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PETROLOGY, GEOCHEMISTRY AND STRATIGRAPHY OF
BLACK SHALE FACIES OF GREEN RIVER FORMATION

(EOCENE), UINTA BASIN, UTAH

by M. Dane Picard, William D. Thompson?® and Charles Ross Williamson?®

ABSTRACT

The black shale facies of the Green River Forma-
tion (Eocene) probably has generated more petroleum
than any other lacustrine facies. It is the most produc-
tive rock unit along the Bluebell-Altamont-Cedar Rim
trend, which eventually might produce a billion barrels
of oil (James Wilson, vice-president, Shell Oil Co., in
West, 1972). Detailed sedimentologic study of the
black shale facies and related beds began in 1971.

The facies contains the oldest rocks assigned to
the Green River Formation in the Uinta Basin of Utah.
These beds also are older than any beds assigned to the
formation in Wyoming and Colorado. The upper part
of the Colton Formation, a predominantly fluvial unit,
is equivalent in age to the black shale facies, a pre-
dominantly lacustrine unit.

On the basis of lithology and electric log charac-
teristics, the black shale facies is divided into five litho-
logic units: four lacustrine rock units designated A
through D, and one fluvial unit, the Wasatch tongue of
the black shale facies. Rock units B and D contain
more carbonate rocks (micrite, biomicrite and sparite)
than units A and C, especially in the east part of the
Uinta Basin. Rock units A and C were deposited when
the lake covered a smaller area and they contain more
fine-grajned terrigenous rocks than units B and D.

Sandstone and siltstone in the facies are arkose
and lithic arkose, and contain 26 and 22 percent feld-
spar, respectively. Potassium feldspar is much less
abundant than plagioclase and is represented mainly by
microcline and lesser amounts of orthoclase. Most of
the feldspar exhibits moderate to nearly complete
alteration (sericitization, vacuolization and kaoliniza-
tion).

The dominant carbonate rocks are micrite and
dolomicrite. Algal biomicrite is next in abundance and

'Professor of geology, Department of Geological and
Geophysical Sciences, University of Utah, Salt Lake City,
Utah.

2Union Oil Company of California, Durango, Colorado.

3Humble Oil and Refining Company, Houston, Texas.

is common in the facies. Other carbonate rocks in-
clude: silty micrite, sandy micrite, ostracodal bio-
micrite, sandy intramicrite, sandy sparite, algal bio-
sparite and oosparite.

The geochemistry of five micrites and one algal
biomicrite are compared with four silty micrites and
four silty oil shales. All of the silty rocks contain 10
percent or more silicon, in contrast with the micrites
where silicon is present in small amounts. Among other
major elements, aluminum, iron, potassium (?) and
titanium are all more abundant in the silty rocks than
they are in the micrites. The differences probably are
related to the presence of the much larger detrital frac-
tion in the silty rocks. Larger amounts of calcium and
magnesium in the micrites reflect the larger amounts of
carbonate minerals in these rocks.

Among the minor elements, boron, beryllium,
cobalt, copper, niobium, nickel (?), yttrium, ytterbium
and zirconium are more abundant in the silty rocks
than in the micrites. Apparently the large concentra-
tions of beryllium, niobium, yttrium, ytterbium and
zirconium result from their concentration in detrital
minerals in the silty rocks. Strontium is more abundant
in the micrites because of the large amounts of car-
bonate minerals in these rocks.

On the basis of the relative abundance of plagio-
clase feldspar and recrystallized and stretched meta-
morphic quartz, the major source area probably was
the San Juan region of southwest Colorado. Subordi-
nate sedimentary sources were the Uinta Mountains,
Gunnison Uplift and the San Rafael Swell.

Much of the oil and gas production in the Green
River Formation in the Uinta Basin is from the black
shale facies or from equivalent rock units. Production
from intervals within the facies occurs at: Altamont,
Bluebell, Blacktail Ridge, Cedar Rim, Cottonwood
Wash, Indian Ridge, Monument Butte, Pleasant Valley,
Bitter Creek, Chapita Wells and Gypsum Hills. Oil in
these fields mainly originated from source beds of the
black shale facies. Because migration distances were



short (less than 1 mile), exploration can be confined to
areas where source beds and traps are juxtaposed.

INTRODUCTION
Scope

Although petroleum reservoir rocks have been
researched considerably, few studies on the strati-
graphy and petrology of fine-grained petroleum source
rocks have been published and thorough studies of
lacustrine source and reservoir rocks are scarce. Recent
petroleum discoveries in the Uinta Basin, Utah, in the
black shale facies of the Green River Formation
(Eocene), have aroused substantial economic interest in
the black shale facies and the fine-grained rocks it
contains.

The presence of the large hydrocarbon reserves in
the black shale facies prompted stratigraphic and petro-
logic study of the basal unit of the Green River For-
mation. This paper, therefore, is the first detailed
study of the black shale facies, herein divided into five
rock units. The principal aims of the study are: to
contribute to further understanding of fine-grained
sedimentary rocks; especially lacustrine fine-grained
rocks; to reconstruct the environments of deposition;
to contribute to source bed studies; to deduce the
geologic history of Lake Uinta during deposition of the
black shale facies; and to increase understanding of this
important productive interval in northeast Utah.

Location and Structural Elements

The area studied (figure 1) is the Uinta Basin of
northeast Utah, which is bounded by the Strawberry
Reservoir on the west, the Utah-Colorado border on
the east, the Uinta Mountains on the north and the
Book Cliffs on the south. During the Laramide orog-
eny and later structural episodes the following positive
structural elements were formed: the east-west trending
Uinta Mountains and the north-south trending Wasatch
Mountains and Douglas Creek arch. Earlier, during the
Permian, the north-south trending San Rafael Swell
underwent slight movement; major deformation of the
swell, however, also took place during the Laramide
orogeny. The Uncompahgre became a positive element
during the Pennsylvanian. All of these tectonic features
enclose the sharply asymmetrical Uinta Basin syncline
and furnished sediment to Lake Uinta in Utah during
deposition of the black shale facies.

Methods of Study

Electric well logs and lithologic logs were used to
define and correlate the separate rock units in the
black shale facies and to determine the changing lithol-
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ogy of each rock unit in wells throughout the Uinta
Basin. Field studies were made to compare well log
interpretations of lithology with actual outcrops.
Stratigraphic cross sections (figure 2) and isopachous
maps were constructed from well-log information to
provide a better understanding of the stratigraphic
relationships in each rock unit.

Thin sections from rock samples collected from
well cores and outcrops in the south central and south-
east Uinta Basin were studied petrographically. The
mineral contents of two-thirds of the samples were
determined by X-ray diffraction.

In addition to the reconnaissance stratigraphy,
field studies were conducted in the southwest part of
the Uinta Basin of the black shale facies and the
Colton Formation (Paleocene?-Eocene) to determine
the paleocurrent system.

HISTORY OF NOMENCLATURE

Picard (1955, p. 83) originated the term “black
shale facies” for the oldest rock unit of the Green
River Formation in the Uinta Basin (figure 3). As origi-
nally defined, the black shale facies underlies Bradley’s
(1931) delta facies and is correlative with his basal
tongue of the Green River Formation and his overlying
tongue of the Wasatch Formation (Paleocene?-Eocene).
The designation black shale facies of the Green River
Formation was used by Picard (1955, p. 84) because
of the dark gray to black color of many of the fine-
grained rocks in the unit. He recognized large amounts
of carbonate present in the black shale facies and
stressed the general extent of the black shale facies and
regional correlations and relationships of the unit to
closely associated rock units. At the time the rock unit
was largely undescribed because of its limited surface
exposure as compared with its regional subsurface
extent.

