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DESCRIPTION OF GEOLOGIC UNITS

QUATERNARY

Alluvial deposits

Stream deposits - Moderately to well-sorted sand, silt, clay,
and local pebble to boulder gravel in stream-channels and
flood plains; locally includes small alluvial-fan and
colluvial deposits, and minor terraces up to 10 feet (3 m)
above current base level; generally 0 to 10 feet (0-3 m)
thick.

Stream-terrace deposits - Moderately to well-sorted sand,
silt, and pebble to boulder gravel that forms level to gently
sloping surfaces above modern drainages; subscript
denotes heights above active drainages; level 7 deposits
are in excess of 300 feet (90 m), level 6 deposits are 190 to
270 feet (58-82 m), level 5 deposits are 140 to 190 feet
(43-58 m), level 4 deposits are 90 to 140 feet (27-43 m),
level 3 deposits are 30 to 90 feet (9-27 m), and level 2
deposits are about 10 to 30 feet (3-9 m) above modern
drainages; deposited principally in stream-channel and
flood-plain environments; truncates older alluvial-fan
deposits (Qafo and Qafs); 0 to 30 feet (0-9 m) thick.

Alluvial-fan deposits - Poorly to moderately sorted boulder-
to clay-size sediment deposited at the base of the
Hurricane Cliffs and locally at the mouths of active
drainages; level 2 deposit forms deeply incised surface up
to 30 feet (9 m) above active drainages; 0 to 50 feet (0-15
m) thick.

Older alluvial-fan deposits - Poorly to moderately sorted
sand to boulder deposits that form broad, deeply dissected
surfaces north of the Virgin River; deposits west of
LaVerkin Creek (Qafs, Qafs) contain abundant Pine Valley
intrusive clasts, some in excess of 10 feet (3 m) in
diameter, and are 0 to 40 feet (0-12 m) thick; deposits
derived principally from the LaVerkin Creek drainage
(Qafo) contain abundant Permian clasts and, except for
their downstream end, lack Pine Valley intrusive clasts,
and are in excess of 160 feet (50 m) thick.

Artificial deposits

Artificial fill - Engineered fill and general borrow material
used to create roadbeds and level building areas. Although
only a few deposits are mapped, fill should be anticipated
in all developed areas, many of which are shown on the
topographic base map; thickness variable.

Landfill deposits - Trash and general borrow material;
thickness variable.

Mine-dump deposits - Waste rock and mill tailings in the
Silver Reef mining district; thickness variable.

Colluvial deposits

Colluvial deposits - Poorly to moderately sorted, angular,
clay- to boulder-size, locally derived sediment deposited
principally by slopewash and soil creep; locally includes
talus, alluvial, and eolian deposits; older colluvial deposits
(Qco) form incised, mostly inactive surfaces; 0 to 30 feet
(0-9 m) thick.

Eolian deposits

Eolian sand deposits - Well- to very well-sorted, very fine- to
medium-grained, well-rounded, frosted quartz sand;
derived principally from the Navajo and Kayenta
Formations; likely underlain by thick pedogenic carbonate
in most areas; deposited as an irregular blanket 0 to 20 feet
(0-6 m) thick.

Older eolian sand and caliche deposits - Pedogenic carbonate
with lesser eolian sand that forms planar surfaces atop the
Ivans Knoll flow; 0 to 10 feet (0-3 m) thick.

Mass-movement deposits

Younger landslide deposits - Very poorly sorted, clay- to
boulder-size, locally derived material deposited principally
by rotational slides; characterized by hummocky
topography, numerous internal scarps, and chaotic bedding
attitudes; basal slip surfaces are most commonly in
Petrified Forest, Shnabkaib, upper red, Woods Ranch, and
Iron Springs strata; the slides themselves incorporate these
and overlying map units; thickness highly variable; Qmsh
denotes slides with historical movement.

Talus deposits - Very poorly sorted, angular boulders and
minor fine-grained interstitial sediment deposited
principally by rock fall on and at the base of steep slopes;
gradational with colluvial deposits; 0 to several tens of feet
thick.

