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Laramide uplifts of the Colorado Plateau. The Paleogene quartzolithic petrofacies (~Qm7s, F2, Lt23) of dominantly Eocene age
was derived mainly from sedimentary sources in the Laramide Uinta uplift to the north, but aiso in part from similar sources in N
the dormant Sevier thrust belt to the_ west. In the Rocky Mountain and inl-ermomtain regions, more widespread and Systematic use

INTRODUCTION . etal. 1981; Schwartz 1982). In this paper, we present an

. - . . analysis of detrital modes for Upper Cretaceous and Pa-
Within the Mesozoic Cenozoic forearc region along the leogene sandstone suites from the central Utah foreland

Pacific margin of the United States (Fig_ 1 , compilations . -
of sandst?)rri detrital modes deter(mii-ed) by tge point (see Fig. 1) to lUustratq how petrofacies methodolggy can
counting of thin sections are used extensively to define  help answer key questions about foreland tectonics. We
stratigraphic petrofacies (Dickinson and Rich 1972) con.  ely prncipally o on, Jur own Pe"“""’gf eonnais-
trolled by provenance relations. The framework constit-  Sance of the region, but also compare our data to resu
uents of literally thousands of sandstones have by now ©btained by previous workers. A summary of most ex-
been reported in the literature in the form of either tab-  !SUNE petrographic information was recently assembled
ulated individual counts, tnangular compositional plots, by Bm_hn et al. (1.9 83, table 2).' . .
or calculated suite means, Knowledge of petrofacies pat. Previous tectonic syn(heses mc}xcate that an extensive
terns is used to establish paleogeographic settings and to  Cretaceous foreland basin occupied most of the present
infer paleotectonic environments (Ingersoll 1983). Recent  Colorado P t!ategu ;:d ";l“‘:h of the Ro;ky l:dour;:.ax;‘l .re:
topical studies show how this petrofacies methodology 2107 €ast of a backarc thrust system (Fig. 1), which in
can effectively separate detrital contributions from mixed ~Cluded the Sevier orogenic belt of Nevada and Utah, the
sources (Johnson 1984), detect successive stages in basin [daho-Wyoming thrust. beit, and the Montana disturbed
evolution (Pacht 198 4), and date significant tectonic tran- bqlt. This broad foreland basin was strikingly asymmetric,
sitions (Heller and Ryberg 1983) with an elongate western depocenter (or “foredeep™) ad-
Within the Cordilleran foreland region farther inland Jacent to the tectonic load of the thrust sheets (Jordan
(Fig. 1), petrofacies methodology has thus far not been 1981 Lawton and Mayer 1982). Beginning in latest Cre-
used as systematically to constrain inferences about !aceous time and culminating during the Paleogene, Lara-
evolving paleogeography and changing paleotectonics, Mide defonpauon disrupted the previously integrated
This remains the case despite encouraging results from foreland basin to pr oduce a geographically complex prov-
promising regional studies in southwest Wyoming (Sur- ‘nce of basement-cored and thrust-bounded uplifts (Fig.
dam and Stanley 1980) and southwest Montana (Suttner ). Which were separated by numerous local basins. In
_ this paper, we focus on the effects of the tectonic transition
from Sevier thrusting to Laramide deformation on sand-
' Manuscript received 7 June 1985; revised 16 September 1985, stone detrital modes in the central Utah foreland.
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F1G. 1.—Geotectonic sketch map of western Cordillera of United
States showing location of study area within foreland region east. of
backarc thrust system: batholith belt is locus of major Mesozoic plutons;
Laramide uplifis farther inland formed largely in Paleogene time; forearc -
region along coast includes various forearc basins, subduction com-
plexes, and suspect terranes developed along or accreted against the
continental margin since mid-Late Jurassic time.
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MODAL CONVENTIONS

The following classification of framework grain types
is used for discussions of detrital modes: :

a) Total quartzose grains (Qt) are the sum of mono-
crystalline quartz grains (Qm) and polycrystalline quartz-
ose (or chalcedonic) lithic fragments (Qp), commonly
chert.

b) Feldspar grains (F) include both plagioclases (P) and
potassium feldspars (K) in varying proportions.

¢) Unstable (siliciclastic) lithic fragments (L) are the
sum of volcanic-metavolcanic (Lv) and sedimentary-
metasedimentary (Ls) varieties, exclusive of quartzose-
chalcedonic (Qp) types (chert, metaquartzite, etc.) and
detrital limeclasts (Lc). )

d) Total siliciclastic lithic fragments (Lt) are the sum
of unstable (L) and quartzose (Qp) varieties.

For tables and diagrams, the proportions of quartzose
grains, feldspar grains, and siliciclastic lithic fragments
are recalculated to 100 percent, exclusive of other con-
stituents. Summary detrital modes are then reported as
QtFL and QmFLt populations (e.g., Qt50-F25-L25 or
Qm40-F25-Lt35, etc.). In our petrographic work, quartz
and feldspar crystals within lithic fragments, but individ-
ually larger than the lower limit of the sand range (i.e.,
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0.0625 mm), have been summed as quartz (Qm) and
feldspar (F) grains (e.g.. Ingersoll et al. 1984), but this
convention may not have been followed by other workers
whose data we cite.

Modal summaries thus follow standard practice, except
that detrital limeclasts (Lc) are not included here with
siliciclastic sedimentary and metasedimentary lithic frag-
ments (Ls). In effect, calclithite is thus regarded as a va-
riety of calcarenite, rather than litharenite. Most other
workers have taken the opposite approach, by treating
extrabasinal limeclasts (Lc) as simply a variety of the
general category of sedimentary lithic fragments (Ls); in
some studies, this alternative procedure may clarify
provenance relationships (e.g., Mack 1984). However, we
have found that the content of detrital limeclasts (Lc)
within sandstone suites of central Utah is so variable, and
seemingly capricious (see below), as to obscure funda-
mental compositional relationships if detrital limeclasts
(Lc) are summed with the dominant siliciclastic grain
types. Consequently, we prefer to report the content of
detrital limeclasts separately, as percent of total frame-
work grains, much as the content of mica (M) is custom-
arily reported in detrital modes. We are uncertain whether
the unsystematic distribution of detrital limeclasts (Lc)
in the rocks we have studied reflects variable weathering
of carbonate source rocks or variable behavior of car-
bonate framework grains during diagenesis. We observe,
however, that relative proportions of siliciclastic grain
types conform to patterns that are stratigraphically sys-
tematic, whereas variations in the content of detrital lime-
clasts appear to be essentially random.

STUDY AREA

Laramide deformation within the foreland region of
the western United States caused structural disruption of
the regionally integrated Cretaceous foreland basin. Pre-
Tertiary strata were eroded from the crests of prominent
Laramide uplifts, and Cretaceous beds were locally buried
beneath thick Paleogene deposits in isolated Laramide
basins. Eastward from the Sevier thrust front, the lateral
outcrop continuity of synorogenic strata spanning the
Cretaceous-Tertiary boundary is preserved only in central
Utah along the eroded southern flank of the Uinta Basin.
(Fig. 2). To study the petrofacies record of the transition
from Sevier to Laramide tectonics, our attention was thus
drawn to the central Utah foreland. Within the study area
(Fig. 3), Cretaceous and Paleogene strata are magnifi-
cently exposed from the Wasatch Plateau eastward along
the line of the Book Cliffs (Cretaceous) and the Roan Cliffs
(Paleogene) to Gray Canyon (Cretaceous) and Desolation
Canyon (Paleogene) of the Green River.

STRATIGRAPHIC SETTING

Figure 4 depicts general stratigraphic and facies rela-
tions of outcropping strata in east-west transect across
the study area. The diagram essentially represents an up-
date of the pioneering work of Spieker (1946). As the
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FiG. 2.—Geologic sketch map showing location of study area (Fig. 3) in central Utah foreland in relation to Laramide uplifts and basins of
Colorado Plateau and Rocky Mountains. Key morphologic features: BM, Black Mesa; CC, Circle Cliffs uplift; DC, Douglas Creek Arch; DP.
Defiance Plateau; HM, Henry Mountains region; KP, Kaiparowits Plateau; MU, Monument upwarp; MV, Marysvale volcanic field; NM, Needle
Mountains uplift; SJ, San Juan volcanic field; SM, San Miguel Mountains; SR, San Rafael Swell; SU, Sawatch uplift; UM, Uinta Mountains; UP,
Uncompahgre Plateau; WR, White River uplift.

strata dip gently northward into the Uinta Basin, younger Cretaceous Units

horizons shown actually lie as much as 100 km north of _ )

the oldest horizons shown (see Fig. 3). Consequently, sig- Strata of the Cretaceous foreland basin are dominantly
nificant facies changes that occur in the subsurface of the coarse-grained nonmarine rocks near the thrust front and
Uinta Basin (e.g., Fouch 1975, 1976; Fouch et al. 1976; finer-grained marine rocks east of the Wasatch Plateau
Ryder et al. 1976) are not adequately displayed by the (Fig. 3). The Cretaceous Indianola Group accumulated
diagram. to a maximum thickness of about 4,000 m along the

—

Fiti. 3.—Geologic sketch map of central Utah foreland (adapted from Hintze 1980). paleocurrent data after Andersen and Picard (1972, 1974).
Chapman (1982), Zawiskie et al. (1982), Lawton (1982, 1983a, 1986), and Figure 9; see Figure 2 for location. Balls on downthrown sides of
normal faults (heavy lines).
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FiG. 4.—Schematic fence diagram of exposed stratigraphic units (subsurface relations not shown) across central Utah foreland showing general
stratigraphic relationships of uppermost Cretaceous (mid-Campanian to Maastrichtian) and overlying Paleocene-Eocene strata in east-west profile
(see Fig. 3 for locations of Sanpete Valley, Price Canyon, Duchesne River, and Green River). Adapted after Andersen and Picard (1972, 1974).
Fouch et al. (1976, 1982, 1983), Ryder et al. (1976), Zawiskie et al. (1982), and Lawton (1982; 1983a, b; 1985, 1986).

