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NOTE

The Middle Jurassic San Rafael Group and the Upper Jurassic Morrison Formation
consist mainly of sandstone, siltstone, and shale. The San Rafael Group is widely displayed
around Bluff (fig. 1) in the southern part of the study area and along Harts Draw and Dry
Valley in the northern part. Along Montezuma Canyon, which is almost 1,500 ft deep, the
upper part of the group crops out for about 10 mi; at one locality (sec. 13, fig. 1) all of it is
exposed. Elsewhere in the study area, younger rocks conceal the San Rafael Group. The
Morrison Formation is also generally well exposed throughout the area. From near
Monticello to Harts Draw, Cretaceous rocks conceal the Morrison Formation.

In the study area, two unconformities are associated with the rocks described herein.
One at the base of the San Rafael Group (termed J-2) at the contact with the Lower Jurassic
Navajo Sandstone and the other at the top (J-5) at the contact with the overlying Morrison
Formation. The J-5 unconformity is the datum used to construct the line of graphic sections
and the restored stratigraphic diagram of this report. The locations of drill holes and
measured sections are given in table 1.

NAVAJO SANDSTONE

The Navajo Sandstone, of eolian origin, underlies the San Rafael Group throughout the
area. Near Bluff, the Navajo Sandstone is about 340 ft thick (Sears, 1956, p. 196-198).
The Navajo Sandstone is about 350 ft thick in Montezuma Canyon (Huff and Lesure, 1965,
p. 11) and is about 250-400 ft thick in the southern part of Dry Valley (Weir and others,
1994).

SAN RAFAEL GROUP

The San Rafael Group consists of, in ascending order, the Carmel Formation, Entrada
Sandstone, and Wanakah Formation. Several subdivisions are recognized within the
Entrada and Wanakah throughout the study area. The Carmel Formation, however,
contains no subdivisions at Bluff (fig. 1) and only one member is recognized north of
Monticello. The thickness of the San Rafael Group averages about 260 ft and ranges from
194 ft at the Shell Oil Co. drill hole (sec. 5) to 379 at the Bluff measured section (sec. 1).

The Entrada Sandstone contains four subdivisions, but not in any one locality. Near
Bluff, the formation is made up of middle sandstone at the base, the recently named
Rehoboth Member (Robertson and O’Sullivan, in press), and the salmon sandstone at the
top. In Montezuma Canyon, the Rehoboth and Slick Rock Members are present, and along
Harts Draw, there are the middle sandstone and Rehoboth and Slick Rock Members. The
middle sandstone was first recognized by Witkind (1964, p. 19) in the Abajo Mountains area
about 10 mi west of Monticello. The name “middle sandstone” as used by Witkind (1964) is
retained, but the sandstone is the basal unit of the Entrada Sandstone around Bluff and in
Harts Draw. The Rehoboth Member is the only subdivision recognized throughout the study
area. The Entrada averages about 160 ft thick, ranging from 57 ft at the Shell Oil Co. drill
hole (sec. 5) to 247 ft at the Harts Draw measured section (sec. 19).

The Wanakah Formation includes a total of six subdivisions. Near Bluff, there is a
lower member, the bed at Butler Wash, a middle member, and the Horse Mesa Member.
The middle member and the Horse Mesa Member are recognized throughout the area, but
the lower member and the bed at Butler Wash are not everywhere present. North of Bluff,
there is an upper member above the Horse Mesa but it is absent from near the head of
Montezuma Canyon almost to Harts Draw. In the Montezuma Canyon area, a thin siltstone
member lies at the base of the Wanakah Formation. The Wanakah Formation averages
about 90 ft in thickness, ranging from 36 ft at the Mountain States Resources Inc. drill hole
(sec. 17) to 166 ft at the Continental Oil Co. drill hole (sec. 6).

The Wanakah Formation and Entrada Sandstone, in part, interfinger laterally. The
lower member and the bed at Butler Wash of the Wanakah grade into the Slick Rock
Member of the Entrada in the subsurface between Bluff and Montezuma Canyon. The
interrelationship just described is duplicated in exposures at Mancos Jim Butte (O’Sullivan,
1980), about 6 mi northwest of Blanding.

An ancient, structurally high positive area covered part of southeastern Utah and
affected deposition of the lower part of the San Rafael Group. In the Abajo Mountains area
west of Monticello, Witkind (1964, p. 83) found “***that, shortly after the Carmel sea
advanced across the mapped areas, an ancestral highland began to rise near the locality now
occupied by the Causeway. Thus the absence from this general locality of strata™*deposited
during this phase of the advance of the Carmel sea, implies that the rapid elevation of the
ancestral highland restricted the waters of the Carmel sea.” The ancient highland is termed
the “Causeway High” (O’Sullivan, 1996, p. 191) from its surface expression near the
Causeway, a topographic feature in the Abajo Mountains. The Causeway High in the Bluff-
Monticello area is defined by the landward limits of the Carmel Formation and middle
sandstone of the Entrada Sandstone.