Older landslide deposits - Deeply dissected landslides that
consist of chaotically oriented blocks up to tens-of-feet in
length; “m” represents deposits principally of Moenave
strata, “c” of Co-op Creek Limestone strata, and “b” of
basaltic strata; variable thickness.

Mixed-environment deposits

Alluvial and colluvial deposits - Poorly to moderately sorted,
clay- to boulder-size, locally derived sediment deposited
principally in swales and small drainages; gradational with
alluvial and colluvial deposits; older deposits (Qaco) form
incised, inactive surface on footwall of Hurricane fault
zone and near Leeds; generally less than 20 feet (6 m)
thick.

Alluvial and eolian deposits - Poorly to moderately sorted,
locally gypsiferous, clay- to boulder-size sediment, with
well-sorted eolian sand and reworked eolian sand; younger
(Qae) deposits are in active drainages and broad
depressions; older (Qaeo) deposits commonly have a well-
developed pedogenic carbonate and form incised, inactive,
gently sloping surfaces about 20 feet (6 m) above active
drainages; generally less than 30 feet (9 m) thick.

Gypsiferous alluvial and eolian deposits - Poorly to
moderately sorted, gypsiferous, clay- to boulder-size
sediment, with well-sorted eolian sand and reworked
eolian sand; forms deeply dissected deposits that weather
to a soft, white, powdery, gypsiferous soil; generally less
than 30 feet (9 m) thick.

Alluvial, eolian, and colluvial deposits - Poorly to
moderately sorted, clay- to small boulder-size sediment,
with well-sorted eolian sand and reworked eolian sand and
a significant component of colluvium; deposited in active
drainages and swales; generally less than 20 feet (6 m)
thick.

Eolian and colluvial deposits - Well-sorted, fine- to medium-
grained eolian sand that overlies and is intermixed with
colluvium derived from reworking of older alluvial-fan
deposits; generally less than 20 feet (6 m) thick.

Stacked-unit deposits

Eolian sand over older alluvial-fan deposits - Well-sorted
eolian sand deposits, generally less than a few feet thick,
mantling older alluvial-fan deposits north of the Virgin
River.
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Basaltic flows and related deposits

“Radio tower” flow, cinder cones, and associated deposits -
Medium- to dark-gray, fine-grained olivine basalt to
borderline basanite (Qbr); yielded an 40Ar/39Ar age of 0.14
+0.06 Ma; up to 180 feet (55 m) thick where it fills
ancestral Virgin River channel. Qbrc denotes cinder cone
complex with moderately well-developed rill erosion.
Qec/Qbr denotes partial cover of eolian sand and
pedogenic carbonate up to several feet thick.

“Volcano Mountain” flows, cinder cone, and associated
deposits - Divisible into three flows in the Hurricane
quadrangle. The youngest flow, Qbvy, is a medium- to
dark-gray, fine-grained olivine basanite, whereas the
underlying Qbv; flow is medium-gray, medium- to coarse-
grained basalt; Qbv; and Qbv, flows yielded 40Ar/39Ar
ages of 0.258 + 0.024 Ma and 0.353 + 0.045 Ma,
respectively (Sanchez, 1995); both flows are generally 35
to 45 feet (11-14 m) thick and form very rough, blocky
surfaces partially covered with eolian sand and pedogenic
carbonate (Qec/Qbvy, Qec/Qbvy) up to several feet thick;
the Qbv; flow is up to 170 feet (50 m) thick where it fills
the ancestral Virgin River channel. Qagv; denotes
ancestral Virgin River gravels up to about 20 feet (6 m)
thick under the Qbv; flow. The Qbvs flow is a dark-gray,
very fine-grained olivine basalt 0 to 100 feet (0-30 m)
thick, whose upper surface is beveled flat by Virgin River
erosion and locally concealed by eolian sand and
pedogenic carbonate (Qec/Qbvs). Qbvc denotes cinder
cone, breached by the Qbv; flow, with moderately well-
developed rill erosion.