deformed flank of the basin in central Utah (Spieker 1946;
Jefferson 1982). Indianola sedimentation, which began in
mid-Cretaceous time and continued through most of the
Late Cretaceous (Lawton 1985), was coeval with the
emplacement of Sevier thrust sheets, whose eastward mi-
gration eventually involved the synorogenic Indianola
strata in thrust-related deformation. Near Sanpete Valley
at the western edge of the study area (Fig. 3), Indianola
beds are involved in the frontal anticline of a complex
“triangle zone” that forms the leading edge of the Sevier
thrust belt (Standlee 1982; Lawton 1983b, 1985). Con-
glomeratic Indianola strata dip homoclinally eastward
(Fig. 4) off the frontal fold structure into the subsurface
- under the Wasatch Plateau. Indianola lithofacies patterns
~ define a coarsening-upward progradational sequence
dominated by nonmarine deposits of alluvial fans, fluvial
braidplains, and sandy meanderbelts. These terrestrial
lithofacies intertongue eastward and downward with del-

taic and lagoonal successions, which grade in turn to se-
quences of shoreface and deita-front sandstones contain-
ing intercalations of marine siltstone and mudstone.
Beneath the Wasatch Plateau, strata of the Indianola
Group pass laterally into time-equivalent beds of the
Mancos Shale and Mesaverde Group exposed eastward

on the Colorado Plateau (Weimer 1960; Lawton 1982).

The Mesaverde Group is also a progradational clastic
wedge that coarsens upward and intertongues eastw_ard
with the underlying Mancos Shale of marine origin (Fish-
er et al. 1960). Mesaverde beds include sandstones and
siltstones of delta-front and delta-plain facies that pass
upward and laterally into fluvial sequences dominated by
sandstones, which are locally pebbly in the western part
of the study area and in higher parts of the section farther
east (Keighin and Fouch 1981; Fouch et al. 1983; Lawton
1983a, 1986).

Regional stratigraphic relations thus imply that the
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coarse clastics in the combined Indianola-Mesaverde pro-
gradational assemblage were derived mainly from the
Sevier thrust belt lying to the west of the Cretaceous fore-
land basin (Spieker 1946). Only the upper part of the
Mesaverde Group and the uppermost formation of the
Indianola Group are treated in detail here. These units
were deposited at a time when the migratory Sevier thrust
system had advanced to a position at or near its maximum
eastward extremity, where it provided a nearby source
for clastic detritus shed into the adjacent foreland basin
of central Utah.

Cretaceous-Tertiary Transition

Eroded frontal folds of the Sevier thrust system were
overlapped unconformably by Paleogene strata of the
North Horn Formation and overlying units (Stanley and
Collinson 1979; Jefferson 1982). Folded synorogenic con-
glomerates equivalent to the Price River Formation with-
in the upper Sixmile Canyon Formation (see Fig. 4) are
structurally concordant with the remainder of the Indi-
anola Group, whereas postorogenic conglomerates of the
North Horn Formation are nearly flat-lying except where
tilted within normal fault blocks of Neogene age (Lawton
1985).

The unconformity beneath the North Horn Formation
extends across the full width of the study area, although
its angularity is slight except near the thrust front, and
its presence is commonly marked only by local pebbly
lag deposits (Lawton 1986). In the central part of the
Wasatch Plateau, North Homn sedimentation began dur-
ing the Maastrichtian and continued without break into
the Paleogene (Spieker 1946). The North Horn depocen-
ter lay within a residual foreland trough that developed
between the dormant Sevier thrust belt and the San Rafael
uplift (Fig. 4), whose growth began before the end of
Cretaceous time (Lawton 1985, 1986). North Horn litho-
facies represent varied fluviatile environments together
with locally developed paludal and lacustrine environ-
ments (Fouch 1975; Lawton 1986). Cretaceous horizons
of the North Horn Formation are essentially confined to
the troughlike depocenter, but Paleocene horizons onlap
both the truncated thrust belt structures to the west and
the eroded crest of the San Rafael uplift to the east (Fouch
et al, 1983; Lawton 1986). The North Homn Formation
reaches a maximum thickness of only about 500 m on
the Wasatch Plateau within the study area (Birsa 1973),
but time-equivalent conglomeratic fluvial strata of the
Currant Creek Formation northwest of the Uinta Basin
(see Fig. 2) are about 1,500 m thick (Isby and Picard
1983).

Paleogene Units

Conformable with the North Horn overlap assemblage
is a thick overlying succession of nonmarine Paleogene
deposits whose varied facies occur in complex intertongu-
ing relationships (Ryder et al. 1976). These strata reach
a maximum thickness of nearly 5,000 m within the de-
pocenter of the Uinta Basin, a Laramide downwarp formed
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by structural disruption of the foreland region during lat-
est Cretaceous and Paleogene time (Fouch 1975; Bruhn
et al. 1983). The Paleogene sedimentary succession is
overlain unconformably by Early Oligocene volcanics (32-
33 m.y. BP) in the area where Paleogene strata overlap
the dormant Sevier thrust beit (Jefferson 1982),

Depositional facies within the Paleogene sequence in-
clude varied lacustrine, deltaic, and fluvial deposits (Pi-
card 1957b; Fouch 1975; Ryder et al. 1976; Moncure and
Surdam 1980). The Uinta Basin was a lacustrine depo-
center surrounded by tracts of deltaic and fluvisl facies
(Picard 1955). The central lacustrine facies is typified by
dark shales of the Green River Formation. Inherently
rapid facies changes (Picard and High 1972) between this
central facies and various marginal facies were amplified
and complicated by episodic fluctuations in lake level
(Picard and High 1968). These fluctuations caused dra-
matic shifts in the positions of lithofacies boundaries and
consequently produced markedly cyclic patterns of fluvial
and lacustrine sedimentation. Lacustrine environments
varied from deep water to playa conditions (Ryder et al.
1976).

The stratigraphic nomenclature developed for the Pa-
leogene sequence is necessarily intricate (Fouch 1976),
but need be reviewed only briefly here (see Fig. 4). Spieker
(1946) regarded the North Horn Formation, Flagstaff
Limestone, and Colton Formation of the Wasatch Plateau
as formations of the Wasatch Group beneath the Green
River Formation, and this formational framework is still
used in the Sanpete Valley area (Stanley and Collinson
1979). Within the Uinta Basin, however, strata equivalent
to the Flagstaff Limestone are referred to the Flagstaff
Member of the Green River Formation (Fouch 1976). In
that usage, the Green River Formation thus encloses an
intertonguing body of the fluviodeltaic, sand-rich Colton
Formation (Murany 1964; Cashion 1967). Some workers
(Picard 1955, 1957a, 1967, 1971; Picard and High 1970)
have subdivided the intertonguing lacustrine and related
facies of the Green River Formation into the formal
members of Bradley (1931), but others (e.g., Ryder et al.
1976) dispense with that nomenclature and instead use
key marker horizons to establish the overall geometry of
the various sedimentological facies present. The Green
River Formation reaches thicknesses of 1,500 to 2,500
m in the subsurface within the Uinta Basin depocenter
(Picard 1957a; Fouch 1975; Bruhn et al. 1983). The Col-
ton Formation has a maximum thickness of about 1,000
m on the outcrop in Desolation Canyon of the Green.
River (Cashion 1967), but locally may be 1,250 to 1,500
m thick in the nearby subsurface to the northwest (Picard
1957a).

The lacustrine strata of the Green River Formation are
overlain by about 500 m of fluvial beds in the Uinta
Formation along a time-transgressive gradational contact
(Dane 1954; Cashion 1967). Fluvial deposits above the
contact on the east grade westward to lacustrine strata
that are continuous with the underlying Green River For-
mation in the center of the Uinta Basin (Ryder et al.
1976). Along the northern flank of the Uinta Basin, the
Uinta Formation is overlain by partly conglomeratic
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FiG. 6.—Sketch map of Uinta Basin and vicinity showing location of
schematic columnar sections shown. by Figure 5.

piedmont fluvial strata about 900 m thick in the Du-
chesne River Formation, whose basal contact is largely
unconformable (Andersen and Picard 1974). Locally,
however, the Uinta and Duchesne River Formations in-
tertongue gradationally through a stratigraphic interval
at least 300 m thick (Andersen and Picard 1972). -

PETROFACIES DISTRIBUTION -

Figure 5 denotes the overall stratigraphic distribution
of key sandstone petrofacies within the study area at lo-
calities indicated by Figure 6. Two distinctive Cretaceous
petrofacies, the Cretaceous quartzose petrofacies and the
Cretaceous quartzolithic petrofacies, are present within
the upper part of the Mesaverde Group deposited along
the flank of the Cretaceous foreland basin, and the former
is also present in equivalent strata of the Sixmile Canyon
Formation at the top of the Indianola Group near the
Sevier thrust front. Two additional Paleogene petrofacies,
the Paleogene feldspathic petrofacies and the Paleogene
quartzolithic petrofacies, occur within the sedimentary
fill of the Laramide Ulinta Basin. The former is typified
by sandstones of the Colton Formation, whereas the latter
is typified on the outcrop by younger sandstones of the
Duchesne River Formation.

Representative detrital modes of the four key petro-

facies are shown graphically by Figures 7 and 8 for Cre- .

taceous and Paleogene sandstones, respectively. The most
mature frameworks are those of the Cretaceous quartzose
petrofacies, which plots near the Qm pole. Both Creta-
ceous and Paleogene quartzolithic petrofacies plot near
the Qm-Lt leg in positions that commonly reflect recy-
cling of supracrustal detritus. The Paleogene feldspathic
petrofacies has an arkosic composition near the Qm-F
leg in a position that commonly reflects dérivation from
plutonic or basement sources. Intervals of transitional
petrofacies with variable compositions occur near the
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C retaceous-Tertiary boundary at the base of the Pulv,,
gene overlap assemblage, and within Eocene strata in 1hy.
interior of the Uinta Basin (see Fig. 5).

