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and the lower 5 km of Gate Canyon, on the south by the
Roan Cliffs near Sunnyside, Utah, on the west by the
junction of Minnie Maude Creek and Nine Mile Creek, and
on the east by the junction of Nine Mile Canyon and North
Franks Canyon. The stratigraphic interval examined in this
report includes all but the basal 30 m of the Eocene
carbonate marker unit of Ryder and others (1976, p. 497),
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the delta facies of Bradley (1931), and the upper member of
Weiss and others (1990) (equivalent to a part of the
Parachute Creek Member of the Green River Formation of
Cashion and Donnell (1974)).

Seventeen stratigraphic sections (fig. 1, appendix)
totalling 4,514.3 m were investigated in order to determine
the lithology, color, bedding thickness, grain size, nature of
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bounding surfaces, sedimentary structures. geometry, and
fossil content of the rocks and to determine the position of
stratigraphic markers. Fifteen of the seventeen measured
sections that form the basis of this.study are shown. In order
to facilitate description of the measured sections, 12 litho-
facies were defined. Their primary lithologic and sedi-
mentologic characteristics and interpreted depositional
environments are summarized in table 1, and their geo-
graphic and stratigraphic distributions are shown in table 2.
The lithofacies are grouped into five depositional assem-
blages, which are described and illustrated on plate 1.

Photomosaics of the walls of Nine Mile Canyon and
its tributaries and the Roan Cliffs were used to analyze the
geometry of the rocks and to trace stratigraphic markers.
Limestones, tuffs, distinctive sandstone units, and other
types of lithologic markers were used to correlate the
sections (appendix). The stratigraphic positions of the
stratigraphic markers employed in this study are listed in the
appendix, and correlations of the measured sections are
shown on plate 1.

LITHOSTRATIGRAPHY OF THE GREEN
RIVER FORMATION: NINE MILE CANYON

Units Underlying the Main Body of the
Green River Formation

The Green River Formation can be visualized as a
jagged-edged lens of open-and marginal-lacustrine rocks
enveloped by alluvial rocks of the Paleocene and Eocene
Colton or Wasatch Formation and the Eocene Uinta
Formation (Cashion, 1967, p. 8). West of the Green River
the Colton Formation is separated from the underlying
similar-appearing North Horn Formation by the Flagstaff
Member of the Green River Formation (as defined by
Fouch, 1976) (Weiss and others, 1990). In areas where the
Flagstaff Member is absent or thin, as it is east of the Green
River, it has been common practice to group all of the rocks
between the top of the Cretaceous and the base of the Green
River Formation with the Wasatch Formation (McDonald,
1972, p. 249; Weiss and others, 1990).

In the area of Nine Mile Canyon, the Flagstaff
Member is approximately 91 m thick and is overlain by
more than 725 m of mainly alluvial rocks of the Colton
Formation (Fouch and others, 1976, p. 365) (fig. 3, section
C). The Colton Formation thins northward toward the center
of the basin where the thickened Flagstaff Member and the
main body of the Green River Formation merge and form a
continuous lacustrine sequence (Fouch, 1976; Ryder and
others, 1976)

The interfingering contact between the Wasatch
Formation of Bradley (1931) and the overlying Green River
Formation in the south-central part of the Uinta basin was

BB6  Evolution of Sedimentary Basins—Uinta and Piceance Basins

first described by Bradiey (1931). In the Willow Creek—
Indian Canyon area (fig. 1) Bradley divided the rocks
beneath his delta facies into (from base to top) (1) a tongue
or phase of the Green River Formation, consisting of about
60 m of paper shale, marlstone, limestone, and minor
carbonaceous shale and coal, (2) a tongue of the Wasatch
Formation, consisting of 115 m of sandstone and drab, buff,
greenish, and red mudstone, and (3) a second lacustrine
phase or facies of the Green River Formation, consisting of
230 m of light-gray and brown shale, limestone, and minor
sandstone (fig. 3, section A). In Gate Canyon (fig. 1),
Bradley (1931) identified what he believed to be the basal
member of the Green River Formation that he correlated
with basal units in the Willow Creek-Indian Canyon area
(fig 3, section D). Results of my investigation indicate,
however, that the base of the surface section at Gate Canyon
is several hundred meters stratigraphically above the top of
the second lacustrine phase in the Willow Creek-Indian
Canyon area.

Picard (1955, p. 83) designated the term “black shale
facies” for dark-gray to black shale, limestone, grayish-
green shale, sandstone, and minor oil shale that he placed at
the base of the Green River Formation in the basin
subsurface. He correlated the black shale facies with
Bradley’s (1931) tongue of the Green River Formation and
the tongue of the Wasatch Formation. Abbott (1957)
extended the black shale facies to surface exposures and
recommended that the terms “upper black shale facies,”
“Colton tongue,” and “lower black shale facies” be
substituted for Bradley’s (1931) second lacustrine facies,
tongue of the Wasatch, and basal tongue of the Green River
Formation, respectively. Picard and others (1973) divided
the black shale facies into four lacustrine units designated
“A” through “D” and one fluvial unit designated the
“Wasatch tongue” of the black shale facies.

Recently, Weiss and others (1990) mapped the lower
units of the Green River Formation as the lower member
(fig. 3, section B). They observed that the lower member of
the Green River Formation is composed of three lithologic
units (base to top): (1) a lower lacustrine shale unit, which
they correlated with the basal tongue of the Green River
Formation of Bradley (1931), (2) an alluvial unit, which
they correlated with Bradley’s tongue of the Wasatch
Formation, and (3) an upper lacustrine shale unit, which
they correlated with Bradley’s second lacustrine facies (fig.
3, compare sections A and B).

The interfingering Colton—Green River contact is well
exposed in western Nine Mile Canyon. Fouch and others
(1976, p. 365) described an “unnamed tongue of the Green
River Formation” as a 96-m-thick interval of ostracode
grainstone, thin mud-supported organic-rich carbonate
rocks, grayish-green claystone, and sandstone. The
thickness and lithology of this unit and its stratigraphic
position above the main body of the Colton Formation
suggest that it is equivalent to Bradley’s (1931) basal tongue
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Interpretation
energy nearshore to
offshore regions of
Distal open-lacustrine
environment; same as
lithofacies la except
generally deeper water
(?) and lower energy

lake, some storm
transport of sand into

mud deposited in low-
lake

Proximal open-lacus-
trine environment:; car-
bonate and siliciclastic

L
Rare: Sa, Sb, Sc,
Never: Mr, C

Associated lithofacies
Sf

Common: Ib, Mg, Se, Sd,
Less common: Mg, Se, Sf,

Never: Mr
Common: la, Sd

Other characteristics
individual beds commonly  Less common: Sb, L

have sharp flat bases and  Rare: Sa, C, Sc

tops and are laterally
continuous, ostracodes

Some coarsening- and
fining-upward trends,
abundant in places
Same as lithofacies la

Geometry and thickness
Tabular geometry for both
lithofacies and individual
beds, lithofacies 0.5 to
more than 100 m thick,
individual beds as thick as
10m
Same as lithofacies la

Sedimentary structures
ripples, planar and wavy

mudstone structureless,
some has planar lami-
nations in places; sand-
stones have a variety
planar laminations,

structures including
Same as lithofacies la

hummocky cross-strat-
ification, and trough

Much dolostone and
crossbeds

Lithology and grain size
and dolostone (including
oil shale), minor green

Gray to brown mudstone
mudstone, limestone,
sandstone, and siltstone
Similar to lithofacies la
except more dolostone
and less gray to brown
mudstone, siltstone,
sandstone, and green

mudstone

la
Ib

Table 1. Summary of major lithologic and sedimentologic characteristics and interpretation of lithofacies of the Eocene part of the Green River Formation in the
Lithofacies definition

south-central part of the Uinta basin, Utah—Continued

minor sandstone and

siltstone
minor sandstone and

Brown and gray
mudstone, dolostone
(<30 percent), and
Brown and gray
mudstone, dolostone
(>30 percent), and
siltstone

of the Green River Formation and Abbott’s (1957) lower
black shale facies. Little (1988) described the depositional
environments, petrology, and diagenesis of limestone in this
unit.

In western Nine Mile Canyon the stratigraphic
interval equivalent to the lower black shale facies of Abbott
(1957) is overlain by a red claystone, siltstone, and lentic-
ular sandstone assemblage (Fouch and others, 1976, p. 365).
These rocks, which were described as “an unnamed tongue
of the Colton” by Fouch and others (1976), are presumably
stratigraphically equivalent to Bradley’s (1931) tongue of
the Wasatch and Abbott’s (1957) Colton tongue.

In a study of the subsurface stratigraphy and lithology
of the lower part of the Green River Formation in the Peters
Point gas field (fig. 1), Hendel (1957) identified and briefly
described the lower black shale, the Wasatch tongue, and
the upper black shale (fig. 3, section E). He placed the
Colton—lower black shale contact at the base of the lowest
typical lake bed. His lower black shale consists of
approximately 110 m of calcareous greenish-gray mudstone
and shale, red mudstone, limestone, and sandstone. The
lenticular sandstone in the lower part of this interval is the
main producing interval for the Peters Point field. The
overlying Wasatch tongue of Hendel (1957) is ap-
proximately 110 m thick and consists of fluvial deposits and
minor lacustrine units. The stratigraphic positions and
compositions of these units strongly suggest that the lower
black shale is equivalent to Bradley’s (1931) tongue of the
Green River Formation and Abbott’s (1957) lower black
shale facies and that the Wasatch tongue is equivalent to
Bradley’s (1931) tongue of the Wasatch and Abbott’s
(1957) Colton tongue. The upper black shale is equivalent to
the carbonate marker unit of this report and to Bradley’s
(1931) second lacustrine facies (fig. 3).

Carbonate Marker Unit

The carbonate marker unit of Ryder and others (1976)
marks the base of the main body of the Green River
Formation in the area of Nine Mile Canyon. In eastern Nine
Mile Canyon the unit is approximately 130 m thick, the
basal 25-30 m of which is poorly exposed. The upper 105
m of the unit is well exposed and consists of ostracode and
ooid grainstone and micrite of the L lithofacies (16.3
percent), green mudstone of the Mg lithofacies (14.2
percent), sandstone of the Sb (12.5 percent), Se (9.9
percent), and Sf (5.7 percent) lithofacies, dark laminated
mudstone and kerogenous laminated dolostone (oil shale) of
the Ia (25.3 percent) and Ib (5.4 percent) lithofacies, and
covered intervals (10.7 percent) probably underlain by
mudstone or dolostone (table 2; appendix, units 1-66 of
measured section 11), These rocks accumulated along the
fluctuating southern shore of Lake Uinta (Fouch and others,
1976; Remy, 1989a, b, 1991) in lake-margin carbonate-flat,
subaqueous mudflat, crevasse-splay, overbank and shallow-
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Table 2. Stratigraphic and geographic distribution of lithofacies of the Eocene part of the Green River Formation in

the south-central part of the Uinta basin, Utah
[In percent. Leader (-) indicates not present. Lithofacies defined in table 1]

Nine Mile Canyon and tributaries' Roan Cliffs2
Interfingering Upper member
Carbonate  Sunnyside Transitional interval® Upper Green River and of Green
Lithofacies marker unit delta interval Lower Upper member Colton Formations  River Formation
Sa.ciennen. - - - - - 37.7 -
Sb...coeernen. 12.5 23.6 9.5 12.1 4.6 14.8 -
SCevriri - 4.0 - - - - -
Sd...ooicen, - - 52 5.0 - -
Se..coovirinnnn 9.9 12.8 12.4 8.9 38 8.8 44
S 5.7 2.8 23 0.8 1.5 0.4 -
L T - - - - - - -
Mr...oooves - 7.8 04 - - 9.7 -
Mg..oooenenn 142 19.0 332 23.6 28 9.7 243
Lo 16.3 6.2 13.7 5.5 0.2 2.9 15.7
Tae, 25.3 0.5 0.6 6.4 39.1 0.6 78
b 54 - - 34 12.2 - 478
Covered interval 10.7 233 279 34.1 30.8 15.4 -

'Includes measured sections 4, 6-11, 13-17 (appendix).
Includes measured sections 1 and 2 (appendix).

