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tic megabreccia. Smaller complexes occur in the northwest
corner of the map area and in Horse Valley (section 24, T. 42
S, R. 11 W)).

Eolian deposits: Eolian sand (Qes), derived from granular
disintegration of sandstone, has been deposited by wind in
discontinuous sheets generally 1 to 4 feet (0.3-1 m) thick.
The prevailing west wind also sweeps sand onto talus on
sandstone benches and near the bases of cliffs, forming
"ramps" and coppice dunes (small dunes around yucca and
sage) of light-brown, very fine to fine quartz sand 2 to 6 feet
(0.7-2 m) thick (Qed). Scattered sand dunes on alluvial fans,
too small to map, were included in unit Qed.

Playa deposits: Laminated playa clay (Qp) underlies two
ephemeral lakes (playas) on Big Plain bajada. Discontinuous
gravel deposits (not mapped), including small boulders, on
the playa 0.3 mile (0.5 km) west of Big Plain Junction, indi-
cate that flash floods or debris flows have recently reached
the playa, traversing the 2 miles (3 km) from the nearest
cliffs.

VOLCANIC ROCKS

Although volcanic rocks are not exposed in the quadran-
gle, a cinder cone only 1 mile (1.6 km) to the west suggests
that a feeder basaltic dike(s) may underlie the northwest part
of the quadrangle. If so, the dike could divert ground-water
flow in unexpected ways or could be a potential source of
aggregate. Just west of the point where Highway 59 crosses
the west edge of the quadrangle stands a 300-foot-high (91
m) cinder cone, Gray Knoll. This cone marks the southeast
end of a 5-mile-long (8-km) line of 28 cinder cones and a
small basaltic lava field in the adjacent Little Creek Moun-
tain quadrangle. Eruption from these aligned Quaternary
volcanic vents was controlled by a vertical joint that is part-
ly occupied by a dike and that trends N. 40° W. (Anderson
and Christenson, 1989, p. 25). According to Anderson
(1988) and Anderson and Christenson (1989, p. 25), geo-
chemical data and aligned basaltic vents such as this one
west of Smithsonian Butte suggest that deeply penetrating
joints serve as conduits for magma rising from the litho-
spheric crust. Another feature that supports this inference is
Divide Dike (Gregory, 1950, p. 136), an exposed basaltic
dike 7 miles (11 km) west of the quadrangle trending about
N. 40° W. parallel to the joints in the Smithsonian Butte
quadrangle. This dike appears to have formed by the intru-
sion of basaltic lava along a joint that parallels the line of cin-
der cones west of the Smithsonian Butte quadrangle and the
joints mapped in the eastern half of the quadrangle.

STRUCTURE

Strata dip generally northeast 1° to 3°. Aside from local
Toreva blocks and landsliding, strata are not significantly
deformed. No folds were seen and the few local faults have
moderate to small normal displacements. A fault zone ex-
tends 1 or 2 miles (1.6-3.2 km) into the mapped area from the
north.

Regionally, two major normal faults record uplift and
slight eastward tilting. The north-trending Hurricane and
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Sevier faults lie west and east of the quadrangle (figure 1).
Eleven miles (18 km) to the west, the Hurricane fault is the
boundary between the Colorado Plateau and the extended
Basin and Range Province. Maximum down-to-the-west dis-
placement on the fault has been estimated variously as fol-
lows: 10,000 feet (about 3,000 m) (Gardner, 1941, p. 248),
8,000 feet (about 2,400 m) (Threet, 1963, p. 104; Averitt,
1964), 4,000 to 6,000 feet (1,200-1,800 m) (Kurie, 1966, p.
869), and less than 6,560 feet (2,000 m) (Anderson and
Christenson, 1989, p. 8). Sixteen miles to the east, the Sevi-
er fault has downdropped rocks west of it about 1,000 to
2,000 feet (300-600 m) (Doelling and others, 1989, p. 93).
Thus, the Smithsonian Butte quadrangle is part of an uplift-
ed and slightly tilted fault block 32 miles (51 km) wide at the
Utah-Arizona state line.

In the Smithsonian Butte quadrangle, the fault of largest
displacement is in the northwest corner of the map area. The
fault lies in a disturbed zone that trends north of the quad-
rangle, making two eastward en echelon steps as short seg-
ments 1 mile (1.6 km) or less in length as it strikes north.
These fault segments are spatially related to the Cougar
Mountain fault in Zion National Park as mapped by Gregory
(1950). At Grafton Wash, the Petrified Forest Member in the
downthrown block abuts the Shinarump Member in the
upthrown block. Displacement is about 250 feet (76 m).
Beds on either side of the fault dip about 10° east and the
fault dips west 70° at the surface. South of Grafton Wash, the
fault was not found. It may continue south a mile or two with
diminished net slip under fan alluvium. North of the quad-
rangle, the fault forms a west-facing fault scarp on Grafton
Mesa and trends north 2.7 miles (4.3 km) almost to the Vir-
gin River, where displacement is a few feet. The fault at
Grafton Wash has apparent dip-slip normal offset, and like
the Hurricane, Sevier, and West Cougar Mountain faults, it
probably formed during east-west extension of the region in
Miocene to late Quaternary time (Averitt, 1964; Hamilton,
1984; Anderson and Christenson, 1989).

In the south part of the Smithsonian Butte quadrangle,
three short faults displace Triassic strata less than 50 feet (15
m). Mid-quadrangle, another fault displaces strata about 50
to 75 feet (15-23 m). All are minor faults.

Northwest-trending, vertical joints transect the Navajo
Sandstone. On aerial photographs the joints in sandstone are
obvious, but are not evident in the softer rocks such as those
in the Chinle Formation. However, evidence that such rocks
may also be jointed is found in the trend of the aligned
basaltic volcanic vents (presumably joint-controlled) just
west of the quadrangle (discussed in Volcanic Rocks sec-
tion). This trend parallels that of vertical joints that we
mapped in the Navajo Sandstone on Canaan Mountain, sug-
gesting a continuous joint system across the quadrangle.
Proposed origins for the joints include local stress fields
between faults, local domal uplift (Van Loenen and others,
1988; Sable, 1995) and east-west compression of crustal
rocks (Hamilton, 1984).

Linear features on the surface of some Quaternary
deposits were seen on aerial photographs and were mapped.
Their origin is unknown; they may result from erosion by
runoff, nonuniform settling of sediments or bedrock, or
incipient faulting.
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GENERALIZED HYDROLOGY

No flow data are available for the ephemeral streams in
the mapped area. Stream flow usually occurs as unpre-
dictable flash floods generated by sporadic summer thunder-
storms (Thomas and Lindskov, 1983, p. 16). For adjacent
Kane County, 28 major spring or summer storm-generated
floods from 1881 to 1983 have been recorded (Doelling and
others, 1989, p. 163). The records are useful because they
characterize flood behavior in a region that includes the
Smithsonian Butte quadrangle. In contrast to the floods,
some large rainfall events generate no flow or only localized
flow because most surface runoff is absorbed by permeable
alluvium in the dry stream channels. Two miles (3 km) north
of the quadrangle is the perennial Virgin River, the largest
stream in the region. It flows west with an average monthly
discharge of about 650 cubic feet per second (18.4 m3/s) at
Virgin, Utah where its drainage area is 934 square miles
(2,428 km?2).

The Navajo Sandstone is an aquifer in much of the Col-
orado Plateau (Gates, 1965, p. 154), but its exposures in the
Smithsonian Butte quadrangle serve chiefly to take in water
rather than to provide ground water. A coefficient of trans-
missibility of 8,000 gallons per day per foot (99.2 m2/d) was
calculated using a well that penetrates the aquifer 15 miles
(24 km) northeast of Smithsonian Butte (Gates, 1965).
Transmissibility (transmissivity) in the quadrangle probably
is less because the aquifer is thinner there.