CARMEL FORMATION

The Carmel Formation in the Bluff-Monticello area is largely of marginal marine origin.
The formation is absent over a large area of the Causeway High but is present near Bluff in
the south and near Monticello in the north. Near the Bluff measured section (sec. 1), the
Carmel is as much as 110 ft thick and consists mostly of red siltstone and shale that forms
slopes and interbedded thin red sandstone that forms ledges. At exposures along Comb
Ridge, the red siltstone and shale grade northward toward the Abajo Mountains into thick-
bedded gray sandstone that probably was eroded from the Navajo Sandstone exposed

nearby on the ancient Causeway High, and these strata may also grade northward into
similar beds of sandstone in the subsurface. The formation thins northward and is now not
recognized as far north as the Shell Oil Co. drill hole (sec. 5), 9 mi northeast of Bluff.

The Carmel Formation north of Monticello consists solely of strata that are laterally
equivalent to the Dewey Bridge Member, heretofore of the Entrada. In the San Rafael Swell
(fig. 2) of east-central Utah, the formation comprises gray and red siltstone and shale and
subordinate gray sandstone, gypsum, and marine limestone. Eastward from the San Rafael
Swell, the lower part disappears by progressively lapping onto the J-2 unconformity. The
upper part grades into the Dewey Bridge Member in a transition zone 2-5 mi wide about 35
mi northwest of Moab. Near Monticello, the Dewey Bridge Member consists mainly of dark-
reddish-brown siltstone and sandy siltstone, parts of which tend to form spheroidal-
weathering features known as hoodoos, stone babies, or goblins. The member is 16 ft thick
on the outcrop at the Harts Draw measured section (sec. 19), and 18 ft and 13 ft thick at
the Mountain States Resources drill holes (secs. 17 and 18), respectively. The member laps
out southward near Monticello onto the ancient Causeway High.

The strata that form the Dewey Bridge Member have undergone different stratigraphic
assignments. Wright and others (1962, p. 2059) stated “We propose to include strata
previously mapped as the Carmel Formation***in the Entrada Sandstone and to distinguish
them as the Dewey Bridge Member.” They (Wright and others, 1962, p. 2062) further
stated “***in spite of its partial time equivalence to the Carmel Formation, we believe
that***the earthy siltstone should be included in the Entrada Sandstone as the Dewey Bridge
Member.” Some authors disagree. Alvarez and others (1998, fig. 2), for example, assigned
the Dewey Bridge Member to the Carmel Formation in the Moab area. Lucas and
Anderson (1997, p. 116) noted “Clearly, the Dewey Bridge Member is in part laterally (and
temporally) equivalent to the Carmel Formation.” H.H. Doelling of the Utah Geological
Survey (oral commun., June 14, 1999) stated that the Dewey Bridge Member should best be
recognized as a member of the Carmel Formation.

In the present study, the Dewey Bridge Member is assigned to the Carmel Formation,
following the usage of Alvarez and others (1998, fig. 2), and is removed from the Entrada
Sandstone. The member is recognized in an area of about 5,500 mi2 mainly in east-central
Utah but extends a short distance into west-central Colorado. The distribution of the Dewey
Bridge Member (fig. 2) is from Pipiringos and O’Sullivan (1978, pl. 1) as modified by
O’Sullivan (1996, fig. 1). The member grades to the west and northwest into marine parts
of the Carmel Formation. To the east and south, it laps out onto the J-2 unconformity.

ENTRADA SANDSTONE

The revised Entrada Sandstone conformably overlies the Carmel Formation near Bluff
and also north of Monticello, and unconformably overlies the Navajo Sandstone in the
intervening area. Throughout the study area, the formation averages about 160 ft in
thickness but varies in thickness because of pronounced stratigraphic changes from place to
place; the range in thickness is from 57 ft at the Shell Oil Co. drill hole (sec. 5) to 247 ft at
the Harts 1 measured section (sec. 19).

The middle sandstone, probably of dune and interdune origin, is the basal unit of the
Entrada at Bluff and north of Monticello. The middle sandstone consists of yellowish-gray,
fine-grained, crossbedded sandstone. It commonly forms a ledge above the Carmel
Formation. The unit averages about 37 ft in thickness and ranges from 13 ft at the
Mountain States Resources Inc. drill hole (sec. 17) to 57 ft at the Pan American Corp. drill
hole (sec. 2). As shown on the line of section, the middle sandstone overlaps the underlying
Carmel Formation in the subsurface. At exposures in Dry Valley, north of Monticello, the
unit also overlaps the underlying Dewey Bridge Member of the Carmel Formation.