“Cinder pits” flow, cinder cones, and associated deposits -
Medium- to dark-gray, fine-grained olivine basalt (mapped
as Qec/Qbcep due to partial cover of eolian sand and
pedogenic carbonate up to several feet thick); yielded an
40A1r/39Ar age of 0.24 + 0.02 Ma. Qbcpc denotes cinder
cone complex with moderately well-developed rill erosion.

Gould Wash flow and associated deposits - Dark-gray, very
fine-grained olivine basalt; generally 20 to 30 feet (6-9 m)
thick. Yielded an 40Ar/39Ar age of 0.278 + 0.018 Ma
(Downing, 2000). Qec/Qbgw denotes partial cover of
eolian sand and pedogenic carbonate up to several feet
thick.

East Reef flow and cinder cone - Medium-dark-gray, fine-
grained, olivine-bearing basanite (Qber) about 25 to 30
feet (7.5-9 m) thick. Qberc denotes cinder cone with
moderately well-developed rill erosion.

The Divide flow and associated deposits - Dark-gray, very
fine-grained olivine-bearing basanite; about 20 to 30 feet
(6-9 m) thick. Yielded an 40Ar/39Ar age of 0.41 + 0.08 Ma
(Higgins, 2000). Qec/Qbd denotes partial cover of eolian
sand and pedogenic carbonate up to several feet thick.

Pintura flow - Medium-light-gray, medium- to coarse-
grained basalt or trachybasalt with sparse olivine and
abundant plagioclase phenocrysts; yielded five 40Ar/39Ar
ages of about 850,000 years; generally 20 to 30 feet (6-9
m) thick, but is in excess of 120 feet (37 m) thick where it
fills ancestral Ash Creek drainage. Erupted from a vent
near Pintura about 12 miles (19 km) north of the Virgin
River.

Ivans Knoll flow, cinder cone, and associated deposits -
Medium-gray, fine- to medium-grained olivine basalt
(Qbi) that forms highland immediately south of Volcano
Mountain; also exposed at Mollies Nipple; yielded two
40A1/39Ar ages of 0.97 + 0.07 and 1.03 + 0.02 Ma. Qbic
denotes small cinder deposits of remnant cone. Qec/Qbi
denotes partial cover of eolian sand and pedogenic
carbonate up to several feet thick. Qagi denotes ancestral
Virgin River gravels under flow that are up to about 20
feet (6 m) thick.

Basalt flows and cinder deposits, undivided and associated
deposits - Isolated basalt flows (Qb) and cinder deposits
(Qbc) of uncertain correlation along the Virgin River;
Qec/Qb denotes partial cover of eolian sand and pedogenic
carbonate up to several feet thick.

unconformity

CRETACEOUS and JURASSIC Undifferentiated
Iron Springs, Carmel, and Temple Cap Formations,
undifferentiated - Nearly vertical beds mapped in Virgin
River gorge just west of Utah Highway 9.

CRETACEOUS

Iron Springs Formation - Interbedded, ledge-forming, mildly
calcareous, cross-bedded, fine- to medium-grained
sandstone and less-resistant, poorly exposed sandstone,
siltstone, and bentonitic mudstone; variously colored
grayish orange, pale yellowish orange, dark yellowish
orange, white, and pale reddish brown, and locally heavily
stained by iron-manganese oxides; deposited in braided-
stream and flood-plain environments; only about the lower
600 feet (180 m) of the formation is exposed in the
quadrangle, but the formation is about 3,500 to 4,000 feet
(1,100-1,200 m) thick in the area.

unconformity (K)

JURASSIC and TRIASSIC Undifferentiated
Moenave and Chinle Formations, undifferentiated - West-
dipping, fault-bounded blocks of Dinosaur Canyon,
Petrified Forest, and Shinarump strata at the base of the
Hurricane Cliffs.

