CORRELATION OF NIOBRARA-EQUIVALENT STRATA
IN THE EASTERN UINTA BASIN, UTAH
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Below the base of the NE, the F1 marker is a high-gamma-ray zone interpreted as a condensed : :
section by Anderson and Harris (2006), who also correlated the overlying glauconitic, sand- 1000 - i - 1000
rich unit to cuttings in the Larsen State-1 well southeast of the study area. The top of the
glauconitic unit is the base of the NE. !
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The informally named “Blue Gate silt” is a generally progradational unit, interpreted by Fisher 1500 - i i 1 - 1500
(2007) as relatively sandy, distal deltaic sediments. In the central Uinta Basin, the Blue Gate silt R

has distinct, coarsening-upward intervals, consistent with Fisher’s interpretation. Conceivably,

it might represent early, distal lobes of the Emery Sandstone Member, but the reported age of N

the Blue Gate silt (middle Coniacian; Fisher, 2007) predates the Emery. Fisher also reported an 2000 . - 2000
elevated Young’s modulus for the Blue Gate silt and concluded it is a candidate reservoir. :

Examination of geophysical logs from about 200 oil and gas wells allowed us to correlate the Late Cretaceous Niobrara
Formation in Colorado to time-equivalent strata within the Mancos Shale of the eastern Uinta Basin, Utah. A structure
map shows the top of the Niobrara equivalent (NE) deepens from near sea level at the Utah-Colorado line to more than
10,000 feet below sea level at the Wonsits Valley field, about 35 miles to the northwest. Along the same path, the NE
thickens from 1150 to more than 1450 feet. Most of the thickening occurs in the upper part of the NE, which we interpret
as a highstand sequence set. The lower and middle parts of the NE, represented by lowstand and transgressive sequence
sets, respectively, maintain relatively constant thicknesses.
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Based on log character and limited core data from the NE, we suggest that the unit contains and is immediately adjacent Stratigraphy based on Young, 1955; Kirschbaum, 2003; Johnson and Roberts, 2003; Dubiel, 2003; Kuzniak, 2009. section A-A') penetrate the top of the Blue Gate silt. Horton and others (2012) interpreted o 563 % o9 ™ T0p Dakota Formation
to some of the more hydrocarbon-prospective parts of the Mancos Shale. Much of the upper NE consists of a sediment- Shallow marine sandstone units . Offshore mudstone units . Fluvial to paralic coal bearing units . Terrestrial the core in the Glen Bench well as containing a sequence boundary between middle mudbelt o >0
starved shelf facies association (a primary target) and the base of the NE overlies a heterolithic organic-rich facies solated sandstone bodies . Offshore heterolithic units . Eluvial deposits (the Blue Gate silt portion of the core) and overlying sediment-starved shelf deposits Glauconitic Unit
associe}tion (a secondary tqrgejt). Given the thickness of the NE and variations ip burial .depth, orggnic me}tl.lration levels of | in the transgressive interval above the Blue Gate silt. The Main Canyon core is similar in 000 - aig .
thT um; shohuld alsofviry mgmﬁcantly.prplymg our maturation moldel gf the Uinta Ba;m, we If)ridmt VltI’lHllte reﬂectince that the lower, Blue-Gate-silt part of the core consists of sandy, proximal mudbelt deposits
values for the top of the NE to range from 0.55 in westernmost Colorado to 1.55 northwest of the Ngtura Buttes o1 | transgressively overlain by intermediate mudbelt claystone and siltstone (Horton and others, O
field; predicted values at the base of the NE are 0.63 and 1.70 at the same locations. Further exploration should determine -
. . . . ST . . 2012).
whether the NE in the Uinta Basin has petrophysical characteristics similar to those that make the typical Niobrara 0 - Coon Spring -
Formation so productive to the east. The NE can be identified in most of the wells, as shown in the two cross sections, but B
correlations become more tenuous towards the western Uinta Basin. This may in part be due to
increased siliciclastic influx from the Sevier orogen to the west imparting its own log signature .
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The Utah Geological Survey (UGS) and the University of Utah are concluding a four-year, multidisciplinary study of the Niobrara Equivalents N-S Stratigraphic Cross Section
Upper Cretaceous Mancos Shale in the Uinta Basin of eastern Utah. The goals of this project are to provide the industry N
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In the Rocky Mountain region east of the Umta Basin, the Comac1an-Santomaq Niobrara Eormathn is a tlme—equlvaleqt Locations of wells used Datum: Base o
to much of Utah’s lower Mancos Shale. In light of recent hydrocarbon exploration success in the Niobrara, we thought it for correlations and '
might be informative to attempt correlating the Niobrara from western Colorado into the Uinta Basin, in order to identify represgp;gg‘geegg Oart]lgraphlc '
potential exploration targets, in the event these strata have some of the lithologic characteristics of the Niobrara farther »
. . . . . . Limit of preserved post-Mancos strata. 500 - - 500
east. However, at present we cannot speculate on the extent of Niobrara (sensu stricto) lithofacies in the Uinta Basin.
Consequently, we use the term “Niobrara equivalent” (or NE) to avoid implying that the strata in the Uinta Basin host the
same lithofacies as, or have geomechanical properties similar to, the Niobrara Formation in Colorado. : s :
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SEQUENCE SETS
AND LITHOFACIES

