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EVOLUTION OF SEDIMENTARY BASINS—UINTA AND PICEANCE BASINS

The Frontier Formation and Associated Rocks of
Northeastern Utah and Northwestern Colorado

By C.M. Molenaar' and B.W. Wilson®

Abstract

The Frontier Formation of the Mancos Group in north-
eastern Utah and northwesternmost Colorado (proposed
new rank designations; formerly known as the Frontier
Sandstone Member of the Mancos Shale) consists of several
facies of marine and nonmarine rocks of Late Cretaceous
(Turonian) age that grade eastward into totally marine rocks
in easternmost Utah and northwestern Colorado. The Man-
cos Group in the report area is divided into the Mowry Shale,
an unnamed shale unit, the Frontier Formation, and the main
body. Six major facies, some of which are only in parts of the
report area, are recognized in the Frontier. In ascending
order, these are: (1) a basal, transgressive marine sandstone;
{2) a marine shale tongue that correlates with the Tununk
Member of the Mancos Shale in central Utah and. is here
recognized as a member of the Frontier; (3) a prograding
coastal sandstone; (4) a sequence of nonmarine sandstone,
shale, and coal; (5) an upper, transgressive coastal sand-
stone; and (6) an offshore-bar sandstone. Along the south
flank and along the north flank of the eastern part of the Uinta
Mountains, these rocks range in thickness from 760 ft (232
m) on the west to 140 ft (43 m) on the east. A lower Turonian
transgressive sandstone at the base of the Frontier uncon-
formably overlies an unnamed Cenomanian shale unit
in the southwestern part of the Uinta Mountains area.
Elsewhere around the Uinta Mountains, an upper middle
Turonian shale member of the Frontier unconformably
overlies the lower Cenomanian Mowry Shale (proposed new
rank designation; formerly known as Mowry Member of
Mancos Shale in all but the Utah part of the north flank of the
Uinta Mountains). Apparently the intervening Turonian rocks
onlap from west to east. After deposition of the basal shale
member of the Frontier, a deltaic wedge prograded eastward
and southeastward to the vicinity of Split Mountain east of

lus. Geological Survey, Box 25046, MS 940, Federal Center,
Denver, CO 80225.

2Deceased.

Manuscript approved for publication June 30, 1989.

Vernal, Utah, and Vermillion Creek in northwesternmost
Colorado. The shoreline trend of the deltaic wedge was
about N. 60° E. across the eastern Uinta Mountains but
probably swung abruptly to the northwest in Wyoming north
of the mountains. To the southwest, the shoreline trend was
about N. 55° E. across the Uinta basin. A 100- to 200-ft
(30-60 m) relative sea-level rise resulted in deposition of a
transgressive shale and overlying offshore-bar sandstone at
the top of the Frontier in the eastern part of the area. The
offshore-bar and underlying shoreface-equivalent sand-
stones extend far to the east in Colorado as offshore-shelf
units of thinly bedded sandstone and shale.

Correlation of the Frontier Formation near the Uinta
Mountains with the 7,800-ft-thick (2,377 m) Frontier Forma-
tion near Coalville, Utah, in the overthrust belt to the north-
west, indicates great depositional thickening at Coalville,
where both older and younger rocks are included in the
Frontier. At Farnham dome southeast of Price, Utah, on the
south side of the Uinta basin, the Frontier is represented by
the much thinner, totally marine, upper middle Turonian
Ferron Sandstone Member of the Mancos Shale.

INTRODUCTION

The Frontier Formation of northeastern Utah and
northwesternmost Colorado (proposed new rank desig-
nation; formerly known as the Frontier Sandstone
Member of the Mancos Shale) consists of marine and
nonmarine rocks of Late Cretaceous (Turonian) age that
grade to totally marine rocks in easternmost Utah and
northwestern Colorado. Outcrops of the Frontier and
underlying rocks along the south flank of the Uinta
Mountains and along the north flank of the eastern part
(fig. 1) provide data with which to map and correlate the
different facies of the Frontier and to project these facies
into the adjacent subsurface. The purpose of this report
is (1) to describe and correlate outcrop sections of the
Frontier and adjacent formations on both sides of the

Frontier Formation, Northeastern Utah and Northwestern Colorado M1
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Figure 1. Outcrops of Frontier Formation and equivalent rocks (solid) and extent of subaerial-plain deposits of Frontier

Formation, northeastern Utah and northwestern Colorado. Locations of outcrop sections and drill holes used in study and
locations of cross sections (plate 1, figs. 3-4, 7-8) are also shown.