3Boundary between upper and lower parts of transitional interval placed at the B marker.

lacustrine sandsheet, delta distributary channel, and proxi-
mal open-lacustrine environments.

In the subsurface, the top of the carbonate marker unit
is placed at the carbonate marker, a well-log response that
can be recognized in most of the subsurface part of the basin
(Ryder and others, 1976). In his study of the subsurface
stratigraphy and lithology of the lower part of the Green
River Formation in the Peters Point gas field, Hendel (1957)
placed the boundary between the delta facies of Bradley
(1931) and the upper black shale facies of Abbott (1957) at
the Green River marker bed, which he described as a
“persistent limestone” (fig. 3, section E). His upper black
shale facies is a 90-m-thick interval of limestone, black and
gray shale, and sandstone (Hendel, 1957, fig. 3).
Similarities in stratigraphic position, lithology, and thick-
ness suggest that the upper black shale facies is stratigraphi-
cally equivalent to the carbonate marker unit and that the
Green River marker bed of Hendel (1957) is equivalent to
the carbonate marker of Ryder and others (1976) (fig. 3,
sections C and E).

I placed the top of the carbonate marker unit at a
sharp distinctive change in the weathered color of the rocks
(fig. 3, section C). The carbonate-rich carbonate marker unit
weathers light gray, whereas the overlying carbonate-poor
Sunnyside delta interval weathers light brown. Jacob (1969)
used the same criteria to place the boundary between the
black shale facies (carbonate marker unit of this report) and
the delta facies of Bradley (1931) (fig. 3, section F).
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Delta Facies (Sunnyside delta interval and
transitional interval)

The interval between the carbonate marker unit and
the mudstone- and dolostone-rich upper member consists of
approximately 550 m of mainly fluvial and shallow-
lacustrine sandstone and mudstone and shallow-water
limestone; some dolostone and dark mudstone is present
near the top of the sequence. Bradley (1931) examined this
interval near the Duchesne-Uintah County line, ap-
proximately 9 km east of my easternmost measured section
(measured section 13) (fig. 1), and at Gate Canyon. Because
of the similarity of the sections, only the Gate Canyon
section is shown in figure 3 (section D). Bradley (1931)
divided the interval below his shaly facies (upper member
of this report) into (1) the basal member, consisting of
approximately 76 m of greenish-gray shale and subordinate
sandstone, limestone, and low-grade oil shale, and (2) the
delta facies, consisting of 152—-183 m of sandstone (which
constitutes 75-80 percent of the interval) and greenish-gray
mudstone (fig. 3, section D). However, because the basat 80
m of the surface section at Gate Canyon is not significantly
different from overlying rocks (fig. 4A; appendix, measured
section 7), subsequent researchers (Hendel, 1957; Jacob,
1969; Remy, 1989a) dropped the term “basal member” and
referred to all of the rocks beneath Bradley’s (1931) shaly
facies as the “delta facies of Bradley (1931).” According to
McDonald (1972), the delta facies is equivalent to the



























measured sections 5 and 6 and units 69-73 of measured
section 17, appendix). Sedimentary structures include wave
and current ripples, trough crossbeds, syneresis cracks, and
burrows. The top of the Horse Bench Sandstone Bed and
equivalent horizons are equivalent to the upper marker of
Fouch (1975), which can be traced throughout most of the
basin subsurface (Fouch and Cashion, 1979; Fouch, 1981).

Dane (1954, 1955) and Ray and others (1956)
described two tuff zones above the Horse Bench Sandstone
Bed. In the area of Gate Canyon, however, the only
prominent stratigraphic marker I encountered in the upper
part of the upper member was a tuff bed about 80 m below
the top of the member. The tuff is approximately 20-35 cm
thick, weathers yellow, and is characterized by abundant
biotite crystals in the lower half of the bed (unit 86 of
measured section 17, appendix).

In this study the top of the upper member is placed
approximately 150 m above the base of the Horse Bench
Sandstone Bed at the first occurrence upward of substantial
sandstone beds above the Horse Bench Sandstone Bed. The
contact is also marked by a change in the weathered color of
the rocks. The upper member forms light-gray slopes,
whereas overlying rocks weather light brown. In the area of
Nine Mile Canyon, the upper member of the Green River
Formation is overlain by the saline facies of the Green River
Formation of Weiss and others (1990) and by the sandstone
and limestone facies of Bryant (1990). The saline facies of
Weiss and others (1990) is equivalent to the saline facies of
the Uinta Formation of Dane (1954, 1955) and Ray and
others (1956).

LITHOSTRATIGRAPHY OF THE GREEN
RIVER FORMATION: ROAN CLIFFS

The upper 500 m of the Roan Cliffs near the Sunny-
side tar sand deposit consists of a 470-500-m-thick
sequence containing abundant sandstone and mudstone and
rare limestone overlain by a 0-30-m-thick sequence
containing abundant dolostone and green mudstone (fig. SE;
measured sections 1 and 2, appendix; plate 1). Measured
sections of the lower sand-rich sequence consist of sand-
stone of the Sa (37.7 percent), Sb (14.8 percent), Se (8.8
percent), and Sf (0.4 percent) lithofacies, red and green
mudstone of the Mr (9.7 percent) and Mg (9.7 percent)
lithofacies, respectively, limestone of the L lithofacies (2.9
percent), dark mudstone of the Ia lithofacies (0.6 perceat),
and covered intervals (15.4 percent) that are probably
underlain mainly by mudstone (table 2). These rocks are
interpreted to have been deposited in nonsinuous channels,
meandering delta distributary channels, crevasse splays,
overbank sandsheets, subaerial and subaqueous interchan-
nel mudflats, and rare lake-margin carbonate flats in a lower
delta plain to alluvial setting (table 1, plate 1).

A measured section of the dolostone-rich interval at
the top of the Roan Cliffs (units 81-95 of measured section

2, appendix) consists of sandstone of the Se lithofacies (4.4
percent), green mudstone of the Mg lithofacies (24.3
percent), carbonate grainstone and micrite of the L litho-
facies (15.7 percent), and laminated and structureless dolo-
stone and gray to brown mudstone of the Ia (7.8 percent)
and Ib (47.8 percent) lithofacies. These rocks are interpreted
to have been deposited in overbank and shallow-lacustrine
sandsheet, subaqueous mudflat, lake-margin carbonate-flat,
and open-lacustrine environments (table 1) (Remy, 1991).
The lower green mudstone- and limestone-rich part of this
sequence is interpreted to have accumulated in a shallow
nearshore-lacustrine setting, and the upper dolostone-rich
part of the sequence is interpreted to have accumulated in a
proximal to distal open-lacustrine setting (plate 1).

The stratigraphic sequence that crops out in the upper
Roan Cliffs near the Sunnyside tar sand deposit has been
variously placed in the upper part of the Colton or Wasatch
Formation and the lower part of the Green River Formation
(Holmes and others, 1948; Williams, 1950; Abbott and
Liscomb, 1956; Covington, 1975; Banks, 1981), in the
upper black shale facies of Picard (1955, 1959) (Hendel,
1957, Murany, 1964), and in the lower part of the main
body of the Green River Formation (Jacob, 1969; Ryder and
others, 1976; Campbell and Ritzma, 1979 ). Recently,
Weiss and others (1990) mapped the uppermost fine-
grained sequence at the top of the cliffs as the upper
member of the Green River Formation, the 200-m-thick
sequence underlying the upper member as the middle
member of the Green River Formation, and the underlying
rocks as the Colton Formation.

Most workers (Jacob, 1969; Fouch and others, 1976,
fig. 2; J.A. Campbell, Oklahoma Geological Survey, written
commun., 1986; Weiss and others, 1990) agree that the
Mahogany oil-shale bed is near the top of the Roan Cliffs.
The same oil shale was also mapped by Winchester (1923,
plate 16). In the Roan Cliffs above the Sunnyside tar sand
quarry the Mahogany oil-shale bed is approximately 80 cm
thick and consists of laminated, kerogenous dolostone (oil
shale), structureless dolostone, and brown laminated dolo-
stone or shale (basal 80 cm of unit 83, measured section 2,
appendix). The Mahogany is underlain by limestone and
overlain by green mudstone.

The presence of the Mahogany oil-shale bed at the top
of the Roan Cliffs allows the stratigraphic section at the
Roan Cliffs to be correlated with the Green River Formation
in the area of Nine Mile Canyon (plate 1). This correlation
demonstrates that the dolostone- and green-mudstone-rich
interval at the top of the Roan Cliffs is stratigraphically
equivalent to part of the lower part of the upper member of
the Green River Formation in the Nine Mile Canyon area
(Weiss and others, 1990). The underlying interfingering
Green River and Colton Formations, which contain the
Sunnyside tar sand deposit, are stratigraphically equivalent
to the lowermost part of the upper member, all of the
transitional interval, and the upper half of the Sunnyside
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delta interval. The facts that lithofacies characteristic of the
lower delta plain assemblage (that is, lithofacies L., Mg, and
Sb) are more abundant in the upper half of the interfingering
Colton and Green River Formations than in the lower half
and that lithofacies characteristic of the upper delta~alluvial
plain assemblage (that is, lithofacies Mr and Sa) are more
abundant in the lower half of the interval than in the upper
half (plate 1) indicate that the expansion (transgression) of
Lake Uinta suggested by the transitional interval in Nine
Mile Canyon also affected sedimentation in the area that is
now the Roan Cliffs.