The following sections discuss the stratigraphic conteyy
and petrologic nature of each of the four key petrofacics
in order of dominant age and include brief comments o,
the nature of the transitional petrofacies. The closing sey
tion of the paper is a discussion of the inferred Paleogene
paleogeography of the study area and surrounding region
based on previous work and the insights we have gained
from our petrofacies analysis.

CRETACEOUS QUARTZOSE PETROFACIES

The Cretaceous quartzose petrofacies occurs in the Six-
mile Canyon Formation of the Indianola Group along
the Sevier thrust front, and in the Castlegate Sandstone.
including the Bluecastle Tongue, of the upper Mesaverde
Group east of the Wasatch Plateau (Fig. 5). Castlegate
sedimentation began in mid-Campanian time shortly af-
ter 80 m.y. BP, and ended well before the end of the
Campanian (Fouch et al. 1983; Lawton 1986). Depo-
sition of the Sixmile Canyon Formation occupied a some-
what longer time span bracketed by palynomorphs of
Santonian and uppermost Campanian age (Lawton 1985,
1986). Detrital modes of sandstones from the two units
are statistically indistinguishable (Table 1. -

Strata containing the Cretaceous quartzose petrofacies
display easterly to southeasterly paleocurrent trends (Fig.
3), which suggest derivation of the quartz-rich sand from
uplifted Precambrian and Paleozoic sedimentary rocks in
the Sevier thrust belt to the west and northwest. Variable
but locally high contents of detrital limeclasts (see Table
1) are compatible with such a sedimentary source terrane
containing limestone as well as quartzite. Dominant clast
types in conglomerates of the Indianola Group are quartz-
ites, carbonate rocks, and chert derived from rock se-
quences now exposed within the thrust belt (Lawton
1983b). Chert clasts were derived mainly from replace-
ment nodules present in the carbonate rocks,

Facies relations strengthen the paleocurrent evidence
for a nearby provenance within the thrust belt. The
Sixmile Canyon Formation, about 1,500 m thick, is com-
posed of coarse piedmont clastics that prograded east-
ward during the time of emplacement of the Charleston-
Nebo allochthon (Jefferson 1 982), the most easterly major
thrust sheet in the adjacent Sevier thrust belt. Farther
east, sandy braidplain and coarse-grained meanderbeit
deposits of the coeval Castlegate Sandstone, about 200
m thick at Price Canyon, formed a sandy coastal plain
that prograded eastward across the top of an older deltaic

* complex represented by the underlying Blackhawk For-

mation. The sharp contact between the two units marks
a change from meandering to braided fluvial deposition
and probably represents a diastem rather than an ero-
sional disconformity (Lawton 1986). Still farther east
(Figs. 4-5), Castlegate fluvial sandstones intertongue con-
formably with finer-grained marine and marginal-marine
strata well exposed along the Green River (van de Graaff
1972). The widespread dispersal of sheetlike fluviatile and
strandline sand bodies within the Castlegate Sandstone
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sandstones from the Creta-
ceous quartzose petrofacies
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central Utah foreland (see Ta-
bles 1-2). Solid circles are for-
mation means (after Keighin
and Fouch 1981) for subsur-

Qm2S-F15-Lt60

(Table 28) face samples of the Neslen (N),
4 samples Farrer (F), and Tuscher (T)
Formations in the northeast-

ern Uinta Basin (see text for
Lt discussion). Limeclasts (L.c) not

nay represent a sedimentary response to pulses of de-
formation within the thrustbeit provenance (Spieker 1946;
van de Graaff 1972). Episodic intervals of sediment by-
pass across the piedmont belt may account for the like-
lihood that the Sixmile Canyon Formation is an incom-
plete section within which several hiatuses of uncertain
magnitude are present (Fouch et al. 1982, 1983).

The low feldspar content of the Cretaceous quartzose
petrofacies derived from the Sevier thrust belt contrasts.
with the compositions of sandstones in older N:)esozoic
sequences within the Utah foreland region. Available data
suggest that the older Mesozoic sandstones of contrasting
provenance have a mean composition of about Qt185-
F11-L4 (Bruhn et al. 1983), and thus contain more feld-
spar by an order of magnitude (Table 1). The additional
feldspar may have been derived in different instances
either from basement rocks of the continental craton to
the east or from igneous rocks in interior parts of the
orogenic belt to the west.

CRETACEOUS QUARTZOLITHIC PETROFACIES

The Cretaceous quartzolithic petrofacies (Table 2) is
composed of the uppermost Campanian (Fouch et al.
1983; Lawton 1986) Price River Formation, 190 m thick
at Price Canyon, and the correlative Farrer (290 m) and
Tuscher (280 m) Formations east of the San Rafael uplift

included in Lt (see text).

near the Green River (Fig. 5). Paleocurrent trends are
northeasterly, subparallel to the Sevier thrust belt (Fig.
3). Lateral continuity between the Price River Formation
and its easterly equivalents was disrupted by erosion along
the crest of the San Rafael uplift (Lawton 1986) prior
to deposition of the North Horn Formation (Fig. 4).

The Price River Formation was deposited by a sinuous
fluvial system flowing in front of the Sevier thrust beit
(Lawton 1986). Price River quartzolithic sandstones plot
as an elongate array that represents various admixtures
of quartzose detritus, apparently identical in composition
to that in the Cretaceous quartzose petrofacies, with lithic
detritus having a mode near Qm25-F15-Lt60 (Fig. 7). We
infer that this spectrum of quartzolithic compositions re-
flects the mingling of varied supracrustal detritus deliv-
ered to the foreland region along various segments of the
Sevier thrust front, and then transported jointly within
the longitudinal drainage system that prevailed during
latest Campanian sedimentation. The feldspar content of
the more lithic sandstones suggests that igneous rocks
lying west of the Sevier thrust belt within the interior of
the orogenic belt may have formed part of the prove-
nance, but the content of sedimentary lithic fragments
(Ls) consistently exceeds that of volcanic lithic fragments
(Lv) and suggests that sources within the Sevier thrust
belt were dominant (Lawton 1983b).

Correlative Farrer and Tuscher sedimentation farther
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east recorded the evolution of a fluvial system from mean-
dering trunk streams and low sand/shale ratios during
Farrer deposition to increasingly less sinuous channel pat-
terns and high sand/shale ratios during Tuscher deposi-
tion, which closed with the development of a pebbly
braidplain (Lawton 1986). Pebbly beds that rest discon-
formably on the Farrer Formation near Range Creek (Fig.
3), but lie unconformably beneath the North Horn For-
mation, are interpreted as local onlap of the Tuscher For-
mation along the eastern flank of the San Rafael uplift,
whose initial (?) growth is thereby dated as latest Cam-
panian (Lawton 1986).

Farrer and Tuscher quartzolithic sandstones are con-
sistently (Fig. 7) and significantly (Table 2) more feld-
spathic than correlative sandstones in the Price River
Formation, and some contain more volcanic (Lv) than
sedimentary (Ls) lithic fragments (Lawton 1983b). As they
were deposited by an integrated longitudinal drainage lying
within the foreland region more than 100 km from the
Sevier thrust front (Fig. 2), their provenance may have
included igneous rocks within the interior of the orogenic
belt, or to the south of the backarc thrust system in south-
ern California and/or southern Arizona (Fig. 1). These
possibilities cannot be tested readily because equivalent
strata have been removed by erosion from the Henry
Mountains region (Fig. 2) immediately to the southwest
of the study area (Peterson and Ryder 1975; Peterson et

al. 1980). Reportedly arkosic sandstones (Bowers 1972,
p. B16) of the Kaiparowits Formation near the Kaipa-
rowits Plateau still farther to the southwest (Fig. 2) are at
least in part correlative with the Farrer-Tuscher sand-
stones (Peterson and Ryder 1975; Peterson et al. 1980)
and may afford the means to trace the origin of the feld-
spathic detritus that is intermixed in the latter.

Keighin and Fouch (1981) have reported petrographic
data for subsurface samples taken from the northeastern
Uinta Basin (Fig. 2) at horizons correlative with the ex-
posed Cretaceous quartzolithic petrofacies that we sam-
pled on outcrop along the southwestern flank of the Uinta
Basin. They studied 36 samples selected from a cumu-
lative 36 m of core. Their detrital modes are similar to
ours, except that quartz/feldspar ratios are consistently
higher. For the Farrer Formation, they report a mean
(n = 9) of Qt67-F8-L25 (vs. Qt54-F19-L27 from Tabie
2B), and for the Tuscher Formation, a mean (n = 14) of
Qt70-F8-L22 (vs. Qt62-F17-L21 from Table 2C). Their
samples from the underlying Neslen Formation have a
mean (n = 13) of Qt84-F2-L14, comparable to our mean
of Qt78-F5-L17 for the Price River Formation (Table
2A). Moreover, all three of their formation means plot
along the spectrum of compositions for the Price River
Formation on the QmFLt plot (Fig. 7), and clearly rep-
resent local variants of the Cretaceous quartzolithic pet-
rofacies.
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TABLE 1.~ Mean detrital modes' of selected sandstones from the Cre-
taceous quartzose perro_/'a_(:iesz in Central Utah (see text for symbols and

WILLIAM R. DICKINSON, TIMOTHY F. LAWTON, AND KERRY F. INMAN

TABLE 2.—Mean detrital modes' of selected sandstones from the Cre-
taceous quartzolithic petrofacies® in Central Utah (see text for symbols

discussion of grain types) and discussion of grain types)
A 8 C A B c
Formation Sixmile? Casticgate® Combined , Formation . Price River® Farrer Tuscher*
N 10 20 30 N 21 10 12
Qm 93.7 £ 5.1 93.1 £+ 49 93.4 £ 5.0 Qm 684 + 174 39.1 £ 6.9 49.6 =+ 5.3
(Ra 82-99) (Ra 81-99) (Ra 29-95) (Ra 28-51) (Ra 37-55)
Qp 50+ 44 4.5 £ 3.8 46 + 40 Qp 9.4 + 40 148 + 4.6 12.8 £ 5.1
(Ra 0-14) (Ra 0-15) (Ra 2-20) (Ra 7-22) (Ra 5-20)
F 0.1 03 08 1.1 05+1.0 F 54+39 19.0 £ 4.3 16.7 £ 4.1
(Ra 0-1) (Ra 0—4) (Ra 0-14) (Ra 10-27) (Ra 11-25)
L 1.2+13 16 £ 1.7 14+ 16 L 168 £ 11.5 27.1 £ 9.5 209 = 4.4
(Ra 0-4) (Ra 0-7 (Ra 0-44) (Ra 15—45) _(Ra 13-27)
Summation 100 100 100 Summation 100 100 100
Lc* 12.6 £ 15.0 54 +10.1 78 £ 124 L¢* 3.5 +43 5.1+3.6 1.2+£22
(Ra 0-40) (Ra 0—46) (Ra 0-14) (Ra 0-13) (Ra 0-8)
' Grain percentages * standard deviations; total observed ranges in ! Grain percentages + standard deviations; total observed ranges in
parentheses. ’ parentheses.
? See Figures 3-5 for geographic location and stratigraphic context of 1 See Figures 3-5 for geographic location and stratigraphic context of
sampled horizons. sampled horizons.

