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ABSTRACT 

During Jurassic and Cretaceous time deposition in the western interior basin was 

controlled by a combination of subduction-related dynamic subsidence and thrust-

generated flexural subsidence. Changes in the angle of oceanic plate subduction along 

the western margin of North America and thrust deformation in the Cordillera governed 

the spatial and temporal influences of these mechanisms throughout basin history. 

Dynamic subsidence was the primary control on basin deposition during Early-Middle 

Jurassic and Late Cretaceous time. During these periods, shallow-angle oceanic plate 

subduction beneath the western margin of North America produced convective mantle 

circulation and long wavelength subsidence in the western interior. A cessation of 

dynamic subsidence during Early Cretaceous time, brought on by an increase in the angle 

of subduction, is partially responsible for the ~ 20 m.y. unconformity that separates the 

Jurassic and Cretaceous sequences in the western interior. 

During Late Jurassic time, thrusting in the Cordillera resulted in flexural 

partitioning of the back-arc region. Statal geometries in the Upper Jurassic Morrison 

Formation in Utah and Colorado indicate deposition in the back-bulge and forebulge 

depozones of the Late Jurassic foreland basin system and suggest the coeval existence of 

a flexurally subsiding foredeep to the west. During Early Cretaceous time, > 200 km of 

shortening in the thrust belt resulted in uplift and erosion of the Late Jurassic foredeep 

and the eastward migration of foreland-basin system flexural components. Areas 

occupied by the Late Jurassic forebulge were incorporated into the Early Cretaceous 

foredeep while the Late Jurassic back-bulge depozone became the location of the Early 

Cretaceous forebulge. In eastern Utah and western Colorado, migration of the forebulge 

enhanced the regional Early Cretaceous unconformity associated with the cessation of 
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dynamic subsidence. During late Early Cretaceous time sediment acciunulation across 

the entire foreland-basin system may have been facilitated by the reinitiation of dynamic 

subsidence in the western interior. During the Late Cretaceous, thrusting in the 

Cordillera resulted in continued flexural subsidence of the foredeep in east-central Utah. 

However, increased dynamic subsidence throughout Late Cretaceous time allowed thick 

accumulations of strata to be deposited in the forebulge and back-bulge depozones of the 

foreland-basin system. 
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INTRODUCTION 

Statement of Problem 

The central Cordilleran foreland basin lies between the North American Cordillera 

and craton in the westem interior United States (Fig. 1). Because of its wide distribution, 

highly dissected nature, and abundant oil and gas accumulations, the Cordilleran foreland 

basin is one of the most studied sedimentary basins in the world. Development of the 

Cordilleran foreland basin has been attributed to thrust-load generated flexural 

subsidence associated with deformation in the frontal Cordilleran thrust belt to the west 

(Price, 1973; Beaumont, 1981; Jordan, 1981), as well as farfield subsidence associated 

with subduction of oceanic crust along the westem margin of North America (Cross and 

Pilger, 1978; Mitrovica et al., 1989). 

Although a great deal is known about the relationship between Late Cretaceous-

Tertiary Cordilleran deformation and foreland basin development (e.g. Jordan, 1981; 

Cross, 1986; DeCelles, 1994), the tectonic controls on initial Cordilleran foreland basin 

evolution have been debated. Earlier workers suggested that deposition in the basin 

commenced with the initiation of thrusting in the Sevier thrust belt of Utah, Wyoming 

and Idaho during Late Jurassic time (Armstrong and Cressman, 1963; Suttoer, 1969; 

Purer, 1970; Young, 1970; Jordan, 1981; Wiltschko and Dorr 1983). Later investigators 

concluded that the onset of thrust-related crustal loading and asymmetric foreland basin 

subsidence is represented by deposition of Middle-Upper Jurassic strata in Utah, southern 

Idaho, and westem Wyoming (Bjerrum and Dorsey, 1995). DeCelles and Burden (1992) 

proposed that Upper Jurassic nonmarine deposits across the foreland region represent the 

late stage filling of the Middle Jurassic Cordilleran foreland basin, and that Upper 

Jurassic rocks were derived from thmsts found today in the hinterland of the Sevier belt. 
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In contrast. Heller et al. (1986), Heller and Paola (1989) and Yingling and Heller 

(1992) suggested that Late Jurassic deposition predated Sevier deformation. This 

interpretation is based primarily on the observation that the first observable thickening of 

stratigraphic units towards the Sevier thrust belt in Utah occurs in the Lower Cretaceous 

rocks. Lawton (1994) supported this interpretation and indicated that Middle-Upper 

Jurassic rocks in the western interior were deposited during a period of subduction-

related subsidence prior to Sevier belt deformation. 

A major factor in the uncertainty concerning early Cordilleran foreland basin 

development is the poorly understood stratigraphic framework of Upper Jurassic and 

Lower Cretaceous rocks of the western interior. These nonmarine rocks, which include 

the Morrison and Cedar Mountain Formations of Utah and Colorado, contain complex 

facies variations, limited chronostratigraphic control and numerous intraformational 

unconformities which obscure the timing and nature of basin development. Contributing 

to the lack of understanding of early Cordilleran foreland basin development is the 

limited number of regionally integrated investigations of the Jurassic-Cretaceous 

nonmarine interval that incorporate sedimentologic, stratigraphic, and provenance data. 

Collectively, these factors have hampered identification of regional depositional trends 

related to the tectonic factors influencing early basin development. This, in turn, has 

obscured interpretations of the Late Jurassic-Early Cretaceous deformational history of 

the Cordillera. 

The goal of this study is to document Late Jurassic-Early Cretaceous nonmarine 

sedimentation in the westem interior within the context of regional early Cordilleran 

foreland basin development. Sedimentologic, sedimentary petiologic, and geochronologic 

data from the Upper Jurassic-Lower Cretaceous rocks of Utah and Colorado will be 

presented to delineate the age, deposystems, provenance, and paleogeography of these 
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rocks, and to establish a sequence stratigraphic correlation of these units across the 

region. The stratigraphic resolution generated by this study will be used to define the 

flexural controls on foreland basin deposition. By combining this information with 

structural data from the Sevier thrust belt, the kinematic history of Jurassic-Cretaceous 

thrust deformation will be outlined. Ultimately, the developmental history of the 

Cordilleran thrust belt and foreland basin will be included in an overview of the Jurassic-

Cretaceous tectonic history of the western margin of North America and how changes in 

the nature of oceanic plate subduction affected basin development in the western interior. 

Previous Work 

Previous work on the Upper Jurassic and Lower Cretaceous stratigraphy of Utah 

and Colorado has been instrumental in developing this dissertation. The Upper Jurassic 

and Lower Cretaceous rocks of the region consist primarily of the Morrison, Cedar 

Mountain, Burro Canyon and Dakota Formations. The Upper Jurassic Morrison 

Formation was first named by Eldridge and Emmons (1896) for rocks cropping out along 

the Front Range in central Colorado near the town of Morrison. However, a type section 

location for the formation was not agreed upon until the work of Waltschmidt and Leroy 

(1944). The Morrison Formation was recognized in western Colorado and Utah by 

Mook (1915) and the first detailed regional stratigraphic studies of the formation were 

conducted by Stokes (1944) and Craig et al. (1955). This initial work was followed by 

numerous stratigraphic and sedimentclogic investigations on the Morrison Formation 

including (but not limited to) Stokes (1952a) and Yingling (1987) in east-central Utah; 

Dawson (1970) and Bilbey et al. (1974) in northeastem Utah and western Colorado; 

Mullens and Freeman (1957), Tyler and Ethridge (1983), in the four comers region; 

Condon and Peterson (1986) in northwestern New Mexico, and Peterson and Roylance 

(1981), and Peterson (1988), in southem Utah. 
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In the areas of Utah and Colorado studied for this dissertation, the Morrison 

consists of the >JV^ndy Hill, Tidwell, Salt Wash and Brushy Basin Members (Peterson, 

1995). In the initial studies of the Morrison in the region, the internal stratigraphy of the 

formation originally consisted of the Salt Wash and Brushy Basin Members (Stokes. 

1944). The Salt Wash Member was defined by Lupton (1914) for the lower part of the 

Upper Jurassic section in eastern Utah, and the Brushy Basin Member was named by 

Gregory (1938), for upper part of the Morrison in southeastem Utah and southwestern 

Colorado. Subsequently, the lower parts of the Salt Wash Member have been subdivided 

into the Windy Hill and Tidwell Members (Peterson, 1995). The Windy Hill Member 

was originally defined as part of the Upper Jurassic Sundance Formation in Wyoming and 

northern Colorado (Pipiringos, 1968; Pipiringos and O'Sullivan, 1978). However, 

because of interfingering between Windy Hill and overlying Morrison lithologies, the 

Windy Hill has been included as part of the Morrison (Turner, 1992; Peterson, 1995). 

The Tidwell Member was defined by Peterson (1988) for the lower part of the Salt Wash 

Member on the eastern flank of the San Rafael Swell. In northwestern Colorado and 

northeastern Utah, Turner (1992) correlated lithologies originally part of the lower part of 

the Salt Wash Member with the Hdwell Member to the southwest. 

The Lower Cretaceous Cedar Mountain Formation was first described by Stokes 

(1944), and a type section defined by Stokes (1952b) for rocks cropping out along the 

northwest flank of the San Rafael Swell in east-central Utah. Stokes (1952b) also defined 

the type section for the Lower Cretaceous Burro Canyon Formation in western Colorado, 

and suggested it was an eastern correlative of the Cedar Mountain Formation. Previous 

workers has included the Cedar Mountain/Burro Canyon stratigraphic interval as part of 

the Morrison Formation. The initial work on the Cedar Mountain and Burro Canyon 

Formations by Stokes was followed by more detailed studies by Young (I960), 
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McCubbin (1961), Kirkwood (1976), Harris (1980), Craig (1981), Yingling (1987), and 

Aubry (1996). 

The upper part of the Lower Cretaceous section in northeastern Utah and 

northwestern Colorado is represented by the Dakota Formation. The Dakota, which was 

originally described in eastern Nebraska by Meek and Hayden (1862), is a commonly 

used name applied to the sandstone-dominated stratigraphic interval underlying the 

lowermost Cretaceous marine strata in the western interior. However, because the initial 

Cretaceous marine incursion was regionally diachronous (Young, 1960), this has led to 

erroneous correlations of the "Dakota" in the western United States (McGookey et al., 

1975). In northeastern Utah and northwestern Colorado, Lower Cretaceous rocks were 

first classified as the Dakota Group during King's survey of the 40th Parallel (King, 

1878), although this designation included both the present day Cedar Mountain and 

Dakota Formations. The Dakota Formation as defined in this dissertation, was first 

classified as an individual stratigraphic unit in northeastern Utah and northwestern 

Colorado by Gale (1910). More detailed work on the sedimentology and stratigraphy of 

the Dakota Formation in northeastern Utah and northwestern Colorado was conducted by 

Bradley (1952); Breed (1956); Lane (1963); Kirkwood (1976); Vaughn and Picard 

(1976); and Ryer et al. (1987). 

Explanation of Dissertation Format 

The following appendices consist of four manuscripts that form the bulk of this 

dissertation. The first manuscript entitled Upper Jurassic-Lower Cretaceous Morrison 

and Cedar Mountain Formations, NE Utah-NW Colorado: Relationships between 

nonmarine deposition and early Cordilleran foreland basin development presents 

sedimentologic, stratigraphic and petrologic data from the Morrison and Cedar Mountain 



IS  

Formations of Utah and Colorado in order to identify the factors influencing Late 

Jurassic-Early Cretaceous basin evolution. This manuscript has been accepted for 

publication in the Journal of Sedimentary Research. 

The second manuscript. Sequence stratigraphy ofnonmarine Jurassic-Cretaceous 

rocks, central Cordilleran foreland basin system, presents a general sequence 

stratigraphic model for nonmarine deposition that is based on field observations from the 

Upper Jurassic-Lower Cretaceous rocks described in the previous manuscript This paper 

has been accepted for publication in the Geological Society of America Bulletin. 

The third manuscript. Structural configuration of the Late Jurassic-Early 

Cretaceous Cordilleran foreland basin system and Sevier thrust belt, Utah and Colorado. 

presents stratigraphic and sedimentologic evidence from the Upper Jurassic-Lower 

Cretaceous rocks of Utah and western Colorado, to outline the flexural conu-ols on 

foreland-basin system development. By combining this information with balanced 

structural cross sections of the Sevier thrust belt, the paper documents the location, 

structural configuration, and kinematic history of the thrust belt during Late Jurassic and 

Early Cretaceous time. This paper has been submitted to the journal Tectonics for review. 

The final paper, Jurassic-Cretaceous development of the western interior basin: 

Linking subsidence with oceanic plate subduction describes the large-scale geodynamic 

controls on sediment accumulation in the foreland-basin system. By comparing 

similarities in regional acconunodation trends throughout the entire Jurassic and 

Cretaceous depositional sequence, the tectonic controls on basin development are 

attributed to the changing nature of subduction and Cordilleran deformation in western 

North America during Late Mesozoic time. This manuscript has been submitted to the 

journal Geology. The research done for this dissertation and summarized in these 

manuscripts was done totally by the author. 
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PRESENT STUDY 

The methods, results and conclusions of this study are presented in the papers 

appended to this thesis. The following is a summary of the most important findings in 

these papers. 

During Jurassic and Cretaceous time, the western interior United States was the 

location of a sedimentary basin that formed between the developing Cordillera and the 

craton. Deposition in the basin occurred in two distiuct periods, the first between Early 

and Late Jurassic time, and the second during the Early and Late Cretaceous. Both 

phases were accompanied by major marine incursions into the western interior, and are 

separated by an Early Cretaceous unconformity that lasted approximately 20 m.y. 

Deposition was controlled by a combination of subduction-related dynamic subsidence 

and thrust-generated flexural subsidence. Changes in the angle of plate subduction 

through time and the timing of thrust deformation in the eastern part of the Cordillera 

controlled the spatial and temporal influences of these mechanisms throughout basin 

history. 

Dynamic subsidence was the primary control on basin accommodation development 

during Early-Middle Jurassic and Late Cretaceous time. During these periods, shallow-

angle oceanic plate subduction beneath the western margin of North America produced 

convective mantle circulation and long wavelength subsidence in the western interior. 

This resulted in deposition of thick accumulations of sediment in areas of the basin that 

were beyond the wavelength of flexural foredeep produced by thrust-generated crustal 

loading. For example, during the Early to Middle Jurassic phase of basin subsidence, up 

to -2.5 km of strata was deposited in a westward thickening wedge between central 

Colorado and central Utah. However, at this time, areas of documented contractional 

deformation in the Cordillera were too far to the west to have produced flexural 

subsidence in the western interior. 
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A cessation of dynamic subsidence during Early Cretaceous time is partially 

responsible for the ~ 20 m.y. unconformity that separates the Jurassic and Cretaceous 

sequences in the western interior. This unconformity formed during an increase in the 

angle of subduction that may have been caused by terrane accretion or changes in relative 

plate motions. 

A decrease in the angle of subduction beginning in late Early Cretaceous time 

restored dynamic subsidence in the western interior. Peak subsidence occurred during 

Late Cretaceous time as the slab continued to flatten and resulted in deposition of up to 5 

km of sediment in areas of the basin that were over 200 km west of the flexural foredeep. 

The first effects of foreland-basin system flexural development in the western 

interior is displayed by the Upper Jurassic Morrison Formation. In central Utah, the 

Morrison Formation thins from > 200 m to 0 between the San Rafael Swell and the 

western flank of the Wasatch Plateau. The nature of this western pinchout is depositional. 

with younger members of the Morrison onlapping Middle Jurassic rocks from east to 

west. This stratigraphic relationship suggests that during Late Jurassic time, there was a 

structural/topographic high located in central Utah that defined the western margin of the 

Morrison basin. ITiis feature is interpreted as a flexural forebulge produced by crustal 

loading in the Cordillera to the west and suggests that the Sevier thrust belt was active 

during Late Jurassic time. As such, the Morrison Formation represents strata deposited in 

the back-bulge and forebulge depozones of the Late Jurassic Cordilleran foreland basin 

system. However, the > 200 m of accumulated Morrison Formation strata in the back-

bulge depozone also suggests that dynamic subsidence was also producing 

accommodation in the foreland-basin system. 

By definition, the presence of a Late Jurassic forebulge requires the existence of a 

flexurally subsiding foredeep as well. However, in Utah, there are no westward 
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thickening Late Jurassic strata that would indicate deposition in the foredeep depozone of 

the foreland basin system. The absence of a Late Jurassic foredeep can be explained by 

kinematic restoration of structures in the Sevier thrust belt in west-central Utah. In this 

region the thrust belt is composed of four separate thrust systems, the Gunnison, Paxton. 

Pavant and Canyon Range thrusts. Balanced, restored structural cross sections of the 

Sevier thrust belt in central Utah indicate a combined total of -230 km of displacement 

on these thrust systems. However, provenance data form foreland basin sediments 

indicate that the majority of this displacement (-200 km) occurred on the Pavant and 

Canyon Range thrusts during Early Cretaceous and Late Jurassic time. The enigmatic 

absence of a flexural foredeep associated with Late Jurassic shortening is explained by 

the large amount of displacement on these thrusts. Late Jurassic foredeep deposits, 

initially deposited in the footwall of the Canyon Range thrust, were subsequently uplifted 

and eroded as the Canyon Range and Pavant thrust systems propagated to the east during 

Early Cretaceous time. At the end of Early Cretaceous time, the frontal position of the 

thrust belt occupied the position of the distal Late Jurassic foredeep depozone. As a 

result, the Late Jurassic foredeep record of the initial stages of thrusting in the Sevier belt 

was completely eroded. 

Propagation of the thrust belt during the Early Cretaceous resulted in the eastward 

migration of foreland-basin system flexural components. Areas occupied by the Late 

Jurassic forebulge were incorporated into the Early Cretaceous foredeep while the Late 

Jurassic back-bulge depozone became the location of the Early Cretaceous forebulge. 

The migration of the forebulge from central Utah into eastern Utah helped enhance the 

regional imconformity brought on by the cessation of dynamic subsidence in this area. 

Regional thickness variations in Lower Cretaceous rocks in the region define the location 

of foreland-basin system depozones. Westward thickening Lower Cretaceous strata in 



29 

central Utah define the flexurally subsiding foredeep depozone, and relatively thin units 

in eastern Utah and western Colorado represent the location the forebulge depozone. The 

area in west-central Colorado where the Lower Cretaceous interval thickens slightly to 

the east is interpreted as the position of the back-bulge depozone. Sediment 

accumulation across the entire foreland-basin system may have been facilitated by the 

reinitiation of dynamic subsidence across the region during late Early Cretaceous time. 

During the Late Cretaceous, thrusting in the Sevier belt resulted in continued 

flexural development of the foredeep in east-ccntral Utah. However, the increasing 

influence of dynamic subsidence throughout the Late Cretaceous produced the thick 

accumulations of strata in the forebulge and back-bulge depozones of the foreland-basin 

system. The combination of flexural and dynamic subsidence in the foredeep depozone 

also resulted in accumulation of > 7 km of Cretaceous strata in western Wyoming. 
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APPENDIX A: 

UPPER JURASSIC-LOWER CRETACEOUS MORRISON AND CEDAR 
MOUNTAIN FORMATIONS, NE UTAH-NW COLORADO: RELATIONSHIPS 
BETWEEN NONMARINE DEPOSITION AND EARLY CORDILLERAN 
FORELAND BASIN DEVELOPMENT 

Abstract 

A detailed sedimentologic, stratigraphic, and petrologic investigation of the Upper 

Jurassic-Lower Cretaceous Morrison and Cedar Mountain Formations of Utah and 

Colorado provides insight into the timing and nature of early Cordilleran foreland basin 

development. The Morrison Formation can be divided into three related facies 

assemblages: 1) the lower part of the Morrison Formation consists of shallow marine, 

tidal, lacustrine, fluvial, and eolian facies that were deposited as ;i result of progradation 

of marginal and nonmarine depositional systems during Oxfordian-Kimmeridgian retreat 

of the Stump-Sundance sea; 2) the middle part of the Morrison contains sandy and 

gravelly braided fluvial deposits, which are overlain by meandering fluvial channel and 

overbank facies; 3) the upper part of the Morrison contains anastomosed fluvial facies 

that were deposited during Tithonian-early Neocomian time. Strata in the upper part of 

this assemblage show evidence of alteration and early diagenesis related to development 

of an Early Cretaceous unconformity. The overlying Cedar Mountain Formation is 

divided into two related facies assemblages: 1) the Buckhom Conglomerate was 

deposited by a northeast trending, sandy-gravelly braided fluvial system during 

Neocomian time. The Buckhom Conglomerate represents the depositional fill of a 25 m 

deep, 25 km wide valley that was incised into the imderlying Morrison Formation; 2) the 

upper part of the Cedar Mountain contains anastomosing fluvial facies that were 

deposited during Aptian-Albian time. The base of the unit contains a weakly laminar to 
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nodular calcrete zone that formed during development of a regional unconformity 

following Buckhom deposition. 

Morrison and Cedar Mountain sandstones can be subdivided into three distinct 

petrofacies, a feldspar-rich lower Morrison petrofacies (%QmFLt= 70,19,11), and chert-

rich upper Morrison and Buckhom/Cedar Mountain petrofacies (%QmFLt= 54,5,41 and 

69,4,27, respectively). These compositions, together with paleocurrent data, indicate a 

western source area composed of lower Mesozoic, Paleozoic, and Proterozoic 

sedimentary rocks in the Cordillera. An unroofing sequence resulting from progressive 

uplift and erosion of these source rocks fits vertical compositional trends in Morrison and 

Cedar Mountain sandstones and conglomerates. 

Regional correlations of the Morrison Formation and Cedar Mountain Formation 

indicate migration of flexural foreland basin features related to progressive eastward 

migration of the thrust belt during the Late Jurassic and Early Cretaceous. The Morrison 

Formation was deposited in the back-bulge depozone of the Late Jurassic Cordilleran 

foreland basin system and onlapped a flexural forebulge located in west-central Utah. 

Early Cretaceous migration of the forebulge resulted in erosion of the Morrison 

Formation in areas west of the Wasatch Plateau and coincided with a decrease in basin 

accommodation and valley incision of Buckhom fluvial systems in the study area. 

Follov/ing Buckhom deposition continued migration of the forebulge uplifted areas in 

eastern Utah while central Utah underwent foreland basin subsidence. The combination 

resulted in generation of underfilled foreland basin conditions and development of a 

regional unconformity in the study area. This depositional hiatus allowed a thick calcrete 

deposit to form above the Buckhom Conglomerate and upper parts of the Morrison 

Formation. Deposition of the upper part of the Cedar Mountain in northeast Utah and 

northwest Colorado occurred due to overfilling of the foredeep and onlap of the uplifted 

forebulge. 
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Introduction 

The timing of initial Cordilleran foreland basin development in the western interior 

United States has been the subject of considerable debate. Earlier workers suggested that 

thrusting in the Sevier thrust belt of Utah, Wyoming and Idaho commenced during 

regional deposition of nonmarine Upper Jurassic rocks (Armstrong and Cressman 1963; 

Suttner 1969; Purer 1970; Young 1970; Jordan 1981; Wiltschko and Dorr 1983). Later 

investigators concluded that the onset of thrust-related crustal loading and asymmetric 

foreland basin subsidence is represented by deposition of the Middle-Late Jurassic Twin 

Creek, Pruess, and Stump Formations and their correlatives in Utah, southern Idaho, and 

western Wyoming (Thorman et al. 1992; Bjemun and Dorsey 1995). Middle Jurassic 

Sevier belt crustal shortening is supported by structural and metamorphic studies that 

indicate similar aged contractional deformation, magmatism and regional metamorphism 

in the hinterland of eastern Nevada and western Utah (Hudec 1992; Miller 1992; Snoke et 

al. 1992; Wells 1992). DeCelles and Burden (1992) proposed that Upper Jurassic 

nonmarine deposits across the foreland region represent the late stage filling of the 

Middle Jurassic Cordilleran foreland basin, and that Upper Jurassic rocks were derived 

from thrusts found today in the hinterland of the Sevier belt. 

In contrast. Heller et al. (1986), Heller and Paola (1989) and Yingling and Heher 

(1992) suggested that Late Jurassic deposition predated Sevier deformation. This 

interpretation is based primarily on the observation that the first observable thickening of 

stratigraphic units towards the Sevier thrust belt in Utah occurs in the Lower Cretaceous 

Cedar Mountain Formation its correlatives. Lawton (1994) supported this interpretation 

and indicated that Middle-Upper Jurassic rocks in the western interior were deposited 

during a period of subduction-related subsidence prior to Sevier belt deformation. 
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Contributing to the incomplete understanding of early Cordilleran foreland basin 

development is the limited number of regionally integrated investigations of the Jurassic-

Cretaceous nonmarine interval that incorporate sedimentologic, stratigraphic, and 

provenance data. Parts of the basin have not been studied in detail, such as the Uinta 

Mountain region of northeastern Utah and northwestern Colorado. Lack of information 

on the Morrison and Cedar Mountain Formations from this area has inhibited correlation 

of the with their counterparts in other areas of the western interior. In turn, this has 

hampered identification of regional depositional trends that may be related to tectonic, 

eustatic and climatic factors influencing early basin development. 

The goal of this paper is to document Late Jurassic-Early Cretaceous nonmarine 

sedimentation in the Cordilleran foreland basin within the regional context of early 

Cordilleran foreland basin development Sedimentologic, sedimentary petrologic, and 

geochronologic data from the Morrison and Cedar Mountain Formations of northeast 

Utah and northwest Colorado are used to determine the age, deposystems, provenance, 

and paleogeography of these rocks, and to establish a regional correlation between these 

rocks and equivalent units in central Utah. 

Geological Setting 

The study area lies in the south-central part of the Cordilleran foreland basin (Fig. 

1). This large retroarc foreland basin extends from western Canada to the southwestem 

United States and lies between the North American craton and the westem North 

American Cordillera. The Cordillera is a complex orogen consisting of numerous thrust 

sheets, accreted terranes, and magmatic arcs that developed in response to plate tectonic 

interactions along the westem margin of North America since Late Paleozoic time 

(Armstrong and Oriel 1965; Hamilton 1978; Dickinson and Snyder 1978; Burchfield et 

al. 1992). 
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Figure 1. (A) Generalized map showing tectonic setting of the Cordilleran foreland basin. 
Heavy barbed line shows approximate location of the Jurassic-Cretaceous subduction 
zone; light barbed line represents final location of the leading edge of the Cordilleran fold 
and thrust belt. After Dickinson and Snyder (1978). (B) Generalized map of the south-
central part of the foreland basin showing location of the study area (Inset C), nearby 
Laramide uplifts, individual segments of the thrust belt, and locations mentioned in the 
text. Abbreviations are as follows: WRM: Wind River Mountains; UM: Uinta 
Mountains; SRS: San Rafael Swell; UP: Uncompahgre Plateau; WP: Wasatch Plateau; 
SC: Salina Canyon; CR: Canyon Range thrust sheet; SFM: San Francisco Mountains; 
PW: Paris-Willard thrust; HS: Hansel thrust sheet (C) Map of the study area showing 
outcrops of Jurassic-Cretaceous nonmarine rocks (shaded areas) and measured sections 
referred to in the text (dark circles). 
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During Late Cretaceous to Eocene time, the central and southern Cordilleran 

foreland basin underwent tectonic partitioning and deformation by basement cored uplifts 

associated with the Laramide orogeny (Dickinson and Snyder 1978). The study area in 

northeast Utah and northwest Colorado consists of well-exposed outcrops of Morrison 

and Cedar Mountain Formations surrounding the Uinta Mountains foreland uplift (Figs. 

IB-IC). 

Stratigraphy and Age 

The general stratigraphic nomenclature of the Jurassic-Cretaceous nonmarine rocks 

of central-northeast Utah and northwest Colorado are shown in Figure 2. In the study area 

the Morrison Formation overlies marine sandstone, limestone, and shale of the Oxfordian 

Redwater Member of the Stump Formation (Pipiringos and O'SuUivan 1978), and 

consists of four Uthostratigraphic members: The Windy Hill, Tidwell, Salt Wash and 

Brushy Basin Members (Turner 1992) These members can be identified at most 

locations in the eastern Uinta Mountains, although thicknesses and facies vary (Fig. 3). 

The Morrison is overlain by the Cedar Mountain Formation, which consists of the lower 

Buckhom Conglomerate Member and an upper mudstone/sandstone member (Stokes 

1952; Krirkwood 1976). The Buckhom Conglomerate is restricted to the southern and 

northeastern parts of the study area (Fig. 3). Where the Buckhom is absent. Cedar 

Mountain mudstone lies directly on Bmshy Basin Member mudstone. At these locations, 

the base of the Cedar Mountain is defined by the first occurrence of large (>10 cm 

diameter), coalesced carbonate nodules or a laminar to strucmreless calcrete horizon 

lying above the Brushy Basin Member. The top of the Cedar Mountain Formation is 

defined throughout the study area by an unconformable contact with the overlying fluvial 



36 

Wasatch 
Plateau 

Uinta 
Mountains 

Sanpete Fm Dakota Ss. 

Cenomanian Mowry Shale 

Dakota Fm. 

San Pitch 
Formation 

Cedar Mountain 
Formation 

Cedar Mountain 
Formation 

Cedar Mountam 
Fonnation 

Barremian Buckhom 
Conglomerate 

Buckhom 
Conglomerate 

Hautenvian 

Valanginian 

Bemasian Brushy Basin 
Member 

Brushy Basin 
Member 

Tithonian 

Salt Wash Mbr Salt Wash Mhr Kimmeridgian Tidwell Mbr. Tidweli Mbr. 
Windy HiU Mbr. 

Oxfordian Redwater Mbr. 
ZIZ2: 

Callovian Curtis Mbr. Summerville Fm. Twist Gulch Fm 

Figure 2. Generalized correlation chart showing Late Jurassic-Early Cretaceous 
stratigraphy of the study area and surrounding regions. Formation ages are based on 
chronostratigraphic data discussed in text and time scale of Gradstein et al. (1995). 
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sandstones of the Albian-Cenomanian Dakota Formation (Vaughn and Picard 1976; 

Molenaar and Cobban 1991; Currie et al. 1993). 

The ages of the Morrison and Cedar Mountain Formations are considered to span 

Late Jurassic through Early Cretaceous time. Within the smdy area, the Morrison 

Formation has yielded an age-diagnostic palynomorph assemblage, as well as radiometric 

dates for most of the section. 40Ar/39Ar dating of sanidine crystals from a bentonite 2.5 

m above the base of the Tidwell Member near the IIP section (Fig. 3) has yielded an age 

of 154.8 ± 0.6 Ma (Kowallis et al. 1997). This establishes an Oxfordian-Kimmeridgian 

age for the lower Morrison, based on the time scale of Gradstein et al. (1995). This age 

determination is supported by regional chronostratigraphic evidence. In south-central 

Utah, AT dating of an ash horizon in the Hdwell Member yielded a similar age of 

154.9 ± 1.5 Ma (Peterson 1992). 

