Composed chiefly of deposits of
Quaternary age, but may include some material as
old as Oligocene. May be as much as 300 ft thick
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Older valley-fill deposits

Pliocene?)—Brown to dark-brown or gray, uncon-
solidated to semiconsolidated, thin- to thick-bed-
ded, commonly crossbedded sediment of fluvial
origin. Deposits consist of silt, sand, granules, peb-
bles, cobbles, and sparse boulders. Formed by the
overlapping and interfingering of adjacent alluvial
fans; forms broad, low, sloping apron at foot of
adjacent highlands. Surface and near-surface
deposits likely were formed during the Quaternary;
at depth, these probably overlie deposits of com-
parable rock types formed during the Pliocene. As
much as 100 ft thick locally

(Quaternary  to

Pliocene?)—Light-brown to brown silt, sand, and
gravel deposits that underlie and floor valleys.
Mostly interbedded alluvium and colluvium along
and near valley sides. As much as 100 ft thick
locally

Pediment mantle (Holocene to Pliocene)—Light-

brown to brown, gray, and locally reddish-brown
deposits of silt, sand, granules, pebbles, cobbles,
and boulders derived from adjacent uplands. Mas-
sive to crudely bedded. Unconsolidated to well
cemented by calcium carbonate. Chiefly siltstone
and sandstone clasts. Forms low-relief surfaces
that slope gently away from uplands. Locally may
include some alluvial-fan deposits. Ranges from
about 10 ft to more than 150 ft in thickness

Deposits of the Bonneville Lake Cycle
Nearshore deposits (upper Pleistocene}—Light-gray

to brownish-gray, moderately well sorted, even-
bedded deposits of silt, sand, and gravel, and mas-
sive to laminated silt and clay. Chiefly of deltaic ori-
gin. In Sevier Valley, ranges from 30 t6 60 ft iR
thickness; may be as much as 250 ft thick else-
where

Offshore deposits (upper Pleistocene)—Light-gray to

light-tan, well-sorted, and even-bedded deposits of
clay, silt, and minor sand. Lacustrine origin.
Thickness uncertain

J Shoreline deposits (upper Pleistocene)—Includes

generally well-sorted, even-bedded sand and gravel
deposits that form deltas, spits, and bars along the
shoreline of former Lake Bonneville. Locally as
much as 75 ft thick

WESTERN PART OF WASATCH PLATEAU AND

 TWa)

AN

VICINITY TO THE WEST
Diapiric intrusions

Intrusive masses of Arapien Shale (Quaternary? to

Middle Jurassic?)—Generally light gray marked
by pale-red blotches, but, in places, wholly drab
gray or reddish brown. Calcareous mudstone, ﬂ?in-
to medium-bedded; even-bedded; locally massive.
Includes intercalated, thin, lenticular beds and
seams of yellowish-gray to light-brown siltstone
and sandstone and a few beds of limestone. Con-
tains thick beds of rock salt (halite), gypsum, and
other evaporites. Selenite crystals are abundant on
many outcrops. Of marine saline-basin origin. For-
mation is complexly deformed and shows evidence
of intense compression. Weathers to badlands
topography. The salt (and possibly other evapor-
ites) in the Arapien Shale has probably been mov-
ing ever since it was deposited during the Middle
Jurassic (Witkind, 1982). Some of this movement
has been a slow, almost imperceptible upwelling.
At times, however, the salt appears to have surged
upward rapidly, forcing up the overlying mudstone
of the Arapien Shale, which, in turn, bowed up !;he
country rock to form elongate, narrow diapiric
folds. Subsequent solution and removal of the s_a]t
resulted in collapse of the upwarps. Such major
upwellings of the salt may have occurred during
the Late Cretaceous, early Paleocene, and the
late(?) Oligocene or Miocene. A localized upward
surge of the salt, probably during the Pleistocene,
apparently deformed semiconsolidated sediment in
the southern part of Sanpete Valley. Thus, the for-
mation has several ages; the depositional age is
Middle Jurassic, but the emplacement ages—the
geologic age of movements—have changed
repeatedly. Symbol T(Ja) reflects both the depqs:-
tional age (Ja, Jurassic) and the time of major
emplacement (T, Tertiary). Thickness uncertain
because of intense deformation; estimates range
from about 4,000 ft to as much as 13,000 ft
(Spieker, 1949, p. 17; Gillland, 1948, p. 30;
Hardy, 1949, p. 16 and 17)

Tertiary detachment blocks

Displaced block of the Crazy Hollow Formation

(Tertiary)—Unbroken block of the Crazy Hollow
Formation (Tch) carried “piggyback” to its present
position, during either Oligocene(?) or Miocene
time, on a block of the Green River Formation that
slid valleyward

| Displaced block of Green River Formation (Ter-

tiary)—Coherent blocks and detritus of the Greep
River Formation (Tg) that have slid into their
present position along a west\uardﬁlopin_g ghd_e
plane. The blocks have rotated somewhat in their
downward movement and discordantly overlie the
country rocks
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intrusive igneous rocks of the Levan area (John, 1972)

E 4

Intrusive igneous rocks

Syenodiorite porphyry (lower Miocene to upper Oli-

gocene)—Light-greenish-gray syenite porphyry
stock near Levan. Phenocrysts (20 percent of rock)
consist of hornblende (about 15 percent) and feld-
spar (about 5 percent). Accessory minerals are
magnetite, apatite, and sphene. Groundmass is
aphanitic and includes andesine, orthoclase, and
hornblende

Monzonite (lower Miocene to upper Oligocene)—

Light-gray to gray, fine-grained, slightly porphyritic
monzonite intrusion. Phenocrysts (10 percent of
rock) consist of plagioclase (oligoclase-andesine)
(about 8 percent), hornblende (about 1 percent),
and biotite (about 1 percent). Accessory minerals
are apatite, sphene, and magnetite. Groundmass
includes plagioclase, orthoclase, and sparse quartz

Monzonite porphyry (lower Miocene to upper Oli-

gocene)—Small stocks of gray to light-gray
monzonite porphyry. Phenocrysts (32 percent of
rock) consist of plagioclase (andesine) (about 20
percent), hornblende (about 10 percent), and
biotite (about 2 percent). Accessory minerals con-
sist of apatite, magnetite, sphene, and zrcon.
Groundmass consists of plagioclase, orthoclase,
and sparse quartz.