Further details concerning the stratigraphy of the
black shale facies were presented later in three regional
cross sections (Picard, 1957); an isopachous map of the
unit was included (Picard, 1957, p. 124) and the lithol-
ogy, general paleontology, facies changes, correlation
and paleogeography were discussed.

Abbott (1957, p. 104) retained the black shale
facies nomenclature, but proposed that it be expanded
to include a younger unit, the second lacustrine facies,
which was originally described by Bradley (1931). This
change also was made by Picard (1957) and the appro-
priate rock correlations are shown on his cross sec-
tions. Abbott (1957, p. 104) suggested that the terms
“upper black shale facies,” “Colton tongue,” and
“lower black shale facies” be substituted for the terms



Picard, Thompson and Williamson—Black Shale Facies, Green River Formation, Uinta Basin

. WYOMING
a -H“_I._“". - . e o
-
—_— —
\ ( PN TR
Y. o - —
= i —— /\ch;ke_ SprBlpgncih Whiterocks (N
= )
3 | Fork <o* S sin \irﬂewmer Hills
/ : T N “//,_\/ ~ SYNe 4/ ° \élernal o
a |onc ) e N Asphalt [o]
© | S AN Rimrock! o
'— \ S'Irauh( ey —_ - - r/l/ D RUOSEVSI[ \COW Wash o
<C ]‘ Reservoir \'—Q\ ad
%) @ ’ Rivig Red Wash AN O
<C \] . Duchesne ’\/—\\ D R aven U
= b ~ Pariette 2% Ridge
o g .
~d J o (Myton Bench) se o ChOpIta Ung;
» Thistle T T ‘ 3 Y ] C\
Area & & w %
¢ Argyle Canyon E H >
- T==,. Minnie Maud 8 (’%"’\
\“y‘,f ‘%’r”_ ‘,9@4” - \ I%L
\" & P.R. Sprlng =2
&/ m
=
| N i
f Sunnyside Hill '
UTAH 1 \ Creek
| S
/ i N
INDEX MAP r / i
| [ 7 4
\ P / '('-,9,9
\ F7~ ' £
\ l
\\
1
390 —— / N :
~

Figure 1. Index map of Uinta Basin showing positive areas, oil-impregnated sandstone deposits (black patterns), geographic localities

and area of study.



Utah Geological and Mineralogical Survey Bulletin 100, 1973

L~
K\ STRAWBERRY

- WYOMING i
" DAGGETT CO.
SUMMIT CO. . 1T L 1
L I - _/\/“-/AN’ ; ,_' L.
' /u____//\/\/-\/"' i \_.f \W /’ \‘ :
4’”\" <A MOUNTAINS L
~ a u\m |
S~ | '

|

WASATCH CO.

CJROOSEVELT
DUCHESNE CO.
( RESERVOIR UINTAH CO.

CRDUCHESNE

Dl

UTAH
COLORADO

N
L CARBON CO.
Y A
\
\ .

Il, J S I _& ________________________ _ ]
| /
| EMERY CO. . GRAND CO.
| ; E D :
! 1
| SAN RAFAEL o '
! SWELL f »‘—E’;‘
| f |
[ é MILES 0 3 12 MILES B&\Q/\ 1
i § SN

Figure 2. Index map of Uinta Basin showing location of subsurface stratigraphic cross sections.




Picard, Thompson and Williamson—Black Shale Facies, Green River Formation, Uinta Basin 5

Bradiey (1931)
modified_slightly
Gate Cn. | Watson Cn.

Picard
| (1955,1957 1959)
Western T Central | Eastern
Uinta Basin|Uinto Basin|Uinta Basin

Abbotf
{I1957)

THIS PAPER

Western and Cen
Uinta Bgsin

tral

;Eas&ern
Uinta 8asin

Garden
Gulch
member

——f ———— o

Douglas

delta
facies

Creek
member

basal
member

green
shale
facies

——7—

/
/
/
/

GREEN RIVER FORMATION

Wasatch
Formation

black
Shale
facies

green
shole

Garden
Guich
member

Douglas
Creek
member &
Deita

facies

[ _7— |
biack

shale

Douglas
Creek
member

facies

green shale
facies

Garden
Gulch
member

upper
black shalef
facies

facies
Wasatch’
Tongue

Wasatch

Coiton.
tongue.

lower
black shale|
facies

unit D

Wasatch
tongue

unit B

unit
[

Douglas
Creek
member

unit O
'Was. 2 unit
tong, 2C

unit B

unit A

"Cotton"

Formation

Wasatch

Formation

Formation

Calton

Formation

Colton

Formation

Wasatch

Formation

WASATCH FORMATION

Figure 3. Stratigraphic nomenclature chart for rock units of
lower part of Green River Formation in the Uinta Basin,
Utah.

“second lacustrine facies,” ‘“Wasatch tongue,” and
“basal tongue of the Green River Formation’ used by
Bradley (1931).

Picard (1959) presented a correlation of the
black shale facies from the central to the west part of
the Uinta Basin. Previously little was known of the
unit in the west because of sparse well control. Well
control is still much less in the west part than in other
parts of the Uinta Basin. Picard (1959, p. 148), how-
ever, suggested that the stratigraphy of the Green River
Formation appeared favorable for future oil and gas
production in the west Uinta Basin area. Subsequent
drilling confirmed this, and, if anything, has indicated
that Picard’s previous suggestions were not optimistic
enough concerning the economic potential of the area.

Recently Moussa (1969, p. 1740) suggested that
a new nomenclature is necessary for rocks previously
assigned to the black shale facies in the west Uinta
Basin. On the basis of mapping north and east of
Soldier Summit, Utah, he proposed adoption of the
following new members (from base upward): Middle
Fork tongue of the Green River Formation, Tabbyune
Creek tongue of the Colton Formation and Soldier
Summit Member of the Green River Formation.
Apparently Moussa’s members collectively are equiva-
lent to what previously (Picard, 1957; Abbott, 1957)
was designated the black shale facies, but Moussa
believes (1969, p. 1470) that his three members
include an additional sequence at the top. Picard
(1959, p. 146) shows a thickness of 1,070 feet for the
black shale facies at the Slab Canyon Unit No. 1 (sec.
26, T. 5 S., R. 10 W.), which compares with a thick-
ness of 1,052 feet for Moussa’s three members in the
Soldier Summit area. Slab Canyon is only a few miles
northeast of Soldier Summit.

One must conclude, on the basis of close com-
parison of the appropriate studies, that Picard (1955,

1957 and 1959), Abbott (1957), and Moussa (1969)
all described almost exactly the same sequence of beds
in the lower part of the Green River Formation. The
area studied by Moussa (1969) is small—less than two
townships are shown on his geologic map (p. 1738).
Other workers have not adopted Moussa’s nomencla-
ture, probably for some of the reasons given here,
especially the local extent of his mapping. Moussa is
correct, however, in suggesting that the black shale
facies can be divided into several rock units, which was
done in this paper.

GENERAL STRATIGRAPHY

The black shale facies contains the oldest rocks
assigned to the Green River Formation in the Uinta
Basin. These beds are also older than any beds assigned
to the formation in Wyoming and Colorado. The con-
tact of the black shale facies and the Wasatch Forma-
tion (or Colton Formation) is a facies plane and is
time-transgressive from the central part of the Uinta
Basin toward the margins. Minor regressions and
shifting back and forth of shorelines do not vitiate the
general transgressive character of the contact.