The Salt Wash Member in the smdy area has yielded Tithonian palynomorphs from 

carbonaceous mudstone near the top of the member (78 m at the IIP Section, Fig. 3) 

(H.T. Pile, personal communication 1992). In addition, ^Ar/^^Ar dating of a bentonite 

from the middle Brushy Basin Member near the lOD section (Fig. 3) has yielded a 

Tithonian age of 148.3± 0.7 Ma (Kowallis, personal communication, 1995). This age is 

similar to ^OAt/^^ Ar dates from bentonites in the lower and middle Brushy Basin 

Member that have yielded Tithonian ages ranging from 149.4 ± 0.7 Ma to 145.2 ± 1.2 Ma 

in southeastern Utah (Kowallis et al. 1991), and 148.3 0.5 Ma to 147.0 ± 1.0 in central 

Utah (Kowallis, personal communication, 1995). 

K/Ar dating of a bentonite from the upper part of the Brushy Basin Member in the 

study area (ITD section) has yielded an Early Cretaceous age of 135 ± 5 Ma (S.A. 

Bilbey, personal communication 1993). However, ^O^r/^^Ar dates from the same 

interval yielded a Jurassic age of 152.9 ± 1.2 Ma (Kowallis et al. 1991). This discrepancy 
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Figure 3 (following page). Logs of measured sections and correlations of the Morrison 
and Cedar Mountain Formations, northeastern Utah and northwestern Colorado. 
Thickness in meters. Section locations are shown below in Table 1. 

TABLE 1. NE UTAH-NW COLORADO MEASURED STRATIGRAPfflC SECTION LOCATIONS 

section location 
IFD I Hnch Draw sec.21,26,T. 3N,R.20E Daggett Co., UT 
ISC 1 Steinaker Canal sec. 2, T. 3 S, R. 22 E Uintah Co., UT 
IRF 1 Red Reec sec. 2, T. 3 S, R. 22 E Uintah Co., UT 
ISM A 1 Split Mountain Anticline sec. 18. T 4 S, R- 23 E Uintah Co., UT 
2IP 2 Island Park Road sec. 5,6, T. 4 S, R. 23 E Uintah Co., UT 
lOD 1 Orchid Draw sec. 22, 27, T 4 S. R. 23 E Uintah Co., UT 
ITD 1 Theropod Draw sec. 26.T4S,R.23E Uintah Co., UT 
IIP 1 Island Park Rd sec. 4, T. 4 S. R. 24 E Uintah Co., UT 
TCW Trail Creek West sec. 34.10. T 5 N. R. 23 E Uintah Co.. UT 
I B C  1 Bull Canyon sec. 29. T. 4 N. R. 104 W Moffat Co., CO 
IMHQ 1 Monument Headquarters sec. 8. T. 3 N. R. 103 W Moffat Co., CO 
RWD Rock Wall Draw sec. 5. T. 3 N. R. 101 W Moffat Co., CO 
IIC 1 Irish Canyon sec. Il.TlON. R. 101 W Moffat Co., CO 
LHD Left-Hand Draw sec. 35. T. 9 N. R. 100 W Moffat Co., CO 
I DP 1 Deerlodge Park sec. 28. T 6 N. R. 99 W Moffat Co., CO 

leaves the age of the upper Morrison in question. In addition, it should be noted that the 

uppermost 20-30 m of the Morrison in Utah remains undated. 

The age of the Cedar Mountain Formation in the study area is poorly constrained. 

An Early Cretaceous age has been primarily inferred through Hthostratigraphic 

correlations with adjacent areas of the western interior. The only age diagnostic fossils 

from the Cedar Mountain in the study area were reported by Hansen (1965), who noted 

Early Cretaceous charophytes and ostracodes from the north flank of the Uinta Mountains 
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(near the IFD section of this study. Fig. IC). Nonmarine molluscs (Katich 1951: Stokes 

1952) and plant macrofossils (Simmons 1957; Thayn 1973) from the Cedar Mountain 

Formation of central Utah have indicated an Aptian-Albian age. In the Burro Canyon 

Formation, a western Colorado Cedar Moimtain correlative (Stokes 1952; Craig 1981), 

Tschudy et al. (1984) collected a Barremian-Early Albian palynomorph suite. Kirkland 

(1992) docimiented a Barremian dinosaur fauna from beds that are correlated with the 

lower Cedar Moimtain Formation in eastern Utah (W. Aubrey personal communication 

1994). However, this fauna was compared to a similar assemblage from the Lakota 

Formation of northeastern Wyoming, which has been palynologically dated as Aptian/ 

Albian (Pish 1981; Way et al., in press). Tschudy et al. (1984) also documented a late 

Albian palynomorph suite from the upper part of the Cedar Mountain Formation in east-

central Utah. A Late Albian age for the upper part of the Cedar Mountain is supported by 

^^Ar/^^Ar dating of bentonites -15 m below the top of the formation on the southwest 

flank of the San Rafael Swell that yielded an age of 98.39 ± 0.07 Ma (Cifelli et al., 1997). 

The available ages for the Morrison and Cedar Mountain Formations indicate 

intermittent Oxfordian through Albian deposition. Morrison deposition is better 

constrained and indicates an Oxfordian through Tithonian age of deposition, although the 

upper parts of the formation may be early Neocomian in age. Deposition of the 

Buckhom Conglomerate/Cedar Mountain Formation in the study area is inferred to have 

occurred from late Neocomian through Albian time. Together, these data suggest that a 

major unconformity, of perhaps 15-20 million years duration, separates the Morrison 

Formation from overlying Lower Cretaceous strata (Fig. 2). This unconformity was 

referred to by Pipiringos and O'Sullivan (1978) as the "K unconformity". 
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Sedimentology 

The Morrison and Cedar Mountain Formations in northeastern Utah and 

northwestern Colorado consist of up to 275 m of mudstone, sandstone, conglomerate and 

minor limestone. Individual stratigraphic members and dominant lithofacies are described 

below. 

Morrison Formation 

Windy Hill Member.—^The Windy Hill Member in the study area consists of 0.5 to 3 

meters of very fine- to medium-grained, light gray to white, very well sorted sandstone. 

Sedimentary structures in this sandstone include low-angle planar to horizontal 

lamination, primary current lineation, small scale trough cross-stratification and 

symmetrical, straight crested ripples. Fossils of the marine bivalve Ostera are present in 

some locations. The unit exhibits an overall tabular geometry and is present at most 

locations throughout the study area. 

The Windy Hill is interpreted as shallow marine and foreshore deposits. The low-

angle to horizontal lamination with primary current lineations is characteristic of 

foreshore deposits (Clifton 1969), whereas the small-scale trough cross-stratification 

represents sand deposition by longshore currents or in shallow channels that incised the 

upper shoreface (e.g.. Hunter et al. 1979). Synmietrical ripples in the Windy Hill formed 

by oscillatory, wave driven currents in lower shoreface or offshore shallow marine 

environments. The excellent sorting and presence of marine fauna indicate deposition in 

an open marine system. These data indicate a transition from shallow marine 

depositional conditions of the underlying Redwater Member to marginal marine 

depositional environments of the Windy Hill Member. 
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Tidwell Member.—^The Tidwell Member consists of 3 to 14 m of interbedded 

sandstone and mudstone. The sandstone beds of this member are both tabular and 

lenticular, very fine- to medium-grained, and tan to white in color. Sedimentary 

structures in the tabular sandstone bodies are dominated by symmetrical, straight- and 

sinuous-crested ripples. The lenticular sandstone bodies contain small-scale ripple and 

trough-cross lamination, small-scale asymmetric mud-draped ripples, and ripple 

reactivation surfaces. Mudstones are dark gray to green in color and are locally fissile. 

In some locations mudstone beds are thinly laminated and contain interlaminations of 

fine sand or silt, and contain desiccation cracks. In addition to these lithologies, the 

Tidwell Member contains a thm zone of white and pink authigenic silica that is present 

throughout most of the study area. This zone lies 2-6 m above the base of the member 

and contains up to four separate, closely spaced, nodular silica horizons ranging from 1 to 

10 cm in thickness. 

The Tidwell Member in the study area is interpreted to represent the deposits of a 

marginal marine, tidally influenced, fluvial and estuarine complex. The tabular sandstone 

bodies containing symmetrical ripples are interpreted as tidal sand flat deposits that were 

subjected to oscillatory, wave driven currents (Weimer et al. 1982). The lenticular 

sandstone bodies containing trough and ripple cross-stratification are interpreted as 

fluvial channel deposits, whereas the mud draped ripples in these channels indicate the 

presence of tidal influence (Reineck and Wunderlich 1968). The thinly laminated 

mudstones are interpreted as lagoonal or tidal flat deposits (Ward and Ashley 1989; 

Ginsberg 1975). The presence of desiccation cracks in some of the mudstone beds is an 

indication of subaerial exposure on tidal flats or in over bank environments. The 
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authigenic silica zone in the Hdwell Member is similar to a "welded chert" in the 

Morrison described by King and Merriam (1969) from central Colorado, and by Peterson 

(1988) from southern Utah. These authors postulated that this horizon formed through 

precipitation of silica liberated during the devitrification of volcanic ash and may be used 

as a time marker throughout the western interior. 

Salt Wash Member.—^The Salt Wash Member in the study area can be subdivided 

into two genetically related units: a lower sandstone/mudstone, and an upper sandstone/ 

conglomerate. The lower part of the Salt Wash Member consists of 9 to 65 m of 

interbedded sandstone, mudstone, and limestone. The sandstone beds are white-tan 

colored and consist of laterally continuous, coalesced lenses with erosional bases. 

Individual sandstone bodies are 0.5 to 4 m thick and commonly fine upward from 

medium- to coarse-grained sandstone with abundant mudstone rip-up clasts to very fine 

sandstone at the top. Sedimentary structures include u^ough and ripple cross-

stratification, and horizontal laminations. Paleocurrent data taken from trough cross-

su-atification using method I of DeCelles et al. (1983) indicate eastward paleoflow (Fig. 

3). 

Fine-grained intervals in the lower part of the Salt Wash consist of gray, green, red. 

massive and mottled and bioturbated mudstone with abundant calcareous nodules; and 

dark gray to green fissile shale beds that locally contain thin (<75 cm), interbedded silty 

micritic limestone with charophyte and molluscan fossils. 

At sections TCW and ID? (Fig. 3), the lower part of the Salt Wash contains 28-46 

m of fine to medium grained, well sorted, whJte to r'sddish-gray sandstone. This 

sandstone is dominated by giant (up to 8 meters thick), planar-tangential cross-

stratification with abundant millimeter thick parallel laminations. Individual laminations 
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exhibit inverse grading. Paleocnrrent data from cross-stratification in this interval 

indicate a east-southeastward sediment transport. The upper 6 to 10 m of the unit 

contains structureless, fine-grained sandstone. 

The coalesced sandstones lenses of the lower Salt Wash are interpreted as the 

deposits of a sandy, fluvial channel system. The laterally continuous nature of the 

sandstones suggest deposition in unstable, interconnected channels. The lack of lateral 

accretion surfaces and levee deposits suggests that the fluvial system was braided. The 

massive, mottled and bioturbated mudstone containing nodular carbonate is interpreted as 

overbank deposits that were subject to pedogenic modification and paleosol formation. 

The dark gray and green fissile shale and silty limestone are interpreted as the deposits of 

shallow ponds and lakes on the fioodplain. 

The thick, fine- to medium-grained sandstone containing giant planar-tangential 

cross-strata is interpreted as eolian deposits. The giant cross-strata represent eolian dune 

slip faces that migrated under prevailing west-southwesterly winds. The inversely 

graded, parallel laminations are interpreted as subcritically climbing translatent strata, 

deposited on dune surfaces by migrating eolian ripples (Hunter 1977). The structureless 

zones at the top of the unit represent the destruction of sedimentary structures as a result 

of bioturbation. 

The upper part of the Salt Wash Member is characterized by 12-40 m of fine- to 

very coarse-grained sandstone, chert granule-pebble conglomerate, and minor amounts of 

mudstone. Sandstone and conglomerate bodies are tan-gray colored, broadly lenticular, 

laterally coalesced, and have erosional bases (Fig. 4A). These coalesced lenses give the 

unit an overall tabular geometry. Individual bodies range from 0.5 to 6 m in thickness 

and commonly fine upward from basal pebble/granule conglomerates to medium and 
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fine-grained sandstone. As a whole, the maximum grain size in the upper Salt Wash 

coarsens up section from coarse sand at the base to pebble sized clasts at the top. 

Sedimentary structures in the sandstone beds include trough and planar cross-

stratification, primary current lineations and small-scale asymmetrical ripple cross-

lamination. Thin (0.3 to 2.0 m) beds of gray and green/red mottled mudstone separate 

individual sandstone/conglomerate bodies. Some of these beds contain zones of nodular 

carbonate. 

The coarse-grained upper Salt Wash is thickest in the western part of the study area 

(Fig. 3). Paleocurrent data from planar and trough cross-stratification indicate east-

southeastward paleofiow, with a minor component of flow toward the northeast and 

southwest (Fig. 5A). 

The coarse grain size, coalesced channel forms, and overall tabular geometry, 

indicate the upper parts of the Salt Wash Member were deposited by a system of laterally 

unstable, interconnected, braided fluvial channels. Individual lenses of trough cross-

stratified sandstone and conglomerate are interpreted as sandy/gravelly macroforms that 

migrated downstream during high flow events. Mudstone interbeds containing carbonate 

nodules represent overbank deposits modified by pedogenic processes. The increased 

grain size at the top of the unit indicates a progradation of coarser facies in the direction 

of transport through time. 

Brushy Basin Member.—^The Brushy Basin Member in the study area can be 

subdivided into lower, middle and upper units. The lower part of the Brushy Basin 

Member consists of 20 to 45 m of sandstone and mudstone (Fig. 4B). It is distinguished 

from the underlying Salt Wash Member by its finer grain size, and much greater 
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A 

Figure 4. Outcrop photographs of the Morrison Formation (A) Upper Salt Wash Member 
braided flu vial channel sandstone at lFD section. Sandstone is --25 m thick at this 
location. (B) Lower and upper part of the Brushy Basin Member, TCW section. Arrow 
points to boundary between the two units. Middle Brushy Basin fluvial channel outcrops 
near the top of the hill. Hill is capped by the Buckhorn Conglomerate. 
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Figure 5. (A) Paleocurrent orientations from the upper Salt Wash Member at measured 
section locations ( dark circles) in the study area. Each arrow represents the average 
trough axis determined from 10 or more measurements of trough limbs per station 
according to method I of DeCelles et al. (1983). (B) Paleocurrent orientations from the 
upper Brushy Basin Member in the study area. (C) Paleocurrent and isopach map of the 
Buckhorn Conglomerate in the study area showing northeast trending distribution of the 
unit. Open circles represent well locations used in subsurface thickness calculations. 
Isopach thickness in meters. (D) Paleocurrent orientations from the upper Cedar 
Mountain Formation in the study area. 
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percentage of mudstone. Sandstone beds in the lower Brushy Basin are tan-gray in color, 

fine- to very coarse grained, and upward fining. Individual sandstone bodies range from 

0.5 to 7 m thick, and become more laterally discontinuous going upsection. Sedimentary 

structures include trough and planar cross-stratification, asymmetrical ripple cross-

lamination, and plane-parallel laminations with primary current lineation. Near the top of 

unit at the Orchid Draw section (lOD Fig. 3), large 3 m high lateral accretion surfaces are 

present in the upward fining sandstone bodies. Some sandstone beds contain basal 

conglomerate of chert, pedogenic carbonate, and mudstone pebbles, as well as fossilized 

wood and bone fragments. Fine grained intervals in the lower Brushy Basin member 

consists of red, green and gray, mottled structureless to thinly laminated sandy mudstone. 

The mottled mudstones contain vertical root traces, cutans, and blocky peds overlying 

well developed nodular carbonate horizons. 

The sandstone bodies in the lower part of the Brushy Basin Member are interpreted 

as deposits of fluvial channels with variable sinuosity. The laterally discontinuous nature 

of many of the sandstone bodies, and the overall finer grain size suggests that fluvial 

gradients were lower than those of the underlying Salt Wash fluvial system. The 

increasing lateral discontinuity, and presence of lateral accretion surfaces in the upper 

part of the unit indicates a transition from braided to meandering fluvial morphologies 

within the lower Brushy Basin. Mottled mudstones containing root traces, cutans, peds 

and abundant carbonate nodules are interpreted as well-developed paleosol horizons. 

These paleosols generally fit the description of argillic calcisols of Mack et al. (1993). 

The middle part of the Brushy Basin Member consists of 44-68 m of mudstone, 

sandstone and limestone (Fig. 4B). Dark green/gray massive to laminated, smectitic 

mudstone dominates this unit. This mudstone can be distinguished from mudstone of the 
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lower unit by its darker color and globular weathered appearance. The unit also contains 

several thin (< 15 cm), white, greenish-yellow, or red waxy bentonite beds. These beds 

contain euhedral mineral crystals including apatite, zircon, biotite, plagioclase, and 

sanidine, as well as rounded quartz grains. Mudstones of the middle Brushy Basin also 

contain zones of nodular carbonate, vertical root traces, and thin limestone and siltstone 

beds (<20 cm) that locally contain gastropod fossils and carbonaceous material. In 

addition, some mudstone beds contain gypsimi crystals (selenite) up to 6 cm in length, 

and rare desiccation cracks. 

The middle unit of the Brushy Basin Member also contains isolated, lenticular, tan-

gray, sandstone bodies of variable thickness. Thin (10-50 cm), silty to fine grained, 

structureless and ripple cross-laminated sandstone beds are present throughout the entire 

unit. In addition, lenses of medium- to very coarse-grained sandstone and pebble 

conglomerate 2-15 m thick and up to 1 km in lateral extent are present in the middle and 

upper parts of the unit. Sedimentary structures in these coarse-grained bodies include 

trough and planar cross-stratification, although portions appear massive to crudely 

horizontally stratified. The bases of these sandstone units are erosional and contain lags 

of nodular carbonate. Within one of these lenticular sandstone bodies, a rich assemblage 

of fossilized dinosaur remains is preserved at the Dinosaur National Monument Quarry 1 

km west of section ITD (Fig. IC). Paleocurrent data from trough cross-strata in these 

bodies indicate a range of northeastward to southeastward Uransport directions (Fig. 5B, 

Fig. 3). 

The middle Brushy Basin Member is interpreted as the deposits of a poorly drained, 

mud dominated, alluvial/lacustrine plain. The dark color of the mudstones is attributed to 

reducing conditions that developed in response to a high groundwater table. The 
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smectitic nature of the mudstone and the presence of abundant bentonite beds indicates a 

probable volcanic source for much of the sediment. Thinly laminated mudstone and thin 

bedded limestone and siltstone in the unit are interpreted as shallow lacustrine or pond 

deposits. The massive mudstone containing root traces and nodular carbonate zones 

represents overbank or ephemeral lacustrine deposition that was later subject to 

pedogenic processes. The bentonite beds throughout the unit are interpreted as volcanic 

ashes that were deposited by air fall on the alluvial plain or in shallow lacustrine settings. 

The presence of detrital grains in some of these ash beds suggests partial reworking and 

contamination by fluvial and/or eolian processes. Desiccation cracks and gypsum 

crystals in the unit indicate periodic drying of the flood plain as well as the possibility of 

the existence of evaporitic conditions in ephemeral lakes and ponds. This indicates that 

the middle Brushy Basin Member may have been deposited in a semiarid to seasonally 

arid climate. The presence of a semiarid climate during middle Brushy Basin Member 

deposition is corroborated by Turner and Fishman (1991), who documented an alkaline/ 

saline lake deposit in the Brushy Basin Member of the east central Colorado Plateau. 

The sandstone bodies in the middle Brushy Basin Member are interpreted as 

deposits of eastward-flowing fluvial channels of moderate sinuosity. The large, coarse

grained sandstone bodies in the middle and upper parts of the unit are interpreted to be 

major fluvial channels, whereas the thinner, finer grained sandstone beds represent small 

tributaries or secondary channels that were active only during floods (e.g. Rust 1981; 

Schumann 1989). The low width/thickness ratios of the channels and the lack of lateral 

accretion surfaces indicate that the primary mode of channel migration was by avulsion. 

Some of the thin, rippled sandstone and siltstone beds in the imit may have been 

deposited on the floodplain as crevasse splay sheets (e.g. Smith and Perez-Arlucea 1994). 
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A possible modern analog for middle Brushy Basin deposition is the Cooper's 

Creek fluvial/alluvial system in the Lake Eyre Basin of central Australia (Bell 1986), 

wherein, moderate to high sinuosity, anastomosing fluvial channels supply sediment for a 

mud dominated alluvial plain (Rust 1981). This system is dominated by floodplain muds, 

similar to the mud-dominated system in the middle part of the Brushy Basin Member. 

The Cooper's Creek system is also similar to the middle Brushy Basin Member in that 

deposition occurs in a semiarid climate and is associated with a downstream alkaline/ 

saline lacustrine system (Turner and Fishman 1991). 

The upper part of the Brushy Basin Member contains 25-45 m of mudstone, 

sandstone and conglomerate (Fig. 6). The unit exists throughout the study area, except at 

locations where the Buckhom Conglomerate is present (Fig. 3). Mudstone of this unit is 

sandy, siliceous, and structureless. Mudstone colors include red, purple, white, yellow, 

gray, and green, and a distinctive red/white color banding is prevalent in the upper 15 m 

of the unit 

Coarse grained intervals in the upper Brushy Basin Member consist of white, 

lenticular, medium- to very coarse-grained sandstone and pebble conglomerate bodies, 3-

10 m thick and up to 300 m wide. Sedimentary structures include trough and planar-cross 

stratification and horizontal stratification. Within these sandstone and conglomerate 

bodies, chert clasts and grains have dark gray and brown interiors that are surrounded by 

white, diagenetic reaction rims. In addition, many of the altered chert clasts and grains 

exhibit pitted surfaces and porous interiors that may be related to partial diagenetic 

dissolution. The dark colored interiors of altered chert pebbles are similar to those in 

unaltered conglomerates of the middle Brushy Basin Member. 



Figure 6. Altered, upper part of the Brush Basin Member near 21P section. Arrow marks 
the contact between the Morrison and Cedar Mountain Formations. Cedar Mountain 
fluvial channel sandstones outcrop halfway up the slope and the ridge is capped by 
Dakota Formation sandstone. 
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Associated laterally with the large lenticular sandstone and conglomerate bodies are 

very fine grained tabular sandstone and siltstone beds that contain sharp, nonerosive 

bases, horizontal laminations and asymmetrical ripple cross-lamination. Paleocurrent 

data from trough and planar cross-stratification in the coarser intervals indicate 

southeastward paleoflow (Fig. 5B). 

The upper part of the Brushy Basin Member is interpreted as deposits of an 

anastomosing fluvial system similar to the underlying middle Brushy Basin. The two 

units differ in that channels in the upper unit are larger, more closely spaced, and contain 

coarser material. In addition, overbank mudstone in the upper unit is less smectitic than 

that found in the middle imit. Horizontally laminated and asymmetrically rippled 

siltstone and sandstone beds laterally adjacent to the main channel bodies are interpreted 

as levee or crevasse splay deposits. 

The distinct color banding in the mudstones of the upper unit is interpreted uO be the 

result of leaching of upper soil horizons by meteoric waters (Shanmugam 1988). The 

bleaching and partial dissolution of coarser grained units may indicate leaching by 

migration of groundwater through porous channel sediments (Shanmugam and Higgins 

1988). The siliceous nature of upper Brushy Basin mudstones and the rarity of nodular 

carbonate within this interval suggest that sediment alteration may be related to increased 

precipitation subsequent to or during deposition (Shanmugam 1988; Mack 1992). Early 

diagenesis by pedogenic and groundwater processes may also be an indication of long 

periods of little or no deposition and subsequent paleosol formation and alteration of 

upper Brushy Basin sediments. As such, alteration of this interval may have occurred 

during development of the regional Late Jurassic-Early Cretaceous "K" unconformity 

described by Pipiringos and O'Sullivan (1978). 
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Cedar Mountain Formation 

Buckhom Conglomerate Member.—^The Buckhorn Conglomerate Member of the 

Cedar Mountain Formation consists of 1-35 m of conglomerate, sandstone, and minor 

mudstone (Fig. 7A). Overall, the unit fines upward from pebble and cobble conglomerate 

at the base to medium- and fine-grained sandstone at the top. The Buckhom 

Conglomerate is present in an east-west striking, 25 km wide outcrop belt across the 

southern part of the study area, and in one small outcrop along the northeastern margin of 

the study area (Fig. 3, Fig. 5C). The thickness of the Buckhom Member progressively 

decreases from 35 m near Dinosaur, Colorado to zero edges in the vicinity of Cliff Creek, 

Utah, and Skull Creek, Colorado. Conglomerate and very coarse sandstone of the 

Buckhom rest m erosional contact upon greenish gray mudstone and fine-grained 

sandstone of the middle and upper Bmshy Basin Member of the Morrison Formation. 

The lower 7-20 m of the Buckhom Member consist of gray, clast-supported 

conglomerate with individual clast sizes up to 12 cm in diameter (Fig. 7B). Average 

maximum conglomerate clast sizes generally decrease from 9.3 cm at the base of the unit 

to 1.5 cm at the top. Conglomerate clasts are dominated by gray, black, and brown chert 

with minor amounts of white chert and quartzite. Basal parts of some conglomerate beds 

also contain carbonate and mudstone clasts up to 4 cm in diameter as well as fossilized 

bone and wood fragments. 

Conglomerate bodies are broadly lenticular, 0.5 to 4 m thick, and exhibit crude 

upward fining sequences. Sedimentary structures include trough and planar cross-

stratification, as well as cmde horizontal stratification. Parts of the conglomerate appear 

structureless. Interbedded with the conglomerate are thin (< 1 m), lenticular bodies of 

gray, very coarse- to medium-grained, trough and planar cross-stratified sandstone. 

Paleocurrent data from trough and planar cross-stratification in both the conglomerate 
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Figure 7. (A) Outcrop of Buckhorn Conglomerate at lMHQ section. (B) Close-up 
photograph of Buckhorn Conglomerate at lMHQ section. Scale in centimeters (left) and 
inches (right). 
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and interbedded sandstone indicate a north-northeastward direction of paleoflow (Fig. 

5C; Fig. 3). The upper 5-15 m of the Buckhom consists of sandy pebble conglomerate 

that fines upward to medium- and fine-grained sandstone. Interbedded with this upper 

conglomerate and sandstone are 0.5 to 4 m of green to white, red and green mottled, 

sandy structureless mudstone. 

The coarse grain size, predominance of clast-supported conglomerate, abundance of 

trough and planar cross-stratification, and laterally continuous nature of the conglomerate 

bodies indicate that the Buckhom Conglomerate was probably deposited in laterally 

unstable, interconnected, gravelly braided fluvial channels (e.g. Williams and Rust 1969; 

Miall 1977; Rust 1978). The coalesced lenticular conglomerate bodies represent gravelly, 

high-flow-stage macroforms, while the thin lenses of interbedded sandstone were 

deposited by migration of sandy bedforms during waning and post-flood stages of flow 

(e.g. Rust 1972; Ramos and Sopena 1983). Interbedded mudstones associated with the 

upper part of the Buckhom are interpreted as overbank deposits that were disrupted and 

homogenized by pedogenic processes. 

Paleocurrent and isopach data indicate that the Buckhom Conglomerate was 

deposited in an -25 km wide northeast-southwest trending trunk fluvial system. The 

confined nature of conglomerate distribution, the symmetrical thinning pattems observed 

east and west of the trunk axis, and the absence or thinning of the upper Bmshy Basin 

Member where the Buckhom is present imply that the Buckhom Member represents the 

filling of a valley eroded into the underlying Morrison Formation. The upward fining 

nature of the coarse grained fraction and the increase in overbank mudstone toward the 

top of the unit indicate an overall decrease in stream gradient during Buckhom 

deposition. This change conforms with predicted fluvial gradients and sedimentation 
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patterns associated with the latter stages of valley fill sequences (e.g. Shanley and 

McCabe 1994). 

Upper Cedar Mountain Formation.—^The upper Cedar Mountain Formation 

consists of 15-40 m of interbedded sandstone, mudstone and limestone. The unit is 

present throughout the study area, although it thins significantly from west to east (Fig. 

3). The base of the unit is defined by the first occurrence of a I-IO m thick, nodular to 

crudely laminar or structureless calcrete horizon lying on top of the Buckhom 

Conglomerate or the Brushy Basin Member. In some locations the calcrete zone consists 

of gray/purple carbonate nodules up to 40 cm in diameter (Fig. 8A). These nodules are 

enclosed in a purple-green, sandy mudstone matrix. Large nodules are locally coalesced 

into laterally continuous beds up to 10 m thick, or are separated by 1-10 cm of enclosing 

matrix. These nodules contain massive to concentrically laminated, microcrystalline and 

sparry calcite encompassing smaller (< 3 cm), brecciated or laminated nodules. Small 

vugs and thin, crosscutting veins of sparry calcite and silica are common. These nodules 

may contain partially replaced detrital sand grains or streaks of argillaceous material. 

Laminar to structureless calcrete zones consist of up to 10 m of white/gray micritic 

to sparry and pisolitic calcrete. These calcretes consist of structureless sparry and 

microcrystalline calcite that partially and fully replaces detrital grains. In many cases 

large chert pebbles can be observed floating in a micritic matrix (Fig. 8B). In addition, 

the massive calcrete contains small (1-20 mm) nodules of angxilar and concentrically 

laminated sparry and microcrystalline calcite. The small indurated nodules also contain 

partially replaced sand grains of the host sediment. In many locations, strucmreless and 

laminar calcrete overlies nodular calcrete horizons. 



Figure 8. (A) Large calcrete nodules from the base of the Cedar Mountain Formation 
weathering out of a hill slope near lDP section. (B) Close-up of massive calcrete at lDP 
section showing chert pebbles floating in micritic calcrete matrix. 
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Above the basal calcrete zone, the upper Cedar Mountain Formation consists of 10 

to 30 m of mudstone, sandstone and minor limestone. Fine-grained intervals consist of 

massive to thinly laminated, green, red, and dark gray sandy mudstone (Fig. 9). The red 

and green mudstone is mottled and contains numerous layers of nodular carbonate. The 

uppermost mudstones in the unit are dark gray, massive and lack nodular carbonate. 

Fine-grained intervals also contain polished pebbles of chert, quartzite and vein quartz. 

Described as "gastroliths" by Stokes (1944), these pebbles can be used to differentiate 

Cedar Mountain mudstone from that of the underlying Brushy Basin Member. 

Coarse-grained intervals in the unit are lenticular, laterally discontinuous, and 

upward fining bodies up to 4 m thick and 300 m wide. Grain size ranges from pebbles to 

very fine sand. Individual bodies have erosional bases and contain trough cross-

stratification and small scale ripple cross-lamination. In some locations, individual 

bodies are vertically stacked, although most are isolated and entirely encased by sandy 

mudstone. Paleocurrent data from these sandstone bodies indicate a northeastward 

U-ansport direction (Fig. 5D). Limestones in the upper Cedar Mountain consist of 

medium beds (< 25 cm) of structureless to weakly laminated sandy micrite. 