Uinta Mountains, showing facies relations and biostrati-
graphic zonation; (2) to compare regional relations of
the Frontier on the south side of the mountains with
those of the Frontier Formation of the Coalville area in
north-central Utah and with those of the Ferron
Sandstone Member of the Mancos Shale on the south

M2

side of the Uinta basin; and (3) to delineate the shoreline
trend of the Frontier across the Uinta basin at the time of
maximum progradation.

Most of the field work for this investigation was
done in 1967 while the authors were employed by Shell
Oil Company. The biostratigraphy of the rocks studied,

Evolution of Sedimentary Basins—Uinta and Piceance Basins



determined mainly from molluscan fossils, is based on
published data, fossils collected by the authors, later
collections by Molenaar, E.A. Merewether, and W.A.
Cobban, and unpublished data by Cobban and Mere-
wether (U.S. Geological Survey, Denver, Colo.). Cobban
identified all the molluscan fossils except for a few from
the Coalville area. All age-diagnostic fossils were related
to the latest sequence of Western Interior index fossils
established by Cobban (fig. 2). In addition, foraminiferal
data from Shell Oil Company were used to determine the
age of strata in a few areas.

Acknowledgments.—Special acknowledgment is
extended to coauthor B.W. Wilson, who died in a heli-
copter accident in 1976 in Alaska. His understanding and
experience in examining and interpreting clastic sedi-
mentary sequences added greatly to this report. Most of
the field work for this investigation was done in 1967,
when the authors were employed by Shell Oil Company.
The foraminiferal paleontology referred to in the text was
supplied by the late L.D. Holcomb, also with Shell. The
Shell Oil Company is gratefully acknowledged for their
permission to publish this information. W.A. Cobban
identified all molluscan fossils except for a few samples
from the Coalville area and provided the data for an
updated molluscan fossil zone chart of the lower part of
the Upper Cretaceous of the U.S. Western Interior. In
addition, E.A. Merewether and W.A. Cobban are
thanked for their help in collecting fossils from several of
the sections and for pertinent data from their unpub-
lished fossil collections. E.A. Merewether and W.A.
Cobban reviewed the manuscript; the report benefited
from their constructive criticisms.

PREVIOUS WORK

Surprisingly few reports have been published on
the stratigraphy of the Frontier Formation in the Uinta
Mountains area. Walton (1944) described the regional
relations of Cretaceous rocks of the Uinta basin
including the Frontier along the south flank of the Uinta
Mountains. Cobban and Reeside (1952) included the
Frontier on the south side of the Uinta Mountains in
their discussion of regional relations of the Frontier
Formation of Wyoming, Weimer (1962) made sub-
surface correlations of the Upper Jurassic through
Middle Cretaceous rocks (including the Frontier) in
south-central Wyoming and northwestern Colorado,
primarily around the east plunge of the Uinta Mountains.
Hale and Van de Graaff (1964) showed regional cor-
relations for the total Cretaceous section, including the
Frontier, in northeastern Utah and adjacent areas.
Hansen (1965) mapped and described the Frontier
Formation as well as other rocks on the north side of the
Uinta Mountains in northeasternmost Utah. Maione
(1971) described and correlated the Frontier from the

Vernal area in northeastern Utah eastward into
northwestern Colorado. His correlations are similar to
those of this study, although there are minor differences.
Doelling and Graham (1972) reported on the coal in the
Frontier and included several measured sections of the
formation. Merewether (1983), Merewether and others
(1984), and Merewether and Cobban (1986) showed the
correlation of the Frontier Formation of Wyoming with
the Frontier on the north side of the Uinta Mountains in
northeasternmost Utah and northwesternmost Colorado.
In addition, Merewether and Cobban (1986) showed the
regional lithofacies patterns of different parts of the
Frontier and age-equivalent rocks throughout Colorado,
Wyoming, much of Utah, and the southern part of
Montana. Ryer and Lovekin (1986), using widely spaced
drill-hole logs and published outcrop studies, speculated
on the relations between the unconformity at the base of
the Frontier and the Vernal delta (the prograding clastic-
wedge part of the Frontier) and tectonics of the ancestral
Uinta Mountains.