Hornblende monzonite porphyry (lower Miocene
to upper Oligocene)—Essentially similar to
Monzonite porphyry, described above, with the
major exception that this unit is very rich in horn-
blende phenocrysts. Not shown on map

(lower Miocene to upper
Oligocene)—Small dikes, sills, and rounded bosses
of differing composition. Most are exposed near

Levan and consist of intermediate-composition

rocks such as diabase, monzonite, and syenodiorite

(John, 1972). Includes felsite dikes and sills in the

Cedar Hills (Schoff, 1951, p. 636). Also includes,

elsewhere in the area, a few dark-gray to black,

thin 3-7 ft, porphyritic lamprophyre dikes and

sills, chiefly minette rich in biotite (Phillips, 1962,

p. 68-69; Loughlin, 1918, p. 103)

Extrusive igneous rocks and their products

(chiefly western part of map)

Laguna Springs Volcanic Group (Oligocene)—

Chiefly latitic and andesitic tuffs with interbedded
volcanic lava flows and volcanic mudflow breccia.
Thickness uncertain, possibly as much as 1,000 ft

Main body—Tulff is light gray to dark gray, fine to
coarse grained, and contains small to large frag-
ments of sedimentary and igneous rock. Flows are
dark gray and coarsely porphyritic. Where breccia
predominates, it is mapped as a separate unit
(TIsv). Thickness unknown

Volcanic mudflow breccia—Dark- to brownish-
gray, locally reddish-gray, thick-bedded to massive
breccia consisting of a heterogeneous mixture of
small to very large, angular to subangular frag-
ments of dark-gray andesite, gray latite, and some
blocks of sedimentary rock enclosed in a fine-
grained matrix. Weathers to rounded slopes strewn
with boulders. Thickness unknown

Goldens Ranch Formation (middle Oligocene to

upper Eocene)—Volcaniclastic and pyroclastic
rocks, including ash-flow and welded tuff and
stream-deposited conglomerate and sandstone.
Dominant rock unit is a light-gray to gray conglom-
eratic sandstone containing rounded andesite,
latite, quartzite, and limestone clasts. Tuff is light
gray to light brown and contains sparse andesite
clasts. Includes Sage Valley Limestone Member
and a few interbedded lava flows. Sage Valley
Limestone Member is light gray, crystalline, and
about 100 ft thick; contains plant remains. Gold-
ens Ranch Formation intertongues with breccia
associated with Laguna Springs Volcanic Group
(Tls) (Morris and Lovering, 1961, p. 126). Thick-
ness unknown; at least 1,000 ft thick. Likely corre-
lates with the Moroni Formation (T m) (Witkind and
Marvin, 1989, p. 544)

Moroni Formation (middle Oligocene to upper

Eocene)—Volcaniclastic and pyroclastic rocks,
including ash-flow and welded tuff and stream-
deposited conglomerate and sandstone. Tuff com-
monly porous and friable, but locally includes light-
gray, gray, brown, light-red, and greenish-gray rhy-
olitic welded tuff containing rounded andesite
clasts. Abundant phenocrysts of quartz, alkalic feld-
spar, and biotite, and fragments of pumice in ash-
flow tuff. Conglomerate beds are crudely bedded
and commonly poorly sorted; contain volcanic
cobbles and pebbles and well-rounded clasts of tan
and maroon quartzite and dark-blue limestone.
Probably correlates with the Goldens Ranch For-
mation (Witkind and Marvin, 1989, p. 544),
Thickness ranges greatly throughout the area;
?;gg;\um thickness is about 2,000 ft; Cooper,

Tertiary sedimentary rocks

Bald Knoll Formation of Gilliland (1951) (lower Oli-

gocene or upper Eocene?)—Light-gray to tan
mudstone, claystone, and interbedded siltstone,
sandstone, and a few thin, dense, finely crystalline
limestone beds. Locally limestone is soft. Fresh-
water lacustrine deposit. Probably ranges in thick-
ness from about 800 to 1,000 ft

CONTOUR INTERVAL 200 FEET

WITH SUPPLEMENTARY CONTOURS AT 100 FOOT INTERVALS

NATIONAL GEODETIC VERTICAL DATUM OF 1829
1870 MAGNETIC DECLINATION FROM TRUE NORTH VARIES FROM 15 1/2° (280 MILS) EASTERLY FOR
THE CENTER OF THE WEST EDGE TO 15° (270 MILS) EASTERLY FOR THE CENTER OF THE EAST EDGE.

Recent work by Willis (1986) has suggested
that the Bald Knoll strata exposed in the type sec-
tion are not correlative with other rocks mapped as
Bald Knoll elsewhere in the central Sevier Valley.
Pending resolution of this problem, Willis (1986)
uses the term “formation of Aurora” for the units
here mapped as the Bald Knoll Formation of Gilli-
land (1951), and he assigned it an Eocene

age
Crazy Hollow Formation (Eocene)—Red- to reddish-

brown, light-yellow-brown, and locally white sand-
stone, shaly siltstone, and some conglomerate. In a
few places includes gray, pink, and dark-gray to
black, thin, dense limestone beds. Salt-and-pepper
sandstone at base. Conglomerate lenses contain
distinctive black, well-rounded chert pebbles. Flu-
vial and minor lacustrine deposits. Ranges in thick-
ness from 0 to 1,000 ft

Green River Formation (Eocene}—Consists of a lime-

stone unit underlain by a shale unit, both of lacus-
trine origin. Thickness of formation ranges widely,
from about 500 to 1,200 ft

Limestone unit—Pale-yellowish-gray to vellow-
brown to light-brown, thin- to thick-bedded, even-
bedded limestone and minor thin units of bedded
sandstone and tuff. Limestone beds are dense,
thinly laminated, and commonly oolitic; some thin
limestone beds are stromatolitic and rich in ostra-
codes. Forms resistant ledges and low cliffs

Shale unit—Light-green to grayish-green, thin-bed-
ded, fissile, somewhat calcareous shale and sparse
interbedded micritic limestone. Forms gentle

slopes
- Colton Formation (Eocene)—Variegated in shades of

Kpr

reddish brown, light gray, or light greenish gray.
Commonly claystone and mudstone; locally
includes beds of yellowish-gray to vellowish-brown
siltstone and sandstone, and reddish-brown con-
glomerate. Chiefly of alluvial origin; includes some
units of marginal lacustrine, and deltaic origin.
Ranges in thickness from 325 to 850 ft

Flagstaff Limestone (Eocene and Paleocene)—Light-

gray to yellowish-gray and light-brown locally dolo-
mitic limestone. Thin to thick bedded, massive in
places; fine grained, dense, some algal nodules.
Contains subordinate interbedded dark-gray, gray,
and greenish-gray shale. Oncolite-rich limestone
beds locally abundant. Fresh-water lacustrine
deposits. Ranges in thickness from 0 to 1,000 ft

Flagstaff Limestone and Colton Formation, undi-

vided (Eocene and Paleocene)—Units combined
locally for cartographic purposes

Tertiary and Mesozoic sedimentary rocks
North Horn Formation (Paleocene and Upper Cre-

taceous)—Reddish-brown to brown mudstone,
claystone, sandstone, conglomeratic sandstone,
conglomerate, and sparse limestone; units alter-
nate irregularly. Mudstone is thick-bedded to mas-
sive; sandstone is fine to medium grained, ranges
from thin to thick bedded, and is commonly cross-
bedded. Limestone beds are thin, dense. and
locally arenaceous. Contains thin, minor coal beds
along east flank of Gunnison Plateau near Wales.
Chiefly fluvial deposits. Unstable, marked by many
landslidf:s. Ranges in thickness from about 500 to
3,000

Mesozoic sedimentary rocks

Price River Formation (Upper Cretaceous)—Gray to

light-gray conglomerate, conglomeratic sand-
stone, sandstone, and minor shale. Thin to thick
bedded; locally massive; commonly well cemented.
Coarse conglomerate contains well-rounded clasts
of light-brown and purple quartzte, light-gray
quartz, light-gray and black chert, and sparse dark-
blue limestone. Sandstone is fine- to coarse-
grained. Fluvial deposits. Consists chiefly of con-
glomerate beds that probably contain equivalents
of Castlegate Sandstone. Ranges in thickness from
0 to 1,200 ft.

