OIL-IMPREGNATED ROCK DEPOSITS OF UTAH

by H. R. Ritzma

GEOGRAPHIC DISTRIBUTION

Utah’s 53 deposits of oil-impregnated rock are mainly grouped
within and around the Uinta Basin of northeast Utah and in the central
southeast part of the State; twenty-five deposits are in the Uinta Basin
and 22 in the central southeast. Six minor or small deposits occur in
the northwest, southwest and far southeast parts of the State.

GEOLOGIC DISTRIBUTION
Uinta Basin

* Twenty-three of 25 deposits in the Uinta Basin contain oils
which almost certainly originated in source beds of Tertiary age, most
probably the lacustrine Green River Formation. In about 13 of the
23 deposits, the oil has remained in the Green River Formation or in
the Wasatch immediately beneath. These in situ deposits are mostly
on the gentle south flank of the basin. On the strongly folded and
faulted north flank of the basin, oil traps apparently were ruptured
causing oil to migrate into younger or older formations depending on
the structural situation (migrated deposits). The Whiterocks deposit
contains Tertiary oil in the Jurassic Navajo Sandstone. In six deposits,
oil has moved upward into porous sands of the Duchesne River For-
mation. At Asphalt Ridge, oil occurs in sandstones above and below the
unconformable contact of the Duchesne River Formation with the
underlying Mesaverde Formation (Upper Cretaceous). At Asphalt
"Ridge Northwest, Tertiary oil occurs in a lower Mesaverde sandstone. In
the central part of the basin, oil apparently moved upward along faults
and fractures and lodged in the Uinta Formation (Pariette and Chapita
Wells deposits).

Only one Uinta Basin deposit, Split Mountain, contains certain
Paleozoic oil in Permian rocks. The Daniels Canyon deposit in Permo-
" Pennsylvanian rocks probably contains oil which migrated upward
along fractures through an extensive overthrust sheet from Tertiary
rocks beneath the thrust.

Central Southeast

Most of the oil in deposits in central southeast Utah is contained
in rocks of Permian and Triassic age, most of it in the Permian White
Rim Sandstone in the Tar Sand Triangle. The amount of oil found in
Triassic formations in the San Rafael Swell and the Circle Cliffs is
remarkable considering the sparse productive record of Triassic for-
mations in Utah’s oil fields.

Scattered occurrences of oil in Cretaceous and Jurassic forma-
tions in the area are of scientific interest, but of little commercial
value.

The deposits of the Tar Sand Triangle, Circle Cliffs and San
Rafael Swell are considered primarily in situ deposits. In the Tar
Sand Triangle considerable downward gravity migration has occurred
after the original trap was breached by erosion and the water drive
dispersed.

The Salt Wash, Sweetwater Dome, Ten Mile Wash and Thousand
Lake Mountain deposits appear to be the only migrated deposits in the
central southeast region.

Other Areas

Six more deposits are scattered in other areas of Utah. Four
deposits, occur in the Moenkopi Formation (Triassic) in Washington
County, southwestern Utah. The Rozel deposit occurs along the shore
of the north arm of Great Salt Lake. Here small quantities of an un-
usual oil rise along a fault and saturate Recent muds and salt on the
lake shore. The deposit is submerged during high water.

Oil-impregnated limestone reefs in the Hermosa Formation
(Pennsylvanian) along the Canyons of the San Juan River in southeast
Utah comprise the oldest deposit in Utah.

LITHOLOGY OF DEPOSITS

Most deposits, particularly those of major size, occur in sand-
stone which, with finer grain size, grades into siltstone and, with
coarser grain size, grades into grit and conglomerate. More than 99
percent of the estimated oil in place in Utah’s deposits is contained
in sandstone and siltstone.

