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ABSTRACT

The Paleogene sedimentary record of the Green River Basin, Wyoming was largely controlled by the
regressions and transgressions of Paleolake Gosiute, a large shallow lake that occupied the center of this
intermontane basin. Fluctuations in lake depth, occurring in response to both climatic and tectonic con-
trols, resulted in extensive inundation or exposure of the lowlands adjacent to the lake. In the southwest-
ern Green River Basin, lacustrine deposits of the Green River Formation intertongue extensively with the
predominantly fluvial strata of the Wasatch and Bridger Formations. These fluvial units reflect periods of
lacustrine lowstand during which the lake contracted to the center of the basin. In intermontane basins,
stratigraphic base level is not directly affected by changing sea level. Fluctuations in lake level due to
variations in climate and local tectonics therefore play a dominant role in the stratigraphic evolution of
the basin.

Paleomagnetic and biostratigraphic data obtained from the Little Muddy Creek area provide a
chronostratigraphic framework to facilitate reconstruction of the sequence stratigraphic history in the
study area and provide a means for assessing temporal equivalency between outcrop exposures in differ-
ent parts of the Green River Basin. Early Eocene strata within the Little Muddy Creek area are character-
ized by four fluvial-lacustrine sequences separated by erosional unconformities (lacustrine lowstand sur-
faces of erosion). The first unconformity occurs in the latest Wasatchian (Lostcabinian, base of GPTS
chron C23r). The medial unconformity occurs in the earliest Bridgerian (early Gardnerbuttean, middle
chron C23r). The upper unconformity occurs in the medial early Bridgerian (late Gardnerbuttean, upper
chron C23r).

Three types of regionally significant stratal surfaces occur within the study interval. Sequence bound-
ing unconformities are characterized by abrupt upward changes in lithology, from lacustrine carbonates
to amalgamated fluvio-deltaic sandsheets. Initial transgressive surfaces are characterized by a shift from
sandstone zones to heterolithic, mud-dominated, alluvial floodplain deposits. Maximum lacustrine
flooding surfaces mark the point of maximum lake advance on the margins of the basin. Individual
sequences have a predictable geometry, akin to that observed in marine successions, reflecting lake level
variations and concomitant fluctuations in fluvial base level and available accommodation space. 
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INTRODUCTION

Sequence stratigraphy, initially developed for
coastal strata (shallow and marginal marine) empha-
sizes analysis of sedimentary strata within a tempo-
ral framework (Posamentier et al., 1988; Van Wag-
oner et al., 1990). Identification of significant
surfaces such as marine flooding surfaces, transgres-
sive surfaces of erosion and subaerial unconformi-
ties is an important component of sequence strati-
graphic analysis. Such surfaces represent changes in
accommodation space in response to eustatic, cli-
matic and tectonic influences.

These principles have been applied less commonly
to continental strata than they have to marine succes-
sions. Although “nonmarine” sequence stratigraphy
has been the topic of numerous studies, most have
dealt with marginal marine rather than truly conti-
nental successions (i.e. Shanley et al., 1992; Shanley
and McCabe, 1993; Olsen et al., 1995; Martinsen et al.,
1999; Pedersen and Steel, 1999). In fluvial systems
that drain directly into oceans, changes in deposi-
tional style may reflect changes in sea level. This is
because changes in stratigraphic base level are
strongly influenced by fluctuations in relative sea
level (Posamentier and Vail, 1988; Posamentier et al.,
1988; Posamentier and Allen, 1999). Tidal influences
may also be observed within these fluvial successions
facilitating correlation between marine and continen-
tal strata (Shanley et al., 1992; Shanley and McCabe,
1994; Martinsen et al., 1999). 

Intermontane sedimentary basins are not affected
by eustatic sea level fluctuations. In these areas, cli-
matic influences govern sediment supply and tectonic
influences control the creation and destruction of
accommodation space, thereby playing pivotal roles
in the depositional evolution of continental basins.
Recent studies have shown that fluvial successions
can be subdivided into sequences bound by erosional
unconformities (Kraus and Middleton, 1987; Shanley
and McCabe, 1994; Olsen et al., 1995; Pedersen and
Steel, 1999). Fluctuations in lake level in mixed flu-
vial-lacustrine basins may influence sedimentation in
a manner similar to sea level in marine coastal set-
tings (Legaretta et al., 1993; Shanley and McCabe,
1994).

This study discusses the architecture and strati-
graphic evolution of an early Eocene mixed fluvial-
lacustrine succession in the southwestern Green River
Basin, Wyoming (Fig. 1). This succession consists of
three main lithostratigraphic units, the Wasatch,

Green River and Bridger Formations (Fig. 2). Excel-
lent exposure of these units in the Little Muddy Creek
area, southeast of Kemmerer, Wyoming, provides
insight into the depositional mechanisms and strati-
graphic architecture of mixed-siliciclastic-carbonate
fluvial-lacustrine depositional systems.

Previous studies have provided a detailed bios-
tratigraphic and magnetostratigraphic framework for
the study interval (Zonneveld, 1994a; Zonneveld et
al., 2000a; Clyde et al., 1997; 2001). This chronostrati-
graphic framework facilitates reconstruction of the
sequence stratigraphic history of the study area and
provides a means for assessing temporal equivalency
between eastern and western outcrop exposures in
the Green River Basin.

Lithostratigraphy

The Paleogene sedimentary history of the Green
River Basin centers on the regressions and transgres-
sions of Paleolake Gosiute, an extensive shallow lake
complex that occupied the center of this large, rela-
tively flat, intermontane basin (Surdam and Wolf-
bauer, 1975; Roehler 1991a,c; 1992; 1993). Fluctuations
in lake depth, occurring in response to both climatic
and tectonic controls, resulted in periodic extensive
inundation and exposure of the lowlands adjacent to
the lake.

In the southwestern Green River Basin (Bridger
Basin), the Green River Formation intertongues exten-
sively with predominantly fluvial strata of the
Wasatch and Bridger Formations (Figs. 2 and 3). Inter-
calation of these units within the study area reflects
periods of lacustrine lowstand during which the lake
contracted to the center of the basin or shifted its
position eastward in response to tectonic and climatic
changes. Early Eocene strata in the study area dip
gently (~3˚) to the east and are exposed primarily on
a series of low, west-facing ridges. The stratigraphic
framework of Eocene strata in the Green River Basin
has undergone extensive revision during the past sev-
eral decades. This study follows the basic terminol-
ogy outlined by Roehler (1990; 1991a; 1992) with
minor modifications (Fig. 2).

Outcrop of the Green River Formation in the study
area are assigned to the Tipton Shale, Wilkins Peak
and Laney Members (Fig. 2). Each of these units con-
sists of a heterolithic succession of calcareous mud-
stone, stromatolitic limestone, bioclastic grainstone,
fine-grained sandstone and oil shale. The lower part

254 JOHN-PAUL ZONNEVELD, WILLIAM S. BARTELS, WILLIAM C. CLYDE

Rocky Mountain Section, Society of Economic Paleontologists and Mineralogists



of the Wasatch Formation (Main Body) within the
study area is characterized by mature paleosols and
minor channel sandstone and conglomerate beds.
Laterally extensive channel sandstone belts interca-
lated with strata of the Tipton Shale and Wilkins Peak
Members of the Green River Formation are assigned
to the Alkali Creek Member of the Wasatch Forma-
tion. The upper part of the Wasatch Formation
(Cathedral Bluffs Tongue) is characterized by both
mature and immature paleosols with large and small
channel sandstone bodies.  The Bridger Formation
within the study area is represented by the Whiskey
Butte Bed, which is composed of terrigenous and vol-
caniclastic fluvial channel and crevasse-splay sand-
stone beds and overbank silty mudstone beds.
Although common, paleosols are poorly developed
throughout most of the Bridger Formation.

Biostratigraphy

Cenozoic strata in North America have been subdi-
vided into a series of biozones using characteristic
groups of fossil vertebrates, primarily mammals

(Wood et al., 1941; Woodburne, 1987). These zones,
known as North American Land Mammal Ages
(NALMAs), serve as standards for correlating faunas
of similar age across North America. The boundaries
between these ages represent major turnovers in the
North American Cenozoic mammalian record. This
study deals with strata deposited in the two earliest
Eocene NALMAs, the Wasatchian and Bridgerian
(Zonneveld, 1994a; Zonneveld et al., 2000a; Figs. 4
and 5). Both of these NALMAs have been subdivided
into several subages (Krishtalka et al., 1987; Gunnell
and Yarborough, 2000; Zonneveld et al., 2000a).

The study area is characterized by a diverse verte-
brate fossil assemblage consisting of 14 reptile genera
and 25 mammal genera. Many of these taxa, particu-
larly the mammalian component, have limited bios-
tratigraphic ranges (Fig. 4) and facilitate subdivision
of the study interval into a series of local faunas des-
ignated Little Muddy Faunas (LMF I-VII; Zonneveld
et al., 2000a; Figs. 4 and 5). The lowest two local fau-
nas (LMF I and LMF II) contain taxa indicative of
deposition during the Lostcabinian, the terminal sub-
age of the Wasatchian NALMA (Fig. 4). The subse-
quent two local faunas (LMF III and LMF IV) indicate
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Figure 1: Map of the Green River
Basin and adjacent uplifts, south-
western Wyoming. The Little
Muddy Creek area, the focus of
this study (as well as that of Clyde
et al., 1997; Zonneveld et al.,
2000a), is outlined along the
southwestern margin of the
Bridger Basin. The study area at
South Pass of Clyde et al. (2001) is
also shown. Shaded area shows
the maximum extent of Lake
Gosiute during the late
Wasatchian (deposition of the 
Tipton Shale Member, Green River
Formation; Roehler, 1993).



deposition during the Gardnerbuttean, the earliest
Bridgerian subage (Fig. 4). The upper three local fau-
nas (LMF V, LMF VI and LMF VII) contain taxa diag-
nostic of the Bridgerian A subage (Fig. 4).

Magnetostratigraphy

Until recently the Wasatchian-Bridgerian boundary
was poorly constrained to a five million year interval
overlapping the early-middle Eocene boundary
(Wood et al., 1941; Woodburne, 1987; Gunnell and Bar-
tels, 1994; Clyde et al., 1997). Recent magnetostrati-
graphic studies in the present study area, augmented

with data from South Pass on the northeastern mar-
gin of the basin (Fig. 1), has constrained the boundary
to chron C23r, approximately 52 Ma on the most
recent Global Polarity Time Scale (Clyde et al., 1997;
2001). The study interval is thus constrained to an
interval of approximately two million years, from
~50.5 through ~52.5 ma (Figs. 4 and 5).