Some stratigraphers are uncertain whether
the name Price River Formation is appropriately
applied to these strata west of the Wasatch Plateau
(T.D. Fouch, U.S. Geological Survey, written com-
mun., 1987)

Indianola Group (Upper Cretaceous)
West of Sanpete Valley—Reddish-brown and gray,

thick-bedded to massive, well-cemented conglom-
erate. Consists of sand, granules, pebbles, and
well-rounded cobbles of white, purple, green, gray-
ish-green, and light-brown quartzite, light-brown to
light-gray chert, white quartz, and gray to dark-blue
limestone. More carbonate clasts than in Price
River Formation and less than in North Horn For-
mation. Fluvial synorogenic deposits. Ranges in
thiik'o{;ess from 8,000 to 15,000 ft; Spieker, 1949,
p-

East of Sanpete Valley—Light-brown to vellowish-

brown sandstone, shale, coal, and some conglom-
erate. Chiefly marine deposits. Includes the follow-
ing four named units (in descending order):
Sixmile Canyon Formation (sandstone, coal, and
minor conglomerate), Funk Valley Formation
(sandstone and shale), Allen Valley Shale (gray
marine shale), and Sanpete Formation (sand-
stone). About 2,250 ft thick

Cedar Mountain Formation (Lower Cretaceous)—

Variegated orange, purple, red, gray, and green
massive to thick-bedded mudstone. Contains
sparse, interleaved, discontinuous thin beds of con-
glomerate, sandstone, and freshwater limestone.
Commonly characterized by abundant light-gray
limestone nodules. Unstable; subject to landslides.
Thickness ranges from about 60 to 1,400 ft

Indianola Group and Cedar Mountain Formation,

undivided (Upper and Lower Cretaceous)—
Units combined locally for cartographic purposes

Cretaceous and Jurassic strata, undivided—Includes

units assigned in the past to the qualified Morri-
son(?) Formation (Spieker, 1946, p. 125; 1949, p.
18). Recent work has suggested that these units
are more correctly assigned to the Cedar Mountain
Formation of Early Cretaceous age (Witkind and
others, 1986). Consists of conglomerate, sand-
stone, mudstone, and limestone, but all rock types
are not necessarily represented in any one expo-
sure. Fluvial deposits. As mapped, locally includes
some units of the middle Jurassic Twist Gulch For-
mation.

Conglomerate is reddish brown; medium bed-
ded to massive; crossbedded. Clasts are well
rounded; include light-brown quartzite, light-gray
quartz, and dark-blue limestone

Sandstone is reddish brown to very light gray;
thin to medium bedded; crossbedded; fine to
coarse grained; quartzose

Mudstone is variegated in shades of pale red,
violet, and light gray; unbedded. Bentonitic.
Locally contains small lenses of conglomerate and
sandstone and light-gray, dense, finely crystalline
freshwater limestone. Contains gastroliths, which
suggest that this mudstone facies is correlative with
the upper member of the Cedar Mountain Forma-
tion of Early Cretaceous age (W.L. Stokes, oral
commun., 1981). Deposits weather to low
rounded hills and knolls

Twist Gulch Formation (Middle Jurassic)—Reddish-

brown, thin- to medium-bedded, even-bedded,
fine-grained, marine sandstone, shaly siltstone,
and shale. Locally includes light-gray, interbedded,
laminated to thin-bedded, crossbedded sandstone.
Thickness estimated at about 3,000 ft (Hardy,
1952, p. 23)

Arapien Shale (Middle Jurassic)—Described in “Intru-

sive masses of the Arapien Shale” (T(Ja)). Not
shown on map

Twin Creek Limestone (Middle Jurassic)—Domi-

nantly light- to dark-gray, thin- to medium-bedded,
even-bedded, dense, argillaceous, marine lime-
stone. In places, intensely folded and fractured.
Includes the following seven members, in descend-
ing order: Giraffe Creek (gray, thin-bedded lime-
stone and sandstone), Leeds Creek (light-gray shaly
limestone), Watton Canyon (gray, dense, even-
bedded limestone), Boundary Ridge (red, green,
and yellow siltstone and limestone), Rich (gray,
shaly limestone), Sliderock (dark-gray, thin-bedded,
oolitic limestone), and Gypsum Spring (red silt-
stone). All members except the Giraffe Creek are
exposed in this quadrangle. Twin Creek Limestone
and Arapien Shale are complexly interrelated in
this general area (Sprinkel, 1982). Thickness
uncertain, possibly 500 to 1,000 ft

Navajo Sandstone (also known as the Nugget Sand-

stone) (Lower Jurassic)—Light-tan and reddish-
brown, thick-bedded to massive, fine- to coarse-
grained, friable, quartzose sandstone. Crossbedded
in large, sweeping tangential festoons. Moderately
well cemented by calcium carbonate and iron
oxide; forms cliffs and steep slopes. In places,
sandstone is light tan and has large, irregular, red-
dish-brown mottles. Thickness ranges from 1,400
to 1,500 ft

Ankareh Formation (Upper and Lower Triassic)—

Reddish-brown to dark-reddish-brown, thin- to
thick-bedded, even-bedded, shaly siltstone, and
fine- to medium-grained, ripple-marked sandstone.
Some sandstone units are crossbedded. Forms
gentle to moderate slopes and long strike valleys.
About 1,400 ft thick

Thaynes Limestone (Lower Triassic)—Reddish-gray,

thin- to medium-bedded, even-bedded limestone
containing some beds of red and gray shale. Thick-
ness about 1,250 ft

Woodside Formation (Lower Triassic)—Reddish-

brown to dark-red, thin- to medium-bedded, even-
bedded, shaly siltstone and fine-grained sandstone.
Weakly cemented by iron oxide and calcium car-
bonate. Forms valleys and gentle slopes. Thickness
about 200 ft

Paleozoic sedimentary rocks

I Park City Formation (Lower Permian)—Light-brown

to light-gray, thin- to medium-bedded, even-bed-
ded, resistant limestone that contains nodules and
thin beds of light-gray to black chert. Thickness
about 700 ft