JURASSIC

Carmel Formation

Co-op Creek Limestone Member - Interbedded, generally
thin-bedded mudstone, siltstone, limestone, and, in the
lower portion, minor gypsum; the lower portion of the
member weathers to a pale yellowish gray, whereas the
upper portion weathers to distinctly darker yellowish-
brown hues; both form steep, ledgy slopes; upper portion
abundantly fossiliferous with Pentacrinus sp. columnals,
bivalves, and mollusks; deposited in a variety of shallow-
marine, shoreline, and sabkha environments; 130 to 200
feet (40-60 m) thick.
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Temple Cap Formation

Sinawava Member - Interbedded, slope- and ledge-forming,
moderate-reddish-brown, yellowish-gray, and light-gray
mudstone, siltstone, very fine-grained silty sandstone, and
lesser gypsum; a ledge-forming, light-brown to grayish-
orange, calcareous, fine-grained sandstone with low-angle
cross-stratification is present in the upper middle part of
the formation; forms conspicuous bright-red and gray
ledgy slopes that weather to soft, gypsiferous soils;
gypsum is white to gray to pink and both bedded and
nodular in beds up to about 4 feet (1.3 m) thick; contains
several zones of white to pinkish-gray chert nodules in
lower part; about 220 feet (67 m) thick.

unconformity (J-1)

Navajo Sandstone - Moderate-reddish-orange to moderate-
orange-pink, massively cross-bedded, poorly to
moderately well-cemented, well-rounded, fine- to
medium-grained, frosted quartz sandstone; locally very
pale orange to yellowish gray, especially in upper part;
strongly jointed; lower 300 feet (90 m) forms transition
zone characterized by planar-bedded, very fine- to fine-
grained sandstone and silty, fine-grained sandstone with
thin siltstone interbeds, and less common but resistant
cross-stratified sandstone; wavy bedding, dark flaser-like
laminae, and soft-sediment-deformation features,
including flame and load structures, are common in
transition zone; deposited in a vast coastal and inland dune
field; transition zone represents deposition in a sabkha
environment; about 2,000 to 2,300 feet (600-700 m) thick.

Kayenta Formation - Interbedded, thin- to medium-bedded,
moderate-reddish-brown siltstone, fine-grained sandstone,
and mudstone with planar, low-angle, and ripple cross-
stratification; contains several thin, light-olive-gray
weathering, light-gray dolomite beds; lower part generally
weathers to poorly exposed, commonly gypsiferous slopes,
upper part to ledges and small cliffs; deposited in fluvial,
distal fluvial/playa, and minor lacustrine environments;
935 feet (285 m) thick.

Moenave Formation

Moenave Formation, undivided - shown on cross section
only.

Springdale Sandstone Member - Medium- to very thick-
bedded, yellowish-gray to pale-pink, fine-grained or rarely
medium-grained sandstone, with planar and low-angle
cross-stratification, and minor, thin, discontinuous lenses
of intraformational conglomerate and thin interbeds of
moderate-reddish-brown or greenish-gray mudstone and
siltstone; weathers to rounded cliffs and ledges; contains
locally abundant petrified and carbonized fossil plant
remains; hosts ore deposits of the Silver Reef mining
district; deposited in braided-stream and minor flood-plain
environments; about 95 feet (29 m) thick.

Whitmore Point Member - Thin-bedded, pale-red-purple,
greenish-gray, and blackish-red mudstone and claystone,
and lesser moderate-reddish-brown, very fine- to fine-
grained sandstone and siltstone; contains several 3- to 18-
inch-thick (7-48 cm), bioturbated, cherty, very light-gray
to yellowish-gray dolomitic limestone beds with algal
structures and fossil fish scales of Semionotus kanabensis;
lower 25 feet (7.5 m) consists of brown sandstone similar
to that of the Dinosaur Canyon Member; weathers to
poorly exposed, brightly colored slopes; deposited in
flood-plain and lacustrine environments; 61 feet (18 m)
thick.