* Upper Cretaceous (Santonian-Campanian) Sixmile Canyon For-
mation of Indianola Group at Sixmile Canyon on west side of Wasatch
Plateau at flank of Sanpete Valley; most proximal part of Cretaceous
quartzose petrofacies of foreland basin near structural front of Sevier
thrust beit.

* Upper Cretaceous (middle-upper Campanian) Castlegate Sandstone
(including Bluecastle Tongue) of Mesaverde Group in Price Canyon and
in Gray Canyon of the Green River; more distal part of Cretaceous
quartzose petrofacies of foreland basin along line of Book Cliffs.

* Percentage of total framework grain population.

Quartzolithic sandstones were also deposited within
the unconformably overlying North Horn Formation
(Stanley and Collinson 1979) following a prominent hia-
tus of as much as 10-15 m.y. during the Maastrichtian
and Paleocene (Fig. 5). However, Paleocene North Horn
sandstones also include more feldspathic types transi-
tional to the Paleogene feldspathic petrofacies. Conse-
quently, we provisionally assign the North Horn For-
mation to a transitional petrofacies composed in part of
locally reworked detritus.

PALEOGENE FELDSPATHIC PETROFACIES

The Paleogene feldspathic petrofacies occurs in fluvial
and deltaic sandstone bodies of the Colton Formation,
and in sandstone tongues within the overlying Green Riv-
er Formation of dominantly lacustrine origin (Fig. 5). The
Colton and North Horn Formations are separated by an
interval of lacustrine beds in the Flagstaff Member of the
Green River Formation or Flagstaff Limestone of Late
Paleocene to Early Eocene age (Fouch 1976; Stanley and
Collinson 1979). The Colton Formation is also domi-
nantly of Late Paleocene and Early Eocene age (Fouch
1976; Ryder et al. 1976) but may include strata as young
as Middle Eocene near Sanpete Valley (Zawiskie et al.
1982). The overlying Green River Formation of Early to
Middle Eocene age contains tuffbeds that have been dated
radiometricaily at about 45 m.y. sp (Pitman et al. 1982).

Intertonguing with lacustrine shales of the Green River
Formation causes the thickness and age of the Colton

3 Upper Cretaceous (upper Campanian) Price River Formation of
Mesaverde Group at Price Canyon; western subfacies of Cretaceous
quartzolithic petrofacies in foreland basin between structural front of
Sevier thrust beit and crest of San Rafael uplift.

* Upper Cretaceous (upper Campanian) Farrer and Tuscher Forma-
tions of Mesaverde Group at Range Creek and in Gray Canyon of the
Green River; lower (Farrer) and upper (Tuscher) parts of eastern subfa-
cies of Cretaceous quartzolithic petrofacies in foreland basin east of
crest of San Rafael uplift.

3 Percentage of total framework grain population.

Formation to vary widely within the study area (Figs. 4—
5). Its outcrop thickness increases eastward from the Wa-
satch Plateau (Zawiskie et al. 1982) and reaches a max-
imum of about 1,000 m in Desolation Canyon of the
Green River (Picard 1955; Cashion 1967), where the sand-
rich Colton strata conformably overlie about 25 m of
lacustrine limestone and fine-grained clastic strata in the
Flagstaff Member of the Green River Formation. The
proportion of sandstone in the Colton Formation also
increases eastward on the outcrop (Chapman 1982) from
Price Canyon to the Green River (Figs. 3-4), and the
sand/shale ratio within the intertonguing Green River and
Colton Formations in the subsurface of the Uinta Basin
similarly increases to the southeast toward the exposures
in Desolation Canyon (Murany 1964). Paleocurrent trends
toward the north and northwest for the Paleogene feld-
spathic petrofacies (Fig. 3) imply that the thick section
of Colton Formation in Desolation Canyon was deposited
near a major entry point for arkosic detritus moving into -
the Uinta Basin.

Detrital modes used to define the composition of the
Paleogene feidspathic petrofacies (Table 3A, B) were de-
termined for 18 samples collected from horizons spaced
30 to 150 m apart within a composite section 1,200 m
thick including the entire Colton Formation and the lower
part of the overlying Green River Formation up to the
**Horse Bench Sandstone Bed” of Middle Eocene age (Fig.
4). The Colton Formation was sampled along Desolation
Canyon (accessible only by boat), and the Green River
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Tamt 3.— Mean detritial modes® of selected sandstones from Paleogene
feldspathic (4-C) and quartzolithic (D) petrofacies in the Uinta Basin
’ (sce text for symbols and discussion of grain types)

Farmanon A B [ D X
Colion® Gireen River* Asnd B Duchesne River*
N 12 6 18 46
Qm 509 +43 492 +41 50443 7522120
(Ra 44-58) (Ra 43-54) (Ra43-58) (Ra47-98)
Qp 30x20 1.3 0.7 2419 11.0x64
(Ra 0-6) (Ra 0-2) (Ra 0-6) (Ra 0-35)
F 323+60 40560 35072 1414
(Ra 22-39) (Ra 33-50) (Ra 22-50) (Ra 0-6)
L 13.8 £ 4.5 90+16 122+44 124118
(Ra9-21) (Ra6=11) ~(Ra6~21) _ (Ra0-45)
Summation 100 100 100 100
Lct 5.3+ 5.1 1.3+£14 40 £ 46 30+ 34
(Ra0-17) (Ra 0-4) (Ra 0-17) (Ra 0-15)
' Grain percentages * standard deviations; total observed ranges in
parentheses.

2 See Figures 3-5 for geographic location and stratigraphbic context of
sampled horizons.

3 Upper Paleocene to Lower Eocene Colton Formation of the Roan
Cliffs in Desolation Canyon (Fig. 9) of the Green River; lower part of
Paleogene feldspathic petrofacies along southern flank of Uinta Basin.

« Lower to Middle Eocene Green River Formation up to “Horse Bench
Sandstone Bed” in Gate Canyon (Fig. 9); upper part of Paleogene feld-
spathic petrofacies along southern flank of Uinta Basin.

s Upper Eocene Duchesne River Formation in drainages north of
Duchesne River (Andersen and Picard 1972, 1974); upper part of Pa-
Jeogene quartzolithic petrofacies along northern flank of Uinta Basin;
tabulated from data of D. W. Andersen. .

¢ Percentage of total framework grain population.

Formation was sampled in nearby Gate Canyon (Fig. 9).
Approximately 100 newly recorded paleocurrent indi-
cators (mostly trough-set crossbeds) were measured along
traverses up eight side canyons tributary to Desolation
Canyon (Fig. 9) in order to confirm net sediment dispersal
toward the north-northwest.

A mean composition of Qm50-F35-Lt15 (Table 3C)
suggests derivation of the Paleogene feldspathic petro-
facies (Fig. 8) from dominantly plutonic or basement
sources, as Picard (1971) indicated from his work east of
the Green River. This inference is supported by the dom-
inance of common plutonic quartz grains, the abundance
of grid-twinned microcline in the potassium feldspar pop-
ulation, the occurrence of coarse muscovite and biotite
as accessory minerals, and the presence of microgranitic
rock fragments in some samples. Plagioclase and potas-
sium feldspar are present in roughly subequal amounts
(mean P/K ratio is 1.25). Subordinate lithic fragments
are mainly quartzose metasedimentary (Ls) and felsic to
intermediate volcanic (Lv) types. _

Mean compositions determined by others for variants
of the Paleogene feldspathic petrofacies elsewhere within.
the Uinta Basin are compared to our data in Table 4 and
plotted with our data on Figure 8. Suites from west of
Desolation Canyon are comparable (Table 4B) or less
feldspathic (Table 4A). The latter composition may reflect
dilution of arkosic detritus with quartzolithic debris re-
worked from the vicinity of the Sevier thrust belt. Suites

Sor  —
%* and .
Creek ash

Wire Fence
Cyn> .,

n=15

FiG. 9.—Sketch map of Desolation Canyon (Sand Wash to Wire Fence
Canyon) of the Green River and vicinity (see Fig. 3 for location) showing
a) sample localities for 18 arkosic sandstones (summary of point counts
in Table 2) from the Colton Formation (solid circles) and the lower part
of the overlying Green River Formation (open circles) up to the “Horse
Bench Sandstone Bed™ (see Figs. 4-5 for stratigraphic position); and b)
mean paleocurrent vectors (heavy arrows) at 8 traverse sites (asterisks).

from east of Desolation Canyon (Table 4E, F) are seem-
ingly less lithic, but we note that these suites reportedly
contain an average of 20-25 percent matrix and cement
(Picard 1971), whereas our counts averaged only 5-10
percent interstitial materials; conceivably, the differences
in the calculated detrital modes may represent only op-
erator variance in the treatment of lithic detritus. The
more quartzose lacustrine sandstones (Table 4F) contain
minor proportions of carbonate intraclasts and/or ooliths
that are absent in the associated fluvial sandstones (Table
4E).