Diamond Creek Sandstone (Lower Permian)—Light-

brown to orange-brown, thin- to medium-bedded,
even-bedded, fine- to medium-grained, quartzose
sandstone. Well cemented by calcium carbonate;
forms cliffs and steep slopes. About 900 ft thick

Kirkman Limestone (Lower Permian)—Light- to

dark-gray, thin- to medium-bedded, even-bedded,
dense limestone that contains some intraforma-
tional breccia. About 300 ft thick
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Diamond Creek Sandstone and Kirkman Lime-

stone, undivided (Permian)}—Units combined
locally for cartographic purposes

Oquirrh Formation (Permian and Pennsylvanian)—

Brown, grayish-brown, and grayish-blue interbed-
ded limestone, sandstone, and quartzite. Clastic
rocks dominate the upper part; carbonate rocks
form much of the lower part of the sequence.
Thickness uncertain, but most likely about 11,000
ft (Johnson, 1959, p. 8)

Manning Canyon Shale (Pennsylvanian and Missis-

sippian}—Dark- to brownish-gray shale containing
interleaved lenses of brown quartzose sandstone
and bluish-gray limestone. Forms prominent strike
valleys locally mantled by large landslides and
lobate earthflows. Thickness ranges from 1,000 to
1,700 ft (Rigby and Clark, 1962, p. 21)

Great Blue Limestone (Upper Mississippian)—Light-

bluish-gray to bluish-gray limestone and some
shale. Limestone is chiefly thick bedded to mas-
sive, and it has been much fractured. About 300 ft
thick

Humbug Formation (Upper Mississippian)—Light-

brown to brown, thin- to medium-bedded sand-
stone interbedded with light-gray sandy limestone
and minor shale and dolomite. Locally, sandstone
bedssoare quartzitic. Ranges in thickness from 350
to 800 ft

Deseret Limestone (Upper and Lower Mississip-

pian}—Dark-bluish-gray, thin-bedded limestone
that contains abundant interlayered lenticular beds
of black chert. Chert is characteristic and is found
wherever the formation is exposed. Limestone
commonly is medium to coarsely crystalline. Few
thin shale beds near base. Includes minor interbed-
ded dolomite. Thickness ranges from 600 to 900
ft (Rigby and Clark, 1962, p. 19)

Gardison Limestone (Lower Mississippian}—Dark-

bluish-gray, thin-bedded fossiliferous limestone
containing minor dolomite. Highly fossiliferous
beds are characteristic. Contains abundant black
and light-gray chert as nodules and thin seams.
Likely correlative with part of the Madison Lime-
stone of Montana, Wyoming, and northern Utah.
Ranges in thickness from 600 to 900 ft (Rigby and
Clark, 1962, p. 19)

Mississippian strata, undivided—Includes the Great

Blue Limestone (Mgb), Humbug Formation (Mh),
Deseret Limestone (Md), and Gardison Limestone
(Mg). Units have been combined locally for carto-

graphic purposes

Fitchville Formation (Lower Mississippian and

Upper Devonian)}—Dark-gray to black, medium-
bedded to massive dolomite and minor interbedded
black shale. The dolomite has a fetid odor when
broken, and locally is moderately fossiliferous, con-
taining mostly horn corals but also crinoids and
gastropods. Ranges from about 100 to 300 ft in
thickness

Mississippian and Devoniarr Rocks, undivided—

Includes the Deseret Limestone (Md), Gardison
Limestone (Mg), and the Fitchville Formation
(MDf). Units combined locally for cartographic
purposes

Upper Devonian rocks of uncertain correlation—

Probably includes units of the Pinyon Peak Lime-
stone and the Victoria Formation

Pinyon Peak(?) Limestone—Dark-gray to gray, silty
to argillaceous limestone. Thickness ranges from
70 to 300 ft (Rigby and Clark, 1962)

Victoria(?) Formation—See following description
Devonian and Ordovician rocks, undivided—Victoria

Formation and Opohonga Limestone. Units com-
bined for cartographic purposes

Victoria Formation (Upper Devonian)—Light-
brown quartzose sandstone and minor interbedded
dolomite. About 7 ft thick

Opohonga Limestone (Lower Ordovician)}—BIlu-
ish-gray limestone containing intraformational
conglomerate beds. About 90 ft thick on Long
Ridge (Peterson, 1953, p. 14)

Upper Cambrian rocks, undivided—Ajax Dolomite

and Opex Formation (Upper Cambrian). Units
combined for cartographic purposes

Ajax Dolomite—Light-gray to dark-gray mottled
dolomite and minor limestone. About 90 ft
exposed on Long Ridge

Opex Formation—Dark-bluish-gray dolomite that
contains some cherty beds and a few oolite beds.
Ranges in thickness from about 100 to 475 ft

: Middle Cambrian rocks, undivided—Includes units of

the following formations (in descending order):
Cole Canyon and Bluebird Dolomites, Herkimer
Limestone, Dagmar Dolomite, and Teutonic Lime-
stone, undivided. Units combined for cartographic
purposes

Cole Canyon Dolomite—Alternating light- and
dark-gray beds of dolomite that locally contain
sparse, small twig-like rods. Ranges in thickness
from 230 to 500 ft

Bluebird Dolomite—Dark-bluish-gray  dolomite
characterized by white, sinuous, twig-like rods of
dolomite scattered irregularly throughout the for-
mation. Ranges in thickness from 100 to 190 ft

Herkimer Limestone—Bluish-gray limestone char-
acterized by abundant orange-mottled siltstone
beds. Similar in appearance to the Teutonic Lime-
stone, but separated from that unit by the white
Dagmar Dolomite. Cliff former. Ranges in thick-
ness from 230 to 450 ft
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Dagmar Dolomite—Light-gray to white, dense,
thin-bedded dolomite that contrasts sharply with
both the underlying and overlying darker limestone
units. About 100 ft thick

Teutonic Limestone—Bluish-gray limestone charac-
terized by abundant orange siltstone mottles.
Ranges in thickness from about 280 to 475 ft

- Ophir Shale (Middle Cambrian)}—Pale-green to olive-

B

green phyllitic shale. Light-green sandstone beds
are interleaved in basal part and light-brown lime-
stone beds are common in the middle. Ranges in
thickness from about 250 to 300 ft (Hintze, 1962,
p. 11)

Quartzite (Lower Cambrian)}—Light-brown to
orange-brown, thin- to medium-bedded, fine- to
medium-grained quartzite. Grains are coated with
limonite. Locally contains basal conglomerate.
Forms resistant, steep ledges and slopes. Ranges
in thickness from about 900 to 1,100 ft (Hintze,
1962, p. 11)

Ophir Shale and Tintic Quartzite, undivided (Middle

and Lower Cambrian)}—Units combined locally
for cartographic purposes

Cambrian units, undivided—Includes Upper, Middle,

and Lower Cambrian units that have been com-
bined locally for cartographic purposes

