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Long-term sediment accumulation in the Middle Jurassic–early
Eocene Cordilleran retroarc foreland-basin system
P. G. DeCelles

Department of Geosciences, University of Arizona, Tucson, Arizona 85721B. S. Currie

ABSTRACT
The late Middle Jurassic–early Eocene (;120 m.y.) sediment-accumulation history of

the Cordilleran foreland basin in northern Utah exhibits a sigmoidal pattern on a rate vs.
time plot, with moderate rates of accumulation during late Middle Jurassic, very low net
rates during Late Jurassic–earliest Cretaceous, increasingly rapid rates during Early-
middle Cretaceous, and low rates during Late Cretaceous–early Eocene time. This pattern
is consistent with deposition in a prograding foreland-basin system that comprised inte-
grated back-bulge, forebulge, foredeep, and wedge-top depozones. The upper Middle Ju-
rassic represents the back-bulge depozone; the Upper Jurassic was deposited on the eastern
flank of a flexural forebulge; the basal Cretaceous unconformity is the result of eastward
migration of the forebulge; the thick, Lower-middle Cretaceous succession represents the
foredeep depozone; and the Upper Cretaceous–early Eocene embodies the syndeposition-
ally deformed wedge-top depozone. Previous models that explain Middle-Late Jurassic
stratigraphic patterns in terms of foredeep subsidence (alone) and a Late Jurassic hiatus
in crustal shortening in the Cordilleran orogen are shown to be neither necessary nor
supported by evidence from the Cordilleran hinterland.

INTRODUCTION
Cordilleran orogenesis in the western

United States spanned at least 120 m.y. from
Middle Jurassic to early Eocene time and
involved thrust faulting and folding, ductile
shortening and dynamothermal metamor-
phism, and igneous intrusion (Miller et al.,
1988; Allmendinger, 1992). The deforma-
tion front migrated ;1000 km eastward
from central Nevada to Colorado (Fig. 1).
The hinterland in Nevada and western Utah
largely consists of Precambrian basement
and Precambrian-Paleozoic sedimentary
rocks that were deformed at greenschist to
amphibolite grade and intruded by wide-
spread plutons during Middle Jurassic to
Early Cretaceous time. The Sevier fold-and-
thrust belt was active from Early Cretaceous
through early Eocene time, involving large
Precambrian basement culminations and
thrust sheets of Proterozoic-Paleozoic
quartzite and carbonate rocks in its rear and
unmetamorphosed Paleozoic-Mesozoic
cover rocks in its frontal part. The Laramide
foreland region was the site of mainly base-
ment-involved shortening from Late Creta-
ceous through early Eocene time. The total
amount of horizontal shortening exceeded
250 km (Allmendinger, 1992; Elison, 1991).
Coeval foreland-basin development in the

western interior shows a straightforward as-
sociation between Early Cretaceous–Eo-
cene synorogenic deposition and kinematic
events in the Sevier thrust belt (Jordan,
1981; Wiltschko and Dorr, 1983; DeCelles,
1994). Similarly, Laramide foreland uplifts
have been correlated with local intrafore-
land basins (Cross, 1986; Dickinson et al.,
1988). Much less understood are the links

between Middle-Late Jurassic deformation
in the hinterland and basin development in
the western interior. Provenance data from
Middle-Late Jurassic sandstone and con-