Pitman et al. (1982) studied a suite of sandstone sam-
ples selected from 15 m of subsurface core taken from
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TABLE 4.~ Comparative mean detrital modes for selected sandstone suites of the Paleogene feldspathic petrofacies within the Uinta Basin' ( UB)
Suite Location Age Unit(s) N Qm F_ Lt Reference -
A Price Canyon and Soldier Upper Paleocene and Colton Formation 15 53 13 34 Chapman 1982
Creek, Southwest UB Lower Eocene
B Sunnyside Area, Southwest Upper Paleocene and Colton Formation 25 50 39 11 Banks 1981
UB Lower Eocene
C  Gate Canyon and Desolation Upper Paleocene to Colton and Green 18 50 35 15 Table 3
Canyon, Southern UB Middle Eocene River Forma-
tions
D  Pariette Bench Field (15-m Lower Eocene Green River For- 20 45 35 20 -Pitman et al. 1982
core), Central UB mation , _ :
E  P. R. Spring Area (fluvial ss) Lower Eocene to Mid- Colton and Green 19 53 42 5 Picard 1971
Southeast UB dle Eocene River Forma-
' tions
F  P. R. Spring Area (lacustrine Lower Eocene to Mid- Colton and Green 20 64 33 3 Picard 1971
ss) Southeast UB dle Eocene River Forma-
tions

' See Figures 2-5 and 10 for regional stratigraphic and tectonic setting of sample suites.

the lower part of the Green River Formation near the
center of the Uinta Basin. They determined a mean com-
position (n = 20) of Qm45-F35-Lt20 (Table 4D), quite
close to our mean value of Qm50-F35-Lt15 (Table 4C).
As their method of collection can be regarded as effec-
tively a spot sample of the subsurface sandstones, we
conclude that the mean composition we have determined
for the Paleogene feldspathic petrofacies is a valid pre-
dictor of compositions to be expected in subsurface equiv-
alents. ) .

We concur with previous workers who have inferred
that the arkosic detritus in the Paleogene feldspathic pet-
rofacies was transported into the region of the Uinta Basin
from Laramide uplifts lying generally to the southeast
(Picard 1957a, 1971; Stanley and Collinson 1979; Banks
1981; Chapman 1982; Pitman et al. 1982; Zawiskie et al.
1982; Bruhn et al. 1983). The appearance of the arkosic
debris in the foreland region thus marked the transition
from Sevier to Laramide tectonics. The paleotectonic and
paleogeographic implications of this conclusion are dis-
cussed further in later sections. .

The Uinta Formation of Middle to Late Eocene age
(Fig. 5) includes feldspar-rich sandstones with a mean
composition (n = 21) of Qm20-F68-Lt!2 (Bruhn et al.
1983), even more feldspathic in composition than the
Paleogene feldspathic petrofacies. However, the Uinta
Formation locally intertongues with overlying strata of
the Duchesne River Formation (see above), which con-
tains sandstones of the Paleogene quartzolithic petrofa-
cies. Consequently, the mixed and interbedded feldspath-
ic and lithic sandstones (Andersen and Picard 1972, p.
9) of the Uinta Formation are provisionally assigned here
to a transitional petrofacies.

PALEOGENE QUARTZOLITHIC PETROFACIES

The Paleogene quartzolithic petrofacies (Table 3D) oc-
curs in the Duchesne River Formation of Late Eocene to
Early Oligocene(?) age (Andersen and Picard 1972, 1974)

along the northern flank of the Uinta Basin (Fig. 5). These
strata form a fluviatile piedmont facies of proximal braid-
plain deposits and more distal floodplain deposits along
the southern flank of the Uinta uplift. The most abundant
lithic fragments in sandstones (Fig. 8) are quartzite, chert,
clastic sedimentary types (Ls), and detrital limeclasts (Lc).
Facies relations and consistently southerly paleocurrent
trends (Fig. 3) leave no doubt that the sources of Duchesne
River detritus were Precambrian sedimentary rocks in
the core of the Uinta uplift and the Paleozoic sedimentary
cover that was stripped from the core by erosion during
Laramide time. .

Similar quartzolithic sandstones with detrital modes
that plot near the Qm-Lt leg (Isby and Picard 1983, p.
99) occur farther west in the Currant Creek Formation at
the northwestern edge of the Uinta Basin (Fig. 2). These
older strata, correlative with the North Horn Formation
(see above), display southerly paleocurrent indicators (Fig.
10), but become generally finer-grained from west to east
(Isby and Picard 1983). Compositionally similar quartz-
olithic sandstones (Table 5A) in the North Horn For-
mation (Fig. 8) were probably derived chiefly from the
dormant Sevier thrust belt (Birsa 1973), rather than from
the Uinta uplift. The quartzolithic sandstones in the Cur-
rant Creek Formation were deposited near the structural
juncture between the Sevier thrust belt and the Uinta
uplift, and may conceivably have been derived in part
from both potential provenances. The evident similarity
of detrital modes for sandstones derived from the Sevier
thrust beit (Table 5A) and from the Uinta uplift (Table
5B) demonstrates that a) extensive knowledge of paleo-
currents and facies patterns is required to distinguish tpe
two as potential sources of detritus, and b) the Uinta uplift
was definitely not a source of arkosic detritus, despite the
abundance of feldspathic sandstones in the adjacent Uin-
ta Basin (see above).

Some mid-Eocene sandstones intercalated within the
Green River Formation in northern parts of the Uinta
Basin also have quartzolithic frameworks (Table 5C, D)-
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Tam £ 5.—=Comparanve mean detrital modes for selected sandstone suites of the Pulcogene quarizolithic petrofacies in and near the Uinta Basin® .

e Locanon Agr Unatts) N om F Lt Reference
TA  Sanpete Valley. southwest of  Maastrichtian to Paleo- . North Homn For- 27 2 21 Birsa 1973
Uinta Basin cene mation
B  Northern Flank of Uinta Ba- Upper Eocene to Oligo- Duchesne River 46 75 2 23 Table 3
sin cene (7) Formation
C Raven Ridge (fluvial ss), NE mid-Eocene (?7) Green River For- 6 72 12 16 Picard and High
Uinta Basin mation 1972
D Raven Ridge (lacustrine ss), mid-Eocene (7) Green River For- 15 89 5 6 Picard and High
NE Uinta Basin mation 1972

' See Figures 2-5 and 10 for regional stratigraphic and tectonic setting of sample suites.

These sandstones display southerly paleocurrents (Fig.
10), and contain detritus derived mainly from the Uinta
uplift (Picard and High 1972), rather than from the other
Laramide uplifts that fed arkosic debris to the southern
flank of the Uinta Basin (see above). According to P. C.
van de Kamp (cited as oral communicant by Ryder et al.
1976), subsurface samples indicate that the delivery of
Uinta-derived quartzolithic sand to the northern flank of
the Uinta Basin and feldspathic sand of unknown prove-
nance to the southern flank of the Uinta Basin was a
persistent pattern of dispersal throughout much of the
Paleogene. In the subsurface of the northern Uinta Basin,
therefore, quartzolithic sandstones are probably domi-
nant in the Wasatch Formation, which is equivalent to
both the North Horn and Colton Formations in areas
where the intervening Flagstaff Member of the Green
River Formation pinches out (Fouch 1975, 1976).

TECTONIC TRANSITION

Our petrofacies analysis fully supports the contention
of Spieker (1949) that the deposition of Upper Cretaceous
clastic wedges in the central Utah foreland was contem-
poraneous with deformation in the Sevier thrust beit,
where orogenic highlands were the provenance for the
bulk of the clastic sediment. Part of the sedimentary rec-
ord for the regional transition from Sevier to Laramide
tectonics is the change from quartz-rich petrofacies com-
posed dominantly of recycled sedimentary detritus to Pa-
leogene arkosic petrofacies in sandstones of the central
Utah foreland. In this section, we review the evidence for
the timing of the tectonic transition; the location of the
arkosic provenance is discussed in the succeeding section.

Thrusting in the adjacent segment of the Sevier thrust
belt was complete by latest Campanian or earliest Maas-
trichtian time, when the youngest conglomeratic pied-
mont clastics of the Indianola Group were deposited and
folded during or immediately following deposition of the
synorogenic Price River Formation farther east (Lawton
1985). Eroded frontal folds of the Sevier thrust belt were
subsequently overlapped by postorogenic terrestrial facies
of the North Horn Formation during the Paleocene (Fig.
5).

Evidence for the initial timing of deep-seated Laramide
deformation east of the thin-skinned Sevier thrust belt is

provided by stratigraphic relations across the San Rafael
uplift (Fig. 4). Uppermost Campanian strata were thinned
by erosion along the crest of the San Rafael uplift prior
to onlap deposition of Paleocene beds in the North Horn
Formation above a regional unconformity. There is thus
little question that the San Rafael uplift was in existence
by Maastrichtian time (e.g., Fouch et al. 1982, 1983), and
the other western monoclines of the Colorado Plateau
(Kelley 1955a, b) may have begun to form by that time
also. The occurrence of pebble types that may represent
recycled intrabasinal detritus within the uppermost Cam-
panian Tuscher Formation suggests that tectonism may
have begun to break up the integrated Cretaceous foreland
basin in the region of the San Rafael uplift by latest Cam-
panian time (Lawton 1986). This inference is supported
by the presence of local pebbiy iag deposits correlated
provisionally with the Tuscher Formation along the east-
ern flank of the San Rafael uplift (see above). The intra-
Campanian change in foreland paleocurrent trends from
east-southeasterly for the Cretaceous quartzose petrofa-
cies to northeasterly for the Cretaceous quartzolithic pet-
rofacies can also be interpreted as evidence for the de-
velopment of a northeasterly structural and topographic
grain within the foreland region (see Fig. 3).