Cambrian diabasic lava flow

- Diabasic lava flow (Lower(?) Cambrian)—Dark-gray-

ish-red to purplish-gray, porphyritic, amyadaloidal,
diabasic lava flow. Occurs chiefly in lower part of
the Tintic Quartzite (€t). Crops out between North
Creek Canyon and Dry Canyon in the southern
Wasatch Range. Ranges in thickness from 20 to
90 ft (Abbott, 1951, p. 8)

Proterozoic and Archean metamorphic rocks
Big Cottonwood Formation (Late Proterozoic)—

Maroon quartzite, arkosic sandstone, and siltstone
containing interbedded green, red, brown, and
vellowish-green phyllitic shale. Thickness uncer-
tair%, possibly as much as 1,230 ft (Metter, 1955,
p. 218)

Farmington Canyon Complex (Early Proterozoic

and Archean)—Dark-gray to reddish-gray foliated
rocks, chiefly schist, granitoid gneiss, and amphib-
olite that have been intruded by dikes of pegmatite
and medium- to coarse-grained granite. Thickness
unknown. Age uncertain; may include some units
of Archean age

EASTERN PART OF THE WASATCH PLATEAU
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AND VICINITY TO THE EAST
Tertiary sedimentary rocks

Lower Member of the Uinta Formation (Eocene)—

Light-gray calcareous mudstone and light-brown to
brown sandstone that alternate irregularly to give
some sequences a banded appearance. Sandstone
beds, thicker and more abundant in lower part of
member, are fine grained, evenly bedded, and tend
to weather to shades of yellow and grayish orange.
Locally, contorted bedding, probably the result of
soft-sediment slump in shallow-water lacustrine
environment, disrupts some sandstone beds.
Ranges in thickness from 0 to 400 ft

Green River Formation (Eocene)—Characterized by

thick sequences of evenly layered, laterally persis-
tent, lacustrine units. Divided into five strati-
graphic units (in descending order): (1) sandstone
and limestone facies (Bryant and others, 1989), (2)
saline facies, (3) upper member, (4) middle mem-
ber, and (5) lower member

Sandstone and Limestone facies (Bryant and oth-
ers, 1989)—Light-brown to brown, fine-grained
sandstone, siltstone, and shale, and white to light-
gray marlstone and limestone that alternate irregu-
larly. This alternation gives unit a conspicuous
banded appearance. Unit is a transitional facies
that lies between the Uinta Formation and the
saline facies of the Green River Formation. Thick-
ness ranges from 600 to 800 ft

Saline facies—Light-brown to brown to gray shale,
shaly marlstone, and marlstone. Contains abun-
dant chert, both as small nodules and as thin, inter-
bedded, crenulated lenses. Sandstone lenses, as
much as 50 ft thick, are common near top of unit.
Many thin tuff beds in lower part. Widespread
empty molds of leached saline minerals give unit its
name. Intertongues with overlying sandstone and
limestone facies. Ranges in thickness from 0 to
1,250 ft

Upper member—Light-gray to light-brown, irrequ-
larly alternating, thin beds of marlstone, limestone,
mudstone, siltstone, sandstone, and some shale,
plus many thin, low-grade, oil-shale beds that thin
westward. Some tuff beds are characterized by
wawy upper and (or) lower surfaces. One such bed,
known as the wawy-bedded tuff, is an important
regional marker above the Mahogany bed (Fouch
and others, 1976). Thickness of upper member
ranges from 640 to 1,330 ft
Horse Bench Sandstone Bed—Thick conspicu-
ous marker in the middle of the member; varies
from fine-grained sandstone in the east to siltstone
in the west
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Top of Mahogany Bed—The Mahogany Bed,
consisting of a zone of multiple oil-shale beds (Bra-
dley, 1931; Cashion, 1967), is the lowermost unit
of the upper member of the Green River Forma-
tion. Line symbol on map indicates top of the bed
Middle Member—Light-gray and light-brown beds
of mudstone, siltstone, and sandstone, plus light-
green to gray sandy marlstone containing many
light-gray beds of limestone, shale, siltstone, and
lenticular sandstone. Ranges from 200 to 2,230 ft
in thickness
- Lower Member—Divisible into upper and lower
lacustrine shale units separated by an alluvial unit.
Lacustrine shale deposits are light brown to light
gray, fissile, rich in ostracodes, and contain lenses
and beds of gray to brown algal litestone and
marlstone. Alluvial unit consists chiefly of light-gray
and yellowish-gray to light-brown siltstone and
sandstone and gray to reddish-brown calcareous
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some carbonaceous shale. Thin to medium bed-
ded. Undivided strata crop out as irregularly alter-
nating resistant and nonresistant beds. Thickness
ranges from 200 to 1,100 ft

Mesozoic rocks

Mesaverde Group (Upper Cretaceous)—Consists of

mudstone beds. Member ranges in thickness from

Kpr

0 to 850 ft

Colton Formation (Eocene)}—Dark-reddish-brown to
green beds of mudstone and shaly siltstone inter-
layered with yellowish- to grayish-orange and gray-
ish-brown, thin, fine- to medium-grained quartzose
sandstone beds. Ranges in thickness from 660 to
2,770 ft

Wasatch Formation (Eocene To Paleocene?)—Varie-
gated red, green, and gray mudstone intercalated
with beds and lenses of sandstone, conglomerate,
and minor limestone and dolomite.

West of Desolation Canyon of the Green
River, the Colton Formation is separable from
underlying, similar-appearing beds of the North
Horn Formation by interleaved beds of Flagstaff
Limestone. These liméstone beds peérsist east of
Desolation Canyon, and, where they are sparse,
the Colton is difficult to separate from North
Horn. To resolve this problem [ have, following
Weiss and others (1990), arbitrarily grouped beds
west of Desolation Canyon (a readily recognizable
geographic feature) into two map units: the Colton
Formation (Tc), and the combined Flagstaff Lime-
stone and North Horn Formation (Tfn). East of
Desolation Canyon | have grouped the beds equiv-
alent to the Colton and the upper part of unit TKfn
(Flagstaff and North Horn Formations) and

mapped them as the Wasatch Formation (Tw), fol-
lowing usage suggested by previous authors (Fisher

and others, 1960; Cashion, 1967)

Flagstaff Limestone (Eocene) and upper part of
North Horn Formation (Paleocene), undi-
vided—West of, and along the west flank of the
Wasatch Plateau, the Flagstaff Limestone and
North Horn Formation have been mapped sepa-
rately. Along the east flank of the plateau, the two
units intertongue and cannot be separated readily;
consequently, they are mapped as an undivided
unit. Because the two units also intertongue in the
northeastern part of this quadrangle, and so are
separable only with great difficulty, they have been
mapped as an undivided unit (TKfn) in that area
too

The Cretaceous-Tertiary boundary in the
westernmost Book Cliffs is within this sequence of
intertonguing Flagstaff and North Horn beds. W.B.
Cashion and T.D. Fouch (U.S. Geological Survey,
oral commun., 1981) have suggested that a dis-
tinctive, well-developed, easily recognizable white
zone of kaolinite-rich sandstone beds marks the
Cretaceous-Tertiary boundary. The zone, com-
monly referred to as the bleached zone, is readily
traceable across the northeastern part of this quad-
rangle, and it extends eastward into Colorado. It
appears to be the same zone as that recognized in
the Piceance Creek Basin in Colorado by Johnson
and May (1980), who refer to it as the white-col-
ored kaolinitic zone.