Along the south flank of the Uinta Basin, the Argyle Canyon,
Minnie Maud Creek and Willow Creek deposits contain notable
amounts of oil-impregnated limestone in the Green River Formation.
The Thistle deposit, also in the Green River, contains considerable
heavily impregnated oolitic limestone and coquina. The Split Mountain
deposit occurs in coarse crystalline and vuggy Park City Formation
limestones. The Daniels Canyon deposit occurs in highly fractured
quartzite and siliceous limestone.

In central southeast Utah all deposits are contained in sand-
stone, siltstone and some conglomerate, except for small amounts of
oil-impregnated limestone found in San Rafael Swell and Teasdale
deposits and localities.

In southwest Utah, three deposits are in limestone or sandy
limestone. The North Creek deposit occurs in sandy shale and shale.

The Mexican Hat deposit (San Juan County) occurs in
Pennsylvanian carbonates and the Rozel deposit (Box Elder County) is
found in oolitic mud and salt on the shores of Great Salt Lake.

ORIGIN, MIGRATION AND ENTRAPMENT /

Oil contained in these deposits originated in the same way as
oil found in conventional oil fields. The source was organic material
contained within rocks laid down in situations in which the organic
material was converted to petroleum. The petroleum has been trapped
by fortuitous stratigraphic or structural conditions close to its area of
origin (in situ deposit) or has migrated unknown distances to become
trapped at another locality (migrated deposit). Since the oil in oil-
impregnated rocks is exposed to the atmosphere, volatile constituents
usually found in conventional oil and gas fields at depth have escaped.
The oil has also been.degraded by bacterial action and altered by
contact with oxygen-rich fresh water. The oil in oil-impregnated sand-
stone deposits is, therefore, ‘“‘heavy”, viscous, and has a low gravity
rating. Usually the quality of the oil increases with distance from
outcrop exposure and with increasing depth.

Oil migration may have taken place laterally along bedding
planes, through permeable sandstone or limestone or along lateral or
vertical conduits formed by faults, fractures and joints. Studies of
many deposits show that fractures and joints associated with faulting
are important migration routes. Faults frequently form barriers to
migration and may cause entrapment. However, stratigraphic factors,
principally porosity and permeability variation, appear to be much
more important than structure.

Deposits along the structurally complex north flank of the
Uinta Basin from Daniels Canyon on the west through Rim Rock on
the east result from rupture and tilting of deep-seated traps with oil
escaping to the outcrop along faults, bedding planes, fractures and
joints. All oil appears to have originated in the Green River or Wasatch
Formations with migration following various conduits upward and
laterally for many miles.

The deposits from Raven Ridge around the east and south flanks
of the Uinta Basin are gigantic stratigraphic traps in which oil from the
highly petroliferous Green River Formation was trapped in porous
sandstones in the Green River and underlying Wasatch Formation
close to its area of origin. Deposits such as P. R. Spring and Sunnyside
are actually giant oil fields breached by erosion.

In the central southeast area of Utah, oil in the deposits in the
Tar Sand Triangle apparently originated in organic Permian rocks or
perhaps in rocks as old as Pennsylvanian. Upward migration by way
of faults, fractures and joints transported the oil into the thick, porous
sandstones of the uppermost Permian and lower Triassic. Removal of
the water drive, which was the mechanism of the first upward migra-
tion, resulted in a later gravitational migration. In the Circle Cliffs area
oil in massive middle Moenkopi sandstones (Triassic) may have orig-
inated in the organic lower Moenkopi and upper Kaibab Limestone
(Permian). Faults, fractures and joints are important in controlling
migration. The trap is a combination of the broad folding of the Circle
Cliffs Uplift and stratigraphic variation in the middle Moenkopi sand-
stones.

RESERVES

To estimate roughly their size, deposits are grouped as follows
(see table, sheet 2):

Classification Gross Oil (or Bitumen) In Place
Giant More than 500 million bbls.

Very Large 500 to 100 million bbls.

Large 100to 10 million bbls.
Medium-small 10 to 0.5 million (500,000) bbls.
Minor Less than 0.5 million (500,000) bbls.