The subsurface extent of the Carmel Formation and the middle sandstone of the
Entrada is somewhat uncertain. In the subsurface north of Bluff, the Carmel is probably
mostly sandstone as it is in surface exposures. The sandstone in the Carmel and the middle
sandstone of the Entrada are difficult to distinguish from the underlying Navajo Sandstone
on geophysical well logs. Future analysis of drill hole logs may alter the extent of the
Carmel and middle sandstone as shown on the line of section. A useful stratigraphic control
point is found at Montezuma Canyon HL measured section (sec. 13). There, the upper part
of the Navajo Sandstone is exposed and is directly overlain by the Rehoboth Member; no
Carmel Formation or middle sandstone is present.

The Rehoboth Member, possibly of marginal marine origin, is present throughout the
Bluff-Monticello area and overlies either the middle sandstone of the Entrada or the Navajo
Sandstone. It consists mostly of reddish-brown siltstone or silty sandstone, parts of which
tend to form hoodoos, stone babies, or goblins. The thickness of the Rehoboth Member
averages about 45 ft and ranges from 28 ft at the Champlin Petroleum Co. drill hole (sec. 9)
to 63 ft at the Bluff measured section (sec. 1).

The Rehoboth Member was recently recognized and defined as a member of the
Entrada Sandstone of southeastern Utah by Robertson and O’Sullivan (in press). The
member was named for Rehoboth, a settlement about 5 mi east of Gallup, N. Mex. The
Rehoboth is the same as the medial silty member of the Entrada as mapped and described
by Harshbarger and others (1957) in the Gallup area and in northeastern Arizona. The
Rehoboth is also the same as the red member as previously used in southeast Utah
(O’Sullivan, 1996).

The salmon sandstone, possibly of dune and interdune origin, is at the top of the
Entrada at Bluff. The salmon sandstone is a reddish-tan, fine-grained sandstone that is
crossbedded and flatbedded. The thickness of the unit averages about 21 ft and ranges from
10 ft at the Davis Qil Co. drill hole (sec. 3) to 64 ft at the Skelly Oil Co. drill hole (sec. 7).
The salmon sandstone merges with the Slick Rock Member between the Skelly Oil Co. drill
hole (sec. 7) and the Harper Oil Co. drill hole (sec. 8).

RESTORED STRATIGRAPHIC DIAGRAM

The Slick Rock Member overlies the Rehoboth Member throughout much of the study
area. The member is mainly a fine-grained to very fine grained sandstone, but it contains
disseminated sparse, coarse to very coarse, well-rounded grains of clear quartz. The coarse
grains, which are informally termed “Entrada berries,” contrast markedly with the fine-
grained matrix. The Slick Rock Member was deposited in a sequence of alternating
crossbedded and flatbedded units. The crossbedded units are eolian deposits (Shawe and
others, 1968, p. A41-A45). The member averages about 162 ft in thickness, ranging from
145 ft at the Houston Oil and Gas and Minerals Corp. drill hole (sec. 15) to 206 ft at Harts
1 measured section (sec. 19).

WANAKAH FORMATION

The Wanakah Formation, possibly of marginal marine origin, makes up the upper part
of the San Rafael Group. The formation, comprising six subdivisions, overlies or laterally
replaces the upper part of the Entrada Sandstone. Throughout the study area the Wanakah
averages about 90 ft in thickness, ranging from 36 ft at the Mountain States Resources Inc.
drill hole (sec. 17) to 166 ft at the Continental Qil Co. drill hole (sec. 6).

Four of the subdivisions of the Wanakah Formation are red-bed units: the lower,
middle, upper, and siltstone members. These units are mostly red siltstone and thin red and
gray sandstone with minor thin red clay beds; all members tend to form slopes. The lower
member is 61 ft thick at the Bluff measured section (sec. 1). It thins northward by
interfingering with the overlying bed at Butler Wash and possibly with the underlying
Entrada Sandstone. The lower member merges, in the subsurface, with the Slick Rock
Member of the Entrada near the Harper Oil Co. drill hole (sec. 8) about 25 mi northeast of
Bluff. The middle member averages about 30 ft in thickness, ranging from 24 ft at the
Skelly Oil Co. drill hole (sec. 7) to 44 ft at the Davis Qil Co. drill hole (sec. 3). Where
present, the upper member averages about 5 ft in thickness and is as much as 8 ft thick at
both the Continental Oil Co. drill hole (sec. 6) and the Montezuma Canyon 94-1 measured
section (sec. 11). The siltstone member, where present, averages about 9 ft in thickness,
and thickens eastward at the expense of the underlying Slick Rock Member; at a locality 8
mi northeast of Dove Creek, Colo., for example, it is 40 ft thick (see O’Sullivan, 1998).
Along the line of section, the siltstone member represents deposition near its distal margin.