The zone extends as far west as Whitmore
Canyon (near Sunnyside); it is uncertain whether it
extends farther west. From Whitmore Canyon
eastward to Desolation Canyon of the Green River,
I have arbitrarily assigned units above the bleached
zone to the undivided Flagstaff and North Horn
Formations, and 1 consider both formations, in
that area to be Tertiary in age. | consider the
Wasatch Formation east of Desolation Canyon to
be of Tertiary age also. West of Whitmore Canyon,
where the bleached zone seems to be missing, |
am unable to recognize the Cretaceous-Tertiary
boundary, because fossil control is not available.
Therefore, in that area, | have grouped the strata
between the base of the Colton Formation and the
top of the Price River Formation as the undivided
Flagstaff and North Horn sequence (TKfn). The
mapped sequence includes units of both Tertiary
and Cretaceous age

Tertiary and Cretaceous rocks

Flagstaff Limestone (Eocene and Paleocene) and
North Horn Formation (Paleocene and Upper
Cretaceous), undivided—Fresh-water limestone
beds—the Flagstaff Limestone—are dark gray to
gray, dense, thin bedded and locally very rich in
fossils of snails and bivalves. North Horn strata
consist of reddish-brown and grayish-brown mud-
stone with interbedded calcareous siltstone, sand-
stone, limestone conglomerate, limestone, and
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Price River Formation, Castlegate Sandstone, and
a series of units that grade into one another but dif-
fer sufficiently to warrant mapping them separately
both west and east of Desolation Canyon.

West of Desolation Canyon includes Price
River Formation, Bluecastle Sandstone Member
and mudstone member of the Price River Forma-
tion, elements of the Castlegate Sandstone, Black-
hawk Formation, and Star Point Sandstone.

East of Desolation Canyon includes Tuscher,

Farrer, and Neslan Formations

Price River Formation (Upper Cretaceous)—Gray
to light-gray conglomerate, conglomeratic sand-
stone, sandstone, and minor shale. Thin- to thick-
bedded; locally massive; commonly well cemented.
Coarse conglomerate contains well-rounded clasts
of light-brown and purple quartzite, light-gray
quartz, light-gray and black chert, and sparse dark-
blue limestone. Sandstone beds are fine to coarse
grained. Fluvial deposits dominate formation. In
western part of area, consists chiefly of conglomer-
ate beds that probably contain equivalents of Cas-
tlegate Sandstone. In the eastern part of the area,
essentially east of Desolation Canyon, the Price
River Formation is equivalent, in part, to the Tus-
cher, Farrer, and Neslen Formations of the eastern
Book Cliffs. Ranges in thickness from 0 to 1,200 ft

Bluecastle Sandstone Member and mudstone
member of Price River Formation, undivided
(Upper Cretaceous)
Bluecastle Sandstone Member—Light-gray,
gray, and yellowish-brown, medium- to thick-bed-
ded, fine- to medium-grained quartzose sandstone.
Forms cliffs and ledges. Fluvial deposit. Thickness
ranges from 50 to 250 ft
Mudstone member—Gray to dark-gray and gray-
ish-brown, thin- to medium-bedded mudstone
interleaved with siltstone and sandstone. Forms
gentle slopes. Fluvial and flood-plain deposits.
Thickness ranges from 100 to 400 ft

Castlegate Sandstone (Upper Cretaceous)—L ight-
gray to dark-gray, thin-bedded to massive, platy,
fine- to coarse-grained, quartzose sandstone con-
taining some conglomerate beds. Sandstone beds
of Castlegate are chiefly gray in contrast to sand-
stone beds of the underlying Blackhawk Forma-
tion, which are commonly shades of brown.
Locally, Castlegate Sandstone beds are white.
Commonly forms cliffs or steep slopes. Fluvial
deposit. Ranges in thickness from 130 to 500 ft.

Geologists have used the term Castlegate

Sandstone in different ways. In the Woodside NE
quadrangle and in the adjacent Sunnyside area,
the term has been applied to a gray to grayish-
brown, cliff-forming, fine- to coarse-grained sand-
stone that underlies the mudstone member of the
Price River Formation (Osterwald and Maberry,
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1974). As defined by Osterwald and Maberry,
the Price River Formation includes the Bluecastle
Sandstone Member at the top underlain by the
mudstone member. In this quadrangle, these units
are grouped and labeled Kpbm. In Price Canyon,
Fouch and others (1983) concluded that the Cas-
tlegate Sandstone consisted of a series of braided
stream deposits that are essentially equivalent to
the Bluecastle Tongue and the mudstone mem-
ber. In their interpretation, the Bluecastle is con-
sidered to be a tongue of the Castlegate
Sandstone. Weiss and others (1990) also consid-
ered the mudstone member to be a unit of the
more inclusive Castlegate Sandstone. Spieker
(1931, p. 41) recognized that sandstone beds
that were included in the upper part of the Castle-
gate Sandstone, at some localities, were assigned
elsewhere to the upper part of the Price River
Formation

Blackhawk Formation (Upper Cretaceous)}—
Dominantly light-brown, locally brownish-gray,
thin- to medium-bedded, fine- to medium-grained,
quartzose sandstone interbedded with shaly silt-
stone, shale, carbonaceous shale, and coal. Con-
tains an important thick coal zone at base. Deltaic
depofefts. Ranges in thickness from about 400 to
900

Star Point Sandstone (Upper Cretaceous)—Light-
brown to brown, fine- to medium-grained, platy,
quartzose sandstone; some shale partings and
interbeds of shale and shaly siltstone. Pinches out
east of Helper. Beach sand and intermediate
marine shale. Ranges in thickness from about 200
to 1,000 ft

Tuscher Formation (Upper Cretaceous)—Light-
gray to gray, thick-bedded to massive, interbedded
quartzose sandstone and mudstone. Forms high
cliffs and steep slopes. Fluvial deposit. Thickness
about 130 ft