METHODS

For this study, 18 stratigraphic sections of the
Frontier Formation and associated strata were measured
and described by the authors along the outcrop belt
around the Uinta Mountains (fig. 1). An additional
section at Vermillion Creek is from Reeside (1955).
Exposures in the eastern half of the study area are much
better and more abundant than those in the western half;
outcrops in the western part are at higher elevations and
are restricted by vegetation. All sections were measured
with a Jacob’s staff; the accuracy of thicknesses and
differentiation of facies were emphasized. Except at
Currant Creek (control point 1), in the western part of
the area, errors in thickness measurements are probably
less than 10 percent of the correct thickness. In some
cases, however, measured thicknesses of shale sections in
outcrops, especially where steeply dipping, are greater
than indicated by nearby drill holes. This is though to be
due to expansion of shale sections in surface exposures as
a result of release of confining pressure or possibly to
minor repetition of section by undetected, small limb-
thrust faults. At Currant Creek, discontinuous expo-
sures, covered intervals, and possible structural compli-
cations associated with folding and faulting of the thrust
belt (fig. 1) preclude accurately measured thicknesses.

Except for thinly interbedded or intermixed lithol-
ogies, the surface sections presented graphically are
essentially grain-size plots (plate 1). Even at the reduced
scale, the plots clearly depict fining-upward or
coarsening-upward depositional units. Because the finer
grained sandstones are generally more argillaceous, the
grain-size plots are similar to idealized spontaneous

Frontier Formation, Northeastern Utah and Northwestern Colorado M3
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potential logs of drill holes. The crossbed dip directions
shown in the graphic columns were those observed while
measuring the section. They are not the results of a
thorough investigation of paleocurrent directions.

Figure 2 (facing column). Cenomanian through Coniacian
(lower Upper Cretaceous) U.S. Western Interior molluscan
fossil zones. Zone fossil data from W.A. Cobban {oral com-
mun., 1989) and Cobban and Kennedy (1989). Stars indicate
sequential location of rocks radiometrically dated by Obra-
dovich and Cobban (1975) and by J.D. Obradovich (oral
commun., 1989).

In areas where outcrop sections are widely spaced
along lines of sections, drill-hole logs were used, where
available. In addition to the outcrop correlation sec-
tions, one subsurface correlation section that parallels
an outcrop cross section is included for comparison.
Although outcrop sections are much better for inter-
preting details of lithology, contacts, and bedding
features, subsurface sections are better for measuring
thicknesses and correlating marker beds in shale sections
to show lateral relations of subjacent lithologic units.
Thus, the two types of sections complement each other.

Table 1 lists locations of all measured outcrop
(numbers 1-21) and drill-hole log (numbers 41-53)
sections.

STRATIGRAPHY

Although the emphasis of this report is on the
Frontier Formation of early Late Cretaceous age,
depositional relations with underlying and overlying
formations are important in interpreting relations within
the Frontier. Almost all the measured sections and all
drill-hole logs used (fig. 1) include the underlying Mowry
Shale (terminology to be discussed) of early Ceno-
manian age and some include the Dakota Sandstone
and Cedar Mountain Formation of Early Cretaceous age.
In addition, an unnamed marginal-marine shale unit of
probable Cenomanian age separates the Frontier
Formation from the underlying Mowry Shale in the
western part of the Uinta Mountains. Plate 1 shows
details of the measured sections and drill-hole logs
including formational relations, biostratigraphic control,
and facies relations within the Frontier across segments
of the study area. Table 2 lists the pertinent age-
diagnostic megafossils from the collections indicated on
or near the measured sections. Figures 3 and 4 are
condensations of the detailed sections showing the
overall correlations across the area. Discussions of
formational units follow the discussion of proposed
formal terminology changes for the Frontier, Mowry, and
Mancos.