The transgressive nature of the Niobrara Formation in the Rocky
Mountain basins to the east has long been known (e.g., Weimer, 1960).
The diagram at right superimposes our correlations of the NE in the
Uinta Basin on the model of sequence sets and lithofacies in the Mancos

Shale developed by McCauley (2013). The lithofacies, from shoreward to
basinward are:

Progradational proximal mudbelt, confined to the Blue Gate silt;
Distal mudbelt;

Heterolithic organic-rich shelf, deposited above storm wave base; and
Sediment-starve shelf, deposited below storm wave base.

The Mancos Shale below the NE consists of a highstand sequence set that
culminated in deposition of heterolithic, organic-rich-shelf and glauconitic
sediments. The lower part of the NE, represented by a lowstand sequence
set, appears from the gamma-ray-log patterns to be the most lithologically
diverse part of the NE. This interval includes the Blue Gate silt. The
middle of the NE generally displays less variable, overall transgressive log
patterns characteristic of a transgressive sequence set. However, the wells
to the west show progressively more distinct progradational packages
within the transgressive backdrop. The upper NE forms the lower part of
a highstand sequence set, which includes zones with the highest gamma-
ray readings in the Mancos Shale, interpreted as sediment-starved shelf
deposits.

On the basis of relatively high gamma-ray logs and organic carbon
contents, McCauley (2013) suggested that the heterolithic and sediment-
starved shelf deposits represent the most promising hydrocarbon reservoirs
in the Mancos Shale of the Uinta Basin.

Sequence Sets and Lithofacies
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- PPM: Progradational proximal mudbelt
|| DM: Distal mudbelt
|| HOR: Heterolithic organic-rich shelf
SSS: Sediment-starved shelf
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THERMAL MATURATION

Earlier in this project, Quick and others (2013) collected vitrinite reflectance (%Ro) data for the
Mancos and other Uinta Basin strata, and by regression analysis obtained a formula to predict
%Ro based on location and structural depth (elevation):

%Ro = 14.9X + 33.2Y - 80.1Z + 0.0847X* - 0.264Y* + 29.37> - 0.364XY - 2.48YZ - 642.3

where:
X = UTM easting/100,000
Y = UTM northing/100,000
Z =1,000,000/(300,000 + elevation [ft])

Applying the formula to depths to the Niobrara equivalent in the database wells indicates that
thermal maturation in the NE ranges from 0.6 %Ro on the basin’s southern margin to 1.78% in
the north of the study area. Because of different kerogen types in the NE lithofacies, we have not
determined depths to oil and gas “windows.” It is apparent, however, that the NE is in the oil and
gas generating zones in most of the eastern Uinta Basin.

e Strata equivalent to the Niobrara Formation of Colorado are about 1200 feet thick in the eastern
Uinta Basin of Utah, and occur within the lower Blue Gate Shale Member of the Mancos Shale.

e The depositional environment for most of the NE was a distal marine shelf mudbelt. The most
shoreward environment was a prograding proximal mudbelt (represented by the “Blue Gate silt”).
The deepest-water environments were just above storm wave base (heterolithic, organic-rich-shelf)
and below it (sediment-starved shelf).

e The predicted vitrinite %Ro of the NE ranges from 0.6 to 1.35% in most of the eastern Uinta Basin,
indicating the NE is presently in the oil- and gas-generating zone.

e On the basis of mechanical, geochemical, and mineralogic properties, we suggest that prospective
hydrocarbon reservoirs in the NE are:
o the heterolithic, organic-rich-shelf facies just below or at the base of the NE,
o the relatively sand-rich Blue Gate silt in the lower NE, and
o the sediment-starved shelf facies in the upper NE.