glomerate in Utah and Wyoming indicate
the likely existence of an orogenic source
terrane in Nevada and western Utah (Furer,
1970; Jordan, 1985). Heller et al. (1986) and
Heller and Paola (1989), however, sug-
gested that foreland-basin subsidence did
not commence until late Early Cretaceous
time because the Upper Jurassic Morrison
Formation in the foreland region does not
exhibit the westward thickening predicted
by foreland-basin models. Instead, they pro-
posed that the Morrison accumulated dur-
ing a period of thermal doming and/or re-
gional, erosion-driven isostatic rebound in
the absence of thrusting. Based on flexural
modeling, Bjerrum and Dorsey (1995) at-
tributed the Middle Jurassic stratigraphic
record of Utah to deposition in a retroarc
foredeep. Their model produced reasonable
flexural profiles, but the loads employed are
located .100 km east of the region of Ju-
rassic crustal shortening (Fig. 1). Lawton
(1994) explained Middle and Late Jurassic
deposition in terms of regional dynamic sub-
sidence (e.g., Gurnis, 1992) caused by vis-
cous coupling between the mantle wedge
and overlying North American plate. This
paper presents a new interpretation of the
entire Middle Jurassic–lower Eocene strat-
igraphic succession of the western interior in
terms of a general model of foreland-basin
systems (DeCelles and Giles, 1996). This in-
terpretation is consistent with known hori-
zontal shortening, metamorphism, and igne-
ous activity in the Cordillera and does not
require highly unsteady thrust loading or re-
gional isostatic events.

FORELAND-BASIN SYSTEMS
A foreland-basin system is a regionally

elongated zone of potential sediment ac-
commodation that develops on the fore-
landward side of a contractional orogen in
response to flexural processes associated
with convergent plate boundaries. It consists
of wedge-top, foredeep, forebulge, and
back-bulge depozones (Fig. 2). The depo-
zone identity of a sediment particle is based
on its location during deposition rather than
its ultimate position with respect to the fold-
and-thrust belt, which may change drasti-
cally as the orogenic wedge advances toward
the foreland. The wedge-top depozone con-
sists of sediment that accumulates on top of
the frontal part of the orogenic wedge, in-
cluding “piggyback” basins. It is character-

Figure 1. Map showing distribution and timing
of Middle Jurassic–early Eocene thrusting,
metamorphism, and igneous activity in Cor-
dilleran orogen, western United States (based
on Cross, 1986; Allmendinger, 1992; Royse,
1993a). Line 1 is Middle-Late Jurassic fore-
bulge; line 2 is Early Cretaceous forebulge
(from Fig. 9 of DeCelles and Giles, 1996). A–A*
shows location of Figure 3. Solid circle in
northeast Utah shows location of sediment-
accumulation curve in Figure 4.
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ized by numerous local and regional tectonic
unconformities, coarse-grained sediment,
and regional thinning toward the fold-and-
thrust belt. The foredeep depozone is the
region of thick accumulation between the
tip of the orogenic wedge and the proximal
side of the forebulge. It decreases in thick-
ness toward the craton. The forebulge de-
pozone is the region of potential accommo-
dation in the vicinity of the forebulge. In
some foreland-basin systems the forebulge
is a zone of nondeposition or erosion
(Crampton and Allen, 1995); in others, sed-
iment derived from the fold-and-thrust belt
or produced locally (e.g., carbonate build-
ups in submarine systems; Giles and Dick-
inson, 1995) is deposited on top of the fore-
bulge. These deposits are typically thin and
condensed, and nondepositional forebulge
regions may be marked by an unconformity
(Crampton and Allen, 1995). The back-
bulge depozone is the broad region of po-
tential accommodation between the fore-
bulge and the undisturbed craton.
If an orogenic wedge advances a distance

comparable to the width of the foreland-ba-
sin system, locations originally in the back-
bulge depozone will be buried progressively
by younger forebulge, foredeep, and wedge-
top deposits. The resulting accumulation
history as shown on a rate vs. time plot
should be crudely sigmoidal; initially there
are low to moderate accumulation rates in

the back-bulge depozone, followed by very
low accumulation rates or erosion in the
forebulge depozone, followed by increas-
ingly rapid rates in the foredeep depozone,
followed by abruptly decreased rates and lo-
cal erosional events in the wedge-top depo-

zone (Figs. 2B and 2C). This long-term pat-
tern may be punctuated by short-term
changes in accumulation resulting from in-
traforeland structural complexities, changes
in rates of orogenic shortening, and changes
in sea level, climate, sediment supply,
source-rock types, and depositional systems,
among others. Nevertheless, the first-order
sigmoidal pattern is controlled by craton-
ward migration of the flexural wave, a pro-
cess that occurs over tens of millions of years
and dominates the accumulation history in
most foreland regions (Fig. 2D).

