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EVOLUTION OF SEDIMENTARY BASINS—UINTA AND PICEANCE BASINS

Depositional Controls on the

Late Campanian Sego Sandstone and
Implications for Associated Coal-Forming
Environments in the Uinta and Piceance Basins

By Karen J. Franczyk

Abstract

In the Uinta and Piceance basins of eastern Utah and
western Colorado, the late Campanian Sego Sandstone is a
regionally extensive regressive unit composed of as many as
six stacked sequences of backbarrier and shoreface
deposits. The regression probably occurred during a gradual
eustatic rise; however, tectonic events, primarily in the Sevier
thrust belt, controlled sediment supply, which in turn
controlled the style of progradation including both local and
more regional episodes of regression and transgression. The
shoreface sequences were deposited along a microtidal
barrier-island coastline, and the backbarrier sequences
accumulated in tidal flats, deltas, and channels and in
washovers, marshes, swamps, lagoons, and bays. In
general, only thin, discontinuous peat beds formed because
of frequent shifting of environments and inundation of the
lower coastal plain during numerous periods of shoreline
retreat. The alternating episodes of shoreline advance and
retreat produced the stacked shoreface sequences and
caused a thick accumulation of tidal deposits near the
landward limit of the Sego. A comparison of detailed
measured sections and geophysical well-log profiles through
the Sego allows subsurface identification of both depositional
cycles and lateral facies changes.

INTRODUCTION

The late Campanian Sego Sandstone extends
throughout northeastern Utah and northwestern Colo-
rado and was deposited during the last regression of the
Cretaceous sea from Utah. It represents the first major

Publication approved by the Director, U.S. Geological Survey,
June 17, 1988.

marine depositional event completely away from the
previously rapidly subsiding foredeep that existed near
the eastern margin of the Sevier thrust belt. During
deposition of the upper part of the lower Campanian
Blackhawk Formation and the upper Campanian Castle-
gate Sandstone, the center of subsidence shifted away
from the thrust belt margin toward the less rapidly
subsiding part of the foreland basin to the east. The
regional geometry and distribution, internal sedimento-
logic structure, and geophysical log response of the Sego
Sandstone and the characteristics of its associated coal
deposits distinguish the Sego from other coastal marine
deposits of the area. Preliminary regional and local
examination of the Sego and associated units was
conducted to interpret depositional environments and
events and to identify depositional controls such as
subsidence rate, areas of maximum subsidence, sediment
supply, tectonic activity, and custatic fluctuations. The
results of these studies will help us better understand the
evolution of the foreland basin during the Late
Cretaceous in the present-day area of the Uinta and
Piceance basins and will help explain and predict regional
facies changes.

Acknowledgments.—Melisa Fry, Janct Pitman, and
Doug Owen ably assisted in field studies. Ron Johnson,
Curt Huffman, and Bill Cashion provided helpful
criticism, advice, and discussion. This study was
conducted as part of the U.S. Geological Survey
Evolution of Sedimentary Basins program.

METHODS

Four detailed sections of the Sego Sandstone and
parts of the overlying Neslen Formation were measured
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along the Book Cliffs in Utah (fig. 1), and additional
outcrop information and two measured sections (one
each in Utah and Colorado) were obtained from
published and unpublished data. Outcrop studies
focused on identification of depositional sequences by
evaluating lithologic, textural, and sedimentary
properties. Outcrop interpretations were then used to
model the depositional environments and to identify the
progression of depositional events, both of which provide
a key to interpreting well-log subsurface data, predicting
lateral facies changes, and identifying depositional
controls. A subsurface cross section was constructed, the
line of which (fig. 1) parallels outcrops of Sego Sandstone
from west of the Green River in Utah eastward into
Colorado north of Grand Junction.