Other units in the quadrangle are aquifers. Wells pro-
duce water from units below the base of the Navajo and from
local perched water tables. Yields of about 15 to 20 gallons
per minute (gal/min) or 57 to 76 liters per minute (L/min)
from the Shinarump Member of the Chinle are obtained from
scattered wells in the lowlands west of Canaan Mountain
according to Joe Jessop, well driller, Hildale, Utah (oral com-
munication, May 18, 1993). The aquifer that supplies a well
at Canaan Gap is unidentified, but is about 400 feet (122 m)
stratigraphically below the Shinarump (Joe Jessop, oral com-
munication, November 2, 1995). Sustained yields of wells in
the larger region are 50 to 500 gal/min (190-1,900 L/min),
with exceptional yields as much as 500 to 2,000 gal/min
(1,900-7,600 L/min) (Price, 1982).

Springs in the quadrangle that convey ground water use-
able by man, livestock and wildlife are shown by Price
(1982). At least nine springs on the southwest side of the
Vermilion Cliffs flow from the Springdale Sandstone Mem-
ber of the Moenave Formation, the Kayenta Formation, and
basal Navajo Sandstone. A spring on Canaan Mountain
flows from the Navajo more than 1,000 feet (300 m) above
its base. At least two other small springs about 1 mile (1.6
km) south of Smithsonian Butte flow sufficiently to water a
few livestock.

ECONOMIC GEOLOGY

Oil and Gas

Potential for oil and gas in the quadrangle appears to be
low. Structural traps are not likely above the 'R-3 unconform-
ity because no folds exist and faults are few with little offset
(see structural contours on geologic map). The uniform lith-
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ology of the rock units suggests stratigraphic traps are un-
likely. However, the potential for such traps in buried units
cannot be ruled out entirely, as evident in the shallow Timp-
oweap Member of the Moenkopi Formation, a known reser-
voir rock in the nearby abandoned Virgin oil field. Lack of
deep drill holes in the quadrangle and lack of seismic data
impede assessment of subsurface structure. We speculate
that the fault at Grafton Wash could extend downward to
form a structural trap in Paleozoic reservoir rock units.

Previous workers, looking at large areas that include the
quadrangle, inferred a medium potential for undiscovered oil
and gas resources (Molenaar and Sandberg, 1983; Ryder,
1983; Van Loenen and others, 1988). They considered (1)
the proximity of the now-abandoned shallow Virgin oil field
about 8 miles (13 km) to the northwest, (2) data from deeper
Paleozoic strata, including oil shows in nearby drill holes in
Arizona, and (3) the likelihood of anticlines and stratigraph-
ic traps, particularly in limestone of Mississippian and Per-
mian age.

In 1984, oil and gas leases covered about one-third of the
quadrangle. By 1985, however, no drilling or other explo-
ration activity had been done, and by 1987 most leases were
canceled (Van Loenen and others, 1988, p. A7). Four dry
holes are located about 1.5 miles (2.4 km) south of Grafton,
Utah, and about 2 miles (3 km) north of the Smithsonian
Butte quadrangle (Van Loenen and others, 1988). Wells hav-
ing no known record are evident where steel casing pipe pro-
trudes from the ground. Casing was observed at three loca-
tions: a 10.25-inch-diameter (32 cm) pipe in the Shnabkaib
Member in Canaan Gap, section 33, and two 6-inch-diame-
ter (15 cm) pipes in the Petrified Forest Member in section
15, allin T. 43 S., R. 11 W. (see plate 1). These wells may
have been drilled in search of water, oil and gas, or mineral-
ization.

Recent studies suggest that organic mudstone and silt-
stone of the late Proterozoic Chuar Group exposed in the
Grand Canyon, Arizona are potential petroleum source rocks
(Chidsey and others, 1990; Rauzi, 1990; Reynolds and oth-
ers, 1988). Geochemical analyses indicate that these rocks
contain up to 10 percent organic carbon and are within the
oil-generating window. The Chuar Group rocks dip north
from the Grand Canyon under much of southern Utah.
Located about 40 miles (65 km) east of the Smithsonian
Butte quadrangle, the Tidewater No. 1 Kaibab Gulch well
was drilled to a depth of 6,253 feet (1,906 m) on the Kaibab
Uplift and, although dry, penetrated organic-rich rocks of the
Chuar Group. Other wells in central and southern Utah have
penetrated Chuar-equivalent rocks. Although other data
indicate that the Chuar Group rocks terminate east of the
quadrangle, the Cambrian Muav Limestone and Tapeats
Sandstone, which could be oil reservoirs for the Chuar
source rocks, are probably present (Robert Blackett, Utah
Geological Survey, written communication, April, 1994)

Precious Metals and Uranium

There are no known past or current producing mines or
identified mineral resources in the Smithsonian Butte quad-
rangle. The nearest mining district is the Silver Reef district
about 15 miles (24 km) west (figure 1) which was mined
mainly for silver between 1875 and 1910 (Proctor, 1953).
Later, minor amounts of copper, uranium, and vanadium
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were produced from the Springdale Sandstone Member of
the Moenave Formation (Cook, 1960, p. 24; Wilson and
Stewart, 1967, p. D5). An assessment of mineral resource
potential of the Springdale Sandstone Member that included
geochemical analysis of modern stream sediment, heavy
mineral concentrate, and bedrock samples in the area around
Canaan Mountain revealed no indications of commercial-
grade metal ore in the sandstone or other rock units (Van
Loenen and others, 1988).

Small amounts of gold and other precious metals have
long been known in claystone of the Petrified Forest Mem-
ber of the Chinle Formation in the region (Gregory, 1950),
but attempts at economic recovery have not been successful.
Two banks of unpatented mining claims have been filed on
the Petrified Forest Member and surficial deposits on it. The
claims were valid as of May 1993 (Walter Phelps, Bureau of
Land Management, Salt Lake City, oral communication,
1993). One bank extends east-west along the north edge of
the quadrangle in sections 21, 22, and the west part of section
23,T.42 S.,R. 11 W. Assessing the mineral potential of the
claims by sampling and laboratory analyses, Kreidler report-
ed in Van Loenen and others (1988, p. A7) that economic
recovery of metals was not feasible.

The second bank of claims extends north-south along the
line between sections14 and 15, T. 43 S., R. 1 W. on a hum-
mocky, brecciated, light-reddish-brown (2.5YR 6/4), cal-
careous, poorly cemented, silty clay and firm clayey, very
fine-grained sand. We interpret the deposit to be a mudflow
of Pleistocene age (unit Qmfo) derived from the Petrified
Forest Member of the Chinle Formation. An open prospect
pit was roughly 30 by 25 feet (9 by 8 m) in area and 5 to 10
feet (1.5-3 m) deep. The claim holder showed one of us
(DWM) a small ingot of heavy, silver-colored metal that he
claimed was silver and platinum obtained from the mudstone
using a process that separated and concentrated submicro-
scopic-sized particles of the metals from the mudstone. The
author collected three 4-pound (1.8-kg) samples of the light-
reddish-brown diamicton from walls of the pit and submitted
them to the U.S. Geological Survey, Denver, Colorado for
geochemical analysis. Separate splits of samples were ana-
lyzed by three techniques. Concentrations of 40 standard
chemical elements were obtained using inductively coupled
plasma-atomic emission spectroscopy (ICP-AES). No
unusual concentrations were found; silver was reported at
less than 2 ppm (parts per million) and gold was less than 8
ppm. Concentrations of the platinum group elements (plat-
inum, palladium, rhodium, ruthenium, and iridium) were
determined using ICP-MS (mass spectrometer). All were
less than 1 ppb (part per billion). Uranium and thorium con-
centrations were determined using delayed neutron radio-
chemistry techniques; uranium was 3-4 ppm and thorium
was 9-13 ppm.

Potential sources of uranium are suggested by uranium
ore in channels in the Shinarump Member of the Chinle For-
mation at White Canyon, Utah (Chenoweth, 1993) and by
minor ore in the Moenkopi Formation at the contact with the
overlying Chinle in the Circle Cliffs district (Doelling, 1975,
p. 105). However, assuming these units and contacts in the
Smithsonian Butte quadrangle have been examined by
prospectors, the general absence of diggings suggests that
commercial mineralization is not likely. Kreidler and Zelten
report (Van Loenen and others, 1988, p. A7) that near Smith-
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sonian Butte and Canaan Mountain, examination by scintil-
lometer for high radioactivity on outcrops of the Moenave
Formation and the Shinarump and Petrified Forest Members
of the Chinle yielded negative results. Along the west valley
wall of Horse Valley Wash, trails were apparently bulldozed
in the Petrified Forest Member. They are believed to have
been uranium prospects or access trails to prospects. A
small, probable uranium prospect pit in the Shinarump Mem-
ber (SW1/,SW1/, section 24, T. 42 S., R. 11 W.) was also
noted during mapping. A short discussion on uranium
prospecting activity in the region is given in Van Loenen and
others (1988, p. A7).