Tectonic Setting

Eocene strata in the Green River Basin were
deposited during the last stages of Laramide tecton-
ism. Although tectonism in this area was initiated
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Figure 2: Early Eocene lithostratigraphy along
the western margin of the Bridger Basin
(southwestern Green River Basin), southwest-
ern Wyoming. Terminology utilized here draws
from both Sullivan (1980) and Roehler
(1991a,b; 1992). Strata included by Roehler
(1991a) in the Farson Sandstone Member,
Green River Formation (Roehler 1991a) are
assigned here to the Alkali Creek Tongue of
the Wasatch Formation.



during the Mesozoic, basin subsidence and erosional
unroofing of adjacent Laramide uplifts reached their
maximum during the Paleogene (Roehler, 1991c;
1993). Formation of the Green River Basin com-
menced in the Late Cretaceous, with initial down-
warping caused by Sevier and Laramide tectonism
augmented by sediment loading from the Overthrust
Belt (Shuster and Steidtmann, 1988). Sevier and

Laramide uplifts bound the Green River Basin to the
south, west and northeast (Fig. 1). Intermittent move-
ment of basin margin thrust faults influenced deposi-
tion by causing downwarping in the basin and shift-
ing the basin’s depocenter.

One of these tectonic elements, the Wyoming Over-
thrust Belt, borders the study area to the west (Fig. 1)
and directly influenced deposition within the Little
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Figure 3: Geologic map of the Little Muddy area, southwestern Green River Basin, Wyoming. Faulting on the western margin of
the study area reflects proximity of the study area to the Wyoming Overthrust Belt. Adapted in part from M’Gonigle and Dover
(1992). Paleocurrent data from fluvial channel successions throughout the study interval are shown. Rose diagrams (plotted in
percentages) are shown for crossbed inclination in fluvial channel sandstone beds. Isolated crossbed measurements and direction
vectors of channel sandstone beds exposed on the basin floor are denoted by arrows. Locations of measured sections utilized in
this study are shown (numbered 1-31).



Muddy area during the early Eocene. Conglomerate
and conglomeratic medium- to coarse-grained sand-
stone in the Alkali Creek Tongue of the Wasatch For-
mation were sourced locally, primarily from the Over-
thrust Belt. Paleocurrent measurements on fluvial
sandbodies, indicate dominantly north and east
directed flow (Fig. 3). Most of these rivers likely origi-
nated in the Overthrust Belt, although those that
flowed from the south may be related to activation of
the Uinta Thrust.

Climatic Setting

The early Eocene climate of the Green River Basin
was warm temperate to subtropical, possibly with hot
arid intervals (Roehler, 1992). The basin was located
~7˚- farther south than its present location, at approx-
imately 35˚ N paleolatitude (Roehler, 1992). The large
and diverse vertebrate fossil assemblages in the study
interval provide constraints on climatic and environ-
mental parameters. 
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Figure 4: Chronostratigraphy of the study area near Little Muddy Creek, southwestern Green River Basin. Seven local faunas
(LMI to LMVII) based on fossil vertebrates have been identified in the study area (Zonneveld et al., 2000a). Correlation of
magnetostratigraphic data with biostratigraphic data has provided a precise chronostratigraphic framework for the study
interval. Stratigraphic range and occurrence of selected fossil vertebrate genera obtained from Zonneveld et al. (2000a).
Magnetostratigraphic correlation obtained from Clyde et al., (1997; 2001). Calibration of geomagnetic polarity timescale
follows Cande and Kent (1995). Solid lines denote occurrence of taxon within study area; dashed lines denote known
stratigraphic range of taxon. 1Order Primates, 2Order Condylartha, 3Order Perissodactyla, 4Order Rodentia, 5Order Incertae
Sedis, 6Order Squamata.



Abundant large crocodylids and a diverse assem-
blage of turtles and lizards suggest mild winters, with
lows above freezing, long and sunny summers, mean
annual temperatures above 21˚ C, and mean annual
precipitation rising from <1400 mm in the late
Wasatchian to >1500 mm in the early to middle

Bridgerian (Bartels, 1993; Roehler, 1993; Wilf, 2000).
Evidence from fossil reptiles suggests that precipita-
tion and temperature seasonality was low and that
long duration climatic cycles were minimal. This is,
in part, consistent with paleobotanical data from the
eastern Green River Basin which suggest mild, frost-
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Figure 5: Composite measured
section through the study
interval, correlating lithology
with stratigraphic units,
biostratigraphic zones (from
Zonneveld, 1994a; Zonneveld
et al., 2000a), magnetic polar-
ity intervals (Clyde et al., 1997;
2001), lithofacies associations
(FA), and sequence stratigraphic
framework. Four sequences
identified as Little Muddy 1
through 4 (LM-1 through LM-4)
are identified within the study
area. Lithostratigraphic
terminology after Roehler
(1991a,b,c; 1992). The
stratigraphic location of the pho-
tos in figures 6, 8, 11, 13, 14,
and 16 are also shown.
Lithofacies patterns are
summarized in Figure 7.
Sequence stratigraphic acronyms
are as follows: LST = lowstand
systems tract; TST = transgres-
sive systems tract; HST = high-
stand systems tract; MLFS =
maximum lacustrine flooding
surface; LLSE = lacustrine low-
stand surface of erosion; ITS =
initial transgressive surface.



free winters throughout the early Eocene (Wilf,
2000). However, paleobotanical evidence suggests
that mean annual precipitation decreased from
~1400 mm during the middle Wasatchian to ~800
mm in the earliest Bridgerian (Wilf, 2000). 

Sedimentological evidence in the study area
(including an upward increase in the proportion of
hydromorphic paleosols and channel sandstone beds
in fluvial successions) also suggests that precipitation
increased from the Wasatchian and early Gardnerbut-
tean (Br0) into the later Bridgerian (Br1b). Bradley
(1948) examined the nature of lacustrine evaporites in
the Wilkins Peak Member, Green River Formation
and estimated a mean annual precipitation of
<1000mm.

Correlation of the Wasatchian-Bridgerian boundary
to chron C23r confirms that the Wasatchian/Bridger-
ian boundary coincides with the Cenozoic Global cli-
matic “optimum”, the warmest interval in the Ceno-
zoic (Clyde et al., 2001), although evidence from body
size and diversity of reptiles indicate that regional
maximum temperatures peaked later in the Bridgerian
(Bartels, 1993; Zonneveld et al., 2000a).

FACIES ASSOCIATIONS

Depositional environments of the Green River For-
mation have been the subject of a number of interpre-
tations, many of which are mutually contradictory.
Bradley and Eugster (1969) interpreted Paleolake
Gosiute as a stratified lake with sodium carbonate-
sodium chloride brine in the deeper parts of the
basin. Eugster and Surdam (1973) challenged this
model, favoring a playa lake interpretation instead.
Most subsequent investigations have supported this
interpretation, particularly within the Wilkins Peak
Member (Wolfbauer and Surdam, 1974; Eugster and
Hardie, 1975; Surdam and Wolfbauer, 1975; Surdam
and Stanley, 1979; Roehler, 1990; 1993). 

This study avoids the term playa lake. A playa lake
is, by definition, “a shallow, intermittent lake in an
arid or semiarid region, covering or occupying a
playa in the wet season but drying up in the summer”
(Bates and Jackson, 1987). Although strong evidence
has been presented that, during deposition of the
Wilkins Peak Member (latest Wasatchian and earliest
Bridgerian; Fig. 5), the Green River Basin was inter-
mittently arid to semiarid (Roehler, 1993; Wilf, 2000)
and Paleolake Gosiute likely dried up completely at
times (Eugster and Hardie, 1975), evidence that it rou-
tinely dried up seasonally is lacking. 

The following is a summary of the facies associa-
tions and depositional environments identified in
the present study area (Fig. 5). These facies associa-
tions are the building blocks that comprise the sys-
tems tracts and sequences discussed in this paper.
Lithofacies were identified on the basis of lithology,
geometry, physical and biogenic structures, fossil
content, and lateral/vertical relationships with other
lithofacies.

Facies Association 1: Alluvial Floodplain

Description—Facies association 1 (FA1) is a com-
plex association of interbedded mudstone, siltstone
and fine-grained sandstone. Individual beds exhibit
laterally extensive, planar tabular geometries and are
locally incised by FA2 (fluvial channel). Mudstone
beds are generally silty to sandy and characterized by
blocky fracture or jointing, abundant cleavage sur-
faces with clay skins and an absence of distinct lami-
nation. Calcium carbonate glaebules and concretions
are abundant in some mudstone beds. Isolated
coarser grains (rare quartz and lithic granules and
pebbles) exhibit thin clay skins. Root traces were the
most common biogenic structure observed, although
unlined horizontal burrows, stubby, unlined, sand-
filled vertical traces, and elongate vertical traces were
also observed. Body fossils consist primarily of gas-
tropods, bivalves, and locally abundant concentra-
tions of vertebrate material (fish, amphibian, mammal
and reptile).

Planar and current ripple laminae and normally
graded profiles characterize most siltstone and sand-
stone beds. Simple and mensicate horizontal trace
fossils and simple vertical trace fossils are common.
The bases of most siltstone and sandstone beds are
generally sharp to erosive, commonly characterized
by sole marks. Individual sandstone/siltstone bodies
are laterally extensive on a scale of hundreds of
meters to several kilometers.  These beds gradually
pinch out laterally into finer grained beds (siltstone
and mudstone).

FA1 is the dominant facies association in the
Wasatch and Bridger formations. Within the Wasatch
Formation, FA1 is characterized by extensive color
banding of grey, red, yellow, orange and purple (Fig.
6A-C). Color mottling is common within individual
bands, and in some areas obscures the boundaries
between bands. The color bands are tabular and later-
ally extensive, resulting in a striped aspect to out-
crops of the Wasatch Formation (Fig. 6A-C). Color
banding is less common in exposures of the Bridger
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Formation within the study area, consisting primarily
of gray, white, brown, and green bands.

Interpretation—FA1 is interpreted to have been
deposited in an alluvial floodplain setting. Sediment
within this facies association was subjected to various
depositional processes including settling from sus-
pension (mud and silt) and traction deposition of
sand and silt during lower flow regime waning over-
bank flood discharge. Sole marks and current ripples
exhibit unidirectional flow directions away from
channel sandstone bodies (FA2). 