Convergent evidence from both the Sevier thrust front
and the San Rafael uplift thus indicates that tectonism
began to shift eastward into the region of the previously
subsiding foreland basin in latest Campanian time and
had been achieved by earliest Maastrichtian time. South-
erly paleocurrents in the Currant Creek Formation suggest
that the Uinta uplift may have begun its growth in Maas-
trichtian time (Bruhn et al. 1983), although most of its
structural relief did not develop until Late Paleocene and
Early Eocene time (Ryder et al. 1976). The Flagstaff la-
custrine basin (Fig. 10) of Late Paleocene and Early Eocene
age occupied a residual foreland trough that was trapped
between the dormant Sevier thrust belt on the west and
the uparched San Rafael uplift on the east (Stanley and
Collinson 1979). The Uinta Basin continued to subside
throughout the Eocene, and Lake Uinta reached its max-
imum extent during mid-Eocene time (Picard 1955; Ry-
der et al. 1976; Bruhn et al. 1983).

Although the Sevier-Laramide tectonic transition thus
apparently occurred locally within the central Utah fore-
land before the end of Cretaceous time, arkosic sand re-
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flecting a dominantly Laramide provenance did not reach
the Uinta Basin from the southeast prior to mid-Paleo-
cene time. Moreover, the arkosic detritus did not reach
the region of the dormant thrust front near the Sanpete
Valley until even later, in Early Eocene time (Fig. 5); its
arrival there was probably delayed until burial of the San
Rafael uplift during the Paleocene allowed sediment
transport across the site of that structure. These obser-
vations imply that the major uplifts of the eastern Lara-
mide province (Kelley 1955a, b) grew principally in Pa-
leogene time, as structural studies suggest (Berg 1962),
and persisted later than the Laramide uplifts of the Col-
orado Plateau region. Convincing evidence for analogous
eastward migration of Laramide tectonism from Late
Cretaceous to Eocene time has been assembled recently
for southwest Montana (Schmidt and O’Neill 1982;
Schmidt and Garihan 1983).

PALEOGENE PALEOGEOGRAPHY

Despite clearcut paleocurrent data (Figs. 3, 10) and
unequivocal facies relations (see above) indicating that
feldspathic detritus entered the region of the Uinta Basin
from the south-southeast during the Paleogene, its ulti-
mate source has never been clear. The probiem has been
to identify a potential source from which thousands of
cubic kilometers of arkosic debris could have been eroded
during the Paleogene. '

Most of the monoclinal Laramide uplifts of the Colo-
rado Plateau are largely mantled even today by Mesozoic
sequences (Figs. 2, 10), which contain mostly quartz-rich
sandstones and could not have yielded voluminous-ar-
kosic detritus during the Paleogene. The nearby Uncom-
pahgre uplift fails as a significant potential provenance
(Picard 1971) on this score alone. Stanley and Collinson
(1979) suggested that mica-bearing feldspar-rich sand-
stones of the Pennsylvanian-Permian Cutler Formation

(Mack 1978) in the Monument uplift (Figs. 2, 10) may

have contributed some of the required detritus. However,
the area of this inferred provenance and the thickness of
the presumed source rocks within it are inadequate to
account for the volume of arkosic sand found in the region
of the Uinta Basin. The primary arkosic sources were
almost certainly farther east in basement-cored uplifts,
to which previous workers have also called general at-
tention (e.g., Stanley and Collinson 1979; Banks 1981;
Bruhn et al. 1983).

The Needle Mountains uplift (Figs. 2, 10) in the San
Juan region of southwestern Colorado has been cited as
a suitable provenance for the mixture of quartzofeld-
spathic mineral grains and combined metasedimentary
(Ls) and volcanic (Lv) lithic fragments observed in the
Paleogene feldspathic petrofacies of central Utah (Pitman
et al. 1982; Chapman 1982; Zawiskie et al. 1982). The
present area of the Needle Mountains uplift is far too
limited to serve as the primary source for large quantities
of sediment. However, the Laramide Needle Mountains
uplift was but one projection of the huge San Luis uplift
(Tweto 1975, 1980), most of which is now buried bencath
Oligocene volcanic cover in the San Juan Mountains and
Neogene basin fill within San Luis Valley along the Rio
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Grande Rift (Fig. 10). The internal morphology of the
Laramide San Luis uplift was doubtless complex in detail,
for buried Eocene sediments are known locally from the
subsurface within its general outline (Chapin and Cather
1981, 1983). During the Paleogene, however, the present
Needle Mountains, Gunnison, Sawatch, and Sangre de
Cristo uplifts were linked together within the overall San
Luis uplift as a positive block of exposed basement nearly
as extensive as the Front Range and related uplifts farther
north.

We propose that the main dispersal path for arkosic
detritus found within the Paleogene feldspathic petrofa-
cies of the Uinta Basin was a major river system with its
source in the San Luis uplift (Fig. 10). The inferred pa-
leodrainage flowed longitudinally along the southwest
flank of the Uncompahgre uplift, passing to the east of
the Monument uplift, and debouched into the Uinta Ba-
sin near present Desolation Canyon of the Green River.
Bruhn et al. (1983) noted that “prodigious quantities™ of
sand were supplied to Lake Uinta through a large Paleo-
gene delta system built in that area. Lake Flagstaff farther
west was also filled during the Paleogene by the north-
westward progradation of feldspathic clastics (Stanley and
Collinson 1979), which we conclude moved across the
then-buried San Rafael uplift (Fig. 10). Some of the Pa-
leogene arkosic detritus carried into the region of the
Uinta Basin may have been gathered from small tributary
drainages tapping suitable monoclinal uplifts, most no-
tably the Monument uplift, within the Colorado Plateau
(see above). However, we infer that most of the Paleogene
feldspathic petrofacies was derived directly from the vo-
luminous basement mass of the San Luis uplift. Recycled
debris of sedimentary parentage in the Paleogene quartz-
olithic petrofacies was simultaneously (Green River For-
mation) ax;d/ subsequently (Duchesne River Formation)
delivered‘to the northern flank of the Uinta Basin from
sources in the rising Uinta uplift (Fig. 10).

Our hypothesis that the San Luis uplift was the major
provenance for Paleogene arkosic sand in the central Utah
foreland is strengthened by the fact that no other base-
ment-cored Laramide uplift was in a position to deliver
sediment directly to that region. The central Wyoming
uplifts lay beyond the extensive Green River and Wash-
akie Basins to the north of the Uinta uplift (Fig. 2). The
Front Range and related uplifts were screened by the
White River uplift with its sedimentary cover to the €ast
of the Piceance Basin of Colorado. Debris from potential
sources in the orogenic region of southern Arizona was
diverted along an east-west paleodrainage within the Baca
Basin (Cather and Johnson 1984) lying south of Black
Mesa and the Defiance uplift (Fig. 2). Essentially all other
drainages southeast of the Four Corners Platform must
have flowed into the depocenter of the San Juan Basif
(Fig. 10), and much of the detritus shed from the south-
western flank of the San Luis uplift doubtless entered the
San Juan Basin as well. Sediment transported northward
(Young and McKee 1978) across the Grand Canyon re-
gion (Fig. 2) into southwestern Utah was probably de-
posited southwest of the Circle Cliffs uplift (Fig. 10) in
the Claron Formation (Anderson and Rowley 1975), which
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Formation (Middle to Upper Eocene) of central Uinta Basin (Bruhn et

attains a thickness of 500-600 m south of the Marysvale
volcanic field (Fig. 2).

The paleodrainage leading from the San Luis uplift to
the Uinta Basin was not the only instance of sediment
dispersal over long distances within the Laramide region.
Surdam and Stanley (1980) have documented the trans-
port of volcaniclastic sediment southward from the Ab-
saroka volcanic field in northwestern Wyoming as far as
the Piceance Basin of northwestern Colorado (Fig. 2).

Zawiskie et al. (1982), Chapman (1982),
Flagstaff (NE-SW trend on SW) and Lake Uinta (E-
and Bruhn et al. (1983). Indicated paleocurrent localities within and
(Cretaceous to Paleocene) after Isby and Picard ( 1983);
DR, Duchesne River Formation (Upper Eocene) after Andersen an
GP, Gunnison Plateau after Stanley and Collinson (1979);
PR, P. R. Spring area (Picard and High 1970);

d uplifts of southern Rocky Mountains
Stanley
and Bruhn et al. (1983). Lacustrine depoaxis refers to
W trend on NE) afier Ryder et al. (1976), Stanley and
near Uinta Basin (in mid-Paleocene to mid-Eocene strata
DC, Desolation Canyon of the Green
d Picard (1972, 1974 and Fig. 3); GC, Gate Canyon (Figs.
PA, Price area (Fig. 3 after
RR, Raven Ridge area (Picard and High 1972); UF, Unita
al. 1983).

Equivalents of the Uinta Formation within the Piceance
Basin are largely volcaniclastic sandstones (Surdam and
Stanley 1980). Feldspar-rich sandstones displaying west-
erly paleocurrent indicators in the Uinta Formation with-
in the Uinta Basin (Fig. 10) may represent in part the
most distal deposits of this northerly paleodrainage sys-
tem, which could have entered the Uinta Basin by way
of the Piceance Basin.