Frontier, Mancos, and
Mowry Terminology

Both the Frontier Formation and Mowry Shale
have formational rank in the Utah portion of the north

M4  Evolution of Sedimentary Basins—Uinta and Piceance Basins



Table 1. Control points used in study

[Shown by number on figure 1 and plate 1. All control points in Utah except for three in Moffat County,

Colo.]
Control
point Name Location County
OQUTCROP SECTIONS
1  Currant Creek NE/4sec.36. T.1S.,,R. 11 W.  Wasatch
NE/4 sec. 1, T.2S.,R.1W.
2 RedCreek SW/4sec. 16, T.1S.,,R.9W. Wasatch
3 Farm Creek SW/4sec. 12, T.1S,,R. 8 W. Duchesne
4  Pigeon Water Creek SE/4 sec. 24, T.1N,,R.6 W. Duchesne
5  Grouse Creek SW/4 sec. 13, T.3S.,,R. 18 E. Uintah
6  Deep Creek SE/4 sec. 27, T.3S.,R. 19 E. Uintah
7  Coal Mine Basin NE/4sec.3,T.4S.,R.20E. Uintah
8  Steinaker Reservoir SE/4 sec. 35, T.3S.,R.21 E. Uintah
9  Jensen Wash SE/4 sec. 6, T.4S.,R.23 E. Uintah
10  Dinosaur National Monument-W SW/4 sec. 27, T.4S.,R. 23 E. Uintah
11  Dinosaur National Monument-E SE/4sec.31,T.4S.,R. 24 E. Uintah
12 CIliff Creek W/2sec.9,T.6S.,R.24E. Uintah
13 Blue Mountain SE/4sec. 5, T.3N,,R. 102 W.  Moffat
14 Donkey Flat NW/4sec.12,T.3S.,R.22E.  Uintah
15  McKee Spring SW/4 sec. 35, T.3S.,R. 24 E. Uintah
16  Manila Csec. 36, T.3N,R. 19 E. Daggett
17  Chokecherry Draw SE/4 sec. 34, T.3N,,R. 21 E. Daggett
18  Antelope Flat NW/4sec.27, T.3N,,R.22E.  Daggen
19  Vemmillion Creek T.I0N,,R. 101 W. Moffat
20  Coalville T.3N,R.5E. Summit
21  Famham dome SW/4sec. 15, T.15S.,R. 11 E. Carbon
DRILL-HOLE LOGS
41  Gulf Oil Co. Cottonwood Wash Tribal No. 1 Sec.7,T.1N.,R.3 W, Duchesne
42  Bow Valley Expl. (US) Inc. Govt. No.1 Sec.4,T.4S.,R.20E. Uintah
43 Mayo Utah Oil Co. Asher-Markley No.1 Sec.22, T.4S.,R.21 E. Uintah
44  Pioneer Oil Co. Calif. Utah Slaugh No. 1 Sec. 12, T.5S.,R. 21 E. Uintah
45  Equity Oil Co. Ashley Valley 1-E. Sec.23,T.5S.,R.22E. Uintah
46  Avance Oil and Gas Co. Allied Fed. No. 1 Sec.5,T.6S.,R. 23 E. Uintah
47  West Toledo Mine Co. Grethe No. 1 Sec. 12, T.6S.,R.24 E. Uintah
48 New World Oil Co. Max Pray Govt. No. 1 Sec.3,T.7S.,R.25E. Uintah
49  Phillips Oil Corp. Fork "A" No. 8 Sec.36, T.3N,,R. 14 E. Summit
50  Mobil Oil Corp. Gregory F44-21-P Sec.21, T.3N,,R. 16 E. Uintah
51 Mountain Fuel Supply Co. Clay Basin Unit No. 14 Sec. 20, T.3N,,R. 24 E. Daggett
52 Pure Oil Co. USA-29 Sec. 29, T.3N,,R.25E. Uintah
53 Mountain Fuel Supply Co. Sugarloaf Unit No.1 Sec.4,T.11 N, R. 101 W. Moffat