A thin sandstone, termed “bed V”, forms the top of the siltstone member. Bed V is a
fine-grained to very fine grained, hard, resistant, flatbedded sandstone. The bed is mostly
gray but is reddish tan and mottled or streaked gray at some localities. At exposures in
Montezuma Canyon, the thickness of bed V ranges from 4.1 ft at Montezuma Canyon HL
measured section (sec. 13) to 6.3 ft at Montezuma Canyon 94-1 measured section (sec. 11).
At the surface, bed V forms a conspicuous ledge and commonly overhangs underlying parts
of the siltstone member. In the subsurface, bed V tends to make a conspicuous spike,
particularly on the gamma-ray curve of geophysical logs. Bed V and underlying parts of the
siltstone member merge with the Slick Rock Member of the Entrada north of Byrd-Frost
Incorp. drill hole (sec. 16) and south of Skelly Oil Co. drill hole (sec. 7).

The bed at Butler Wash is present at Bluff and is exposed northward for many miles
along Comb Ridge. At Butler Wash it is a gray and brown, fine-grained to very fine grained
sandstone. Bedding is generally flat, but crossbeds are present at many places. Crossbeds
in the bed at Butler Wash are of eolian origin (Condon, 1989). Locally, the unit contains
thin, reddish-brown siltstone beds. At the Bluff measured section (sec. 1) the bed at Butler
Wash is 26 ft thick, and it thickens northward by replacing the underlying lower member of
the Wanakah. The bed merges with the Entrada in the subsurface, near the Harper Oil Co.
drill hole (sec. 8), and is therefore a tongue of the Entrada. However, the bed at Butler
Wash is assigned to the Wanakah Formation partly because it was previously included with
the Wanakah along Comb Ridge (O’Sullivan, 1980) and partly because exposures form a
narrow band—it is best included with the Wanakah for mapping purposes.

The Horse Mesa Member overlies the middle member and underlies either the upper
member, where present, or the Morrison Formation. The Horse Mesa Member is a gray
and reddish-tan, fine-grained, flatbedded and crossbedded sandstone. At the surface, the
member forms a prominent ledge or cliff; in parts of Montezuma Canyon and at Bluff the
cliff is broken into several ledges. According to Condon and Huffman (1988, p. 7, 11), the
Horse Mesa Member was deposited in eolian dune, interdune, and sabkha environments.
Throughout the area, the Horse Mesa averages about 18 ft in thickness, ranging from 8 ft at
both Mountain States Resources Inc. drill holes (secs. 17 and 18) to 39 ft at the Continental
Oil Co. drill hole (sec. 6).

MORRISON FORMATION

The Morrison Formation, deposited in fluvial, flood-plain, lacustrine, and eolian
environments, unconformably overlies the Wanakah Formation. Near Bluff, the formation
consists of (in ascending order) the Bluff Sandstone, Recapture, Westwater Canyon, and
Brushy Basin Members. In the subsurface between Bluff and Montezuma Canyon, another
unit—the Salt Wash Member—replaces most of the Recapture Member. The Recapture is
also mapped as grading into the Salt Wash Member in exposures near Black Mesa Butte,
about 16 mi northwest of Bluff (Haynes and others, 1972). Where the Salt Wash Member
is present, it is underlain by the Tidwell Member, which is an equivalent of the lower part of
the Recapture Member. The Westwater Canyon Member thins northward from Bluff, and its
approximate northern limit lies along an arcuate line (fig. 1) trending roughly east-west and
passing through the southern part of Montezuma Canyon. In the northern part of
Montezuma Canyon and along Harts Draw and Dry Valley, the Morrison Formation consists
of, in ascending order, the Tidwell, Salt Wash, and Brushy Basin Members. The Brushy
Basin is the only member present from Bluff to Dry Valley. The Morrison Formation is

about 800 ft thick near Bluff (Fred Peterson, written commun., 1999) and is 750-800 ft
thick in Dry Valley (Weir and others, 1994).

In the study area, only the Bluff Sandstone Member, Tidwell Member, and lower part of
the Recapture Member were examined in the field. Accordingly, the line of section and the
restored stratigraphic diagram show only the lower part of the Morrison Formation.
Additional details provided by published reports and a written communication from Fred
Peterson (1999) supplement the description of the Morrison Formation in the present
report, and further details are in reports by Craig and others (1955), Huff and Lesure
(1965), Weir and others (1994), and Witkind (1964).

BLUFF SANDSTONE MEMBER

The Bluff Sandstone Member, a gray, crossbedded sandstone of eolian origin, forms
bold cliffs along the San Juan River. dJust north of the town of Bluff, the sandstone is about
230 ft thick, and from exposures along Comb Ridge, it thins northward to 160 ft near Black
Mesa Butte 16 mi north of Bluff. The member wedges out into the Tidwell Member in
outcrops about 2 mi south of Black Steer Knoll.

Along Recapture Creek, the Bluff Sandstone Member is concealed northward by
younger rocks but reappears in Montezuma Canyon 25 mi north of the San Juan River. In
Montezuma Canyon, it consists of reddish-tan and gray, fine-grained to very fine grained,
flatbedded sandstone containing sparse to abundant coarse grains. The member forms a
cliff broken into ledges separated by thin layers of reddish-brown siltstone. The Bluff is
0-18 ft thick at exposures in Montezuma Canyon and represents deposition on the margin
of a dune field, the bulk of which lay to the southeast.