The nodular and massive calcretes at the base of the upper Cedar Mountain are 

interpreted as a mature pedogenic carbonate (Stage V or VI of Machette 1985) that 

formed during development of an unconformity following deposition of the Buckhom 

Conglomerate Member. The thick and well indurated nature of the calcrete zone may 

reflect early diagenesis and recrystallization due to fluctuating groimdwater levels and 

changes in groimdwater chemistry (e.g. Arakel 1986; Khalaf 1990; Spod and Wright 

1992). Whether formed by primary pedogenic processes or later groundwater 

modification, the presence of the basal Cedar Mountain calcrete indicates an arid to 

semiarid climate during the time of formation. The widespread distribution and robust 

nature of this calcrete horizon suggests that it formed at a time of little or no deposition in 



Figure 9. Fine grained interval in the Cedar Mountain Formation at l OD section 
displaying numerous nodular carbonate horizons in lower 2/3 of the outcrop. Mudstones 
in the upper 1/3 of the outcrop contain no nodular carbonate. 
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the study area. As such, this calcrete zone possibly represents a regional unconformity 

that developed following deposition of the Buckhom Conglomerate. 

The Cedar Mountain sediments lying above the calcrete are the deposits of a poorly 

drained, low relief, fluvial/lacustrine plain. Mudstone in the upper Cedar Mountain is 

interpreted as overbank sediment that accumulated on the alluvial plain during floods. 

The massive nature of the mudstones and the horizons of nodular carbonate indicate 

pedogenic reworking of overbank material. The thin micritic limestone beds within the 

unit are interpreted as shallow lacustrine deposits. The lenticular sandstone bodies are 

deposits of laterally stable fluvial channels. The lack of lateral accretion surfaces and the 

laterally discontinuous nature of the channel bodies suggest that the main form of channel 

migration was by avulsion. This and the vertically stacked nature of the channel forms, 

abundance of associated overbank material, and evidence of associated lacustrine 

environments, suggests that upper Cedar Mountain fluvial systems were anastomosing 

(e.g. Smith 1983). The general increase in channel size, decrease in carbonate nodules, 

and darker color of the mudstones near the top of the upper Cedar Mountain indicate that 

climate may have been more humid compared to conditions that existed during formation 

of the basal calcrete. 

Summary 

The Morrison Formation can be subdivided into three related facies assemblages. 

The first of these contains the Windy Hill, Hdwell, and lower Salt Wash Members. These 

units were deposited as shallow marine, tidal, lacustrine, fluvial, and eolian facies 

following retreat of Redwater Member marine depositional systems. The second 

assemblage consists of upper Salt Wash Member sandy and gravelly braided fluvial 
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facies, and lower Brushy Basin Member meandering fluvial facies. The upper Salt Wash 

records increased fluvial gradients and progradation of coarse grained material into the 

study area from the west The lower unit of the Brushy Basin Member represents 

decreasing fluvial gradients and floodplain stabilization that resulted in generation of well 

developed paleosols. The third Morrison assemblage is comprised of the anastomosea 

fluvial facies of the middle and upper units of the Brushy Basin Member. Smectitic 

mudstone and bentonite beds in the middle Brashy Basin indicate a probable volcanic 

source for much of the fine-grained sediment. The upper part of this assemblage shows 

evidence of sediment alteration and early diagenesis related to development of the 

regional K unconformity of Pipiringos and O'SuUivan (1978). 

The overlying Cedar Mountain Formation can be divided into two facies 

assemblages. The first of these consists of the Buckhom Conglomerate Member. The 

Buckhom was deposited by a northeast trending gravelly fluvial system that filled a 25 

km wide valley incised into the underlying Bmshy Basin Member. The upper parts of the 

Buckhom contains finer-grained sediments associated with the late stages of valley fill. 

The second facies assemblage consists of upper Cedar Mountain anastomosing fluvial 

and lacustrine facies. This assemblage is separated from the underlying Buckhom 

Conglomerate and Brushy Basin Member by an unconformity marked by a regionally 

extensive nodular to massive calcrete horizon. 

Sedimentary Petrology 

Methods 

Sixty-eight standard petrographic thin sections of Morrison and Cedar Mountain 

sandstone from the study area were point counted using both the 'traditional' and 'Gazzi-

Dickinson' methods (Ligersoll et al. 1984). A minimum of 450 grains per slide was 
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counted. Thin sections were stained for both potassium and plagioclase feldspars. 

Framework grains in Morrison and Cedar Mountain sandstones are composed primarily 

of monocrystalline and fine-grained lithic grains, so results of the two different point-

counting methods were almost identical. Because this investigation is concerned with 

sandstone provenance, point-count data have been recalculated according to the Gazzi-

Dickinson method (see discussion by Ingersoll et al. 1984). The point-counting 

parameters are listed in Table 2. 

TABLE 2. PETROGRAPfflC POINT COUNTING PARAMETERS. 

Symbol Definition 
Raw Parameters 
Qm monocrystalline quartz 
Qp polycrystalline quartz 
P plagioclase 
K potassium feldspar 
Lv volcanic rock fragments 
Ls fine grained sedimentary rock fragments 
C chert, including chalcedony 

Recalculated Parameters 
Q total quartzose grains (Qm+Qp+C) 
F total feldspar (P+K) 
L total unstable lithic grains (Lv+Ls) 
Li Lv+Ls+C-t-Qp 

Results 

Morrison and Cedar Mountain Formation sandstones contain quartz, feldspar, and 

various lithic grains. Quartz grains range from very fine to very coarse, and are 

primarily well roimded, nonundulose, and monocrystalline (Qm) in nature. Feldspar (F) 

is present as monocrystalline, coarse- to fine-sand grains that are moderately to well 

rounded. Potassium feldspar (K), including microcline and orthoclase, comprises the 
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majority of feldspar in most samples, although plagioclase (P) is abundant in some 

samples. The lithic (Lt) component of Morrison and Cedar Mountain sandstones consists 

primarily of chert (C) grains with lesser proportions of polycrystalline quartz (Qp) and 

volcanic lithic (Lv) grains. Volcanic lithic grains consist of altered vitric tuff fragments. 

In most grains, original textures have been altered to smectitic or illitic clays, but some 

exhibit vitric shards and remnant flow textures. Small feldspar phenocrysts, opaque 

microlites, euhedral biotite crystals, and aggregates of small quartz crystals are present in 

some Lv grains. Chert types include pure, spicular, fossiliferous, chalcedonic, and silty 

varieties. Qp grains are composed of very fine- to coarse-sand grains that contain 

polygonized, elongate and sutured crystals. 

Recalculated point-count data from the Morrison and Cedar Mountain Formations 

are listed in Table 2. Compositionally, these sandstones can be divided into three 

petrofacies: a lower Morrison petrofacies, and upper Morrison petrofacies, and a 

Buckhom/Cedar Mountain petrofacies. The lower Morrison petrofacies includes 

sandstones from the Windy Hill, Tidwell and lower Salt Wash Members; the upper 

Morrison petrofacies includes sandstones from the upper Salt Wash and Brushy Basin 

Members (Fig. lOA-B). 

The lower Morrison petrofacies has average framework compositions of %QFL = 

79,19,2; %QmFLt = 70,19,11; and %QmFC = 74,20,6. The average ratio of plagioclase 

to total feldspar is 0.41. Lithic components in lower Morrison sandstones consist of 

subequal proportions of chert and polycrystalline chert with lesser amounts of lithic 

volcanics (average %QpLvC = 34, 20,46). 

The upper Morrison petrofacies has average framework compositions of %QFL = 

92, 5, 3; %QmFLt = 54, 5,41; %QmFC = 59, 5, 36. The average ratio of plagioclase to 

total feldspar is 0.33. Lithic grains from the upper Morrison sandstones are dominated by 



TABLE 3. RECALCULATED POINT-COUNT DATA, MORRISON - CEDAR MTN. SANDSTONES 

Sample* Membert Q 

I^wer Morrison Petrofacies 

1RF0.6 wh 75.90 
IRF 1.3 wh 78.32 
IIP 3.2 w 72.32 
IRF 10.1 t 83.19 
IRF 15.5 t 75.71 
HP 6.8 t 72.12 
HP 12.5 t 76.35 
HP 13.2 si 88.33 
HP 20.5 si 89.86 
HP 32.4 si 70.60 
HP 36.2 si 69.62 
HP 37.0 si 79.78 
HP 38.9 si 69.33 
HP 49.4 si 78.93 
TCW 38.0 si 90.22 
1 DP 30.0 si 87.12 

Uooer Morrison Petrofacies 

IFD 70.0 su 94.22 
1RF41.0 su 89.58 
1RF41.1 su 93.67 
IRF 59.0 su 97.43 
IRF 81.9 su 92.43 
IRF 84.5 su 94.28 
HP 52.7 su 90.00 
HP 52.8 su 90.66 
HP 53.8 su 84.10 
HP 63.0 su 94.26 
HP 70.5 su 96.73 
IRF 102.5 bl 77.54 
IRF 110.0 hi 96,84 
TCV. 97.5 bl 85.33 
IRF 136.8 bm 82.70 
IRF 144.7 bm 78.20 
IRF 160.1 bm 82.73 
21P 156.5 bm 88.22 
ITD 179.0 bm 90.45 
ITO 179.9 bm 93.55 
TCW 155.0 bm 88.89 
RWI) M6,0 bm 93.56 

%QFL %QmFLt %QmFC 
P/P-^ F L Qm E U Qm F £ %Lv P/P-^ 

23.70 0.40 72.90 23.71 3.39 73.20 23.80 3.00 0.40 0,48 
21.02 0.66 74.78 21.02 4.20 75.79 21.30 2.91 0,66 0.44 
27.46 0.22 60.71 27.46 11.83 66.50 30.08 3.42 0.22 0.29 
13.90 2.91 74.67 13.90 11.43 81.22 15.12 3.66 2.91 0.47 
20.13 4.16 69.80 20.13 10,07 74.88 21.60 3.52 4,16 0.33 
27.65 0.23 66.60 27.65 5,75 69.52 28.86 1.62 0,22 0.38 
21.85 1.80 71.17 21.85 6.98 74.35 22.82 2.83 1.80 0.33 
7.49 4.18 70.04 7.49 22,47 78.91 8.44 12.65 4.19 0.59 
5.86 4.28 50.22 5.86 43.92 57.62 6.72 35.66 4.28 0.46 
26.73 2.67 65.03 26.73 8.24 68.87 28.30 2.83 2.67 0.37 
27.66 2.72 66.90 27.66 5.44 69.58 28.77 1.65 2,72 0.40 
18.44 1.78 74.89 18.44 6.67 79.29 19.53 1.18 1.78 0.55 
30.67 0.00 66.31 30,67 3.02 67.92 31.42 0.66 0.00 0.44 
19.96 1.11 76.71 19.96 3.33 77.93 20.27 1.80 1.11 0.48 
8.00 1.78 80.00 8.00 12.00 84.71 8.47 6.82 1,78 0.22 
10.44 2.44 72.45 10.44 17.11 77.25 11.14 11.61 2,44 0.26 

0.89 4.89 81.11 0.89 18,00 88.59 0.97 10.44 4,89 0.25 
5.76 4.66 69.63 5.76 24.61 77.92 6.45 15.63 4.66 0.27 
2.53 3.80 39.66 2.53 57.81 45.41 2,90 51.69 3.80 0,25 
0.21 2.36 25.70 0.21 74.09 28.17 0.23 71.60 2.36 0.00 
3.56 4.01 22.94 3.56 73.50 28.37 4.41 67.22 4,01 0.56 
0.88 4.84 27.69 0.88 71.43 31.97 1.02 67.01 4.84 0,25 
5.78 4,22 56.22 5.78 38.00 61.25 6.30 32.45 4,22 0,50 
8.43 0.91 55.81 8.43 35.76 69.02 10.42 20,56 0.91 0.41 
8.06 7.84 55.99 8.06 35.95 69.46 10,00 20.54 7.84 0.27 
3.31 2,43 55.41 3.31 41.28 66.75 3.99 29.26 2.43 0,40 
2.10 1,17 40.89 2.10 57.01 43,86 2.26 53.88 1.17 0.22 
20.08 2,38 73.43 20,09 6.48 76,75 20.99 2.26 2.38 0.41 
3,16 0,00 20.99 3.16 75.85 22.35 3.37 74,28 0.00 0.71 
12.89 1,78 74.67 12.89 12,44 81,16 14.01 4,83 1.78 0,26 
13.97 3,33 78.49 13.97 7.54 82,51 14.69 2.80 3,33 0.49 
17.75 4.05 70,12 17.75 12.13 76,10 19.27 4.63 4,04 0.42 
7.95 9.32 63,64 7,95 28,41 74,07 9.26 16.67 9,32 0.57 
6,00 5,78 72.67 6.00 21.33 79.95 6.60 13,45 0.00 0.30 
6.44 3,11 70.00 6.44 23,56 77,78 7.16 15.06 3.11 0,14 
1..56 4,89 .54,66 1,56 43,78 59,-56 1.70 38.74 4,89 0.00 
1,78 9.33 39.55 1,78 58,67 45,41 2.04 52,.55 9,33 0.25 
2,00 4.44 55,33 2,00 42.67 5 8,.59 2,12 39,29 4,44 0,33 



TABLE 3 (Continued). 

%QFL %QmFLl %QmFC 
Sample* Membert Q £ L Om E Ll Om £ C %Lv IVI'tK 

IFD 194.0 bu 94.23 3.33 2.44 74.00 3.33 22.67 77.99 3.51 18.50 2.44 0.07 
IFD 196.0 bu 95.55 3.56 0.89 61.33 3.56 35.11 63.74 3.70 32.56 0.89 0.00 
SC 22.0 bu 99.11 0.22 0.67 22.72 0.22 77.06 25.50 0.25 74.25 0.67 1.00 
ISR 1.6 bu 97.35 2.21 0.44 73.07 2.21 24.72 75.57 2.28 22.15 0.44 0.70 
IRF 190.0 bu 82.89 13.11 4.00 66.67 13.11 20.22 71.26 14.01 14.73 4.00 0.47 
ISM A 1.6 bu 96.66 1.11 2.23 23.39 1.11 75.50 25.80 1.23 72.97 2.23 0.40 
ISMA 14.5 bu 98.66 0.67 0.67 52.44 0.67 46.89 56.59 0.72 42.69 0.67 0.33 
ISM A 22.6 bu 96.44 3.56 0.00 78.88 3.56 17.56 81.24 3.66 15.10 0.00 0.44 
ISMA 30.4 bu 99.78 0.00 0.22 37.11 0.00 62.89 38.75 0.00 61.25 5.78 0.00 
ISMA 32.5 bu 99.33 0.00 0.67 47.78 0.00 52.22 52.18 0.00 47.82 0.22 0.00 
2IP 196.0 bu 99.56 0.22 0.22 15.11 0.22 84.67 16.31 0.24 83.45 5.78 0.00 
21P 202.5 bu 96.89 2.67 0.44 83.55 2.67 13.78 86.64 2.76 10.60 0.22 0.33 
UP 196.6 bu 95.99 2.23 1.78 37.86 2.23 59.91 42.07 2.48 55.45 1.78 0.60 

Cedar Mountain Petrofacies 

TCW 186.0 be 96.44 2.67 0.89 67.33 2.67 30.00 72.49 2.87 24.64 0.89 0.17 
IBC 152.0 be 98.89 1.11 0.00 85.78 1.11 13.11 86.93 1.13 11.94 0.00 1.00 
MHQ 136.2 be 90.67 5.33 4.00 54.45 5.33 40.22 60.19 5.90 33.91 4.00 0.83 
MHQ 150.0 be 99.34 0.22 0.44 64.89 0.22 34.89 68.55 0.23 31.22 0.44 0.00 
MHQ 154.0 be 99.34 0.22 0.44 31.78 0.22 68.00 34.46 0.24 65.30 0.44 0.00 
MHQ 164.5 be 96.65 2.90 0.45 80.81 2.90 16.29 84.58 3.04 12.38 0.45 0.23 
ISC 58.5 ue 97.68 1.16 1.16 36.43 1.16 62.41 40.26 1.28 58.46 1.16 0,00 
ISR 58.4 uc 90.61 8.95 0.44 86.90 8.95 4.15 88.84 9.15 2.01 0.44 0.66 
IRF 234.7 ue 86.27 11.33 2.40 73.64 11.33 15.03 77.52 11.93 10.55 2.40 0.33 
ISMA 43.9 ue 93.56 6.44 0.00 61.78 6.44 31.78 65.72 6.86 27.42 0.67 0.38 
2IP 238.5 uc 90.00 9.11 0.89 75.78 9.11 15.11 78.94 9.49 11.57 0.44 0.22 
2IP 242.0 uc 96.67 2.44 0.89 70.89 2.44 26.67 73.33 2.53 24.14 0.89 0.18 
IBC 183.9 uc 94.22 5.56 0.22 82.66 5.56 11.78 85.13 5.72 9.15 0.22 0.44 
MHQ 173.5 uc 96.22 3.78 0.00 85.55 3.78 10.67 87.70 3.87 8.43 0.00 0.12 
MHQ 187.0 ue 96.89 2.89 0.22 49.11 2.89 48.00 50.58 2.97 46.45 0.22 0.31 
lie 176.0 ue 99.33 0.67 0.00 75.55 0.67 23.78 81.73 0.72 17.55 0.00 0.67 
1 DP 187.0 uc 98.45 1.33 0.22 83.11 1.33 15.56 90.12 1.45 8.43 0.22 0.17 

* Sample labels indicate measured section locations (see Figure 1) and strutigraphic position above tlie base uf the section 

t Member abbreviations mc us follows: w-Windy Hill Mbr.; sl-lower Salt Wash Mbr.; su-upper Salt Wash Mbr.; bl-lower Brushy 
Basin Mbr.; bm-middle Brushy Basin Mbr.; bu-upper Brushy Basin Mbr.; bc-Buckhorn Conglomerate; uc-upper Cedar Mtn. 

Os 
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Qm 
Lower Morrison 

Petrofacies 
(Qm,F,Lt = 70,19,11) 

Buckhorn/Cedar 
Mountain Petrofacies 
(Qm, F, Lt = 69,4,27) 

Upper Morrison " 
Petrofacies 

(Qm,F,Lt = 54,5,41) 

. Buckhorn/Cedar 
Mountain Petrofacies 

(Qm, F, C = 72,4,24) Lower Morrison Petrofacies \\ 
(Qm, F, C = 74,20,6) \ 

J U[^r Morrison 
/ Petrofacies 

^ (Qm, F, C = 59,5,36) 

Figure 10. Ternary diagrams showing framework compositions of Morrison and Cedar 
Mountain sandstones in the study area. (A) QmFLt compositions of lower Morrison 
(squares) upper Morrison (circles) and Buckhom/Cedar Mountain (triangles) petrofacies 
Average QmFC plot for Morrison and Cedar Mountain Formation Sandstones showing 
the dominance of chert in the lithic grain proportions. Polygonal outlines represent the 
area within one standard deviation of the means. See Table 1 for definitions of 
parameters. 
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chert with the average C/Lt = 0.78. Sandstones from the upper Morrison petrofacies also 

contain the largest average percentage of lithic volcanic fragments found in the Morrison-

Cedar Mountain stratigraphic section with average %Lv/total framework grains = 3. 

The Buckhom/Cedar Moimtain petrofacies has average framework compositions of 

%QFL = 95,4, I; %QniFLt = 69,4, 27; and %QmFC = 72, 4,24. The average ratio of 

plagioclase to total feldspar is 0.34. Although similar, Buckhom/Cedar Mountain 

sandstones are distinguished from upper Morrison sandstone by their increased quartz 

and decreased feldspar, chert, and lithic volcanic contents. 

Provenance Interpretation 

Morrison sandstones lie within the 'continental block' and 'recycled orogen' 

provenance fields of Dickinson et al. (1983), whereas Cedar Mountain sandstones lie 

entirely within the recycled orogen field. The indication of both a continental block and 

recycled orogen provenance for Morrison sandstones suggests that there may be a 

possible mixture of source area rock types. The presence of potassium feldspar in both 

Morrison and Cedar Mountain sandstones indicates derivation from several possible 

sources, including Precambrian basement rocks, Mesozoic plutonic rocks, and reworked 

Mesozoic-Paleozoic arkosic sedimentary rocks. The high quartz content of these 

sandstones denotes a contribution of mature sediment from weathered basement rocks or 

reworked quartzose sandstones. The abundance of chert grains indicates weathering of 

supracrustal sedimentary rocks, whereas volcanic rock fragments suggest a magmatic 

arc-related source. 

Source area locations can be inferred through evaluation of Morrison-Cedar 

Mountain sediment dispersal pathways. Paleocurrent data from the Morrison in the study 

indicate sediment transport from a western source area, whereas Buckhom and Cedar 

Mountain detritus was transported from the southwest (Fig. 5). 
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In view of the paleocurrent data, a Precambrian basement source for quartz and 

feldspar in the Morrison and Cedar Mountain Formations is unlikely. Possible causes of 

early uplift in the Cordillera west of the study area could have involved thrusting, thermal 

related up warping, or subduction related generation of topography (Royse et al. 1975; 

Wiltschko and Dorr 1983; Heller and Paola 1989; Yonkee 1992; Coogan 1992; Lawton 

1994). All of these possible causes would have involved erosion of primarily supracrustal 

rocks. In addition, a Mesozoic plutonic source is also unlikely. Middle and Late Jurassic 

plutonic rocks that are found today in western Utah and eastern Nevada were probably 

not broadly unroofed during Morrison and Cedar Mountain deposition (e.g. DeCelles and 

Burden 1992; Hudec 1992). However, volcanic rocks related to these intrusive bodies 

may have supplied the volcanic lithic grains that are present in some Morrison and Cedar 

Mountain sandstones (DeCelles and Burden 1992). 

Morrison and Cedar Mountain strata were most likely derived from lower Mesozoic 

and Paleozoic sedimentary rocks located to the west and southwest of the study area. 

Likely sources of the abundant feldspar in lower Morrison sandstones include arkosic 

sedimentary rocks of the Pennsylvanian-Permian formations in northern Utah and 

southern Idaho (Allmendinger 1983), the Triassic Ankareh Formation, and Jurassic 

Nugget and Pruess Formations found today in the Idaho-Wyoming thrust belt (Sippel 

1982; DeCelles et al. 1992). The high quartz content of both Morrison and Cedar 

Mountain sandstones also could have been derived from these arkosic sedimentary rocks, 

as well as the Pennsylvanian Weber Formation and Oquirh Group, and lower Paleozoic 

and Proterozoic quartzites in northern and central Utah (Armstrong and Cressman 1963; 

Hintze 1988). Sources for the abundant chert grains in Morrison and Cedar Mountain 

sandstones can be found in Paleozoic chert-bearing sedimentary rocks of the Sevier thrust 

belt and the Cordilleran hinterland in Utah, Nevada, and Idaho (Peterson 1987; Yingling 
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1987; DeCelles and Burden 1992). Similar aged chert-bearing rocks also are abundant in 

the hinterland southwest of the study area, the inferred source area of the Buckhom 

Conglomerate (Stokes 1944; Yingling and Heller 1992). 

The unroofing sequence that would have resulted from erosion of these Mesozoic, 

Paleozoic, and Proterozoic source rocks generally fits vertical compositional trends found 

in Morrison and Cedar Mountain sandstones (Fig. 11). This sequence is similar to the 

unroofing sequence proposed by DeCelles and Burden (1992) for the Morrison and 

Cloverly Formations of central Wyoming. Initial erosion of Mesozoic ?jid upper 

Paleozoic arkosic sediments from source areas northwest of the study area would account 

for the high percentage of well-rounded feldspar grains in the lower Morrison petrofacies. 

Continued erosion and increasing dissection of imderlying Permian-Carboniferous chert-

bearing rocks would account for the increasing abundance of chert in upper Morrison 

sandstones. 

Although paleocurrent data indicate a shift in sediment dispersal pathways 

following Morrison deposition, the abundance of Upper Paleozoic chert in Buckhom 

sandstones and conglomerates suggests a similar unroofing history in source areas to the 

southwest. The decrease in chert and increase in quartz in upper Cedar Mountain 

sandstones may have resulted from continued erosion and decreased availability of Upper 

Paleozoic chert-bearing sediments and the initial exposure of Lower Paleozoic and 

Proterozoic quartzites in the source area. This hypothesis is supported by the presence of 

Lower Cambrian-Proterozoic quartzite clast in Lower Cretaceous conglomerates in 

central Utah, to the west of the present study area (DeCelles et al. 1995). 

An evaluation of the provenance data gives an indication as to the timing of 

initiation of thrusting in the central Cordillera. Earlier workers have suggested that the 

source for Late Jurassic and Early Cretaceous sediments in the western interior was 
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Figure 11. Generalized provenance map for the Morrison and Cedar Mountain formations 
in the study area. Arrows represent direction of sediment transport for the upper Morri
son and Buckhorn/Cedar Mountain Formation petrofacies determined by paleocurrent 
orientations. The column to the left of the map is a schematic representation of the 
stratigraphic section in the eastern Cordillera with the age of possible source lithologies 
for the Morrison and Cedar Mountain petrofacies bracketed by boxes representing each 
unit. Triangles indicate chert bearing lithologies; f represents feldspar bearing rocks ; v 
denotes volcanic sources for both coarse and fine-grained sediment in the Morrison and 
Cedar Mountain Formations. Note the progressive unroofing of the source area from 
lower Morrison through Cedar Mountain deposition. 
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associated with emplacement of the Paris-Willard thrust sheet in northern Utah and 

southeastern Idaho (Armstrong and Cressman 1963; Jordan 1981; Wiltschko and Dorr 

1983). This interpretation was based primarily on a correlation of the conglomerate at 

Red Mountain, Idaho with the lower part of the Lower Cretaceous Gannett Group in the 

Idaho-Wyoming thrust belt (Mansfield 1927; Armstrong and Cressman 1963). A detailed 

analysis by DeCelles et al. (1993) has shown that the conglomerate at Red Mountain is 

actually a local facies within the Aptian Bechler Foraiation, and was produced as a result 

of initial displacement on the Mead thrust and coeval uplift of the inactive Paris thrust 

sheet. The age of the Bechler suggests that the majority of the -60 km displacement on 

the Paris thrust (Coogan 1992) occurred prior to Aptian time. In addition, 40Ar/39Ar 

ages for sericite in syndeformational veins in the Willard thrust sheet in northem Utah 

indicate that motion on the Willard thrust occurred between 140-110 Ma (Yonkee 1990). 

Although this age postdates deposition of the majority of the Morrison Formation in the 

study area, the determined ages may be related to cooling during the later stages of 

emplacement of the Willard sheet or during initial Meade thrusting (W. A. Yonkee 1995. 

personal communication). This suggests that uplift and erosion of the Mesozoic and 

Paleozoic rocks in the hanging wall of the Willard sheet may have supplied Morrison 

detritus during the Late Jurassic. In addition, an older thrust terrane, the Hansel thrust 

sheet, was emplaced prior to WUlard thrusting (AUmendinger and Jordan 1981). The 

Hansel thrust also contains Mesozoic and Upper Paleozoic rocks that could have 

contributed most of the grain types in Morrison Formation sandstones and conglomerates 

(DeCelles and Burden 1992). 

Based on composition and direction of sediment transport, the Buckhom 

Conglomerate and upper Cedar Mountain Formation were most likely derived from 

Permian-Proterozoic source rocks located southwest of the study area. Likely source 



terranes include the Canyon Range and Pavant thrust sheets in central Utah, the San 

Francisco and Wah Wah Mountains thrust sheets in southwestern Utah, and in the Sevier 

belt of southeastern Nevada (Yingling and Heller 1992; Currie 1994, 1995). 

Although the Paleozoic-Proterozoic sedimentary section in the thrust belt could 

have supplied the majority of grains and clast types found in Buckhom and Cedar 

Mountain, Yingling and Heller (1992) indicated that the lack of a westward thickening 

correlative to the Buckhom Conglomerate indicates that thrusting in the Sevier Belt did 

not begin until deposition of the Cedar Mountain Formation. DeCelles et al. (1995) 

suggested that thrusting in the central Utah segment of the Sevier belt was initiated with 

displacement on the Canyon Range thrust during late Neocomian time. This is based on 

fossil age determinations from the Cedar Mountain Formation in the Gunnison Plateau 

region (Sprinkle, et al., in press). However, the basal conglomerate of the Cedar 

Mountain Formation along the west flank of the Wasatch Plateau contains Lower 

Cambrian-Proterozoic quartzite clasts (DeCelles et al. 1995). This suggests that the 

source area had been uplifted and unroofed deeply enough to expose the Lower Paleozoic 

section by Late Neocomian-Aptian time. Structural reconstruction of the Canyon Range 

thrust indicates that a minimum of 75-90 km of displacement was necessary by 

Neocomian-Aptian time to bring Lower Cambrian-Proterozoic rocks in the hanging wall 

to the surface to be eroded and incorporated as clasts in Cedar Mountain conglomerates 

(Coogan, et al. 1995). This amount of displacement suggests that thrusting in the central 

Sevier belt began much earlier than late Neocomian time, and was active during 

deposition of the Buckhom Conglomerate and the Morrison Formation. In addition, the 

fact that the upper Morrison and Buckhom-Cedar Mountain petrofacies are nearly 

identical (Fig. 10) indicates that source areas and perhaps uplift mechanisms were similar. 

This implies that if thmsting was the mechanism for derivation of Cedar Mountain 

detritus, it may also have been active during uplift of upper Morrison source areas. 
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Regional Correlations 

Figure 12 shows a generalized correlation between the western Wasatch Plateau 

and San Rafael Swell in central Utah and the study area. This correlation incorporates the 

author's unpublished stratigraphic data from the San Rafael Swell and Wasatch Plateau 

regions of central Utah. 

The Morrison Formation, Buckhom Conglomerate and Cedar Mountain Formation 

can be correlated from the study area to the San Rafael Swell region with a high level of 

confidence (Fig. 10). Evaluation of measured sections and comparison of paleocurrent 

data from the Morrison and Cedar Mountain of central Utah indicate depositional settings 

similar to those in northeastern Utah and northwestern Colorado. Chronostratigraphic 

data from the Morrison Formation between the Uinta Mountains region and central Utah 

indicate similar ages for the Tidwell (154.9 Ma, 154.8 Ma, respectively) and Brushy 

Basin Members (148.3 ± 0.7 Ma, 150.2 ± 0.5 Ma to 147.0 ± 1.0, respectively). In the 

Morrison, the only apparent difference between the two areas is that paleocurrent 

indicators in the Salt Wash and Brushy Basin Members in the San Rafael Swell region 

indicate a southwestern sediment source. As for the Buckhom Conglomerate and upper 

Cedar Mountain Formation, conglomerate clast composition and paleodispersal 

orientations in central Utah are similar to those found in the study area (e.g. Yingiing 

1987). 

Correlation of the Morrison and Cedar Mountain Formations west of the San Rafael 

Swell pose several problems. In the westem Wasatch Plateau and the Gunnison Plateau 

region, the Lower Cretaceous section consists of the Cedar Mountain and San Pitch 

Formations (Sprinkle, et al., in press). In this area, the San Pitch is differentiated from 

the Cedar Mountain Formation based on lithologic differences. The Cedar Mountain in 

the Wasatch/Gunnison Plateau region consists of variegated mudstone with abundant 

calcareous nodules similar to the Cedar Mountain Formation in the San Rafael Swell 
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Figure 12. Generalized regional correlation diagram of Upper Jurassic-Lower 
Cretaceous nonmarine rocks between the study area and the Wasatch Plateau in central 
Utah. Correlation between members and formations incorporates litho- and 
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Formations. Ages of formations and members are listed in Figure 2. 
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region (Sprinkle, et al., in press). The San Pitch Formation is coarser grained than the 

underljdng Cedar Mountain and contains interbedded conglomerate, sandstone and 

mudstone (Sprinkle, et al., in press). 