side of the Uinta Mountains (Hansen, 1965) and all areas
to the north (Cobban and Reeside, 1952; Merewether,
1983; Merewether and others, 1984; Merewether and
Cobban, 1986). Both units, however, have been con-
sidered members of the Mancos Shale in the Colorado
portion of the north flank of the mountains (Sears, 1924;
Reeside, 1955; Rowley and others, 1985) and all areas
along the south flank (Walton, 1944; Cobban and Ree-
side, 1952; Kinney, 1955; Maione, 1971; Rowley and
others, 1985), although many authors consider them as
formations (Stokes and Madsen, 1961; Hale and Van de
Graaff, 1964; Doelling and Graham, 1972; Uyger and
Picard, 1985; Ryer and Lovekin, 1986). Because both
the Frontier and Mowry are widespread, distinctive
mappable units and in order to conform to their rank on
the north side of the Uinta Mountains, we herein propose
to elevate them to formational rank, the Frontier
Formation and Mowry Shale. The Mancos is raised to
group rank in the report area where it is divided into, in

ascending order, the Mowry Shale, an unnamed shale
unit, the Frontier Formation, and the main body. This
terminology thus applies to all areas on the north sides of
the Uinta and Piceance basins where the Mancos
terminology is used. The Mowry Shale pinches out south
of these arcas (Hale and Van de Graaff, 1964) and
Frontier terminology is no longer used. On the north side
of the Uinta Mountains, the thick Mancos-equivalent
shales above the Frontier are assigned to the Hilliard
Shale in Utah (Hansen, 1965); in Colorado, these shales
are assigned to the main body of the Mancos Group, as
they are on the south flank.

Dakota Sandstone and

Cedar Mountain Formation

Basal rocks of the Cretaceous System in the Uinta
Mountains area are the Dakota Sandstone and

Frontier Formation, Northeastern Utah and Northwestern Colorado M5



Table 2. Age-diagnostic fossil collections
[First number (underlined) of collection refers to fossil zone shown in figure 2. Second number is collection number keyed to figures 7 and 8 and plate 1.
Location is in section, township, and range; all localities in Utah except those in Moffat County, Colo.]