TIDWELL MEMBER

The color, lithology, and thickness of the Tidwell Member are varied. The member
consists primarily of red or gray, slope-forming siltstone and mudstone. Gray, ledge-forming
sandstone in which bedding is flat or not apparent crops out at many localities, and thin
beds of red clay are a minor but common constituent. At Harts 1 measured section (sec.
19), the Tidwell includes a lenticular bed of gray chert that is 2.8 ft thick and lies 14 ft above
the base of the member. Thicknesses of the member, which vary because of interfingering
with the overlying Salt Wash Member and, where present, the underlying Bluff Sandstone
Member, range from 19 ft at Montezuma Canyon HL measured section (sec. 13) to 68 ft at
the Continental Qil Co. drill hole (sec. 6), and average about 40 ft.

Bed A, a conspicuous marker at the base of the Tidwell Member where it rests on the
Wanakah Formation, crops out at three localities (secs. 13, 14, 19) in the study area. Bed
A is gray, banded or mottled reddish-tan, fine-grained, flatbedded sandstone that contains
coarse to very coarse grains of quartz and chert at most localities. Small green clay galls are
present at Harts 1 measured section (sec. 19). The thickness ranges from 0.5 ft at
Montezuma Canyon HL measured section (sec. 13) to 1.8 ft at Harts 1 measured section
(sec. 19). The basal contact is sharp and bed A generally forms an overhanging ledge,
particularly where underlain by the upper member of the Wanakah as at Harts 1 measured
section (sec. 19). In the subsurface, bed A cannot be separately recognized at four localities
(secs. 15, 16, 17, 18) because it is indistinguishable from the Horse Mesa Member of the
Wanakah on geophuysical logs.

RECAPTURE MEMBER

The Recapture Member comprises interbedded gray and light-brown, fine- to medium-
grained sandstone and reddish brown silty to sandy mudstone. According to Gregory (1938,
p. 58) the amount of sandstone in the Recapture Member is generally about 15 percent.
Sedimentary structures are usually obscured but, where visible, the sandstones are lenticular,
crossbedded, scour-fill units similar to sandstones in the Salt Wash Member. Sandstone and
mudstone beds are notably friable and the member generally is eroded to form a steep,
color-banded slope beneath the cliff formed by the Westwater Canyon Member and above
the bench formed at the top of the Bluff Sandstone Member. Along Recapture Creek, the
Recapture Member is about 200 ft thick (Fred Peterson, oral commun., 1999).

The Recapture Member, along the line of section, contains three sandstone lenses that
differ from typical sandstone beds in the member. These sandstones, found at three
different localities, are termed beds RA (sec. 2), RB (sec. 3), and RC (sec. 4). The sandstone
lenses are fine to coarse grained and contain chert pebbles as much as 3/8 in. across. The
sandstone beds are crossbedded and well cemented, and weather to square-faced ledges.
Bed RA is 16 ft thick, and bed RB is 10 ft thick; both are overlain by Quaternary cobbles
and gravel, and their full extent and thickness is uncertain. Bed RC is 19 ft thick and is
lenticular on the outcrop (Fred Peterson, oral commun., 1999). Bed RA is 123 ft, bed RB is
93 ft, and bed RC is 63 ft, respectively, above the Bluff Sandstone Member. On the
outcrop, the three beds appear to be isolated lenses unrelated to each other. They resemble
the channel sandstone beds that occur in the Salt Wash Member, and were laid down in a
marginal area close to the zone of intertonguing between the Recapture and Salt Wash
Members. The three beds, however, were included in the Recapture Member as defined by
Gregory (1938, p. 58).

SALT WASH MEMBER
The Salt Wash Member is well exposed in Montezuma Canyon and consists of gray

sandstone interbedded with red mudstone and siltstone. According to Huff and Lesure
(1965, p. 21), “Cliff-forming massive sandstone in lenticular beds or lenses makes up about

one-half to two-thirds of the Salt Wash. Between these sandstone lenses are red mudstone
units containing some thin beds of very fine grained sandstone. This alternation of cliffs of
resistant sandstone and debris-covered slopes underlain by less resistant mudstone units
produces a steplike cliff characteristic of the Salt Wash Member.” In Montezuma Canyon,
the Salt Wash Member ranges in thickness from 320 to 520 ft (Huff and Lesure, 1965, p.
24); in Dry Valley, the member is 350-425 ft thick (Weir and others, 1994).