All lithofacies within this facies association are
judged to have endured pedogenic alteration to various
degrees. Root traces, blocky fracture, the presence of
randomly oriented small-scale slickensides, carbon-
ate nodules and clay skins on pebbles, clasts, and
cleavage planes are common characteristics of allu-
vial paleosols (Bown and Kraus, 1981; 1987; Kraus,
1987; Retallack, 1988). Color banding in the Wasatch
Formation primarily represents different pedogenic
horizons within soil profiles. This banding results
from the redistribution and concentration in different
parts of the soil profile of ferric iron compounds
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Figure 6: Photographs of alluvial floodplain (FA1) and fluvial channel (FA2) sediments in the Wasatch Formation.  (A) At Cumberland
Ridge (section 27), the Main Body of the Wasatch Formation is characterized by pronounced color banding interpreted as paleosols,
and rare, laterally restricted fluvial channel sandstone beds (FC, between arrows). Geologist (at center) is 180cm tall. (B) Paleosols in
sequence LM-4 transgressive systems tract (Cathedral Bluffs Tongue, Wasatch Formation) exhibit vertical alternation between mature
and submature zones or bandsets. These paleosol band pairs are interpreted as fluvial-lacustrine parasequences. Trenching pick is 80
centimeters in length. Photo is taken at 287 meters above the base of section (Fig. 5) and is illustrated in Figure 15. (C) Alluvial flood-
plain (FA1) and fluvial channel (FA2) sediments at Wasatch Butte (sequence LM-4 transgressive systems tract, Cathedral Bluffs Tongue,
Wasatch Formation). Photo is taken at 280 to 310 meters above the base of section (Fig. 5). See Figure 3 for location of sections.



(Bown and Kraus, 1981; Retallack, 1988). Mature
Wasatch paleosols are provisionally interpreted as
alfisols due to their well-developed A and B horizons
and presence of minute calcium carbonate nodules in
many examples. Immature Wasatch and Bridger pale-
osols are interpreted as entisols due to their poor
development and absence of distinct soil horizons.

Facies Association 2: Fluvial Channel

Description—Facies association 2 (FA2) consists of
laterally restricted (channelized) sandstone beds
(individual beds 0.1 to 0.75 m thick) which cut into
FA1 or FA3 and are overlain by FA1 (Fig. 6A,C).
These channel bodies are variable in size, ranging
from small isolated features (~0.5 meters thick, ~5-10
meters wide) to larger features (up to 10 meters thick
and 500 meters wide).  Lithologies within this facies
association include poorly sorted conglomerate, con-
glomeratic sandstone, coarse- to medium-grained
sandstone and siltstone. Most FA2 deposits exhibit a
gradation from medium-scale trough cross-stratifica-
tion and/or low-angle lateral accretion surfaces in the
basal portion of the sand bodies to planar and current
ripple laminae toward the top. Soft-sediment defor-
mation features are locally common, in some cases
destroying primary sedimentary structures. Individ-
ual deposits commonly fine upward.

Trace fossils occur within some of these features
and are particularly pervasive within smaller channel
sandstone beds. Body fossils, including invertebrate
(gastropods and bivalves) and vertebrate (fish, reptile
and mammal) elements, are locally common. Most
specimens are disarticulated, fragmentary and
extremely abraded, although rare well-preserved
specimens also occur.

Most examples of FA2 occur as laterally restricted
sandstone bodies which crop out on the walls of buttes
and ridges, however several examples occur as long
(>8:1 length to width ratio) sinuous bodies exposed on
valley floors. Tracing these features into valley walls
corroborates their channel geometry, confirming that
they are not erosional remnants of sheet sandstone
bodies. Paleocurrent measurements on bedforms and
channel axes indicate a general east to northeast
directed flow vector within the study area (Fig. 3).

Interpretation—FA2 is interpreted to record fluvial
flow in a variety of small to moderate-sized mean-
dering rivers. This interpretation is supported by the

scoured basal contact and lenticular geometry of indi-
vidual occurrences, as well as lateral and vertical rela-
tionships of FA2 with FA1 and FA3. Lateral accretion
surfaces, fining-upward sequences, and upward gra-
dation from medium-scale to small-scale sedimentary
structures reflect the lateral migration of fluvial point
bars (Allen, 1982; Bridge, 1985). Trace fossils are com-
mon within fluvial channels in the Wasatch Forma-
tion (Zonneveld et al., 2000b), however, the relation-
ship between ichnotaxonomic composition and
environmental or ecological constraints remains
poorly resolved in fluvial successions. Many forms
once considered indicative of marine or tidally-influ-
enced conditions are now known from purely conti-
nental strata (Zonneveld et al., 2000b).

Facies Association 3: Deltaic (Braid Delta)

Description—Facies association 3 (FA3) preserves
the coarsest sediments within the study interval. This
succession consists of fining-upward, matrix-sup-
ported conglomerate, pebbly, medium- to coarse-
grained sandstone, and moderately well-sorted fine-
to medium-grained sandstone. The basal contact of
FA3 with FA4 or FA5 is usually abrupt and erosional,
however thin interbeds of FA4 were observed in sev-
eral outcrops of FA3. Throughout most of the study
area, FA3 is either gradationally overlain by FA1 or
erosionally overlain by FA2.

Conglomeratic beds (0.1 to 1.2 meters thick) are
characterized by horizontal to subhorizontal bed-
ding, trough and planar crossbeds and crude pebble
imbrication. Sandstone beds are characterized by
trough and planar crossbeds grading up to current
ripple and horizontal lamination (some of the latter
exhibiting parting lineation). Individual bedsets fine
upward and are laterally persistent on a scale of hun-
dreds of meters to kilometers. Individual litho-
clasts/pebbles within both conglomerate and sand-
stone beds are dominantly subrounded to rounded,
although subangular clasts are also present. Litho-
clasts consist primarily of quartzite and chert gran-
ules to pebbles, although carbonate (micrite) cobbles
are also present.

The presence of biogenic structures is variable
within this succession. A dense, monotypic assem-
blage of elongate vertical shafts was observed in sev-
eral outcrops. More typical was a moderately diverse
Glossifungites assemblage consisting of sharp-walled
burrows subtending into FA4 or FA5 from the sharp
basal contact of FA3.
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Interpretation—The coarse clastic sediment that
comprise FA3, intertongues with lacustrine and mar-
ginal lacustrine sediment (FA4, FA5 and FA6,
described below) and is interpreted as coarse-grained
deltaic deposits derived from Mesozoic sedimentary
strata in the Wyoming Overthrust Belt, which borders
the study area to the west. Pebble- to cobble-sized
micrite clasts are locally-derived and may have origi-
nated from erosion into lithologically similar carbon-
ate beds of the Wilkins Peak Member of the Green
River Formation. The Glossifungites assemblage at the
base of this succession implies erosional exhumation
of compacted strata subjacent to FA3.

Coarse-grained deltas are commonly subdivided
into two types (McPherson et al., 1987): 1) fan-deltas
in which alluvial fans debouche directly into a stand-
ing body of water, and 2) braid deltas formed by the
progradation of braided rivers into standing water.
Many fan-deltas are associated with fault-bounded
basin margins. Braid deltas may also be associated
with fault-bound margins, but are less constrained by
proximity to a highland. Examples from the study
area do not occur at the immediate basin margin, but
rather several kilometers (4-8) into the basin and are
thus interpreted as braid deltas. In addition, the
degree of roundedness and sorting, deficiency of
extrabasinally-derived boulders and cobbles, and lat-
eral continuity of individual facies is more typical of a
braid delta than a true fan-delta (McPherson et al.,
1987).

Facies Association 4:
Lake Margin I-Lake Marginal Mudflat

Description- Facies association 4 (FA4) consists of a
heterolithic succession of mainly fine-grained silici-
clastic (clay, silt and very fine- to fine-grained sand-
stone) and carbonate sediment. FA4 conformably
overlies FA6 and FA1 and intertongues extensively
with FA5 (Figs. 7 and 8). White-grey to green-grey,
laminated, dolomitic mudstone, with abundant silt-
stone and fine-grained sandstone laminae, comprises
the most common lithofacies within FA4. Dessication
cracks are very common within this lithofacies. Thin
(2-5 cm), laterally extensive mudclast beds, identical
in composition to adjacent strata, occur at several
horizons within this succession. With the exception of
root traces, the only trace fossils observed within this
lithofacies were simple vertical traces with mensicate
fill, similar in composition to the host strata. Opalized

wood fragments are also common at several horizons.
Vertebrate fossils are very rare, consisting of a single
mammal jaw and corroded turtle fragments.

Thin, variably extensive, sandy micritic limestone
beds (5-60 cm thick) occur intermittently throughout
FA4 (Figs. 7 and 8). These units are generally lami-
nated and are locally characterized by a moderately
diverse ichnofauna consisting of dense assemblages
of horizontal and vertical trace fossils. Thin micrite
beds thicken locally into stromatolitic beds. Although
sheet-like forms occur, spherical to subspherical bio-
herms (10 to 120 cm diameter) are prevalent. Laterally
restricted, lenticular sandstone beds also occur within
FA4. Bedforms consist of medium scale trough cross
beds and current-ripple laminae. Localized concentra-
tions of dolomitic mudclasts and isolated, generally
abraded, fossil vertebrate elements are common.

Interpretation—FA4 reflects deposition on extensive
lake margin mudflats adjacent to Lake Gosiute. This
association contains evidence of both subaqueous and
subaerial deposition. Thin, parallel laminae within
dolomitic shale beds reflect suspension deposition
during episodes of lacustrine flooding. Siltstone and
sandstone laminae indicate traction deposition dur-
ing periodic post-rainfall sheetflood events. The pres-
ence of laminar and spherical biohermal stromatolites
suggests lengthy intervals of lacustrine flooding of
the mudflats.

Abundant mudcracks, root traces and fossilized
wood are due to periodic subaerial exposure and
dessication. An absence of pedogenic features sug-
gests however that these dry intervals were insuffi-
cient in length to facilitate soil formation. Thin, later-
ally extensive, dolomitic mudclast beds represent
wave-reworking of mudflat sediment. These features
are identical to the flat-pebble conglomerate facies
observed in the Wilkins Peak Member elsewhere in
the basin (Eugster and Hardie, 1975; Roehler, 1993).
They are interpreted to represent wave reworking of
polygonal, dessication cracked, dolomitic mudclasts
during lacustrine transgression (Eugster and Hardie,
1975; Roehler, 1993).

Dolomitization of carbonate mud within this facies
association has been attributed to evaporative pump-
ing of magnesium-rich saline fluids through calcare-
ous mud on lake-margin flats (Wolfbauer and Sur-
dam, 1974; Ryder et al., 1976). The paucity of fossil
material and the corroded nature of the few verte-
brate fragments observed support deposition in a
chemically active setting.
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Facies Association 5: 
Lake Margin II- Lacustrine Shoreface 

Description—Facies association 5 (FA5) is a mixed
siliciclastic-carbonate succession of tabular, laterally
extensive, calcareous sandstone beds interbedded
with oolitic and bioclastic grainstone beds. FA5 com-
monly occurs extensively interbedded with FA4 (Fig.
7). It commonly conformably overlies, and is con-
formably overlain, by either FA1, FA4 or FA6. In sev-
eral examples, FA5 was observed to be erosionally
overlain by FA3. 