The black shale facies, a predominantly lacustrine
unit, is equivalent in age to the upper part of the
Wasatch Formation, a predominantly fluvial unit. The
exact thickness of each rock type, equivalent in time,
is not known. Including part of the green shale facies
overlying the black shale facies, however, there is at
least 1,700 feet of transgression (as measured in rock
sequence) between the Duchesne area in the central
Uinta Basin and the Red Wash area on the east (Picard,
1957).

When the black shale facies originally was
defined, Picard (1955) presented a reference section
consisting of a lithologic log of one of the thick sub-
surface sequences near Duchesne, Utah. In this well
(Ohio, Ute-1, sec. 26, T. 4 S., R. 3 W.), the black shale
facies is 935 feet thick. Considerable drilling indicated
that the maximum thickness of the black shale facies is
about 1,200 feet and the unit thins to less than 200
feet near the northeast, east and south edges of the
Uinta Basin.

On the basis of lithology and electric log charac-
teristics, the black shale facies is divided into five litho-
logic units: four lacustrine rock units designated A
through D, and one fluvial unit, the Wasatch tongue of
the black shale facies. The rock units include the entire
black shale facies as presently defined (Picard, 1955,
1957 and 1959; Abbott, 1957; Moussa, 1969) and
they can be identified over large areas. Rock units B
and D contain more carbonate rocks than units A and
C, especially in the east part of the Uinta Basin. Rock
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Figure 4. Typical well log section and generalized lithologic
description of black shale facies. Boundaries between
units A, B, C and D are given.

units A and C were deposited when the lake covered a
smaller area and they contain more fine-grained
terrigenous rocks than do units B and D.

Composition of the beds within the lacustrine
units depends on where in the basin they were

Utah Geological and Mineralogical Survey Bulletin 100, 1973

deposited. In the offshore environment (central part of
the lake), mostly dark gray to black fine-grained
clastics and finely crystalline, brown to dark brown,
carbonate beds were deposited. Because the clastic con-
tent and particle size of rocks within the lacustrine
units increase toward the edge of the depositional
basin, siltstone and sandstone are more abundant in
those directions. The rocks were deposited in near-
shore, shallow open-water, nearshore shoal and beach-

" shoreface environments around the margins of Lake

Uinta. Carbonate rocks in the black shale facies are
coarser in texture and contain more silt- and sand-sized
terrigenous grains, oolite, pisolite and shell fragments
near the edges of the basin. The coarser carbonate beds
were deposited in nearshore, shallow open-water, near-
shore shoal and lagoonal environments.

The Wasatch tongue of the black shale facies is a
fluvial unit essentially occupying the same stratigraphic
interval as unit C; it also interfingers with units B and
D. Lithologically, the Wasatch tongue is composed
mainly of red, brown and green claystone and silty
claystone (Picard, 1971) interbedded with abundant
clayey siltstone, siltstone and sandstone. The Wasatch
tongue also contains variegated mudstone. Principal
environments represented by beds of the Wasatch
tongue are fluvial-channel and fluvial-floodplain.

The depositional center of lacustrine units (the
area of more continuous deposition than elsewhere)
generally is oriented east-west, but a bulge near the
middle of the .unit suggests that Lake Uinta was some-
what egg-shaped during deposition of the black shale
facies. During deposition of unit D, the area of
maximum deposition shifted southward. A complete
understanding of the shape of the depositional basin is
not possible at this time, principally because of lack of
well control on the west and northwest.

Figure 4 is a typical lithologic section from a
well in the central part of the black shale facies. The
contacts of the four lacustrine units (A through D)
also are depicted, providing a good reference section of
the lacustrine units in the black shale facies. As noted
previously, a similar reference section of the black
shale facies was given when the facies originally were
named (Picard, 1955, p. 88-89). The four lacustrine
units (A through D) can be determined easily in the
original description by comparing the two lithologic
logs.

Four south-north cross sections (figures 5 to 8)
and two west-east cross sections (figures 9 to 10) show
the electric log correlation of rock units of the black
shale facies. The long normal electric log trace was
used for most of the wells except where the laterolog
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trace was used as noted. Hydrocarbon-producing
intervals within the black shale facies are shown. The
cross sections are geographically located in figure 2.

Figure 11 is an isopachous map of the total
black shale facies. The thickest part of the black shale
facies extends from the central Uinta Basin near
Duchesne, Utah, westward to Strawberry Reservoir.
The north central part of the basin also apparently
contains thick sections, but lack of adequate well con-
trol makes the details of the shape and thickness in
this area speculative. The black shale facies thins
rapidly north and south, but more slowly to the east
(figure 11). The thinning toward the Utah-Colorado
border was caused by the Douglas Creek arch, which
may have existed only as islands during deposition of
the black shale facies.

UNIT A
Distribution and Thickness

An isopachous map of unit A (figure 12) shows
its thickness ranging from less than 100 to more than
300 feet; four areas have thicknesses greater than 200
feet. The areas of greatest thickness represent parts of
the basin where deposition was more continuous than
elsewhere and reflect the areas where deposition
commenced in Lake Uinta. Three of the thick areas
define an east-west oriented band (figure 12), which is
the depositional axis in the initial basin during deposi-
tion of the black shale facies. There may have been
four or more separate lakes to begin with, but the
injtial lakes soon coalesced to form Lake Uinta.

The thickest portion of the depositional basin is
located on the west, southwest of Strawberry Reservoir
(figure 12). Deposition likely commenced in the black
shale facies in this west area and transgressed eastward
as the initial lakes coalesced. Unit A probably is much
more extensive in the west than shown in figure 12;
additional drilling is needed to define the west part of
the Green River Formation in the Uinta Basin.

Lithology

The lithology of unit A reflects varying lacustrine
environments of deposition. Along the central axis of
the basin: offshore lacustrine rocks were deposited. The
most abundant rocks are black, dark gray and grayish
green, thinly laminated, carbonaceous claystone, silty
claystone, clayey and silty mudstone, and clayey silt-
stone. Ostracods are coinmon. Most of the features in
the rocks are the result of deposition below wave base
where organic-rich oozes accumulated slowly. Water
depths are interpreted to be less than 100 feet in Lake
Uinta during deposition of unit A.

Gray or medium brown to brown, crystalline,
fine-grained, clayey, ostrocodal limestone is common in
unit A as are thin beds of oolite and dolomite.

Terrigenous material in the rocks of unit A
increases towards the margins of the basin. The dark
gray to black claystone and mudstone is replaced by
sittstone and sandstone deposited in nearshore, shallow
open-water and beach-shoreface environments. In shal-
low water deposits, the carbonate beds contain silt-
and sand-sized terrigenous grains and broken fossil frag-
ments. Fluvial and lacustrine rocks interfinger at the
basin margins in unit A.

Contacts

The basal contact of unit A and the underlying
fluvial Wasatch Formation (or Colton Formation) is
transgressive, as discussed. previously. Picard (1955, p.
84) placed the contact between the black shale facies
and the Wasatch Formation at the top of the upper-
most red shale of the Wasatch Formation. In a later
paper, Picard (1957) attempted to place the base of
the black shale facies at a consistent electric log
marker. The base of unit A as used here (figures 5 to
7) is the same as that used by Picard (1955, 1957 and
1959) and Abbott (1957), and, in general, by most
other workers in the Uinta Basin. There may, however,
be some variation in placement of the base of the
black shale facies because the lower part of unit A is
gradational with the upper part of the Wasatch Forma-
tion.