WESTWATER CANYON MEMBER

The Westwater Canyon Member overlies the Recapture Member along Recapture
Creek and overlies the Salt Wash Member in the southern part of Montezuma Canyon. The
Westwater Canyon consists of yellowish-gray and tan, fine- to medium-grained sandstone
and interbedded gray and red mudstone. The mudstone units are lenticular and make up
8-20 percent of sections measured by Gregory (1938, p. 59). Along Recapture Creek and
Comb Ridge, the member forms steep irregular-shaped cliffs between the slope-forming
Recapture and Brushy Basin Members. In the southern part of Montezuma Canyon, it
forms (Huff and Lesure, 1965, p. 24) “***a minor cliff set back from the Salt Wash.”
Beyond the northern limit of the Westwater Canyon Member (fig. 1) “***a few thin greenish-
sandstone lenses similar to the Westwater Canyon are not thick enough or continuous
enough to be mapped separately and have been included in the Brushy Basin Member”
(Huff and Lesure, 1965, p. 25).

BRUSHY BASIN MEMBER

The Brushy Basin Member is at the top of the Morrison Formation but is not shown on
the “Line of section” or “Restored stratigraphic diagram.” It overlies the Westwater Canyon
Member from near the mouth of Recapture Creek into the southern part of Montezuma
Canyon. From the Montezuma Canyon measured section 94-3 (sec. 12) northward along
the canyon and into Dry Valley, the Brushy Basin Member overlies the Salt Wash Member.
The Brushy Basin is mostly gray, green, and red mudstone with minor amounts of limestone
and conglomerate. The member is 216 ft thick along Recapture Creek (Fred Peterson,
written commun., 1999). In Montezuma Canyon, it ranges from 150 to 400 ft in thickness
(Huff and Lesure, 1965, p. 28). In the southern part of Dry Valley, it is approximately
300-350 ft thick (Weir and others, 1994).

BURRO CANYON FORMATION

The terrestrial Burro Canyon Formation, considered to be Early Cretaceous, overlies
the Morrison Formation throughout the study area. The Burro Canyon consists of gray,
massive beds of conglomerate and sandstone and interbedded green mudstone and red
siltstone. It is about 130 ft thick along Recapture Creek (Fred Peterson, written commun.,
1999), and in Montezuma Canyon thicknesses range from 119 to 186 ft (Huff and Lesure,
1965, p. 30). The formation is poorly exposed in southern Dry Valley but is probably
100-150 ft thick (Weir and others, 1994).

OTHER INTERPRETATIONS

The San Rafael Group has been divided into sequences separated by widespread
bounding surfaces by Carr-Crabaugh and Kocurek (1998). The sequences are interpreted as
a product of a wet eolian system related to fluctuating water tables. In the Bluff-Dry Valley
area, most of the San Rafael Group is divided into four complete sequences of regional
extent. According to Carr-Crabaugh and Kocurek (1998, p. 222), the thin uppermost part
of the Wanakah “**probably represents the basal portion of a fifth sequence™*. This fifth
sequence either never developed fully or was removed by erosion associated with the
formation of the J-5 surface.” Four surfaces bounding the sequences have been correlated
for a distance of 225 mi from Bluff to Dinosaur National Monument near Vernal in
northeastern Utah (Carr-Crabaugh and Kocurek, 1998, p. 222 and fig. 11).

Different nomenclature has been used in Montezuma Canyon. The red siltstone unit
directly above the Navajo Sandstone according to Huff and Lesure (1965, p. 12) “***is
possibly the Carmel Formation***because the exposures in Montezuma Canyon are isolated
geographically, the siltstone is here called Carmel(?) Formation.” The unit they described is
now designated the Rehoboth Member of the Entrada (Robertson and O’Sullivan, in press),
and is younger than the Carmel Formation.

In Montezuma Canyon, Huff and Lesure (1965, p. 16-19) also applied the name
Summerville Formation to all the strata between the Entrada Sandstone and the Salt Wash
Member of the Morrison Formation. The Summerville Formation at the type locality in the
San Rafael Swell in Utah is separated from the Entrada Sandstone by the Curtis
Formation—a marine sandstone unit about 200 ft thick. The Wanakah Formation,
however, was defined by Burbank (1930, p. 171-177) as beds directly overlying the Entrada
Sandstone. Consequently the term “Summerville” seems inappropriate for strata directly
above the Entrada. In addition, new drill hole data permit the recognition of the Tidwell and
Bluff Sandstone Members at the base of the Morrison Formation as well as several
subdivisions within the Wanakah Formation.

The Morrison Formation and underlying rocks in the Bluff area were interpreted in a
much different way by Anderson and Lucas (1998), as follows: (1) the name Summerville
Formation was used in place of the Wanakah Formation; (2) the Bluff Sandstone Member
was raised to formational rank and assigned to the San Rafael Group; (3) the Recapture
Member, along Recapture Creek, was restricted to the stratigraphic interval from the Bluff
Sandstone Member to bed RC (see sec. 4 of the present report); (4) bed RC and the
overlying upper part of the Recapture Member, as well as the Westwater Canyon Member (a
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name they abandoned), were assigned to the Salt Wash Member; (5) a restricted Recapture
Member—a revision that reduced the member to about 30 percent of the unit defined by
Gregory (1938, p. 58)—was included in the Bluff Sandstone of their revised San Rafael
Group; and (6) the Tidwell Member, in the San Rafael Swell where it directly overlies type
Summerville, was assigned to the Summerville Formation.