Fossil zone USGS

and

Mesozoic

collection locality Location County Age-diagnostic fossil and reference (if applicable)
21-1 D929S SE/4 sec. 13, T.1S.R,11 W. Wasatch  Inoceramus n. sp.
D12799 NE/4sec.1,T.2S.,R. 11 W. Wasatch  Inoceramus n. sp
13/19-2  D12797 S/2sec.16,T.1S.,R.9W. Wasatch  Pycnodonte aff. P. newberryi (Stanton)
183 D11042 SW/4sec. 12, T.1S,R.8W. Duchesne Mytiloides mytiloides (Mantell)?
D12793 W/2sec.7,T.1S.,R.7TW. Duchesne Mytiloides cf. M. columbianus (Heinz)
13/19-4 D127%4 W/2sec.7,T.1S.,R.TW. Duchesne Pycnodonte aff. P. newberryi (Stanton)
21-5 D9294 NW/4 sec.9, T.1S,,R.7TW. Duchesne Prionocyclus hyatti (Stanton), Inoceramus sp.
24-6 D12651 SE/4 sec. 24, T. 1 N,,R. 6 W. Duchesne Inoceramus perplexus Whitfield
24-7 D11041 NE/4sec.3,T.4S,,R. 20E. Uintah Prionocyclus novimexicanus (Marcou)
3-8 25586 Steinaker Draw Uintah Neogastroplites americanus (Reeside and Cobban, 1960)
219 D9292 SE/4 sec.35,T.3S.,,R. 21 E. Uintah Lopha bellaplicata (Shumard)
D9290 SW/4sec.24, T.3S.,R. 21 E. Uintah Prionocyclus hyatti (Stanton), Lopha bellaplicata (Shumard)
23-10 D9293 SE/4 sec. 35, T.3S.,R. 21 E. Ulintah Scaphites warreni Meek and Hayden, Inoceramus dimidius White
23-11 D11040 SE/4 sec.6,T.4S.,R.23E. Uintah Prionocyclus wyomingensis Meek, Scaphites sp., [noceramus dimidius White
23-12 D11039 NE/4 sec. 26, T. 4 S.,R. 22 E. Uintah Prionocyclus wyomingensis Meek, Scaphites warreni Meek and Hayden
23-13 D11038 SE/4 sec.27,T.4S.,R. 23 E. Uintah Prionocyclus wyomingensis Meek, Inoceramus dimidius White
22-14 D12653 SE/4 sec. 31, T.4S.,R. 24 E. Uintah Inoceramus n. sp., Lopha lugubris (Conrad)?
24-15 D12652 SE/4 sec.31,T.4S.,R. 24 E. Uintah Scaphites whitfieldi Cobban, Inoceramus perplexus Whitfield, Prionocyclus
sp.
21-16 D12788 SW/4sec.9, T.6S.,R.24E. Uintah Pprionocyclus hyatti (Stanton), Inoceramus cuvieri (Sowerby)
22-17 D11037 SE/4 sec. 8, T.6S.,R. 24 E. Uintah Prionocyclus macombi Meek
D11036 SW/4sec.9, T.6S.,R.24E. Uintah Prionocyclus wyomingensis Meek, Inoceramus dimidius White, Lopha
lugubris (Conrad)
22-18 D11033 SE/4sec.5,T.3N.,R. 102 W. Moffat Prionocyclus macombi Meek, Inoceramus dimidius White
D12785 NW/4sec.6, T.3N,,R. 100 W. Moffat Lopha lugubris (Conrad
22-19 D12786 NW/4 sec.6, T.3N.,,R. 100 W. Moffat Prionocyclus macombi Meek, Inoceramus dimidius White
24-20 D11034 Sec.5,T.3N.,,R. 102 W. Moffat Scaphites ferronensis Cobban, Prionocyclus wyomingensis Meek,
Inoceramus dimidius White
24-21 D11035 SE/4sec.5,T.3N.,R. 102 W. Moffat Scaphites whitfieldi Cobban, Inoceramus perplexus Whitfield
D8873 SE/4sec. 5,T.3N,,R. 102 W. Moffat Prionocyclus wyomingensis Meek
21-22 D12791 Csec. 36, T.3N,,R. 19E. Daggett  Inoceramus n. sp.
21-23 D9287 SE/4 sec. 34, T.3N,,R. 21 E. Daggett  Inoceramus aff. 1. howelli White
22/23-24 D9288 NE/4sec. 34, T.3N.,R.21E. Daggett  Inoceramus dimidius White
24-25 D9289 NE/4 sec. 34, T.3N.,R. 21 E. Daggett  Inoceramus n. sp., Plicatula? sp.
23/24-26  D928S SW/4 sec. 30, T.3N,,R. 22 E. Daggett  Prionocyclus sp., Inoceramus n. sp.
24-27 D9284 SW/4 sec. 30, T.3 N,,R. 2E. Daggett  Prionocyclus wyomingensis Elans Haas, Inoceramus perplexus Whitfield
2-28 26223 SW/4sec. 29, T.3N,,R. 22 E. Daggett  Neogastroplites cornutus (Reeside and Cobban, 1960)
21-29 D12789 NW/4 sec.27,T.3N.,,R. 22 E. Daggett  Prionocyclus hyatti (Stanton), Inoceramus cuvieri Sowerby, Inoceramus cf.
L. lamarcki Parkinson
24-30 D12790 NW/4 sec. 27, T.3N.,,R. 22 E. Daggett  Prionocyclus novimexicanus (Marcou), Inoceramus perplexus Whitfield
3-31 11665 SE/4 sec. 11, T. 10N,,R. 101 W. Moffat Neogastroplites americanus (Reeside and Cobban, 1960)
21-32 D9280 NW/4 sec. 30, T. 10N,,R. 100 W. Moffat Prionocyclus hyatti (Stanton), Inoceramus n. sp.
21-33 D9281 NW/4 sec. 30, T. 10N, R. 100 W. Moffat Inoceramus aff. 1. cuvieri Sowerby
24-34 D9282 NW/4 sec.30, T. 10N,,R. 100 W. Moffat Scaphites whitfieldi Cobban, Inoceramus perplexus Whitfield
2-35 988 Ef2sec.10,T.1S.,R.5E. Summit  Neogastroplites cornutus (Reeside and Cobban, 1960)
18-36 Coalville area Summit  Mytiloides mytiloides* (Cobban and Reeside, 1952), Mytiloides opalensis
Bose (Ryer, 1976)
19-37 D11043 SE/4 sec.5,T.1S.,R.5E. Summit  Collignoniceras woollgari (Mantell), Mytiloides sp.
19-38 Coalville area Summit  Collignoniceras woollgari (Cobban and Reeside, 1952)
27-39 Coalville area Summit  Inoceramus cf. 1. deformis, Lopha sannionis, Baculites mariasensis, Cardium
curtum (Cobban and Reeside, 1952), Inoceramus deformis Meek (Ryer,
1976)
27-40 Coalville area Summit  Inoceramus deformis Meek, Baculites cf. B. mariasensis Cobban,
Inoceramus koeneni Muller, Inoceramus inconstans Woods, Cardium curtum
Meek and Hayden (Ryer, 1976)
2141 D12012-15 Ef2sec.2,T.15S.,R. 11E. Carbon Inoceramus howelli White, Inoceramus flaccidus White
23-42 D12048 SW/4sec. 15, T. 15S,,R. 11 E. Carbon Scaphites warreni Meek and Hayden, Prionocyclus wyomingensis
D12777 Meek, Inoceramus dimidius White, Lopha lugubris (Conrad)
Mé Evolution of Sedimentary Basins—Uinta and Piceance Basins







