The contact of unit A with the overlying unit B
is discussed in the next section.

UNIT B
Distribution and Thickness

Unit B ranges in thickness from less than 100 to
more than 400 feet with three specific areas thicker
than 300 feet (figure 13). The largest thick area is on
the west (figure 13) and nearly coincides with the
thick band in unit A (figure 12). This correlation indi-
cates that the axis of greatest deposition remained
nearly constant during deposition of lacustrine units A
and B.

During deposition of the upper part of unit B,
however, Lake Uinta transgressed eastward and lacus-
trine deposition commenced in Lake Uinta in north-
west Colorado near the Douglas Creek arch and the
Colorado-Utah border. Some of the beds deposited
during this event have been removed by erosion; other
beds are exposed in northwest Colorado.
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Figure 11. Isopachous map of black shale facies.
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The shape of the basin changed during deposition
of unit B and first assumes the general egg-shaped form
mentioned for the isopachous map of the total black
shale facies. The basin west of Roosevelt, Utah, which
was present during deposition of unit A (figure 12),
expanded during deposition of unit B and isopachous
contours reflect this growth as they buige to the north
and south near the middle of unit B (figure 13).

The expansion of Lake Uinta during unit B time
is striking. The lake transgressed across its entire pre-
vious margins, especially expanding to the east and
southeast (figure 13). The extent of Lake Uinta was
about twice as large during unit B time as it was
during unit A time, reflecting the remarkable trans-
gression of the lake to almost the maximum extent it
attained during deposition of the black shale facies.

Lithology

In the offshore environment of unit B in the
deeper parts of the basin, carbonate rocks are slightly
more abundant than fine-grained clastic rocks. Brown,
dark brown, brown black, crystalline, very fine to
fine-grained, clayey and carbonaceous carbonate beds
are the most abundant rocks. Many of the carbonate
beds contain ostracods. Coquinal and coquinoid units
containing algae and ostracods are common. The car-
bonate beds frequently show traces of hydrocarbons.

Fine-grained clastic rocks (claystone, silty clay-
stone and mudstone) in unit B are mostly black, dark
gray to dark brownish gray, tan, thinly laminated,
pyritic and ostracodal. Rare calcite veins are present.

Qil shale is present in rare amounts in unit B.
These rocks, which are not shale and do not contain
oil, are calcareous or dolomitic, well indurated, silty
claystones. In many instances they contain sufficient
fine-grained carbonate to be called micrite-microspar or
silty micrite. Variable amounts of organic matter in the
form of kerogen occur in the oil shale. Rocks rich in
kerogen tend to be papery and dark in color (olive
black, 542/1: Goddard color chart, 1948); those that
are poor in kerogen are massive and light colored. The
oil shale was deposited in an offshore environment
below wave base where organic-rich oozes accumulated
slowly.

Minor amounts of light gray, very fine-grained,
calcareous sandstone, and medium gray, calcareous,
clayey siltstone and siltstone are present in unit B.

Carbonate beds are still abundant in unit B near
the margins of the basin even though clastic beds
- become increasingly abundant at the basin margins.
Ostracodal and algal, coquinal and coquinoidal beds are

characteristic of unit B at many localities. From the
thickest sections of the unit eastward to the Utah-
Colorado border, the carbonate beds become increas-
ingly clayey, silty and sandy, and coarser in texture.
The carbonate beds also contain oolite, pisolite and
fossil fragments (algae, ostracods, pelecypods and
gastropods).

Shallow water deposition in unit B is indicated
by the presence of lignite beds in the east part of the
Uinta Basin. Abbott (1957, p. 104) also noted lignite
in the same unit near Soldier Summit and Sunnyside,
Utah.

Light gray, light brown, calcareous, ‘“‘salt-and-
pepper’’ sandstone, clayey siltstone and siltstone
become more abundant near the margins of the basin.
On the southeast, near the outermost margin of the
basin, mottled brown-red and green sandstone and
fine-grained clastic rocks of fluvial origin interfinger
with the lacustrine carbonate.

Contacts

Where both units A and B are present in the
same section, the contact between the two is placed at
the base of the lowermost thick carbonate sequence. In
general, this position is easily recognized on electric
well logs (figures 5 to 7 and 9 to 10). At localities
where unit B is directly underlain by fluvial beds of
the Wasatch Formation (or Colton Formation in the
west Uinta Basin), the contact is placed at the top of
the uppermost fluvial bed. Figure 8 illustrates place-
ment of the contact on the east side of the Uinta
Basin.

UNIT C
Distribution and Thickness

Unit C and the Wasatch tongue of the black
shale facies are shown on the same isopachous map
because both units occupy about the same stratigraphic
position (figure 14). The dashed thick line represents
the lateral contact between unit C and the Wasatch
tongue. It separates dominantly lacustrine rocks (unit
C) from fluvial rocks (Wasatch tongue) and represents
the approximate position of the average shoreline
during the time of deposition of unit C and the
Wasatch tongue. Considerable effort was expended to
determine the position of the average shoreline, and
the lithologic relationships in more than 50 wells were
examined carefully. Because of numerous minor lake
level fluctuations and intertonguing of the two facies,
however, the location of the average shoreline must be
regarded as an interpretation.
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QUARTZ
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PLAGIOCLASE
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Figure 22. Three-component plot of quartz, K-feldspar and
plagioclase of siltstone and sandstone.

K-FELDSPAR

Alteration of the feldspar is variable; most of the feld-
spar fraction exhibits moderate to nearly complete
alteration (so complete that the grain is barely recog-
nizable). Less than 8 percent of the feldspar is fresh
and unaltered. Three types of alteration are present:
sericitization (or illitization), vacuolization and kaolin-
ization. Of these, sericitization and vacuolization are
the most abundant. Vacuolization imparts a cloudy,
brownish -appearance to the grain. Sericitization forms
tiny flakes that have a yellowish birefringence, ranging
from a few crystals of sericite developed in cleavage
planes to complete alteration of feldspar giving an
aggregate of randomly oriented sericite crystals. Kao-
linite forms tiny flakes throughout feldspar grains
giving them a gray birefringence. Because of the com-
plete alteration of some grains, much of the feldspar
may be from humid source areas.

Figure 22 summarizes the relationships between
percentages of quartz, potassium feldspar and plagio-
clase feldspar. Potassium feldspar (?) is considerably
less abundant than plagioclase feldspar in both the
sandstone and siltstone (tables 1 and 2). The lack of
potassium feldspar probably results from the lack of
potassium feldspar in the source rocks. The possibility
that only a partial staining of the K-feldspar grains
occurred and that much of the untwinned plagioclase
might actually be K-feldspar is rejected. Although this
possibility might account for a small part of the great
difference in relative abundance of the two feldspars,
X-ray diffraction analysis of the sandstone samples also
indicates that K-feldspar is considerably less abundant
than plagioclase. In most of the sandstone samples
analyzed by X-ray diffraction techniques, K-feldspar
was subordinate or entirely absent. The siltstone sam-
ples also contain only minor amounts of K-feldspar

(table 2). Silistone samples were not analyzed by X-ray
diffraction.