In contrast, the nomenclature of the Morrison as used herein follows that originally
described by Gregory (1938). The Recapture and Westwater Canyon Members are retained
as mapped in the Bluff-Montezuma Canyon area by Cooley and others (1969), Haynes and
others (1972), Huff and Lesure (1965), and O’Sullivan (1965).

REFERENCES CITED

Alvarez, Walter, Staley, Erick, O’Connor, Diane, and Chan, M.A., 1998, Synsedimentary
deformation in the Jurassic of southeastern Utah—A case of impact shaking?:
Geology, v. 26, no. 7, p. 579-582.

Anderson, O.J., and Lucas, S.G., 1998, Redefinition of Morrison Formation (upper
Jurassic) and related San Rafael Group strata, southwestern U.S.: Modern Geology, v.
22, p. 39-69.

Burbank,W.S., 1930, Revision of geologic structure and stratigraphy in the Ouray district of

Colorado and its bearing on ore deposition: Colorado Scientific Society Proceedings, v.

12, p. 151-232.

Carr-Crabaugh, Mary, and Kocurek, Gary, 1998, Continental sequence stratigraphy of a
wet eolian system—A key to relative sea-level changes, in Shanley, K.W., and McCabe,
P.J., Relative role of eustasy, climate, and tectonism in continental rocks: Society for
Sedimentary Geology (SEPM) Special Publication No. 59, p. 213-228.

Condon, S.M., 1989, Stratigraphic sections of the Middle Jurassic Wanakah Formation,
Cow Springs Sandstone, and adjacent rocks from Bluff, Utah, to Lupton, Arizona:
U.S. Geological Survey Oil and Gas Investigations Chart OC-131, 1 sheet.

Condon, S.M., and Huffman, A.C., Jr., 1988, Revisions in nomenclature of the Middle
Jurassic Wanakah Formation, northwestern New Mexico and northeastern Arizona:
U.S. Geological Survey Bulletin 1633-A, p. 1-12.

Cooley, M.E., Harshbarger, J.H., Akers, J.P., and Hardt, W.F., 1969, Regional
hydrogeology of the Navajo and Hopi Reservations, Arizona, New Mexico, and Utah:
U.S. Geological Survey Professional Paper 521-A, 61 p.

Craig, L.C., Holmes, C.N., Cadigan, R.A., Freeman, V.L., Mullens, T.E., and Weir, G.W.,
1955, Stratigraphy of the Morrison and related formations, Colorado Plateau region, a
preliminary report: U.S. Geological Survey Bulletin 1009-E, p. 125-168.

Gregory, H.E., 1938, The San Juan country, a geographic and geologic reconnaissance of
southeastern Utah: U.S. Geological Survey Professional Paper 188, 123 p.

Harshbarger, J.W., Repenning, C.A., and Irwin, J.H., 1957, Stratigraphy of the uppermost
Triassic and the Jurassic rocks of the Navajo Country [Colorado Plateau]: U.S.
Geological Survey Professional Paper 291, 74 p.

Haynes, D.D., Vogel, J.D., and Wyant, D.G., 1972, Geology, structure, and uranium
deposits of the Cortez quadrangle, Colorado and Utah: U.S. Geological Survey
Miscellaneous Geologic Investigations Map [-629, scale 1:250,000.

Huff, L.C., and Lesure, F.G., 1965, Geology and uranium deposits of Montezuma Canyon
area, San Juan County, Utah: U.S. Geological Survey Bulletin 1190, 102 p.

Lucas, S.G., and Anderson, O.J., 1997, The Jurassic San Rafael Group, Four Corners
Region, in Anderson, O.d., and others, eds., Mesozoic geology and paleontology of the
Four Corners region: New Mexico Geological Society Guidebook 48, p. 115-132.

O’Sullivan, R.B., 1965, Geology of the Cedar Mesa—Boundary Butte area, San Juan
County, Utah: U.S. Geological Survey Bulletin 1186, 128 p.

——1980, Stratigraphic sections of Middle Jurassic San Rafael Group from Wilson Arch to
Bluff in southeastern Utah: U.S. Geological Survey Oil and Gas Investigations Chart
0OC-102, 1 sheet.

——1996, A comparison of the Middle Jurassic San Rafael Group at Church Rock and at
Bluff in southeastern Utah, in Huffman, A.C., Jr., and others, eds., Geology and
resources of the Paradox basin: Utah Geological Association Guidebook 25, 1996, p.
191-196.

——1998, Correlation of Jurassic San Rafael Group and related rocks from Blanding, Utah
to Dove Creek, Colorado: U.S. Geological Survey Geologic Investigations Series
[-2667, 1 sheet.

Pipiringos, G.N., and O’Sullivan, R.B., 1978, Principal unconformities in Triassic and
Jurassic rocks, Western Interior United States—A preliminary survey: U.S. Geological
Survey Professional Paper 1035-A, p. A1-A29.