As noted above, Weiss and others (1990) mapped the
rocks above the Mahogany oil-shale bed at the Roan Cliffs
near Sunnyside as the upper member of the Green River
Formation and the sandstone-rich sequence below the
Mahogany as the middle member of the Green River
Formation underlain by the Colton Formation. The middle
member as mapped by Weiss and others (1990) is
approximately 200 m thick at this location. Measured
sections 1 and 2 of this report (appendix) show, however,
that there is no easily identifiable consistent lithologic break
in the stratigraphic section that can be employed to
distinguish the middle member from the Colton Formation.
Moreover, lithofacies Sa, which is typical of inferred upper
delta plain to alluvial deposits of the Colton Formation, is
present within 100 m of the top of the Roan Cliffs (see, for
example, unit 63 of measured section 2). Rather than having
a sharp break between the Green River and Colton
Formations, the upper Roan Cliffs beneath the fine-grained
upper member of the Green River Formation consist of
extensive interfingering of rocks typical of the Green River
Formation and those typical of the Colton Formation.
Therefore, I made no attempt to differentiate the middle
member of the Green River Formation from the Colton
Formation, and I refer to the entire 475-500-m-thick
sequence beneath the upper member as the “interfingering
Green River and Colton Formations” on plate 1.

The S1 and S2 marker units and limestone markers B
and C pinch out or lose their identity somewhere between
the Roan Cliffs (measured sections 1 and 2) and measured
section 14, which is approximately 11 km north of the Roan
Cliffs (fig. 1, plate 1). I could not confidently identify the
carbonate marker unit in the Roan Cliffs beneath measured
sections 1 and 2. The Mahogany oil-shale bed is, therefore,
the only stratigraphic marker in the Green River Formation
that can be confidently identified along the Roan Cliffs near
the Sunnyside tar sand quarry.

CHRONOSTRATIGRAPHY OF THE
GREEN RIVER FORMATION

Unlike the upper member, the lower part of the Green
River Formation (carbonate marker unit, Sunnyside delta

interval, and transitional interval) does not contain tuffs that
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can be radiometrically dated; however, paleontological data
can be used to roughly constrain the age of these rocks (fig.
6). Analysis of microfossils suggests that the Paleocene-
Eocene boundary is in the upper third of the Colton
Formation on the south flank of the basin (Ryder and others,
1976, p. 497). This interpretation is supported by the
presence of late Paleocene nonmarine molluscs in the
underlying Flagstaff Member of the Green River Formation
in Price Canyon (Fouch and others, 1987). In the southern
Uinta basin the Paleocene-Eocene boundary is ap-
proximately 550 m below the top of the carbonate marker
unit (Fouch, 1981). In the study area the interval between
the top of the carbonate marker unit and the top of the
transitional interval is approximately 550 m thick. The
1,100 m of rocks between the Paleocene-Eocene boundary,
which Berggren and others (1985) placed at approximately
58 Ma, and the top of the transitional interval, which
radiometric dates on tuffs place at approximately 47.5
million years, accumulated in about 10.5 million years.
These data suggest a rock accumulation rate of ap-
proximately 105 m per million years. This estimate is
supported by Bradley (1929), who estimated that fluvial
rocks above and below the Green River Formation
accumulated at a rate of about 1 ft per 3,000 years (101.6 m
per million years). Assuming that the generally sand-rich
lower part of the Green River Formation accumulated at
about the same rate as the underlying rocks, then the 700 m
of the lower part of the Green River Formation (base of
carbonate marker unit to top of transitional interval)
accumulated in about 6.5 million years, and the age of the
base of the main body of the Green River Formation in the
area of Nine Mile Canyon is very roughly 54 Ma.

The upper member contains several tuffs that serve as
regional stratigraphic markers. Radiometric dating of some
of these tuffs (Mauger, 1977; O’Neill, 1980; O’Neill and
others, 1981; Bryant and others, 1990) provides chronstrati-
graphic control on the upper member (fig. 6).

The curly tuff is between the S1 marker unit and the
Mahogany oil shale bed (O’Neill, 1980) (fig. 3, section C).
The tuff is 2.5-46 cm thick and characterized by undulatory
upper and lower contacts and contorted bedding (Cashion,
1967, p. 16). A mean “CAr/**Ar date on biotites from the tuff
in Gate Canyon was initially reported by O’Neill (1980) as
46.240.7 Ma. O’Neill and others (1981) subsequently
reported a date of 47.2 Ma for the same tuff. The latter date
presumably represents reevaluation of the data originally
reported in O’Neill (1980) and is therefore the date used in
this study. The curly tuff lies a little above the S1 marker
unit and is therefore a little younger than the base of the
upper member; thus the age of the base of the member is
approximately 47.5 Ma in the Gate Canyon area.

The wavy tuff is approximately 55 m above the
Mahogany oil shale bed in Gate Canyon (O’Neill, 1980, fig.
32). The tuff has an average thickness of 30 cm (O’Neill,
1980) and is characterized by intercalated stringers of
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SOURCES OF DATA

40Ar/ 29Ar radiometric date on tuff (O'Neill and others, 1981).

. Recalibration of K/Ar radiometric date on tuff of Mauger (1977), as reported in Krishtalka and others (1987).

Fission-track ages of zircons in tuff (Bryant and others, 1990, table 1).

Bridgerian or possibly latest Graybullian (early Wasatchian) turtles in Sunnyside delta interval in Nine Mile Canyon

(identified by J.H. Hutchison, written commun., 1989).
Early Eocene palynomorphs in attrital coal in basal Green River Formation beneath carbonate marker unit, Indian
Canyon (Fouch and others, 1976, p. 371).

. Analysis of palynomorphs, ostracodes, charophytes, and mollusks indicates that age of basal part of North Horn
Formation is Late Cretaceous (Maastrichtian), upper part of the North Horn Formation is middle to late Paleocene,
and Flagstaff Member of the Green River Formation in Price Canyon is late Paleocene (Fouch and others, 1987).

. Bridgerian fauna is in Green River Formation, 82 m below Mahogany oil-shale bed in eastern Uinta basin

(Krishtalka and others, 1987).

Figure 6. Chronostratigraphy of part of the Green River Formation in the south-central part of the Uinta basin. Time scale from
Berggren and others (1985).

marlstone that accentuate the wavy bedding surfaces  date of 46.2+0.5 Ma from biotite separates from this tuff.
produced by plastic flow or differential compaction (Cash-  O’Neill and others (1981) subsequently reported a date of
ion, 1967, p. 16). O’Neill (1980) obtained a mean “°Ar/’’Ar  46.7 Ma for the same tuff. The latter date is used in this
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study for the reason discussed earlier. Recalibration of K/Ar
dates on biotites from the wavy tuff in Gate Canyon
(Mauger, 1973; his sample RLM-7-70) and Indian Canyon
(his sample RLM-2-70) yielded dates of 46.0+0.9 and
44.7+1.0 Ma, respectively (reported in Krishtalka and
others, 1987, table 4.1). Bryant and others (1990, table 1)
obtained a zircon fission-track age of 42.31+2.0 Ma for the
wavy tuff in Indian Canyon (their locality 23). They noted,
but did not offer an explanation for, the discrepancy
between their results and those of Mauger (1977) and
O’Neill and others (1981). Excluding the anomalous zircon
fission-track age of Bryant and others (1990), the mean age
of the wavy tuff is approximately 46.2 Ma, in reasonable
agreement with a presumed age of 47.5 Ma for the base of
the upper member based on the curly tuff.

Recalibration of Mauger’s (1977) K-Ar date for an
unnamed tuff (his sample RLM-2-69) 91 m below the base
of the Horse Bench Sandstone Bed in Dane’s (1955) Indian
Canyon section yielded an age of 45.9+0.9 Ma (recalibrated
date reported in Krishtalka and others, 1987, table 4.1). This
tuff is 7 m above the wavy tuff, which is 98 m below the
Horse Bench Sandstone Bed in Dane’s (1955) Indian
Canyon section (Mauger, 1977, table 1). Recalibration of
Mauger’s (1977) K-Ar date for a tuff (his sample RLM-
1-69) 69 m below the top of Dane’s (1954, 1955)
Evacuation Creek Member (upper part of upper member of
this report) in Indian Canyon yielded an age of 43.1%+1.3 Ma
(Krishtalka and others, 1987, table 4.1).

Recalibration of Mauger’s (1977) K-Ar date on a tuff
in Indian Canyon (his sample RLM~8-70) that is about 19
m below the the top of Dane’s (1954, 1955) limestone-
sandstone facies of the Uinta Formation yielded an age of
42.8+1.0 Ma (Krishtalka and others, 1987, table 4.1). This
tuff is approximately 260 m above the top of the upper
member as defined in this study. Bryant and others (1990,
table 1) obtained a zircon fission-track age of 42.8+2.2 Ma
for the same tuff in Indian Canyon (their locality 22). The
top of the upper member is thereby bracketed by ages of
tuffs above the wavy tuff of 45.9+ 0.9 Ma and 43.1+1.3 Ma
and by two age estimates of about 42.8 Ma for a tuff
substantially above the top of the member. These data
suggest an age of about 43 Ma for the top of the upper
member in the study area.

To summarize, analysis of published paleontological
and radiometric age data from the Green River Formation
suggests ages of about 54.0 Ma for the base of the carbonate
marker unit, about 47.5 Ma for the contact between the
transitional interval and the upper member, and about 43 Ma
for the top of the upper member in the study area. This
interval extends from the late early Eocene to the upper half
of the middle Eocene and from the middle Wasatchian to
the late Uintan North American land mammal stages (time
scale of Berggren and others, 1985) (fig. 6). The conclusion
that the interval between the base of the carbonate marker
unit and the top of the transitional interval spans the late
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Wasatchian, all of the Bridgerian, and part of the early part
of the Uintan North American land mammal stages is
supported by (1) the presence of Bridgerian or latest
Graybullian (early Wasatchian) turtles in the Sunnyside
delta interval (J.H. Hutchison, University of California,
Berkeley, written commun., 1989), (2) a Bridgerian
mammal fauna collected 82 m below the Mahogany oil
shale bed in the eastern Uinta basin (Krishtalka and others,
1987, p. 101), and (3) early Eocene palynomorphs in attrital
coal beneath the carbonate marker unit in Indian Canyon
(Fouch and others, 1976, p. 371).

SUMMARY AND CONCLUSIONS

1. The carbonate marker unit (Fouch and others,
1976; Ryder and others, 1976) marks the base of the main
body of the Eocene part of the Green River Formation in the
south-central part of the Uinta basin. It consists of
approximately 130 m of ostracode and ooid grainstone and
micrite, green, gray, and brown mudstone, sandstone and
siltstone, and uncommon dark laminated mudstone and
kerogenous laminated dolostone (oil shale). These rocks
accumulated along the fluctuating southern shore of Lake
Uinta in lake-margin carbonate-flat, subaqueous mudflat,
crevasse-splay, overbank and shallow-lacustrine sandsheet,
delta distributary channel, and proximal open-lacustrine
settings. Hendel’s (1957) upper black shale of the Peters
Point gas field is equivalent to the carbonate marker unit,
and the distinct change in the weathered color of the rocks
from light gray below to light brown above that marks the
top of the carbonate marker unit in surface exposures is
equivalent to the carbonate marker of Ryder and others
(1976) in the subsurface rocks in the basin.