Authigenic Carbonate, Chert and Mica

Authigenic carbonate contained in the sandstone
and siltstone occurs as sparry carbonate and micrite-
microspar consists of subtranslucent carbonate grains
ranging from 1 to 8 microns in diameter. Sparry car-
bonate generally forms crystals 10 microns or more in
diameter and can be distinguished from microcrys-
talline carbonate by its clarity and its coarser crystal
size. In the sandstone, sparry carbonate content ranges
from 7.0 to 39.5 percent, averaging about 16 percent
(table 1). The micrite-microspar content in the sand-
stone ranges from 0.5 to 12.5 percent, averaging about
2 percent. The amount of sparry carbonate in the silt-
stone ranges from 9 to 16 percent (table 2), averaging
about 12 percent; micrite-microspar ranges from 8 to
35 percent, averaging about 20 percent.

Dolomite rhombohedra were noted in almost
every sandstone or siltstone thin section. Additional
information derived from X-ray diffraction study indi-
cates that calcite and dolomite are present in all of the
sandstone. Dolomite is more abundant than calcite in
one-half of the thin sections; calcite is more abundant
than dolomite in the other half.

Chert grains average about 6.8 percent of the
sandstone and range from 2.5 to 13.0 percent (table
1). They average about 1.8 percent of the siltstone and
range from 0.5 to 4.0 percent (table 2). The chert is
dominantly composed of microcrystalline quartz grains
and exhibits interference colors of light to dark gray.

Coarse mica in the sandstone and siltstone is
almost all muscovite and biotite in about equal
amounts. Most of the mica is larger than the principal
framework constituents (quartz and feldspar). In the
modal analyses, mica smaller than 1/16 mm is included
with the matrix or with the micrite-microspar (siltstone).

Sedimentary Structures

A detailed study of the bedding types and sedi-
mentary structures was not made. Photographs of
characteristic structures in the black shale facies in the
southwest margin of the basin (Indian Canyon, Minnie
Maude Creek and Gate Canyon), however, are included
(figures 23 to 29).

SILTY AND SANDY MICRITE

Silty micrite (figures 30 to 32) is much more
abundant than sandy micrite in the black shale facies
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Figure 33. Three-component plot of terrigenous grains, allochems and sparry carbonate and
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rocks of black shale facies.
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to transport large carbonate rock fragments are also
capable of washing away micro crystalline ooze. Depo-
sition of the intramicrite took place in an environment
of stronger currents than those present during deposi-
tion of the silty or sandy micrite. '

BIOMICRITE

Modal analyses of the biomicrite are given.in
table 4. These carbonates are almost entirely composed
of fossils (algae and ostracods) and micrite-microspar-
clay. Sparry carbonate, quartz and opaque minerals
(pyrite and marcasite) are minor constituents. The
biomicrites occupy an area between the microcrys-
talline carbonateclay pole and the allochem pole
(figure 33). Folk (1968, p. 155-158) suggested the cur-
rents in the microcrystalline-allochemical rock-
producing environment are weak and short lived,
stronger than those currents in the microcrystalline
environment, but still not strong enough or persistent
enough to winnow the microcrystalline ooze. Sparry
carbonate is subordinate (table 4) because little pore
space was available.

More than one-half of the biomicrite has a grain-
supported texture (figure 36). Algal fragments and
ostracods are the most abundant fossils; gastropod
biomicrite is abundant only at the base of the black
shale facies. Terrigenous material does not exceed 5
percent in any of the biomicrite samples. Vascular
plant fossils are present in biomicrite at Indian Canyon
(figure .35).

On the basis of the modal analyses (table 4), the
average biomicrite contains: micrite-microspar-clay and
fossils, 90 percent; opaque minerals (pyrite and marca-
site), 4 percent; sparry carbonate, 3 to 4 percent; and
quartz, 1 to 2 percent. In the thin sections algal frag-
ments are much more abundant than ostracod fragments.

Algal and ostracodal biomicrite in the black shale
facies generally is olive black (5Y 2/1) or dusky yel-
lowish brown (10YR 2/2). Gastropod biomicrite is
medium gray (N5) or slightly darker.

Biomicrite is especially common in the black
shale facies at Indian Canyon where it is interbedded
with evenly laminated claystone, micrite and biosparite
(figure 37). The biomicrite is thinly laminated and
fissile. Gastropod biomicrite apparently is restricted to
the basal part of the black shale facies and the Douglas
Creek Member.

Most of the ostracod, gastropod and pelecypod
biomicrite in the black shale facies probably accu-
mulated in nearshore, shallow, protected waters. Shells
are intact and filled with micrite.

Gastropods and pelecypods associate with one
another (figures 38 and 39) whereas ostracods tend to
occur separately from the molluscs. Ostracods are
much more abundant than gastropods and pelecypods.
Gastropods and pelecypods probably could not survive
as severe physical and chemical conditions as the ostra-
cods. The restricted occurrence of gastropod and
pelecypod biomicrite at the base of the Green River
Formation in the Uinta Basin is attributed to the
limjted salinity tolerances of the molluscs. Apparently
freshwater conditions prevailed in the early stages of
Lake Uinta and freshwater gastropods and pelecypods
were abundant. At least one gastropod (Helix) found
in biomicrite was a land snail washed into the lake
from surrounding land areas or drowned by an
expanding lake (LaRocque, 1956, p. 143). All other
identified gastropods are freshwater molluscs
(LaRocque, 1956, p. 143) that probably inhabited
lacustrine lagoons or isolated ponds and Ilakes.
LaRocque (1960, p. 63) noted that Viviparus (a com-
mon gastropod in biomicrite) preferred shallow water
and a muddy substrate and was abundant only where
food in the form of minute lower plants and decaying
animal matter was in ample supply.

The algal biomicrite (figure 36) was deposited in
nearshore shoal, nearshore, shallow, open-water and
lagoon environments at sites where the micrite was not
winnowed because of low-water turbulence. Apparently
most of the algal carbonate had little relief above the
lake bottom, but some of it must have had as much as
1.3 meters of relief (Williamson, 1972, p. 56). Poorly
washed biomicrite formed landward of algal shoals and
barriers and in nearshore and lagoonal areas where cur-
rents were weak and intermittent.

SPARITE
Silty and Sandy Sparite

Silty and sandy sparite is a relatively common
carbonate rock type in the Green River Formation. To
distinguish silty and sandy sparite from calcareous silt-
stone and sandstone in the field is difficult, however,
because the sparite is transitional with the terrigenous’
rocks (Picard and High, 1972).

In outcrops along the south margin of the basin,
silty and sandy sparite is yellowish gray (5Y 7/2) to
very light gray (N8). The most abundant bedding is
horizontal lamination; small- and medium-scale trough
cross-stratification also is common. Sandy sparite units
generally are between 0.5 and 2.5 meters thick, but
units as thick as 10.0 meters are present. Sandstone,
siltstone and oolitic carbonate rocks generally occur
immediately above and below sparite and are grada-
tional with the sparite. Terrigenous grains in silty and
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Micrite-microspar-clay forms grains up to 8 mm in
diameter and is generally subtranslucent in thin sec-
tion. The micrite contains less than 4 percent silt-sized
terrigenous grains mostly consisting of quartz and trace
amounts of plagioclase.

Of the fifteen samples of micritic carbonate
Williamson (1972, p. 44) treated for insoluble residues,
only three samples had clay content greater than 15
percent; the maximum was 28 percent. In an earlier
study, Leamer (1966) treated twenty samples of mi-
critic carbonate from the Green River Formation and
also found relatively small amounts of clay (25 percent
maximum). Some of the micrite in the black shale
facies should be termed clayey micrite.