Sand and Gravel

Two pits exist near the west edge of the quadrangle along
Little Creek (units Qat and Qaf;). Borrow pits along High-
way 59 possibly could be exploited for this resource with a
minimum of environmental disturbance.

Cinders

About 1 mile (0.6 km) west of the quadrangle, cinders
were being mined in 1990 on the east side of a basaltic cin-
der cone (Gray Knoll). The vesicular, lightweight cinders are
black, gray and reddish brown and chiefly about 0.2 to 3
inches (0.5-8 c¢m) in diameter. Use of the cinders was not
determined, but presumably they are used as road aggregate
and perhaps in manufacture of cinder block or other con-
struction materials.

GEOPHYSICS

Aeromagnetic and gravity data for the Canaan Mountain
Wilderness Study Area were reported by Van Loenen and
others (1988, p. A13-A14 and figures S and 6). Gravity read-
ings in the Smithsonian Butte quadrangle indicate a fairly
uniform decrease in values from —160 mGal in the southwest
corner to about -178 mGal in the northeast corner. A low
anomaly of about —186 mGal at the central east border appar-
ently is of shallow origin and is caused by the thick Navajo
Sandstone of Canaan Mountain. The area lies on the east
flank of a circular magnetic high of more than +50 nT (nano-
Teslas) 3 miles east of the northwest corner of the quadran-
gle; values decrease from about —90 nT along the west bor-
der to —240 nT along the east border. These magnetic varia-
tions appear to be due to magnetic sources in the underlying
basement rocks.

GEOLOGIC HAZARDS

Flash floods, landslides, rock falls, debris flows, expan-
sive clays, and earthquakes are the chief geologic hazards in
the quadrangle. Foundation instability related to collapsible
soil is possible, but we know of no local occurrences. This
section offers information to help the map user avoid locali-
ties where the geologic map indicates a high risk for the list-
ed hazards.

Spring and summer cloudburst storms may cause torren-
tial flooding in channels and on alluvial fans and can cause
rapid sloughing of debris from hillslopes that triggers debris
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flows. Floods and debris flows in this region are dangerous
because they occur with little, if any, warning, and swiftly
convey huge amounts of sediment and debris with sufficient
force to move or destroy massive objects. On December 5-
6, 1966, this kind of flooding occurred (Butler and Mundorff,
1970) and triggered destructive flows of mud and debris
from steep slopes. On September 26, 1983, debris flows
caused $1.2 million in damage after 3 inches (76 mm) of rain
fell on Springdale, Utah, in 1 hour (Kaliser, 1989, p. 23).
Currently in the Smithsonian Butte quadrangle, flood risk to
property and public safety is small owing to sparse habita-
tion. Risk will increase as more homes are built, especially
if building is on young alluvial fans (map unit Qaf;), imme-
diately downslope from landslide deposits (Qms), or near
potential rock falls. Risk is high to occupants of vehicles and
pedestrians attempting to cross flooding drainageways and to
hikers in confined canyons when storms are active.

In 1990, flood debris was piled high on some culverts of
Highway 59 and on banks of dry stream channels, indicating
recent flooding. Also, recent flood deposits of sand and
gravel and (or) mudflow deposits were seen at the downslope
ends of several channels that cut young fans (Qaf;). As a
general guide, avoid building structures on parts of unit Qaf;
where unweathered, unvegetated deposits of sand and gravel
cover the surface. Building on playa lake clay (Qp) should
be avoided.

Prediction of stormwater and debris-flow paths on allu-
vial fans is prone to error because of stream avulsion, a key
process in fan deposition. Nevertheless, a few guidelines are
useful. Risk of floods and debris flows on old fan deposits
(Qaf3) is practically nil because they are high, well drained,
and drainageways are incised around them. Risk on the high-
er parts of fans of intermediate age (Qaf,) probably is small
where entrenched drainageways bypass the areas. Areas at
risk are mid-fan and lower where much land upslope can col-
lect runoff and where shallow channels may overflow or shift
course. Other risky areas lie downslope from unstable mass-
wasting deposits (Qms, Qmso), which can be remobilized by
cloudburst storms. Field inspection may reveal small mass-
wasting deposits not shown on the map. Building sites high
on fans and slopes should be examined for proximity to
unstable deposits. Examples of possibly hazardous areas, but
not all of them, are in sections 23 and 36, T. 42 S., R. 11
W., and sections 14, 13, and the southern part of section 12,
T. 43 S,,R. 11 W.

Swelling clay in the Petrified Forest Member of the
Chinle Formation, and to a lesser extent in the Kayenta For-
mation, contributes to slumping or landsliding. This is evi-
dent in chaotic debris, bedding deformation, and scarps
where masses of material have pulled away from hillslopes.
Blocks of the Dinosaur Canyon Member of the Moenave
Formation are rotated 30° to 50° toward the cliffs from
which they broke away (Qms, Qmso). The bases of the
blocks have slid away from the cliff on moist clay beds at the
top of the underlying Petrified Forest Member of the Chinle
Formation. Large mass movement complexes and smaller
landslides (Qms) occur on north slopes of Smithsonian Butte
and in the north-central part of the quadrangle.

A somewhat obvious hazard of rock falls exists in areas
below cliffs and slopes with large boulder-sized sandstone
fragments. Thick deposits of coarse sandstone rubble are
interpreted to have been emplaced by one or more rock ava-
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lanches. Such deposits, although scarce, in sections 14 and
15, T. 43 S., R. 11 W. extend about 1.1 miles (1.8 km) from
the Vermilion Cliffs, indicating that the rock fall hazard is not
limited to just the foot of cliffs.

Foundation instability could be a problem if construction
is not carefully placed. Where expansive clay or potentially
collapsible soil structure is suspected, sampling and labora-
tory testing to determine strength of the subsoil is advisable.
The Petrified Forest Member of the Chinle Formation con-
tains clay that expands when it adsorbs water. This expan-
sion and subsequent shrinkage upon loss of the water can
damage foundations and buildings. Another hazard is col-
lapsible soil. The grain structure of some alluvium or wind-
laid material, especially those derived from the Moenkopi
Formation, may collapse after prolonged watering combined
with vertical loading by a heavy building, causing founda-
tions to subside (Rollins and others, 1992).

Earthquakes could damage man-made structures. The
Smithsonian Butte quadrangle is within a seismically active
zone called the Intermountain seismic belt (Smith and Sbar,
1974) that extends northward to northwest Montana and is in
Uniform Building Code zone 2B (International Conference
of Building Officials, 1997). Although no earthquake has
been recorded in the quadrangle, epicenters in the 2-4.9 mag-
nitude range are mapped a few miles to the west and east
(Goter, 1990). We saw no certain recent fault scarps during
field mapping, and the Grafton Wash fault shows no signs of
Quaternary movement. Lineaments on alluvial deposits
were identified on aerial photographs and may record small,
incipient fault scarps or scarps produced by differential sub-
sidence of sediments. Earthquakes are known in this region
and risk of damage cannot be discounted (Christenson and
others, 1987).

On September 2, 1992, a Richter magnitude (M) 5.9
earthquake occurred about 5 miles (8 km) southeast of St.
George, Utah. The earthquake caused no serious injuries nor
did it form fault scarps. It triggered landsliding at Spring-
dale, Utah (figure 1) that destroyed three homes and blocked
the highway (Black and others, 1995). From 1850 through
1986, 33 seismic events of M 2.0 and greater (greatest was
5.5) occurred in the Long Valley region near Kanab, east of
the quadrangle (Arabasz and others, 1979; University of
Utah Seismology Catalog, 1986). An earthquake of estimat-
ed pre-instrumental magnitude 6 occurred in 1902 near Pine
Valley 30 miles (48 km) northwest of Smithsonian Butte.
Anderson and Christenson (1989) documented fault scarps
that offset Quaternary basalt flows and alluvial deposits in
the Hurricane fault zone, indicating Quaternary seismicity in
that area. The proximity of the Hurricane fault about 10
miles (16 km) west and the historic record of small to mod-
erate earthquakes in this region suggests a low to moderate
potential for damaging earthquakes in the quadrangle.
According to Anderson and Christenson (1989, p. 4), who
discussed seismicity in the surrounding region, even the
largest historic earthquakes in the region were not large
enough to cause faulting of the earth’s surface; however,
large faults such as the Hurricane fault do have the potential
to cause surface rupture.