PREVIOUS WORK

Both Fisher (1936) and Erdmann (1934)
extensively studied the coal fields along the Book Cliffs in
Utah and Colorado and defined and correlated much of
the Upper Cretaceous stratigraphy; however, they used
different nomenclature in each State for the Cretaceous
section above the Sego Sandstone (fig. 2). Fisher (1936)
first used the name Sego Sandstone to describe the first
marine cliff-forming sandstone above the Castlegate
Sandstone at the abandoned coal-mining settlement of
Sego. The Sego Sandstone was originally a member of
the Price River Formation and was later raised to
formation status by Fisher and others (1960). It can be
traced from west of the Green River in the Beckwith
Plateau along the Book Cliffs into Colorado. For
convenience, Fisher and others (1960) chose the Green
River as nomenclatural dividing line: west of the Green
River, Cretaceous rocks above the Castlegate are
assigned to the Price River Formation; east of the Green
River, they are assigned to the Buck Tongue of the
Mancos Shale, the Sego Sandstone, and the Neslen,
Farrer, and Tuscher Formations. Fouch and others
(1983) expanded the Castlegate Sandstone to include the
Bluecastle Tongue of the Castlegate Sandstone: a unit
Fisher and others (1960) had named the Bluecastle
Sandstone Member of the Price River Formation and the
Bluecastle sandstone member of the Neslen Formation,
respectively, west and east of the Green River. Wherever
they are present, the Buck Tongue, Sego Sandstone, and
Neslen Formation liec between the basal part of the
Castlegate Sandstone and the Bluecastle Tongue. The
Bluecastle Tongue pinches out as a mappable unit
between the Tusher and Sego Canyon areas (fig. 1), and
the Castlegate pinches out into the Mancos near the State
line; as a result, the Buck Tongue of the Mancos Shale is
not applied in Colorado. Erdmann (1934) carried the
name Sego Sandstone into Colorado, but above the Sego

he applied the names Mount Garfield and Hunter
Canyon Formations of the Mesaverde Group. He
correlated the Neslen and the lower part of the Farrer
Formation with the Mount Garfield Formation, and the
upper part of the Farrer and the Tuscher Formations
with the Hunter Canyon Formation.

In Utah, the Sego Sandstone generally is a single
sandstone unit that has an average thickness of 175 ft
(Fisher, 1936), a gradational contact with the underlying
Buck Tongue of the Mancos Shale, and a conformable
but locally sharp contact with the overlying Neslen
Formation. Fisher defined the Neslen as the coal-bearing
sequence of shale and sandstone above the Sego. The
average thickness of the Neslen is 350 ft, but its thickness
varies because its contact with the overlying Farrer
Formation is gradational and is placed where the
greenish shales and abundant fluvial sandstones typical of
the Farrer replace the more carbonaceous lithologies of
the Neslen. Fisher identified and named four coal zones
in the Neslen Formation, traced them across Utah, and
correlated them with coal zones in the Book Cliffs of
Colorado. Our sections measured through the Neslen do
not show these four coal zones occurring everywhere in
this unit. Young (1955) later recorrelated coal zones
between Utah and Colorado.

East of the Colorado-Utah State line, the Sego is
split into an upper and lower sandstone by the Anchor
Mine Tongue of Mancos Shale (Erdmann, 1934). Erd-
mann’s correlations show the seaward pinchout of the
lower sandstone and upper sandstone into the Mancos
Shale as being in the northwest corner of T. 10 S, R. 99
W., and near sec. 28, T. 12 S., R. 97 W, respectively.
According to Erdmann, the Anchor Mine Tongue
undergoes facies transitions from marine to continental
and back to marine from east to west. Near the eastern
pinchout of the lower Sego Sandstone, the lithology of
the Anchor Mine is typical of that of the Mancos. To the
west, toward Hunter Canyon (sec. 7, T. 9 S,, R. 100 W.),
the Anchor Mine thins and contains coastal-plain
deposits of coal, carbonaceous shale, and channelfill
sandstone. Farther to the west, it thickens again and has
a lithology typical of the Mancos, and, as it merges into
the main body of the Sego, it gradually becomes sandier.

Subsequent recorrelations of the Sego Sandstone
and the Anchor Mine Tongue from Utah to Colorado
(Young, 1955; Gill and Hail, 1975) show that, in western
Colorado, Erdmann (1934) miscorrelated a marine
sandstone in the Mount Garfield Formation with the
upper Sego Sandstone. Young stated that the coal-
bearing sequence placed in the Anchor Mine Tongue by
Erdmann lies above the upper Sego Sandstone, and thus
the Anchor Mine Tongue is entirely of marine origin. Gill
and Hail’s cross section along the Book Cliffs from
eastern Utah to western Colorado shows the lower Sego
Sandstone pinching out into the Mancos between their