In the Wasatch/Gunnison Plateau region, the Cedar Mountain Formation rests 

unconformably on the Oxfordian Twist Gulch Formation (Willis 1986, Schwans 1988). 

The Morrison Formation and Buckhom Conglomerate are absent from this area (Stokes 

1972; Weiss and Roche 1988; Yingling and Heller 1992). Along the west flank of the 

Wasatch Plateau at Salina Canyon, the Cedar Mountain/San Pitch Formations consists of 

280 m of conglomerate, sandstone, and mudstone (Fig. 12). Weiss and Roche (1988), 

and Yingling and Heller (1992) correlated the Cedar Mountain/San Pitch Formations with 

the Cedar Mountain of the San Rafael Swell on the basis of lithologic similarity and 

fossil age assemblage. Based on fossil molluscs, leaf imprints and palynology, the Cedar 

Moimtain/San Pitch Formations in west-central Utah are Barremian-late Albian in age 

(Stuecheli 1984; Witkind et al. 1986; Sprinkle, et al., in press). This is similar to the late 

Neocomian-late Albian age of the Cedar Mountain Formation in eastern Utah (Katich 

1951; Craig 1981; Tschudy et al. 1984) 

The absence of the Morrison Formation and Buckhom Conglomerate can be 

attributed to both non-deposition and post-depositional erosion. Along the southwestern 

flank of the San Rafael Swell, both units rest directly on the Middle Jurassic Summerville 

Formation (Peterson 1988; Currie 1994), an eastern correlative to the Twist Gulch 

Formation. The Hdwell and Salt Wash Members are absent from this area, indicating that 

during the Late Jurassic, the Wasatch Plateau was at the western margin of the basin that 

was eventually filled by Morrison sediments. However a fluvial lag at the base of the 

Cedar Moimtain Formation at Salina Canyon contains cobble sized clasts of authigenic 

silica similar to beds in the Brushy Basin Member on the San Rafael Swell, suggesting 
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that the upper portions of the Morrison were deposited at this location, but were later 

removed by erosion prior to Cedar Mountain deposition. The cause of this erosion can 

only be inferred, but it may be related to uplift associated with thermal doming in the 

hinterland prior to Sevier thrusting (Yingling 1987; Heller and Paola 1989), isostatic 

uplift of the Cordilleran foreland during a period of Early Cretaceous tectonic quiescence 

(Heller and Paola 1989; Bjerrum and Dorsey 1995), subduction related dynamic plateau 

uplift (Lawton 1994), or migration of a flexural forebulge associated with eastward 

propagation of the thrust belt during the Early Cretaceous (Currie 1994) (see Discussion). 

Following this uplift, renewed basin subsidence allowed deposition of the Cedar 

Mountain Formation direcdy on the Twist Gulch Formation. 

Discussion 

The relationship between Late Jurassic-Early Cretaceous deposition in the western 

interior and development of the early Cordilleran basin is controversial. Because the 

Morrison Formation and Buckhom Conglomerate pinch out in central Utah, deposition of 

these units in a retroarc foreland basin setting has been challenged (Heller and Paola 

1989; Yingling and Heller 1992; Lawton 1994; Bjerrum and Dorsey 1995). Four possible 

basin types have been proposed to account for Morrison and Buckhom deposition. These 

include a nonmarine basin graded to a Late Jurassic-Early Cretaceous thermally or 

isostatically uplifted highland in the Sevier hinterland (Figs. 13A-13B; Yingling 1987; 

Heller and Paola 1989, Bjerrum and Dorsey 1995); a basin formed in response to 

subduction generated dynamic subsidence (Fig. 13A; Lawton 1994); a distal foreland 

setting associated with overfilling of a Middle Jurassic foreland basin (Fig. 13C; 

DeCelles and Burden 1992); and a back-bulge setting associated with continuous 

cratonward migration of flexural foreland basin features during Middle Jurassic through 

Early Cretaceous time (Fig. 13D; Currie 1994). 
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In considering which basin model is applicable to the Late Jurassic and earliest 

Cretaceous of the western interior, both the onlapping and erosional western pinchout of 

the Morrison Formation must be explained. For the thermal and isostatic uplift 

mechanisms to be responsible for this stratigraphic relationship, two phases of Late 

Jurassic-Early Cretaceous uplift are required in regions west of the Wasatch Plateau. An 

initial phase of uplift prior to Morrison deposition is necessary to account for the 

westward onlap of the formation, and a second, post-Morrison phase is required to 

produce the erosional truncation of the formation. Although this complex uplift history is 

possible, there is no evidence of a Late Jurassic-Early Cretaceous deformational hiatus 

that would be necessary to produce regional isostatic uplift of the Sevier hinterland 

(DeCelles and Currie 1996). In addition, there is no mechanism to accommodate 

sediment in the areas east of the uplift in the thermal or isostatic scenarios. 

The generation of dynamic topography associated with a shallowing angle of 

oceanic plate subduction is also an unlikely cause for the stratigraphic relationships 

observed in the Morrison Formation. Lawton (1994) called on the model proposed by 

Gumis (1992) to account for the depositional pinch out of the Morrison Formation, the 

asymmetric subsidence observed in the Middle Jurassic rocks of central Utah, and uphft 

of Paleozoic-Mesozoic source rocks in the Sevier hinterland. In Lawton's application of 

the model, a shallowing angle of Middle Jurassic oceanic plate subduction along the 

western margin of North America resulted in uplift of a broad plateau in the present day 

Sevier hinterland. This uplift was accompanied by asymmetric subsidence of a dynamic 

foreland in central Utah due to viscous flow in the mantle wedge. Continued shallowing 

of the subducting plate during the Late Jurassic resulted in uplift of the dynamic foreland 

and depositional offlap of the Morrison Formation in central Utah. 
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Although the model proposed by Gumis (1992) predicts subsidence of the dynamic 

foreland during a decrease in the angle of subduction, it does not generate synchronous 

uplift of a broad plateau that would serve as a sediment source area. Plateau uplift in the 

model occurs during the final stages of plate shallowing, when subsidence in the dynamic 

foreland ceases. In addition, the topography generated by this uplift is a result of 

inverting basin sediments initially deposited in the dynamically subsiding foreland. For 

this reason, it is imlikely that the uplift which exposed Paleozoic rocks in Cordilleran 

sediment source areas was caused by subducted slab effects. In addition, this uplift 

would also have to have been episodic to account for the erosional truncation of the upper 

Morrison Formation. Dynamic subsidence may have produced the accommodation that 

allowed Middle-Late Jurassic deposition across the region, but it cannot account for the 

uplift of the Cordilleran source areas. 

The overfilled foreland model of DeCelles and Burden (1992) also cannot 

completely explain the stratigraphic relationships observed in the Morrison Formation. In 

this model, both the Morrison and Buckhom should at some point thicken to the west. 

Although post-depositional erosion may account for thinning of the units, there is no 

mechanism in this model to account for the western stratigraphic onlap observed in the 

Morrison. 

Of the models above, the stratigraphic relationship observed in the westward 

pinchout of the Morrison Formation can be best explained by the cratonward migration of 

a flexural forebulge during the Late Jurassic and Early Cretaceous (e.g. DeCelles and 

Giles 1996). In this model, aspects of dynamic subsidence (Lawton 1994) and foreland 

overfilling (DeCelles and Burden 1992) are combined with flexural foreland basin 

features associated with early thrusting in the Cordillera. The initiation of thrusting in the 
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central Cordillera resulted in uplift and erosion of Mesozoic-Paleozoic rocks in Nevada 

and western Utah. The crustal loading that accompanied this thrusting led to development 

of a flexurally subsiding foredeep and uplifted forebulge (Fig. 13D). Between the 

forebulge and the undeformed craton a secondary back-bulge basin also developed. 

Initially, the Middle Jurassic rocks of the region were deposited in the back-bulge region 

prior to migration of the forebulge into central Utah. As the developing foreland became 

overfilled, sediment from the Cordillera was transported across the crest or around the 

southwest margin of the forebulge into the back-bulge region to the east. Insofar as the 

amount of flexural subsidence in the back-bulge region predicted by flexural models is 

very low (< 20 meters for normal crustal rigidities) deposition of the Middle Jurassic 

stratigraphic interval in central Utah may have been enhanced by dynamic subsidence 

(Lawton 1994; DeCelles and Currie 1996). 

As the forebulge migrated into central Utah during the Late Jurassic, the Tidwell 

and Salt Wash members of the Morrison were deposited primarily in the back-bulge 

region. Subsequent deposition of the Brushy Basin Member resulted in onlap of the 

uplifted forebulge from the east (Currie 1994). Following Morrison deposition, 

continued eastward migration of the forebulge produced uplift and erosion of the 

Morrison Formation west of the San Rafael Swell, and the unconformity at the top of the 

Morrison and Buckhom Conglomerate in eastern and central Utah. During Early 

Cretaceous deposition of the Cedar Mountain Formation, the forebulge was located in 

eastern Utah and western Colorado (Currie 1995). Contemporaneously, the Cedar 

Mountain Formation in central Utah was deposited within the flexurally subsiding 

foredeep depozone of the foreland basin, while overfilling of the foredeep produced 

depositional onlap of the forebulge in northeastern Utah and northwestern Colorado 

(Currie 1995). 
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The possible presence of a flexural forebulge in central Utah during the Late 

Jurassic implies the existence of a flexural foredeep in west-central Utah during the Late 

Jurassic. Although no Upper Jurassic foredeep deposits are preserved in west-central 

Utah, structural reconstructions of the Sevier belt indicate that >4 km of Upper Jurassic-

Lower Cretaceous sediment could have been eroded from this area as a result of Late 

Cretaceous thrust-related uplift (Royse 1993). Active Late Jurassic thrusting in the central 

Cordillera is supported by reconstructions of the Canyon Range thrust sheet that indicate 

>75 km of pre-Aptian displacement in west central Utah, as well as pre-140 Ma 

emplacement of the Hansel sheet in northern Utah. Active Late Jurassic thrusting is also 

supported by isotopic dating of dikes that cross-cut the Clark Mountain thrust system in 

southern Nevada and southeastern California indicating a 144 Ma age of thrusting 

(Walker et al. 1995). 

Fluctuations in basin accommodation and sediment supply that would have 

accompanied the migration of flexural foreland basin features across Utah during the Late 

Jurassic and Early Cretaceous can be observed in variations of Morrison and Cedar 

Mountain depositional systems (Currie 1993). Initial deposition of the lower Morrison 

Formation (Windy Hill, Hdwell and lower Salt Wash Members) occurred as a result of 

eastward progradation of marginal and nonmarine depositional systems into the back-

bulge depozone during Oxfordian retreat of the Sundance-Stiunp sea (Fig. 14-A). 

Deposition of lower Morrison fluvial fades signifies overfilling of the Late Jurassic 

foredeep depozone in central Utah and the initial introduction of sediment derived from 

upper Paleozoic chert bearing lithologies of the thrust belt to the study area. 

Late Oxfordian through Kimmeridgian deposition of the lower Morrison was 

followed by early Tithonian deposition of upper Salt Wash Member sandstones and 

conglomerates. This deposition was associated with a decrease in basin accommodation 
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Fig. 14. Generalized cross-section of the Morrison and Cedar Mountain Formations in the 
study area taken from Figure 3. Letters indicate sequence of related facies assemblages 
deposited in response to fluctuations in basin accommodation and sediment supply (see 
discussion). 
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development that may have been related to depositional filling of the back-bulge region 

(Fig. 14-B). Following Salt Wash deposition, lower Brushy Basin Member fluvial 

systems underwent a transition from braided to meandering channel morphologies (Fig. 

14-C). The apparent accommodation increase associated with this change may have been 

associated with the eastward migration of the back-bulge basin depositional axis as well 

as the influx of abundant fine grained material in the form of volcanic air-fall. The end 

result of this transition was the establishment of Brushy Basin anastomosing fluvial 

systems during late Hthonian to early Neocomian (?) time (Fig. 14-D). Depositional 

filling of the Late Jurassic-Early Cretaceous back-bulge depozone produced west-

directed onlap of the forebulge located in central Utah (Currie 1994). 

The upper part of the Morrison Formation west of the San Rafael Swell was 

uplifted and eroded as the forebulge migrated to the east. In northeast Utah and northwest 

Colorado, this period was marked by decreased basin accommodation and a 

reorganization of regional drainage patterns. This combination resulted in incision of 

upper Morrison sediments by the northeast flowing Buckhom fluvial system. A regional 

unconformity developed as a result of sediment bypass and non-deposition outside the 

major incised drainage. At that time areas adjacent to the incised fluvial valley were 

subjected to intense weathering that resulted in bleaching and alteration of upper 

Morrison sediments (Fig. 14-E). Increasing basin accommodation development during 

late Neocomian-Aptian time allowed valley fill deposition of the Buckhom Conglomerate 

and overlying sandstones (Fig. 14-F). This may have been accomplished by a decrease in 

stream discharge and sediment transport capacity associated with return of a semiarid or 

seasonal climatic conditions (e.g. Lane 1955; Bull 1991). 

After the Buckhom fluvial valley was filled, continued eastward migration of the 

thrust belt resulted in flexural foreland basin subsidence in areas previously occupied by 
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the Late Jurassic forebulge (Currie 1994). During that time, uplift of the forebulge in the 

study area and the development of underfilled foreland basin conditions cut off sediment 

supply to the study area. The resulting unconformity allowed thick calcrete deposits to 

form on the filled Buckhom valley surface and above previously exposed sediments 

adjacent to the valley margins (Fig. 14-G). Following calcrete formation, overfilling of 

the foredeep resulted in progradational onlap of Cedar Mountain fluvial systems onto the 

forebulge in northeast Utah and northwest Colorado (Fig. 14-H). The accommodation 

increase associated with this onlap may have been enhanced by an overall base level 

increase associated with rising sea level and flooding of the western interior seaway 

during late Aptian and early Albian time. 

Conclusions 

1. Based on isotopic and palynologic dating of rocks in the in the study area and 

regional litho- and chronostratigraphic correlations, the Morrison Formation was 

deposited between Oxfordian and early Neocomian time. Similar correlations indicate the 

Cedar Mountain Formation was deposited during Aptian-Albian time. Although no 

independent age determinations have been obtained from the Buckhom Conglomerate 

Member, the age of bounding units suggest deposition during mid- to late Neocomian 

lime. 

2. The lower Morrison Formation consists of marginal and nonmarine facies that were 

deposited during Oxfordian-Kimmeridgian retreat of shallow marine deposystems. 

Upper portions of the Morrison are entirely nonmarine and contain braided, meandering 

and anastomosing fluvial facies, as well as lacustrine deposits. The Cedar Mountain 

Formation contains gravelly braided fluvial facies of the Buckhom Conglomerate that are 

overlain by anastomosing fluvial channels and associated lacustrine facies. 
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3. Morrison and Cedar Mountain sandstones contain quartz, feldspar, chert and 

volcanic lithic grains. Paleocurrent and petrologic data indicate that sources for these 

sandstones were lower Mesozoic, Paleozoic, and Proterozoic sedimentary rocks of the 

Cordillera west of the study area. The progressive unroofing of the source area indicated 

by Morrison and Cedar Mountain sandstone compositions indicate that Cordilleran 

thrusting was active throughout Late Jurassic and Early Cretaceous time. 

4. Deposition of the Morrison and Cedar Mountain Formations in the study area was 

related to interactions between basin accommodation development, sediment supply, and 

migration of flexural foreland basin system features during the Late Jurassic and Early 

Cretaceous. The Morrison and Buckhom Conglomerate were deposited in a back-bulge 

setting east of a flexural forebulge located in central Utah. The unconformity that is 

represented by the calcrete zone at the base of the upper Cedar Mountain Formation 

formed as a result of forebulge migration into eastem Utah during the Early Cretaceous. 

Deposition of the upper Cedar Mountain in the study area occurred as the Early 

Cretaceous foredeep became overfilled and onlapped the uplifted forebulge. 
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APPENDIX B: 

SEQUENCE STRATIGRAPHY OF NONMARINE JURASSIC-CRETACEOUS 
ROCKS, CENTRAL CORDILLERAN FORELAND-BASIN SYSTEM 

Abstract 

An analysis of the Upper Jurassic-Lower Cretaceous Morrison and Cedar Mountain 

Formations of Utah and Colorado has resulted in a general sequence-stratigraphic model 

for nonmarine rocks. In this model, nonmarine deposition is governed by changes in 

basin accommodation development, and corresponding shifts in depositional base level. 

These fluctuations result in deposition of systematically varying facies and architectural 

elements that allow nonmarine depositional sequences to be recognized. Internally, 

nonmarine depositional sequences comprise three systems tracts, degradational, 

transitional and aggradational, which are analogous to the lowstand, transgressive, and 

highstand systems tracts of marine depositional sequences. Degradational systems tracts 

overlie sequence bounding unconformities and consist of relatively coarse-grained, low 

sinuosity fluvial deposits that are either contained within incised valleys or deposited as 

widespread, thin sheets above shallow erosion surfaces. Transitional systems tracts 

represent an increase in basin accommodation development following degradational 

systems tract deposition. They are marked by the transition from laterally continuous, 

low sinuosity fluvial channel sandstones and conglomerates to lenticular and ribbon-like, 

meandering and anastomosing channel sandstones. Aggradational systems tracts are 

characterized by meandering-anastomosing channel sandstones and abundant fine

grained overbank and lacustrine deposits. 

The Upper Jurassic-Lower Cretaceous nonmarine rocks of the study area contain 

three depositional sequences. The first of these, the UJ-1 sequence, consists primarily of 

an aggradational systems tract overlain by a sequence-bounding unconformity. However, 
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the lower parts of this sequence are uansitional with older marine rocks and can be 

considered the late stages of a marine highstand systems tract. The upper Morrison 

sequence (UJ-2) consists of degradational, transitional, and aggradational systems tracts. 

Lying above the UJ-2 sequence is a sequence-boimding unconformity and degradational 

and transitional systems tracts of the LK-1 sequence represented by the Buckhom 

Conglomerate. The Buckhom is overlain by a sequence-bounding unconformity and 

transitional/aggradational systems tracts of the LK-2 sequence that is comprised of the 

upper part of the Cedar Moimtain Formation. The Upper Jurassic-Lower Cretaceous 

sequences in Utah and Colorado can be traced regionally and correlated with nonmarine 

depositional sequences in central Utah, and sequences that contain nonmarine, 

transitional and marine rocks in central Wyoming. These sequences were deposited in the 

back-bulge, forebulge and distal foredeep depozones of the Late Jurassic-Early 

Cretaceous foreland-basin system. 

Introduction 

Since its inception, sequence-stratigraphic analysis has become a valuable tool for 

interpreting extrinsic controls on, and correlating marine strata in sedimentary basins 

(e.g., Vail et al., 1977; Van Wagoner et al., 1988; Baum and Vail, 1988). Based on studies 

of marine rocks, sequence-stratigraphic concepts recently have been proposed for, and 

applied to, fluvial-dominated, nonmarine basins (e.g., Posamentier and Allen, 1993, 

Wright and Mariott, 1993; Shanley and McCabe, 1991, 1994; Olsen et al., 1995). 

Although these models have established a framework for expected stratigraphic 

relationships in alluvial depositional sequences, field documentation of nonmarine 

depositional sequences, their boimding surfaces, internal architecture, and related systems 

tracts, remains sparse. 
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One of the basic tenets of sequence stratigraphy is that depositional sequences are 

deposited in response to changes in the magnitude and rate of accommodation 

development (Posamentier et al., 1988). In fluvial-dominated nonmarine systems, the 

development of accommodation (or space for potential sediment accumulation ) is 

governed by the equilibrium stream profile and base level, to which the profile ultimately 

is graded (e.g. Mackin, 1948; Shanley and McCabe, 1991). Fluctuations in base-level, 

such as a rise or lov oring of relative sea-level, can cause readjustment of fluvial 

equilibrium profiles and an increase or decrease in nonmarine accommodation (Fig. 1; 

Posamentier and Vail, 1988; Miall, 1991; Shanley and McCabe, 1994). However, 

variations in sediment supply, stream discharge, or intra-basin tectonism may also result 

in the readjustment of fluvial equilibrium profiles and the creation or destruction of 

accommodation (e.g.. Lane, 1955; Bull, 1991; Blimi, 1992; Posamentier and James, 

1993). 

Variations in the amount and rate of accommodation development may result in 

deposition of systematically varying facies assemblages with distinctive architectural 

relationships (Shanley and McCabe, 1991, 1994; Wright and Marriott, 1993; Olsen et al.. 

1995). Identification of these assemblages, their related architectural elements, and 

bounding unconformities allows nonmarine depositional sequences and their internal 

systems tracts to be recognized. Such recognition permits prediction and regional 

correlation of genetically related packages of rocks based on sequence position and 

organization, even if the rocks contain limited chronostratigraphic control. This, in turn, 

may allow reconstruction of basin deposystems through time, and assist in identifying 

factors that influenced basin development. 

Throughout the western interior United States, Upper Jurassic-Lower Cretaceous 

strata are characterized by alternation of coarse grained, low sinuosity fluvial deposits 



a 

BASE LEVEL 1 

b 
Increased Accommodation 

Figure 1. The effects on nonmarine accommodation due to changes in base level. a) 
lowering of base level from 1 to 2 results in reduction in accommodation and incision of 
the preexisting fluvial equilibrium profile. b) Increased fluvial accommodation due to a 
rise in base level. Note that variations in sediment supply, stream discharge, or intra
basin tectonism may also result in the readjustment of fluvial equilibrium profiles and 
increase or reduce nonmarine accommodation . Modified from Posamentier and Vail 
(1988) and Shanley and McCabe (1994). 
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and fine grained, high sinuosity/anastomosing fluvial and lacustrine deposits. This 

stratigraphic relationship and the widespread distribution of these rocks make them a 

prime candidate for sequence-stratigraphic interpretation. Using sequence-stratigraphic 

concepts, four depositional sequences have been identified in the Jurassic-Cretaceous 

nonmarine rocks of the central Cordilleran foreland-basin system in Utah, Wyoming and 

Colorado. These sequences are recognized based on changes in depositional architecture 

and the presence of regional unconformities. Deposition of these sequences can be 

directly tied to the evolution and migration of individual foreland-basin system 

depozones through time (DeCelles and Currie, 1996; Currie, 1998). 

The purpose of this paper is to present a general sequence-stratigraphic paradigm 

for nonmarine rocks that is based on fluctuations in basin acconimodation. After 

describing the model and its application in nonmarine foreland-basin systems, the Upper 

Jurassic-Lower Cretaceous nonmarine rocks of the northeastern Utah and northwestern 

Colorado are analyzed and changes in depositional architecture are placed in a sequence-

stratigraphic framework. Based on the sequence-stratigraphic model, a regional 

correlation of the Upper Jurassic-Lower Cretaceous nonmarine rocks of the Western 

Interior is presented, and the relationship between accommodation development and 

evolution of Late Jurassic and Early Cretaceous Cordilleran foreland-basin system 

depozones is discussed. 

Sequence-Stratigraphic Model for Alluvial Strata 

The sequence-stratigraphic model utilized in this study is based on changes in the 

magnitude and rate of basin acconunodation development in fluvial-dominated 

nonmarine basins. Because numerous factors can influence the creation or destruction of 

accommodation within a basin (i.e., eustacy, tectonics, sediment supply, and climate), the 
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particular controls on the development of space for potential sediment accumulation are 

not specified. In general, however, a drop in relative sea level, an increase in fluvial 

discharge, tectonic uplift within the basin, or a decrease in sediment supply will cause a 

downward shift of graded fluvial profiles, and an overall decrease in basin 

accommodation (Posamentier and Vail, 1988; Bull, 1991; Blum, 1992; Shanley and 

McCabe, 1994). As fluvial systems attempt to re-establish their equilibrium profiles, 

sediment bypass and stream incision may occur (Mackin, 1948; Leopold and Bull, 1979). 

An upward shift in equilibrium fluvial profiles, due to a rise in relative sea level, 

decreasing discharge, basin subsidence, or increased sediment supply, will generate space 

for potential sediment accumulation (Posamentier and Vail, 1988; Bull, 1991; 

Posamentier and Allen, 1993; Shanley and McCabe, 1994). This will be manifested by 

an increase in chaimel and flood-plain aggradation as fluvial systems deposit sediment to 

maintain or reestablish a graded profile (Mackin, 1948; Leopold and Bull, 1979). 

During periods of reduced accommodation, sediment by-passing and valley incision 

may erode the pre-existing flood plain and drastically reduce sediment accumulation in 

the basin (Posamentier and Vail, 1988). Associated with accommodation reductions may 

be an increase in stream power (due to an increase in slope or discharge) and the ability 

of fluvial systems to transport coarse-grained sediment (Bagnold, 1977; Leopold and 

Bull, 1979). This may be accompanied by a transition to low sinuosityA)raided channel 

morphologies as fluvial systems adjust to increased slope, proportion of bedload 

transport, or discharge variations (Schumm, 1981; Ferguson, 1987; Orton and Reading, 

1993). Low aggradation rates may also promote extensive reworking of fine-grained 

overbank material due to lateral channel migration or avulsion (Posamentier and Vail, 

1988; Holbrook, 1996). As a result, fluvial sediments deposited during low rates of 

accommodation development may be dominated by relatively coarse-grained channel 



bodies that are thin but laterally widespread (Wright and Marriott, 1993). If valley 

incision occurs during these periods, associated fluvial deposits should be restricted to 

paleovalleys (Wright and Marriott, 1993; Shanley and McCabe, 1994). 

The factors producing an increase in accommodation may result in a reduction in 

stream power and proportion of transported bedload and facilitate a change from low 

sinuosity/braided to high sinuosity/anastomosing channel morphologies (Schumm, 1981 

Ferguson, 1987; Orton and Reading, 1993). This may result in stabilization of the flood 

plain, decreased rates of lateral chaimel migration, and preservation of increasing 

amounts of fine grained material. (Posamentier and Vail, 1988; Shanley and McCabe, 

1991). High rates of aggradation will produce channel sandstones that are isolated both 

vertically and laterally by fine-grained overbank material (e.g. Allen, 1978; Bridge and 

Leeder, 1979). During the latest stages of an overall period of accommodation increase, 

decreasing fluvial aggradation will produce increasingly amalgamated fluvial channels 

and a transition from isolated to more laterally continuous channel forms (Wright and 

Marriott, 1993; Shanley and McCabe, 1994). 

These facies assemblages can be described in sequence-stratigraphic terms as 

degradational, transitional, and aggradational systems tracts, each respectively related to 

increasing rates of accommodation development. The new terms are contrasted with the 

terms lowstand, transgressive, and highstand used in marine sequence stratigraphy 

because architectural and deposystem characteristics in nonmarine basins are not 

necessarily related to fluctuations in eustatic or relative sea-level, only increasing or 

decreasing amounts and rates of accommodation development within a basin. As stated 

earlier, overall, variations in nonmarine accommodation may be influenced by tectonics, 

climate, and sediment supply in addition to eustacy. As noted by Shanley and McCabe 

(1994), it may be impossible to correlate corresponding systems tracts in coeval 
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nonmarine and marine settings in areas where the nonmarine/marine transition is not 

preserved or exposed. This does not affect the utility of classifying architectural changes 

in alluvial stratigraphic sequences in terms of systems tracts. As will be shown below. 

this scheme allows regional stratigraphic correlations and architectural predictions. 

The architectural elements associated with degradational, transitional, and 

aggradational systems tracts are shown in Figure 2. The degradational systems tract is 

shown at time 1. During the highest rates of accommodation decrease, a drop in the 

graded stream profile may result in sediment bypass, widespread flood-plain erosion, and 

stream incision (Posamentier and Vail, 1988). Following the initial phases of erosion, 

fluvial systems deposit coarse-grained sediment in low sinuosity/braided fluvial channels 

within the valley (Wright and Marriott, 1993; Shanley and McCabe, 1994; Olsen et al., 

1995). The unconforaiity associated with the development of a degradational systems 

tract may permit well-developed paleosol zonation (Wright and Marriott, 1993) and 

diagenetic alteration of pre-existing alluvial sediments in interfluve areas. 

At time 2, an increase in basin accommodation development marks the beginning of 

transitional systems ttact deposition. As rates of accommodation increase, fluvial 

aggradation fills the valley. Decreasing stream power accompanying this filling may 

result in deposition of finer-grained channel sandstones and increasing amounts of 

overbank material (Wright and Marriott, 1993; Shanley and McCabe, 1994). Once the 

valley is filled, deposition occurs above the imconformity surface on the pre-existing 

interfluve flood plain (Posamentier and Vail, 1988). In addition, floodplain stabilization 

that accompanies this change may residt in preservation of thin paleosols (Wright and 

Marriott, 1993). 

The aggradational systems tract is shown at time 3. During the highest rates of 

accommodation development within the basin, increased vertical aggradation results in 



TIME 3: Aggradational Systems Tract 

TIME 2: Transitional Systems Tract 

TIME 1: Degradational Systems Tract 

TIME 0: Initial Pluvial Architecture 
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~ conglomerate • mudstone 

Figure 2. The fluvial architectural response to changes in basin accommodation and 
corresponding systems tracts. See text for explanation. Time 0- Initial fluvial 
architecture consists of coarse-grained, laterally discontinuous channels. Time 1-
Degradational Systems Tract; coarse-grained fluvial sediment is deposited within incised 
valley margins, while pre-existing floodplain sediments are subjected to paleosol 
formation or early diagenetic alteration. Time 2- Transitional Systems Tract; increased 
accommodation results in decreased fluvial gradients and aggradation of the incised 
valley. Time 3- Aggradational Systems Tract; continued accommodation development 
results in deposition of laterally discontinuous channel sandstones and abundant fine
grained overbank sediments. Time 4- Late Aggradational Systems Tract showing 
increase in channel density and amalgamation. Modified from Shanley and McCabe 
(1994), and Wright and Marriott (1993). 
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deposition of laterally discontinuous (meandering-anastomosing) channel sandstones and 

abundant fine-grained overbank and lacustrine sediments (Shanley and McCabe, 1991. 

1994; Wright and Marriott, 1993; Olsen et al., 1995). 

At time 4, as rates of accommodation development decrease, aggradation slows and 

channel bodies become increasingly amalgamated (Wright and Marriott, 1993; Olsen et 

al., 1995). Preserved overbank sediments may display increasingly mature paleosols as 

flood-plain aggradation decreases. A summary of the nonmarine systems tracts including 

accommodation trends, depositional responses, and internal architectural elements, is 

listed in Table 1. 