We conclude that systematic regional studies of Paleo-
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gene petrofacies and associated dispersal patterns within
the Laramide region could prove to be a powerful tool
for deciphering the timing of Laramide deformational
episodes, and for understanding the evolving paleogeog-
raphy of the Laramide region in real detail. In this sense,
our study is only the beginning of a large task. :

ACKNOWLEDGMENTS

We thank J. W. Collinson and W. S. Jefferson for valu-
able discussions during this study, T. D. Fouch and F.L.
Schwab for helpful reviews of a preliminary manuscript,
and D. W. Andersen for a copy of his tabulated point
counts of sandstones from the Duchesne River Formation
(Andersen and Picard 1972, 1974). Collection of samples
and measurement of paleocurrent indicators along Des-
olation Canyon were assisted by R. A. LeVeque. Our
research was supported by Earth Sciences Division, Na-
tional Science Foundation Grant EAR-7926379. This pa-
per was prepared with funds provided by the Laboratory
of Geotectonics in the Department of Geosciences at the
University of Arizona. Reviews by K. P. Helmold and
D. W. Houseknecht improved the final manuscript.

- REFERENCES

ANDERSEN, D. W., AnND Picaro, M. D, 1972, Stratigraphy of the Du-
chesne River Formation (Eocene-Oligocene?), northern Uinta Basin,
northeastern Utah: Utah Geol. Mineral. Survey Bull. 97, 23 p.

ANDERSEN, D. W, AnD Picarp, M. D., 1974, Evolution of synorogenic
clastic deposits in the intermontane Uinta Basin of Utah, in Dick-
inson, W. R, ed., Tectonics and Sedimentation: Soc. Econ. Paleon-
tologists Mineralogists Special Pub. 22, p. 167-189.

ANDERSON, J. J., AND RowtLey, P. D., 1975, Cenozoic stratigraphy of
szt(l)thwestcm high plateaus of Utah: Geol. Soc. America Special Pap.
160, 51 p. -

Banks, E. Y., 1981, Petrographic characteristics and provenance of
fluvial sandstone, Sunnyside oil-impregnated sandstone deposit, Car-
bclnzl County, Utah [unpubli. M.S. thesis]: Salt Lake City, Univ. Utah,
112 p.

Bera, R. R., 1962, Mountain flank thrusting in Rocky Mountain fore-
land, Wyoming and Colorado: Am. Assoc. Petroleum Geologists Bull.,
v. 46, p. 2019-2032.

Birsa, D. S, 1973, The North Horn Formation, central Utah; sedi-
mentary facies and petrography [unpubl. M.S. thesis}: Columbus,
Ohio State Univ., 189 p.

Bowers, W. E., 1972, The Canaan Peak, Pine Hollow, and Wasatch
Formations in the Table Cliff region, Garfield County, Utah: U.S.
Geol. Survey Buil. 1331-B, p. B19-B39,

BrapLey, W. H., 1931, Origin and microfossils of the oil shale of the
Green River Formation of Colorado and Utah: U.S. Geol. Survey
Prof. Paper 168, 58 p.

BRunN, R. L., Picarp, M. D., anD Beck, S. L., 1983, Mesozoic and
early Tertiary structure and sedimentology of the central Wasatch
Mountains, Uinta Mountains, and Uinta Basin: Utah Geol. Mineral
Survey Special Studies 59, p. 63-1085.

CasHion, W. B., 1967, Geology and fuel resources of the Green River
Formation, southeastern Uinta Basin, Utah and Colorado: U.S. Geol.
Survey Prof. Paper 548, 48 p.

CATHER, S. M., AND Jounson, B. D., 1984, Eocene tectonics and de-
positional setting of west-central New Mexico and eastern Arizona:
N. Mex. Bur. Mines Min. Resources Circ. 192, 33 p.

CHarIN, C. E., aND CATHER, S. M., 1981, Eocene tectonics and sedi-
mentation in the Colorado Plateau-Rocky Mountain area, in Dick-
inson, W. R., and Payne, W. D., eds., Relations of Tectonics to Ore
Deposits in the Southern Cordillera: Ariz. Geol. Soc. Digest, v. 14,
p. 173-198. '

Cuarin, C. E., anD Carner, S. M., 1983, Eocene tectonics and sedi-

WILLIAM R. DICKINSON, TIMOTHY F. LAWTON, AND KERRY F. INMAN

mentation in the Colorado Plateau-Rocky Mountain area, in Lowell,
J. D, ed., Rocky Mountain Foreland Basins and Uplifts: Denver,
Rocky Mtn. Assoc. Geologists, p. 33~56.

CHapman, D. D., 1982, Sedimentary petrology of the Colton Formation
(Upper Paleacene-Eocene), central Utah (unpubl. M.S. thesis]: Co-
lumbus, Ohio State Univ., 107 p.

Dang, C. H., 1954, Stratigraphic and facies relationships of upper part
of Green River Formation and lower part of Uinta Formation in
Duchesne, Uintah, and Wasatch counties, Utah: Am. Assoc. Petro-
leum Geologists Bull., v. 38, p. 405-425.

Dicxinson, W. R., anp Rich, E. L., 1972, Petrologic intervals and pet-
rofacies in the Great Valley Sequence, Sacramento Valley, California:
Geol. Soc. America Bull., v. 83, p. 3007-3024,

FisHER, D. J., ERDMAN, C. E., AND REEsIDE, J. B., 1960, Cretaceous and
Tertiary formations of the Book Cliffs, Carbon, Emery, and Geand
counties, Utah, and Garfield and Mesa counties, Colorsser US.Gesl
Survey Prof. Paper 332, 80 p-

FoucH, T. D., 1975, Lithofacies and related hydrocarbon accumulations
in Tertiary strata of the western and central Uinta Basin, Utah, in
Bolyard, D. W., ed., Symposium on Deep Drilling Frontiers in the
Central Rocky Mountains: Denver, Rocky Mtn. Assoc. Geologists,
p. 163-173.

, 1976, Revision of the lower part of the Tertiary System in the
central and western Uinta Basin, Utah; U.S. Geol. Survey Bull. 1405-
C, p. C1-C7.

Foucn, T. D., Castion, W. B., RYDER, R. T, AND CameseLL, J. H.,
1976, Field guide to lacustrine and related nonmarine depositional
environments in Tertiary rocks, Uinta Basin, Utah, in Epis, R. C.,
and Weimer, R. J., eds., Studies in Colorado Field Geology: Colo.
Sch. Mines Prof. Contr. No. 8, p. 358-385.

FoucH, T. D., LawtoN, T, F,, NicHous, D. J., Cashion, W. B., aND
CoBran, W. J., 1982, Chart showing preliminary correlation of major
Albian to Middle Eocene rock units from the Sanpete Valley in central
Utah to the Book Cliffs in eastern Utah, in Nielson, D. L., ed., Over-
thrust Belt of Utah: Utah Geol. Assoc. Pub. 10, p. 267-272.

FoucH, T. D., LawTon, T. F,, NicHois, D. J., CasHion, W. B., aND
Cospan, W. A, 1983, Patterns and timing of synorogenic sedimen-
tation in Upper Cretaceous rocks of central and northeast Utah, in
Reynolds, M. W., and Dolly, E. D., eds., Mesozoic Paleogeography
of the West-Central United States: Rocky Mtn. Sec., Soc. Econ. Pa-
leontologists and Mineralogists Rocky Mtn. Paleogeography Symp.
2, p. 305-336. ’ .

Hetvrer, P. L., AND Ryeerg, P, T., 1983, Sedimentary record of sub-
duction to forearc transition in the rotated Eocene basin of western
Oregon: Geology, v. 11, p. 380-383. -

Hintzg, L. H., 1980, Geologic map of Utah: Utah Geol. Mineral Survey,
1:500,000.

InGersoLL, R. V., 1983, Petrofacies and provenance of late Mesozoic
forearc basin, northern and central California: Am. Assoc. Petroleum
Geologists Bull., v. 67, p. 1125~1142.

INGERsoLL, R. V., BuLLarD, T. F., Foro, R. L., GrRimMm, J. P., PickLE,
J. D., AND SaRES, S. W., 1984, The effect of .grain size on detrital
modes: a test of the Gazzi-Dickinson point-counting method: Jour.
Sed. Petrology, v. 54, p. 103~1]6.

Isy, J. S., AND Picarp, M. D., 1983, Currant Creek Formation: record
of tectonism in Sevier-Laramide orogenic belt, north-central Utah:
Univ. Wyo. Contr, Geology, v. 22, p. 91-108.

Jerrerson, W. S., 1982, Structural and stratigraphic relations of Upper
Cretaceous to lower Tertiary orogenic sediments in the Cedar Hills,
Utah, in Nielson, D. L., ed., Overthrust Belt of Utah: Utah Geol.
Assoc. Pub. 10, p. 65-80.

Jounson, S. Y., 1984, Stratigraphy, age, and paleogeography of the
Eocene Chuckanut Formation, northwest Washington: Can. Jour. Earth
Sci., v. 21, p. 91-106.

Joroan, T. E., 1981, Thrust loads and foreland basin evolution, Cre-
taceous, western United States: Am. Assoc. Petroleum Geologists
Bull,, v. 65, p. 2506-2520.

KeiGuin, C. W., anp Foucw, T. D., 1981, Depositional environments
and diagenesis of some nonmarine Upper Cretaceous reservoir rocks,
Uinta Basin, Utah, in Ethridge, F. G., and Flores, R. M., eds., Recent
and ancient nonmarine depositional environments: models for ex-
ploration: Soc. Econ. Paleontologists Mineralogists Special Pub. 31,
p. 109-125.




S e

SANDSTONE COMPOSITION AND FECTONIC EVOLUTION, CENTRAL UTAH FORELAND 293

Kitrey. V. €. 19552 Regional tectonics of the Colorado Platcau and
relationship to the ongin and distribution of Uranium: Univ. N. Mcx.
Pub. Geology No. 5. 120 p. .

——. 1955b. Monoxlines of the Colorado Platcau: Geol. Soc. America
Buil.. v. 66, p. 789-S04. -

LawTton, T. F.. 1982. Lithofacies correlations within the Upper Cre-
1aceous Indianola Group. central Utah. in Niclson, D. L.. ed.. Over-
thrust Belt of Utah: Utah Geol. Assoc. Pub. 10. p. 199-213.