F2 Evolution of Sedimentary Basins—Uinta and Piceance Basins



. *2 oleld uo suonoes painseswt
I eejd UO UMOYS UONDBS SSOID “OPRIOJOD LISISEM PU. Lel() UISISES ‘LON0as SSOIO JO dUI| PUB ‘S8joy [|UP ‘SUOHOSS PaInsesw Jo Uoleoo ] °L ainbBiy

B

T |

1
SN 02 0l 0

$2|OY [P JO SUOHEIO[ PUR UO1IAS $S01D JO dUIT m\N/

W6 MO ssed 1a1xeq ‘dg t
M221D) Jemg ‘D9 ‘uohue)) 1aremisamy ‘DM
funod eed ‘uofiue) poomuoio)) ‘D)) ‘ducispueg 062G ‘DG

ERE] ‘uoAue) JeYsn] ‘D[ {UONIAS Painseaw JO UoPeIOT /\/

Syl
Shll \\_ / NOILVNV1d X3
=RERA! MoLY

M00LY

—~ &0
<11 vq@% _ J_; 701
szl 1wl Moy A\\v /—/1 ERZA:! ERAA! 30¢ Y 18l Y 191 4 ER m\ccomm
Tl 511 | L1
uotjoun
?,L.EO_uO [ S0z 1
apSeg me
epnigo| N L ol Nv3lvid
SO _
SOt m = HLIMXD38 |
Sy, Nel mw S8l
4 jus 2
9 P./LJ 25 o1 OMI Sy, Ld
) S 3
. o )
_ funoy esajy _ _ 28, g
i i =
S/ %, _ T
- _ _ funo) puein funo) fuaw
// © \NF//.NI/\\ —~_J3—- Rjuno) qeuin unoy con:m_v ]
L da |l NISVa| VININ ~{/08.6¢
5 LR °
SOl bco_mc—_ _ .Wd wEm;::%wll .
S Stl

00,011

F3

Late Campanian Sego Sandstone and Coal-Forming Environments



‘BAJE UOBOUN( pUBIY) O} 8Ul| 8lels
W0y OPLIO|OD UIBISOM 9 "8Ul| 811G OPERIOjoD-YEIN O JoNY USaln) Woy YelN ulelse] ‘g "JoNY UsalD) JO ISsom eale neajeld Yumyoag v *paljdwi sefess oN
‘S0 yoog ey Buoje JSes 0} ISem WO $001 snosoejel) Jeddn Jo suoiejelsod pue ainjejouswou aiydelbirens Buimoys sweibelp ojewsyog g @anbiy

J g 4

uoyRWIO ] P[a1jies) JUNOJA JO 1aquIdy,

a]eyg sodue|y
a[eyg soduey

uonewIo{ ymeyyoe|q
|

aeyG soduepy -

= uoyRWLIOS Ymepelg
e auojspueg a1ebapse) ped [eseg

a[eYG SOJURIN JO 2NBUO | yong

auojspueg 082G 1Mo MHIIII ped 2|ppIy

2nbuo | U I0IUY auolspueg obag Ahl
auojspueg obag 1addn UoIjeWI0.] UB[SaN] anbuo] a[isedan|g

auojspueg
a1ebapise)

,2UOISPURG URIODIOD)

auolspueg ajebapse)

L oUOJSpURg 2}192207) jo anbuo] apisedan|g

uoyeWIO]
platyen) UonewIo J 1anty adud
/h ,2uojspueg suyjoy JUNON wopenLIo seLrey
2[eYS SOdUR| )
jo senbuo |

~

Uoleulio ]
Iayosn |

uoyewIQ UoAUR)) IBJUNH

Evolution of Sedimentary Basins—Uinta and Piceance Basins

Fa4



























that contain the Chesterfield coal indicates infilling of
bays and lagoons and resumption of coastal progradation
during deposition of the upper Sego sandstone. The coal
beds in the Chesterfield zone are associated primarily
with freshwater coastal-plain deposits. The swamps in
this environment were frequently flooded with clastic
material, infilled by crevasse splays, and scoured by
migrating channels. Locally extensive peat deposits
accumulated and were preserved, but the resulting coals
generally are thin and discontinuous.