Robertson, J.F., and O’Sullivan, R.B., in press, The Middle Jurassic Entrada Sandstone near
Gallup, New Mexico: The Mountain Geologist.

Sears, J.D., 1956, Geology of Comb Ridge and vicinity north of San Juan River, San Juan
County, Utah: U.S. Geological Survey Bulletin 1021-E, p. 167-207.

Shawe, D.R., Simmons, G.C., and Archbold, N.L., 1968, Stratigraphy of Slick Rock district
and vicinity, San Miguel and Dolores Counties, Colorado: U.S. Geological Survey
Professional Paper 576-A, 108 p.

Weir, G.W., Dodson, C.L., and Puffett, W.P., 1994, Geologic map of the Hatch Rock
quadrangle, San Juan County, Utah: U.S. Geological Survey Geologic Quadrangle
Map GQ-1722, scale 1:62,500.

Witkind, 1.J., 1964, Geology of the Abajo Mountains area, San Juan County, Utah: U.S.
Geological Survey Professional Paper 453, 110 p.

Wright, J.C., Shawe, D.R., and Lohman, S.W., 1962, Definition of members of Jurassic
Entrada Sandstone in east-central Utah and west-central Colorado: American
Association of Petroleum Geologist Bulletin, v. 46, no. 11, p. 2057-2070.

CORRELATION OF MIDDLE JURASSIC SAN RAFAEL GROUP AND RELATED ROCKS FROM BLUFF TO MONTICELLO IN SOUTHEASTERN UTAH

By

Robert B. O'Sullivan
2000

Table 1. Number, name, and location of drill holes and measured sections

[The following U.S. Geological Survey topographic maps, scale 1:62,500, were used to
locate sections measured in the field: Blanding (1957); Bluff (1962); Montezuma Creek
(1962); Monticello (1957); Monument Canyon (1957)]

Section Name Location

No.

1 Bluff, composite Carmel Formation and Entrada Sandstone measured in SW1/4 sec. 29
and SE1/4, sec. 30, T. 40 S., R. 21 E.; Wanakah Formation measured in
SW1/4 sec. 19 and NW1/4 sec. 30, T. 40 S., R. 22 E.; Bluff Sandstone
Member thickness calculated from topographic map in NW1/4 sec.
19,T.40S.,R. 22 E.

2 Pan American Corp. SW1/4 sec.24,T.40S., R. 22 E. Part of Bluff Sandstone Member and

Government Featherstone 1. part of Recapture Member measured east of drill hole location.
3 Davis Qil Co. SW1/4sec. 19, T. 40 S., R. 23 E. Part of Bluff Sandstone Member and
McCracken Point-Federal 1. part of Recapture Member measured east of drill hole location.
4 Recapture Creek Recapture Member measured by Fred Peterson (written commun.,
1999) in NE 1/4 sec. 12, T.40S.,R. 22 E. and SW1/4 sec.6,T. 40 S., R.
23E.
5 Shell Qil Co. NE1/4 sec. 32, T.39S., R. 23 E.
Bluff Unit 1.

6 Continental Qil Co. NW1/4 sec. 15, T. 39 S.,R. 23 E.
Hatch Unit 15-1.

7 Skelly Qil Co. NE1/4 sec.19,T.38 S.,R. 24 E.
R.J. Parks 1.

8 Harper Qil Co. NW1/4 sec. 36, T.37 S.,R. 24 E.
State 6-36.

9 Champlin Petroleum Co. SW1/4sec.22,T.37S.,R. 25 E.
Chaparral Unit 1.

10 0Oil Development Co. of Utah SW1/4sec.28,T.36S.,R.25E.
Pickett Corral Federal Unit 2.

1" Montezuma Canyon NE1/4 SE1/4 sec. 23,T.36 S.,R. 24 E.
94-1.

12 Montezuma Canyon NW1/4 SW1/4 sec. 35, T.35S.,R. 24 E.
94-3.
13 Montezuma Canyon HL Section from Huff and Lesure (1965, p. 83-85) measured in NE1/4
NW1/4 sec. 11, T.35S.,R. 24 E.
14 Montezuma Canyon NE1/4 SE1/4 sec. 34, T.34S.,R. 24 E.
94-2.

15 Houston Oil and Minerals SE1/4sec.7,T.34S.,R. 25 E.
Corp. Waldemear 43-7.

16 Byrd-Frost Incorp. NW?1/4 sec.23,T.33S.,R. 24 E.
Randall 1.

17 Mountain States Resources ~ SW1/4 sec.6, T. 33 S.,R. 24 E.

Inc. Nelson 6-11.

18 Mountain States Resources NE1/4 sec.11,T.33S.,R. 23 E.
Inc. Redd 11-1.
19 Harts 1 NE1/4 NW1/4 and NW1/4 NE1/4 sec. 35, T.32 S.,R. 22 E.
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