——_ 1983a, Late Cretaceous fluvial systems and the age of forcland
uplifts in central Utah. in Lowell. J. D.. ed.. Rocky Mountain Forcland
Basins and Uplifts: Denver, Rocky Min. Assoc. Geologists. p. 181~
199.

————, 1983b, Tectonic and sedimentologic evolution of the Utah fore-
land basin [Ph.D. dissert.}: Tucson. Univ. Ariz.. 217 p.

—, 1985, Style and timing of frontal structures, thrust beit, central
Utah: Am. Assoc. Petroleum Geologists Bull., v. 69, p. 1145-1159.

———, 1986, Fluvial systems of the Upper Cretaceous Mesaverde
Group and Paleocene North Horn Formation, central Utah: a record
of transition from thin-skinned to thick-skinned deformation in the
foreland region, in Peterson, J. A., ed., Rocky Mountain Palcotec-
tonics and Sedimentation: Am. Assoc. Petroleum Geologists Mem.,
in press.

LawToN. T. F., AND MAYER, L., 1982, Thrust load-induced basin sub-
sidence and sedimentation in the Utah foreland: temporal constraints
on the Upper Cretaceous Sevier orogeny: Geol. Soc. America Abstr.
w. Progr., v. 14, p. 542, .

Mack, G. H., 1978, The survivability of labile light-mineral grains in
fluvial, aeolian, and littoral marine environments: the Permian Cutler
and Cedar Mesa Formations, Moab, Utah: Sedimentology, v. 25, p.
587-604.

, 1984, Exceptions to the relationship between plate tectonics and
sandstone composition: Jour. Sed. Petrology, v. 54, p. 212-220.

MONCURE, G., AND SURDAM, R. C., 1980. Depositional environment
of the Green River Formation in the vicinity of the Douglas Creek
Arch. Colorado and Utah: Univ. Wyo. Contrib. Geology, v. 19, p.
9-24.

MUuRraNY. E. E., 1964, Wasatch Formation of the Uinta Basin, in Sa-
batka, E. F., ed., Guidebook to the Geology and Mineral Resources
of the Uinta Basin: Intermountain Assoc. Petroleum Geologists 13th
Ann. Field Conf. Guidebook, p. 145-155. -

PacHT, J. A., 1984, Petrologic evolution and paleogeography of the Late
Cretaceous Nanaimo Basin, Washington and British Columbia: im-
plications for Cretaceous tectonics: Geol. Soc. America Bull., v. 95,
p. 766-778. _ '

PaLMER, A. R., 1983, The Decade of North American Geology 1983
time scale: Geology, v. 11, p. 503-504.

PETERSON, A. R., 1976, Paleoenvironments of the Coiton Formation,
Colton, Utah: Brigham Young Univ. Geology Studies, v. 23, p. 3—

36.

PETERSON, F., AND RYDER, R. T., 1975, Cretaceous rocks in the Henry
Mountains region, Utah, and their relation to neighboring regions, in
Fassett, J. E., ed., Canyonlands Country: Four Comers Geol. Soc. 8th
Field Conf. Guidebook, p. 167-189.

PETERSON, F., RYDER, R. T., AND Law, B. E., 1980, Stratigraphy, sed-
imentology, and regional relationships of the Cretaceous System in
the Henry Mountains region, Utah, in Picard, M. D., ed., Henry
Mountains Symposium: Utah Geol. Assoc. Pub. 8, p. 151~170.

Picarp. M. D., 1955, Subsurface stratigraphy and lithology of Green
River Formation in Uinta Basin, Utah: Am. Assoc. Petroleum Ge-
ologists Bull, v. 39, p. 75-102.

. 1957a, Green River and lower Uinta Formations—subsurface

stratigraphic changes in central and eastern Uinta Basin, Utah, in

Seal, O. G., ed., Guidebook to the Geology of the Uinta Basin: In-

termountain Assoc. Petroleum Geologists 8th Ann. Field Conf.

Guidebook, p. 116-130.

, 19570, Criteria for distinguishing lacustrine and fluvial sedi-

ments in Tertiary beds of Uinta Basin, Utah: Jour. Sed. Petrology, v.

27, p. 373-3717.

, 1967, Paleocurrents and shoreline orientations in Green River

Formation (Eocene). Raven Ridge and Red Wash areas, northeastern

Uinta Basin, Utah: Am. Assoc. Petroleum Geologists Bull., v. 51, p.

383-392.

. 1971, Petrographic criteria for recognition of lacustrine and

fluvial sandstone. P. R. Spring oil-imprcgnatcd sandstone arca. south-
cast Uinta Basin. Utah: Utah Geol. Mineral. Survey Special Studics
36. 24 p,

Pu arp, M. D.. anp HiGu, L. R.. Jr.. 1968, Sedimemary cycles in the
Green River Formation (Eocenc). Uinta Basin, Utah: Jour. Sed. Pe-
trology. v. 38, p. 378-383.

Piakn, M. D.. anp Hii, L. R.. Jr., 1970, Sedimentology of oil-
impregnated lacustrinc and fluvial sandstone, P. R. Spring area, south-
east Uinta Basin, Utah: Utah Geol. Mineral. Survey Special Studies
33.32p.

PicarD, M. D., ANp HiGH, L. R., Jr., 1972, Palecenvironmental re-
constructions in an area of rapid facies change, Parachute Creek Mem-
ber of Green River Formation (Eocene). Uinta Basin, Utah: Geol.
Soc. America Bull., v. 83, p. 2689-2708.

Pitman, J. K., Fouc. T. D., AND GOLDHABER, M. B., 1982, Deposi-
tional setting and diagenetic evolution of some Tertiary unconven-
tional reservoir rocks, Uinta Basin, Utah: Am. Assoc. Petroleum
Geologists Bull., v. 66, p. 1581-1596.

RYDER, R. T., Fouch, T. D., anp EuisoN, J. H., 1976, Early Tertiary
sedimentation in the western Uinta Basin, Utah: Geol. Soc. America
Bull., v. 87, p. 496-512.

ScHMIDT, C. J., AND GARIHAN, J. M., 1983, Laramide tectonic devel-
opment of the Rocky Mountain foreland of southwestern Montana,
in Lowell. J. D., ed., Rocky Mountain Foreland Basins and Uplifts:
Denver, Rocky Mtn. Assoc. Geologists, p. 271-294.

ScumioT, C. 1., anp O'NEILL, J. M., 1982, Structural evolution of the
southwest Montana transverse zone, in Powers, R. P., ed., Geologic
Studies of the Cordilleran Thrust Belt: Denver, Rocky Mtn. Assoc.
Geologists, p. 193-218.

ScHwaRTz, R. K., 1982, Broken Early Cretaceous foreland basin in
southwestern Montana: sedimentation related to"tectonism, in Pow-
ers, R. P., ed., Geologic Studies of the Cordilleran Thrust Belt: Denver.
Rocky Mtn. Assoc. Geologists, p. 159-183.

SpPiekeR, E. M., 1946, Late Mesozoic and early Cenozoic history of
central Utah: U.S. Geol. Survey Prof. Paper 205-D, p. 117-161.

, 1949, Sedimentary facies and associated diastrophism in the
Upper Cretaceous of central and eastern Utah, in Longwell, C. R,,
ed., Sedimentary Facies in Geologic History: Geol. Soc. America
Mem. 39, p. 55-81. .

STANDLEE, L. A., 1982, Structure and stratigraphy of Jurassic rocks in
central Utah: their influence on tectonic development of the Cordil-

leran foreland thrust belt, in Powers, R. P., ed., Geologic Studies of

the Cordilleran Thrust Beit: Denver, Rocky Mtn. Assoc. Geologists,
p. 357-382.

STANLEY, K. O., AND COLLINSON, J. W., 1979, Depositional history of
Paleocene-Lower Eocene Flagstaff Limestone and coeval rocks, cen-
tral Utah: Am. Assoc. Petroleum Geologists Bull., v. 63, p. 311-323.

SURDAM, R. C., AND STANLEY, K. O., 1980, Effects of changes in drain-
age-basin boundaries on sedimentation in Eocene Lakes Gosiute and
Uinta of Wyoming, Utah, and Colorado: Geology, v. 8, p. 135-139.

SUTTNER, L. J., ScHwarTz, R. K., anD James, W. C,, 1981, Late Me-
sozoic to Early Cenozoic foreland sedimentation in southwest Mon-
tana, in Tucker, T. E., ed., Guidebook to Southwest Montana: Bil-
lings, Montana Geol. Soc., p. 93-103.

TweTo, Q., 1975, Laramide (Late Cretaceous-early Tertiary) orogeny
in the southern Rocky Mountains, in Curtis, C. F., ed., Cenozoic
History of the Southern Rocky Mountains: Geol. Soc. America Mem.
144, p. 1-44. ‘

———, 1980, Summary of Laramide orogeny in Colorado, in Kent, H.
C., and Porter, K. W., eds., Colorado Geology: Denver, Rocky Mtn.
Assoc. Geologists, p. 129-134.

VAN DE GRAAFF, F. R., 1972, Fluvial-deltaic facies of the Castlegate
Sandstone (Cretaceous), east-central Utah: Jour. Sed. Petrology, v.

.- 42, p. 558-571.

WEIMER, R. J., 1960, Upper Cretaceous stratigraphy, Rocky Mountain
area: Am. Assoc. Petroleum Geologists Bull., v. 44, p. 1-20.

YOUNG, R. A., AND MckEE, E. H., 1978, Early and middle Cenozoic
drainage and erosion in west-central Arizona: Geol. Soc. America
Bull., v. 89, p. 1745-1750.

ZAWISKIE, J., CHAPMAN, D., AND ALLEY, R., 1982, Depositional history
of the Paleocene-Eocene Colton Formation, north-central Utah, in
Nielson, D. L., ed., Overthrust Belt of Utah: Utah Geol. Assoc. Pub.
10, p. 273-284.