Dinosaur Canyon Member - Interbedded, generally thin-
bedded, moderate-reddish-brown to moderate-reddish-
orange, very fine- to fine-grained sandstone, very fine
grained silty sandstone, and lesser siltstone and mudstone
with planar, low-angle, and ripple cross-stratification;
mostly slope forming; 200 feet (60 m) thick.

unconformity (J-0)

TRIASSIC

Moenkopi and Chinle Formations, undifferentiated -
West-dipping, fault-bounded block of Shinarump and
probable upper red member strata at the base of the
Hurricane Cliffs south of Nephis Twist.

Chinle Formation

Petrified Forest Member - Varicolored, typically gray to
purple, bentonitic mudstone, claystone, siltstone, lesser
sandstone and pebbly sandstone, and minor chert and
nodular limestone; lower part contains Shinarump-like
sandstone and pebbly sandstone lenses up to 40 feet (12
m) thick; mudstone weathers to a “popcorn” surface and
causes foundation problems; commonly forms slumps,
especially along steep hillsides; contains petrified wood,
especially in the upper part of the member; deposited in a
variety of fluvial, flood-plain, and lacustrine
environments; about 408 to 500 feet (124-150 m) thick.

Shinarump Conglomerate Member - Laterally and vertically
variable, cliff-forming, pale to dark yellowish orange, fine-
to very coarse-grained sandstone, pebbly sandstone, and
minor pebbly conglomerate; clasts are subrounded quartz,
quartzite, and chert; mostly thick to very thick-bedded
with both planar and low-angle cross-stratification,
although thin, platy beds with ripple cross-stratification
occur locally; heavily stained by iron-manganese oxides,
locally forming “picture stone”; contains poorly preserved
petrified wood and plant fragments, commonly replaced in
part by iron-manganese oxides; forms a prominent
carapace along northeast-plunging nose of the Virgin
anticline; thickness varies from about 115 to 162 feet (35-
49 m), probably due to paleotopography and deposition in
braided-stream channels.

unconformity (R-3)

Moenkopi Formation

Moenkopi Formation, undifferentiated - West-dipping, fault-
bounded blocks of lower, middle, and upper red strata
along the Hurricane fault zone. Also used on cross
section.

Upper red member - Interbedded, mostly thin- to medium-
bedded, moderate-reddish-orange to moderate-reddish-
brown siltstone, mudstone, and very fine- to fine-grained
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sandstone with planar, low-angle, and ripple cross-
stratification; forms ledgy slopes and cliffs; includes a
prominent, medium- to very thick-bedded, cliff-forming,
108-foot-thick (33 m), pale-yellowish-orange to grayish-
orange, fine-grained sandstone (the Purgatory sandstone)
with both planar and low-angle cross-stratification;
deposited in tidal-flat and coastal-plain environments;
about 400 feet (120 m) thick.

Shnabkaib Member - Forms “bacon striped,” ledgy slopes of

laminated to thin-bedded, gypsiferous, pale-red to
moderate-reddish-brown mudstone and siltstone, resistant,
white to greenish-gray gypsum and lesser thin, laminated,
light-gray dolomite beds; gypsum present as laterally
continuous, very thick beds, finely laminated, commonly
silty or muddy beds, and nodular intervals that range from
less than one inch to about 9 feet (0.01 to 3 m) thick;
gypsum also present as secondary cavity fillings and cross-
cutting veins; weathers to soft, punky, gypsiferous soils;
deposited in a variety of supratidal, intertidal, and subtidal
environments on a broad, coastal shelf of very low relief;
estimated to be 400 to 600 feet (120-180 m) thick.

Middle red member - Interbedded, laminated to thin-bedded,

moderate-reddish-brown to moderate-reddish-orange
siltstone, mudstone, and very fine-grained sandstone;
white to greenish-gray gypsum beds and veins are
common, especially in the lower part of the member;
deposited in a tidal-flat environment; about 400 to 500 feet
(120-150 m) thick.