Deposition of the Neslen Formation near the
Utah-Colorado State line was influenced by continual
shoreline fluctuations that resulted in deposition of the
upper Sego, Corcoran, Cozzette, and Rollins in western
Colorado.  Stacked, coarsening-upward lagoonal
sequences in the Bitter Creek area (fig. 1) contain
abundant carbonaceous shale and local coaly pods, but
no well-developed coal beds formed behind the
continually migrating coastline. The first well-developed
coal in this area is about 200 ft above the Sego and is
associated with fluvial-channel, crevasse-splay, and flood-
plain deposits (pl. 2). This coal probably corresponds to
Fisher’s (1936) fourth unnamed coal zone in the Neslen
that he correlated to Erdmann’s (1934) Carbonera coal
zone in the Mount Garficld Formation in western Colo-
rado.

REGIONAL CONTROLS ON DEPOSITION
OF THE SEGO SANDSTONE

The primary control on the geometry and
distribution of coastal-marine sand bodies and their
associated coal-forming environments is the type of
coastline, such as microtidal or mesotidal barrier island,
fluvial- or wave-dominated delta, or wave-dominated
strand line. Regional forces also influence the
configuration of these deposits. Source-area tectonism
affects basin subsidence patterns and controls rates of
sediment supply. Relative changes in the balance of
subsidence and sedimentation rates play a major role in
determining progradational style. Eustatic sea-level
fluctuations have the most regional affect on shoreline
movement and base-level changes but are often difficult
to separate from local tectonic and depositional events
that result in relative sea-level changes. On a local scale,
subtle structural features such as small-scale movement
along basement faults or incipient activity of structural
elements also can influence facies distribution.

Correlation of the Sego Sandstone and associated
continental sequences with units closer to the thrust belt
mdicates deposition during part of a major episode of
tectonism in the Sevier orogenic belt. Fouch and others
(1983) related deposition of the Castlegate Sandstone to
tectonism possibly coincident with movement on thrust

sheets. The Sego Sandstone and Neslen Formation in the
western part of the study area probably are temporally
equivalent to the middle part of the Castlegate
Sandstone, as identified by Lawton (1983) and Pfaff
(1985) in Price River Canyon (T. 12 S., R. 9 E.). The
thick, medium- to coarse-grained sandstone in the lower
part of the Castlegate reflects the first pulse of tectonic
activity. Both the decrease in sandstone abundance and
change in fluvial depositional style that characterize the
middle part of the Castlegate probably indicate a waning
of orogenic activity before a second pulse of tectonic
activity that provided coarse-grained sediment for the
Bluecastle Tongue of the Castlegate Sandstone (Pfaff
and Chan, 1985). No well-constrained age data are
available for the Bluecastle Tongue. Fouch and others
(1983) used available drill-hole and outcrop data to
postulate that the Bluecastle was deposited during the
Didymoceras stevensoni faunal zone and thus temporally
equivalent to the Cozzette. New outcrop and subsurface
data from this study suggest that the Bluecastle
corresponds to the upper part of the Sego and possibly
the upper Sego sandstone above the Anchor Mine
Tongue (pl. 1) and thus was deposited during the Bacu-
lites scotti faunal zone. Deposition of part of the Sego,
therefore, occurred during a period of relatively high
sediment influx from the thrust belt.

After deposition of the Bluecastle, the thrust belt
no longer was the sole sediment source for this part of
the foreland basin. Lawton (1983) postulated that after
Bluecastle deposition source areas to the south and
southwest of the northern Utah thrust belt contributed
significant amounts of sediment to eastern Utah. In
eastern Utah and western Colorado, specific
sedimentation events after deposition of the Sego cannot
be solely correlated with documented periods of
thrusting.

The numerous stacked shoreface sequences within
the Sego indicate the coastline position fluctuated
frequently but, except for the Anchor Mine
transgression, never over an extensive area. These minor
fluctuations probably resulted from autocyclic processes
governing the formation and abandonment of deltaic
centers that supplied sediment to the Sego coastline.
Although the Sego contains stacked depositional
sequences, its gradual stratigraphic rise to the east
reflects a relative sea-level rise. This depositional pattern
could have been produced by a sediment supply that
slightly exceeded the subsidence rate, and, depending on
the relation of subsidence rate to sea level, absolute sea
level may have been rising, falling, or stable (Vail and
others, 1977). The Anchor Mine transgression can be
explained by changes in the rates of sediment supply from
the source area. Waning tectonic activity at the end of
Bluecastle deposition may have sufficiently decreased
sediment supply such that the rate of subsidence began to
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exceed sediment influx, a change that resulted in a more
extensive transgression. A subsequent increase in
sediment supply associated with new source areas south
and west of the thrust belt produced regressions
associated with the marginal-marine units overlying the
Anchor Mine Tongue.