Radon gas, associated with the Chinle Formation and
material eroded from the Chinle, has a moderate hazard
potential in parts of the quadrangle (Black, 1993). It should
be considered in existing and new construction.
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APPENDIX

MEASURED SECTIONS

Utah Geological Survey

SOUTHEAST SMITHSONIAN BUTTE QUADRANGLE, SECTION MS-1

Top of section in south-central part of section 20, T. 43 S., R. 10 W., Washington County, Utah; 2900 ft east and 200 ft north of
southwest corner of section 20 [measured by Moore and Charles Tabor, June 1990].

Top of measured section at base of inaccessible cliff; not top of exposure

Navajo Sandstone (not measured)

Kayenta Formation

27.

26.

25.

24,

23.

22.

21.

20.

Sandstone, moderate-reddish-brown (10R 4/6), weathers same color; very fine
grained, subangular quartz, 10-20 percent silty clay matrix; brittle to hard; most-
ly very thin, parallel horizontal laminations, dark heavy minerals abundant in
some laminae; some low-angle planar cross-bedding; forms cliff; lower 3 ft is
interbedded sandstone and thinly laminated micaceous siltstone which forms
closely spaced parting and weathers as reentrant

Mudstone, siltstone, and sandstone interbedded. Mudstone, light-olive-gray (5Y
6/1), silty, calcareous; subfissile to hackly fracture. Siltstone, pale-red (5R 6/2),
laminated, weathers to ledges 2-6 ft thick. Sandstone, moderate-reddish-orange
(10R 6/6), clayey, silty, beds 4-8 ft thick, laminated, blocky weathering. Upper
part of unit contains many interbeds of thinly laminated, clayey, micaceous silt-
stone that weather as recessive beds; top of unit grades into unit 27

Sandstone, moderate-reddish-orange (10R 6/6) to moderate-reddish-brown (10R
4/6), very fine to fine-grained, feldspathic; subrounded quartz grains, moderate-
ly well sorted; low-angle planar cross-bedding in sets 1.5-2 ft thick and lesser
horizontal parallel laminations; base gradational

Sandstone, pale-reddish-brown (10R 5/4), mottled pinkish-gray (5YR 8/1); very
fine grained; calcareous cement; subangular quartz grains; slightly feldspathic;
small-scale cross-bedding and wavy laminations; beds 1-1.5 ft thick; sharp base;
forms ledge

Similar to unit 26. Beds are 0.5-3 ft thick; 29 ft and 62 ft above base of unit are
two microcrystalline limestone beds, 2-4 in. thick, yellowish-gray (5Y 8/1);
upper parts of limestone beds are very thin laminated and slightly burrowed;

13 ft below top of unit is the coarsest-grained sandstone bed, a predominantly
fine-grained quartz arenite, about 20 percent rounded and medium quartz grains;
grayish-pink (SR 8/2), 1 ft thick, slightly calcareous, 10-15 percent siliceous
cement; very hard, forms thin ledge; unit forms a slope interrupted by thin
ledges; sharp base

Sandstone, moderate-reddish-orange (10R 6/6), upper 6 in. moderate-orange-pink
(5YR 8/4); very fine grained quartzose, slightly feldspathic, slightly silty, pre-
dominantly low-angle, planar cross-bedding, sets 2-6 in. thick, trough crossbed-
ded in upper 2 ft; forms prominent ledge; gradational base

Mudstone, siltstone, and sandstone interbedded. Mudstone, mostly light-olive-
gray (5Y 6/1), weathers same color on a frothy surface; some silty mudstone,
moderate-reddish-brown (10R 4/6). Siltstone, pale-red (SR 6/2), thinly laminat-
ed, beds 2-6 ft thick. Sandstone, yellowish-gray (5Y 8/1) to moderate-reddish-
orange (10R 6/6), very fine grained, clayey, silty, 1 percent biotite, calcareous;
weathers into blocks 0.4 - 1.6 in across; planar and wavy laminations; trough
cross-laminated in places. In middle of unit 21 scarce scour-and-fill structure
occur and sandstone beds are as thick as 3 ft; in lower part of unit, sandstone
interbeds are 1-6 in. thick; in upper one-fourth of unit sandstones become thick-
er and more numerous; unit has sharp basal contact

Sandstone and pebbly sandstone, pinkish-gray (5YR 3/4), mostly fine, subrounded
to subangular quartz grains; about 20 percent very fine quartz grains; 2-4 per-
cent medium, well-rounded, frosted grains; chiefly planar, horizontal thin beds

Thickness

(fo

62

188

35

130

104
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and thick laminae, few low-angle, curving cross-beds; abundant light-greenish-

gray (5GY 8/1), flat to discoid fine pebbles of mudstone on many bedding sur-

faces; many dispersed, white nodules, 0.1-0.2 in. diameter; thick laminae of silt-

stone, silty mudstone, and conglomeratic (light-greenish-gray mudstone peb-

bles) sandstone in lower 2 ft of unit and as lenses of pebbles in lower 6-8 ft of

unit; forms smooth, vertical, pale-reddish-brown (10R 5/4) massive cliff with no

parting except in upper 6-8 ft where several ledges form 43

19. Mudstone, siltstone, and sandstone, interbedded similar to unit 17; forms distinct
minor ledges and recessive beds on a talus-covered slope 37

18. Sandstone, pinkish-gray (SYR 8/1), mottled grayish-red (10R 4/2), very fine
grained, quartzose, wavy to parallel planar beds, some low-angle cross-beds;
beds 1-4 in. thick; parting 0.5-10 in. thick; wavy laminations; cross-bed sets 1-2
in. thick; upper 1 ft contains calcareous, brown-weathering nodules 1 in. diame-
ter; unit thins northward within 1/4 mi to 1 ft and thickens southward within 400
ft to 18 ft thick 9

17. Sandstone, siltstone, and mudstone, interbedded. Sandstone and siltstone, moder-
ate-reddish orange (10R 6/6), pinkish-gray (SYR 8/1) at tops of beds; calcare-
ous, very thin indistinct planar bedding, locally cross-bedded, lenticular beds
0.5 -2 ft thick; soft. Mudstone dark-reddish-brown (10R 3/4), silty, subfissile to
hackly fracture; unit forms slope and weak ledges 58

16. Sandstone and basal conglomerate, moderate-reddish-brown (10R 4/6) mottled
pinkish-gray (5YR 8/1), upper foot of unit is quartz-rich, very fine grained sand-
stone; medium-bedded, slabby, gradational base with conglomerate below. Con-
glomerate, sandstone pebbles in a sandy, calcareous matrix; low-angle cross-bed-
ding, cut-and-fill bedding, wavy sharp base; 0-40 in. thick, pinches out laterally 23-33

Total of Kayenta Formation 680

Moenave Formation
Springdale Sandstone Member

15. Sandstone and mudstone, interbedded. Sandstone, pinkish-gray (SYR 8/1), suban-
gular fine quartz grains, slightly feldspathic, calcareous, very slightly mica-
ceous; wavy laminations; most beds 4-18 in. thick, thickest beds 3 ft; beds pinch
and swell. Mudstone, grayish-red (SR 4/2), silty, includes lenses of clayey very
fine-grained sandstone; forms thick ledge 6

14. Dolomite, brownish-gray (SYR 4/1), nodules are light-olive-gray (5Y 6/1) to pale-
red (5R 6/2), light-greenish-gray (5G 8/1) mottles; few, very thin shale
interbeds, shale is silty containing 10 percent very fine quartz sand; common
very fine plant root casts, 0.02 in. diameter 1.5

13. Sandstone, very-pale-orange (10YR 8/2), very fine grained quartzose; abundant
round calcium-carbonate nodules 0.2 in. diameter; wavy and paralle] beds 0.2-2
in. thick 11.5