Farrer and Neslen Formations, undivided (Upper
Cretaceous)—Gray, greenish-gray, and vellowish-
brown, medium- to thick-bedded alternating
sequence of crossbedded, quartzose sandstone and
mudstone; locally, lower part contains coal beds.
Commonly forms ledges and gentle slopes.
Locally, map unit includes Sego Sandstone in
southeast part of quadrangle. Fluvial, floodplain,
and swamp deposits. About 600 ft thick
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In the past, rocks assigned to the upper part
of the Blue Gate of this report have been called the
Masuk Member of the Mancos Shale. Peterson,
Ryder, and Law (1980), however, suggested that
these rocks are neither the same age nor composi-
tion as the Masuk of the Henry Mountains area.
They proposed, therefore, that the name Masuk
be restricted to the Henry Mountains area, and
that the rocks in the Price area, previously known
as Masuk, be referred to as the upper part of the
Blue Gate Member
Upper part—Light- to dark-gray, thin- to medium-
bedded shale and shaly siltstone; few thin interlay-
ered brown sandstone beds. Includes sparse dis-
continuous ledges of silicified shale. About 1,000 ft
thick
Main body—Light-bluish-gray and gray, thin- to
medium-bedded shale and shaly siltstone. Sparse
interleaved thin sandstone beds. Resembles upper
part of Blue Gate and Tununk Members. As much
as 2,000 ft thick

Emery Sandstone Member—Consists of upper and
lower sandstone units, separated by a middle shale
unit, and the Garley Canyon Beds. Maximum
thickness of member about 285 ft
Upper sandstone unit—Light-brown, vellowish-
brown, and grayish-brown, thin- to medium-bed-
ded, locally crossbedded, very fine grained to fine-
grained, quartzose sandstone. Weathers to thin,
thangLIIaCk r plates. Stands as low cliffs. About 35 ft

1

Kmem Middle shale unit—Light-gray to gray, thin- and
even-bedded shale and shaly siltstone. Sandy
locally. Few thin interleaved sandstone beds that
weather as steplike prominences. About 200 ft
thick
Lower sandstone unit—Light-brown, vellowish-
brown, and grayish-brown, thin- to medium-bed-
ded, very fine-grained to fine-grained quartzose
sandstone. Stands as a low cliff. About 50 ft thick
Garley Canyon Beds—Two thin sandstone beds
separated by dark-gray shale. Sandstone is light
gray to light brown, locally orange brown, thin and
even bedded. Locally crossbedded. Salt and pep-
per aspect. Ranges in thickness from 0 to about
25 ft

Ferron Sandstone Member—Consists of upper and
lower units, predominantly sandstone, separated

il
|

unit) contains many very large, 5-8 ft in diameter,
rounded, sandstone concretions. The lower unit
ranges in thickness from about 10 to 40 ft
Tununk Member—Light- to dark-gray, thin- to
medium-bedded, even-bedded shale and shaly silt-
stone. Locally contains discontinuous ledges of
silicified shale. Few sandstone concretions. Ranges
in thickness from 400 to 650 ft
Blue Gate and Emery Sandstone Members of
Mancos Shale, undivided—Light-gray, bluish-
gray, and dark-gray, thin- to medium-bedded shale
and shaly siltstone. Few thin interlayered brown
sandstone beds. Includes sparse discontinuous
ledges of silicified shale. About 3,500 ft thick
Dakota Sandstone and Cedar Mountain Formation,
undivided—Dakota Sandstone described in the
following paragraph; Cedar Mountain Formation
described in the following unit description
Dakota Sandstone (Upper Cretaceous)—Tan to
light-brown, thin-bedded, crossbedded, fine- to
medium-grained quartzose sandstone. Contains
thin, discontinuous carbonaceous seams. Locally
forms extensive dip slopes. Beach to marginal-
marine deposit; deltaic. Thickness ranges from 0
to 30 ft
Cedar Mountain Formation (Lower Cretaceous)—
Consists of two units
Upper unit—Variegated in shades of orange, purple,
gray, red, and green; dominantly massive to thick-
bedded mudstone. Few discontinuous sandstone
and conglomerate lenses. Thickness ranges from
150 to 250 ft
Lower unit—Gray, massive to thick-bedded, cross-
bedded, conglomerate and conglomeratic sand-
stone. Consists of well-rounded clasts of white
quartz, black, brown, and light-gray chert, and
white quartzite. Forms resistant ledge. Thickness
ranges from 10 to 80 ft
Morrison Formation (Upper dJurassic)—Consists of
Brushy Basin Member (Jmb) underlain by Salt
Wash Member (Jms). Fluvial deposit. Formation
ranges in thickness from 350 to 400 ft. Units com-
bined in some areas for cartographic purposes
Brushy Basin Member—Variegated, dominantly
bluish-gray and gray with bands of yellow, green,
maroon, red, and purple claystone and mudstone.
Bentonitic. Contains a few thin limestone and
sandstone beds. Ranges in thickness from 150 to
250 ft
Salt Wash Sandstone Member—Light-gray, thin-
to medium-bedded, crossbedded, fine- to coarse-
grained, friable, quartzose sandstone and lenticular
beds of conglomeratic sandstone and conglomer-
ate. Some interbedded gray and purple mudstone.
Forms low cliffs and rounded ledges. About 180 ft
thick
Summerville Formation (Middle Jurassic)—Reddish-
brown siltstone and sandstone. Thin, even, and
continuous bedding is characteristic. Many interlay-
ered seams and thin beds of gypsum. Tidal flat
deposit. Ranges in thickness from about 120 to
250 ft
Curtis Formation (Middle Jurassic)—Light-gray to
light-brown and greenish-gray, thin- to medium-
bedded, locally crossbedded, fine- to medium-
grained, quartzose sandstone. Some interbedded
red and gray shale. Marine deposit. Ranges in
thickness from 75 to 250 ft
Entrada Sandstone (Middle dJurassic)—Orangish-
brown, reddish-brown, and locally light-brown
sandstone; medium to thick bedded; dominantly
fine grained, locally medium to coarse grained;
faintly crossbedded; friable. Forms rounded ledges,
horizontally grooved low cliffs, and steep slopes.
Nearshore eolian deposit. Ranges in thickness
from 200 to 300 ft
Entrada Sandstone, Curtis Formation, and Sum-
merville Formation, undivided—Units combined
locally for cartographic purposes
Je Carmel Formation (Middle dJurassic)—Consists of
two units: an upper unit of reddish-brown shaly
siltstone and a lower unit of light-gray, fossil-rich
crystalline limestone. Marine deposit. Formation
ranges in thickness from 280 to 350 ft
Upper unit—Reddish-brown, thin-bedded, shaly silt-
stone. Few thin sandstone beds in upper part.
Contains many small lenses and beds of
that are much contorted in places and that locally
coalesce to form beds about 25 ft thick. Unit about
250 ft thick
Lower unit—Light-gray to brownish-gray, locally
pale-green, thin-bedded, dense limestone. Marked
by ripple marks, raindrop pits, and other evidence
of shallow-water deposition. Fossiliferous. Locally
underlain by a thin bed of reddish-brown shaly silt-
stone. Ranges in thickness from 30 to 50 ft
Glen Canyon Group (Lower dJurassic)—Includes, in
descending order, Navajo Sandstone, Kayenta For-
mation, and Wingate Sandstone. Units combined
locally for cartographic purposes
Navajo Sandstone (also known as the Nugget Sand-
stone) (Lower dJurassic)—Light-brown to light-
gray, thick-bedded to massive, crossbedded in
large trough sets, fine-grained, clean and friable
quartzose sandstone. Contains a few thin, lenticu-
lar, light-gray limestone beds in upper part. Stands
as steep cliffs and rounded knolls. Eolian deposit.
Ranges in thickness from 400 to 1,000 ft
Kayenta Formation (Lower Jurassic)—lLavender, red-
dish-brown, and pale-red, thin- to medium-bedded,
irregularly bedded and crossbedded, fine- to
coarse-grained sandstone. Some shaly siltstone.
Locally contains a few conglomerate lenses rich in
shaly siltstone clasts. Fluvial deposit. Ranges in
thickness from 100 to 250 ft
Kayenta Formation and Navajo Sandstone, undi-
vided (Lower dJurassic)—Units combined locally
for cartographic purposes
Wingate Sandstone (Lower Jurassic)—Reddish-
brown to brown, thick-bedded to massive, cross-
bedded, fine-grained quartzose sandstone. Forms
vertical cliffs. Eolian deposit. Ranges in thickness
from 350 to 450 ft
Kayenta Formation and Wingate Sandstone, undi-
vided (Lower dJurassic)—Units combined locally
for cartographic purposes
Chinle Formation (Upper Triassic)—Divisible into
three members (in descending order): Church Rock
Member, Moss Back Member, and Temple Moun-
tain Member. Units combined for cartographic pur-
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poses