Shale Member (the part containing calcareous fora-
minifers as shown in plate 1, section A-A4’; fig. 3), with no
apparent unconformity within or above these rocks, we
interpret that this part of the section onlaps the Vernal
high. This interpretation is supported by well-log
correlations along the east and southeast sides of the
Uinta basin that show lower and lower middle Turonian
rocks onlapping the Vernal high from the south
(Molenaar, unpublished data).

Because there are no lag deposits or basal trans-
gressive sandstones associated with the unconformity on
the top of the Mowry Shale, it seems most likely that the
unconformity developed in a submarine environment,
probably as an offshore shoal far distant from a shoreline.
Other authors also have suggested this mechanism
(Weimer, 1962; Ryer and Lovekin, 1986). The unconfor-
mity probably developed because of tectonic uplift of the
Vernal high peripheral to a developing foredeep to the
west rather than eustatic lowering of sea level inasmuch
as deposits associated with a late Cenomanian-early
Turonian high stand of sea level (Haq and others, 1987)
are missing by nondeposition or erosion on the high but
are present landward to the west.

Progradational Patterns and Relative
Sea Level Rise

From our investigations of the east-west-trending
outcrop belts along the flanks of the Uinta Mountains,
there is little evidence of stratigraphic rising of the
prograding coastal sandstone, except just east of Stein-
aker Reservoir (between control points 8 and 9, plate 1,
section A-A’; fig. 3) on the south side of the mountains
and east of Antelope Flat (between control points 18 and
19, plate 1, section D-D’; fig. 4) on the north side of the
mountains. Because outcrops are discontinuous in most
of the study area, the rising and (or) nonrising in strati-
graphic position of the top of the coastal sandstone
(which indicates approximate sea level at the time of
deposition) are best indicated by the uniform thickness
or thickness variations of the middle Turonian part of the
underlying Tununk Shale Member as shown in plate 1
(sections A-A4', B-B') and figure 3. An abrupt change in
the thickness of the overlying nonmarine strata also is an
indication of a stratigraphic rise.

The rise in stratigraphic position of the top of the
coastal sandstone unit (the marine-nonmarine boundary)
is a measure of relative sea-level rise. The relative

Figure 9 (facing page). Distribution and lithofacies of early
middle Turonian rocks (Collignoniceras woollgari fossil zone)
in the central Rocky Mountains region. Modified from
Merewether and Cobban (1986).

sea-level or stratigraphic rises we discuss are due to
either eustatic rises or basin subsidence or a combination
of both. Because these two possible causes cannot be
differentiated at the local level, we use the term
“relative” to cover all cases. We interpret that relative sea
level was fairly constant throughout the area while the
coastal sandstone prograded eastward, prior to the time
of the abrupt stratigraphic rise east of Steinaker
Reservoir (control point 8, plate 1, section A-A").