12. Clayey sandstone, grayish-red (5R 4/2), very fine grained quartzose, 15-20 percent
clay matrix; hackly to brittle fracture; forms reentrant; sharp basal contact 1.3

11. Sandstone, white (N9) and very light gray (N8), weathers light-brown (5YR 6/4),
upper few feet bleached to pale-yellowish-orange (10YR 8/6); uniform very fine
to fine-grained angular quartz grains; massive, planar cross-bedding; liesegang
banding is dark-yellowish-orange (10YR 6/6); some remarkably even, parallel
laminae 0.08 in. thick and abundant lenses of small-scale cross-laminated silt-
stone; slump structures; scattered lenticular beds (0.5-1.5 ft thick) and lenses of
mudstone pellets and intraformational conglomerate of small mudstone and silt-
stone pebbles. Two notable conglomerate beds 20 ft and 10 ft above base of
unit; unit is main body of Springdale Sandstone Member and is prominent cliff
along Vermilion Cliffs; sharp basal contact, gently undulating 107.5

Total of Springdale Sandstone Member 128
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Whitmore Point Member
10. Mudstone, sandstone, and limestone, interbedded, similar to unit 8 11.5

9. Sandstone, white (N9), very fine, angular, quartz sand; well-sorted, noncalcareous,
brittle; burrowed; trace fossils on bedding planes, closely spaced, regular, mean-
dering tunnel trails (resembles Helminthoida?), trails are nonmarine; fossil
mudcracks; planar, thin bedding to wavy laminations; forms minor ledge 2

8. Mudstone, sandstone, and limestone, interbedded. Mudstone, moderate-brown
(5YR 4/4), grayish-red (10R 4/2), pale-red (5R 6/2), calcareous; breaks into
angular blocks, 2-6 in. across; weathers to earthy slope. Sandstone, pale-olive
(10'Y 6/2), pale-red (5R 6/2) staining; very fine to medium grained, beds 1-1.5
in. thick; hard. Limestone, light-greenish-gray (5GY 8/1); dense; thin beds;
abundant granule- and small pebble-size blebs of lime mud, ovoid bodies 0.02-
0.06 in. diameter (ostracodes?), and Holostean fish scales replaced by apatite(?)
and calcite (very dusky red 10R 2/2 and dusky-red 5R 3/4) in a discontinuous
sparry calcite matrix (poorly washed intramicrudite of Folk, 1968). Pale-
osols(?) in mudstone, moderate-yellowish-brown (10YR 5/4), beds 10 in. thick
(0.5 and 2.5 ft above base of unit); contains much very fine quartz sand and silt;
breaks into small (0.3 in. across) blocks; firm, dark-yellowish-brown (10 YR
4/2) clay skins (0.01 in. thick) on some ped faces; white (N9) calcium carbonate
and dolomite(?) irregular nodules 1.5-4 in. diameter in upper brown zone;
slope-forming unit 13

7. Sandstone and siltstone interbedded. Sandstone, very light gray (N8) and pinkish-
gray (5YR 8/1), large grayish-red (10R 4/2) mottles; beds 3-10 in. thick. Silt-
stone, grayish-red (10R 4/2), minor interbeds 1-8 in. thick, hackly fracture; very
fine mica flakes abundant 6

6. Siltstone, reddish-brown (10R 5/4), slightly clayey, calcareous, erodes to alternat-
ing firm and crumbly beds 4-12 in. thick on a slope 11.5

Total of Whitmore Point Member 44

Dinosaur Canyon Member (part)

5. Sandstone, moderate-reddish-brown (10R 4/6), very fine grained, slightly silty,
hard, massive beds and low-angle cross-bedding, few thin beds; noncalcareous,
thin deposits of calcite along fractures; joint sets oriented N. 15°W. and N.
68°E.; forms vertical cliff, rounded at top 43

4. Sandstone, moderate-reddish-brown (10R 4/6), very fine grained, silty, calcareous,
friable to soft; planar, horizontal beds and low-angle trough cross-beds; com-
mon parting lineations on bedding planes; few soft, beds are grayish-orange-
pink (10R 8/2); silty, finely micaceous shale bed, 1 ft thick, at top of unit; forms
alternating slopes and ledges 3-6 ft thick 58

3. Similar to unit 1, except 0.5-1 ft-thick shale interbeds are common 23

2. Shale, moderate-reddish-brown (10R 4/4) and dark-reddish-brown (10R 3/4),
slightly silty, calcareous, hackly fracture; base sharp color break but gradational
textural contact with unit 1 below 0.8

1. Sandstone, moderate-reddish-brown (10R 4/6), very fine, angular grains, quartzose,
calcareous, silty, friable; horizontal planar laminated; interbeds 0.5-8 in. thick of
grayish-orange-pink (5Y 7/2) silty, very fine grained, sandstone; laminated, very
thin laminae of dark grains; soft, weathers to small tabular pieces; unit forms

low hillocks, weak ledges, and gullies at base of Vermilion Cliffs 20.3
Total of incomplete Dinosaur Canyon Member 145
Total of incomplete Moenave Formation 317
Total section measured 997

Base of section MS-1, base of exposure, elevation 5100 ft in small wash 900 ft east and 900 ft south of northwest corner of
section 29, about 300 ft northwest of 100 ft-high conical hill connected by narrow ridge to Vermilion Cliffs.
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NORTHWEST SMITHSONIAN BUTTE QUADRANGLE, SECTION MS-2,
IN THREE PARTS FROM TOP TO BOTTOM 2C, 2B, 2A,
SECTION MS-2C NEAR GRAFTON WASH

Top of section is at western extremity of Smithsonian Butte, SW1/4,NE!/4,SE!/4 section 21, T. 42 S., R. 11 W., 1450 ft north
and 900 ft west of southeast corner of section 21; about 6350 ft elevation [measured by Moore, Brenda Buck, and Charles
Tabor, June 1990].

Top of section, not top of exposure Thickness
(ft)

Navajo Sandstone (part)

15. Sandstone, light-brown (5YR 6/4) weathers grayish-orange-pink (SYR 7/2), very
fine- to fine-grained, moderately well-sorted quartz arenite, subrounded to sub-
angular grains; 2-5 percent well-rounded, frosted medium-grained quartz; very
large-scale planar and tangential cross-bedding; sets 6-30 ft thick; basal contact
gradational 175

Total of incomplete Navajo Sandstone 175

Kayenta Formation

14. Sandstone, siltstone, and mudstone. Sandstone, moderate-red (5R 4/4), weathers
moderate-reddish-brown (10YR 4/6), very fine grained, silty, much sandy
coarse-grained siltstone; laminae 0.02-0.04 in. thick, parting 2-4 ft thick; low-
angle cross-bedding; cylindrical curved burrows with bumpy walls that resemble
marine trace fossil Scalarituba; asymmetric, folded laminae (penecontempora-
neously deformed). Siltstone, moderate-red (SR 4/4), laminated; hard; contains
interbeds of sandstone 0.5-2 in. thick. Mudstone, grayish-red (5R 4/2), thin and
medium beds 4-12 in. thick; fissile in places, micaceous, silty; fine blocky frac-
ture; contains lenses of starved sand ripples (lenticular bedding). In lower 2 ft
of unit is sandstone having trough cross-beds; weathers as a recessive bed and
forms silty and clayey sand; basal contact sharp and noticeably undulatory (4-7
ft of relief in 300 ft horizontally) 98

13. covered interval 45

12. Sandstone and siltstone. Sandstone, pinkish-gray (SYR 8/1) and moderate-red-
dish-brown (10R 5/6), very fine- to fine-grained, angular to subangular quartz
grains; contains 5-10 percent rounded, frosted medium quartz grains; planar par-
allel, thick laminae, local medium-scale low-angle cross-beds; flaser bedding
(very thin clay drapes on sand ripples); greenish-gray (5GY 6/1) mudstone gran-
ules common in places; firm to soft strength. Siltstone, moderate-reddish-brown
(10R 5/6), very fine sand quartz grains, planar parallel laminated; forms weak
ledges 1.5-2 ft thick; unit forms a slope 95