Much of the micrite displays clotted (grumous)
microscopic texture. Diffusely bordered, light brown,
microcrystalline carbonate clots, generally between 30
and 100 mm in diameter, are separated by clearer,
slightly coarser micrite or by vaguely defined pores.
Similar grumous textures are common in fine-grained
marine carbonate. Cayeux (1970, p. 289) attributed
such textures to partial incipient recrystallization of
surrounding calcium carbonate. The reason for selective
recrystallization is not clear. Carozzi (1960, p. 210)
suggested that partial recrystallization may be caused
by an original admixture of aragonite in the calcareous
mud. A second hypothesis for the clotted texture con-
sidered the clots to be primary algal deposits (Hadding,
1958; cited by Carozzi, 1960, p. 210). The clotted
texture of primary algal deposits is well illustrated by
aggregates and algal crusts from the Green River For-
mation, but algae are not responsible for the clotting
that is prevalent in the micrite. The texture is second-
ary in origin, caused by partial pervasive neomorphism
and accentuated by selective dolomitization.

Opaque minerals, which were identified as domi-
nantly pyrite and marcasite, average about 3 percent
reaching a maximum of 11 percent (table 6). Minor
amounts of hematite-stained carbonate also occur.
Several thin sections contain pyrite in distinct lenses
and pockets that are elongate parallel with bedding
planes. Krauskopf (1967, p. 275) notes that metal sul-
fides (of which pyrite and marcasite are the most com-
mon) can be expected to form as sedimentary minerals

“only in very reducing environments (generally environ-
ments with abundant organic material). Micrite con-
taining bedded pyrite and organic material is deposited
in an oxygen deficient, strongly reducing environment.
The hematite staining noted on some carbonate is from
a later post-depositional event when oxidation of iron-
rich minerals occurred.

Another indicator of a strongly reducing environ-
ment is the undisturbed laminar bedding in many of

the micrite thin sections. Normal benthos or bottom-
dwelling organisms do not live in oxygen deficient
environments and thus were not present to disturb the
delicate laminations.

Environments of Deposition

The low terrigenous micrites summarized here are
believed to have been deposited in deep water, off-
shore environments. Such micrite can be confused with
microcrystalline carbonate deposited in lagoonal and
mudflat settings. All the environments are charac
terized by calm-water deposition of micrite. The roK
sequences also are likely to contain dark, organic‘iCh
rocks (oil shale) that are thinly laminated or -arved
and that contain dolomicrite, pyrite and clay winerals.
Of the micrite studied by X-ray diffraction one—half
coutains more dolomite than calcite (table 6)- Appar-
ently, all the micrite, whether deposited in lagoonal,’
mudflat or offshore settings, contains Jage amounts off)
opaque minerals {about 3 percent).

The depth of water of the offshore, deep water
environments is of particular concern in studies of the
Green River Formation. Picard (1959, p. 141) indi-
cated thaf Lake Uinta was no’ deeper than about 200
feet during its history and, for most of its duration,
was much shallower. A reltive water depth chart pre-
pared by him (1959, p. 143) indicates the fluctuations
in the lake level for the various rock units in the west

part of the Uinta Basir.

Bradley (192, p. 103) suggested that a depth
of only 75 to 100 feet was sufficient to preserve the
fine laminations characteristic of much of the forma-
tion. Later he (1931, p. 28) noted that the lakes fre-
quently were shallow at stages of low rainfall. Milton
and Eugster (1959, p. 120) reported that Bradley
believed mzch of Lake Uinta had a depth of several
hundred reet and that during deposition of the oil
shale, Lake Uinta may have been greater than 1,000
feet deep. In contrast, Baer (1969, p. 25) suggested
that lowgrade oil shale accumulated in deltaic settings
in the west Uinta Basin. Four lakes producing a type
of organic ooze—perhaps a modern analogue of the
precursors of rich oil shale—are shallow and do not
exceed about 30 feet in water depth (Bradley, 1966, p.
1334). Several geologists proposed that oil shale forms
in shallow water lagoonal environments as well as
deeper water offshore lacustrine environments
(Twenhofel, 1926, p. 302; Greensmith, 1962, p. 362;
Cashion, 1967, p. 16). The water depth for the off-
shore environment of micrite deposition in the black
shale facies probably was greater than 20 feet (approxi-
mate wave base for a large lake), but less than 100
feet.
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analyses. Because rocks containing solid organic matter
(kerogen) yield oil and gas on destructive distillation,
they are designated silty oil shale. These oil shales,
however, are low grade (low oil yield in gallons per
ton) and are characterized by at least 10 percent silt-
sized detrital grains. All the samples contain some or-
ganic matter, but much less than is typical of moderate
to good oil shale in the Uinta or Piceance Creek basins.

Although quartz is much more abundant than
feldspar, all of the silty rocks contain detrital feldspar
grains. More than one-half of the micrite also contains
detrital feldspar, but generally in amounts too small
(less than 1 percent) to be noted in routine modal
analysis. In all thin sections where feldspar was found
optically or by X-ray methods, plagioclase feldspar
is more abundant than potassium feldspar (tables 7
and 8).

Calcite is more abundant than dolomite. Al-
lochems and sparry carbonate are present in small
amounts only, except for two samples—one containing
13 percent sparry carbonate (table 7), the other 35
percent allochems (mostly algal remains; table 8). The
opaque minerals noted (tables 7 and 8) are pyrite and
marcasite.

Eight of the samples are from the B unit, three
are from the D unit. One sample each is from the
Douglas Creek Member, the Wasatch tongue and the C
unit. ANl the rocks were deposited in lacustrine
environments.

Bedding is well developed in all of the samples
and is characterized by very thin horizontal lami-
nations. There is good parallelism between laminae,
even though some of the bedding is slightly wavy. Two
hundred and fifty lamina were noted in a vertical intes-
val of 1.0 centimeter of one silty, low-grade, oil shale
sample, which indicates the thinness of the bedding.
Commonly, couplets in which alternating laminae are
gray and brown are well developed. The brown layer
contains larger amounts of organic material than the
lighter layer and these probably are varves. The lighter
colored layers contain more carbonate (micrite) than
the darker colored layers.

Analytical Method

The analyses reported here were made primarily
by the routine six-step emission spectrographic meth-
od, which is similar to the three-step method described
by Myers, Havens and Dunton (1961). Results for the
six-step method are identified with geometric intervals
whose boundaries are 1.2, 0.83, 0.56, 0.38, 0.26, 0.18,
0.12, 0.083, etc. and are arbitrarily reported as the
geometric midpoints of these intervals, using the
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numbers 1, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, 0.07, etc.
(Vine and Tourtelot, 1969). The precision of a report-
ed value is approximately plus or minus one interval at
68-percent confidence or two intervals at 95-percent
confidence.

Through the courtesy of J.D. Vine, B.W.
Lanthorn, analyst, U.S. Geological Survey performed
the analyses.

Comparison of Micrites and Silty Rocks

Chemical analyses of five micrites and one algal
biomicrite are given in table 9. Comparable informa-
tion for four silty micrites and four silty, low-grade oil
shales are given in table 10. A comparison of the silty
rocks and the micrites reveals significant differences in
their geochemistry.

All of the silty rocks contain 10 percent or more
silicon, in contrast with the micrites which generally
contain silicon in smaller amounts (tables 9 and 10).
Among the other major elements, aluminum, iron,
potassium (?) and titanium are all more abundant in
the silty rocks than they are in the micrites. The
differences are believed primarily related to the pres-
ence of the much larger detrital fraction in the silty
rocks compared with the micrites and the algal bio-
micrite. Larger amounts of calcium and magnesium in
the micrites reflect the larger amounts of carbonate
minerals in the rocks.