Ryer and Lovekin (1986) attributed this regression
to a eustatic lowering of sea level during the middle
Turonian and an abundant supply of clastic sediment
from the Sevier orogenic belt. The gradational contact of
the regressive coastal sandstone with the underlying
Tununk Shale Member suggests continuous deposition.
If a eustatic drop did occur at that time, regional
subsidence must have masked the effect of the fall in sea
level, or after the sea-level drop water depths still must
have been at or below wave base. Near the end of the
uniform progradation period, however, prior to the
rather abrupt stratigraphic rise, a time of downcutting
apparently occurred during which the nonmarine
channels cut down into the coastal sandstones. This was
noted in several areas, such as at control points 5 and 7
(plate 1, section A-A"). Furthermore, thin or incomplete
coastal sandstone sequences, such as at control points 6
and 8 (Steinaker Reservoir), may have been partially
truncated by a channel that was subsequently filled by
low-energy backfill deposits (inactive channel fill). A few
miles east of Manila (control point 16), on the north side
of the Uinta Mountains, a conglomeratic sandstone-filled
channel cuts almost completely through the coastal
sandstone. It seems that this period of downcutting,
which occurred in about the same stratigraphic position
in late middle Turonian time, is related to a lowering of
base level, possibly eustatic lowering of sea level.

Following the time of downcutting, there was a rise
in base level (relative sea-level rise), as indicated by an
abrupt stratigraphic rise of the top of the coastal
sandstone east of Steinaker Reservoir (between control
points 8 and 9, plate 1, section A-A’, and between control
points 8 and 14, plate 1, section C-C"), in the subsurface
near Vernal (between control points 43 and 44, plate 1,
section B-B') on the south side of the Uinta Mountains,
and in the subsurface east of Antelope Flat, probably east
of Clay Basin, on the north side of the mountains (plate
1, section D-D"). It is difficult to differentiate nonmarine
from marine deposits on the drill-hole logs between
Antelope Flat and Vermillion Creek (control points 18
and 19, respectively, plate 1, section D-D'); thus, the
abruptness of the rise cannot be confirmed.

The amount of relative sea-level rise as indicated
by the stratigraphic rise between control points 8 and 9
(plate 1, section A-A") and control points 8 and 14 (plate
1, section C-C’') on the south side of the Uinta
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Mountains is about 90 ft (27 m). On the north side of the
mountains, east of Antelope Flat (plate 1, section D-D’),
the rise is probably about 70 ft (21 m). Data from this
study indicate that the rise occurred during the latest
middle Turonian or earliest late Turonian (between
Western Interior molluscan fossil zones Prionocyclus
hyatti and Prionocyclus macombi); however, more
definitive biostratigraphic control on the south side of the
Uinta basin and subsurface correlations along the east
side of the basin to tie with the surface section at Blue
Mountain (plate 1, section A-A') indicate that the rise
occurred in the earliest late Turonian (Molenaar,
unpublished data). The progradation of the uppermost
or last Frontier coastal sandstone was terminated by
another relative sea-level rise and accompanying marine
transgression that covered the subaerial plain throughout
the study area. Assuming the water depth during
deposition of the top of the thickest development of the
offshore bar at the top of the Frontier (control point 9,
plate 1, section 4-A4") was at least 20 ft (6 m); the relative
sea-level rise on the south side of the mountains was at
least 100 ft (30 m). Similarly, on the north side of the
mountains the rise was at least 60 ft (18 m), as measured
at Chokecherry Draw (control point 17, plate 1, section
D-D"). This rise occurred during early late Turonian
time (molluscan fossil zone of Prionocyclus macombi).
The sediment fill, represented by the upward-shallowing
offshore bar, was deposited during later late Turonian
time (molluscan fossil zones of Scaphites warreni and
Scaphites whitfieldi), after the relative sea-level rise.

The amounts of the two relative sea-level rises are
from measurements of compacted rocks; hence, differ-
ential compaction is not considered. In addition, the
offshore bars on the north and south sides of the Uinta
Mountains are assumed to be synchronous. Nevertheless,
a suggestion can be made that, because the two relative
sea-level rises were of a lesser magnitude on the north
side of the Uinta Mountains than on the south side by
factors of 77 percent for the earlier rise and 60 percent
for the later rise, at least parts of the relative sea-level
rises were caused by differential subsidence.
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