Overall, increasing rates of basin accommodation development are represented by a 

higher proportion of preserved overbank material and decreasing amounts of fluvial 

channel sandstone interconnectedness. This trend is supported by modeling results that 

predict increasing amounts of fine-grained overbank preservation with increased rates of 

fluvial aggradation (Leeder, 1978; Allen, 1978; Bridge and Leeder, 1979). The 

assumption behind these models is that channel avulsion frequency is random and 

independent of sedimentation rate. However, increased sedimentation rates associated 

with an accommodation increase may promote more rapid rates of channel avulsion and a 

higher proportion of channel interconnectedness (Heller and Paola, 1996). Analysis of 

associated architectural elements (such as the maturity of flood plain paleosols, changes 

in fluvial channel morphology, and the presence or absence of unconformities), may 

allow the actual ties between aggradation rates and fluvial architecture to be determined. 



TABLE 1 • GENERALIZED NONM ARINE SYSTEMS TRACT CHARACTERISTICS 

Systems trad Grain Size Architectural Elements 

Degradational -coarse grained -incised valleys 

-laterally continuous 

channel forms 

Transitional -coarse to Tme grained -transition from laterally 

continuous to isolated 

channel forms 

Aggradational -dominantly fine grained 
with coarse grained 
fluvial channels 

-lenticular, isolated 
channcl forms 

-late stage increase in channel 

frequency and amalgamation 

Fades 

•braided channel sandstones/conglomerates 

•thick paleosol zonation adjacent to 

valley margins 

•transition from braided to meandering 

channel sandstones 

•increasing preservation of overbank 

sediment and thin paleosols 

-abundant fine grained overbank 
and lacustrine fades 

-anastomosing channel sandstones and 

conglomerates 

-late stage U'ansition to braided 

channel sandstones and conglomerates 
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Sequence-Bounding Unconformities 

One of the keys to interpreting the architectural assemblages related to alluvial 

depositional sequences is recognizing sequence bounding unconformities. In general, 

three types of imconformities exist: A type 1 unconformity develops during major 

reductions in basin accommodation; a type 2 unconformity is associated with a minor 

decrease in accommodation within the basin; a type 3 unconformity forms due to 

localized or subregional uplift within the basin (Posamentier and Vail, 1988) (Fig. 3). 

A type 1 sequence bounding unconformity will develop if the amount of 

accommodation reduction is relatively large (Fig. 3a). Erosion during the development of 

a type 1 unconformity is characterized by valley incision and concentration of through 

going fluvial systems within valley margins. The preexisting alluvial surface is 

abandoned, producing widespread, well developed paleosols outside valley margins. 

A type 2 unconformity can be thought of as a continuation of the architectural 

trends that occur during the late stages of aggradational systems tract deposition. During 

the late-stage deposition of an aggradational systems tract, reduced accommodation 

development produces an upsection increase in fluvial channel body amalgamation (Fig. 

3b, Time 0). In terms of fluvial facies architecture, channel bodies are more laterally 

continuous and are separated vertically by lesser amoimts of fine-grained overbank 

sediment (Wright and Marriott, 1993; Olsen et al., 1995). A minor decrease in 

accommodation following deposition of the late-stage aggradational systems tract may 

result in widespread, shallow erosion of the preexisting depositional profile. However 

the decrease may not be great enough to produce valley incision (Fig. 3b, Time 1). The 

degradational systems tract following this type of unconformity would consist of a 

widespread, thin accumulation of coarse-grained sediment resting above late-stage 

aggradational facies. 
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Figure 3. Sequence-bounding unconformities. a) Type 1. Severe reduction in 
accommodation causes valley incision and pedogenic alteration of preexisting floodplain. 
b) Type 2. Minor accommodation decrease produces widespread coarse-grained deposits, 
limited valley incision and poorly developed soil and alteration horizons. c) Type 3. 
Uplift of the basin at rates greater than rates of fluvial incision causes abandonment of the 
preexisting floodplain. If erosion of uplifted areas is minor, soil formation and alteration 
can occur. When accommodation development in the basin resumes, overlying sediments 
may onlap the topographic high produced by the uplift. Lithologic patterns the same as 
Figure 2. 
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A type 3 unconformity develops in response to abandonment of the preexisting 

alluvial surface due to localized or sub-regional uplift of the basin floor. Because of the 

sensitivity of fluvial systems to minor adjustments in basin relief, the initiation of 

intrabasinal uplift may cause preexisting depositional sequences to be rapidly abandoned. 

In addition, erosion of the uplifted areas may cause tnmcation of underlying depositional 

sequences. These factors may cause aggradational systems tracts underlying a type 3 

unconformity to be incomplete or missing entirely. During development of type 3 

unconformities, uplifted areas of the basin may also undergo extensive pedogenesis. If 

the uplifted area of the basin is not beveled to horizontal by erosion, alluvial deposits of 

the next depositional sequence may onlap the unconformity surface (Fig. 3c). 

In general, both type 1 and type 2 unconformities are identified by an overall 

increase in the caliber of sediment deposited directly above the unconformity surface. 

However, the initial sediment deposited above the unconformity may be dominantly fine

grained, if coarse-grained detritus is absent in the basin. Similarly, a type 3 unconformity 

that is progressively onlapped by fine-grained alluvial deposits may lack coarse-grained 

deposits direcdy above the unconformity surface. In the case where overlying coarse

grained degradational and transitional systems tracts are absent, an unconformity may be 

recognized by the erosional truncation of stratigraphic imits, widespread, well developed 

pedogenesis and early diagenetic alteration not associated with valley incision, or large 

gaps in the chrono- or biostratigraphic record. 

Foreland-Basin System Sequence Stratigraphy 

Although the above sequence-stratigraphic model can be applied to nonmarine 

basins regardless of tectonic setting, expected changes in accommodation associated with 

development of foreland-basin systems through time requires special consideration. A 
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foreland-basin system is a zone of potential sediment accommodation that develops in the 

foreland of a contractional orogenic belt (e.g. Price, 1973; Dickinson, 1974; Jordan, 

1981; Beaumont, 1981). Foreland-basin systems contain four depozones that form due to 

the flexural and structural response to thrust-loading in the orogenic belt (DeCelles and 

Giles, 1996). These depozones are referred to as wedge-top, foredeep, forebulge and 

back-bulge and occupy the area between the thrust belt and the undeformed craton (Fig. 

4) (DeCelles and Giles, 1996). 

Sediment accommodation in foreland-basin systems is produced primarily by 

flexural subsidence due to thrust loading in the orogenic wedge. However, in retro-arc 

foreland basin settings, farfield, subduction-related dynamic subsidence may significantly 

contribute to accommodation development (e.g. Mitrovica et al., 1989; Gumis, 1992). In 

addition to these tectonic controls, eustacy, climate, and sediment supply can also 

influence accommodation in foreland-basin system depozones (Remings and Jordan, 

1989; DeCelles and Giles, 1996). 

In terms of the nonmarine sequence-stratigraphic model presented above, 

degradational, transitional and aggradational systems tracts can exist in all foreland-basin 

system depozones, although system-tract thickness and distribution may vary. In the 

wedge-top depozone, sediment accumulates on top of the frontal part of the thrust belt. 

Accommodation in this depozone results from the competing influences of thrust-load-

driven flexural subsidence and structural uplift of the orogenic wedge (DeCelles and 

Giles, 1996). The wedge-top is characterized by an abundance of coarse sediment, and 

regional thinning of wedge-top strata toward the hinterland (DeCelles and Giles, 1996). 

Because sediment accumulation in the wedge-top depozone occurs in an area of active 

folding and thrust fault-related uplift, it is commonly an area of sediment bypass and 

unconformity development (type 1, 2 and 3) (Verges and Munoz, 1990; DeCelles, 1994). 
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FORELAND BASEST SYSTEM 

wedge-top^ 
foredeep 

thrust belt 

back-bulge 

Figure 4. Diagram showing a hypothetical foreland-basin system. The main depocenter 
in the system is the flexurally subsiding foredeep located between the thrust belt and the 
flexurally produced forebulge. A secondary, "back-bulge" basin is located between the 
flexural bulge and the craton. Sediment accommodation can also be generated in the 
wedge-top and forebulge depozones. With propagation of the thrust belt toward the 
craton, areas once occupied by the forebulge or back-bulge depozone can become 
incorporated into the foredeep and the thrust belt. Modified form DeCelles and Giles, 
1996. 
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For this reason, nonmarine wedge-top sequences may be restricted to degradational and 

transitional systems tracts, with aggradational systems tracts being eroded soon after 

deposition or never deposited (Fig. 5). However, in local, structurally ponded wedge-top 

basins, aggradational systems tracts may be preserved (e.g. Lawton et al., 1993). Stratal 

geometries in wedge-top depositional sequences commonly onlap or offlap positive 

structural feamres associated with active thrust deformation. This may produce 

numerous local unconformities or condensed intervals that grade into conformities 

u-ansverse to structural strike. 

The foredeep depozone is a region of thick accumulation between the wedge-top 

and the proximal side of the forebulge (DeCelles and Giles, 1996). Accommodation in 

the foredeep is generated primarily by flexural subsidence due to crustal loading in the 

orogenic wedge (Price, 1973; Dickinson, 1974; Beaumont, 1981; Jordan, 1981). 

Potential accommodation in the foredeep decreases rapidly toward the forebulge, 

producing stratal geometries that thin away from the thrust belt (Flemings and Jordan, 

1989; Sinclair et al., 1991). Because of the rapid flexural subsidence generated in the 

foredeep depozone, nonmarine depositional sequences maybe dominated by 

aggradational systems tracts (Jordan and Flemings, 1991). However, basin-scale 

reductions in nonmarine accommodation may produce type 1 or type 2 unconformities, 

and result in deposition of associated degradational and transitional systems tracts across 

the basin (Shanley and McCabe, 1991). Unconformity development and degradational/ 

transitional systems tract deposition will be best developed on the margins of the 

foredeep depozone where generation of flexural accommodation is reduced (Fig 5). 

These unconformities may pass laterally into conformities in the rapidly subsiding axial 

portions of the foredeep (Posamentier and Allen, 1993). 



Wedge Top Foredeep 

• Aggradational Systems Tracts 

• Transitional Systems Tracts 

• Degradational Systems Tracts 

~ Pre-existing 
1...:....:....: Back Bulge Sediments 

Figure 5. Schematic cross section of the wedge-top and foredeep depozones of a 

foreland-basin system showing distribution of nonmarine systems tracts. 
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The forebulge depozone is a region of potential sediment accumulation located on 

the flexural forebulge. Deposition in the forebulge depozone depends largely on the 

interplay between regional accommodation generation (primarily by farfield, subduction 

related subsidence and eustacy) and accommodation reduction produced by flexural 

forebulge uplift (DeCelles and Giles, 1996). If the rate of forebulge uplift is greater than 

the rate of accommodation generation, a type 3 unconformity will form (Fig. 6a). This 

unconformity will most likely grade laterally into conformities in the foredeep and back-

bulge depozones. However, as the forebulge migrates, contemporaneous back-bulge 

deposits may be uplifted and eroded. In this case, passage of the forebulge through the 

area will be documented only by foredeep transitional and aggradational systems tracts 

that onlap the unconformity surface. If the overall rate of accommodation development 

in the forebulge depocenter changes over time, sediment delivered from the foredeep and/ 

or back-bulge may progressively onlap the forebulge unconformity produced during 

times of reduced accommodation (Fig. 6b-6d). 

If the rate of accommodation generation exceeds the rate of forebulge uplift, 

deposition may be continuous in the forebulge depozone although the depositional 

sequence may be condensed. If rates of accommodation development are high enough, 

the forebulge may become completely buried and morphologically suppressed (e.g. 

Flemings and Jordan, 1989) (Fig. 6d). If this occurs, depositional sequences deposited in 

the forebulge depozone may show accommodation trends similar to distal foredeep and 

back-bulge depozone sequences. 

The back-bulge depozone is a broad region of potential accommodation between 

the forebulge and the undisturbed craton (Goebel, 1991, Giles and Dickinson, 1995). 

Acconunodation in the back-bulge depozone is controlled by minor flexural subsidence 

and potentially more substantial dynamic subsidence (Gumis, 1992; DeCelles and Giles, 
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U<A foredeep 

forebulge 

U<A UcA 
foredeep 

U>A UcA UcA 

unconfonnity ^ 

forebulge 

UcA U>A UcA 

forebulge 

Figure 6. Schematic cross section of forebulge depozone. Area above dashed line 
represents flexural forebulge. (a) Sediment is deposited on the forebulge when forebulge 
uplift (U) is less than accommodation (A) in the foreland-basin system. This relationship 
can change over time causing the forebulge unconfonnity to be onlapped with sediment 
from the foredeep and back-bulge depozones (b). As the forebulge migrates (c), areas of 
the forebulge initially uplifted are incorporated into the foredeep while sediment 
deposited on the back-bulge side of the forebulge are uplifted and eroded. If 
accommodation development is great, the entire forebulge can be overtopped by sediment 
(d). 
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1996). Non-tectonic controls (climate, eustacy, sediment supply) also significandy 

influence accommodation in this zone. Stratal patterns in the back-bulge depozone 

commonly are sub-horizontal and uniformly thick over long distances (DeCelles and 

Burden, 1992). Due to relatively low rates of accommodation development, the back-

bulge depozone is characterized by abundant type I and type 2 unconformities and 

numerous, degradational, transitional and aggradational systems tracts. In the vicinity of 

the forebulge, back-bulge depositional sequences may be truncated by erosion caused by 

forebulge migration, may onlap uplifted forebulge rocks, or be continuous with strata 

deposited in the forebulge depozone if the foreland-basin system filled beyond the crest 

of the forebulge (Fig. 6). 

Over time, as a thrust belt advances toward the craton, the four depozones of the 

foreland-basin system may be stacked vertically, with back-bulge deposits overlain by 

progressively younger forebulge, foredeep, and wedge-top sediments (DeCelles and 

Giles, 1996). The expected long-term sediment accumulation trend should be roughly 

sigmoidal with a major unconformity potentially separating back-bulge from foredeep 

depositional sequences (DeCelles and Currie, 1996). However, fluctuations in the rate 

and magnitude of accommodation development throughout the history of depozone 

migration may complicate this general pattern. 

Application to Jurassic-Cretaceous Rocks in Northeastern Utah and Northwestern 
Colorado 

The relationships between accommodation development and nonmarine sequence 

deposition can be observed in the Upper Jurassic-Lower Cretaceous rocks surrounding 

the Uinta Mountains in northeastern Utah and northwestern Colorado (Fig. 7). The 

Morrison (Upper Jurassic-Lower Cretaceous?) and Cedar Mountain (Lower Cretaceous) 
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Figure 7. (A) Generalized map showing tectonic setting of the Cordilleran foreland 
basin, after Dickinson and Snyder (1978). Dashed barbed line shows approximate 
location of the Jurassic-Cretaceous subduction zone; solid barbed line represents final 
location of the leading edge of the Cordilleran fold and thrust belt. (B) Map of the 
south-central part of the foreland basin showing location of the study area (Inset C), 
nearby Laramide uplifts, individual segments of the thrust belt, and locations mentioned 
in text. Abbreviations are as follows: WRR - Wind Eliver Range; GFM - Granite and 
Freezeout Mountains; CW - location of central Wyoming Jurassic-Cretaceous sections of 
DeCelles and Burden (1992); PR - Park Range; UM - Uinta Mountains; SRS - San Rafael 
Swell; WP - Wasatch Plateau. (C) Detailed map of the study area showing outcrops of 
Jurassic-Cretaceous nonmarine rocks (shaded areas) and locations of measured sections 
(black dots) referred to in the text. Abbreviations for measured sections are: IPR - Island 
Park Road; ITD - Theropod Draw; TCW - Trail Creek West; IMHQ - Monument 
Headquarters; IDP - Deerlodge Park. Section locations are listed in Appendix 1. 
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TABLE 2. IJTNTA MOUNTAIN STRATIGRAPHTC .SHCTTON LOCATIONS 

section IwaUOl 

IPR se 1/4, sec. 6, sw 1/4, sec. 5, T. 4 S, R. 23 E 

ITD se 1/4, sec. 26, T. 4 S, R. 23 E 

TCW sw 1/4, sec. 3, nw 1/4, sec. 10, T. 6 S, R. 25 E 

MHQ ne 1/4, sec. 8, T. 3 N, R. 103 W 

IDP nw 1/4, sw 1/4; sw 1/4, nw 1/4, sec, 28, T. 6 N. R. 99 W 

Formations (Fig. 8) contain four depositional sequences defined by changes in 

sedimentary architecture that resulted from variations in the rate of accommodation 

development. 

In this region, the Morrison and Cedar Mountain Formations constitute 

approximately 200-250 m of almost entirely nonmarine sandstone, mudstone and minor 

carbonate rocks . The Morrison overlies the Oxfordian Redwater Member of the Stump 

Formation and contains four formally recognized members: the Windy Hill, Tidwell, Salt 

Wash and Brushy Basin Members (Turner, 1992). The Cedar Mountain Formation 

overlies the Morrison and consists of the Buckhom Conglomerate Member and an upper 

mudstone and sandstone member (Stokes, 1952; Kirkwood, 1976). 

Although these stratigraphic subdivisions are widely recognized, internal 

similarities in facies assemblages and depositional architecture allow recognition of eight 

different systems tracts that define four depositional sequences within the Upper Jurassic-

Lower Cretaceous stratigraphic interval (Fig. 9). For the purposes of this study, the 

depositional sequences in the Morrison Formation are given the names UJ-1 and UJ-2, 

and those sequences comprising the Cedar Mountain Formation are named LK-1 and LK-

2. 
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Figure 8. Generalized stratigraphic chart showing Upper Jurassic-Lower Cretaceous 
stratigraphy of the Uinta Mountain area and surrounding regions. Stage boundaries are 
taken from the Jurassic-Cretaceous time scale of Gradstein et al. (1995). Modified from 
DeCelles and Burden (1992), Dolson and Muller (1994), and Dyman et al. (1994). 
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Jurassic-Lower Cretaceous rocks of the study area. Section locations are shown in Figure 
4. Sections are hung on the calcrete zone at the base of the Cedar Mountain Formation. 
Sections are capped by a type 1 unconformity and the Dakota Formation. The Buckhorn 
Conglomerate is not present at the lDP section, although alteration of the upper 20 m of 
the Upper Morrison Sequence occurred during Buckhorn valley incision and filling. 
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UJ-l Sequence 

The lowermost depositional sequence includes the Windy Hill, Tidwell and Sail 

Wash Members of the Morrison Formation. These rocks contain shallow marine, 

nearshore, tidal, fluvial and eolian facies that represent the transition from marine to 

nonmarine deposition during late Oxfordian and Kimmeridgian time (Currie, 1993, 

1998). Although it has been suggested that an unconformity exists between these lower 

Morrison members and the underlying marine Redwater Member of the Stump Formation 

(Pipiringos and O'Sullivan, 1978), facies relationships in the study area indicate the 

formations are conformable (Currie, 1993, 1998). The association of marine and 

continental facies in the UJ-l sequence indicates progradation of a highstand systems 

tract of marginal marine and noimiarine facies into a marine basin. 

Fluvial facies in the UJ-1 sequence are present primarily in the Salt Wash Member. 

This unit consists of up to 35 m of sandstone and chert-pebble conglomerate that were 

deposited by a sandy/gravelly braided fluvial system (Currie, 1998). Within this unit, 

grain size coarsens upsection, whereas fluvial channel bodies become more laterally 

continuous and vertically amalgamated. These trends suggests an upsection reduction in 

the rate of basin accommodation development during deposition. In terms of the 

nonmarine systems tracts outlined above, the Salt Wash Member represents the late 

stages of an aggradational systems tract. 

UJ-2 Sequence 

An abrupt coarsening at the top of the Salt Wash Member is marked in places by a 

lag of pebbles, cobbles, and boulders (up to 50 cm in diameter) derived from underlying 

sandstones and pedogenic carbonates (Fig. 9). This uppermost Salt Wash conglomerate is 

usually less than 3 meters thick and is more laterally continuous than the underlying 
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channel deposits. These characteristics indicate the uppermost Salt Wash Conglomerate 

was deposited as a degradational systems tract and its base may represent a type 2 

unconformity. As such, the upper Salt Wash marks the boundary between the UJ-1 and 

UJ-2 depositional sequences. 

Lying above the Salt Wash Member are mudstone and sandstone of the lower 

Brushy Basin Member. These lithologies show an upsection increase in mudstone and a 

transition from braided to meandering fluvial channel morphologies (Currie, 1998). This 

apparent change in fluvial channel morphology and increased preservation of overbank 

sediments in the lower Brushy Basin Member indicates an increase in basin 

acconunodation and represents a transitional systems tract following deposition of the 

UJ-2 degradational systems tract. 

The upper Brushy Basin Member makes up the next systems tract in the UJ-2 

sequence. This interval is dominated by massive to thinly bedded, smectitic and siliceous 

mudstone, but also contains laterally discontinuous lenses of sandstone and 

conglomerate. Interbedded with the mudstone are abundant bentonite and silicified 

volcanic ash beds that were preserved as ash-fall tuffs or later reworked by fluvial 

processes. The upper Brushy Basin Member is interpreted as deposits of an anastomosing 

fluvial system with associated shallow lacustrine environments (Bell, 1986; Currie, 

1998). The transition between lower Brushy Basin braided/meandering facies and upper 

member anastomosing fluvial facies is interpreted as the boundary between transitional 

and aggradational systems tracts in the UJ-2 depositional sequence. 

In the upper parts of the Brushy Basin Member, lenticular channel bodies become 

more concentrated both laterally and vertically and are associated with stacked paleosols 

(Currie, 1998; Demko et al., 1996). This suggests late aggradational systems tract 

deposition due to a decreasing rate of accommodation development (e.g., Wright and 
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Marriott, 1993). This same interval shows evidence for early diagenetic overprinting, 

such as leaching of fine-grained beds, and bleaching and dissolution of clasts from 

coarse-grained units (Currie, 1998). This alteration may have resulted from intense 

weathering during a long period of little or no deposition during development of a type I 

unconformity. 

LK-I and LK-2 Sequences 

The LK-1 and LK-2 depositional sequences are represented by the Buckhom 

Conglomerate Member and the upper Cedar Mountain Formation. The Buckhom 

Conglomerate Member is composed of up to 30 m of clast-supported pebble-cobble 

conglomerate, medium to coarse-grained sandstone, and minor mudstone (Currie, 1998). 

Conglomerate and sandstone grain size decrease upsection, whereas the thicknesses of 

associated mudstone beds increase. These facies indicate deposition in a gravelly/sandy, 

braided fluvial system that shows a general decrease in stream power upsection 

(Kirkwood, 1976; Currie, 1998). 

The Buckhom Conglomerate unconformably overlies the Brushy Basin Member 

and is present in a 25 km wide west-east oriented outcrop belt across the southem and 

eastern parts of the study area (Fig. 10) (Currie, 1998). The unit progressively decreases 

in thickness from a maximum of -30 m near Dinosaur, Colorado to zero edges that are 

symmetrically disposed along a southwest-northeast oriented axis. Where the Buckhom 

Conglomerate is present, the altered upper 20 m of the Brushy Basin Member are absent. 

Paleocurrent data indicate that the Buckhom fluvial system flowed northeastward (Fig. 

10). 

Laterally confined conglomerate distribution, symmetrical thinning pattems, and 

apparent erosional truncation of the underlying upper Brushy Basin Member indicate that 
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Figure 10. Paleocurrent and isopach map of the Buckhorn Conglomerate in the study 
area showing northeast trending distribution of the unit. Each arrow represents the 
average trough axis determined from 10 or more measurements of trough limbs per 
station according to method I of DeCelles et al. (1983). Open circles represent well 
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the Buckhom Conglomerate represents the fill a northeastward sloping valley. 

Decreasing upsection grain size and increasing mudstone content within the 

conglomerate permit interpretation of the valley fill as degradational and transitional 

systems tracts. The valley was erosionally cut into the underlying Morrison Formation 

during development of a type 1 unconformity (Currie, 1998). 

Above the Buckhom is the upper member of the Cedar Mountain Formation 

(Kirkwood, 1976). At the base of the upper Cedar Mountain, above both the Buckhom 

Conglomerate and upper Bmshy Basin Member where the Buckhom is absent, is a 

regionally extensive, massive to nodular calcrete zone. This zone, that in places is over 

10 m thick, completely replaces or displaces the host sediment. This interval is 

interpreted as a thick pedogenic or groimdwater-related calcrete that formed across the 

region after the Buckhom paleovalley was filled (Currie, 1998). The great thickness of 

this zone indicates long-term stability of the landscape and low rates of deposition during 

the time of calcrete formation. The calcrete may therefore represent an unconformity 

that developed within the basin following deposition of the Buckhom Conglomerate 

(Kirkwood, 1976; Currie, 1995). 

Above the calcrete zone, the upper Cedar Mountain consists of 15-40 m of laterally 

discontinuous channel sandstone, lacustrine limestone, and overbank mudstone. Well 

developed calcic paleosols are also present in the lower 15-20 m of the unit, although 

thickness of individual paleosols and overall paleosol abundance decrease upsection. 

These facies represent transitional and aggradational systems tract anastomosed fluvial 

channel sandstones and associated overbank and lacustrine mudstones (Fig. 9) (Currie, 

1998). The stacked paleosols in the lower half of the interval developed during deposition 

of the transitional systems tract. Fluvial channels in the upper part of the Cedar Mountain 

aggradational systems tract are more numerous and laterally continuous than those near 
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the base. This relationship is similar to that observed in late aggradational systems tract 

deposits of the upper Brushy Basin Member. 

The calcrete zone at the base of the Cedar Mountain Formation presents a problem 

in the sequence-stratigraphic model outlined above. The great thickness and well 

developed nature of the zone suggests a period of little or no deposition across the region, 

although transitional and aggradational systems tract deposition of the upper Cedar 

Mountain Formation indicates a continuation of the accommodation trends initiated 

during deposition of the Buckhom Conglomerate transitional systems tract. One possible 

explanation is that the calcrete formed during initiation of fluvial deposition in area5 

outside the Buckhom paleovalley. Once the valley was filled, fluvial systems would have 

spread laterally above the preexisting unconformity surface. With sediment being 

distributed across a broader region, rates of sediment accumulation may have become 

relatively low, allowing formation of a thick pedogenic or groundwater calcrete. In 

addition, with filling of the Buckhom paleovalley, regional water tables may have been 

elevated, contributing to calcrete development. As basin accommodation increased, 

aggradational systems tract deposition of the upper Cedar Mountain Formation built up 

the alluvial surface, outpacing the rate of calcrete formation. This would indicate that the 

Buckhom Conglomerate and upper Cedar Mountain Formation a part of the same 

depositional sequence. 

Altematively, the calcrete may be related to a period of reduced accommodation 

due to slight uplift or tilting of the basin. Across the study area, the thickness of the 

Cedar Mountain sequence ranges from -40 m in the west to -15 m in the east (Fig. 9). 

Along this same trend, the calcrete zone at the base of the Cedar Mountain thickens from 

about 1 m to 10 m. This relationship may have formed due to upwarping or tilting of the 

basin following Buckhom Conglomerate deposition. This intrabasinal uplift may have 
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been superimposed on the overall basin accommodation increase initiated during 

u-ansitional systems tract filling of the Buckhom paleovalley. Ultimately, the rate of 

uplift outpaced the rate of accommodation development and produced the unconformity 

at the top of the Buckhom. Through time, the slightly uplifted area may have been 

progressively onlapped and eventually overtopped by relatively fine-grained Cedar 

Mountain alluvial deposits. Because areas to the east were exposed for longer periods of 

time, the calcrete zone in northwestem Colorado became thicker and better developed. 

As such, the basal calcrete zone may represent a type 3 unconformity that developed 

across the study area following degradational and transitional systems tract deposition of 

the LK-1 sequence represented by the Buckhom Conglomerate. The upper Cedar 

Mountain Formation therefore represents transitional and aggradational systems tracts of 

the LK-2 depositional sequence following a period of uplift induced unconformity 

development. Based on regional chronostratigraphic correlations (discussed below), this 

second alternative is preferred. 

Lying above the LK-2 sequence is a type 1 sequence bounding unconformity and 

nonmarine, transitional and marine facies of the Lower Cretaceous Dakota Formation. 

The basal Dakota is dominated by braided fluvial facies that fill erosional valleys that are 

incised up to 20 meters into the underlying Cedar Mountain (Vaughn and Picard, 1976). 

The Dakota contains at least two depositional sequences that were deposited due during 

fluctuations in relative sea-level along the margin of the Western Interior seaway during 

Late Albian time (Ryer et al., 1987; Currie et al., 1993; Dolson and Muller, 1994). 
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Figure 11. Regional correlation and sequence diagram of Upper Jurassic-Lower 
Cretaceous rocks between central Wyoming and the San Rafael Swell in central Utah. 
Stratigraphic sections are generalized compilations from each region ( cf. DeCelles and 
Burden, 1992; Yingling, 1987). Correlation of members and formations incorporates 
sequence-stratigraphic and geochronologic data referred to in the text. Symbols used on 
the diagram include: a: stratigraphic levels of bentonites dated by 40 Ar/39 Ar techniques; 
p: stratigraphic levels of age-diagnostic palynomorph bearing mudstones; f stratigraphic 
level of fission-track dated ash horizons; k: stratigraphic levels of K/Ar dated bentonite. 
Ages of formations and members are shown in figure 8. 
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Regional Correlations 

A test of the sequence-stratigraphic framework outlined above is the regional 

continuity of the proposed depositional sequences. Figure 11 shows a generalized 

sequence-stratigraphic correlation between the San Rafael Swell in east-cenu^al Utah, the 

study area in northeast Utah and northwest Colorado, and central Wyoming. For the 

Wyoming correlations, litho- and chronostratigraphic data from the Morrison and 

Cloverly Formations presented by DeCelles and Burden (1992) and Dolson and Muller 

(1994) were utilized. 

Central Utah 

Facies assemblages and depositional architecture in the Morrison, Cedar Mountain 

and Dakota Formations of northeastern Utah and northwestern Colorado are similar to 

those in the same units in central Utah. In the Morrison Formation of the San Rafael 

Swell region, fluvial and lacustrine facies of the Tidwell Member are overlain by upward 

coarsening, increasingly amalgamated, braided fluvial sandstones of the Salt Wash 

Member (Fig. 11). Channel bodies at the top of the Salt Wash are abruptiy coarser and 

more laterally continuous than those in the lower Salt Wash. This pattern is similar to the 

architectural characteristics in the Upper Salt Wash Member in northeastern Utah and 

northwestern Colorado. These channel deposits are overlain by anastomosing fluvial 

facies of the Brushy Basin Member (Currie, 1998). Like the Brushy Basin in northeastern 

Utah, the lenticular channel bodies in this interval become more numerous and vertically 

condensed upsection. 

The architectural elements in the Morrison Formation of central Utah indicate 

aggradational systems tract deposition of the Hdwell and lower Salt Wash Members. The 

aggradational systems tract was followed by degradational systems tract deposition of the 



135 

upper Salt Wash Member, and transitional-aggradational systems tract deposition of the 

Brushy Basin Member. These units represent the UJ-1 depositional sequence. As such, 

in central Utah, the Tidwell and lower Salt Wash members represent the UJ-l 

depositional sequence, while the Upper Salt Wash and Brushy Basin Members represent 

the UJ-2 sequence. 