STRATIGRAPHIC HISTORY
Middle Jurassic–lower Eocene rocks in

northern Utah and western Colorado con-
stitute three depositional sequences sepa-
rated by regional unconformities. The first
sequence includes the Twin Creek, Preuss,
Stump, and Morrison Formations and their
correlatives (Middle-Upper Jurassic; Fig. 3).
Its basal unconformity (the J2 of Pipiringos
and O’Sullivan, 1978) spans an eastward-in-
creasing chronostratigraphic gap caused by
eastward onlap of Middle-Upper Jurassic
units. In northern Utah, the Middle-Upper
Jurassic sequence is up to 1.4 km thick but
decreases to ;250 m in northeast Utah
(Imlay, 1980).
The base of the overlying Neocomian-Co-

niacian depositional sequence is an uncon-
formity of;20 m.y. duration that bevels the
Upper Jurassic Morrison and Stump For-
mations between the Uinta and Wasatch
Mountains. The unconformity consists of an
;10-m-thick zone of intense weathering and

Figure 2. A: Schematic cross section showing an orogenic wedge (black) and adjacent foreland-
basin system, after DeCelles and Giles (1996). B: Idealized stratigraphic fill and subsidence-rate
curve of a foreland-basin system, produced by progradational stacking of depozones. Wiggly
lines represent unconformities. C: Idealized, long-term total subsidence (solid line) and tectonic
subsidence (dashed line) curves for a foreland-basin system. D: Examples of long-term total
(Subandean) and tectonic (North Alpine, Zagros, and Val Verde) subsidence curves from four
well-documented foreland-basin systems. Sources: Homewood et al. (1986), Jordan et al.
(1988), Bordenave and Burwood (1990), Dorobek (1995). Lower age scale is for Val Verde; upper
is for Zagros, North Alpine, and Subandean.

Figure 3. Chronostratigraphic diagram (see Fig. 1 for location) of Middle Jurassic–lower Eocene
rocks of Utah and adjacent areas in Wyoming and Colorado. After Imlay (1980), Hintze (1988),
and Dyman et al. (1994). White areas represent major unconformities; dashed lines are minor
unconformities.
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early diagenetic alteration of the upper
Morrison in northeast Utah and northwest
Colorado (Currie, 1996). This sequence
consists of the Lower Cretaceous Kelvin
Formation and Upper Cretaceous Aspen,
Frontier, and Henefer Formation. These
rocks correlate with the Cedar Mountain,
Dakota, Mowry, and Mancos Formations
and part of the Mesaverde Group in north-
east Utah and northwest Colorado. The
Neocomian-Coniacian sequence decreases
in thickness from ;7 km in northern Utah
to ;2.5 km in northeast Utah (Royse,
1993a).
Unconformably overlying the Neoco-

mian-Coniacian sequence is the Santonian–
lower Eocene depositional sequence, which
includes the Echo Canyon, Weber Canyon,
and Hams Fork Conglomerates; the Evan-
ston and Wasatch Formations (in northern
Utah); and the Currant Creek, Fort Union,
Green River, and Wasatch Formations (in
eastern Utah; Fig. 3; Hintze, 1988). The
thickness of the Santonian–lower Eocene
sequence across the region is variable owing
to syndepositional uplift in the frontal
Sevier thrust belt and Uinta Mountains.

LONG-TERM SEDIMENT
ACCUMULATION
A decompacted sediment-accumulation

curve for Middle Jurassic–lower Eocene
strata of northern Utah (Fig. 4) is similar to
curves from central Utah and southeast
Idaho (Heller et al., 1986; Cross, 1986). The
curve exhibits several short-term (;10 m.y.)
changes in accumulation rate, but overall is
clearly sigmoidal as would be expected from
progressive stacking of foreland-basin depo-
zones (Fig. 2). The period 177–160 Ma
brackets deposition in the back-bulge depo-
zone; 160–120 Ma represents deposition
and erosion in proximity to the forebulge;
120–86 Ma brackets the foredeep depo-
zone; and 86–55 Ma, the wedge-top
depozone.
Lithofacies, unconformities, regional on-