Among the minor elements, boron, beryllium, co-
balt, copper, niobium, nickel (?), yttrium, ytterbium
and zirconium are more abundant in the silty micrite
and silty oil shale than they are in the micrite (tables 9
and 10). Apparently the larger concentrations of beryl-
lium, niobium, yttrium, ytterbium and zirconium result
from their concentration in detrital minerals in the
silty micrite and silty oii shale. Yttrium is present in
nature with the fourteen lanthanons (Pauling, 1964, p.
608), cerium (atomic number 58) to lutetium (atomic
number 71). All of these elements except for prome-
thium (made artificially) are present in nature in small
amounts, the principle source being monazite, an acces-
sory mineral in granites, gneisses, aplites and pegma-
tites. The larger amounts of zirconium undoubtedly are
related to larger amounts of zircon in the silty rocks.
Niobium and tantalum generally occur together in the
minerals columbite and tantalite, which are common in
pegmatite veins. The beryllium probably is present in
beryl, a common mineral in granitic rocks, either in
druses or in pegmatite veins.

The meaning of the probable concentrations of
boron, cobalt, copper and nickel in the silty rocks is
not evident. None of these elements are common in
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Figure 49. Fluvial paleocurrent pattern in uppermost part of
Wasatch Formation (Colton Formation), Indian Canyon
and Gate Canyon areas.

stratigraphic unit are analyzed by a method suggested
by Tanner (1959). The compass is divided into twelve
30° segments and the number of paleocurrent observa-
tions present within each segment is noted. The mean
number of measurements for each segment and the
standard deviation are calculated. Those segments that
contain observed measurements in excess of one stand-
ard deviation above the mean are considered significant
paleocurrent intervals. The significant intervals are
shown in black on figures 49 and 50; the mean paleo-
current direction also is given for each stratigraphic
interval at each locality.

Results and Interpretation

The paleocurrent directions are remarkably con-
sistent for both localities and for the two stratigraphic
intervals. Since all the measurements are from fluvial
sandstone bodies, the results reflect the direction of
stream flow in this part of the Uinta Basin during
deposition of the upper part of the Wasatch Formation
and the Wasatch tongue of the black shale facies.
Streams, therefore, were flowing to the northeast
(about N. 65° E.), presumably from highlands on the
southwest. Although the number of measurements is
small, the results indicate that source areas were on the
south and southwest for sediment in this part of the
Uinta Basin.

Utah Geological and Mineralogical Survey Bulletin 100, 1973

INDIAN CANYON
WASATCH TONGUE
OF BLACK SHALE FACIES
Mean =N 69°E
90° N=8
X=07
SD= 1.

GATE CANYON
WASATCH TONGUE
OF BLACK SHALE FACIES
2 Mean=NT7I°E

L)

180°

Figure 50. Fluvial paleocurrent pattern in Wasatch tongue of
black shale facies, Indian Canyon and Gate Canyon areas.

PROVENANCE

Petrographic examination of the sandstone and
siltstone yielded information about the topography and
composition of the rocks in the source areas. On the
basis of the relative abundance of plagioclase feldspar
and recrystallized and stretched metamorphic quartz,
the major source area was most likely the San Juan
region of southwest Colorado. Subordinate sedimentary
sources were the Uinta Mountains, Gunnison Uplift
and the San Rafael Swell.

The composition of the terrigenous rocks in the
black shale facies is suggestive of tectonic activity in
the source areas. Most of the sandstone and siltstone
samples are arkose or lithic arkose. Feldspar is decom-
posed easily by weathering and if it persists in large
amounts, special conditions are thought necessary.
Folk (1968, p. 127) suggested two possibilities: (1) a
climatic arkose, which owes its high feldspar content
to a cool and (or) dry climate, or (2) a tectonic arkose
in which the source area was uplifted and eroded so
rapidly that weathering was not completed. A diag-
nostic feature of tectonic arkose is that it contains a
mixture of fresh and strongly weathered feldspars of
the same species. This results when fresh feldspar on
rugged relief is eroded from bedrock in the bottoms of
vigorous down-cutting stream channels, and the
strongly weathered feldspar comes from soil mantle.
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The sandstone and siltstone in the black shale facies
contains an average of about 22 to 25 percent plagio-
clase. Approximately one-tenth of the feldspar is fresh
and the rest is moderately to strongly weathered,
suggesting a tectonic arkose origin.

The stabilities of feldspar species to different cli-
matic and transportation regimes, however, are poorly
understood (Blatt, 1967, p. 1035 and Todd, 1968).
The rate at which feldspar is reduced in size by trans-
port apparently depends primarily on its weathering
state (Phillips, 1881, p. 22-23; Martens, 1931), the du-
ration and intensity of stream, surf or wind action, and
the presence of structural weaknesses within grains,
such as perthitic intergrowths or twin composition
planes (Blatt, 1967, p. 1035). Phase boundaries be-
tween perthite lamellae act as surfaces along which
decomposition readily takes place and as surfaces of
relatively easy fracture. For example, a greater number
of fine orthoclase microperthite fragments would be
generated by breakage during transport than would be
produced by similar transport of orthoclase (Todd,
1968, p. 840). Pittman (1969, p. 1432) found that in
an area of high relief, plagioclase breaks readily during
streamn transport along composition and twin planes.
C-twins tend to be destroyed relative to A-twins during
stream transport. As a consequence, Carlsbad-twinned
feldspar is rare in most feldspathic sandstone. Further,
untwinned plagioclase increases relative to twinned
plagioclase in a downstream direction (Pittman, 1969,
p. 1437).

Folk (1968, p. 130) contends that plagioclase
arkose is the product either of volcanic activity or the
erosion of basic plutonic rocks. Volcanic activity is re-
jected as a significant source in the black shale facies
because of the entire quartz fraction (more than 1,300
grains) examined, less than four grains appear to be
volcanic quartz and they are questionable. The com-
position of the siltstone and sandstone samples suggests
a varied source terrane. Much of the quartz is common
quartz and may be indicative of granite-gneiss terrane.
Evidence for this is the angular nature of most of the
quartz grains. Some of the common quartz is rounded
and may derive from recycled sedimentary sources.
The recrystallized and stretched metamorphic quartz in
the sandstone and siltstone suggests significant contri-
butions from metamorphosed terranes composed of
former quartz-bearing rocks (granite, schist or vein
quartz) and metaquartzite or gneissic rocks.

Eardley (1962, p. 424) suggested that the Uinta
Basin formed as a result of downwarping that was ac-
tive in Late Cretaceous, Paleocene and Eocene time.
To explain the deposition of tectonic arkose without
major uplift requires that downwarping be a dominant
process. Subsidence could drop the base level suffi-

ciently for streams to cut into feldspar-containing bed-
rock as they establish new gradients. All of the sur-
rounding positive structural elements were potential
sedimentary source areas. The San Rafael Swell on the
southwest and the Uinta Mountains on the north may
have been undergoing gentle uplift (Eardley, 1962, p.
423 and 1968, p. 92) and, undoubtedly, contributed
sediments (carbonate as well as common quartz) to
Lake Uinta. Neither the San Rafael Swell or the Uinta
Mountains, however, were capable of producing the
abundant feldspar or metamorphic quartz types found
in the black shale facies.

The dominant positive area southeast of Lake
Uinta during the early Tertiary was the Gunnison Up-
lift of west central Colorado (Hansen, 1965, p. 21). In
the Gunnison Uplift, Precambrian crystalline rock was
not exposed during the early Tertiary, but was covered
by a thick mantle of Mesozoic sandstone and fine-
grained sedimentary rock. Exposure of the Precambrian
basement did not take place until late Pliocene time
(Hansen, 1965, p. 19). Thus any feldspar shed from
the Gunnison Uplift was eroded from the Mesozoic
sedimentary cover.