11. Sandstone, moderate-reddish-brown (10R 4/6), weathers pale-reddish-brown (10R
4/6), very fine grained, silty, chiefly parallel laminated, scarce medium-scale
low-angle cross-beds; scarce mudstone interbeds, moderate-reddish-brown,
micaceous and fissile, 2-8 in. thick; sharp basal undulating contact, about 5 ft
relief in 300 ft horizontal distance 17.7

10. Sandstone, siltstone, and mudstone, interbedded. Sandstone, light-greenish-gray
(5GY 8/1), pale-reddish-brown (10R 5/6), and variegated similar colors; very
fine grained, silty, clayey in places; quartz grains well cemented by calcareous
cement; planar bedding 8-24 in. thick, scarce low-angle cross-beds; forms thin
flagstone pieces and ledges. An unusually thick channel sandstone bed, 10 ft
thick, is 49 ft below top of unit, is fine grained, contains 5 percent medium
quartz grains, accessory muscovite and chlorite, altered feldspar, and 10 percent
dark lithic and heavy mineral grains; very thin planar laminations. Siltstone,
same colors as sandstone, calcareous, slightly micaceous, firm, forms slope and
weak ledges 4-15 in, thick. Mudstone, moderate-reddish-brown (10R 4/6), silty
in places, beds 4-30 in. thick, angular blocky fracture; forms slope 203

9. Mudstone, grayish-red (10R 4/2), weathers moderate-reddish-orange (10R 6/6) and
yellowish-gray (5Y 8/1), very thinly laminated; very calcareous, weak, breaks
into angular granules and chips; unit contains few interbeds 1-2 ft thick of very
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fine-grained sandstone, with mudcracks and unidentified trace fossils on bed-
ding planes; some small-scale cross-laminae; mottled colors moderate-red (SR
4/6) and yellowish-gray (5Y 8/1) parallel the bedding

8. Sandstone, pale-red (SR 6/2), bluish-white (SB 9/1) in top and basal 2 ft; very fine
grained, well sorted; iron-oxide stains quartz grains pinkish-gray (SYR 8/1);
channel sand pinches out within 150 ft horizontally; firm; even, thin laminae
and medium-scale crossbedding dipping east 10°; scarce plant impressions;
forms prominent, rounded ledge

7. Sandstone, moderate-reddish-brown (10R 4/4), weathers same color; very fine

grained, silty, slightly clayey, poorly sorted; abundant rib and furrow on bedding
surfaces; small-scale trough cross-laminae, very thin planar laminae; weathers to

siltstone-chip-covered slope and 2 to 3 minor ledges about 16 in. thick

6. Sandstone, pale-red (10R 6/2), weathers same color; very fine grained, silty, cal-
careous, firm, very small-scale ripples and cross-laminae, beds 1.5-2 ft thick;
scarce silty shale interbeds, 4 in. thick; forms ledge; sharp undulatory base

5. Shale, grayish-red (10R 4/2), weathers same color

4. Sandstone and mudstone, interbedded. Sandstone, pale-red (10R 6/2), dark red-
dish-brown (10R 3/4), moderate-reddish-brown (10R 4/6), weathers light-brown
(5YR 6/4); very fine grained, silty, slightly clayey, weakly calcareous, planar
bedding 8-16 in. thick and very thin, planar laminae. Mudstone, dark reddish-
brown (10R 3/4) to greenish-gray (5GY 6/1), silty, contains some very fine
sand, micaceous, subfissile to hackly fracture; beds 6-12 in. thick

3. covered

2. Mudstone, siltstone, and sandstone, interbedded. Mudstone, very dark reddish
brown (10R 2/4), weathers pale-reddish-brown (10R 5/4), breaks into angular
granule-size blocks; basal contact gradational with siltstone. Siltstone, moder-
ate-reddish-brown (10R 4/6), slightly clayey. Sandstone, same color as silt-
stone, very fine grained, quartzose; wavy, discontinuous laminations; medium
bedded; unit forms slope

1. Sandstone and siltstone, interbedded. Sandstone, moderate-reddish-brown (10R
4/6), weathers moderate-red (SR 5/4) and mottled locally to white (N9); very
fine grained quartz, slightly calcareous; forms small ledges in gradational zone
between Kayenta Formation and Springdale Sandstone Member. Siltstone, dark
reddish-brown (10R 3/4), weathers same color, contains very fine quartz sand
grains; very thin laminations. Sandstone beds form minor ledges on a moderate
slope

Total Kayenta Formation

Total measured section 2C

Base of section MS-2C is on Vermilion Cliffs 1750 ft north of and 3150 ft east of
southwest corner of section 21, T. 42 S., R. 11 W, about 5560 ft elevation.

Utah Geological Survey

40.7

8.5

28

25.5

10

11

26

615

790

NORTHWEST SMITHSONIAN BUTTE QUADRANGLE, SECTION MS-2B, GRAFTON WASH

Top of section elevation 5540 ft, 1500 ft north of and 3000 ft east of southwest corner of sec. 21, T. 42 S., R. 11 W. [measured

by Moore and Charles Tabor, June 1990].

Moenave Formation:
Springdale Sandstone Member
24. Sandstone, pale-red (SR 6/2); in upper 15 ft grayish-orange (10YR 6/2); chiefly

fine quartz grains, calcareous, micaceous, 2 percent lithic and heavy mineral
dark grains, 5-10 percent white, very fine sand sized clay (altered feldspar?);

Thickness

(f0)
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massive bedded, planar and wavy laminations; fossil logs 8 in. diameter; abun-
dant lenses 0.5-2 ft thick of mudstone and dolomitic mudstone fine pebble con-
glomerate, moderate-yellowish-brown (10YR 5/4); channel-fill consisting of
wavy laminated fine quartzose sand; sharp contact at base, undulating 2 ft relief;
well-cemented; forms high vertical cliff with huge arch-like fractures

23. Conglomerate, yellowish-gray (5Y8/1), weathers moderate-brown (5YR 4/4);

clasts of subrounded granules and fine pebbles of siltstone, very fine grained
sandstone, and finely crystalline dolostone in a calcareous, silty matrix of very
fine-grained quartz sand; channel-fill deposit having undulatory base contact;
1-5 ft thick along outcrop and grades laterally into mudstone, medium-greenish-
gray (5G 5/1)

22. Sandstone, pale-red (10R 6/2) weathers reddish-brown (2.5YR 5/4); bleached to

grayish-orange (10YR 7/4) in upper 2 ft; very fine grained, silty and micaceous,
grades upward to coarse siltstone; uppermost 0.5 ft is fissile, pale-brown (SYR
5/2) clayey siltstone containing discoid iron-oxide concretions; 0.04-0.08 in.-
diameter spheres weather out on surface of outcrop; planar, parallel beds 0.5-4
in. thick, some are wavy; forms flaggy to blocky rubble; sharp, rolling basal
contact, 10 ft vertical relief in 600 ft horizontally

Total Springdale Sandstone Member of Moenave Formation

Whitmore Point Member

21.

20.

19.

18.

17.
16.

15.

13.

12.