2. In the area of Nine Mile Canyon the delta facies
of Bradley (1931), as redefined to include his basal member,
consists of two distinct suites of rocks: (1) a lower,
375-m-thick sequence of marginal-lacustrine rocks infor-
mally named the Sunnyside delta interval and (2) an upper,
150-m-thick sequence of marginal- to open-lacustrine rocks
informally named the transitional interval. In the Nine Mile
Canyon area the Sunnyside delta interval consists of
sandstone, red and green mudstone, and shallow-water
carbonate rocks deposited in a large fluvially dominated
delta system along the southern shore of Lake Uinta. The
transitional interval is characterized by an upward increase
from the base of the unit in the amount of open-lacustrine
dolostone, kerogenous laminated dolostone (oil shale), and
dark mudstone and a decrease in the amount of marginal-
lacustrine green mudstone and shallow-water limestone.
These lithologic changes record a major, but gradual,
expansion of Lake Uinta.

3. Three transgressive shallow-water limestone
units in the Sunnyside delta interval and transitional interval
serve as local chronostratigraphic markers. These limestone
units, which were originally identified by Jacob (1969), are



(from base to top) (1) the D marker, which is near the
middle of the Sunnyside delta interval, (2) the C marker,
which marks the top of the Sunnyside delta interval, and
(3) the B marker, which is near the middle of the transitional
interval. The boundary between the transitional interval and
the overlying upper member of the Green River Formation
is placed at the top of the S1 marker unit of Fouch and
others (1976).

4. The upper member overlies the transitional
interval in the area of Nine Mile Canyon and consists of
approximately 300 m of dark mudstone, dolostone, and
kerogenous laminated dolostone (o0il shale) and minor
sandstone and siltstone that accumulated in a relatively low
energy open-lacustrine setting during a period when Lake
Uinta was at its maximum size. The member contains
several regional stratigraphic markers: (1) the Mahogany
oil-shale bed, a 1-2-m-thick kerogenous laminated dolo-
stone (oil shale) 18-32 m above the base of the upper
member, (2) the S2 marker unit (Fouch and others, 1976),
(3) the Horse Bench Sandstone Bed, a 10-20-m-thick
interval of sandstone, siltstone, and greenish mudstone
approximately 150 m above the base of the member, and
(4) a 20-35-cm-thick unnamed tuff 80 m below the top of
the upper member.

5. The upper Roan Cliffs near the Sunnyside tar
sand quarry consist of several hundred meters of sandstone,
red and green mudstone, and very minor limestone
deposited in a lower delta plain to alluvial setting overlain,
in places, by a 30-m-thick interval of limestone, green
mudstone, dolostone, and minor sandstone deposited in
shallow-nearshore and open-lacustrine settings. The
presence of the Mahogany oil-shale bed near the top of the
Roan Cliffs demonstrates that the top 0-30 m of the cliff is
stratigraphically equivalent to the lower part of the upper
member of the Green River Formation in Nine Mile Canyon
and that the underlying rocks (including the tar sands),
which represent a zone of interfingering between the
marginal- and open-lacustrine Green River Formation and
the alluvial Colton Formation, are stratigraphically equi-
valent to the lowermost upper member, the transitional
interval, and the upper Sunnyside delta interval in the Nine
Mile Canyon area.

6. Analysis of published paleontological data and
4OAr9Ar, K/Ar, and zircon fission-track dates from tuffs in
the upper member suggests ages of approximately 54 Ma,
47.5 Ma, and 43 Ma for the base of the carbonate marker
unit, the top of the transitional interval, and the top of the
upper member, respectively, in the study area.
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APPENDIX—MEASURED STRATIGRAPHIC SECTIONS




A. Thickness, location, and stratigraphic markers of measured stratigraphic sections

[Leader (-) indicates marker is below or above section; query (2) indicates marker not identified]

Position of stratigraphic markers
(in meters from base of section)

Lower part of Green River Fm.

3

Upper member

L1
Section
number

Thickness
{meters)

Location 2

Top carbonate
marker unit

Base D marker

Base C marker

Base B marker

Top S1 marker

unit

Base Mahogany
oil-shale bed

Base S§2
marker unit

Base Horse
Bench SS Bed

Top upper

Base tuff bed
member

504.7

Roan Cliffs. Base: NE1/4NE1/4, sec. 9, T. 14 S,,
R. 14 E. Top: SE1/4SW1/4, sec. 3, T. 14 S., R.
14 E., at top of cliff.

487.5

Roan Cliffs. Sec. 4, T. 14 S., R. 14 E., along road
to Bruin Point, base at 8,800 ft (below north tar
sand quarry), top at top of road.

463.3

172.6

Cottonwood Canyon. Base: NE1/4SW1/4, sec.
31,T.12S., R. 16 E. Top: NE1/4NE1/4, sec. 6,
T.13S.,R. 16 E.

72.

hry

124.2

155.3

163.3

7.6

Left fork of Indian Canyon (US Route 191).
NW1/4NE1/4, sec. 22, T.6S., R. 7 W.

Gate Canyon. SE1/4NE1/4NE1/4, sec. 17, T. 11
S.,R.15E.

392.9

Junction of Gate and Nine Mile Canyons. Base:
NE1/4SE1/4, sec. 32. Top: NE1/4SW1/4, sec.
29;both T.11S,,R. 15 E.

177.4

255.9

355.9

381.3

391.2

363.3

Nine Mile Canyon. Base: SW1/4NW1/4, sec. 4,
T. 12 S., R. 14 E. (near abandoned farmhouse).
Top: top of ridge due north of base at elevation of
7262 ft.

14.1

237.0

319.9

342.0

Nine Mile Canyon. Base: SE1/4SW1/4, sec. 8.
Top: NW1/4SW1/4, sec. 17; both T. 12 S., R.16 E|

125.0

202.6

300.3

3115

336.9

63.0

Gate Canyon. Base: NW1/4SE1/4NE1/4, sec.
20,T7.11S,R. 15 E,, atroad level. Top: NE1/4
SW1/4NW1/4, sec. 20, T.11 S.,,R. 15 E.

13.0

34.7

54.7

11

264.3

Nine Mile Canyon. Base: SE1/4NW 1/4, sec. 15,
T. 12 S, R. 13 E. Top: 350 m (horizontally) north-
west of base at top of ridge (7,426 ft elevation)

105.7

13

260.0

Junction of Nine Mite and North Franks Canyons.
Base: NW1/4NW1/4, sec. 1, T. 128, R. 16 E.
Top: SE1/4SE1/4,sec. 35, T. 11 S.,R. 16 E.

76.4

159.5

203.8

218.1

252.5

14

279.0

Dry Canyon. Base: SW1/4, sec. 5, T. 13 S,, R.
15 E. Top: approximately 450 m (horizontally)
northwest of base near 7,400 ft contour.

101.3

175.9

244.0

255.7

15

16.3

Base: NE1/4NE1/4NE1/4, sec. 20, T. 11S.,R. 15
E. Top: NW1/4NW1/4NW1/4, sec. 21, T. 11 S, R.
15E.

15.3

4927

Nine Mile Canyon. Base: SE1/4SE1/4, sec. 11,
T.12 8., R. 13 E. Top: NE1/4NW1/4, sec. 11, T.
128.,R. 13 E.

161.6

370.0

460.5

17

307.1

East Fork of Blind Canyon. Base: SW1/4, sec. 35.
Top: NW1/4, sec. 24; bothin T. 11S., R. 15 E.

44.0

72.2

162.5

227.8| 307.1

18

272.4

Upper Water Canyon. Base: SW1/4, sec. 27.
Top: SE1/4, sec. 15; bothin T. 11 S, R. 15 E.

24.9

53.4

85.7

192.3

2722 —

19

277.2

Gate Canyon. Base: SE1/4, sec. 20. Top: SE1/4

sec. 17;bothinT.11 S,,R. 15 E.

49.4

75.2

1111

222.1

2769 —

! Measured section 2 is a composite section of sections 2, 3, and 12. Measured sections 17, 18, and 19 were measured by Xudong
Ying (Louisiana State University, written communication, 1988). Because of the similarity of sections 17, 18, and 19 only section 17 is
published in this report.

Locations of measured sections are indicated on topographic maps following.

3 .
Lower part of Green River Formation = carbonate marker unit, Sunnyside delta interval, and transitional interval.

4
Base of section 11 is 30 m above base of carbonate marker unit.
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B. Locations of measured stratigraphic sections
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C. Measured stratigraphic sections
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Unit 22: Covered.

Unit 21: Sandstone, 150 u. 10-15 percent
ostracodes in zone 25-105 cm above base.

Unit 20: Mudstone. Dark yellowish orange (10YR
6/6), calcareous, poorly exposed,

Unit 19: Sill grained. Cak

flaser bedding in top 15 ¢m and 10-15 cm above
base; middle zone breaks into thin (1-2 cm) slabs
that have wavy bases and tops; several thin lenses
of ostracodes between mud layers near top.

Unit 18: Covered.

Unit 17: Mudstone. Olive gray (5Y 4/1), weathers
pale blue (SPB 7/2), fissile in places, sparse

15
1 S
14

@

Unit 16: Limestone and sandstone. Basal 115
cm is nonfossiliferous sparite; 115-175 cm is
calcareous 80-p sandstone; 175 cm to top is.
ostracode grainstone.

Unit 15: Siltstone. Reddish brown, poorly exposed.

Unit 14: Sandstone, 70 p. Bed thickness 10-15cm,
structureless, calcareous, reddish.

Unit 13: Covered.

11 | My

=

Unit 12: 100-125 p. Calcite cement,
moderate mica and hematite, massive and
structureless.

Unit 11: Shale. Olive gray (5Y 4/1), laminated,
caicareous, minor fish scales, poorly exposed.

Unit 10: Limestone. Ostracode grainstone, size of
ostracodes increases upward (from to 1.5 mm
fong); unit forms massive ridge.

Unit 9: Limestone. Basal § cm Is black calcar-

eous shale containing ostracodes; 5-65 cm is
brown calcareous shale containing ostracodes or
muddy micrite containing ostracodes, 65-145 ¢m I1s
ostracode grainstone; 145 cm to top is
nonfossiliferous sparite.

Unit 8: Shale. Dark gray, fissile, noncalcareous.
Unit 7: Limestone. Sandy-silty ostracode limestone
or calcareous sandstone grades upward to
ostracode grainstone.

Unit 6: Mudstone. Yellow brown (10YR 5/4), calcar-
eous, 60-cm-long lens of fish scales at base.

Se

Unit 5 Li (7). Sandy, hmestone intraclasts

size: 8 by 2 cm) and fish scales at base,
irregular base and top, ostracodes abundant in
upper half and sparse in lower half, few bone
fragments.

Unit 4: Mud siltstone, and sandstone.

Olive-gray mudstone similar to unit 3 grades
through siltstone to 80-p. sandstone.

Unit 3: Mudstone, fine-grained. Olive gray (5Y 3/2),

nor , red stains along fractures, poorly
exposed.