lap patterns, and internal syndepositional

structure of the entire succession provide
further support for this interpretation.
Coarse-grained, proximal alluvial-fan de-
posits, progressive and interformational an-
gular unconformities, and growth fault–
propagation folds typify the Santonian–
lower Eocene wedge-top part of the
succession (DeCelles, 1994). Provenance
data indicate sources in the hinterland and
along antiformal ridges that grew above
frontal thrust ramps. The low net rate of
accumulation reflects competing effects of
local uplift and erosion in the orogenic
wedge, regional flexural subsidence, and lo-
cal accumulation behind structural dams
produced by thrust-tip anticlines.
The Neocomian-Coniacian interval (120–

86 Ma) consists of thick, marginal-marine,
fluvial, and fan-delta deposits and lacks
syndepositional thrust-related deformation.
Provenance data indicate sources in theWil-
lard-Paris-Meade-Laketown thrust system,
the westernmost and structurally highest of
the major thrusts in this part of the Sevier
belt (Royse, 1993a). These rocks represent
the rapidly subsiding foredeep depozone
(Jordan, 1981). Regional isopach patterns in
the Neocomian(?)-Albian Cedar Mountain
Formation indicate a northeast-trending
zone of thinning in eastern Utah (Fig. 1),
which Currie (1995) interpreted as a mani-
festation of the Early Cretaceous forebulge.
The Late Jurassic–earliest Cretaceous

(160–120 Ma) part of the curve exhibits ex-
tremely low rates of net accumulation dur-
ing and after deposition of the Stump and
Morrison Formations (Fig. 4), which consist
of west-southwesterly derived marginal-ma-
rine, nonmarine, and volcanogenic deposits
(Currie, 1996). We interpret the top Mor-
rison unconformity as a result of forebulge
uplift just east of the Wasatch Mountains
(Fig. 1). Westward beveling of Morrison
stratigraphic members to an erosional zero-
edge in northeast Utah matches the pattern
expected from deposition and subsequent
erosion on the cratonward side of a
forebulge. The overlying Kelvin (or Cedar

Mountain) Formation represents distal
foredeep deposits that prograded across the
forebulge unconformity.
The Middle Jurassic (177–160 Ma) seg-

ment of the accumulation curve is rep-
resented by ;1.8 km of shallow- to mar-
ginal-marine and nonmarine carbonate,
siliciclastic, and evaporitic rocks in the Twin
Creek and Preuss Formations (Fig. 3). The
top of the Middle Jurassic is beveled
downsection to the west by the same uncon-
formity that bevels theMorrison Formation;
;300 m of section has been cut out. The
underlying J2 unconformity and the east-
ward onlap pattern in the Middle Jurassic
rocks are results of erosion and subsequent
onlap of distal back-bulge sediments onto
the cratonic margin of the western interior.
The Middle-Upper Jurassic back-bulge de-
posits were subsequently uplifted and partly
eroded on the eastern flank and crest of the
Late Jurassic–Early Cretaceous forebulge.

DISCUSSION
This interpretation solves several prob-

lems in Middle-Late Jurassic stratigraphy in
the western interior. Some authors (Heller
and Paola, 1989; Bjerrum and Dorsey, 1995)
have proposed that westward thinning of the
Morrison Formation resulted from a re-
gional erosional event coupled with isostatic
uplift or thermal doming in the Cordilleran
hinterland. Westward beveling of the top of
the Morrison indicates that erosion oc-
curred after, not during, Morrison deposi-
tion. The youngest dates from the upper
part of the Morrison are 144 Ma (40Ar/39Ar;
Peterson, 1994) or 137 Ma (U-Pb; G. E. Ge-
hrels, 1995, personal commun.), which
means that the proposed isostatic uplift or
thermal doming event must have occurred
during earliest Cretaceous time. This was a
period of regional crustal shortening in the
Cordillera, which included emplacement of
the Manning Canyon thrust sheet in north-
west Utah (Allmendinger and Jordan, 1984)
and theWillard (Yonkee, 1992) and Canyon
Range (Royse, 1993a; DeCelles et al., 1995)
thrust sheets in northern and central Utah.
The widespread Late Jurassic plutons in Ne-
vada and western Utah that are supposed to
have been associated with thermal doming
were synkinematic with regional shortening
(Miller et al., 1988; Allmendinger, 1992).
Our interpretation explains the “anoma-
lous” Morrison isopach pattern and the
overlying unconformity as results of fore-
bulge migration into the back-bulge depo-
zone of the foreland-basin system.
Also resolved by our interpretation is the