Church Rock Member—Reddish-brown to dark-
brown, locally light-gray and greenish-gray, thin- to
medium-bedded sandstone and shaly siltstone.
Lenticular. Ranges in thickness from 150 to 175 ft

Moss Back Member—Light-gray to gray, thin- to
medium-bedded, crossbedded sandstone, conglom-
eratic sandstone, and some conglomerate. Minor
interbedded mudstone. Consists chiefly of granules
and pebbles of quartz, quartzite, and chert in a
well-cemented matrix of medium to coarse sand.
Contains abundant fossil wood. Fluvial deposit.
Formerly, this unit mapped as the Shinarump
Conglomerate (Gilluly, 1929, pl. 30)

Temple Mountain Member—In places, lowermost
beds of Chinle are altered and marked by purple
and white mottles. This purple-white zone,
described and named by Finch (1953), locally
extends below basal part of the Chinle into upper-
most beds of the underlying Moenkopi. Combined
thickness of Moss Back and Temple Mountain
Members ranges from 70 to 175 ft

Moenkopi Formation—Consists of three parts, which
S together range in thickness from 375 to 935 ft
Upper part (Middle? and Lower Triassic)—Com-
monly reddish-brown but altered to greenish-gray.
Thin- to medium-bedded, very fine-grained sand-
stone and shaly siltstone. Platy, petroliferous.
Ranges in thickness from 200 to 600 ft
Sinbad Limestone Member (Lower Triassic)—Yel-
lowish-gray to light-brown, thin- to medium-bed-
ded, crystalline, locally oolitic limestone. Contains
few thin shaly siltstone and very fine grained sand-
stone beds. Ranges in thickness from 40 to 150 ft
Lower part (Lower Triassic)}—Greenish-gray to vel-
lowish-brown, thin- to medium-bedded, quartzose
sandstone, shaly siltstone, and interbedded mud-
stone. Light-gray, thin-bedded limestone at base.
Ranges.in thickness from 150 to 200 ft.
Elsewhere on the Colorado Plateau the Moen-
kopi is a deep reddish brown. In parts of the San
Rafael Swell the deep reddish-brown color has
been bleached to a pale greenish gray that weath-
ers to a yellowish brown. These altered rocks trend
northwestward to form a belt about 8 mi wide.
Jdohnson (1957, p. 45) has suggested that the
bleaching results from the reducing effects of
petroleum or associated natural gas when they
migrated into an older concealed anticline

Paleozoic rocks

Kaibab Limestone (Lower Permian)—Light-brown to
brown, thin- to medium-bedded, even-bedded lime-
stone. Locally sandy. Light-brown, thin, calcareous
sandstone at base that reflects reworking of under-
lying Cedar Mesa Sandstone of Cutler Formation.
Contains chert geodes; fossiliferous. Marine
deposit. Ranges in thickness from 40 to 80 ft

Cedar Mesa Sandstone Member of the Cutler For-
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Km Mancos Shale (Upper Cretaceous)—In descending by a middle shale unit. Member is about 160 ft mation (Lower Permian)—Light-brown to light-
order, consists of (1) Buck Tongue, (2) Blue Gate thick gray, thick-bedded to massive, strongly crossbed-
Member, (3) Emery Sandstone Member, (4) Ferron - Kmfu | Upper unit—Buff, brown, and brownish-gray, ded, medium- to coarse-grained, friable, quartzose
Sandstone Member, and (5) Tununk Member. medium- to thick-bedded, locally massive, even- sandstone. Eolian deposit. Base not exposed, but
Marine origin. Total thickness ranges from 2,300 bedded, very fine to fine-grained sandstone. Forms probably about 600 ft thick. This unit has been
to 6,100 ft. Unit Km is not shown on the map, but NN cliffs. Thins northward. As much as 200 ft thick called the Coconino Sandstone by some. McKee
is shown on the Correlation of Map Units to pro- m Middle unit—Light-gray to gray, silty and carbon- (1954, p. 23) thought that type Coconino may
vide supplemental stratigraphic information W aceous, thin- and even-bedded shale. Interleaved pinch out north of the Utah-Arizona border. Baars
Kmb Buck Tongue of Mancos Shale (Upper Creta- thin lenticular sandstone beds. Contains important (1962) states that Coconino is almost entirely con-
ceous)}—Gray to dark-gray shale interbedded with minable coal beds south of this quadrangle. Ranges fined to northern Arizona. Welsh and others
lenses of brown to grayish-brown quartzose sand- —_y in thickness from 50 to 100 ft (1979) have stated that the unit called Coconino in
stone. Marine deposit. About 500 ft thick &%&\.\;\\\\ Lower unit—Light-brown and grayish-brown, the San Rafael Swell is Cedar Mesa Sandstone of
Blue Gate Member—Locally appears as an unbro- ) thin- and even-bedded, crossbedded, very fine to Cutler Formation
ken sequence of shale beds. In some places, Emery fine-grained sandstone and shale. Consists of two Kaibab Limestone and Cedar Mesa Sandstone
Sandstone Member separates the Blue Gate into informally named sandstone units (in descending Member of the Cutler Formation, undivided
an upper part (Kmbu) and the main body of the order): Washboard and Clauson units (separated by (Lower Permian)—Units combined locally for car-
member (Kmbg), which underlies the Emery a thin shale unit). Upper sandstone (Washboard tographic purposes
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