Unit 2: Sandstone, 70 p. Calcareous, rippled (?),
alternating red and gray zones.

Unit 1: Mud ish-gray (SYR 4/1).

01— LI e p

SECTION 1

INTERVAL: 0to 50 m
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954
R Unit 25: Covered. Sandy soil and abundant
25 sandstone float suggests unit is friable sandstone.
90+
85+
Unit 24: 150-225 p.
tcrops on a ion-ct d slope, pr ly
continuation of unit 23 (measured section shifted
about 50 m east between units 23 and 24); 6-7 m
above base slump blocks of sandstone contain
24 wide (2 m), low (10 cm) amplitude trough
crossbeds; basal 15.7,m of unit is partly exposed
and exhibits planar laminations; top 4.5 m of unit
is well exposed and contains planar laminations,
one bed exhibits tabular crossbedding.
Sa
Unit 23: Sandstone, 125-260 . Flat base (?),
planar laminations and low-angle
23 tabul i ing (?)
few thin zones containing yellow mudstone
clasts, mostly light gray, some hematite staining,
few small hematite concretions.
T
SECTION 1 INTERVAL: 50 to 100 m
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41 | Sa
Unit 31: Sandstone, 150-200 y (nc apparent grain
> size trend). Planar laminations (70 percent) cut by e
trough crossbeds (20 percent) throughout unit;
minor ripples (5 percent) 1.15-2.3 m above base of
3 unit; two sets of tabular-tangential crossbeds (5
percent) about 6 m below top of unit; several
irregular lenticular zones containing
matrix-supported white mudstone clasts above
$2 | base; tar saturated,
190
1 Unit 40: Mudstone and siitstone. Mudstone is red,
4 — My | bleached white along vertical fractures, and
40 | Mr{ contains 4-5 thin siltstone interbeds; siltstone is
] stuctureless; top siltstone bed contains pyrite and
ostracodes.
1 —
185
4
30 Unit 30: Sandstone, 90-150 y (coarsens upward).
Poorly exposed. 7
39 | ge | Unit 39: Sandstone, 70-90 p. Sharp base,
T massive and structureless, tar saturated.
180 Unit 38: and sand Red mud:
i - o 4 and two sandstone beds: 45-cm-thick bed of 70-u.
28 Unit 29: Covered. structureless sandstone is 2.6-3.05 m above base

4 38 | Mr | and 20-cm-thick bed of 70-u structureless
sandstone is 3.7-3.9 m above base.

Unit 28: Sandstone, 125-200 p. Basal 15 cm Unit 37: Siltstone. Red, upper and lower contacts
contains ively clasts of 37 | Se | irregular and relatively sharp, massive and
and calcareous red mudstone in matrix of bimodal 175 structureless.

sand (70-y sand to coarse-grained silt + 200-p.
sand); 15-75 cm above base is 150-p sandstone
2|28 containing planar laminations; 75-110 cm is 150 b
sandstone containing clasts of sparite and
calcareous yellow mudstone (maximum diameter 4
mm), planar | ions and trough ds (?); Unit 36: Mudstone. Dark reddish brown (10R 3/4),
1.1-5.95 m 15 150-200-p sandstone containing 36 | Mr| silty. ; unit forms. d
planar laminations truncated by few trough slope with few thin outcrops.

crossbeds; 5.95 m to top is poorly exposed 125-u

sandstone. 1701

Unit 27: Sandstone, 175 y. Most of unit 1s poorly
27 exposed; one 30-cm-thick sandstone outcrop is
planar laminated.

Unit 35: Siltstone and sandstone. Basal 20 cm is
siltstone containing clasts of dark-gray
llowish ¢

Sa d and white calcar d clasts
less than 2 mm in diameter; 20 cm-4.5 m above
35 | Sbf pase is 150-1 75-u sandstone containing planar
i and trough and one
20-cm-thick zone of contorted bedding; 4.5-5.65
m above base is rippled (?), very fine grained,
brownish sandstone; 5.65 m to top is calcareous
Unit 26; Sandstone, 125-200 y (fines upward siftstone.
overall). Basal 1.15 m js 150-u sandstone
containing weil-exposed planar laminations;
1.15-4.0 m above base s structureless, 200+ 34
sandstone; 4.0-5.15 m contains abundant IFC (85
z";g:: ﬁ::’ewfb"’wn ca]:ra'e"“s mu:stons, 15 ] wr | Unit 34: Mudstone. Mainly poorly exposed and
26 maximum clast size 7 by 2 cm), basal 30 ¢m of this 34| & g,r?rsglr:g"gg 23/\?}5;])5 oa:‘gjh;‘m\_:ﬁrgra!a(.‘@‘{
zone has one bed that contains tabular-tangentiat g Mg :pale ; gray;
or trough crossbedding and scattered IFC, upper 25-cm-thick outcrop of 125-p sandstone near top.
85 cm contains abundant IFC in irregular lenses 4
(some are trough shaped) and planar laminations
truncated by troughs filled with IFC and sand; 5.15 g
m to top is mainly structureless and contains minor
155
1 Unit 33: Siltstone. White, calcareous, massive and
i i 33 | Se | structureless.
N 25 32 Unit 32; Covered.
100——— T T 150+———T T 1+
SECTION 1 INTERVAL: 100 to 150 m SECTION 1 INTERVAL: 150 to 200 m
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25 1 1 1 | Y 1 300 1 i 1 Ll L i
r 50 - Unit 63: Sandstone, 100-125 u. Shamp base
T 63 truncates underlying siltstone; basal 25 cm is
100-, rippled (?) sandstone containing 1-2
41 o — percent small (250-p. diameter) round grains (ooids
it 49: . or sand?) and 1-2 percent fish scales and teeth;
= 49 g;l:aghﬂm%% 2rcw:|:£| gray, few percent 25 cm to top contains trough crossbeds having set
 Poorly exposed. 62 [ Sa | thicknesses of 30-100 cm, thin layers of mudstone
B o clasts at bases of some troughs.

Unit 62: Siltstone and minor fme—gramed

Rippled (?), nor light gray,
61 thin bedded (less than 2 cm), mudcracked. Unit 62
is completely removed by unit 63 in places.

Sa | Unit 48: Sandstone, fines upward (250 to 150 p).
Divided into three subunits: (A) basal 3.4 m, base of|
unit sharp and scoured, basal 3¢ cm contains
planar laminations and sparse matrix-supported
limestone clasts and ostracodes, in interval 30-165
cm above base are lenticular (commonly trough
shaped) zones containing abundant (in places
grain-supported) clasts of white limestone and
yellow mudstone and ostracodes, clasts less than 4
em maximum diameter, most of subunit contains
trough crossbedding, tabular-tangential
crossbedding (?), and wide (>3 m) troughs
(scours?) containing tabular-tangential fill; (B)
3.4-7.9 m above base, most (90 percent) is

Unit 61: Siltstone and sandstone. Coarsens

Mg | upward from siltstone to 130-u sandstone; basal

- 20 cm is siltstone containing ostracodes and very

60 small bone fragments; siltstone grades rapidly
upward to sandstone containing planar

Mr | laminations and ripples {at top}.

Unit 60: Mudstone. Poorly exposed, grayish red
€« (10R 4/2) with lighter mottles in basal 2.5 m;
2.5-3.1 m is light ofive gray (5Y 6/1); top 70 em is
very light gray and contains few fish scales, bone
fragments, and mudcracks.

Unit 59: Sandstone, 80-200 u. (coarsens upward).

some trough C)7.9mto 59 L "
top, few scattered large (gas much as 7 (cn)l diameter) Planar laminations in basal meter; sedimentary
yellow calcareous mudstone or limestone clasts, structures poorly e}posed in upper § m, probably
structureless except for top 1.15 m, which contains planar laminations; tabular-tangential
ripples. crossbedding in top mater.
Mg | ynit 47: Greer 1
LT . Sb | Unit58: Sandstone, 90-130 . Lower half s 130 u,

Unit 46: Limestone. Small (less than 15 cm thin bedded (less than 2 cm) and rippled (?),

diameter) dnmsl stromatolites, abundant contains small plant fragments and few leaves and

zones of 58 few thin siltstone interbeds; upper half is 90
laminated Ilmestone, few fragments of domal algal rippled. ! up H
Mg stromatolites.
Unit 45: Interbedded mudstone, siltstone, and sand- Unit 57: Sandstone, 70-105 . (coarsens upward).
stone. Poorly exposed, mainly light olive gray Basal lag, 7-30 cm thick, contains siltstone clasts,
mudstone and several thin siitstone and sandstone tiny bone fragments, and fish scales;
eds. 57 matrix-supported clasts above lag; sedimentary
Unit 44: Siltstone and sandstone. Coarsens z::‘:st;";: ';%;“:.?gp?:f 0sed, probably trough
upward from fine-grajned siltstone to 70-i. )
sandstone; fish scales and bone fragments in
sb sandstone; top 10 cm is coarse-grained siltstone. Mg Unit 56: A light-greenish-gray.

Unit 43: Limestone and sandstone. Basal 20 cm is

ostracode grainstone containing some domal algal
stromatolites and scattered bone fragments; 20-25

cm above base is a bed of 200-u sandstone; 25-35

cm is a bed of ostracode grainstone containing two
thin zones of horizontal algal Jaminations; 35-105

Unit 55: Sandstone, 70 . 1.5 m above base unit is
a 20-30-cm-thick Interval containing siltstone and
sandstone clasts, clasts are angular, largest clast
10 by 4 cm, erodes underlying sandstone; unit is
rippled; one channel-like feature 2.5 m wide by 0.6

cm is micrite, nonfossiliferous, faintly laminated;
105 cm to top is 250-p bioturbated sandstone
containing ostracodes in top 5 ¢m, one micrite
interbed, small bone fragments, and several clasts
of laminated limestone.

m deep truncates sandstone beneath clast zone.

Unit 54: Sandstone (70 ) and siltstone. Rippled
sandstone grades upward to rippled (?) siltstone.

Unit 42: Sandstone (125 p) and siltstone.
Sandstone grades upward to siltstone, poorly
exposed.