Unconformably overlying the Brushy Basin Member are gravelly/sandy braided 

fluvial facies of the Buckhom Conglomerate. The Buckhom in central Utah has clast 

compositions, paleocurrent orientations and an upward fining grain size trend that are 

similar to its counterpart to the northeast (Currie, 1998). The northeast trending, 

symmetrically thinning distribution of conglomerate and the well developed valley 

margin paleosol horizons in northeastern Utah and northwestern Colorado are also 

present in the San Rafael Swell region. This suggests that the Buckhom paleovalley, 

incised during development of type 1 unconformity within the basin, extended from the 

eastern Uinta Mountains region into central Utah (Yingling and Heller, 1992; Currie, 

1998). This period of valley incision was then followed by degradational-transitional 

systems tract filling of the northeast trending Buckhom paleovalley during deposition of 

the LK-1 sequence. 

The thick calcrete zone that lies above the Buckhom in northeastem Utah and 

northwestern Colorado also is present in central Utah. This indicates that the type 3 

unconfomiity that developed following deposition of Buckhom to the northeast also 

developed in the San Rafael region. 

Lying above the regionally extensive calcrete are meandering/anastomosing fluvial 

and lacustrine facies of the Cedar Moimtain Formation. These strata are similar to those 

in northeast Utah and northwest Colorado and represent transitional and aggradational 
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systems tract deposition of the LK-2 sequence during a basin-wide increase in 

accommodation. 

In central Utah, the Cedar Mountain Formation is unconformably overlain by 

braided fluvial facies of the Dakota Sandstone (Yingling, 1987; Currie, 1998). The 

boundary is characterized by incised valleys that have been cut up to 10 meters into the 

underlying Cedar Mountain (Molenaar and Cobban, 1991). This represents development 

of a type 1 unconformity following aggradational systems U^ct deposition of the upper 

Cedar Mountain. Dakota fluvial facies contained within these valleys display upward 

fining, valley fill characteristics (Yingling, 1987) similar to the lower Dakota Formation 

sequence in northeastern Utah. However, regional stratigraphic correlations indicate that 

the Dakota in central Utah is Cenomanian in age and thus younger than the Late Albian 

Dakota Formation foimd to the northeast (Molenaar and Cobban, 1991). In addition, the 

unconformity separating the Dakota from the Cedar Mountain Formation in northeast 

Utah may pass into a conforaiity to the southwest. This is supported by the fact that the 

upper 6-20 m of the Cedar Mountain Formation in the San Rafael Swell contains 

carbonaceous channel sandstones and overbank mudstone that are similar to the 

lithologies of the Dakota Formation to the northeast. 

Central Wyoming 

Depositional sequences similar to those in the study area also occur in the Upper 

Jurassic and Lower Cretaceous rocks of central Wyoming. In the area surrounding the 

Granite-Freezeout and Laramie Mountains, the Morrison Formation and lower Cloverly 

mudstone contains similar lithologic and architectural characteristics to those in the UJ-1 

and UJ-2 sequences in the Uinta Mountains region. The UJ-1 sequence is represented by 

transitional marine and fluvial/lacustrine facies of the lower sandstone and middle 
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mudstone units of the Morrison Formation. The UJ-2 sequence is represented by braided 

fluvial and alluvial/lacustrine facies of the upper Morrison sandstone and lower Cloverly 

mudstone. The lower Cloverly mudstone in central Wyoming has in the past been 

considered Early Cretaceous in age (DeCelles and Burden, 1992). However, litho- and 

chronostratigraphic correlations indicate that the lower Cloverly may be related to the 

Brushy Basin Member of the Morrison Formation in Utah and Colorado (see below). 

The Buckhom Conglomerate in the study area is similar to the upper Cloverly 

Conglomerate in Wyoming in terms of lithology and distribution. Both the Buckhom and 

Cloverly Conglomerates were deposited in ~ 30 km wide, northeast trending belts and 

contain similar north-northeast directed paleocurrent indicators (DeCelles and Burden, 

1992; Currie, 1998). Compositionally, the Buckhom and Cloverly Conglomerates are 

dominated by gray and black chert clasts, with minor amounts of white chert and 

quartzite. These compositional and distributional similarities suggest that the Buckhom 

and Cloverly Conglomerates may be genetically related units that were deposited in a 

northeastward flowing fluvial system (DeCelles and Burden, 1992). The unconformity at 

the base of the Buckhom Conglomerate in Utah and northwest Colorado lies at a similar 

stratigraphic position to that between the Cloverly Conglomerate and Lower Mudstone in 

central Wyoming. In both cases, erosional incision and initial deposition of both the 

Buckhom and Cloverly Conglomerates represent the transition from aggradational to 

degradational-transitional systems tract deposition within the basin during the Early 

Cretaceous. 

Lithologic and stratigraphic similarities between the study area and central 

Wyoming end at the top of the Buckhom/Cloverly Conglomerates. In the study area the 

Buckhom is overlain by calcrete and fluvial/lacustrine facies of the Cedar Mountain 

Formation. In Wyoming, the Cloverly Conglomerate is overlain by marine sandstone and 
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black shale. The transition between the Cleverly and the overlying marine rocks in 

Wyoming is a continuous succession of fluvial conglomerate and sandstone overlain by 

estuarine and shallow marine sandstone and shale QDeCelles and Burden, 1992). 

Although the marine rocks overljdng the Cloverly were assigned to the Fall River 

Sandstone and Thermopolis Shale by DeCelles and Burden (1992), regional correlations 

by Dolson and MuUer (1994) indicate that these marine lithologies may be related to the 

Unnamed Shale Member of the Skull Creek Shale. In eastern and central Wyoming the 

Unnamed Shale is separated from the Cloverly/Lakota Formations by a transgressive 

surface and is unconformably overlain by the Fall River Sandstone (Dolson and Mullen 

1994). Similarly, a transgressive marine unit overlies the Cedar Mountain Formation in 

the subsurface along the Moxa Arch in southwestern Wyoming (Ryer et al. 1987; D. A. 

Pivnik, personal communication, 1995). 

The marine sequence-stratigraphic relationship between the Cloverly Conglomerate 

and the overlying marine rocks in central Wyoming appears to be lowstand, transgressive, 

and highstand systems tracts, with incised valley fill and estuarine deposits of the 

Cloverly transitional with the shallow marine Unnamed Shale. Deposition of this marine 

interval may have occurred during the initial flooding of the Western Interior seaway 

during early Albian time (Dolson and Muller, 1994). 

The early Albian age of the marine rocks overlying the Cloverly in Wyoming 

creates a problem in correlating the Buckhom and Cloverly Conglomerates. Based on the 

Late Neocomian-Aptian age of the Cedar Mountain Formation in the Wasatch Plateau 

region of Utah, the Buckhom in central Utah is most likely mid-Neocomian in age (Weiss 

and Roche, 1988; Sprinkel, et al, 1992; Currie, 1998). However, if the nonmarine-marine 

u-ansition between the Cloverly and the Unnamed Shale occurred during the Albian, a 10-
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15 ma age difference may exist between the Buckhom Conglomerate in Utah and the 

Cloverly Conglomerate in Wyoming. 

One explanation for this apparent age discrepancy is that the Buckhom and 

Cloverly Conglomerates may contain multiple intraformational unconformities and 

represent sporadic, long-term degradational systems tract deposition throughout 

Neocomian-Aptian time. During this period of intermittent deposition, coarse grained 

sediment initially deposited by the Neocomian Buckhom fluvial system (LK-1 

depositional sequence) may have been recycled and incorporated into younger Cloverly 

fluvial systems (LK-2 depositional sequence) within similar northeast trending 

paleovalleys (e.g. Dolson and Muller, 1994). Erosion and recycling of Buckhom clasts 

into Cloverly streams in Wyoming may have occurred during formation of the calcrete 

zone at the top of the Buckhom Conglomerate in Utah. 

Regardless of the precise relationship between the Buckhom and Cloverly 

Conglomerates, deposition of these coarse-grained lithologies represents a regional Early 

Cretaceous decrease in accommodation and widespread deposition of one or more 

degradational systems tracts. Similarly, the transgressive-highstand systems tracts of the 

upper Cloverly Conglomerate and Unnamed Shale in central Wyoming correspond to an 

overall increase in basin accommodation during the Albian (e.g. Vuke, 1983; Dolson and 

Muller, 1994). The early Albian increase in accommodation associated with initial 

marine flooding may have resulted in coeval deposition of nonmarine LK-2 sequence 

transitional and aggradational systems tracts in Utah and northwestem Colorado. 

The Unnamed Shale in Wyoming is imconformably overlain by a type 1 

unconformity and incised valley fill sandstones of the Fall River Sandstone (Dolson and 

Muller, 1994). This unconformity may correspond to the type 1 unconformity above the 
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LK-2 sequence at the base of the Dakota Formation in northeast Utah and northwest 

Colorado. 

Supporting Chronostratigraphic Control 

Although age control for the Upper Jurassic-Lower Cretaceous nonmarine rocks of 

the central Cordilleran foreland basin is limited, reported geochronologic ages support the 

sequence-stratigraphic correlations discussed above. The age of the UJ-1 sequence 

between the study area, central Utah, and central Wyoming is documented by 

palynological and isotopic dates. In central Wyoming, DeCelles and Burden (1992) 

recovered a palynomorph assemblage from the lower Morrison indicating an Oxfordian 

age. This interpretation is supported by ^Ar/^^Ar sanidine ages from a bentonite in the 

Tidwell Member of northeastern Utah that yielded an Oxfordian-Kimmeridgian age of 

153.8 ± 0.6 Ma (Kowallis et al., 1993) using the time scale of Gradstein et al. (1995). 

40Ar/39Ar dating of an ash bed in the Tidwell of central Utah a similar age of 154.9 ± 1.5 

Ma (Peterson, 1992). 

Chronostratigraphic data from the UJ-2 sequence of the Uinta Moimtain region and 

central Utah also indicate similar ages of deposition. The Salt Wash Member in the study 

area has yielded Tithonian palynomorphs from carbonaceous mudstone above the 

uppermost degradational systems tract conglomerates (Currie, 1998). In addition, ^^Ar/ 

Ar dating of a bentonite from the middle Brushy Basin Member in the study area has 

yielded a Tithonian age of 148.3± 0.7 Ma (Currie, 1998). This age is similar to ^^Ar/ 

AT dates from bentonites in the lower and middle Brushy Basin Member that have 

yielded Tithonian ages ranging from 149.4 ± 0.7 Ma to 145.2 ± 1.2 Ma in southeastern 

Utah (Kowallis et al. 1991), and 148.3 0.5 Ma to 147.0 ± 1.0 in central Utah (Kowallis, 

personal communication, 1995). 
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K/Ar dating of a bentonite from the upper part of the Brushy Basin Member in the 

study area (ITD section) has yielded an Early Cretaceous age of 135 ± 5 Ma (S.A. 

Bilbey, personal communication 1993). However, ^Ar/^^Ar dates from the same 

horizon jdelded a Jurassic age of 152.9 ± 1.2 Ma (Kowallis et al. 1991). This discrepancy 

leaves the age of the upper Morrison in question. In addition, it should be noted that the 

uppermost 20-30 m of the formation in Utah has yet to be dated. 

Age correlation of the UJ-2 depositional sequence between Utah and central 

Wyoming is not as well constrained. Fission-track dating of zircons from the lower 

Cloverly mudstone in central Wyoming indicates an age of 129 Ma, although the large 

error associated with this date (±27 m.y.) easily overlaps the Tithonian ^^Ar/^^Ar and U/ 

Pb ages of the middle and lower parts of the Brushy Basin Member in Utah. 

Palynomorphs from the lower Cloverly mudstone just below the Cloverly Conglomerate 

in central Wyoming indicate a Berriasian age (DeCelles and Burden, 1992). This age is 

similar to the Early Cretaceous K/Ar date from the Brushy Basin Member in the study 

area. 

The only age diagnostic fossils from the LK-2 sequence in northeastern Utah were 

reported by Peck and Craig (1962), who noted Early Cretaceous charophytes and 

ostracodes from the Cedar Mountain Formation along the north flank of the Uinta 

Moimtains. Normiarine molluscs (Katich, 1951; Stokes, 1952) and plant macrofossils 

(Simmons, 1957; Thayn, 1973) from the Cedar Mountain Formation of central Utah 

indicate an Aptian-Albian age of deposition. In the Burro Canyon Formation, which is a 

western Colorado correlative of the Cedar Moimtain (Stokes, 1952; Craig 1981), Tschudy 

et al. (1984) collected an Aptian-early Albian palynomorph suite, although the authors 

suggested the assemblage may be as old as Barremian. The same study documented a 
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Late Albian palynomorph suite from the upper Cedar Mountain Formation in east-central 

Utah. A Late Albian age for the upper part of the Cedar Mountain is supported by ^^Ar/ 

3^Ar dating of bentonites ~ 15 m below the top of the formation on the southwest flank of 

the San Rafael Swell that yielded an age of 98.39 ± 0.07 Ma (Cifelli et al., 1997). 

The overall Aptian-Albian age of the LK-2 sequence in Utah corresponds with the 

limited chronostratigraphic evidence from marine units of Wyoming. An Ar/^^ Ar 

date from a bentonite in the Skull Creek Shale, a correlative to the Thermopolis Shale in 

the northern Black Hills, indicates an Albian age of deposition (104.4 Ma) (Dyman et al., 

1994; Gardner et al; 1994). Similarly, an ^Ar/^^Ar date from the Muddy Sandstone in 

the same region has yielded a Late Albian age (98.9 Ma) (Dyman et al., 1994). Regional 

correlations of these Late Albian marine units in Wyoming suggest that they correspond 

to the Dakota Formation in northwestern Utah and northwestern Colorado (Ryer et al., 

1987). At least two unconformities are present in the Dakota Formation in this region 

(Currie et al., 1993). The -98 Ma age of the upper Cedar Mountain Formation in central 

Utah suggests that these Dakota unconformities may grade into conformities to the 

southwest. Thus the upper Cedar Mountain in the San Rafael Swell region may be 

correlative to the Dakota Formation in the study area (Molenaar and Cobban, 1991) 

To summarize the chronstratigraphic data in relation to the sequence-stratigraphic 

correlations, the UJ-1 depositional sequence in Utah and Wyoming was deposited during 

Oxfordian and Kimmeridgian time. This was followed by development of a type 2 

unconformity and by deposition of the UJ-2 sequence degradational, transitional and 

aggradational systems tracts. The majority of the UJ-2 sequence was deposited during 

Tithonian time but deposition may have extended into the early Neocomian. UJ-2 

sequence aggradational systems tract deposition was followed by development of the 

regional type 1 unconformity. This was followed by deposition of degradational and 
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transitional systems tracts of the LK-1 sequence represented by the Buckhom 

Conglomerate in Utah. Although there is no independent age determination for the 

Buckhom, the ages of the sequences above and below the conglomerate suggest a mid-

Neocomian age of deposition. Deposition of the Buckhom conglomerate may have been 

associated with a prolonged Neocomian-Aptian degradational systems tract containing 

multiple unconformities. During this time the widespread calcrete lying above the 

Buckhom and Morrison Formation developed in eastern Utah and the Cloverly 

conglomerate was deposited in central Wyoming. This was followed by Aptian-Albian 

transitional and aggradational systems tract deposition of the LK-2 sequence in eastern 

Utah, and Albian marine transgressive and highstand systems tract deposition of the 

upper part of the Cloverly conglomerate and Unnamed Shale in Wyoming. 

The initial Albian marine incursion into the Western Interior was followed by a drop 

in relative sea level and development of a type 1 unconformity across the region. A 

subsequent increase in accommodation resulted in deposition of the Fall River Sandstone 

and Thermopolis Shale in Wyoming, and the lower Dakota Formation in northeastern 

Utah and northwestern Colorado. 

Discussion: The Late Jurassic-Early Cretaceous Foreland-Basin System 

Deposition of the Upper Jurassic-Lower Cretaceous sequences in Utah, Colorado 

and Wyoming can be related to changes in accommodation produced by the cratonward 

migration of foreland-basin system depozones and regional eustatic influences. Regional 

isopachs of the UJ-1, UJ-2 and LK-1 depositional sequences (Morrison Formation and 

Buckhom Conglomerate) show that these rocks were deposited in a broad, relatively 

shallow basin extending from central Utah eastward into Colorado (Fig. 12 a). The 
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Figure 12. Isopach maps of the (a) Morrison Formation and Buckhorn Conglomerate and 
(b) Cedar Mountain Formation in Utah and western Colorado. Contours are in meters. 
Note the change in contour interval for the Cedar Mountain Formation. 
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westward pinchout of these sequences is both erosional and depositional; in northern 

Utah the upper members of the Morrison Formation are erosionally truncated, whereas in 

central Utah the upper members of the Morrison onlap Middle Jurassic rocks (Peterson, 

1988; Currie, 1998). Paleocurrent orientations from fluvial channel sandstones within 

these sequences indicate sediment transport from the west and southwest (Craig et al., 

1955; Peterson, 1988: Yingling, 1987; Currie, 1998) 

The UJ-1, UJ-2, and LK-1 depositional sequences are interpreted as the deposits of 

the forebulge and back-bulge depozones of the Cordilleran foreland-basin system (Fig. 

12a) (Currie, 1994; DeCelles and Currie, 1996). The depositional onlap observed in the 

Morrison Formation in central Utah represents the location of the eastern margin of the 

Late Jurassic forebulge depozone. Sediment was transported into the back-bulge region 

by fluvial systems entering the basin from the southwest and overtopping the forebulge 

from the west (Currie, 1994, 1997). UJ-1 and UJ-2 sequence deposition eventually filled 

accommodation in the back-bulge depozone and onlapped the forebulge located in west-

central Utah (Fig. 13a) (Currie, 1994, 1997). 

Early Cretaceous migration of the forebulge caused erosion of the UJ-1 and UJ-2 

sequences in northern Utah and areas west of the San Rafael Swell in central Utah. This 

initial migration also coincided with a basin-wide accommodation decrease in the back-

bulge depozone. This resulted in generation of a type 1 unconformity and degradational 

systems tract deposition of LK-1 sequence fluvial systems across Utah, Colorado and 

Wyoming (Fig. 13b) (DeCelles and Currie, 1996, Currie, 1998). 

Following deposition of the LK-1 sequence, continued migration of the forebulge 

uplifted areas in eastern Utah and northwestern Colorado, while west-central and 

northem Utah underwent flexural subsidence in the encroaching foredeep depozone 

(Currie, 1998). At the same time, degradational systems tract deposition continued in the 
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Figure 13. Paleogeographic maps of the east-central Utah and western Colorado during 
Morrison, Buckhom and Cedar Mountain deposition. Interpreted sediment dispersal 
pathways taken from Craig (1955, 1981), Yingling (1987), Peterson (1988) and Appendix 
A). A) During initial LK-2 sequence deposition, sediment was delivered to the back-
bulge region by Upper Salt Wash Member braided fluvial systems that breached the 
forebulge to the west. B) Prior to initial LK-1 sequence deposition, basin drainage 
systems were reconfigured into a one northeast flowing trunk system during development 
of a type 1 unconformity. Sediment was transported into the basin by the Buckhom trunk 
stream from the southwest and by tributaries that breached the forebulge. C) Eastward 
migration of the forebulge in the Early Cretaceous resulted in foredeep development in 
the preexisting back-bulge region. LK-2 sequence deposition occurred as foredeep 
fluvial systems onlapped the uplifted forebulge (Arrows). During this time back-bulge 
deposition continued in western Colorado with back-bulge fluvial systems possibly 
onlapping the forebulge from the east. Location of present day San Rafael Swell (SRS) 
shown as a reference point. 
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back-bulge region in Wyoming and Colorado (Currie, 1995). This produced a type 3 

unconformity extending from the study area into south-central Utah, allowing the thick 

calcrete to form above the Buckhom Conglomerate and upper parts of the Morrison 

Formation (Currie, 1998). 

Regional isopachs of the LK-2 depositional sequence (Cedar Mountain and 

correlative formations) in northern Utah and western Colorado show that these rocks 

thicken significantly towards the west, exhibit a zone of regional thinning extending from 

south-central Utah into northwestern Colorado, and thicken slightly into western 

Colorado (Fig. 12b). These pattems have been interpreted to indicate the presence of a 

flexurally subsiding foredeep in west-central Utah (Schwans, 1988; Yingling and Heller, 

1992), a northeast trending forebulge stretching from the southeastern San Rafael Swell 

region into northwestern Colorado, and a back-bulge depozone extending eastward into 

Colorado (Fig. 12b) (Currie, 1995, 1997). LK-2 sequence transitional and aggradational 

systems tracts in northeast Utah and northwest Colorado were deposited as the Aptian-

Albian foredeep filled and accommodation was generated in the forebulge depozone (Fig. 

13c). The overall accommodation increase that resulted in deposition above the Early 

Cretaceous forebulge may have been enhanced by the initial flooding of the Western 

Interior Seaway during Early Albian time (Kirkwood, 1976; Currie, 1998). 

Whereas the foredeep, forebulge and back-bulge depozones of the Early Cretaceous 

foreland-basin system can be observed in the present-day Sevier foreland and thrust belt, 

only the back-bulge depozone of the Late Jurassic foreland-basin system is preserved 

today. This is due to the uplift and erosion of Late Jurassic foredeep sediments during 

Early Cretaceous through Paleogene eastward propagation of the Sevier thrust belt 

(Royse, 1993; DeCelles and Currie, 1996; Currie, 1998). 
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Conclusions 

The sequence-stratigraphic model discussed above is based primarily on interpreted 

changes in basin accommodation development during deposition of Upper Jurassic-

Lower Cretaceous rocks in northeastern Utah and northwestern Colorado. These 

sequences can be subdivided into regionally traceable systems tracts based on changes in 

fluvial architecture and the position of sequence-bounding unconformities. 

Sequence-bounding unconformities defined in the model can be of three types. A 

type 1 unconformity forms during major reductions in basin accommodation and is 

characterized by valley incision. Type 2 unconformities form during minor reductions in 

nonmarine accommodation and result in widespread shallow erosion of the preexisting 

alluvial plain. Type 3 unconformities form during localized to sub-regional uplift within 

the basin. 

The depositional sequences bounded by these unconformities can be divided into 

three systems ttacts: degradational, transitional, and aggradational. Degradational 

systems tracts overlie regional unconformities and are characterized by relatively coarse 

grained fluvial strata deposited within incised valleys, or as thin sheets deposited across 

type 2 unconformity surfaces. Transitional systems tracts are characterized by a change 

in fluvial architecture from laterally continuous braided channel sandstones to finer-

grained, laterally discontinuous meandering and anastomosing channel bodies. 

Aggradational systems tract deposits are characterized by isolated sandstones deposited 

by meandering/anastomosing fluvial channels and abundant fine-grained alluvial and 

lacusuine sediments. Fluvial channel bodies deposited during the late stages of 

aggradational systems tracts may be increasingly amalgamated due to decreasing rates of 

accommodation development. 
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The Upper Jurassic-Lower Cretaceous nonmarine rocks of northeastern Utah and 

northwestern Colorado can be separated into three depositional sequences. The Morrison 

Formation contains two sequences. The lower Morrison sequence (UJ-1) consists 

primarily of a marine highstand/nonmarine aggradational systems tract comprising the 

Windy Hill, Tidwell and lower Salt Wash Members. The UJ-1 sequence is separated from 

the upper Morrison sequence (UJ-2) by a type 2 unconformity and degradational systems 

tract deposits of the upper Salt Wash Member. Transitional and aggradational systems 

tract deposits of the Brushy Basin Member make up the upper parts of the UJ-2 sequence. 

The UJ-2 sequence is overJain by a type 1 unconformity and the Buckhom Conglomerate. 

The Buckhom Conglomerate represents the third nonmarine depositional sequence 

in the study area (LK-1). It was deposited during filling of the valley incised during 

development of the type 1 unconformity found at the base of the unit. 

Separating the Buckhom from the overlying Cedar Mountain Formation is an 

unconformity represented by the calcrete zone found throughout Utah and northwestern 

Colorado. This unconformity may have been produced as the area was uplifted by 

migration of the Early Cretaceous flexural forebulge. Transitional and aggradational 

systems tract deposits of the Cedar Mountain Formation (LK-2 sequence) were deposited 

as sediment onlapped uplifted areas of the basin. Accommodation development in the 

forebulge depozone may have been enhanced by the initial Early Cretaceous 

transgression of the Westem Interior Seaway during early Albian time. 
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APPENDIX C: 

STRUCTURAL CONFIGURATION OF THE LATE JURASSIC-EARLY 
CRETACEOUS CORDILLERAN FORELAND-BASEV SYSTEM AND SEVIER 
THRUST BELT, UTAH AND COLORADO 

Abstract 

Stratigraphic and provenance data from Lower Cretaceous rocks in Utah and 

Colorado and structural evidence from the Sevier belt in west-central Utah allow 

recognition of the ties between early thrust belt evolution and foreland basin system 

development. Regional isopach patterns of Lower Cretaceous strata define foreland-

basin system depozones. Lower Cretaceous strata in west central Utah thicken westward 

from -50 meters to -1.2 km indicating deposition within the flexurally subsiding 

foredeep of the foreland-basin system. Between eastern Utah and western Colorado 

Lower Cretaceous rocks are less than 25 m thick, indicating the location of the forebulge 

depozone. In central Colorado, the Lower Cretaceous stratigraphic interval thickens to > 

100 m and corresponds with the location of the back-bulge depozone. 

Thickening trends in the Lower Cretaceous strata indicate a foreland-basin system 

that contained a foredeep -135 km wide and a forebulge -260 km wide. A computer-

generated flexural model of the foreland basin system produces a reasonable match of the 

observed basin geometry using a 200 km wide, 1 km high thrust load located in west-

cenural Utah. The thrust load used in the model corresponds well with restored, balanced 

structural cross sections of the Sevier thrust belt that indicate thrust loads associated with 

the Canyon Range and Pavant thrusts were at the same location and of similar magnitude 

during Early Cretaceous time. 

Thrust-belt reconstructions utilizing conglomerate provenance data also indicate 

that > 100 km of displacement occurred on the Canyon Range thrust by the Early Aptian, 
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suggesting that deformation may have been initiated during Late Jurassic time. The 

enigmatic absence of a Late Jurassic flexural foredeep associated with initial Canyon 

Range deformation is resolved with a kinematic model that utilizes footwall imbrication 

as the mechanism for eastward migration of the Early Cretaceous thrust belt. 

Introdiiction 

The Cordilleran retro-arc foreland basin lies between the North American Cordillera 

and craton (Fig. la). Development of the Cordilleran foreland basin has been attributed 

to thrust-load generated flexural subsidence associated with deformation in the Sevier 

thrust belt to the west (Price, 1973; Beaumont, 1981; Jordan, 1981). Because of its wide 

distribution, highly dissected nature, and prolific oil and gas accimiulations, the 

Cordilleran foreland basin is one of the most studied sedimentary basins in the world. 

From this basin, many of the concepts linking flexural foreland basin subsidence and the 

generation of topographic loads in adjacent thrust belts have been developed (e.g. 

Beaumont, 198'; Jordan, 1981). Analysis of the age, thickness, distribution and 

composition of Cordilleran foreland basin sediments has also produced estimations of the 

timing, magnitude and locations of Late Cretaceous through Early Paleocene thrust 

faulting (Royse, et al., 1975; Jordan, 1981; Lamerson, 1982; Wiltschko and Dorr, 1983; 

DeCelles, 1994;, DeCelles etal., 1995). 

The central Utah portion of the Cordilleran foreland basin is adjacent to the type 

Sevier thrust belt (Fig. lb) (Armstrong, 1968). In this region, several authors have made 

the link between Early Cretaceous thrust deformation and foreland basin subsidence 

(Wlian and Kligfield, 1986; "Ylngling, 1987; Schwans, 1988; Yingling and Heller, 1992; 

Currie, 1997). However, few studies have attempted to constrain the magnitude and 

position of thrust loads with respect to the location of preserved foreland basin sediments 
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Figure 1. (A) Generalized map showing tectonic setting of the Cordilleran foreland basin 
and thrust belt, after Dickinson and Snyder, 1978. Heavy barbed line shows approximate 
location of the Jurassic-Cretaceous subduction zone; thin barbed line represents final 
location of the leading edge of the Cordilleran fold and thrust belt. (B) Map of the 
Sevier orogenic belt and foreland basin in Utah and Colorado showing individual 
segments of the thrust belt, Laramide structural elements and locations of Lower 
Cretaceous measured sections mentioned in text. A-~ and B-B' refer to stratigraphic 
cross sections in Figure 3 and Figure 4, respectively. Sevier thrust locations after Mitra, 
1997; Abbreviations are as follows: CCU - Circle Cliffs Uplift; CRT- Canyon Range 
Thrust; DCA - Douglas Creek Arch; EU- Elkhorn Uplift; GP - Gunnison Plateau; GU -
Gunnison Uplift; KU - Kaibab Uplift; MA- Moxa Arch; MCD - Manning Canyon 
Detachment; MU - Monument Uplift; OM - Oquirrh Mountains; PB - Piceance Basin; 
PFB - Paradox Fold Belt; PR- Park Range; PT- Pavant Thrust; RSU - Rock-Springs 
Uplift; SRS - San Rafael Swell; SRT - Sheeprock Thrust; SWB - Sandwash Basin; UB -
Uinta Basin; UM - Uinta Mountains; UU - Uncompahgre Uplift; WP - Wasatch Plateau; 
WRU - White River Uplift; WT - Willard Thrust. 
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(e.g., Yingling, 1987). This task is difficult because the thrust sheets that comprised the 

Early Cretaceous thrust belt, as well as the most proximal foreland basin sediments, were 

uplifted and eroded during Late Cretaceous through Paleocene deformation in the Sevier 

belt, or structurally inverted beneath basins in the eastern Basin and Range provenance 

during Tertiary extension (e.g., AUmendinger et al., 1983; Royse, 1993; Coogan and 

DeCelles, 1996). However, by analyzing the thickness, distribution, and composition of 

Lower Cretaceous rocks in Utah and western Colorado, flexural models of foreland basin 

subsidence can be utilized to estimate the magnitude and location of Early Cretaceous 

thrust loads. The configuration of the thrust belt can be further constrained by utilizing 

balanced, restored structural cross-sections of the Sevier belt and matching lithologies 

present in reconstructed thrust sheet source areas with provenance data from Lower 

Cretaceous conglomerates. In this way, the location, structural relief and topographic 

expression of the Early Cretaceous Sevier thrust belt, as well as the early kinematic 

history of contractional deformation in the east-central Cordillera can be postulated. 

The goal of this paper is to present sedimentologic and stratigraphic evidence from 

the Lower Cretaceous rocks of Utah and western Colorado to reconstruct the 

deposystems of the Early Cretaceous Cordilleran foreland-basin system. The location 

and thickness of these deposystems will then be used to outline the thrust-related flexural 

controls on foreland-basin system development through the use of a computer generated 

foreland basin flexural model. By combining this information with balanced structural 

cross sections of the central Utah segment of the Sevier thrust belt (Coogan et al., 1995), 

the location, structural configuration, and kinematic history of the thrust belt during Early 

Cretaceous time will be outlined. 
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Foreland-Basin System Stratigraphy 

The Lower Cretaceous stratigraphic interval in Utah and Colorado records the early 

stage of Cordilleran foreland basin development (Yingling, 1987, Schwans, 1988; Currie, 

1997; Lawton, et al. 1997). The general nomenclature and stratigraphy of the Lower 

Cretaceous rocks in Utah and western Colorado are shown in Figure 2. These dominantly 

nonmarine rocks consist of the Cedar Mountain, Burro Canyon, San Pitch and Dakota 

Formations. The geographic distribution and general Uthologic characteristics of the 

individual formations are described below. 