Most size estimates are based on field inspection of deposits
and on some published descriptions.

More specific estimates of gross oil in place result from calcula-
tions based on the following assumptions from field mapping obser-
vations and limited core data:

1. Areal extent of deposit in acres,

2. Average thickness of oil-impregnated rock in feet,

3. Porosity of impregnated rock (mostly assumed),-

4. Percent of pore space filled with oil (mostly assumed), and

5. Percent of water saturation and/or shrinkage factors (assumed).

In most areas the deposit was assumed to persist for at least
1,320 feet back of the outcrop or for one mile where field mapping
or core data indicated conditions of blanket saturation. In some
deposits, blanket saturation over wide areas was assumed.

Measured, indicated and inferred/conjectural categories of
reserves were calculated on the basis of percentages of the gross oil in

place as.judged by the reliability of data available on the deposit.

By averaging reserves assigned to each deposit, the gross oil in
place in Utah’s 53 deposits totals as follows:

Billion barrels

Uinta Basin 8.8to11.3
Central southeast 14.1t0 17.9
Other areas — (negligible)
Total 22.9 to 29.2

In the Uinta Basin, 95 percent of the total reserve is contained in
four giant deposits and (98 percent) is contained in seven giant and very
large deposits.

In central southeast Utah, 93.5 percent of the total reserve is
contained in two giant deposits and 98.0 percent is contained in five
giant and very large deposits. .

No attempt was made to determine the recoverable portion of
the total reserve.

EXPLORATION AND EXPLOITATION

Only one deposit, Daniels Canyon, is known to have been mined
as a source of oil; the amount produced was very small. The Argyle
-Canyon, Asphalt Ridge, Sunnyside and Thistle deposits were mined for
paving materials and mining continues at Asphalt Ridge.

Known exploration and exploitation activity is summarized as
follows: (1973 to 1978 activity underlined):

Uinta Basin
Argyle Canyon—mined for paving material (Argulite);
Asphalt Ridge—mined for paving material, experimental mining

and extraction for oil, in situ experiments (steam and solvent flood),
extensive core drilling;

Asphalt Ridge Northwest—in situ experiments (steam and fire

flood), extensive core drilling:

Daniels Canyon—mined for mineral wax and oil;
Lake Fork—core drilling;

P. R. Spring—core drilling, small-scale experimental mining;

Raven Ridge—experimental mining(?), core drilling;

Sunnyside—mined for paving material, experimental mining and
extraction for oil, in situ experiments (thermal and steam flood), core
drilling;

Thistle—mined. for paving material;

Whiterocks—experimental mining and extraction for oil (pilot
plants operated successfully for short period), in situ experiments
(steam flood and thermal), core drilling;

Central Southeast
Circle Cliffs, West Flank—core drilling;

Cottonwood Draw—core drilling

Family Butte—core drilling(?);
Poison Spring Canyon—core drilling;
Tar Sand Triangle—core drilling;

Ten Mile Wash—shallow core drilling;
White Canyon Flat—core drilling;

Wickiup—core drilling(?).

Lack of or difficult access to large sources of fresh water will
hamper exploitation of these deposits as sources of oil in most areas.
Water supplies may be available in parts of the Uinta Basin to
support mining and processing operations on rich, concentrated
deposits, such as Whiterocks and parts of Asphalt Ridge. Water
supply is a serious factor in considering exploitation of-the large
potential reserves of the Tar Sand Triangle and Circle Cliffs.

Some deposits may become economically profitable to exploit
because of the presence of valuable by-products associated with the
oil or bitumen. These include uranium, vanadium, selenium and rare
earth elements.

The Circle Cliffs deposits are partially within the extended
boundaries of Capitol Reef National Park and the remainder of the
deposits is within areas proposed for various scenic, recreation and
wilderness preserves. Access to the deposits is severely limited.