Unit 41: Sandstone. Base is sharp and truncates
1.5 m of unit 40; where this unit truncates a
siltstone bed of unit 40, siltstone clasts are in
lower 30 cm of unit 41. Divided into subunits: (A)
basal 6.8 m, lower half very complex, consists of
four stacked channel bases: (1) basal 50 cm
contains trough crossbeds or concordantly filled

Unit 53: Sandstone, 100-175 p. Sharp base has

53 | Sa| erosional rellef of at least 1.5 m; basal 30 cm

contains abundant carbonized wood, bcne
clasts of li and and

175 rich g::mcmres in lower Hd 5 m are not well exposed
:gn;: (2) overtain by 20-30- ;Z‘ug"ck zone of probably trough crossbeds; upper 4.6 m contains

well-exposed ripples; upper 2 m contains
siltstone flasers and thin (less than 1.5 em),
grained siltstone by

and limestone clasts in piaoes truncates
underlying sandstone, (3) overlain and truncated
Sa| by a 50-cm-thick bed of 250-u sandstone
containing abundant ostracodes (in places
ostracodes may exceed sand), several rip-up
clasts of small dnmal algal stromatolites and

trough {4) by
4 containing trough crossbeds; upper half of subunit
~ 41A is poorly exposed, structureless; (B) 6.8-10.3
N < m, 175-200 y, poorly exposed, structureless; (C)
10.3-14.8 m, fines upward (200 to 125 y), mainly
4 N poorly exposed trough crossbeds, one zone of
soft-sediment deformation; (D) 14.8-20, poorly
205 ~ exposed, (E) 20-24.5 m, coarsens upward (125 to Unit 52: Sultslt:tr;e T:umates 'eq-'-’ tens 0:5,
200 ), contains one 50-cm-thick zone of white |52 1 Sel & urated e
4 s and yellow fine-grained clasts, upper two-thirds ’
contains trough crossbeds, (F) 24.5 m to top, fines 51 | Mg Unit 51: Mudstone. Light alive gray, slightly
i upward (200 p-100 y), structureless. poorly exp
50 | Sa | Unit 50: Sandstone, 70 1. Massive and
4 structureless, tar saturated.
20— T 7T+ T

SECTION 1 INTERVAL: 200 to 250 m SECTION 1 INTERVAL: 250 to 300 m
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{ 73 | sb

72

Unit 74: Sandstone, 170 . Contains 10 percent
mudstone clasts, base of channel is undulose.

Unit 73: Sandstone. Basal 1 m is 200 u, upper 7.5
m coarsens upward (125 to 170 ), well sorted.
Basal 1 m is trough crossbeded and contains 10
percent mudstone clasts; upper 7.5 m contains
wedge-shaped sets of planar laminations, wedge
sets are 30 c¢m or less thick and have low-angle
truncations, wedge sets dip 10 °toward N. 30°E.,
minor soft-sediment deformation and one trough
crossbed.

Unit 72: Mainly covered. Minor outcrops of red and
green mudstone, 100-p sandstone, 125-u
tar-saturated sandstone, and 90-y rippled
tar-saturated sandstone.

Unit 71: Sandstone, 125-225 p. Sharp base
truncates unit 70; most of unit contains 20-cm-thick
trough crossbeds; 20-cm-thick lenticular zone of
mudstone clasts about 70 cm above base;
30-cm-thick bed of rippled 125-u sandstone at top.

Unit 70: Sandstone, 90 . Lenticular geometry,
well cemented, buff, structureless.

Unit 69: Sandstone. Basal 2 m is 240-260-n.
sandstone containing trough crossbeds, mudstone
clasts along trough cross laminations; upper half of
unit is 90-u sandstone, rippled, partly covered.

Unit 68: Sandstone, 175 1. Sharp base with at
least 1.5 m of relief; basal half contains
30-cm-thick trough crossbed sets; upper half
rippled and contains frough crossbeds {?).

Unit 67: Sandstone, 150-175 p. Trough crossbeds
throughout, several lenticular zones containing
clasts i di 5cm).

Unit 66: 110-150 u. C

debris near base; basal 1 m containing trough
crossheds overlain by 2 m of planar laminations
with parting lineations; upper 1 m contains
interference ripples; 40 m from measured section
lenticutar 70-cm-thick zone containing limestone
clasts and bioclastic debris (?).

Unit 65: Sandstone, 100 . Clast-supported
mudstone and very fine grained sandstone clasts,
coarse-tail grading, largest clast 10+ cm in
diameter, IFC zone lenses out into sandstone.

Unit 64: Sandstone, 110-150 p, moderately to well
sorted. Basal 5 cm containing mudstone clasts;
most of unit is trough crossbedded, some troughs
have mudstone clasts at their bases, bed-set
thickness 80-100 cm; 30-cm-thick lenticular rippled
zone at top.

SECTION 1

INTERVAL: 300 to 350 m.
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40!

395 %0

(8¢

o<(o
22T

Sb

. decreases upward (from 20-50 cm near base to 10

Unit 89: Sandstone, fines upward {225 to 175 p).
Trough crossbeds throughout, size of troughs

©m near top); ostracodes throughout (average 20
percent, from few percent to 35-40 percent),
concentrations of ostracodes in some troughs.

Unit 88: Mudstone. Red, thin, 65-u muddy
beneath unit 89.

385

Mr

St
Mg

Mr

Se

375 L— 85

Mg
Mr

82

Unit 87: Sandstone, coarsens upward (75 to 175
w. O and ooids in
upper two-thirds; top 10 cm consists of 50 percent
sand and 50 percent cstracodes.

Unit 86: Sangstone and mudstone. Basal 35 cm is
rippled sandstone that coarsens upward (75 to 175
4); basal unit is overlain by 1 m of fine to very fine
grained muddy (in places) sandstone; upper part
of unit is alternating red and green mudstone,

Unit 85: Mudstone and minor sandstone (65-70 )

and limestone. Mudstone is red, purple, and green,

poorly exposed, contains ostracodes in places and

interbeds of sandstone; basal 30 cm is tar saturated
45-cm-thick i

overlies basal unit.

Unit 84: Mudstone. Red with green mottles, less
than 1 percent ostracodes.

Unit 83: Interbedded mudstone and sandstone
(60-80 y). 70-cm-thick rippled (?) sandstone at top
of unit.

Unit 82: Mudstone and sandstone (80 p). Poorly
exposed red, green, and purple mudstohe that
contains sandstone interbeds, uncommon
ostracodes in red mudstone.

81

Se

Unit 81: 80 p. ly b
ion follows burrows.

80

M

—_—
L 79
XXXXX ?

N

Se

78

»
»

,6‘“ 77

Mg

Sb

356 7

Mg

75

Sb

Unit 80: Mudstone, red.

Unit 79: Sandstone, 80 y. Planar laminations and
few ripples, some mudstone beds, bentonite (?)
near base.

Unit 78: Mudstone and sandstone. Green and
minor red in by poorly
80-y, muddy sandstone.

d

Unit 77: Sandstone, 100 . Current ripples, traces
of vertical sand-filled burrows.

Unit 76: Mudstone. Green, poorly exposed.

Unit 75: Sandstone, 170-275 . Basal 1 m contains
trough crossbeds that decrease in size upward;
overlain by 60 cm of smaller trough crossbeds
containing clasts; upper 3 m is structureless.

350+——— 24—

SECTION 1

INTERVAL: 350 to 400 m
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450

143

100

Sb

Unit 101: Sandstone, 100 u. Very poorly exposed,
mudcracked green mudstone partings in
sandstone.

Unit 100: Sandstone, 100 p. Base sharp, truncates
all of unit 99 and top of unit 98 in places; lag
deposit at base composed of limestone clasts and
small red (oxidized) wood impressions; massive
and structureless.

Unit 99: Mudstone and siltstone. Greenish-gray
grades upward to laminated calcareous

99

Mg

98

97

96

95

S

®

siltstone.

Unit 98: ! fi and

Limestone composed of coated ostracodes as

much as 1.5 mm in diameter, bed thickness 30-80

cm, limestone beds separated by greenish-gray
with

Unit 97: Covered. Very thick soil cover.

Unit 96: Mainly covered. Several outcrops of
tar-saturated limestone, siltstone, and mudstone
with uncommon ostracodes.

Unit 95: Sandstone, 100-110 u Base sharp and
slightly irregular; basal 2-3 cm composed of IFC;
lower 20 cm contains clasts of limestone (simifar to
top of underlying unit), bone fragments, fish scales,
and small (2-5 mm) round concentrically zoned
grains, maximum size of clasts is 3.5 cm; planar

94

—
Se

93

Mg

4001—

92

LN

Sb

L2l

Mg

S

[

Mg

90

ions (2), ripples (7).

Unit 94: Siltstone (medium grained) and limestone.
Siltstone grades upward into micrite. Large turtle
plate.

Unit 93: Mud! fine-grained. gray
(5GY 6/1), very calcareous, poorly exposed.

Unit 92: Sandstone, fines upward (150 to 125 y).
Base is sharp and flat, 40-cm-thick zone at base
contains matrix- and clast-supported subrounded
clasts of mudstone and (or) limestone; sandstone
contains trough crossbeds, size of troughs

I lute bedding;

upward, larg
ripples only In upper 1 m.

Unit 91: Mudstone, sandstone, and siltstone. Basal
1.1 m of is pale-olive (10Y 6/2), noncalcareous
mudstone; 1.1-2.2 m above base is sandstone,
140-150 u, 0-15 percent small yellow grains
(weathered ooids?), planar laminations overiain by
interval in which sedimentary structures are poorly
exposed and there is at least one trough crossbed;
2.2 mtotop is gray, fine-grained siltstone that
grades upward to greenish-gray, noncalcareous
mudstone or very fine grained siltstone.

Unit 90: Covered. Slope covered by soil and talus,
few thin outrops of tar-saturated sandstone, red
mudstone beneath soil cover.

SECTION 1

INTERVAL: 400 to 450 m
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112

Unit 119: Mudstone, silty, one 10-cm-thick
fine-grained sandstone bed. Green.

Unit 118: Sandstone, fines upward (140 to 65 p).
Base sharp and scours underlying limestone in
places, limestone clasts at base; basal 20-40 cm of
unit scoured into by overlying sand, contains planar
laminations, one set of tabular-tangential or trough
crossbeds in basal 60 cm; 60 ¢m to top contains
planar laminations and ripples (both wave and
current), trough crossbeds 1.1-2.3 m above base.

Unit 117; Limestone, fine-grained, silty. Laminated
in places, tar saturated.

Unit 116 Mudstone, fine-grained. Pale green (10G
6/2), slightly calcareous.

Unit 115: Sandstone, 90 u. Tar saturated.

Unit 114: Mainly covered. Outcrop of siltstone near
middle.

Unit 113: Sandstone, 90 . Current ripples, tar
saturated.

Unit 112: Covered.

Unit 111: L C of
coated ostracodes, and 0oids (?).

Unit 110: Li
contains ostracodes, tar saturated.

Micrite, poorly ]

110

108 | Mg

107

106

Unit 109: very fine grained. Base
gradational with underlying siltstone, amount of
ostracodes increases upward to 30 percent near
top.

Unit 108: Siltstone, medium-grained. Light gray,
rippled (?), poorly exposed.

Unit 107: Mainly covered. Thin outcrops of
dark-gray calcareous mudstone, grayish-green
tar and siltstone.

Unit 106: Siitstone. Pale olive, calcareous, few
percent 15-cm-thick fine-grained
limestone about 1 m above base.

Unit 105: Lil O
tar-saturated.

Unit 104: Pale olive gray, calcareous.

104

102

Unit 103: Sandstone, very fine grained (fines
upward). Two beds, upper bed contains 5-10
percent ostracodes.

Unit 102: Mainly covered. Medium-grained

calcareous siltstone and silty greenish-gray
mudstone in holes dug into soil.