A more probable source for the abundant feld-
spar in the black shale facies was the San Juan Moun-
tains area of southwest Colorado. Here a thick
sequence of Oligocene and Miocene volcanics rests on
an extensive early Tertiary erosional surface cut into
the Precambrian basement. In late Cretaceous and early
Tertiary time the San Juan area was the site of domal
uplift, monoclinal folding, faulting and subsequent ero-
sion. Apparently significant extrusive and intrusive ac-
tivity occurred characterized by granodioritic stocks,
laccoliths, dikes and sills (Steven, 1968, p. 719-720).
All of the early Tertiary volcanics were eroded before
the main eruption of Oligocene and Miocene volcanics.
The only evidence of the early Tertiary volcanic activ-
ity is found in the sparse outcrops of Paleocene
through early Eocene sedimentary rock in the area. A
Paleocene or early Focene till (?) (Ridgeway till) along
the north margin of the San Juan region contains clasts
derived from Precambrian metamorphics, Paleozoic and
Mesozoic formations, and volcanic tuff and
granodiorite. '

The Wasatch Formation also contains evidence of
highlands in the San Juan region during the early Texti-
ary. Only thin patches of Wasatch are found in the
immediate San Juan Mountain area, but on the south.
and north in the San Juan Basin of New Mexico and
Piceance Creek Basin of Colorado, the Wasatch is
greater than 1,000 feet thick (Larsen and Cross, 1956,
p- 58; Donnell, 1961, p. 846). The Wasatch in the San
Juan Mountain region is mostly interbedded variegated
claystone and siltstone and coarse conglomeratic sand-
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stone and arkose that contains abundant pink feldspar
(Larsen and Cross, 1956, p. 58).

Considerable evidence, therefore, suggests that
during Paleocene and Eocene time a vast uplifted ero-
sional surface existed in the San Juan Mountain area of
southwest Colorado. The erosional surface exposed Pre-
cambrian crystalline rock, Paleozoic and Mesozoic sedi-
mentary rock and early Cenozoic granodioritic intru-
sives. The Precambrian rocks consist of a complex
assemblage of highly metamorphosed schists and
gneisses, moderately metamorphosed volcanics and
numerous granitic stocks, sills and dikes. The composi-
tion of the rocks is described in detail by Larsen and
Cross (1956). The Paleozoic and Mesozoic sedimentary
rocks are mostly carbonate, sandstone, siltstone, clay-
stone and quartzite, with less abundant arkose and red-
beds. Thus, detritus shed from the San Juan Mountain
area during black shale facies time was rich in common
and metamorphic quartz, plagioclase and potassium

feldspar.
HYDROCARBONS IN CONTINENTAL ROCKS

The general belief that oil and gas in substantial
quantities originate only in marine environments has
been slow to expire. Recent work indicates that conti-
nental rocks contain adequate petroleum source beds
and some evidence exists that nonmarine petroleum
differs from marine petroleum. Hunt, Stewart and
Dickey (1954) demonstrated a correlation between
certain solid hydrocarbons of the Uinta Basin and ex-
tracts from Tertiary beds believed to be their source.
The type of hydrocarbon changed as the environment
of deposition changed and, with increasing salinities of
Lake Uinta, ozocerite, albertite, gilsonite and wurtzilite
formed successively (Hunt, Stewart and Dickey, 1954,
p- 1692).

Smith (1954, p. 377) found that in recent sedi-
ments, liquid hydrocarbons originate in a wide variety
of salty, brackish and freshwater deposits. Similarly,
Swain and Prokopovich (1954), Swain (1956, p. 600),
and Judson and Murray (1956, p. 748-749) noted the
presence of hydrocarbons in bottom deposits of lakes
in Minnesota and Wisconsin.

Other workers, for less quantitative reasons, pro-
posed an indigenous origin for various continental Ter-
tiary hydrocarbon accumulations of the Rocky Moun-
tain region. Felts (1954, p. 1668) suggested that the
oil in the Green River Formation of the Uinta Basin
had an indigenous origin; Nightingale (1930 and 1935)
believed an in-place hypothesis of origin necessary to
explain the nonmarine Tertiary accumulations at
Hiawatha and Powder Wash in northwest Colorado and
Wyoming; and Picard (1956, p. 2960; 1959, p. 147;
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1962) suggested that oil and gas in Tertiary fields of
Utah and Colorado are indigenous to the continental
formations and that lacustrine facies were largely re-
sponsible for their formation.

Swain, Blumentals and Prokopovich (1958, p.
184), on the basis of a study of bitumens of Pre-
cambrian sedimentary formations in Minnesota, con-
cluded that the high content of saturated hydrocarbons
and low asphaltenes and tars in the Thompson Slate
and Rove Formation graywacke is suggestive of deposi-
tion in oligotrophic lakes. In contrast, bitumens in the
argillite of the Rove Formation and the Cuyuna
(“Biwabik”™) Formation resemble those of modern Gulf
of Mexico sediment, suggesting a marine environment.

Picard (1960) compared the general characteris-
tics, weight distributions of boiling fractions, correla-
tion indices of boiling fractions, and the organic com-
pounds in the residuum of oils from nonmarine fields
in the Uinta Basin of Utah and from the Eagle Springs
field in Nevada and demonstrated that the Eagle
Springs crude is similar to Tertiary oils of the Uinta
Basin. He postulated that the environments responsible
for formation of each oil were alike. The Sheep Pass
Formation (Eocene), which contains most of the oil at
Eagle Springs, is largely a lacustrine deposit and closely
resembles some of the lacustrine rocks in the Green
River Formation. Similarly, Bass (1964, p. 204) com-
pared the curves of correlation indices of crude oils of
different reservoirs in the Green River Formation in
the Uinta Basin and concluded that the composition of
the oil was controlled primarily by the depositional
environments of the reservoir and source rocks.

The recent study of Degens, Chilingar and Pierce
(1963) also indicates that petroleum originates in lacus-
trine environments. They conclude (p. 14) that petro-
graphic, paleontologic and geochemical information
from petroliferous nodules in freshwater lacustrine de-
posits of Miocene age from California supports a bio-
genic origin for the petroleum, which was collected by
means of interstitial waters from the surrounding fresh-
water lake beds during early diagenesis.

Substantial evidence now exists which indicates
that both lacustrine and fluvial rocks contain source
beds of oil and gas. Original deposition was in saline
lakes or in fresh to brackish water. Migration distances
from source to reservoir were generally small. Figure
51 shows the cumulative oil production of fields in
parts of the Rocky Mountains and Nevada whose oil
formed mainly in lacustrine source rocks. Table 12 is a
summary of oil-impregnated sandstone deposits in the
Uinta Basin. The hydrocarbon potential of lacustrine
and fluvial rocks is large, as indicated by production in
the Red Wash and Altamont areas. Even the productive
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source beds were deposited in offshore environments
and are characterized by parallel stratification, synerisis
cracks, varves and other thin laminations. The offshore
environment was reducing, tectonically stable and had
the greatest water depths; there were essentially no
bottom currents. Pyrite and marcasite are characteristic
accessory minerals of fine-grained rocks produced in
the setting.

The writers believe that oil in the black shale
facies was formed essentially in place and that migra-
tion distances were short (less than 1 mile). Explora-
tion can thus be confined to areas where source beds
and traps are juxtaposed.
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