Cedar Mountain Formation 

The Cedar Mountain Formation is the most widespread Lower Cretaceous unit in 

Utah and western Colorado. The formation is recognized from the western flank of the 

Gunnison Plateau (San Htch Mountains) in west-central Utah to the eastern Uinta 

Mountain region of northwestern Colorado (Kirkwood, 1976; Sprinkle, et al., 1992; 

Currie, 1997; Lawton et al, 1997). In the west, the Cedar Mountain Formation 

unconformably overlies the Middle Jurassic Twist Gulch Formation (Witkind et al., 1986; 

Schwans, 1988). To the east, the Cedar Mountain unconformably overlies the Upper 

Jurassic Morrison Formation (Stokes, 1944). The Cedar Mountain Formation is overlain 

by several different units. In west central Utah, the Cedar Moimtain is overlain 

conformably by the Lower Cretaceous San Pitch Formation (Sprinkle et al, 1997). In 

central and eastern Utah the Cedar Mountain Formation is unconformably overlain by the 

Cenomanian Dakota Sandstone and Turonian Tunimk Shale (Molenaar and Cobban, 

1991). In northeastem Utah and northwestern Colorado the Cedar Mountain is 

unconformably overlain by the Lower Cretaceous Dakota Formation. 
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The Cedar Mountain Formation was first described by Stokes (1952) and is 

formally composed of the Buckhom Conglomerate and Upper Shale Members (Stokes, 

1952). Recent investigations have concluded that a significant unconformity exists 

between the Buckhom Conglomerate Member and the overlying Upper Shale Member 

(Currie, 1997). This interpretation is based on the presence of a 1-12 m thick zone of 

nodular, laminar and structureless calcrete that lies at the base of the Upper Shale 

Member. The calcrete zone is interpreted as a mature pedogenic carbonate (Stage V or 

VI of Machette, 1985) that formed during development of an unconformity following 

deposition of the Buckhom Conglomerate Member (Currie, 1997). Because of this 

unconformity, it has been suggested that the Buckhom Conglomerate is more closely 

associated with the underlying Upper Jurassic Morrison Formation than the Cedar 

Mountain Formation (Aubrey, 1996; Currie, 1997). For this reason the Buckhom, which 

locally reaches thicknesses of up to 35 m, has not been included in stratigraphic thickness 

compilations for the Early Cretaceous foreland-basin system (see below). 

Overlying the lower calcrete zone, the Upper Shale Member contains -15-250 m 

sandstone, conglomerate and sandy mudstone with minor beds of micritic limestone 

(Yingling, 1987; Schwans, 1988; Currie, 1998; Lawton et al., 1997). The formation 

decreases in thickness significantly from west to east (Fig. 2, Fig. 3). 

The Cedar Mountain Formation has been interpreted as the deposits of a poorly 

drained, low relief, fluvial/lacustrine plain (Yingling, 1987; Schwans, 1988; Currie, 

1997). Sandstone and conglomerate bodies have been interpreted as the deposits of 

braided, meandering, and anastomosing fluvial systems (Yingling, 1987; Schwans, 1988; 

Currie, 1997) Mudstone in the upper Cedar Mountain is interpreted as overbank 

sediment that accumulated on the alluvial plain during floods. The thin micritic 

limestone beds within the unit are interpreted as shallow lacustrine deposits. 
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Age control frona the Cedar Mountain Formation indicates a Barremian-Albian age 

of deposition (Lawton et al., 1997). Hansen (1965) noted Early Cretaceous charophytes 

and ostracodes from the Cedar Moimtain Formation along the north flank of the Uinta 

Moimtains. Witkind et al. (1986) reported Early Cretaceous palynomorphs from the 

Cedar Mountain Formation in west-central Utah. Nonmarine molluscs (Katich, 1951; 

Stokes, 1952) and plant macrofossils (Simmons, 1957; Thayn, 1973) from the Cedar 

Mountain Formation of central Utah indicate a Barremian-Albian age of deposition. 

Kirkland (1992) documented a Barremian dinosaur fauna from the lower Cedar Mountain 

Formation north of Moab, Utah. Tschudy et al. (1984) documented a Late Albian 

palynomorph suite from the upper Cedar Mountain Formation from the San Rafael Swell. 

A Late Albian age for the upper part of the Cedar Mountain is supported by ^Ar/^^Ar 

dating of bentonites (sanidine single crystal, total fusion) -15 m below the top of the 

formation on the southwest flank of the San Rafael Swell that yielded 98.39 ± 0.07 Ma 

(Cifelli,etal., 1997). 

San Pitch Formation 

The San Pitch Formation is a Lower Cretaceous unit that crops out in areas west of 

the Wasatch Plateau in west-central Utah. The lower contact of the San Pitch is 

conformable with the Lower Cretaceous Cedar Mountain Formation while the formation 

is unconformably overlain by the Cenomanian San Pete Formation (Sprinkle et al., 1997). 

The San Pitch Formation consists of up to - HOC m of interbedded conglomerate, 

sandstone and mudstone that were deposited by laterally unstable, gravelly braided 

fluvial systems (Lawton et al., 1997). The beds of pebble to boulder conglomerate 

represent individual channel forms, and the interbedded siltstones and mudstones are 

interpreted as overbank deposits (Sprinkle et al., 1997). 
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Based on palynomorphs collected throughout the formation the San Pitch 

Formation is Albian in age (Sprinkle et al, 1997). Palynomorphs collected -20 m from 

the base of the formation in the Gunnison Plateau yielded a middle Albian assemblage 

and those collected -60 m from the top of the formation in Salina Canyon are middle to 

late Albian in age. The age of the upper sample is supported by late Albian angiosperm 

leaf impressions collected from the middle San Pitch Formation (Stuecheli and Collinson, 

1984). This suggests that the upper part of the San Pitch formation is entirely late Albian 

in age. 

Dakota Formation 

The Lower Cretaceous Dakota Formation is present in northeastern Utah and 

northwestern Colorado in outcrops surroimding the Uinta Mountains and in western 

Colorado along the flanks of the White River Uplift. In the Uinta Mountain region, the 

Dakota rests unconformably above the Cedar Mountain Formation, whereas along the 

White River Uplift, the Dakota unconformably overlies the Upper Jurassic Morrison 

Formation. In all locations, the Dakota Formation is transitional with the Lower 

Cenomanian Mowry Shale. 

The Dakota Formation is composed of -15-70 m of sandstone, conglomerate, 

mudstone, and siltstone that are interpreted as the deposits of fluvial, tidally influenced 

and shallow marine deposystems (Kirkwood, 1976; Ryer et al., 1987). Internally, the 

Dakota Formation is made up of two distinct depositional sequences. The lower Dakota 

sequence consists of braided fluvial sandstone and conglomerate that were deposited in 

valleys cut as much as 20 m into the underlying Cedar Mountain Formation (Vaughn and 

Picard, 1976; Ryer et al., 1987). These braided fluvial facies are overlain by meandering 

and anastomosing fluvial channel sandstones and alluvial mudstones and siltstones that 
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filled the incised valleys. In some locations heterolithically stratified, tidally influenced, 

fluvial channel sandstones and foreshore sandstones are present at the top of the 

sequence. 

The upper Dakota sequence consists of braided and tidally influenced fluvial facies 

that are separated from the lower Dakota by an erosional surface above which pebbly, 

coarse-grained, braided fluvial sandstone was deposited. In some locations in the study 

area, upper Dakota channels are incised up to 15 m into underlying lower Dakota 

sequence mudstones. In most places, however, there is only minor relief on the basal 

contact of the upper Dakota sequence. Above the basal braided fluvial facies, upper 

Dakota channels contain mud-draped ripple cross laminations. Teredo -bored fossilized 

wood fragments, and Inoceramus fossils, indicating a tidally influenced depositonal 

system (Kirkwood, 1976; Currie et al., 1993). The formation is capped by a thin 

transgressive lag of chert granules and pebbles, which in turn is overlain by the 

Cenomanian marine Mowry Shale (Molenaar and Cobban, 1991; Currie et al., 1993). 

Limited age data from the Dakota Formation in northeastern Utah and 

lithostratigraphic correlations with units to the northeast and southwest indicate that the 

Dakota was deposited during Albian time. Palynomorphs retrieved from mudstone at the 

top of the lower Dakota sequence near the Steinaker Canal section in nonheastem Utah 

have been interpreted as late Middle or early Late Albian (Carroll, 1992). This age is 

similar to an ^Axft'^Ai single crystal laser fusion date of 104.4 Ma from the correlative 

Skull Creek Shale in northeastern Wyoming (Dynman et al., 1994; Gardner et al; 1994). 

An ^Ar/^^Ar date of 98.9 Ma from the Muddy Sandstone, which has been correlated 

with the upper Dakota sequence, has yielded a Late Albian age (98.9 Ma) (Ryer et al., 

1987; Dynman et al., 1994). Palynomorphs and ammonites collected from the Mowry 

Shale just above the Dakota Formation in northeast Utah indicate an early Cenomanian 
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age of deposition (Molenaar and Cobban, 1991; Carroll, 1992), setting an lower limit to 

the age of Dakota deposition. 

Burro Canyon Formation 

Southeast of the Colorado River, the Burro Canyon Formation makes up the Lower 

Cretaceous stratigraphic interval in eastem Utah and western Colorado (Stokes, 1952). 

The Burro Canyon unconformably overlies the Upper Jurassic Morrison Formation and is 

unconformably overlain by the Cenomanian Dakota Sandstone. The Burro Canyon 

Formation consists of up to 80 m of sandstone, mudstone, and minor limestone. Burro 

Canyon sandstones and conglomerates are interpreted as braided and anastomosing 

fluvial channel deposits, and the associated mudstones and limestones are interpreted as 

overbank and shallow lacustrine deposits that accumulated on the floodplain adjacent to 

the active channels (Young, 1960; Craig, 1981). 

The Early Cretaceous age of the Burro Canyon Formation is based on 

palynomorphs collected from a carbonaceous mudstone bed in western Colorado. At this 

location, Tschudy et al. (1984) collected an Aptian-early Albian palynomorph suite, 

although the authors suggested there is a slight possibility that the assemblage may be as 

old as Barremian. 

Regional Correlations 

The limited age control from the Lower Cretaceous rocks of Utah and western 

Colorado makes all but the most basic correlations difficult. However, a general regional 

correlation of these rocks can be made based on lithostratigraphic similarities, in 

conjunction with the available chronostratigraphic control. 



174 

Figure 3 shows a correlation of the Lower Cretaceous units between west-central 

Utah and western Colorado. Between west-central Utah and the San Rafael Swell region, 

the San Pitch Formation is correlative with the upper, noncalcareous part of the Cedar 

Mountain Formation. This correlation is based on the presence of Late Albian 

palynomorphs collected from the Salina Canyon and San Rafael River sections. 

Noncalcareous mudstones of the upper Cedar Mountain Formation can be traced as far 

east as Grand Junction Colorado. This noncalcareous interval may correspond to the 

upper Dakota Formation in west central Colorado (Main Elk Creek and Eagle River 

sections. Fig. 3). 

In Utah and westemmost Colorado, the majority of the Lower Cretaceous 

stratigraphic interval is dominated by calcareous mudstones of the lower Cedar Mountain 

Formation. This lithostratigraphic interval can be correlated as far east as Grand 

Junction, Colorado where variegated calcareous mudstones in the Burro Canyon 

Formation lie above a basal zone of conglomeratic sandstone. East of Grand Junction, 

this interval is truncated beneath the lower Dakota Formation unconformity. However, 

conglomeratic sandstones at the base of the lower Dakota Formation at the Eagle River 

section may correlate with the lower Burro Canyon Formation to the west. 

Figure 4 shows a correlation of the Lower Cretaceous interval between north central 

Utah and northwestem Colorado. Along the line of section, the Lower Cretaceous 

interval is underlain by the Upper Jurassic Morrison and is capped by the Cenomanian 

Mowry Shale. Across this region. Lower Cretaceous rocks can be separated into a lower 

interval dominated by sandstones and calcareous mudstones of the lower Cedar Mountain 

Formation and an upper interval containing noncalcareous and carbonaceous mudstones 

and sandstones of the upper Cedar Mountain and Dakota Formations. Both the upper and 

lower Dakota sequences are present at most locations in northeastern Utah and 
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TABLE 1. UTAH-mi.ORADO MEASURED STRATlfiRAPHlC SECTION LOCATIONS 

section 
Figure 3 
Hanna 
Steinaker Canal 
2 Island Park Rd 
1 Island Park Rd 
Bull Canyon 
Rock Wall Draw 
Peterson Draw 
Mobil T-52-19-G 
Oak Ridge 
Eagle River 

location 

s 1/2, sec. 11, sec. 11, T. 1 S, R. 8 E 
sw 1/4, sec. 3, T. 4 S, R. 21 E 
se 1/4, sec. 6, sw 1/4, sec. 5, T. 4 S, R. 23 E 
ne 1/4, sec. 4, T. 4 S, R. 24 E 
nw 1/4, sec. 29, T. 4 N, R 104 W 
sw 1/4, sec. 5,T3N,R 101 W 
ne 1/4, sec. 22,T4N,R lOOW 

ne 1/4, sec. 19,T2S,R96W 
sel/4,sec. 10,T. 1S,R93W 
sw 1/4, sec. 9, X 4 S, R. 83 W 

Duchesne Co., UT 
Uintah Co., UT 
Uintah Co., UT 
Uintah Co., UT 
Moffat Co.. CO 
Moffat Co., CO 
Moffat Co., CO 
Rio Blanco Co., CO 
Rio Blanco Co., CO 
Eagle Co., CO 

Figure 4 

Salina Canyon 

San Rafael River 
Green River Cut-Off 
Salt Valley Anticline 
Yellow Cat 
Cisco Dome 
Westwater 

Mack 
Grand Juncton 
Main Elk Creek 
Eagle River 

s 1/2 sec. 33,T.21 S., R 1 E 
n 1/2, sec. 21, sw 1/4, sec 16, se 1/4, sec 17, T. 19 S, R. 9 E 
s 1/2, sec. 5,T 19S,R. 14E 
n 1/2, sec. 2, T. 23 S, R. 19 E 
ne 1/4, sec. 33, sw 1/4, sec. 28, T. 22 S, R. 21 E 
sw 1/4, sec. 9,T21 S,R.24E 
ne 1/4, sec. 10.T20S,R. 25 E 
s 1/2, sec 9,T 10 S, R. 103 W 
sw 1/4, sec 26, T. 11 S, R. lOOW 
se 1/4, sec. 10, T 5 S, R. 91 W 
sw 1/4 sec. 9.T4S, R. 83 W 

Sevier Co, UT 
Emery Co., UT 
Emery Co., UT 
Grand Co., UT 
Grand Co., UT 
Grand Co., UT 
Grand Co., UT 
Mesa Co., CO 
Mesa Co., CO 
Garfield Co., CO 

Eagle Co., CO 

Fieurg 11 
Baker Ranch 
Last Chance Wash 
1-70 
San Rafael River 
Cedar Mountain 
Green River Cut-Off 
Grand Junction 

sw 1/4, sec. 18, T. 26 S, R. 4 E 
ne 1/4, sec. 7, T. 25 S, R. 6 E 
se 1/4, sec. 7, sw 1/4 sec. 8, T. 23 S, R 7 E 
n 1/2, .sec. 27, sw 1/4, .sec 22, T. 19 S, R. 9 E 
ne 1/4, sec 33, T. 18S, R. lOE 
.s 1/2, sec. 5,T 19S, R, 14 E 
•sw 1/4 .sec. 28. T II S, R. lOOW 

Sevier Co., UT 
Emery Co., UT 
Emery Co., UT 
Emery Co., UT 
Emery Co., UT 
Emery Co., UT 
Mesa Co., Co 
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northwestern Colorado. Similarly, Cedar Mountain Formation sandstones and variegated 

calcareous mudstones can be recognized in outcrop and from well cuttings across the 

region. East of the White River Uplift, however, characteristic Cedar Mountain 

lithologies are truncated beneath the lower Dakota Formation unconformity. Although 

most of the Cedar Mountain Formation is absent at these locations, conglomeratic 

sandstones at the base of the Dakota Formation may be correlative to the lower Cedar 

Mountain/Burro Canyon Formation to the west. 

Early Cretaceous Foreland-Basin System 

The Lower Cretaceous rocks of Utah and Colorado display systematic thickness 

trends across the region (Fig. 5). The thickness of Lower Cretaceous rocks ranges from 

-1200 m in the west to -20 m in western Colorado, before thickening to > 75 m in central 

Colorado. Although some of the thickness variation may be attributed to post-

depositional erosion, for the most part the areas of thickening and thinning represent 

zones of differential basin accommodation development during Early Cretaceous time. 

These zones have been attributed to flexural controls on foreland basin subsidence 

associated with crustal loading in the Sevier thrust belt during Early Cretaceous time 

(Currie, 1995, 1997). 

The geographic distribution of these accommodation trends can be used to define 

individual depozones using the foreland basin-system model of DeCelles and Giles 

(1996) (Fig. 6). The area of rapid westward thickening in the lower Cretaceous 

stratigraphic interval west of the San Rafael Swell is interpreted as the flexurally 

subsiding foredeep depozone of the foreland-basin system (Yingling, 1987; Schwans, 

1988). The zone of thinning in eastern Utah and western Colorado represents the position 

of the flexural forebulge and the corresponding forebulge depozone (Currie, 1995, 1997). 
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The area in west-central Colorado where the Lower Cretaceous interval thickens slightly 

is interpreted as the position of the back-bulge depozone (Currie, 1995, 1997). 

Superimposed on the Lower Cretaceous flexural accommodation u-ends are zones 

of thickening and thinning that correspond to the location and orientation of both pre-

Early Cretaceous and Late Cretaceous-Early Tertiary structures in the foreland region 

(Fig. 6). In particular, thickening trends in the eastern Uinta Mountain region are parallel 

to the trend of Laramide structures associated with Late Cretaceous-Eocene uplift of the 

range and the margins of the Proterozoic Uinta aulacogen (Hansen, 1965; Stone, 1992). 

Lower Cretaceous thickness variations in Central Utah correspond to the location of 

deformation along the Laramide-aged San Rafael Swell. In addition, thickness 

variations and the southeastern pinchout of the Lower Cretaceous interval in 

southwestern Utah and southeastern Colorado are parallel to the trend of the Ancestral 

Rocky Mountains/Laramide Uncompahgre uplift and Late Paleozoic Paradox basin 

(Stone, 1977; Baars and Stevenson, 1981). Similarly, the southern piiichout of Lower 

Cretaceous strata in Utah is parallel to the ttend of the MogoUon highlands, interpreted as 

a rift shoulder associated with Late Jurassic-Early Cretaceous extensional/transtensional 

deformation in southern Arizona (Bilodeau, 1986). 

In each case, minor reactivation of preexisting faults in these areas may have 

resulted in differential accommodation in the developing foreland basin depozones (e.g., 

Schwartz, 1982). This reactivation may be associated with regional intraplate stresses 

that were transmitted from the orogenic belt towards the continental interior (e.g.. Heller 

et al., 1993) or it may have been facilitated by sUresses generated by flexural partitioning 

of the foreland associated with thrust loading to the west 

Although the existence of preexisting structures may have had an overall effect on 

preserved sediment thickness, paleocurrent orientations from Lower Cretaceous 
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sandstones and conglomerates indicate that the effects of these structures on sediment 

dispersal patterns were minimal (Fig. 7). Paleocurrent data from the Lower Cretaceous 

interval in Utah indicate sediment transport from the west and southwest, whereas in 

Colorado sediment was transported from the south and southwest. In many cases, these 

paleoflow directions are perpendicular to the trends of pre-existing structures as defined 

by Lower Cretaceous thickness variations. This suggests that reactivation of preexisting 

structures was either subde so as not to deflect Early Cretaceous fluvial systems, or that 

the thinning observed above some structures may have been caused by post-depositonal 

erosion. Although evidence exists for post-depositional truncation of the upper parts of 

the Burro Canyon Formation in the Paradox basin region (Craig, 1981), in most areas the 

lack of truncation by Upper Cretaceous units suggests that interpreted intraforeland 

deformation was syn-depositonal (Aubry, 1996). 

On the other hand. Early Cretaceous fluvial drainage patterns may have been 

controlled by flexural development of the foreland basin system. Paleocurrent 

orientations from the foredeep depozone are transverse and slightly oblique to the 

flexural strike of the basin, and those from the forebulge and back bulge depozones are 

roughly parallel to the trend of the forebidge. The variable paleocurrent orientations 

between the foredeep and forebulge/back-bidge depozones suggests the possibility of 

topographic or structural controls on Early Cretaceous sediment dispersal patterns related 

to the trend of the forebulge. The possibility also exists that flexure may have created 

and/or reactivated northeast-trending basement structures which, in turn, directed 

paleoflow in the distal foreland basin system (e.g., Meyers et al., 1992; May et al., 1995). 
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Fig. 7. Paleocurrent orientations from Lower Cretaceous fluvial channel sandstone and 
conglomerate in the study area. For data collected in this study, each arrow represents the 
average trough axis determined from 10 or more measurements of trough limbs per 
station according to method I of DeCelles et al. (1983). 
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Foreland-Basin System Flexural Modeling 

The flexural origin of the Early Cretaceous foreland-basin system depozones 

defined above can be tested through the use of an elastic flexural model for the foreland 

basin lithosphere and adjacent thrust belt (e.g. Turcott and Schubert, 1982). In addition, 

by matching observed Lower Cretaceous sediment thickness trends with a model-

generated flexural profile, rough estimates of the distance from the foreland to the thrust 

front, and average thrust load dimensions can be calculated (e.g., Jordan, 1981). 

Although the simple model presented here cannot represent the realities of an 

inhomogeneous, structurally flawed lithosphere flexed under a topographically complex 

load, the utility of the exercise lies in establishing the validity of regional flexure as a 

first-order control on foreland subsidence in Utah Md Colorado. 

Figure 8a shows the best fitting flexural profile generated by the model. The model 

utilizes an infinite elastic plate with a flexural rigidity of 10^3 Nm floating on an inviscid 

substratum, flexed under a 1 km high load with a 100 km half-width and a density of 

2650 kg/m^. A basin fill density of 2450 kg/m3 was also utilized for sediments filling the 

flexural foredeep generated by the load. The model flexural profile is compared with two 

cross sections of the Lower Cretaceous interval derived from the regional isopach map 

(Fig. 5, Fig. 8). The sedimentary profiles are hung from a datimi at the top of the Lower 

Cretaceous interval, with a zero level normalized to the top of the forebulge crest The 

model-generated profile does not account for the flexural isostatic effects on basin 

accommodation due to deposition or erosion above the forebulge. 

The best fitting model resulted in a foredeep 135 km wide and a maximum of ~1.65 

km thick. The model forebulge is 260 km wide and 105 m high. The back bulge 

depozone in the model has a width of ~ 260 km. Based on the model, the maximum 

thickness of preserved Lower Cretaceous strata in Utah (-1.2 km) was initially deposited 
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between 30-35 km from topographic front of the Early Cretaceous thrust belt (Fig. 8). In 

addition, the modeled width of the forebulge (-265 km) is similar to the interpreted width 

of the Early Cretaceous forebulge depozone based on the regional isopach map. The area 

interpreted as the Early Cretaceous back bulge depozone also corresponds well with the 

position of the modeled back-bulge region. 

Although the model is a reasonable approximation to the observed Lower 

Cretaceous accommodation trends, there are slight departures from the modeled profile 

along both cross section lines. Along the northern cross section, in the vicinity of the 

modeled forebulge crest, sediment is thicker than predicted, whereas the sediment in the 

eastern part of the forebulge depozone is thiimer than would be the case if sediment 

accumulated to the forebulge crest. As a result there is no distinct forebulge crest. This 

may be due to suppression of the forebulge amplitude as a result of sediment loading 

(Jordan, 1981; Flemings and Jordan, 1989), or inelastic yielding of the lithosphere in the 

forebulge region and the subsequent collapse of forebulge topography along preexisting 

basement structures (Washbusch and Royden, 1991). In either case, the result would be a 

lower or nonexistent forebulge as shown by the cross sectional profile. Another departure 

from the predicted flexural profile is the back bulge region in the southern profile. In this 

case, reactivation of structures along the Uncompahgre structural trend may have resulted 

in uplift of the Early Cretaceous back-bulge region in southwestern Colorado. 

Early Cretaceous Cordilleran Thrust Belt 

The paleogeography of the Early Cretaceous foreland basin-system and the 

composition of Lower Cretaceous conglomerates provides insight into the early 

kinematic history of the Sevier thrust belt in Utah. Combining these data with restored. 



187 

balanced cross sections of the present day Sevier belt, the geographic position and 

structural geometry of the thrust belt during Early Cretaceous time can be postulated. 

The Sevier thrust belt defines the eastern margin of thin-skinned deformation in the 

North American Cordillera (Armstrong, 1968; Burchfield and Davis, 1975). In Utah, the 

thrust belt is divided into four major segments, the Utah-Idaho-Wyoming segment, the 

Nebo salient, the central Utah segment, and the southern Nevada-southwestern Utah 

segment (Fig. 1) (Armstrong, 1968; Lageson and Schmitt, 1994; Mitra and Sussman, 

1997). Each segment is structurally decoupled from adjacent segments along east-west 

oriented transverse zones, and consists of different thrust systems (Mitra, 1997). 

Although structurally segregated, estimates of shortening and the first-order structural 

architecture between adjacent segments are similar (Lawton et al., 1993; Mitra, 1997). 

The type Sevier belt is located in the central Utah segment of the thrust belt 

(Armstrong, 1968). This segment has been the focus of numerous structural and 

stratigraphic studies of the relationships between thrusting and foreland basin 

development, as well as the target of many petroleum exploration wells. In addition. 

Lower Cretaceous foreland-basin system strata are relatively well exposed in this region 

and in adjacent areas to the east. As a result of this collective data base, the Sevier belt of 

central Utah offers a unique opportimity to investigate the relationships between thrust 

belt evolution and associated development of the foreland-basin system during Early 

Cretaceous time. 

The Central Utah Sevier Thrust Belt 

In west-central Utah (Fig. 9), the Sevier thrust belt contains Proterozoic-Tertiary 

rocks that were translated to the east during late Mesozoic-early Tertiary contractional 

deformation (Armstrong, 1968; DeCelles et al., 1995). The present-day configuration of 
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the thrust belt displays both the effects of Sevier belt shortening and mid-Late Tertiary 

regional extension. In many cases, Sevier thrust faults were reactivated normally during 

Tertiary extensional collapse of the orogen (Constenius, 1996). 

Figure 10a shows a balanced cross section of the Sevier thrust belt in central Utah 

(Coogan et al., 1995; DeCelles et al., 1995; J.C. Coogan, unpublished data, 1996). The 

central Utah portion of the thrust belt contains four major thrust systems: the Canyon 

Range, Pavant, Paxton, and Gunnison thrusts (Royse, 1993; DeCelles et, 1995). 

Contractional deformation in the Sevier belt occurred in an overall eastward progression 

of thrusting that was punctuated by periods of thrust reactivation and growth of large 

structural culminations in the rear of the orogenic wedge (DeCelles et al., 1995; Mitra 

and Sussman, 1997). In general, shortening of the Proterozoic and Paleozoic rocks in the 

Sevier belt was accommodated on broad, coherent thrust sheets, whereas coeval 

shortening of the Mesozoic strata occurred in duplex and triangle zones at the frontal 

parts of the individual thrust sheets. 

The youngest thrust system in the Sevier belt is the Gunnison thrust. The Gunnison 

thrust is not exposed at the surface, but has been imaged seismically along the line of 

section in Figure 10. The frontal part of the Gunnison thrust is marked by a large triangle 

zone in the Sanpete Valley east of the Gimnison Plateau (San Pitch Mountains) in which 

middle Jurassic rocks have been thrust over Upper Cretaceous-Paleocene strata along 

east-dipping back thrusts (Standlee, 1982). This frontal zone of back-thrusting was later 

reactivated in a normal sense during Oligocene-Miocene extension. To the west of the 

frontal uiangle zone, the Gimnison thrust places Paleozoic rocks above Lower Mesozoic 

strata and soles into a broad basement involved duplex beneath the western Sevier Desert 

basin and House Range (DeCelles et al., 1995). Provenance data and growth strata from 
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Figure 10 (following page), (a) Balanced cross section of the Sevier thrust belt in west 
central Utah (modified after DeCelles et al, 1995). (b) Restored version of cross section 
in Figure 10a showing position of Sevier thrusts. D-D* refer to line of section in (c) and 
(d). (c) Reconstructed cross section of the Sevier thrust belt at the end of the main phase 
Canyon Range thrust emplacement during late Neocomian-Aptian time, (d) 
Reconstructed cross section of the Sevier thrust belt at the end of the main phase Pavant 
thrust emplacement during Albian time. 
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foreland basin sediments to the east indicate that the Gunnison thrust system was active 

between Campanian and Eocene time (-73-55 Ma) (Lawton et al., 1993; DeCelles et al, 

1995). 

The next oldest thrust system in the Sevier belt is the Paxton thrust (Fig. 10). Like 

the Gunnison thrust, the Paxton thrust is not exposed at the surface, but has been 

seismically imaged and penetrated by exploratory wells (Standlee, 1982; Royse, 1993). 

In addition, frontal displacement on the Paxton thrust was accommodated along the east-

dipping thrusts of the Sanpete Valley triangle zone. To the west, shortening on the Paxton 

thrust occurred within duplex zones in Triassic-Lower Jurassic strata on the west side of 

the Gunnison Plateau, Lower Paleozoic rocks on the west side of the Canyon Range, and 

Precambrian crystalline basement rocks beneath the Sevier Desert basin. Provenance 

data and growth strata from foreland basin sediments to the east indicate that the Paxton 

thrust system was active during Cenomanian-Campanian time (-97-73 Ma) (DeCelles et 

al, 1995). 

The Pavant thrust is the second oldest thrust system in the central Utah Sevier belt. 

The Pavant system consists of a series of foreland-propagating, imbricate thrusts that 

shorten Proterozoic through Mesozoic rocks between the Sevier Desert basin and the 

Sanpete Valley triangle zone. The main Pavant thrust is exposed along the west flank of 

the Pavant Range, and has been penetrated by oil exploration wells in the Sevier Desert 

basin. Frontal imbricates of the Pavant system also have been imaged seismically and 

drilled in the Juab Valley (Standlee, 1982). 