Vail and others (1977), Pitman (1978), and many
others have documented worldwide sea-level changes
during the Cretaceous. Eustatic changes are best
documented on continental margins and are difficult to
document in shallower interior seaways because local
tectonic effects complicate regional assessment. In an
analysis of regional transgressions, regressions and
unconformities in the foreland basin, Weimer (1983)
postulated eustatic drops at 80 Ma and 73 Ma and an
intervening gradual eustatic rise. The 80-Ma event
preceded deposition of the Castlegate Sandstone, which
Fouch and others (1983) estimated began about 79 Ma.
Based on studies of scouring of the top of the Blackhawk
Formation in the vicinity of the Green River, J. Von
Wagoner (oral commun., 1985) believed that a eustatic
drop preceded deposition of the Castlegate Sandstone
and that the Castlegate was deposited during the ensuing
rise. In this scenario, deposition of the regionally
widespread Buck Tongue and the Sego may indicate an
increase and decrease, respectively, in the rate of sea-
level rise. The eustatic drop at 73 Ma (Weimer, 1983)
would have occurred in western Colorado after
deposition of the Rollins Sandstone Member, which
Cobban (1973) placed in the Didymoceras cheyennense
faunal zone at about 73.5 Ma. The Anchor Mine
transgression is probably much more localized than the
Buck Tongue transgression and thus may reflect changes
in subsidence and sedimentation rates rather than
eustatic changes.

Pitman (1978) believed that in the Late Cretaceous
sea level dropped slowly between 85 and 65 Ma and that
during this period transgressions and regressions
resulted from changes in the rate of sea-level fall.
Transgressions and regressions in the Buck Tongue and
the Sego can be explained by using this model; however,
in order to produce the relative rise in sea level indicated
by the Sego progradational sequence, the rate of
subsidence would have had to be greater than the rate of
eustatic fall. Lateral and vertical facies distributions can
help distinguish between variable rates of eustatic fall
and episodes of eustatic fall and rise. If a eustatic fall and
rise of sufficient magnitude occurs, then a period of
fluvial incisement followed by flooding of parts of the
paleovalley should result. A correct interpretation of
eustatic events requires accurate interpretation of the
nature of the unconformity at the base of the Castlegate.
There are no apparent unconformities or erosion
surfaces in the Sego and correlative Neslen sequence that
would indicate fluvial incisement resulting from a major

eustatic fall. The effects of thrusting also complicate
evaluation of eustatic changes. As previously mentioned,
changes in sediment supply rates resulting from pulses in
tectonic activity during thrusting could also explain the
Sego transgressive-regressive patterns.

On a regional scale, subsidence in the foreland
basin resulted from crustal loading by thrust plates and
sedimentation (Jordan, 1981), but local structures may
have caused slight but significant changes in subsidence
rates that affected facies distributions. Lawton (1983)
documented uplift on Laramide structures in east-
central Utah beginning in the late Campanian, and
earlier workers (Ritzma, 1955; Tweto, 1975; Gries, 1983)
suggested that incipient movement along the Douglas
Creek arch in western Colorado occurred at the same
time during foreland basin deposition. Isopach maps of
various Cretaceous and Tertiary intervals (Johnson and
Finn, 1986) indicate movement on the arch began
sometime after deposition of the Castlegate Sandstone,
about 77.5 Ma, but do not indicate if movement occurred
contemporanecously with Mount Garfield or Hunter
Canyon deposition. The arch developed asymmetrically
during uplift. During the latest Cretaceous, a
pronounced eastern flank and a broad, extensive western
bulge developed, but a pronounced western flank did not
develop until the Paleocene.