450

SECTION 1

INTERVAL.: 450 to 500 m
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Unit 126: Sandstone, very fine grained. Rippled,
b ostracodes in places, tar saturated.
o Unit 125: Limestone. Small domal stromatolites
and horizontally laminated zones, contains coated
J grains and limestone clasts; top 10 cm is micrite; tar
saturated throughout.
b Unit 124: Mudstone. Light green, very poorly
exposed.
125 Unit 123: Sandstone, 80 p. Rippled, concentrations
of mica along bedding planes.
|
1 ! 124 | Mg Unit 122; Siltstone, medium-grained. Calcareous,
[123] brown, basal 20 cm of unit covered.
:_22_?_ Se Unit 121: Sandstone, 100 p. Rippled.
120 Unit 120: Siltstone. Poorly exposed.
5001t 7T 77—
SECTION 1 INTERVAL: 500 to 504.7 m
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Unit 12: Mudstone, siltstone, and sandstone. Basal
1.1 m is red mudstone; 1.1-1.2 m is medium-gray
siltstone; 1.2-1.9 m is green mudstone; 1.9-3.1 is

3.1-6.35 m is medium-gray siltstone,
minor plant Impressions; 6.1-6.35 m is siltstone,
hard, forms ledge, massive and structureless;
6.35-6.5 m is greenish-gray mudstone; 6.5 m to top
is 80- sandstone, friable, poorly exposed.

Unit 11: Sandstone, mainly 80-180 . (no consistent
grain-size trend), a few zones of 270-280-p.
sandstone containing IFC. Base is only partly
exposed but appears irregular; basal 2 ¢cm of unit is
270-u sandstone containing abundant siltstone and
mudstone intraformational clasts as much as 5 cm
in diameter; basal 5 m contains several lenses of
matrix- and clast-supported intraformational
conglomerate in 220-y sand matrix; basal third of
unit is 125-180 p, low-angle planar laminations and
trough crossbeds; middle third is 130-175 ., ripples
overlain by planar laminations with low-angle

Sa

upper third of unit is 80-140-y
sandstone, sedimentary structures poorly exposed,
probably mainly trough crossbeds; several parts of
unit are tar stained.

Unit 10: Mainly covered. Few outcrops of 175-n
sandstone containing planar faminations and twig
and branch impressions.

Unit 9: Siltstone. Light gray, slightly calcareous,
hard, massive and structureless, lenticular.

Unit 8: Mudstone. Reddish purple, upper zone
greenish mottied.

Unit 7: Sandstone, 125 y. Breaks into
5-10-cm-thick wavy (rippled ?) slabs, slightly
calcareous.

Unit 6: Mudstone. Most of unit is medium to very
dark gray, silty, slightly caicareous, structureless
but commonly weathers into thin slabs, local
rippled siltier zones.

Unit 5: siltstone,
and limestone. Basal 25 cm is 100-u sandstone,
load structures at base; 25-32 cm above base Is
light-gray silty mudstone; 32-42 cm is 125-p.
sandstone, base gradational and top sharp,
structureless; 42-45 cm is mottled coarse-grained
siltstone; 45-52 cm is very fine-grained sandstone,
slightly irregular base and top; 52-57 cm is rippled
siltstone; 57-87 cm is 90-u sandstone,
structureless, hematite stains in places, base and
top relatively sharp; 87-100 c¢m is gray limestone
containing ostracodes; 100 cm to top is 80-p.
lower half l upper half
contains ripples and wavy planar laminations.

Unit 4: Mudstone. Mainly red; upper 40 cm is light
green; 20-cm-thick laterally persistent very fine

10

E

A1

5
4
-
2
1

grained bed 50 cm from base of unit;
several other thin lenticular sandstone and siltstone
beds. .

Unit 3: Siltstone and sandstone. Lower 15 cm is
light-olive-gray (SY 6/1), fine-grained siitstone;
upper 15 cm is 100-u structureless sandstone.

Unit 2: Limestone. Yellow micrite; contains some
ostracodes in lower half; recrystallized shell
fragments (7) and an oval oncolite (?) 3cm in
diameter in upper half.

Unit 1: Sandstone, 175 u. Measured near pinch out
of a thick (10+ m) lenticular sandstene body (units
2-6 are at the same stratigraphic interval as the
thick sandstone); 1.5 m of matrix- and clast-sup-
ported basal lag composed of yellow siltstone (60
percent), sandstone (35 percent), and bone
fragments and limestone (5 percent); mainly planar
laminations and lesser trough crossbeds (in places
troughs partly filled with clasts).

SECTION 2
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5| Facies

Unit 18: Sandstone, 75-90 . Poary exposed in
road bed, 75 percent of unit is tar-saturated 90-1
sandstone and 25 percent is 75- y partially
tar-saturated sandstone.

GENERAL NOTE: The contact between units 17
and 18 is at the major switchback in the road
(NE1/4SW1/4SW1/4 of sec, 4). The section
continues up the road toward the northeast.

Unit 17: Sandstone, 80-135 . Unit forms series of
well-exposed ledges separated by sandy soil
(friable sandstone?); well-exposed sandstone beds
contain planar laminations and ripples, lenticutar
geometry; truncates units 16 and 15 toward east
(down road).

Unit 16: Mudstone. Grayish red (10R 4/2),
greenish-gray mottling; one rippled siltstone bed.

Se

Unit 15: Interbedded sandstone (62-90 p),
siltstone, and minor mudstone. Basal 45 cm is
light-olive-gray laminated that grades
upward to rippled siltstone that has carbonaceous
debris along bedding planes; upper 6 m of unit is
interbedded siltstone and very fine grained

some of the is tar stained,
sandstone and siltstone weather into large slabs
that are commonly wedge shaped, curving and are
structureless; unit 15 and 16 are truncated by unit
17 toward west (up road).

Mr

Se

Unit 14: Mudstone, siltstone, and sandstone. Basal
5 m is red mudstone and light-gray siltstone, red
mudstone contains ripples (?), planar laminations
(?), and some soft-sediment deformation (?),
mudstone is laterally and vertically gradational with
fine-grained siltstone, in places siltstone contains
planar laminations; 5-8 m above base is red and
greenish-gray mudstone and lenticular 1-m-thick
very fine grained sandstone with gradational base;
upper 2 m is interbedded slitstone and lesser red
green mud: and

Unit 13: Sandstone, 90-200 u (grain size varies
from bed to bed). Probably consists of numerous
icul: beds that
laterally with and siltstone;

numerous internal truncations (sand-on-sand
contacts) and both basal and internal lenses of IFC

P of i and siltstone
clasts); contains trough crossbeds, ripples, and
planar laminations.

SECTION 2

INTERVAL: 50 to 100 m
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Unit 28: Sandstone, 80 p. Tar saturated.

Unit 27: Sandstone, 90 y. Basal 2.3 m contains
rare ostracodes, tar saturated; top 30 cm of unit
contains 40 percent ostracodes, weak to no tar

staining.

Unit 26: Interbedded green mudstone, siltstone,
and sandstone. Poorly exposed, sandstone very
fine grained.

Unit 25; ed, tar

saturated.

125 p. Poorly exp

Unit 24: Sandstone, 125-170 u (basal 4.5 m
coarsens upward from125 to 170 p, upper 1 m fines
upward from 170 to 145 y). Base appears to
truncate unit 23; unit has lenticular geometry (?);
basal 4.1 m is structureless, internal scours 2-3 m
above base of unit; top 1.5 m contains
well-exposed planar laminations without low-angle
truncations; 3.8-4.6 m above base contains
abundant fine-grained clasts.

Unit 23: Mudstone. Mudstone is green, top 40 cm is
fissile, light-gray, fine-grained siltstone.

Unit 22: Sandstone, 125-170 p. Poarly to
moderately well exposed; basal 2 m is 125-p
sandstone ining some planar H
upper 7 m is 170-u sandstone, structureless, tar
stained (amount of tar i with
increasing grain size).

Unit 21: Sandstone, 125 1. Basal2mis
structureless; upper 5.1 m contains well-exposed
planar laminations with parting i { and

( gle tr ions (dip dil of laminae are
random); in places thin non-tar-saturated zones at
the tops of laminations suggest slight upward
decrease in grain size within laminae, few trough
crossbeds (?).

Unit 20: Sandstone, 85 j.

Unit 19: Mudstone. Red overlain by green, poorly
exposed.

SECTION2

INTERVAL: 100 t0 150 m
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o 4.8 g g P35l < 2 %48 8 8 i
%Emof_’gg zZ|w %Emw?wm Z|
2oc 1 1 1 11 1 L 250 1 1 11 1 1
s Unit 38: Sandstone, 95-105 . Minor matrix-sup-
ported clasts near base, basal 2 m contains planar -
36 laminations (without parting lineations or
low-angle truncations); upper 2 m is mainly (80 -
percent) structureless, ripples (?) near top and
one trough crossbed (?) or scour (?). b ga | Unit 44: Sandstone and siltstone. Base poorly
exposed; basal 2.3 m is very coarse grained
siltstone that grades upward to very fine grained
sandstone, sandstone contains 15 percent
ostracodes in places; 2.3-2.45 m is bed of
35 Unit 35: Sandstone, coarsens upward slightly (70 " Tﬁi‘:ym.}r):;ogsmw ay |32"“tigate? TUU.S“’Y‘G:
10 90 ). Weak tar stain. slightly silty, calcareous; 2.45 m 1o top is
# sandstone, fines upward (185 to 135 y), tar
saturated; 2.45-3.1 m contains planar laminations
-— gy With low-angle truncations; 3.1-3.8 m is
\Z 91 structureless; 3.8-5.4 m contains moderately to
’ . poorly exposed planar laminations; 5.4 m to toj
Sa| Unit 34: Sandsatr%nfe, 90;)5? l:-s"s’asa’ 93m s st | sedimentary structures obscured by tar, may ?
coarsens upward from 90 to 150 i, upper 1.3 m ntain planar laminations (?) and ripples (?).
fines upward from 150 to 110 . Base sharp and contain pianar larmin @ pples (?)
flat; basal 40 cm has 10-15 percent ostracodes,
rippled; 0.4-1.5 m contains ripples; 1.5-1.8 m B
contains planar laminations, 1.8-2.2 m contains
current ripples; 2.2-7 m conatins mainiy pianar <
34 laminations and ripples and some trough
crossbeds, 3.3-3.7 m above base is a zone 4
contains abundant small (under 2.5 cm diameter)
limestone clasts and a few fish scales; at 5 m - ZF
above base 10 percent very small yellow grains Unit 43: Mudstone. Mainly red, some green near
(ostracodes and (or) ooids?); 7-9.3 m contains 50 235 43 | Mr | base; 7.0-7.5 m above unit base is very coarse
percent trough crossbeds and scattered clasts of grained siltstone overlain by 20-cm-thick bed of
~ sandstone and siltstone and 50 percent 4 65-u rippled (in places) sandstone.
structureless; 9.3 m to top contains planar
laminations with parting lineati i
Unit 33: Sandstone, siltstone, and mudstone. Unit h
Mg | consists,of 1.5 m of very fine grained sandstone
33 and lesser coarse grained siltstone overlain by 50 7
Se | cm of green mudstone. 230
32 Unit 32: Sandstone and siltstone. 100-y sandstone
grades upward to very coarse grained siltstone.
42 | gel| Unit 42: Sandstone, 130 . Planar laminations,
crops out in road bed, tar saturated.
175 —_— 1 225
7 b 41 Unit 41: Covered.
Unit 31: Mudstone. Red, contains several thin (less S S
1704 31 | Mr | than 1 m) outcrops of siltstone and very fine 220
grained sandstone in upper half.
4 B 40 | gp | Unit 40: Sandstone, 65-90 p. Crops out in road
bed, top contains 10-15 percent ostracodes.
B J
165
1 39 Unit 39: Covered.
160
i a8 Unit 38: Siltstone, coarse-gralned. Rippled, tar
saturated in places.
1 Sa
155 30 Unit 30: Covered.
i Unit 37: Sandstone, 110 u. Poorly exposed, in road
37 bed only, rock breaks into thin sheets that suggest
i planar laminations.
Unit 29: Limestone, mudstone, siltstone and
Basal 1 m is covered; 1-1.45 above
T ]_311_ base is ostracode grainstone; 1.45-1.60 m is green
29 |2 mudstone; 1.60-1.70 is red mudstone; 1.70 m to top
b [L] is coarse-grained siltstone that grades upward to
100-y sandstone.
L e — £ —
SECTION 2 INTERVAL: 150 to 200 m SECTION 2 INTERVAL: 200 tc 250 m