Calcareous sandstone beds in this unit are 30 to 150
centimeters thick, fine- to medium-grained and are

primarily well-sorted. Physical bedforms include cur-
rent- and oscillation-ripple laminae and low angle
planar and hummocky cross-stratification. Ripples
are commonly low- amplitude and straight-crested.
Oolitic grainstone beds occur at several horizons and
are usually low-angle planar cross-stratified. At one
outcrop, where FA5 is overlain by FA3, several oolitic
grainstone beds are characterized by extensive soft-
sediment deformation.

Thin (4-25 cm thick), bioclastic (gastropod and/or
ostracod) grainstone beds are common in this facies
association. Bioclasts in these beds are primarily
whole and unabraded. Ostracod grainstone beds
occur at several horizons. They are well-sorted and
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Figure 7: Detailed cross-section showing the transgressive and highstand systems tracts (TST and HST) of sequence LM-1. The
maximum lacustrine flooding surface (MLFS) which separates these systems tracts is coincident with the contact between the Main
Body of the Wasatch Formation with the Tipton Shale Member (Green River Formation). Laterally persistent tabular and ripple lam-
inated sandstone beds as well as fissile carbonate mudstone beds and micritic/bioclastic limestone beds indicate that the top sev-
eral meters of the Wasatch Formation were also deposited in a lacustrine setting. Rust-red colouration of these beds is attributed
to an incipient pedogenic overprint. See Figure 3 for location of measured sections.



are laminated to low-angle cross-stratified. With
one exception, gastropod grainstone beds in the
study area consist primarily of Goniobasis (>70%)
with minor amounts of Viviparus and Physa.  Ostra-
cods (several unidentified genera) and bivalves (Ple-
sielliptio and Lampsilis) also occur within these beds.
A single bed was observed composed primarily of
Physa, with lesser amounts of Viviparus and Gonioba-
sis, as well as rare scattered bivalves (Plesielliptio).
Bioclastic material in several of these beds was
deposited crudely concordant to bedding, com-
monly with long axes roughly aligned to each other,
however imbrication was not noted. Trace fossils
within this succession consist of mixed vertical and
horizontal forms. Although present in all lithofacies,

they are most common in fine-grained calcareous
sandstone beds.

Interpretation—FA5 is interpreted to have been
deposited within a lacustrine shoreface setting along
the margins of Paleolake Gosiute. Wave-rippled and
tabular sandstone beds and bioclastic/oolitic grain-
stone beds were deposited in the swash zone. Bio-
clastic grainstone beds, displaying axial alignment
of elongate gastropod taxa, also reflect deposition
in the swash zone. Alignment of gastropods, partic-
ularly Goniobasis sp. is a common characteristic of
shoreface bioclastic grainstone beds in the Tipton
Tongue of the Green River Formation (Hanley,
1974, 1988).
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Figure 8: Photograph of the Wasatch Formation/Green
River Formation contact at Cumberland Ridge (section
27) illustrated in Figure 6. This lithostratigraphic contact
occurs within the upper part of the sequence LM-1
transgressive systems tract. Note the laterally persistent
shoreface sandstone bed sequentially overlain by rust-
red, pedogenically altered, carbonate-rich mudstone
beds, grey carbonate mudstone and bioclastic
limestone. See Figure 3 for location of section.



Shoreface sandstone beds are characterized by
low-angle planar and hummocky cross-stratification
and current-ripple laminae, as well as thin, discontin-
uous granule, pebble or bioclastic lags. Many sand-
stone beds, particularly those with restricted lateral
continuity were likely deposited in a deltaic environ-
ment. However, this sediment was subsequently
wave reworked and is difficult to differentiate from
adjacent shoreface sand bodies.

Paleolake Gosiute was exceptionally broad and
shallow (Eugster and Surdam, 1973; Eugster and
Hardie, 1975). Minor fluctuations in water depth
would have resulted in extensive exposure or inunda-
tion of mudflats along the margins of the lake. Indi-
vidual shoreface sandstone beds likely developed
during intervals of lake level stasis. Intercalation of
FA5 with carbonate mudstone of FA4 reflects migra-
tion of shoreface sand bodies across low angle mud-
flats during frequent minor regressions and transgres-
sions of the lake.

Facies Association 6: Lacustrine Offshore

Description—Facies association 6 (FA6) is domi-
nated by laminated, dolomitic, organic- rich mud-
stone (i.e. oil shale) with thin siltstone and/or fine-
/very fine-grained sandstone interbeds. Monotypic
assemblages of ostracods are abundant in some mud-
stone and silty mudstone beds.  Lithofacies within
this facies association are primarily parallel lami-
nated, although some laminae pinch out over a scale
of several decimeters. Laminae in the organic-rich
dolomitic mudstone consist of alternating layers of
kerogen and fine-grained silty carbonate (dolomite
and calcite). Clastic beds (siltstone and sandstone),
ranging in thickness from 0.1 to 1.5 meters, are com-
monly sharp-based and, in several cases, normally
graded. This facies association is conformably over-
lain, underlain, and commonly intercalated with
FA4.

Interpretation—FA6 was deposited in the offshore
of Paleolake Gosiute, a large, shallow, permanent to
semi-permanent lake. The kerogen-carbonate lamina
pairs that dominate FA6 have long been interpreted
as an ancient example of lacustrine varves represent-
ing seasonal depositional cycles (Bradley, 1929;
Ripepe et al., 1991). Although the oil shales in the
study area have not been examined to assess their
relationship to seasonal sedimentation, they are inter-
preted here, in the absence of evidence of wave-

reworking, to represent the deepest water deposition
in the study interval, likely below fair weather wave
base. Ostracod-rich mudstone beds may represent
episodic, possibly seasonal, death assemblages. Sharp-
based, normally graded siltstone and sandstone beds in
this association are interpreted as lacustrine tempestites
and/or turbidites. 

STRATIGRAPHIC ARCHITECTURE

The Wasatch, Green River and Bridger Formations in
the Little Muddy Creek area, have been subdivided
into four depositional sequences, designated LM-1
through LM-4. The term sequence, as utilized here, is
identified as an unconformity-bounded succession of
genetically related strata, following the recent emenda-
tion presented in Posamentier and Allen (1999). Smaller
scale subdivisions or cycles were also noted in each of
these sequences and comprise continental analogues to
parasequences. Although Posamentier and Allen (1999)
discouraged the use of the term parasequence in allu-
vial environments, they advocated its useage in lacus-
trine settings. Since the stratal architecture of the study
interval is attributed primarily to fluctuations in the
level of Paleolake Gosiute, sequence stratigraphic
methodologies have proven beneficial in analyzing this
succession.

Each depositional sequence has been further subdi-
vided into lacustrine lowstand, transgressive and high-
stand systems tracts (Fig. 5) following sequence strati-
graphic terminology employed in marine successions.
Sequence LM-1 was deposited during the Lostcabinian
(latest Wasatchian; GPTS chron C24n and the basal part
of chron C23r). Sequence LM-2 was deposited during
the late Lostcabinian and early Gardnerbuttean (latest
Wasatchian and earliest Bridgerian; medial chron C23r).
Sequence LM-3 was deposited during the early to late
Gardnerbuttean (early Bridgerian; late chron C23r).
Sequence LM-4 accumulated in the latest Gardnerbut-
tean and early Bridger A (early Bridgerian, latest chron
C23r, chrons C23n and C22r). 

All major surfaces, particularly lacustrine lowstand
surfaces of erosion, were correlated throughout the
study area, and were traced for several 10’s of kilome-
ters to the north and south (along strike) of the study
area. Correlation in the direction of dip proved impossi-
ble since strata in the study interval dip gently (~3˚)
into the subsurface to the east. As correlation and
chronostratigraphic techniques improve, it may become
possible to correlate these surfaces from the outcrop
belt to their subsurface, basin-center equivalents.
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Sequence LM-1

Sequence LM-1 consists of a thick succession of
fine-grained, alluvial floodplain sediments (FA1) with
numerous fluvial channel sandstone bodies (FA2).
These beds, assigned to the upper beds of the Main
Body of the Wasatch Formation, are the oldest Paleo-
gene strata exposed in the study area. Individual flu-
vial channel sandstone beds are limited in extent both
laterally and vertically (Fig. 6A). The bases of these
channels are characterized by laterally restricted
scour surfaces, however these erosional surfaces are
rarely traceable for more than 50 to 75 metres.

This sequence is characterized by color banding
that is interpreted to represent soil horizons in a
series of alluvial paleosols (Fig. 6A). The degree of
color development of individual paleosols in the
Main Body has been observed to change laterally,
(Zonneveld, 1994b; Bartels and Zonneveld, 1997).
Similar lateral variance has been described in other
Paleogene paleosols where it has been shown to
reflect the degree and duration of pedogenic alter-
ation (Bown and Kraus, 1981; Kraus and Bown, 1988).
This lateral variance is attributed to lower pedogenic
maturity and higher sedimentation rates proximal to
fluvial channels (Bown and Kraus, 1981; Kraus and
Bown, 1988).

Paleosol sets in sequence LM-1 also show vertical
variation, occurring as alternating, laterally extensive
mature and submature zones or bandsets (Fig. 6A),
each of which is composed of 3 to 8 individual pale-
osol couplets. Mature bandsets are characterized by
well- defined soil horizons, abundant well-preserved
fossil vertebrate material (particularly teeth) and car-
bonate nodules. These intervals reflect deposition on
a well-drained floodplain (Zonneveld, 1994b). Imma-
ture bandsets have less well-developed horizons, are
extensively mottled, and are characterized by cor-
roded vertebrate material and an absence of carbon-
ate nodules. These intervals reflect deposition on a
poorly drained floodplain (Zonneveld, 1994b).

Although lateral variation within each bandset is
related primarily to autocyclic processes (proximity to
channel thalwegs), vertical variability between band-
sets is interpreted to primarily reflect regional fluctu-
ations in water table. Since water table fluctuations in
this succession likely reflect lake level rise and fall,
pairs of immature and mature bandsets may repre-
sent individual fluvial-lacustrine parasequences.

Within the study area, the Main Body of the
Wasatch Formation is interpreted to have accumulated

during overall lacustrine transgression. Paleosol band-
sets exhibit an overall upwards decrease in maturity
towards the contact with the Tipton Shale Member
(Scheggs Bed) of the Green River Formation. This
upwards decrease in paleosol maturity represents a
gradational rise in regional water table responding to
a rise in lake level in the study area. The Tipton Shale
Member represents the first major lacustrine expan-
sion of Paleolake Gosiute from the Uinta Mountain
Trough in the southern part of the basin (Roehler,
1990; 1993). Laterally persistent tabular and ripple-
laminated sandstone beds as well as bioclastic micrite
beds indicate that the upper part of the Main body of
the Wasatch Formation was deposited in a shallow
lacustrine setting and subjected to subsequent pedo-
genic alteration (Figs. 7 and 8).