Mudstone, dusky-red (SR 3/4), weathers grayish-red (5R 4/2); contains very thin
planar laminae of silt and very fine quartz sand; micaceous; breaks into blocky
pieces 0.2-0.7 in. across; earthy slope

Sandstone, forms three subunits: upper subunit is 2.5 ft thick, very fine grained,
thin, planar laminae, upper 0.5 ft is silty, very finely crystalline dolostone, mot-
tled moderate-yellowish-brown (10YR 5/6) and grayish-red (10R 4/2). Middle
subunit is 3.5 ft thick pale-reddish-brown (10R 5/4), wavy laminated, very
coarse quartz sand in basal foot; forms massive bed. Lower subunit is 4.5 ft
thick grayish-red (10R 4/2) mottled very light gray (N8) containing lenses of
small mudstone pebbles; planar laminae

Mudstone, similar to unit 13. Has 0.5 ft-thick very fine-grained sandstone bed
yellowish-gray (5Y 8/1) 2 ft below top of unit; forms slope

Sandstone, pinkish-gray (SYR 8/1) weathers grayish-orange-pink (5YR 7/2), very
fine grained quartzose, calcareous, slightly silty; thin planar laminae, inclined
15-20° to upper and lower contact. Sigmoidal, inclined cross-bedding; sets are
1 ft thick, sharp top of lower 3-ft bed; forms ledge

Mudstone, same as unit 13

Sandstone, yellowish-gray (5Y 8/1) to light-greenish-gray (5GY 8/1); very fine
grained, calcareous, medium to thick bedded; channel fill in places; forms
slightly rounded ledge

Siltstone and sandstone, interbedded. Siltstone and sandstone, pale red (5R 6/2)
and (10R 6/2), variegated with yellowish-gray (5Y 8/1) to light-greenish-gray
(5GY 8/1); chiefly planar, thin beds. Sandstone forms shallow channel fill;
scarce lenses of coarse quartz sand; sharp uneven base; forms weak, crumbly
ledge

Sandstone, greenish-gray (10GY 5/2) to light-greenish-gray (5GY 8/1), bimodal
coarse- and very coarse-grained quartz and chert sand, some frosted and pitted
grains; contains sparse, greenish-gray mudstone lenses; wavy, thin, uneven, very
thick laminae; sparse inclusions of flat-chalcedony or chert nodules, very dusky
red (10R 2/2), 0.8-2.5 in. long enameloid Holostean fish scales; Kenneth Car-
penter, Denver Museum of Natural History, oral communication, 1993; unit
pinches out

Mudstone, grayish-red (SR 4/2), silty; breaks into angular granules

Sandstone, pale-red (5R 6/2); weathers moderate-reddish-brown (10R 4/4); very
fine grained, silty, thinly laminated; forms weak ledge
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11. Siltstone, grayish-red (SR 4/2) weathers pale-red (SR 6/2), weakly calcareous;

contains very fine grained quartz sand; forms angular blocks 0.25 in. across

10. Sandstone, pale-red (SR 6/2), slightly silty and micaceous; wavy laminae 0.1-1 in.

thick; firm; forms ledge

9. Sandstone, pale-red (5R 6/2), very fine grained, quartzose; silty, subfissile; forms

8

7

slope

. Sandstone, similar to unit 6; forms ledge

. Sandstone, similar to unit 5

6. Sandstone, very light gray (N8) to yellowish-gray (5Y 8/1), variegated to pale-red

(5R 6/2); wavy beds 0.4-1.5 in. thick; firm; forms minor ledge

. Sandstone, pale-red (5R 6/2) and (10R 6/2); weathers same colors; very fine-

grained quartz, silty, moderately well sorted; wavy laminated, symmetrical wave
ripples in phase; slightly fissile; weathers as slabby pieces (0.5 in thick) on slope

Total of Whitmore Point Member

Dinosaur Canyon Member

4. Sandstone, pale-reddish-brown (10R 5/4) weathers same color, mainly very fine

quartz grains, slightly silty, micaceous in places; firm, planar to wavy parallel
laminated, scarce small-scale trough cross-laminae (sets of laminae are 0.4 -

0.6 in. thick); rib and furrow structures; contains lenses of weakly fissile mud-
stone, silty and dark-reddish-brown (10R 3/4); at base and at top are very thin
beds of very pale orange (10YR 8/2) sandstone; blocky to massive parting; part-
ing lineations; forms persistent set of thick ledges to cliff; basal contact sharp
and even

3. Sandstone, moderate-reddish-brown (10R 4/6), chiefly very fine-grained quartz,

silty, moderately sorted; calcareous, scarce stringers of gypsum 0.1-0.2 in.
thick; horizontal, planar parallel, and hummocky to wavy, very thin laminae
break out as individual sheets 1-1.5 ft across; abundant rib and furrow structures
on bedding surfaces; some small-scale trough cross-laminae; forms slope with
scattered weak ledges

2. Mudstone, reddish-brown (2.5 YR 4/4) with less light-greenish-gray (5GY 8/1)

zones, spots, and mottles; calcareous; weathers to angular granules and very
fine pebble-sized blocks; forms earthy "popcorn” slope; base is gradational

1. Sandstone and siltstone, interbedded. Sandstone and siltstone, moderate-reddish-

brown (10R 4/6), very fine-grained quartz, silty, some clayey beds; thinly lami-
nated, planar to wavy laminae; parting lineations; cemented by and finely inter-
laminated with white gypsum laminae in lower 20 ft; rock variegated to light-
greenish-gray (5GY 8/1), weathers to same color, forms debris-covered slope
with few hard rounded ledges 2-4.5 ft thick; contact with underlying Chinle
Formation is gradational in texture, but sharp in color; very firmly cemented by
gypsum. Siltstone beds 3-4.5 in. thick

Total of Dinosaur Canyon Member

Total of Moenave Formation and of measured section 2B

Chinle Formation (part)

Petrified Forest Member (part)

Mudstone, pale red (10R 6/4), clayey, contains silty very pale orange (10YR
8/2) planar beds, 0.2-0.5 in. thick; unit weathers to frothy (popcorn) earthy
slope

Utah Geological Survey

4.7

11
0.8

1.5

0.8

35

68

60

85

21

60

226

470

unmeasured

Base of section MS-2B, in Grafton Wash, 2,020 ft east of west border of section 21, 1,900 ft north of south border,
SE!/4,NE1/4,SW1/4 section 21, T. 42 S., R. 11 W. Section trends generally east-northeast.
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NORTHWEST SMITHSONIAN BUTTE QUADRANGLE, SECTION MS-2A

Top of section is 3,300 ft north of and 2,400 ft east of southwest corner of section 21, T. 42 S., R. 11 W. [measured by Brenda
Buck and Charles Tabor, June 1990].

Top of section; not top of exposure Thickness

(fv)

landslide (unit Qms)

18. Covered. slumped material, moderate-reddish-brown (10R 4/6); mixed soil materi-
al, debris, and pieces of sandstone, very fine grained and thinly laminated 107

Chinle Formation (part)
Petrified Forest Member (part)
17. Mudstone, light-brownish-gray (SYR 6/1) 15

16. Siltstone and silty mudstone. Siltstone, pinkish-gray (5YR 8/1), yellow mottled at
base. Mudstone, dark-gray (N3), weathers medium-dark-gray (N4) mottled by
various yellow hues near base; silty; noncalcareous 22

15. Mudstone, siltstone, and sandstone, interbedded. Alternating very thin beds about
0.5 in. thick that grade into one another; mudstone and clayey siltstone predomi-
nate; sandstone is fine grained; unit forms slope with thin, weak ledges 11

14. Sandstone, light-brownish-gray (5YR 6/1); fine grained, slightly calcareous; beds
0.1-0.4 in thick; forms a ledge; pinches out laterally 13

13. Claystone, grayish-red-purple (SRP 4/2), weathers pale-red-purple (SRP 6/2); lacks
appreciable sand or silt 32

12. Sandstone, light-brownish-gray (SYR 6/1), fine grained, feldspathic, calcareous,
silty, poorly cemented in middle of unit; at base and at top is very hard and
forms small ledge 8

11. Claystone and clayey siltstone, light-greenish-gray (5GY 8/1), weathers light-
brownish-gray (5YR 6/1), silty, thinly laminated, clayey siltstone interbeds
throughout; variegated colors in various intervals in unit include moderate-red-
dish-brown (10R 4/4), pale-red purple (SRP 6/2), very light gray (N8), and
shades of yellow mottled with light gray (N7); forms porous, earthy slope 95

10. Sandstone, yellowish-gray (5Y 8/1), medium grained, subrounded grains of vol-
canic lithic and feldspar grains; top part weathers light-brownish-gray (5YR
6/1); porous slope 2

9. Mudstone, yellowish-gray (5Y 8/1) to dark gray (N3), silty, not calcareous, isolated
piece of vertebrate bone, 3 in. diameter, not identified 4

8. Sandstone, grayish-red (5R 4/2), weathers same, fine-grained volcanic and feldspar
grains, micaceous; bimodal fine quartz sand grains and medium-grained
feldspar; gradational basal contact 2

7. Sandstone, pale-yellowish-brown (10YR 6/2) weathers pale-purple (5P 6/2), fine
grained, some medium sand grains; 20 percent of grains are dark minerals and
lithic grains; silty, very slightly clayey, poorly cemented by calcite; weak, crum-
bly; basal 2 ft is silty mudstone; sharp basal contact 15