Although there is no firm evidence that foreland
basin deposition was influenced by the arch, numerous
lithologic and depositional facies changes occur near the
arch. During deposition of the Corcoran, Cozzette, and
Rollins, the sea regressed far into and out of the Piceance
basin along northeast-trending shorelines. Although
orientations of the regressive shorelines and the arch are
not similar, the maximum Jlandward limits of
transgressions that occurred between upper and lower
Sego, Corcoran, Cozzette, and Rollins regressions follow
northerly trends more parallel with the arch (Johnson,
1988) and do not extend west of it. Just east of the flank
of the arch, a stacked section of interbedded marine and
coastal-plain deposits 500 ft thick indicates that the
landward limit of coastal retreat was restricted to a fairly
narrow belt. Along the northern part of the arch,
however, this stacking is less pronounced (R.C. Johnson,
oral commun., 1986). These facies distributions may be
the only indicators of minor, incipient activity along the
eastern flank of the Douglas Creek arch. Because the
eastern flank developed early in the structural history of
the arch, the area may have been more susceptible to the
carliest phase of Laramide east-west compression, which
could have resulted in almost imperceptible changes in
subsidence. Although very slight structural movement
can influence depositional patterns (Weimer, 1983),
documenting such control usually is difficult. Any
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structural control on the extent of marine transgressions
in western Colorado is purely speculative but cannot be
entirely discounted.

SUMMARY

In the southern Uinta and Piceance basins, the late
Campanian Sego Sandstone was deposited primarily
along a microtidal barrier-island coastline. West of the
Anchor Mine Tongue, the main body of the Sego is
composed of stacked shoreface depositional sequences
that indicate numerous minor fluctuations in the
shoreline probably produced by variable rates of
sediment influx. These fluctuations caused thick buildups
of sandy, tidal-influenced backbarrier deposits in the
vicinity of the Green River. Marshes and swamps formed
on the coastal plain behind the Sego shoreline, but high
sediment input and rapid shifting of backbarrier
environments caused these coal-forming environments to
be short lived; only thin, discontinuous coal beds are
observed,

The stacked shoreface and backbarrier deposits in
the Sego produce characteristic blocky well-log curves
from which the number of depositional cycles can be
determined. In many well logs, however, a thick sequence
of sandy backbarrier deposits can easily be
misinterpreted to be part of an unusually thick shoreface
deposit. As a result of the orientation of the Book Cliffs,
strike-parallel lithofacies changes commonly cannot be
traced along the surface, but lateral lithofacies changes
interpreted to represent the transition from sandy back-
barrier to quiet-water lagoonal environments are
apparent in subsurface cross sections.

Deposition of the Sego Sandstone was probably
contemporaneous with part of a major thrusting episode
in the Sevier orogenic belt. The basal part of the Castle-
gate Sandstone was deposited during the first major
pulse of sediment influx, and the Buck Tongue of the
Mancos Shale and the Sego Sandstone apparently were
deposited during the subsequent decrease in sediment
influx and during the second clastic influx associated with
Bluecastle deposition. A decrease in sediment supply
from the thrust belt after deposition of the Bluecastle and
the upper part of the main body of the Sego may have
triggered the Anchor Mine transgression. Later activity
in the southern thrust belt and in areas outside the thrust
belt provided sediment for the regressions that followed
the Anchor Mine transgression. Thick, stacked marginal-
marine deposits and rapid facies changes from nonma-
rine to marine occur in the vicinity of the eastern flank of
the Douglas Creek arch, but no firm evidence exists to
suggest that any structural controls influenced
depositional patterns and limited the landward extent of

shoreline movement that preceded deposition of the
Corcoran, Cozzette, and Rollins.

If a major drop in sea level occurred immediately
before Castlegate deposition, then the Buck Tongue of
the Mancos Shale and the Sego would have been
deposited during the subsequent rise. Major sea-level
changes apparently did not occur during Sego deposition.
During most of Sego deposition, sediment supply slightly
exceeded either sea-level rise or subsidence to produce
the regionally progradational but internally stacked
sequence of coastal and shoreface deposits. This pattern
continued through deposition of the Cozzette. The
regionally extensive, single-cycle regressive deposits
characteristic of the Rollins indicate a change in progra-
dational style. Either an increase in sediment supply, a
stabilization or drop in sea level, or a decrease in rate of
subsidence resulted in a more rapidly prograding
shoreline.
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