The sequence LM-1 maximum lacustrine flooding
surface occurs within the basal part of the dolomitic
shales of the lower Tipton Shale Member (Figs. 7 and
8). These lithofacies represent the deepest water dep-
osition within sequence LM-I and thus the point of
maximum transgression. The highstand systems tract
in this sequence is thin and consists of an overall
coarsening upwards succession of carbonate mud-
stone (FA4) to siliciclastic sandstone and carbonate
(bioclastic) grainstone (FA5; Fig. 9). Imbrication of
bioclasts within this succession reflects wave rework-
ing along the shore of Lake Gosiute. Intercalation of
these coarse-grained units with carbonate mudstone
beds (FA4, lake margin mudflats) resulted from aban-
donment of shoreface units during relative rise or fall
in lake level. These smaller scale cycles are inter-
preted as lacustrine parasequences.

Sequence LM-2

The base of sequence LM-2 is characterized by an
abrupt change in lithology, from dolomitic mudstone
and micritic limestone to resistant, coarse-grained
sandstone (Figs. 9 and 10). The sequence LM-2 basal
unconformity occurs as a widespread scour surface at
the contact between the Tipton Shale Member of the
Green River Formation and the basal occurrence of
the Alkali Creek Tongue of the Wasatch Formation
(Figs. 5 and 9). This surface reflects a maximum drop
in lake level and is thus interpreted as a lacustrine
lowstand surface of erosion. As well as occurring
throughout the study area, this surface has been
traced by the authors throughout much of the south-
western Green River Basin. Although highly variable,
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erosional relief of up to 3 meters was observed on this
surface in the study area (Fig. 9). In many sections an
erosional lag consisting of lithoclasts, bioclasts or
mudclasts was observed. In other sections this surface
is characterized by a moderate diversity Glossifungites
assemblage consisting of Diplocraterion, Skolithos and
Thalassinoides (Figs. 9 and 10).

The sequence LM-2 lowstand systems tract consists
primarily of a variably thick (3-12 meters) succession
of poorly to moderately sorted coarse-, medium- and
fine-grained sandstone (FA2, FA3; Figs. 9 and 10).
This sandsheet succession is interpreted as an amal-
gamation of fluvial channel and braid delta sandstone

bodies. Many individual channel sandstone beds are
underlain by a poorly sorted coarse pebble lag. This
sandsheet is present throughout the study area and
has been correlated along strike in excess of 45 km. In
the vicinity of the type locality of the Alkali Creek
Member (~25km north of the study area), the
sequence LM-2 lowstand sandsheet ranges between 4
and 8 meters in thickness (average ~5m).

The top of the lowstand sandsheet is characterized
by an abrupt change in lithofacies (decrease in grain
size; Figs. 9 and 10). This surface, referred to as the ini-
tial transgressive surface, is picked at the first wide-
spread deposition of fine-grained sediment, primarily
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Figure 10: Photograph of the Glos-
sifungites surface at the sequence
LM-1/LM-2 boundary (section 23).
This surface has a large amount of
relief (A and D, see also Fig. 8) and is
characterized by several varieties of
firmground trace fossils associated
with the Glossifungites ichnofacies,
including Diplocraterion (B, in plan
view, scale bar is 0.5 cm) and Tha-
lassinoides (C, in vertical section,
scale bar is 1 cm). The traces are
filled with coarse-grained sandstone,
lithologically identical to sediment in
the overlying sandsheet complex.



mud and silt (Fig. 9). Although in many sections this
surface occurs within a covered interval, where
observed it is generally abrupt but conformable.

Strata overlying the initial transgressive surface
consist of a thin, heterolithic succession of laterally
restricted channel sandstone bodies encased in flood-
plain siltstone and mudstone (FA1 and FA2). These
strata have been assigned to the lower part of the
sequence LM-2 transgressive systems tract (Figs. 9 and
11) and reflect enhanced preservation of overbank

fines on the basin margin as fluvial base level began to
rise. Pedogenic alteration is prevalent throughout
much of this interval. Most mudstone beds are mot-
tled, characterized by very rare, generally corroded
fossil vertebrate material and an absence of carbonate
nodules. Laterally restricted fluvial channel sand-
stones commonly incise these beds (Fig. 9, section 22).
These beds grade up into a heterolithic succession of
carbonate mudstone, bioclastic (ostracodal and gas-
tropodal) grainstone, oolitic grainstone and calcareous
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Figure 11: Section through the sequence
LM-2 transgressive and lower highstand sys-
tems tracts (Alkali Creek Tongue, Wasatch
Formation, Scheggs Bed and Rife Bed, Tipton
Shale Member, Green River Formation). An
erosional unconformity, identified as a local
ravinement surface (RS), at the base of the
upper bed of the Alkali Creek Tongue is
restricted to the study area and is not
believed to have any regional significance.
This surface is characterized by moderately
diverse Glossifungites assemblages. Although
the upper Alkali Creek Tongue is composed
solely of coarse-grained sandstone (FA3) in
the example shown, elsewhere in the study
area it is composed of an amalgamation of
alluvial floodplain (FA1) and laterally restricted
fluvial channel (FA2) sediments. The maxi-
mum lacustrine flooding surface (MLFS) is
placed at the base of a thick, poorly exposed
oil shale in the Rife Bed of the Tipton Shale
Member (Green River Formation). See Figure
3 for location of sections. Lithofacies patterns
are summarized in Figure 6.



sandstone (Tipton Shale Member) deposited in mar-
ginal lacustrine mudflats and shoreface settings (FA4
and FA5) on the periphery of Paleolake Gosiute (Figs.
9 and 11).

Within the study area, this succession is incised by
a thin (6–9 metre thick), coarse-grained sandsheet
assigned to the Alkali Creek Tongue of the Wasatch
Formation (Fig. 11). This sandstone body pinches out
along strike (north-south) within the study area,
reaching a maximum width (perpendicular to flow
direction) of approximately 12 kilometers. Its base is
characterized by a Glossifungites demarcated disconti-
nuity surface similar to the one noted at the base of
sequence LM-2. Rather than a regional lowstand sur-
face, this example is interpreted to reflect erosional
exhumation of compacted sediment subjacent to a
prograding amalgamated fluvial channel/braid delta
succession. This unit cuts into marginal lacustrine
strata (FA4 and FA5) of the Scheggs Bed (Tipton Shale
Member) and is overlain by lacustrine strata of the
Rife Bed (Tipton Shale Member; Fig. 11). Its presence
and limited lateral extent may reflect minor move-
ment of the Wyoming Overthrust Fault on the west-
ern margin of the study area.

The maximum lacustrine flooding surface within
this sequence occurs within a thick succession (~30m)
of laminated oil shale assigned to the Rife Bed (Tipton
Shale Member, Green River Formation; Fig. 11). This
package represents the maximum lake level recorded
in sequence LM-2. The contact between the Scheggs
Bed and Rife Bed (separated in the study area by the
upper Alkali Creek Tongue; Fig 11) has been inter-
preted to represent a transition from fresh water to
saline conditions, resulting from a closure of
drainages exiting the Green River Basin (Roehler,
1993). 

Overlying strata (main body of the Wilkins Peak
Member) represents an overall progradational succes-
sion of lacustrine and marginal lacustrine strata (FA4,
FA5 and FA6). The predominance of laminated
dolomitic mudstone with numerous siltstone and
fine-grained sandstone laminae (FA4) in this succes-
sion reflects the extensive nature of mudflats along
the periphery of Lake Gosiute. Repetitive cycles of
dolomitic mudstone overlain by micritic to stroma-
tolitic limestone and/or fine-grained sandstone in
this unit are interpreted as lacustrine parasequences
(Fig. 12). An overall upwards increase in the interbed-
ding of stromatolitic limestone and sandstone reflect
deposition within an overall progradational succes-
sion (Fig. 5), deposited as sediment supply outpaced

available accommodation space and relative lake
level declined. Towards the center of the basin, the
Wilkins Peak Member is composed of numerous
cycles of intercalated oil shale, trona and halite (Eug-
ster and Hardie, 1975). These cycles have been inter-
preted to result from numerous expansions and con-
tractions of Paleolake Gosiute (Eugster and Hardy,
1975; Roehler, 1993).

Sequence LM-3

Along the southwestern margin of the Green River
Basin, the lithostratigraphic contact between the
Wilkins Peak Member (Green River Formation) and
the overlying Cathedral Bluffs Tongue (Wasatch For-
mation) is interpreted as a regionally correlatable
lacustrine lowstand surface of erosion. This surface
separates lacustrine strata of the sequence LM-2 high-
stand systems tract from overlying fluvial/braid delta
sediments of the sequence LM-3 lowstand systems
tract (Fig. 12). In most sections the surface is overlain
by an erosional lag of lithoclasts and mudclasts. In
several sections, a moderately diverse Glossifungites
assemblage demarcates this surface. East of the study
area, towards the centre of the basin, this lowstand
surface grades into a conformable package of lacus-
trine and marginal lacustrine strata assigned to the
upper Wilkins Peak Member.

The sequence LM-3 lowstand systems tract is very
similar to that described above for sequence LM-2.
This unit consists of an amalgamation of poorly to
moderately sorted coarse-, medium- and fine-grained
sandstone beds with numerous scour surfaces (Fig.
13A), many characterized by pebble and granule lags.
Large carbonate clasts, deposited primarily concor-
dant to bedding, were observed in several outcrops
(Fig. 13B and C). Many of these clasts consist of
micritic limestone, similar in nature to that observed
in subjacent strata of the Wilkins Peak Member, sug-
gesting lithification prior to erosion and subsequent
redeposition within the LM-3 lowstand systems tract.

The initial transgressive surface, separating the
lowstand sandsheet from the transgressive systems
tract is characterized by an abrupt change in lithofa-
cies (Fig. 12). Units overlying this surface consist pri-
marily of pedogenically altered mud and silt, locally
incised by laterally restricted channel sandstone beds
(Fig. 12). The sequence LM-3 transgressive systems
tract consists of a thick succession of alluvial flood-
plain sediments (FA1) with abundant, laterally
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restricted, channel sandstone beds. The proportion of
fluvial channels to alluvial floodplain sediment
decreases upwards in this succession (FA2<FA1),
reflecting lake level rise, increasing accommodation
space, and concomitant entrapment of alluvial fines
along the basin margins.