The Tar Sand Triangle deposits lie mostly within the Glen
Canyon National Recreation Area and immediately west of Canyon-
lands National Park. Access to the area for development purposes is
severely restricted.

Other conflicts over land use and environmental considerations
are expected to greatly influence development of all of Utah’s deposits,

particularly those susceptible to open-cut mining methods.

At present, both mining and in situ processes are contemplated
as methods of development of this resource. From the point of view
of conservation, the percent of recovery possible by mining, particu-
larly open-cut methods, is an increasingly important factor to consider.
Mining and processing oil-impregnated sandstone may result in more
than 90 percent recovery of oil. /n situ methods may achieve only
10 to 20 percent. The loss of the resource by in situ methods may be
unacceptable in times of scarcity and great need in future decades.

ANALYSES OF EXTRACTED OIL

Assay and distillation analyses of 53 oils extracted from Utah’s
oil-impregnated sandstone deposits were tabulated by Wood and
Ritzma (1972).

The oils vary widely in composition from deposit to deposit
and considerably within some individual deposits. Sulfur content
is the most obviou'sly significant variable.

Uinta Basin

Sulfur content of oils originating in Paleocene or Eocene for-
mations range from 0.19 to 0.82 percent in 39 samples from 16 de-
posits (Wood and Ritzma, 1972). In three instances, Asphalt Ridge,
Asphalt Ridge Northwest and Whiterocks, the oils have migrated into
older formations. of Cretaceous and Jurassic age. Gwynn (1971, p.
17) reports sulfur contents of 34 samples of oil from the P. R. Spring
deposit ranging from 0.22 to 0.42 percent.

Analyses of samples not previously reported from several deposits
indicate contents as follows:

Percent
Argyle Canyon _ 0.25,0.35°
Chapita Wells 0.66,0.87
Daniels Canyon 0.62
Pariette 0.30
Raven Ridge 0.14to 0.38 (13 samples)
Sunnyside " 0.60
Thistle 1.07

Only the Thistle sample appears to deviate to any extent from
the usual low sulfur content. The Daniels Canyon oil appears to be
Tertiary oil which has migrated into overthrust Pennsylvanian-Permian
Oquirrh Formation quartzites.

A significant contrast is the Split Mountain deposit found in
the Permian Park City Formation. This undoubted Paleozoic oil has a
sulfur content of 2.94 percent.

Central Southeast
Sulfur content of oils extracted from central southeast Utah

deposits (summarized below) is significantly higher than that from
Tertiary deposits in the Uinta Basin.
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SALT WASH

EXPLANATION

DEPOSIT

o DEPOSIT

o~ Concentrated or of small extent.

DEPOSIT

//Dark solid areas indicate known outcrop of oil-impregnated
z

rock or areas where impregnation can be reliably projected
from outcrop or core-hole data. Light solid areas are
probably underlain completely by oil-impregnated rock.
Cross-hatched areas are probably underlain in part by

scattered, lean oil-impregnated rock.

Generally similar and grouped together
(lines indicate grouping).

42

K

3 ez,
Vhiley

<

(A

ZAN

Manil )

19 REQERVPIRY

GdREE 1S

CEDAR

b4
s
25
N \

/i

§

MOUN[TAIN

oC

40°)

N

{K

\

O

R

Wiy

% XMFFI

2

N

7

AN

i
2

9
8/

=

)

No. of Sulfur
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Circle Cliffs! Permian-Triassic 11 3.02-4.3¢
Circle Cliffs! Triassic 1 2.37
Tar Sand Triangle’ Permian 5 3.13-4.25
Tar Sand Triangle' Permian 1 6.27
San Rafael Swell

(5 deposits) Triassic 9 2.57-5.08
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White Canyon Permian 1 . 273
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'Wood and Ritzma, 1972.

The two Jurassic deposits sampled, Ten Mile Wash and Salt
Wash, yielded oil with sulfur contents of 4.16 and 2.16 percent,
respectively. ) .
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