issue of forebulge location. Bjerrum and
Dorsey (1995) suggested that the minor un-
conformities (reported by Pipiringos and
O’Sullivan, 1978) between individual Mid-

Figure 4. Total subsid-
ence curve for Middle
Jurassic–lower Eocene
strata in Coalville, Utah,
area, decompacted ac-
cording to method of
Sclater and Chr ist ie
(1980).
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dle Jurassic stratigraphic units were pro-
duced by forebulge migration. These uncon-
formities lack evidence for major erosion,
do not exhibit the typical cratonward-in-
creasing stratigraphic gap, and would imply
that the forebulge migrated rapidly east and
west several times during the Middle Juras-
sic. In turn, this interpretation would re-
quire a highly unsteady thrust-belt load,
whereas evidence from most young moun-
tain belts indicates that orogenic wedges mi-
grate cratonward in a relatively steady fash-
ion (e.g., Covey, 1986), with most of the
loading concentrated above crustal ramps in
the hinterland. Episodic frontal thrusting,
therefore, is not a realistic explanation for
unsteady forebulge behavior. The interpre-
tation presented above has the forebulge
migrate eastward from central Utah (Mid-
dle-Late Jurassic) to eastern Utah (Early
Cretaceous) at a reasonable rate of ;0.5
cm/yr, consistent with known rates of thrust-
ing in the Sevier belt (Jordan, 1981; De-
Celles, 1994) and flexural modeling results
(Currie, 1995).
A potential problem with our interpreta-

tion is the thick Middle Jurassic back-bulge
deposits, which accumulated in a region
where flexural subsidence due to topo-
graphic loads could have produced only a
few tens of metres of accommodation. Iso-
static compensation of the back-bulge sedi-
ment load and aggradation up to a strati-
graphic base level tangent to, or higher than,
the crest of the forebulge may have permit-
ted another few hundred metres of accumu-
lation. Moreover, in general, dynamic sub-
sidence may exceed 1 km in back-bulge
regions hundreds of kilometres inboard of
the trench (Gurnis, 1992; Holt and Stern,
1994). The abundance of shallow-marine
carbonate in the proposed back-bulge de-
pozone (Twin Creek Formation) supports
the interpretation of a submarine back-
bulge. A second question raised by our in-
terpretation is the whereabouts of the Mid-
dle-Late Jurassic foredeep depozone. We
concur with Royse (1993b) that restored re-
gional cross sections provide space for sev-
eral kilometres of Middle-Late Jurassic
foredeep deposits that subsequently were
eroded as the orogenic wedge propagated
into central Utah.

CONCLUSIONS
Middle Jurassic through lower Eocene

sedimentary rocks in the western interior
United States accumulated in an eastward-
migrating foreland basin system that pro-
gressively stacked the deposits of back-
bulge, forebulge, foredeep, and wedge-top
depozones on top of each other, producing
a long-term, sigmoidal sediment-accumula-
tion pattern. Foreland-basin systems in gen-

eral exhibit sigmoidal patterns of long-term
sediment accumulation in response to mi-
gration of depozones and associated fore-
bulge unconformities. Failure to recognize
back-bulge and forebulge depozones can
lead to erroneous stratigraphic interpreta-
tions of orogenic load distributions and the
onset of synorogenic subsidence in foreland-
basin systems.
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