Several thin, but laterally extensive limestone and
shoreface sandstone beds (FA4) indicate a return to

shallow lacustrine conditions in the study area (Fig. 5).
The first of the lacustrine beds is chosen as the sequence
LM-3 maximum lacustrine flooding surface. Overlying
beds are assigned to the LM-3 basal highstand systems
tract. The lacustrine nature of these strata are confirmed
by the presence of abundant simple and meniscate,
lined and unlined, horizontal trace fossils as well as
body fossils (stromatolites, gastropods, ostracods) that
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Figure 12: Cross-section through the boundary between
sequences LM-2 and LM-3. This boundary, interpreted as a
lacustrine lowstand surface of erosion (LLSE) coincides with
the contact between the Wilkins Peak Member (Green
River Formation) and the Cathedral Bluffs Tongue (Wasatch
Formation). The upper highstand systems tract of sequence
LM-2 is an overall progradational succession characterized
by numerous lacustrine flooding surfaces (LFS). The low-
stand systems tract (basal Cathedral Bluffs Tongue) is a lat-
erally persistent amalgamated sheet sandstone. The initial
transgressive surface (ITS) occurs at the top of this sand-
stone body, where fine-grained floodplain sediment
become dominant. See Figure 3 for location of sections.
Lithofacies patterns are summarized in Figure 6.



are characteristic of lacustrine conditions (Hanley,
1974). Most of these beds have low grade pedogenic
alteration. Although these beds occur in the middle of
the Cathedral Bluffs Tongue of the Wasatch Formation
within the study area, they correlate with lacustrine

beds of the upper Wilkins Peak Member of the Green
River Formation towards the center of the basin.

Within the study area, intercalation of alluvial
floodplain sediments and fluvial channel sandstone
beds (FA1 and FA2) become more common upsection
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Figure 13: Photographs of the braid delta that comprises the sequence LM-3 lowstand systems tract, section 14 (Fig. 3). This sys-
tems tract is characterized by numerous internal scour surfaces (A) large scale cross-stratification (A and B), as well as large carbon-
ate intraclasts (B and C). 



within the lacustrine beds (Fig. 5). The upper part of
the highstand systems tract is characterized by an
upwards increasing proportion of fluvial channel
sandstone to alluvial floodplain siltstone and clay-
stone (FA2>FA1). An absence of lacustrine deposits
and decreasing preservation of overbank fines in this
part of the study interval occurred as sedimentation
in the basin outpaced the increase in accommodation
space and the shoreline prograded rapidly towards
the basin center.

Sequence LM-4

Similar to subjacent sequences, the lacustrine low-
stand surface of erosion (sequence boundary) separat-
ing sequences LM-3 and LM-4 is characterized by an
abrupt upward change in lithology from fine-grained
alluvial floodplain siltstone and claystone with later-
ally restricted channel sandstone beds (FA1 and FA2)
to amalgamated fluvial channel and braid delta sand-
stone and conglomerate (FA2 and FA3; Fig. 14). This
surface is characterized by moderate relief (0.5 to 1m)
within the study area and by a basal lag comprised of
chert lithoclasts and mudstone intraclasts. The low-
stand systems tract is distinguished by a high
sand/shale ratio (>2:1) within the study area.

The initial transgressive surface, separating the
lowstand and transgressive systems tracts is charac-
terized by an abrupt shift in lithofacies, from poorly

sorted sandstone with laterally restricted conglomer-
ate lenses to fine-grained alluvial floodplain siltstone
and claystone. Similar to the situation observed in
sequence LM-3, the transgressive systems tract in
sequence LM-4 is demarcated by a gradation from a
sandstone dominated fluvial system (primarily FA2)
to a siltstone and claystone dominated system (pri-
marily FA1). This lithological gradation and associ-
ated decrease in the sand/shale ratio reflects an
increase in lake level and a concomitant increase in
accommodation space.

Paleosol sets in sequence LM-4 exhibit similar ver-
tical alternation between mature and submature
zones or bandsets to that discussed above in the
sequence LM-1 highstand systems tract (Fig. 15).
Mature bandsets, characteristic of deposition on a
well-drained floodplain, alternate with immature
bandsets that reflect deposition on a poorly drained
floodplain (Figs. 6B, C). These pairs of immature and
mature bandsets are interpreted to represent individ-
ual fluvial-lacustrine parasequences which range in
thickness from 8 to 20 meters (Figs. 6B, 15). Isolated
fluvial channels are common in this part of the sec-
tion (Figs. 6C, 16A).

Towards the top of the transgressive systems tract,
marginal lacustrine strata (FA4 and FA5) gradually
become prevalent (Fig. 5). These beds are assigned to
the Craven Creek Bed of the Laney Member, Green
River Formation. The Craven Creek Bed was
deposited under fresh water lacustrine conditions, a
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Figure 14: Photograph of the 
LM-3/LM-4 sequence boundary
(arrows) at Big Dutch Butte
(~270m, Fig. 5). This surface is
characterized by moderate 
erosional relief (~0.5 to 1.0m) and
a sharp change in lithofacies, from
fine-grained floodplain sediments
(FA1) to coarse-grained poorly
sorted sandstone (FA3).



result of the reopening of the connection between
Lake Gosiute and Lake Uinta to the south (Roehler,
1991b; 1992; 1993).

A thin (0.1 m) water-lain ash layer characterized by
abundant plant debris occurs towards the top of the

transgressive systems tract (~365m, Fig. 5, 16B). This
ash bed is the earliest Eocene volcanic ash layer
observed in the southwestern Green River Basin.
Although several ash layers occur within lacustrine
deposits of the Wilkins Peak Member towards the
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Figure 15: Vertical section through a single
alluvial floodplain parasequence, section 10
(Fig. 3). Each parasequence consists of a zone
of immature paleosols (mottled beds in basal
three meters of illustration) overlain by a zone
of mature paleosols (top eight meters of illus-
tration). The paleosol sets of immature and
mature zones are laterally extensive. They are
interpreted to represent fluctuations in mean
water table corresponding to dryer and wetter
intervals. These fluctuations in water table
may be related to fluctuations in lake level.
These mature/immature zone couplets are
thus interpreted to comprise alluvial
parasequences.



centre of the basin, chronologically equivalent strata
occur as fluvial units in the study area where they
have not been preserved.  Numerous ash beds have
also been reported from slightly younger strata south-
east of the study area where they have provided
invaluable data on the age of this succession (Evanoff
et al., 1998; Murphey et al., 1999).

The sequence LM-4 maximum lacustrine flooding
surface occurs within a thin package of oil shale.
Lacustrine strata (FA4, FA5 and FA6) cropping out
along a ridge extending to the north and south of
Desertion Point (Fig. 3) are assigned to the Craven
Creek Bed of the Laney Member, Green River Forma-

tion. The Laney Member (Craven Creek Bed and
slightly younger Cow Hollow Member) represents
the last major incursion of Lake Gosiute into this part
of the Green River Basin. The Laney Member differs
compositionally from previous lake incursions by
containing a larger proportion of siliciclastic mud and
silt. During this interval the lake became gradually
less saline and reached maximum size, possibly due
to increased rainfall in the basin and the continued
presence of an outlet in the southeastern corner of the
basin (Roehler, 1993).

Lacustrine strata in the highstand systems tract of
sequence LM-4 grade upwards into marginal lacus-
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Figure 16: Photographs of the Wasatch, Green River and Bridger formations in the upper part of the study area (A) Small fluvial
channel in the Cathedral Bluffs Tongue of the Wasatch Formation (~290m above base of section, transgressive systems tract,
sequence LM-4) exposed on the basin floor. Paleocurrent data obtained from crossbeds in this unit indicate a general flow direc-
tion to the north/northeast for this channel. (B) Flooding surface at the upper contact of the Cathedral Bluffs Tongue, Wasatch For-
mation (WCB) with the Craven Creek Bed of the Laney Member, Green River Formation (GL, ~356m above base of section). The
dark band at the top of the butte is a water-lain ash layer (ash) characterized by abundant plant debris. (C) Upper contact of the
Craven Creek Bed of the Laney Member, Green River Formation (WCB) with the Whiskey Butte Member of the Bridger Formation
(BWB) at Top Hat Butte. Paleontologist at upper right (at 410m above base of section) is excavating a portion of a crocodile torso
(articulated pelvis, inset) deposited within crevasse splay sandstone beds. (D) Laterally restricted fluvial channel sandstone bed in
the Whiskey Butte Bed, Bridger Formation (~415m above base of section).



trine and alluvial floodplain sediments (FA4 and FA1;
Fig. 16C). The upper part of the study interval is
assigned to the Whiskey Butte Bed of the Bridger For-
mation. The Whiskey Butte Bed consists primarily of
light gray to gray-green mudstone and siltstone (FA1)
with laterally restricted channel sandstone beds (FA2;
Figs. 16C, D). Although rare red beds do occur, this
unit is characterized by a much lower degree of pedo-
genic development than equivalent units in the
Wasatch Formation. The greenish tinge in the mud-
stone beds resulted from the reduction of iron in the
poorly drained alluvial plain adjacent to Lake Gosiute
(Roehler, 1965; 1993). 

The study interval is overlain by a thick succession
of fluvial and lacustrine strata assigned to the Main
Body of the Bridger Formation and the Laney Mem-
ber of the Green River Formation. Preliminary field
reconnaissance suggests that this interval could be
subdivided into similar depositional sequences to
those described in this study.

DISCUSSION

Identification of stratal packages and stratigraphi-
cally significant bounding surfaces, particularly
sequence boundaries, in continental strata can be
exceptionally complicated. These difficulties arise, in
part, because relatively localized fluvial channel
scour surfaces may be easily confused with more
regional surfaces (Aitken and Flint, 1995). In many
systems, similarity of lithologies on both sides of ero-
sional unconformities also exacerbates the problem.

Compounding the issue, adequate sequence
stratigraphic models for fluvial-lacustrine basins
remain rare. Most studies of fluvial sequence stratig-
raphy have considered coastal plain successions
with clear, direct marine influences (i.e Shanley et al.,
1992; Shanley and McCabe, 1993; 1994; Aitken and
Flint, 1995; Bourquin et al., 1998; Martinsen et al.,
1999; Pedersen and Steel, 1999). In these settings,
fluctuations in relative sea-level significantly effect
both fluvial (stratigraphic) base level and available
accommodation space and thus have considerable
influence on stratal architecture and the nature of
key surfaces (Shanley and McCabe, 1993; Posamen-
tier and Allen, 1999; Pedersen and Steel, 1999). Cli-
matic and local tectonic factors have variable, but
generally subordinate, influences. In intermontane
basins, such as the Green River Basin, local strati-
graphic base level is not affected by changing sea

level, so climate and local tectonics play a dominant
role in stratigraphic evolution.