For additional information about the UGS/University of Utah Mancos Shale project, please visit the UGS
exhibit booth or the project website at: http://geology.utah.gov/emp/shalegas/cret_shalegas/index.htm.

We thank Donna Anderson (Colorado School of Mines/EOG Resources) for sharing her insights on the
Niobrara Formation in western Colorado. Nikki Simon (UGS) assembled and designed the poster.

Funding for this project is provided by RPSEA through the “Ultra-Deepwater and Unconventional
Natural Gas and Other Petroleum Resources” program authorized by the U.S. Energy Policy Act of
2005. RPSEA (www.rpsea.org) is a nonprofit corporation whose mission is to provide a stewardship
role in ensuring the focused research, development and deployment of safe and environmentally
responsible technology that can effectively deliver hydrocarbons from domestic resources to the citizens
of the United States. RPSEA, operating as a consortium of premier U.S. energy research universities,
industry, and independent research organizations, manages the program under a contract with the U.S.
Department of Energy’s National Energy Technology Laboratory.

Anderson, D.S., and Harris, N.B., 2006, Integrated sequence stratigraphic and geochemical resource
characterization of the lower Mancos Shale, Uinta Basin, Utah: Utah Geological Survey Open-File Report
483, compact disk.

Dubiel, R.F., 2003, Geology, depositional models, and oil and gas assessment of the Green River total
petroleum system, Uinta-Piceance Province, eastern Utah and western Colorado, in USGS Uinta-Piceance
Assessment Team, Petroleum systems and geologic assessment of oil and gas in the Uinta-Piceance
Province, Utah and Colorado: U.S. Geological Survey Digital Data Series DDS-69-B, compact disk.

Fisher, R., 2007, Stratigraphic, geochemical, and geomechanical analysis of the lower Mancos Shale, Douglas
Creek arch, northwest Colorado, U.S.A: Golden, Colorado School of Mines, M.S. thesis, 164 p.

Horton, B.K., Birgenheier, L.P., Johnson, C., Rowe, H., Taylor, J.S., Kennedy, A., and McLennan, J., 2012,
Litho- and chemofacies variability in a siliciclastically dominated shale/mudstone system—heterogeneities
of the developing Mancos Shale gas play [abs.]: American Association of Petroleum Geologists Annual
Conference & Exhibition Abstracts Volume, compact disk.

Johnson, R.C., and Roberts, S.B., 2003, The Mesaverde total petroleum system, Uinta-Piceance Province,
Utah and Colorado, in USGS Uinta-Piceance Assessment Team, Petroleum systems and geologic

assessment of oil and gas in the Uinta-Piceance Province, Utah and Colorado: U.S. Geological Survey
Digital Data Series DDS-69-B, compact disk.

Kirschbaum, M.A., 2003, Geologic assessment of undiscovered oil and gas resources of the Mancos/Mowry
total petroleum system, Uinta-Piceance Province, Utah and Colorado, in USGS Uinta-Piceance Assessment
Team, Petroleum systems and geologic assessment of oil and gas in the Uinta-Piceance Province, Utah and
Colorado: U.S. Geological Survey Digital Data Series DDS-69-B, compact disk.

Kuzniak, K., 2009, New stratigraphic interpretations, geochemistry, and petrophysics of the lower Mancos

Group, Douglas Creek arch, northwestern Colorado: Golden, Colorado School of Mines, M.S. thesis,
145 p.

McCauley, A.D., 2013, Sequence stratigraphy, depositional history, and hydrocarbon potential of the Mancos
Shale, Uinta Basin, Utah: Salt Lake City, University of Utah, M.S. thesis, 173 p.

Quick, J., McCauley, A.D., and Ressetar, R., 2013, Prediction of organic maturation by vitrinite reflectance
regression in units of the Mancos Shale, Uinta Basin, Utah [abs.]: Official Meeting Program, Rocky
Mountain Section-American Association of Petroleum Geologists, p. 63.

Weimer, R.]J., 1960, Upper Cretaceous stratigraphy, Rocky Mountain area: American Association of
Petroleum Geologists Bulletin, v. 44, p. 1-20.

Young, R.G., 1955, Sedimentary facies and intertonguing in the Upper Cretaceous of the Book Cliffs, Utah-
Colorado: Geological Society of America Bulletin, v. 66, p. 177-202.