Virgin Limestone Member - Very pale-orange to yellowish-

gray, finely crystalline limestone and silty limestone; light-
gray to light-olive-gray, coarsely crystalline fossiliferous
limestone with locally abundant circular and five-sided
crinoid columnals, gastropods, and brachiopods; and
siltstone and mudstone; contains three prominent
limestone ledges, separated by poorly exposed mudstone
slopes; deposited in a variety of shallow-marine
environments; about 100 feet (30 m) thick.

unconformity

Lower red member - Interbedded, laminated to thin-bedded,

moderate-reddish-brown mudstone and siltstone with
local, thin, laminated, light-olive-gray gypsum beds and
veinlets; deposited in a tidal-flat environment; about 200
to 250 feet (60-75 m) thick.

Timpoweap Member - Lower part consists of light-brown

weathering, light-gray to grayish-orange, thin- to thick-
bedded, planar-bedded limestone and cherty limestone;
upper part consists of grayish-orange, thin- to thick-
bedded, planar-bedded, very fine- grained sandstone,
siltstone, and mudstone; both parts form low cliffs and
ledges and form a gently undulating surface on top of the
Permian-Triassic unconformity; deposited in a shallow-
marine environment; 30 to 130 feet (9-40 m) thick.

Rock Canyon Conglomerate Member - Consists of two main

rock types: a pebble to cobble, clast-supported
conglomerate with subrounded to rounded chert and minor
limestone clasts derived from Harrisburg strata, which was
deposited in paleovalleys and is 0 to at least 80 feet (0-24
m) thick; and a widespread, but thin, breccia 0 to 10 feet
(0-3 m) thick that probably formed as a regolith deposit on
Harrisburg strata.

unconformity (R-1)

PERMIAN

Toroweap and Kaibab Formations, undifferentiated - Fault-

bounded, highly fractured and brecciated blocks of
Toroweap and Kaibab strata along the Hurricane fault
zone.

Kaibab Formation
Kaibab Formation, undivided - shown in cross section only.

Harrisburg Member - Laterally variable, interbedded, mostly

slope-forming, thin- to very thick-bedded gypsum,
gypsiferous mudstone, limestone, and cherty limestone;
contains a resistant, cliff- and ledge-forming medial white
chert and limestone interval; deposited in a complex
sequence of shallow-marine and sabkha environments; 100
to 160 feet (30-50 m) thick.

Fossil Mountain Member - Lithologically uniform, light-

gray, thick- to very thick-bedded, planar-bedded,
fossiliferous limestone and cherty limestone; “black-
banded” due to abundant reddish-brown, brown, and black
chert; forms prominent cliff; deposited in a shallow-marine
environment; 208 to 286 feet (63-87 m) thick.

Toroweap Formation

Toroweap Formation, undivided - shown in cross section

only.

Woods Ranch Member - Interbedded, laterally variable,

slope-forming, yellowish-gray to light-gray, laminated to
thin-bedded dolomite and similarly bedded black chert,
gypsum and gypsiferous mudstone, limestone, and
collapse breccia; local intraformational conglomerate or
breccia at base; deposited in a complex sequence of
shallow-marine, supratidal, and sabkha environments;
typically 130 to 200 feet (40-60 m) thick.

Brady Canyon Member - Lithologically uniform, light- to

medium-gray, medium- to coarse-grained, thick- to very
thick-bedded, planar-bedded fossiliferous limestone and
cherty limestone; forms prominent cliff; deposited in a
shallow-marine environment; 160 to 230 feet (49-70 m)
thick.

Seligman Member - Yellowish-brown, planar-bedded, locally

gypsiferous, very fine-grained sandstone and siltstone;
slope-foming; deposited in sabkha and nearshore
environments; 30 to 50 feet (9-15 m) thick.

Queantoweap Sandstone - Yellowish-brown, very thick-

bedded to cross-bedded, very fine- to fine-grained,
noncalcareous sandstone; forms steep, ledgy slopes;
deposited in a shallow-marine environment; only upper
200 feet (60 m) exposed.

Subsurface Units

Paleozoic (pre-Queantoweap), undivided - shown in cross

section only.
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