The nature of regionally significant stratal surfaces
in lacustrine successions is also less well documented
than surfaces in marine and marginal marine equiva-
lents. As well as local and regional climatic fluctua-
tions, stratal architecture in lacustrine settings is
strongly influenced by the local structural history.
Well-documented descriptions of lacustrine sequence
stratigraphic architecture are limited primarily to
lakes in East African rift basins (Cohen, 1990; Johnson
et al., 1987; Scholz and Rosendahl, 1988; 1990; Lambi-
ase, 1990; Scholz et al., 1990; 1993). Factors influenc-
ing deposition within East African lacustrine basins
include pronounced basin asymmetry, extreme water-
level fluctuations (on a scale of hundreds of metres)
and tectonically-controlled catchment areas (Scholz
and Rosendahl, 1990). This study, of lower Eocene
strata in the Green River Basin, provides a different
view of stratal architecture in a shallow fluvial-lacus-
trine foreland basin.

Continental fluvial-lacustrine basins such as the
Green River Basin are ideal settings for testing
sequence stratigraphic concepts, perhaps more so
than most marine and marginal marine successions.
Lake levels are sensitive to changes in regional cli-
mate and may fluctuate rapidly, particularly in a shal-
low lake like Paleolake Gosiute. The lateral magni-
tude of minor water level fluctuations in shallow
lakes may be immense, resulting in extensive inunda-
tion of adjacent alluvial lowlands, or subaerial expo-
sure of marginal and shallow lacustrine deposits.
Many modern and ancient lakes are closed systems,
so climate-driven lake level fluctuations will be
recorded on all margins simultaneously. Tectonic
influences complicate the story, but by careful correla-
tion between opposing margins, structural influences
can be identified. Thermal subsidence is not as impor-
tant a concern as it is on passive margins. 

Identification of Significant Stratal Surfaces

Several recurrent types of regionally correlatable
stratal surfaces are recognized in continental succes-
sions. Many authors have discussed the importance
of erosional unconformities occurring beneath thick,
laterally extensive, amalgamated sandstone zones
(Van Wagoner et al., 1990; Legarreta et al., 1993; Shan-
ley and McCabe, 1993; Pedersen and Steel, 1999).
These surfaces are often chosen as sequence bound-
aries because they represent periods of sediment by-

STRATAL ARCHITECTURE OF AN EARLY EOCENE FLUVIAL-LACUSTRINE DEPOSITIONAL SYSTEM 277

Cenozoic Systems of the Rocky Mountain Region



pass on the basin margins and a basinward shift of
lithofacies (Pedersen and Steel, 1999; Fig. 17A).

Kraus and Middleton (1987) recognized that all flu-
vial systems are laterally restricted entities that are
prone to incision during base level fall. Coarse-
grained sediment may concentrate only in lows of
entrenched fluvial systems, resulting in large areas
where the erosional surface is characterized by fine-
grained floodplain deposits overlying equally fine-
grained strata (Kraus and Middleton, 1987; Figs. 17B
and 17C). In these areas, the sequence boundaries may
be identified by an abrupt change in paleosol maturity
and hydromorphy (Kraus and Middleton, 1987).

Sequence boundaries in the study area commonly
occur subjacent to laterally extensive, amalgamated
sandstone zones (Figs. 9, 10, 12, 14). These surfaces
represent lacustrine lowstand surfaces of erosion
(LLSE) and form when the lake has retreated to the
center of the basin, or when tectonic influences have
shifted the lacustrine depocenter away from the
study area. During lake level lowstand, base level

drops and accommodation space is lacking, resulting
in sediment bypassing on the basin margins.
Sequence boundaries in East African rift basin lakes
(Lakes Malawi and Tanganyika) have been placed
where evaporites and coarse, deltaic, clastic sediment
rests unconformably upon lacustrine shale, siltstone,
and turbiditic sandstone beds (Scholz and Rosendahl,
1988; 1990). Similar to sections described by Kraus and
Middleton (1987), some sequence boundaries, when
traced laterally (particularly to the north of the study
area), were observed to be locally overlain by fine-
grained floodplain sediments. The contact between
these interfluvial sediments and underlying lacustrine
strata is generally abrupt and represents a sudden and
pronounced basinward shift in lithofacies. 

Among the more common characteristics observed
at Little Muddy sequence boundaries are moderate
diversity Glossifungites demarcated discontinuity sur-
faces preserving an assemblage of Diplocraterion,
Skolithos and Thalassinoides (Fig. 10). The Glossifungites
ichnofacies is an assemblage of trace fossils that pen-
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Figure 17: Examples of sequence boundaries in continental successions. A. Idealized vertical section through an alluvial sequence
boundary in the Ericsson Sandstone, Wyoming (from Pedersen and Steel, 1999). Two types of surfaces occur in this succession,
sequence boundaries (SB) which consist of widespread erosion surfaces below amalgamated sandstone zones, and non-marine
flooding surfaces (NMFS) which separate amalgamated sandstone zones from overlying mudstone-dominated successions. B, C.
Schematic diagrams showing development of mudstone-filled scour in the Chinle fluvial succession, Arizona (From Kraus and Mid-
dleton, 1987). B. Overbank sediments, associated with isolated fluvial channel sandstone bodies in an aggradational setting, accu-
mulate and are pedogenically modified. C. In response to a drop in base-level, channels incise through subjacent paleosols, result-
ing in a regional erosional surface characterized by high topographic relief. Ravines and gullies are infilled with overbank fines
upon return to aggradational conditions (rise in base-level). Although in valley bottoms the sequence boundary is characterized by
an abrupt change in lithofacies (i), in many areas, it is characterized by a sharp change in soil characteristics (ii and iii). Where this
surface is angular (ii) it may be easy to identify, whereas in other areas it must be identified by abrupt change in soil maturity and
hydromorphy (iii).



etrate firmgrounds (compacted but unlithified sub-
strata), specifically those which have been subaeri-
ally exposed or buried and subsequently re-exposed
(Pemberton and MacEachern, 1995). Firmground ich-
nofossil assemblages have been identified in a vari-
ety of marginal and fully marine settings (Pemberton
and MacEachern, 1995; MacEachern and Burton,
2000) but also occur in continental settings (Zonn-
eveld et al., 2000b). The sharp walls and distinct fill
of traces emanating from the bases of these surfaces
(Fig. 10) are considered to be evidence of firm, com-
pacted substrate conditions and suggest erosional
exhumation of subjacent sediment prior to emplace-
ment of overlying strata. The presence of a well-
developed Glossifungites assemblage, evidence of
moderate erosional condensation of overlying strata
(erosional removal of fine-grained alluvial sediment),
and lateral continuity (regional correlatability) sup-
ports interpretation of these surfaces as sequence
bounding unconformities.

Although commonly utilized in marine successions
as conclusive evidence of regional sequence bound-
aries due to implied subaerial exposure and erosion,
Glossifungites demarcated discontinuity surfaces may
form in response to autocyclic as well as allocyclic
processes (Pemberton and MacEachern, 1995; Fig. 18).

Low to moderate diversity Glossifungites assemblages
were observed subjacent to several laterally restricted
fluvial channels, as well as at the base of the large
braid delta that occurs within the transgressive sys-
tems tract of sequence LM-II. This ichnofossil assem-
blage provides evidence of burial and compaction
prior to erosional exhumation and may occur in a
variety of settings (Fig. 18). It attains sequence strati-
graphic significance only when associated with a
regionally correlatable surface. Although the basal
bounding surface of the upper Alkali Creek Tongue
(Fig. 11) is characterized by a Glossifungites assem-
blage, its laterally restricted nature (~12 km in width)
precludes interpretation of this unit as a high fre-
quency sequence rather than as a single parasequence
in the LM-2 transgressive systems tract.

In addition to erosional surfaces, Pedersen and
Steel (1999) also recognized conformable surfaces that
mark a change from amalgamated sandstone zones to
heterolithic, mud-dominated floodplain deposits (Fig
17A). These surfaces reflect a rise in base level and
concomitant trapping (i.e. increased preservation
potential) of fine-grained alluvial sediment at the
basin margins. They are similar in nature to surfaces
referred to in this study as initial transgressive sur-
faces (Figs. 9, 11, 12 and 19) and reflect a gradual
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Figure 18: Development of a fluvial-lacustrine Glossifungites surface. The Glossifungites ichnofacies consists of an assemblage of
trace fossils which penetrate firmgrounds (compacted but unlithified substrata), specifically those which have been subaerially
exposed or buried and subsequently re-exposed (Pemberton and MacEachern, 1995). Many examples from the study area occur
where meandering rivers migrated across alluvial floodplains and playa lake mudflats, exhuming subjacent strata (A). A variety of
invertebrates including decapod crustaceans and other arthropods excavated dwelling structures in the newly exposed firm sub-
strate. These domichnia were subsequently infilled during point bar migration by poorly sorted medium- and coarse-grained sand-
stone (B). Forms recognized in Glossifungites surfaces in the Little Muddy area include Skolithos, Thalassinoides and Diplocraterion.



increase in accommodation space as lake level, and
correspondingly base level, rose.

The third type of regionally correlatable surface
identified within the study area are conformable sur-
faces that mark maximum lake depth (Fig. 19). These
surfaces represent the point at which the lake reached
maximum size, lacustrine shorelines were moved
towards the peripheries of the basin, and accommo-
dation space was at its maximum. Within the study
area the exact surface is generally not readily identifi-
able, but rather occurs either within calcareous
and/or dolomitic mudstone intervals (Fig. 7) or
within thick packages of micritic oil shale (Fig 11).
Above this surface, the rate of sedimentation out-
paced the rate of increase in accommodation space,
resulting in gradual progradation of the shoreline
towards the center of the basin.

Stratal packages

Fluvial and lacustrine strata in the Green River
Basin occur within a series of distinct stratal pack-
ages, deposited during specific phases of relative lake

level. Analogous units in marine settings are referred
to as systems tracts and are the basic building blocks
of depositional sequences. Previous studies have
established systems tract terminology to specifically
address the unique stratal architecture of alluvial suc-
cessions (Legarretta et al. 1993). This study, like
sequence stratigraphic analyses of Triassic lacustrine
basins in west-central Argentina (Legarretta et al.
1993), uses terminology identical to that utilized in
marine successions (Posamentier and Allen, 1999). An
idealized sequence through the margin of Paleolake
Gosiute is presented in Figure 19.