6. Claystone, pinkish-gray (5YR 8/1), yellow mottling, clasts of silty clay-iron oxide(?)
concretions; sparse calcium-carbonate-cemented concretions; very hard; contains
less than 20 percent very fine-grained quartz sand; slightly dolomitic; dusky-red
(5R 3/4) to dusky-brown (5YR 2/2) iron-manganese oxide concretions; goethite-
limonite-enriched concretions 2

5. Claystone, pale-red-purple (SRP 6/2); scarce thin selenite bladed crystals; weathers
to earthy slope with frothy surface, probably contains swelling clay 5
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4. Claystone, grayish-red-purple (SRP 4/2) weathers same color, weathers to earthy,
slope with frothy surface, probably contains swelling clay 20

3. Claystone, medium-gray (N5), weathers light-brownish-gray (5YR 6/1); forms
earthy slope with frothy surface, probably contains swelling clay 5

2. Covered section 30

1. Claystone, light-brownish-gray (SYR 6/1), slightly silty, forms slope; sharp basal

contact on conglomeratic sandstone of Shinarump Member 5
Total incomplete Petrified Forest Member 286
Total measured section 2A 393
Total measured strata in sections 2A, 2B, and 2C 1653

Shinarump Member of Chinle Formation (not measured, not described)

Base of measured section, not base of exposure

Base of section MS-2A is in NE1/4,SW1/4 NW1/4 section 21, T. 42 S., R. 11 W., 650 ft along road north-northeast of Grafton
Wash culvert. Section trends east through unit 3, then east-southeast to top.

SOUTHWEST SMITHSONIAN BUTTE QUADRANGLE, SECTION MS-3

Measured on steeply sloping side of an eastern part of Little Creek Mountain in SE1/4,SE!/4,NEl/4, section 32, T. 43 S.,R. 11
W. Bottom of section elevation 4660 ft, 1400 ft north of Arizona state line, 400 ft west of section 33-32 section line [measured
by Moore, Brenda Buck, and Charles Tabor, June 1990].

Top of section; top of exposure Thickness

(ft)

Chinle Formation (part)
Shinarump Member (eroded)

14. Conglomerate and sandstone. Conglomerate, pale-grayish-orange (10 YR 8/4),
grayish-orange (10YR 7/4), weathers light-brown (5YR 6/4), pale-yellowish-
orange (10YR 8/6), dark-yellowish-orange (10YR 4/6), rounded quartzite,
quartz, and chert pebbles and scarce small cobbles in fine to very coarse sand
matrix; limonite-silica-clay cement is 15 percent of rock volume; pebbles as
large as 2.5 in. diameter, most are 0.3-1.3 in. diameter; planar to trough low-
angle and high-angle foresets in cross-bedding, sets 1-4.5 ft thick; planar bed-
ding. Sandstone, pale-grayish-orange (10YR 8/4), weathers light-brown (5YR
6/4), fine to medium grained, parts are medium to very coarse grained, stained
moderate-reddish-brown (10R 4/6) by iron oxides locally; common small man-
ganese and iron carbonate concretions and nodules throughout; fossil wood
debris; on surface of mesa forms car- to cabin-sized erosional knobs and round-
ed outcrops, much sandy alluvium on surface; stained zone 2 ft thick and 10 ft
below top is dusky red (5R 3/4); unit forms caprock and cliff S1

13. Mudstone, yellowish-gray (5Y 8/1), calcareous, slope covered with manganese(?)
and iron-carbonate (siderite) concretions (1 in. diameter) probably derived from
unit 14; forms earthy slope 10-12

12. Sandstone, grayish-orange (10YR 7/4), mainly medium-grained quartz, few lenses
of pebble conglomerate; quartzite, quartz, and chert pebbles 0.5 in. diameter;
trough cross-beds, foreset beds 1 ft thick, troughs 3 ft across 40

11. Conglomerate and mudstone. Conglomerate like unit 14; predominantly siliceous
and some claystone rounded pebbles 0.2-1.2 in. diameter; in places clayey sand
matrix and kaolinized feldspar grains, 0.04-0.15 in. diameter; very thick beds of
channel-fill gravel and common lenses of pebbly sandstone. Mudstone, medium
gray (N5), weathers light-gray (N7), slightly silty and fissile, wood fragment
imprints; thin interbeds of mudstone in lower 1.5 ft of unit, beds of mudstone
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deformed as flowage folds, pull-apart layers; slightly undulatory, sharp basal
contact is R-3 unconformity 9.5

Total of eroded Shinarump Member 112

'R-3 unconformity of Pipiringos and O'Sullivan (1978)

Moenkopi Formation
Upper red member

10. Shale, medium-light-gray (N6), fissile, pinches and swells from O to 4 in. thick;
sharp wavy contact at base 0.3

9. Mudstone, light-greenish-gray (5GY 8/1), wavy laminations; calcareous; planar
laminae of gypsum, 0.25 in. thick 1-1.5

8. Siltstone, moderate-brown (SYR 4/4), weathers dusky red (SR 3/4); upper 4 ft is
grayish-red (10R 4/2) fresh and weathered color; planar bedding 0.5-2 ft thick
and wavy laminations 33

7. Siltstone, moderate-brown (5YR 4/4) weathers same color, micaceous, very cal-
careous, cliff and ledge forming, extremely thin (about 0.02 in.) wavy, lamina-
tions; firm, basal contact covered; base and top of ledges are gradational with
slopes between ledges 429

6. Similar to unit 2. Siltstone has abundant small-scale trough cross-bedding and rib
and furrow structures; shrinkage cracks in mudstone; forms earthy slope 86

5. Sandstone, moderate-brown (5YR 4/4), weathers pale-red (10R 6/2); mostly very
fine subangular quartz grains, well-sorted; gypsiferous; thin, planar parallel lam-
inations, medium-scale low-angle crossbeds in lower 3 ft; unit contains scarce
very thin beds of light-greenish-gray (SGY 8/1), well-sorted coarse-grained silt-
stone having asymmetric ripples on bedding planes; unit forms weak, rounded
ledge 7

4. Mudstone and siltstone, interbedded. Like unit 2 except forms mostly a silty,
earthy slope; subordinate amounts of very light greenish-gray (5GY 9/1), sandy
siltstone is present; siltstone contains 1 percent light green, translucent, very fine
sand grains 38

3. Sandstone, grayish-orange-pink (5 YR 7/2) and very light brown (5YR 7/4), weath-
ers light-brown (5YR 6/4), silty, very fine quartz sand, 5 percent dark-mineral
coarse silt grains, planar parallel thin laminae, some very low-angle, parallel
large-scale cross-laminae; abundant gypsum laminae; parting lineations on bed-
ding planes; low-angle trough cross-beds in upper 3 ft 18

2. Siltstone and mudstone, interbedded. Siltstone, light-brown (5YR 6/4), weathers
same color; clayey and gypsiferous; laminated and beds 0.12 in. thick; common
very thin laminae of gypsum, grayish-orange-pink (10R 8/2); fissile in places;
small-scale rib and furrow structures on bedding planes. Mudstone, moderate-
brown (SYR 4/4) and light-olive-gray (5Y 6/1), contains silt and very fine-
grained quartz sand and mica; common gypsum laminae, wavy in places; silt-
stone and mudstone form alternating intervals 2-6 ft thick 65

Total of upper red member 292

Shnabkaib Member (part)

1. Siltstone, moderate-grayish-red (10R 5/2); coarse-grained silt; gypsiferous, abun-
dant gypsum laminae are finely crystalline and 0.04-0.08 in. thick, grayish-
orange-pink (5 YR 7/2) and pinkish gray (5YR 8/1), gypsum weathers to light-
brown (5YR 6/4) large chips and flat pieces on earthy slopes; unit forms ledges
2-3 ft thick separated by earthy slopes 8-12 ft thick; abundant small selenite
crystals 0.04-0.08 in. diameter occur in siltstone; even, very thin bedding and
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very small-scale, wavy laminations (0.01-0.03 in. thick); small-scale oscillation

ripples on bedding surfaces 24
Total of Shnabkaib Member (part) 24
Total of Moenkopi Formation (part) 316
Total measured section 428

Base of section, base of exposure