Stratigraphy of Green River Formation, Uinta Basin, Utah  BB43



LITHOLOGY

SANDSTONE
{microns)

SH & CARB
UNIT
NUMBER

FACIES

DESCRIPTION

250

51

50

49
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48

48

a7

46

45

Sa

Unit 50: Interbedded coarse-grained siltstone and
very fine grained sandstone, Poorly exposed,
some beds are planar laminated and (or) rippled;
one bed of green mudstone near base.

Unit 49: Mudstone. Red and lesser green, unit
poorly exposed, one bioturbated (?) 30-40-cm-thick
siltstone bed.

Unit 48: Sandstone, 100-190 y.. Base is sharp and
flat where exposed, base contains 20 percent
ostracodes and small (less than 3 mm diameter)
yellow clasts; 4.5 m above base is 150-u sandstone
containing 10 percent small yeliow grains (at least
some are ostracodes); lower half of unit is relatively
well exposed but sedimentary structures obscured
by tar, structures include planar laminations and
ripples; upper half of unit poorly exposed, planar
inations with parting li in places.

Unit 47: Sandstone, mudstone, siltstone, and IFC,
Basal 60 cm is sandstone, 130 p, base sharp and
flat, tar saturated, rippled; 60-90 cm above base is
poorly exposed, yellow, silty, noncalcareous
mudstone; 90-160 c¢m is 75-u sandstone that
grades upward to very coarse-grained siltstone,
upper 40 em contains ostracodes (proportion of
ostracodes increases upward from few percent to
15 percent); 160-210 cm is coarse-grained siltstone
containing 10-15 percent ostracodes, 210-250 m I1s
IFC, clast supported, composed of small (fess than
2 cm diameter), well-rounded, oval silistone clasts
in matrix of silt and sand, few thin siltstone beds
near top.

Unit 46 Mud: and siltstone. gray
mudstone, crops out in road bed; top 70 cm is
siltstone with gradational base, siltstone fines
upward, is light gray and moderately calcareous.

Unit 45:
saturated.

d, tar

140 1. Poorly

BB44

T T T T

SECTION2

INTERVAL: 250 to 300 m

Evolution of Sedimentary Basins—Uinta and Piceance Basins

&  uTHoLoGY al .,
g SANDSTONE | | W
S %ok (moons) 2 g S DESCRIPTION
o Y2 8 8 23| <
5 = wd2 ] 8 e
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Unit 56: Sandstone, coarsens upward (75 to 150
56 #). Planar laminations (33 percent), ripples (33
percent), and structureless (33 percent).
335
1 Unit 55: Mainly covered, Probably composed of
i green mudstone and subordinate sandstone and
55 siltstone; sandstone is very fine grained, tar
330 saturated, and crops out at 4-5 m and 8.5-9 m
above base of unit, lower sandstone contains 10
4 percent ostracodes.
| J— [Se]
325
oo Se
320
b Unit 54: Sandstone, 90 p. Few percent
=) © 54 | Se | ostracodes, tar saturated.
L.
3159 r--=
1
R 1
)
Lemo
4 £I3
'
! Unit 53: Interbedded green mudstone and lesser
] e _ 53 | Mg | siitstone. Very poorly exposed.
puage
310 !
1
4 L.
r-2
4 !
1
50 Unit 52: Sandstone, very fine grained. Tar
saturated, crops out road bed.
Sa
Unit 51: Sandstone, 70-125 p. (coarsens then fines
upward). Lower two-thirds of unit contains few to
51 10-15 percent ostracodes; lower 8 m is 50 percent
planar laminated and 50 percent structureless; top
d \ 1 m contains mix of ripples and planar laminations;
= tar saturated.
0 t+——T— | T
SECTION 2 INTERVAL.: 300 to 350 m
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Unit 62: Sandstone. Poorly exposed in road bed,
minor green mudstone.

Unit 61: Interbedded limestone and green
mudstone. Basal 3.7 m s green mudstone
containing two sandstone beds (lower bed 20 cm
thick and 150 y, and contains small clasts; upper
bed is 50 cm thick and 70 ) near middie of
subunit; 3.7-4.3 m above base is ooid limestone
containing some ostracodes, 4.3-5 m is silty
micrite (?), very light gray, contains sparse to
i clasts and ;5-5.7
m is imestone composed of pillar-type
stromatolites and abundant ostracodes and ocids
(?) and minor bone fragments and fish scales;
5.7-6.1 m is green fissile mudstone containing few
thin interlaminations and «regular patches of
6.1-6.3 m is ostrac grai
6.3-7.6 m is interbedded green mudstone (60
percent}, ostracode grainstone (20 percent), and
siltstone (20 percent), green mudstone contains
ostracode-filled mudcracks, some siltstone beds
contain ostracodes and mudcracks; 7.6 m to top 1s
green mudstone.

Unit 60: Green mudstone and minor sandstone
and silistone. Greenish-gray mudstone crops out
in road bed, several 25-40-cm-thick sandstone and
siltstone beds.

Unit 59: Sandstone, 150-250 p. Base is sharp with
minor relief; basal 50 cm contains planar
laminations and matrix-supported clasts of
mudstone, siltstone, and some limestone, clasts
sand sized to 3 cm diameter, ostracodes, fish
scales, and bone fragments; 50 cm to top is
structureless, few percent ostracodes in 250-u
sandstone about 1 m above base of unit.

Unit 58: Interbedded siltstone, mudstone, and me-
stone. Basal 1.7 m is covered; 1.7-2.4 m above
base is fine- to coarse-grained siltstone, light gray,
slightly calcareous, contact with overlying
limestone gradational; 2.4-3.6 m is silty micrite (?},
yellow, structureless, local small irregutar
hematite-filled tubes (roots tubes?); 3.6-4 m is
greenish-gray mudstone, base gradational and top
fairly sharp, calcareous, silty, typical mudstone
weathering; 4-4.2 m is silty micrite similar to
siltstone 2.4-3.6 m above base; 4.2-465m is

gray and yellow silty,
calcareous, base sharp and top gradational;
4,65-5.5 m is ooid (?) limestone containing
ostracodes and small limestone ciasts near center,
5.5 m to top is silty mudstone, upper few
centimeters laminated, most has typical mudstone
weathering.

Unit 57: Sandstone, very fine grained. Tar stained.

3501+
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Unit 75: Sistone. Weathers into thin (less than 1
cm) plates planar i
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Unit 74: Mudstone. Greenish gray, massive and
structureless, reddish-brown mottling in places.

Unit 73: Siltstone. Basal 15 cm is tar-saturated,
coarse grained, rippled (?) siltstone overlain by
finer grained, generally poorly exposed, siltstone.

Unit 72: Mudstone. Basal 1 m is grayish red (5R
4/2 to 10R 4/2); 1-1.3 m is transitional color zone of
mottled red and green; 1.3-2.5 m is greenish gray
(10GY 5/2), calcareous, contains small bone
fragments, clasts, and fish scales and thin tubes
(roots ?); 2.5 m to top is grayish red, contact with
underlying green mudstone sharp; massive and
structureless.

Unit 71: Siltstone. Grades downward to under-
lying sandstone and upward to overlying
mudstone.

Unit 70: Sandstone, coarsens upward from 100 to
140 , then fines upward from 140 to 80 .. Sharp
base with few centimeters refief; basal 90 cm
contains well-exposed planar laminations and
hummocky cross-stratification (?) (probably mainly
swales), small minor (less than 1 percent)
chips, and mica

concentrated along bedding planes, base of 100 u
and upper zone bimodal (100 and 250 p sand)
averaging around 125 p; 90-180 cm above base
contains planar laminations with low-angle

ions ar ike features (troughs? and
(or) swales?); 180-350 cm is planar laminated (70
percent) and rippled (30 percent); 350 cm to top is
rippled.
Unit 69: Mudstone and siltstone. Base of unit is
yellowish-gray (5Y 7/2) and dusky yellow (5Y 6/4)
mudstone; center of unit is tar-saturated siltstone;
top of unit is light-greenish-gray mudstone grading
upward to yellow gritty rock (tuff?).
Unit 68: Sandstone, mainly 70-90 p, zones of
200-y sandstone (?). Base is sharp; basal 1 m
contains trough crossbeds and abundant
ostracodes, has bimodal size distribution (70-90-p
sandstone and 250-u sandstone and ostracodes);
middie of unit contains planar laminations; top 30
cm contains planar laminations and thin zones of
clasts and ostracodes.
Unit 67: C or silty fi
Base is sharp and slightly irregular, mudcracks (?)
at top of unit, tar saturated.
Unit 66: Mudstone. Olive gray and light greenish
gray, in places colors interlaminated, burrows (?),
typical mudstone weathering.

Unit 65: Sandstone, 70 y. Base of unit covered,
rippled (7).

Unit 64: Green mudstone. Poorly exposed in road
bed, few thin sandstone beds.

Unit 63: Sandstone, 140-240 u, lower half of unit
coarsens upward from160 to 240 y, upper half of
unit fines upward from 240 to 140 . Underain by
at least 70 cm of tar-saturated fine-grained
fimestone; base of sandstone is sharp and has at
least 1.5 m of erosional relief; basal 5.5 m has
clast- and matrix-supported IFC, IFC zones
faterally discontinuous, pod and lens shaped, IFC
zones 2-40 cm thick, some cl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>