Lacustrine lowstand systems tracts occur between
the lacustrine lowstand surface of erosion/sequence
boundary and the initial transgressive surface. The
lowstand systems tract is composed primarily of lat-
erally extensive, coarse-grained, sheet sandstone bod-
ies interpreted as the amalgamated deposits of fluvial
channels and braid deltas (FA2 and FA3; Fig.19). Low
rates of fluvial aggradation during lowstand condi-
tions resulted in sheet sandstone geometries with
numerous scour surfaces and only rare preservation of
overbank fines.
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Figure 19: Internal characteristics of an
idealized Little Muddy fluvial-lacustrine
sequence. Variation in lake level result in
fluctuations in base level and accommo-
dation space resulting in a regular and
predictable stratal architecture. Four flu-
vial-lacustrine sequences have been
identified in the study area. Sequence
stratigraphic acronyms are as follows:
LST = lowstand systems tract; TST =
transgressive systems tract; HST = high-
stand systems tract; LLSE = lacustrine
lowstand surface of erosion; ITS = initial
transgressive surface; MLFS = maximum
lacustrine flooding surface.



Beds and bedsets within FA3 in the sequence LM-2
and LM-3 lowstand systems tracts are characterized
by large-scale, coarse-grained foreset, topset, and bot-
tomset bedding. These are comparable to those
observed in Gilbert-type deltas (Gilbert, 1885; 1890;
McPherson et al., 1987; Stanley and Surdam, 1978).
Gilbert-type deltas form most commonly during low-
stand conditions (Shanley and McCabe, 1994),
although they can also occur within transgressive or
highstand settings.

Basinward of these sandsheets, a much reduced
Paleolake Gosiute was characterized by extensive
mudflats composed of intercalated beds of argilla-
ceous mud, carbonate mud and evaporites. This suc-
cession, of coarse clastics towards basin margins and
evaporite deposition towards the basins center, is sim-
ilar to that observed in East African rift lake lowstand
successions (Scholz and Rosendahl, 1988; 1990).

The lacustrine transgressive systems tracts are char-
acterized by a retrogradational succession of alluvial
floodplain (FA1), laterally restricted fluvial channel
(FA2) and shallow lacustrine (FA4 and FA5) sediment,
bound at the base by the initial transgressive surface
and at the top by the maximum lacustrine flooding
surface (Fig. 19). Alluvial paleosols occur primarily in
basal parasequences in the transgressive systems tract
and are characterized by increasing hydromorphy and
decreasing maturity upwards. Fluvial channel sand-
stone bodies in this succession are increasingly iso-
lated towards the top of the floodplain component (i.e.
the sandstone/shale ratio decreases up-section).
Channel avulsion rates gradually increase as base
level rises and individual channels become perched
above the floodplain (Pedersen and Steel, 1999).

Towards the top of the transgressive systems
tract, alluvial units give way to shallow lacustrine
strata, primarily marginal lacustrine mudflats (FA4)
and shoreface (FA5) sediments (Fig. 19). Each
parasequence in this succession reflects slightly
deeper lacustrine deposition than the one preceding
it, as the Paleolake Gosiute shoreline migrated west
towards the basin margin. Transgressive reworking
of the tops of previously deposited parasequences
caused previously deposited shoreface sandstone
and bioclastic grainstone/wackestone beds to
become isolated/detached.

Lacustrine highstand systems tracts within the
study interval consist of an overall progradational
succession of deep to shallow lacustrine (FA6 to FA4
and FA5), alluvial floodplain (FA1), and fluvial chan-
nel deposits (FA2; Fig. 19). During highstand, sedi-

ment accumulation in the basin matched, and then
rapidly outpaced, increase in accommodation space
and the shoreline migrated toward the basin center.
Within sequences LM-1 and LM-2, highstand deposits
consist solely of lacustrine strata. In subsequent
sequences (LM-3 and LM-4) highstand deposits con-
sist of lacustrine strata grading upwards into alluvial
strata.

Controls on Sequence Development

The stratigraphic architecture of lacustrine systems
is controlled by the balance of potential accommoda-
tion space (dominated by tectonic influences) with
sediment and water supply (primarily climatic influ-
ences; Carroll and Bohacs, 1999). These authors sub-
divided modern and ancient lacustrine systems into
three facies associations: overfilled lakes (influx of
water and sediment exceeds potential accommoda-
tion); balanced-fill lakes (potential accommodation
equals water and sediment influx); and underfilled
lakes (potential accommodation exceeds water and
sediment influx) (Carroll and Bohacs, 1999). Climate
and tectonics (regional and local) both played signifi-
cant roles in the stratigraphic evolution of the Green
River Basin. The study area thus fluctuated frequently
between these three lake types. 

Sevier and Laramide uplifts, present on all sides of
the Green River Basin, constrained the maximum
extent to which Lake Gosiute could expand. Due to
the low angle of the alluvial plain on the basin floor,
minimal increase in lake level resulted in extensive
inundation of the alluvial plain. The size of the lake
within this basin depended on several interdependent
parameters, including fluctuations in rainfall, fluvial
input to the lake, sediment input, rate of evaporation,
fluvial drainage from the Green River Basin and rate
of subsidence. The ability of the lake to drain itself,
either through evaporation or fluvial outflow, played
a strong role in governing whether the shoreline pro-
graded, aggraded or retrograded. Late stage
Laramide tectonism also had an affect on lake level
by inducing subsidence within the basin and increas-
ing influx of coarse-sediment on the basin margins.

The simplest way to assess the relative importance
of tectonic versus climatic controls is by assessing
sedimentation rates and sequence development in
different parts of the basin. Although Roehler (1991a;
1991b; 1991c; 1992; 1993) provided numerous litho-
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stratigraphic cross-sections across the greater Green
River Basin, chronostratigraphic data was lacking
from this work. The present study area remains the
only area within the Green River Basin where
detailed sedimentologic and ichnologic analyses have
been calibrated with chronostratigraphic data (mag-
netostratigraphy and biostratigraphy). Recent work-
ers have utilized innovative techniques including
spectral gamma analysis and radiogenic strontium
isotope ratios (Rhodes et al., 2000; Carroll et al., 2001)
to assess sediment provenance and enhance correla-
tion precision (Pietras and Carroll, 2000; Pietras et al.,
2001; Rhodes and Carroll, 2001). This work, when
applied to sections on opposing sides of the basin and
combined with chronostratigraphic techniques (bios-
tratigraphy, magnetostratigraphy and radiometric
analysis), will facilitate development of a basinwide
sequence stratigraphic model for the Green River Basin. 

There is an abrupt contact between the Main Body
of the Wasatch Formation and the Tipton Tongue of
the Green River Formation in the southeastern Green
River Basin (Roehler, 1988). This contact, separating
fine-grained alluvial floodplain sediments from an
overlying coarse-grained deltaic sandsheet complex,
occurs within the Lostcabinian (Honey, 1988).
Although this contact may be temporally equivalent
to the LM-1/LM-2 sequence boundary, which also
occurs in the Lostcabinian, additional work is needed
to corroborate this.

Recent data from South Pass (Fig. 1), on the south-
ern end of the Wind River Mountains (opposite side
of the basin from the study area) have provided the
first chronostratigraphic data from the eastern margin
of the Green River Basin (Clyde et al., 2001). Prelimi-
nary correlation of South Pass magnetostratigraphic
data with the Little Muddy study interval have
shown that lithological and biostratigraphic bound-
aries in the upper part of the study interval are
isochronous across the basin (Fig. 20). This suggests
that the primary mechanism driving relative lake
level fluctuations acted simultaneously on the eastern
and southwestern sides of the basin. Additional field
analyses, including detailed magnetostratigraphic
sections through Wasatchian and Bridgerian strata in
all parts of the Green River Basin, are necessary for
construction of a detailed, basin-wide sequence
stratigraphic model.

Tectonic forces, acting in discrete parts of the basin,
would promote asymmetrical influences on sedimen-
tation by causing subsidence in one part of the basin
and uplift elsewhere (i.e. transgression on one side of

the basin coeval with regression on the other). Syn-
chroneity in fluctuations in relative lake level on
opposing sides of the basin strongly implicate cli-
matic forces as the primary influence on lake level.
Minor aberrations, such as the braid delta succession
in the transgressive systems tract of sequence LM-2
(78-88m, Fig. 5), may be a response to localized move-
ment on basin-margin thrust faults.

SUMMARY

The stratal architecture of a fluvial-lacustrine depo-
sitional system was examined, based on detailed out-
crop analysis of the early Eocene Wasatch, Green
River, and Bridger Formations in the Little Muddy
Creek area, southwestern Green River Basin. Sedi-
mentary strata within the study area were deposited
within six facies associations: alluvial floodplain
(FA1), fluvial channel (FA2), braid delta (FA3), lake
margin mudflat (FA4), lake shoreface (FA5) and lacus-
trine offshore (FA6). These facies associations com-
prise the building blocks that make up early Eocene
systems tracts and sequences in the Little Muddy
Creek area.

The study interval has been subdivided into four
fluvial-lacustrine sequences (LM-1, LM-2, LM-3 and
LM-4), bounded by erosional unconformities (lacus-
trine lowstand surfaces of erosion). These sequences
developed in response to fluctuations in the level of
Paleolake Gosiute. 

Aside from these sequence boundaries three other
types of stratal surface were identified; lacustrine
flooding surfaces (parasequence boundaries), initial
transgressive surfaces, and maximum lacustrine
flooding surfaces. These surfaces subdivide individ-
ual sequences into a succession of systems tracts.

Lowstand systems tracts within the study area are
composed primarily of laterally extensive, coarse-
grained, sheet sandstone bodies interpreted as the
amalgamated deposits of fluvial channels and braid
deltas. They are bounded at the base by the sequence
boundary and at the top by the initial transgressive
surface. They represent drops in fluvial base level with
concomitant decrease in available accommodation
space. Low rates of fluvial aggradation resulted in
rare preservation of overbank fines and sediment
bypassing on the basin margin during major regres-
sions of Paleolake Gosiute.

Lacustrine transgressive systems tracts are charac-
terized by a retrogradational succession of alluvial
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floodplain and shallow lacustrine strata, bounded
below by the initial transgressive surface and above
by the maximum lacustrine flooding surface. These
packages represent an increase in lake level and cor-
respondingly an increase in accommodation space
and fluvial base level.

Lacustrine highstand systems tracts are characterized
by a progradational package of lacustrine and alluvial
floodplain strata, bound at the base by the maximum
lacustrine flooding surface and at top by the succeeding
sequence boundary. During highstand conditions, depo-
sition in the basin matched and then outpaced the
increase in accommodation space. As a result the Paleo-
lake Gosiute shoreline migrated toward the basin center.

Although local tectonic effects are common in the
study interval, synchroneity of fluctuations in relative
lake level on opposing sides of the basin strongly
implicate climatic factors as the primary influence on
lake level. Lake level fluctuations in the Green River
Basin controlled the base level of adjacent alluvial
systems and were thus the primary mechanism
involved in sequence boundary formation.
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