The main Pavant thrust places Proterozoic-Lower Cambrian rocks above Mesozoic 

strata (Fig. 10). This primary thrust experienced minor normal reactivation during 

Tertiary extension. Imbricates of the main Pavant thrust shorten Paleozoic-Mesozoic 

rocks beneath and to the east of the Canyon Range. These imbricates form a duplex zone 
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within Triassic-Jurassic rocks under the Juab valley and feed displacement into a long 

decollement in Jurassic strata beneath the Gunnison Plateau. Equivalent shortening of 

Jurassic and Cretaceous rocks was accommodated along the west-dipping thrust of the 

Sanpete uiangle zone. Provenance data from foreland basin sediments indicate that the 

main phase of Pavant thrusting occurred during Albian time (-110-97 Ma) (DeCelles et 

al., 1995). However, thinning of Upper Cretaceous sediments above the frontal duplex 

zone suggests that shortening on the Pavant system continued into the Cenomanian. In 

addition, reactivation of the Pavant system during Paxton and Gunnison thrusting may 

have continued into Maastrichtian time (-70 Ma) (DeCelles et al., 1995). 

The oldest and structurally highest thrust in the Sevier belt is the Canyon Range 

thrust (CRT). The CRT sheet contains Proterozoic-Cambrian sedimentary rocks that 

have been thrust over Cambrian-Devonian footwall strata (Christiansen, 1952, Holladay, 

1984). The CRT has been folded into a synform by later deformation in the hanging wall 

of the Pavant thrust, and by hindward growth of the Canyon Range culmination during 

Paxton thrusting (DeCelles et al., 1995; Mitra and Sussman, 1997). The thrust is 

exposed in the Canyon Range and has been penetrated by an exploratory borehole 

beneath the Sevier Desert basin. Correlation of hanging wall strata between the Canyon 

Range and westem Sevier Desert basin requires -40 km of Tertiary normal displacement 

on the Sevier Desert detachment fault (Fig. 6) (AUmendinger et al., 1983; Smith and 

Bnihn, 1984; Planke and Smith, 1991; DeCelles et al., 1995; Coogan and DeCelles, 

1996). Provenance data from Lower Cretaceous conglomerates indicate that the CRT 

was active from Neocomian through Aptian time (-130-115 Ma) (DeCelles et al., 1995), 

although the thrust probably was active during the Late Jurassic (Royse, 1993; Currie, 

1997). 
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Sevier Thrust Belt Restorations 

Restoration of Sevier belt structures to their pre-thrusting positions requires pulling 

together areas that have undergone mid-late Tertiary extension and taking out late 

Mesozoic-early Tertiary shortening associated with the Canyon Range, Pavant, Paxton 

and Gunnison thrusts (Fig. 10). Restoring the Gunnison, Paxton, and Pavant thrusts is 

accomplished by matching the hanging wall and footwall cutoffs of each thrust sheet and 

their associated duplexes as interpreted from the balanced cross section (Fig. 10). 

Restoring the position of the Canyon Range thrust is more difficult because erosion has 

removed key hanging wall and footwall cutoffs from the frontal part of the thrust system, 

and the exact locations of footwall Proterozoic cutoffs are unknown due to deep burial of 

the fault in the hanging wall of the Sevier Desert detachment. However, once the normal 

displacement on the Sevier Desert detachment is restored, an estimate of the geometry of 

the CRT can be generated by utilizing a combination of outcrop exposure, seismic and 

borehole data, and regional sedimentary thickening trends of rocks in both the hanging 

wall and footwall. 

For example, Devonian-Middle Cambrian footwall cutoffs for the CRT are 

constrained from outcrop exposures in the Canyon Range and seismic and borehole data 

from beneath the Sevier Desert basin and House Range to the west. In addition, the fault 

geometry of the CRT through the upper part of the Lower Cambrian-Proterozoic section 

is based on the seismically imaged position of the thrust beneath the House and 

Confusion Ranges. 

Beneath the Confusion Range, at the western end of the section, the Lower 

Cambrian-Proterozoic footwall section of the CRT is -2.2 km thick (J.C. Coogan, 

personal communication, 1996). Because the Lower Cambrian-Proterozoic section 

exposed in the hanging wall of the CRT in the Canyon Range is ~3 km thick, footwall 
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rocks with a similar thickness must reside some distance west of the strata imaged 

beneath the Confusion Range. This distance is a minimum of -25 km if the rate of 

thickening in Lower Cambrian-Proterozoic footwall rocks west of the Confusion Range 

is similar to that observed to the east. West of the House Range, the restored footwall 

geometry of the CRT can be approximated by utilizing the thickening observed in the 

hanging wall of the CRT west of the Sevier Desert basin once -40 km of Tertiary normal 

displacement is restored on the Sevier Desert detachment (Coogan et al., 1995). 

Reconstructing the geometry of the CRT as it cuts through Upper Paleozoic and 

Mesozoic rocks is more problematic because these strata were removed from both the 

hanging wall and footwall during uplift and erosion of the Pavant sheet. For this reason 

the path of the CRT through the Upper Paleozoic-Mesozoic interval in the restored 

section in Figure 10b has been approximated using the preserved geometry of the Pavant 

thrust, where it cuts through Upper-Paleozoic-Mesozoic rocks, as a template. 

By comparing the balanced cross section (Fig. 10a) with the restored cross section 

(Fig. 10b), the thrusts in the central Utah section of the Sevier belt have a minimum of 

-230 km of displacement. Shortening on the Gimnison and Paxton thrusts account for a 

minimum of 6 and 22 km of displacement, respectively (Coogan et al., 1995). The 

majority of Sevier belt shortening, however, is concentrated in the Pavant and Canyon 

Range thrust systems, which respectively have a minimum of ~ 84 km and -116 km of 

displacement. The restoration suggests that -140 km of bed length in the CRT sheet has 

been eroded east of the present Canyon Range. Canyon Range/Pavant shortening 

occurred primarily during Early Cretaceous time, and erosion of these thrust sheets 

supplied the majority of the sediment to the coeval foreland-basin system to the east 

(DeCelles et al., 1995). 
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Lower Cretaceous Sediment Provenance 

The composition of Lower Cretaceous foreland basin sediments provides insight 

into the structural configuration of the early Sevier thrust belt. In central Utah, Lower 

Cretaceous conglomerate clasts are composed primarily of chert, quartzite, carbonate, 

and sandstone (Table 2). Lithologic characteristics of these clasts allow a rough 

correlation with the stratigraphic units in the Sevier belt that served as sediment sources 

during Early Cretaceous time. Sandstone pebbles in the Lower Cretaceous 

conglomerates display very well rounded, frosted quartz grains, similar to those of 

Jurassic eolian sandstones in the thrust belt (Lawton et al., 1997). Silicified fossils 

contained in chert clasts indicate derivation from Upper Paleozoic carbonates, whereas 

many carbonate clasts are similar to Lower Paleozoic Uthologies in the thrust belt to the 

west (DeCeUes et al., 1995; Lawton et al., 1997). Similarly, quartzite clasts in the 

conglomerates are identical to Ordovician, Cambrian and Upper Proterozoic rocks in the 

thrust belt (Schwans, 1988; DeCelles et al., 1995). 

Collectively, Lower Cretaceous conglomerate clast compositions indicate exposure 

of uppermost Proterozoic through Mesozoic rocks in the thrust belt during the time of 

deposition (Schwans, 1988; DeCelles et al, 1995, Lawton et al, 1997; Sprinkle et al., 

1997). Reconstructions of the central Utah portion of the thrust belt suggest that 

Mesozoic-Paleozoic clasts could have been contributed by both the Pavant and Canyon 

Range thrust sheets, whereas Lower Cambrian-Proterozoic source rocks could only have 

been derived from the CRT sheet. This interpretation is based on kinematic restorations 

of the thrust belt that indicate Proterozoic-Lower Cambrian quartzites carried in the 

Pavant sheet were not exposed until Late Cretaceous growth of the Canyon Range 

culmination (DeCelles et al., 1995; Mitra and Sussman, 1997). As such, the CRT sheet 

was the only potential source of Proterozoic-Lower Cambrian quartzites in the central 
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TABLE 2. LOWER CRETACEOUS CONGLOMERATE CLAST COMPOSITIONS, CENTRAL UTAH 

Seclion/Slraligraphic Level 

Salina Canyon, Western Wasatch Plateaut 
Upper Cedar Mountain Fm. (140 m) 

Middle Cedar Mountain Fm. (89 m) 

Lower Cedar Mtn. Fm. (12 m) 

Basal Cedar Mountain Fm. (1 m) 

Chicken Creek, Western Gunnison Plateau* 

Upper San Pitch Fm. 

Middle San Pitch Fm. 

Middle San Pitch Fm. 

Middle San Pitch Fm. 

Middle San Pitch Fm. 
Lower San Pitch Fm. 
Lower San Pitch Fm. 

Basal San Pitch Fm. 

Hanna, Western Uinta Mountains# 

Lower Cedar Mountain Fm. (13 m) 

Clast Population (%) 

Chert Quartzite Carbonate Sandstone 

41 36 18 5 

34 64 0.0 2 

51 40 8 1 

78 17 0.0 5 

2 
3 

1 

1 

2 
2 
4 
5 

18 

9 

7 

23 

8 

54 

39 

42 

73 

79 

86 
91 

73 

90 

38 

56 

52 

1 
2 
1 

3 

0.0 
6 

I 
I 

0.0 18 

tClasl count horizons shown in measured suction, figure 4. 

•Data from Lawton et ai., in press. Location .shown in Figure I. 

#Clasl count horizon shown in measured section, figure 3. 



198 

Utah section of the Sevier belt during Early Cretaceous time (DeCelles, et al., 1995; 

Lawtonetal, 1997). 

The stratigraphic age of conglomerates containing clasts of identifiable source-area 

lithologies also allows interpretations of the timing of uplift of individual thrust sheets in 

the Early Cretaceous Sevier belt. The presence of Proterozoic- Lower Cambrian quartzite 

clasts in conglomerates at the base of the Cedar Mountain Formation in west-central Utah 

indicates thrust belt deformation resulted in unroofing of the entire Paleozoic-Mesozoic 

cover sequence by Late Neocomian-Aptian time (Currie, 1998). This suggests that the 

history of shortening on the Canyon Range thrust may have extended into Jurassic time to 

account for the erosion of > 10 km of Mesozoic-Paleozoic rocks from the hanging wall 

of the CRT prior to deposition of the Cedar Mountain Formation (Currie, 1994). 

The timing of the initiation of Pavant thrusting can also be delineated by Lower 

Cretaceous conglomerate clast compositions. Whereas Cedar Mountain Formation 

conglomerates consist primarily of Paleozoic-Proterozoic chert and quartzite clasts, San 

Pitch Formation conglomerates contain clasts derived from Mesozoic rocks, in addition 

to Proterozoic-Paleozoic lithologies. This upsection increase in the proportion of 

relatively young clasts has been interpreted to signal initial uplift of Mesozoic rocks at 

the tip of the Pavant thrust during Albian time (DeCelles et al., 1995). At the same time. 

Proterozoic-Paleozoic lithologies continued to be supplied to the foreland from the 

Canyon Range sheet which was passively uplifted in the hanging wall of the Pavant 

thrust (DeCelles et al., 1995; Lawton et al., 1997). 

Early Cretaceous Thrust Belt Reconstructions 

Conglomerate compositions and proximal foreland basin sedimentary growth sttata 

associated with younger structures indicate that the Pavant and Canyon Range thrusts 
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were the primary active structures in the central Utah segment of the Early Cretaceous 

Sevier belt (DeCelles et al., 1995; Lawton et al., 1997). Combining Lower Cretaceous 

conglomerate provenance data with the balanced, restored structural cross-section (Fig. 

10b) places some limits on the position and structural configuration of these thrusts 

during Early Cretaceous time. 

The initial position of the Canyon Range thrust during the Early Cretaceous can be 

constrained by the presence of Proterozoic-Lower Cambrian quartzite clasts in 

conglomerates at the base of the Cedar Mountain Formation in the foreland. The 

presence of these clasts requires exposure of Proterozoic-Lower Cambrian rocks in the 

thrust belt by late Neocomian-Aptian time. The location where Lower Cambrian 

quartzites in the hanging wall can first reach the surface along the restored trace of the 

CRT defines the minimum frontal position of the CRT during Early Cretaceous time (Fig. 

10c). This requires approximately 110 km of displacement on the CRT by the beginning 

of the Cedar Mountain deposition. This distance is nearly equal to the -116 km 

minimum total displacement on the CRT calculated from the final position of the hanging 

wall in the restored section, suggesting that the majority of displacement on the CRT 

occurred prior to Cedar Mountain deposition. 

The reconstructed cross-section shows that the Neocomian-Aptian CRT sheet 

consisted of Proterozoic-Triassic sedimentary rocks that were thrust above Paleozoic-

Mesozoic footwall strata (Fig. 10c). In addition, ~2 km of sediment was added to the 

footwall of the CRT to account for the probable thickness of coeval proximal foredeep 

deposits. The reconstruction also incorporates an -2° sloping erosional surface from the 

thrust front back into the range as an estimate of thrust belt topography. This estimation 

is based on the frontal topographic expression of many modem-day thrust belts, such as 

the Bolivian sub-Andean zone/Eastern Cordillera (Flemings and Jordan, 1989). 
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A similar reconstruction depicting the thrust belt at the end of main phase Pavant 

thrusting during Late Albian time is shown in Figure lOd. In the restoration, hanging 

wall Cambrian-Mesozoic rocks of the Pavant sheet, including the entire Canyon Range 

sheet, are thrust eastward above Paleozoic and Mesozoic rocks to their final position 

determined from the balanced cross section in Figure lOa. Similar to the Canyon Range 

reconstruction, ~2 km of sediment was added to the Pavant footwall to estimate the 

thickness of proximal foredeep strata deposited on the footwall. In addition a 2°-sloping 

erosion surface was extended to the west from the frontal position of the Pavant thrust to 

estimate thrust belt topography. Overall the thrust belt has an average elevation of - I km 

and a total thrust load width of -200 km. These values are similar to the load parameters 

used in calculating the best-fitting foreland basin flexural profile in Figure 8. In addition, 

in both the reconstructed cross section and the flexural model, the distances from the 

Pavant thrust front to the location of the maximum thickness of preserved Lower 

Cretaceous strata are nearly identical (-30 km) (Fig. 8, Fig. 10a). 

Discussion: The Question of Late Jurassic Thrusting 

As stated above, the reconstructed cross section of the Sevier belt indicates that the 

majority of Canyon Range thrust displacement occurred prior to deposition of the Cedar 

Mountain Formation. This suggests that deformation on the CRT may have been initiated 

during Jurassic time. Active thrusting throughout the Late Jurassic and Early Cretaceous 

is supported by geochronologic evidence from the Sevier belt. K/Ar dating of clays in 

thrust fault gouges in the Oquirrh Mountains in the Provo salient yielded Late Jurassic 

ages of 159 ±6 and 147 ±5 (Presnell and Parry, 1995). In addition, apatite fission track 

data from Lower Cambrian quartzites in the hanging wall of the northern CRT indicate 

cooling ages of 148 ± 18 Ma, suggesting thrust related uplift of the Canyon Range sheet 
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during Late Jurassic time (J. Linn personal communicatioii, 1997). Thrust activity in the 

Sevier Belt throughout Early Cretaceous is supported by "^^Ar/^^Ar dating of sericite in 

syndeformational veins in the Willard thrust sheet in northern Utah that indicates motion 

on the Willard thrust between 140-110 Ma (Yonkee, 1992). 

However, in Utah, there are no westward thickening Upper Jurassic foredeep 

deposits to indicate the presence of an active Late Jurassic thrust belt (Heller et al., 1986; 

Yingling and Heller, 1993). The only Upper Jurassic strata in the region are in the 

Morrison Formation, which pinches out to the west along the eastern margin of the 

Wasatch Plateau (Fig. 11) (Currie, 1997). 

The absence of a preserved Late Jurassic foredeep may be the result of eastward 

migration of the thrust belt and foreland basin system flexural depozones throughout the 

Late Jurassic and Early Cretaceous (Royse, 1993; DeCelles and Currie, 1996; Currie, 

1997). In this scenario. Late Jurassic foredeep deposits, initially deposited in the footwall 

of the CRT, were subsequendy uplifted and eroded as the thrust front propagated to the 

east during Early Cretaceous time. This scenario requires that the frontal position of the 

CRT migrate to the east, perhaps as a result of foreland-stepping footwall imbrication 

(Fig. 12a, 12b). As uplift occurred in the hanging wall of each imbricate, preexisting 

proximal foreland basin sediments were eroded and recycled into the foreland. 

Eventually, the younger imbricate thrust sheets were uplifted and eroded at the final 

frontal position of the CRT, or by hanging wall uplift of the Pavant thrust, leaving the 

hanging wall rocks of the initial CRT as the only the evidence of the CRT system (Fig. 

12c). 

This reconstruction also explains the otherwise enigmatic Upper Jurassic 

stratigraphic patterns in the foreland basin. With the progressive eastward migration of 

the thrust load through time, there was a corresponding eastward shift in the position of 
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Figure 11. a) Isopach map of the Upper Jurassic-Lower Cretaceous Morrison Formation 
and Buckhorn conglomerate in Utah and western Colorado. Line of Stratigraphic cross 
section in 11 b denoted by E-E'. (b) Stratigraphic cross section of the Morrison and 
Buckhorn conglomerate from the west flank of the San Rafael Swell to Grand Junction 
Colorado. The western pinchout of the interval is interpreted as being produced by 
younger units onlapping a topographic high along the west flank of the San Rafael Swell. 
See Table 1 for section locations. 
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the flexural foreland basin system depozones (Fig. 13). The Late Jurassic foredeep 

associated with initial Canyon Range thrusting existed to the west of the present day 

Gunnison Plateau, with the forebulge located between the Gunnison Plateau and the 

eastern margin of the Wasatch Plateau (Fig. 13a). The area east of the Wasatch Plateau, 

where the Upper Jurassic Morrison formation was deposited, was the location of the 

back-bulge depozone. The westward pinch out of the Morrison Formation (Fig. I lb), 

therefore, represents depositional onlap of the forebulge by sediments on the eastern side 

of the Late Jurassic forebulge (Currie, 1997). 

During Neocomian time, footwall imbrication of the CRT system resulted in 

eastward migration of the thrust load and incorporation of proximal Late Jurassic 

foredeep deposits into the orogenic wedge (Fig 12b). In turn, the area occupied by the 

Late Jurassic forebulge became part of the developing Early Cretaceous foredeep, and the 

axis of the forebulge migrated to the east. Progressive shortening on the CRT system and 

eastward migration of associated foreland-basin system depozones continued until Albian 

time when the Pavant thrust was activated. During Pavant thrusting, the foreland-basin 

system evolved into the configuration displayed in Figure 13b. At the end of Early 

Cretaceous time, the frontal position of the Pavant thrust occupied the position of the 

distal Late Jurassic foredeep depozone. As a result, the Late Jurassic foredeep record of 

the initial stages of thrusting in the Sevier belt was completely eroded (Fig. 13b). 

Conclusions 

Lower Cretaceous rocks in Utah and western Colorado consist of dominantly 

nonmarine fluvial and lacustrine strata that were deposited in the early Cordilleran 

foreland-basin system. The Early Cretaceous Cordilleran foreland-basin system formed 

in response to lithospheric flexure associated with thrust loading in the developing Sevier 



205 

Late Jurassic 
Foreland-Basin System 

KSWSSS 

ftWSftW 

m 
SSS5Ss5»;^i 

• I • I • 

Albian 
Foreland-Basin System 

100 km 

.'•SA 

';««>wwiw ^sw't»l5%'.";%^ 

Figure 13 a) Paleogeographic map of the Late Jurassic Sevier thrust belt and foreland-
basin system in Utah and Colorado, b) Paleogeographic map of the Albian Sevier thrust 
belt and foreland-basin system in Utah and Colorado. 
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thrust belt to the west Regional thickness variations in Lower Cretaceous rocks in the 

region define the location of foreland-basin system depozones. Westward thickening 

Lower Cretaceous strata in central Utah define the flexurally subsiding foredeep 

depozone, and relatively thin units in eastern Utah and western Colorado represent the 

location the forebulge depozone. The area in west-central Colorado where the Lower 

Cretaceous interval thickens slightly to the east is interpreted as the position of the back-

bulge depozone. Flexural modeling of preserved foreland basin system strata indicate 

that the Early Cretaceous foredeep was approximately 135 km wide and -1.6 km deep, 

while the forebulge and back-bulge depozone were both -260 km wide. 

Balanced, restored structural cross sections of the Sevier thrust belt in central Utah 

indicate a combined total of -230 km of displacement on the Canyon Range, Pavant, 

Paxton, and Gunnison thrust systems. The majority of this displacement however, 

occurred on the Pavant and Canyon Range thrusts during Early Cretaceous and perhaps 

Late Jurassic time. 

Sediment provenance data from Lower Cretaceous conglomerates suggest that 

Mesozoic-Proterozoic rocks were exposed in the thrust belt during Early Cretaceous time. 

Combining these data with the restored cross section indicates that at end of the main 

phase Pavant thrusting, the thrust load in the Sevier belt was approximately 200 km wide 

and produced an average regional elevation of - 1 km. These load parameters are similar 

to those used in constructing the best-fitting flexural model of preserved Lower 

Cretaceous foreland basin strata. The reconstructed cross sections of the Canyon Range 

thrust indicate that the majority of displacement on the Canyon Range thrust had 

concluded by Late Neocomian-Aptian time, suggesting that displacement may have been 

initiated during Late Jurassic time. The enigmatic absence of a flexural foredeep 

associated with initial Late Jurassic shortening in the Sevier belt is explained with the 
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eastward propagation of the Canyon Range thrust by footwall imbrication during Early 

Cretaceous time. 



208 

References Cited 

Allmendinger R.W., Sharp, J.W., Von Ush, D., Serpa, D., Brown, L., Kaufman, S., 

Oliver, J., and Smith, R.B., 1983, Cenozoic and Mesozoic structure of the eastern 

Basin and Range Province, Utah, from COCORP seismic reflection data: 

Geology, v. 11, p., 532-536. 

Anderman, G.G., 1956; Subsurface stratigraphy of the pre-middle Niobrara formations in 

the Green River Basin, Wyoming, in Nomenclature Committee, eds., Wyoming 

Stratigraphy, Wyoming Geological Association, p. 41-68. 

Armstrong, R.L., 1968, Sevier orogenic belt in Nevada and Utah: Geological Society of 

America Bulletin, v. 79, p., 429-458. 

Aubrey, W.M., 1996, Stratigraphic architecture and deformational history of Early 

Cretaceous foreland basin, eastern Utah and southwest Colorado, in Huffman, 

A.C.., Jr., Lund, W.R., and Godwin, L.H., eds.. Geology and resources of the 

Paradox Basin: Utah Geological Association Guidebook 25, p. 211-220. 

Baars, D.L. and Stevenson, G.M., 1981, Tectonic evolution of the Paradox Basin, Rocky 

Mountain Association of Geologists 1981 Field Conference Guidebook, p. 23-31. 

Beaumont, C., 1981, Foreland basins. Royal Astronomy Society Geophysics Journal, v. 

55, p. 543-548. 

Berg, R.R., 1956, Subsurface stratigraphy of the pre-middle Niobrara formations in 

the Shirley and Laramie Basins, Wyoming, in Nomenclature Committee, eds., 

Wyoming Stratigraphy, Wyoming Geological Association, p. 77-89. 

Berry, G.W., 1959, Divide Creek Field, Garfield and Mesa Counties, Colorado, in Haun, 

J.D., and Weimer, R.J., eds., Symposiiun on Cretaceous rocks of Colorado and 

adjacent areas. Rocky Mountain Association of Geologists 11th Field Conference 

Guidebook, p. 89-91. 



209 

Bilodeau, W.L., 1986, The Mesozoic Mogollon highlands, Arizona: An Early Cretaceous 

rift shoulder Journal of Geology, v., 94, p. 724-735 

Burchfield, B.C., and Davis, G.A., 1975, Nature and Controls on Cordilleran orogenesis, 

western United States-extensions of an earlier synthesis: American Journal of 

Science, v. 115A, p. 363-396. 

Carroll, R.E., 1992, Biostratigraphy and paleoecology of mid-Cretaceous sedimentary 

rocks, eastern Utah and western Colorado; a palynological interpretation [Ph.D. 

dissertation]: Michigan State University, East Lansing, MI, 423 p.. 

Christiansen, F.W., 1952, Structure and stratigraphy of the Canyon Range, Utah: 

Geological Society of America Bulletin, v. 63, p. 717-740. 

Cifelli, R.L., Kirkland, J.I., Weil, A., Deino., A.L., and Kowallis, B.J., 1997; High 

precision '^Ar/^^Ar geochronology and the advent of North America's Late 

Cretaceous terrestrial fauna, Proceedings of the National Academy of Science, v. 

94, p. 11163-11167. 

Constenius, K.N., 1996, Late Paleogene extensional collapse of the Cordilleran foreland 

fold and thrust belt: Geological Society of America Bulletin, v. 108, p. 20-39. 

Coogan J.C. and DeCelles, P.G., 1996, Extensional collapse along the Sevier Desert 

reflection, northern Sevier Desert basin. Western United States: Geology, v 24, p. 

933-936. 

Coogan, J.C., DeCelles, P.G., Mitra, G., and Sussman, A.J., 1995. New regional 

balanced cross section across the Sevier desert region and the Central Utah thrust 

belt: Geological Society of America Abstracts with Programs, v. 27, no. 4, p. 7. 

Craig, L.C., 1981, Lower Cretaceous Rocks, southwestern Colorado and southeastern 

Utah, in Wiegland, D.L., ed.. Geology of the Paradox basin: Rocky Mountain 

Association of Geologists, Denver, Colorado, p. 195-200. 



210 

Craig, L.C., 1982, Uranium potential of the Burro Canyon Formation in western 

Colorado: United States Geological Survey Open File Report 82-222, 25 p. 

Currie, B.S., 1995, Configuration of the Early Cretaceous Cordilleran foreland basin 

system, Utah and Colorado: Geological Society of America Abstracts with 

Programs, v. 27, no. 4, p. 7. 

Currie, B.S., 1998, Upper Jurassic-Lower Cretaceous Morrison and Cedar Mountain 

Formations, NE Utah-NW Colorado: Relationships between nonmarine deposition 

and early Cordilleran foreland basin development. Journal of Sedimentary 

Research, in press. 

Currie, B.S., 1997, Sequence stratigraphy of nonmarine Jurassic-Cretaceous rocks, 

central Cordilleran foreland basin. Geological Society of America Bulletin, v. 109, 

p. 1206-1222. 

Currie, B.S., Pankow, K.C, and Ritts, B.D., 1993, Depositional architecture and sequence 

stratigraphy of the mid-Cretaceous Dakota Formation, NE Utah-NW Colorado: 

Geological Society of America Abstracts with Programs, v. 25, no. 5., p. 26 

DeCelles, P.G., 1994, Late Cretaceous-Paleocene synorogenie sedimentation and 

kinematic history of the Sevier thrust belt, northeast Utah and southwest 

Wyoming: Geological Society of America Bulletin, v. 106, p. 32-56. 

DeCelles, P.G., and Burden, E.T., 1992, Nonmarine sedimentation in the overfilled part 

of the Jurassic-Cretaceous Cordilleran foreland basin: Morrison and Cloverly 

Formations, central Wyoming, USA: Basin Research, v. 4., p 291-313. 

DeCelles, P.G., and Giles, K.G., 1996, Foreland basin systems: Basin Research, v. 8, p. 

105-123. 



2 1 1  

DeCelles, P.G. and Currie, B.S., 1996, Long-term sediment accumulation in the Middle 

Jurassic-early Eocene Cordilleran retroarc foreland-basin system: Geology, v. 24. 

p. 591-594. 

DeCelles, P.G., Langford, R.P., and Schwartz, R.K., 1983, Two new methods of 

paleocurrent determination from trough cross-stratification: Journal of 

Sedimentary Petrology, v. 53, p. 629-642. 

Jordan, T.E., 1981, Thrust loads and foreland basin evolution. Cretaceous, westemUnited 

States: American Association of Petroleum Geologists Bulletin, v. 65, 2506-2520. 

DeCelles, P.G., Lawton, T.F., and Mitra, G., 1995, Thrust timing, growth of structural 

culminations, and synorogenic sedimentation in the type area of the Sevier 

orogenic belt, western United States: Geology, v. 23, p. 699-702. 

Dickinson, W.R, and Snyder W.S., 1978, Plate tectonics of the Laramide orogeny, in 

Matthews, V., ed., Laramide folding associate with block faulting in the western 

United States: Geological Society of America Memoir 151, p. 355-366. 

Dyman, T.S., Merewether, E.A., Molenaar, C.M., Cobban, W.A., Obradovich, J.C., 

Weimer, R.J., and Bryant, W.A., 1994, Stratigraphic transects for Cretaceous 

rocks, Rocky Mountains and Great Plains regions: in Caputo, M.V., Peterson, 

J.A., and Franczyk, K.J., eds., Mesozoic Systems of the Rocky Mountain Region. 

U.S.A.: Society of Economic Paleontologists and Mineralologists, Rocky 

Mountain Section, Denver, Colorado, p. 365-392. 

Flemings, P.B. and Jordan, T.E., 1989, A synthetic stratigraphic model of foreland basin 

development: Journal of Geophysical Research, v. 94, 3851-3866. 



Gardner, M.H., Willis, B.J., Dutton, S.P., Dharmasamadhi, W., Gabel, S., Broquet, C.. 

Geesaman, R., Kreisa, R., O'Byme, C.J., and Colloom, C., 1994, Outcrop 

characterization of low accommodation fluvial-deltaic reservoir analogs: Field 

guide to selected outcrops of the Lower Cretaceous Fall River Formation, Black 

Hills of South Dakota and Wyoming: Bureau of Economic Geology, Austin, TX, 

169 p. 

Garvin, R.F., 1969, Bridger Lake field. Summit County, Utah: in Lindsay, J.B., ed.. 

Geologic guidebook of the Uinta Mountains: Utah's maverick range, 

Intermountain Association of Geologists 16th Annual Field Conference, p. 109-

115. 

Gradstein, F.M., Agterberg, F.P., Ogg, J.G., Hardenbol, J., Van Veen, P., Thierry, J., and 

Huang, Z., 1995, ATriassic, Jurassic and Cretaceous time scale, in Berggren, 

W.A., Kent, D.V., Aubry, M.P. and Hardenbol, J., eds., Geochronologv time 

scales and global stratigraphic correlation: Society of Economic Paleontologists 

and Mineralogists Special Publication 54, p. 95-125. 

Hansen, W.R., 1965, Geology of the Flaming Gorge area Utah-Colorado-Wyoming : 

United States Geological Survey Professional Paper 490, 196 p. 

Haworth, R.A., 1979, Stratigraphy of the Cedar Mountain and Dakota Formations 

(Cretaceous), Garfield County, Colorado [M.S. thesis]; Colorado School of 

Mines, Golden, Co, 56 p.. 

Heller, PL, Bowdler, S.S., Chambers, H.P., Coogan, J.C., Hagen, E.S., Shuster, M.W., 

Winslow, N.S., and Lawton, T.F., 1986, Timing and initial thrusting in the Sevier 

orogenic belt, Idaho-Wyoming and Utah: Geology, v. 14, p. 388-391. 



213 

Heller, P.L., Beekman, F., Angevine, C.L., and Cloetingh, S.A., 1993, Cause of tectonic 

reactivation and subUe uplifts in the Rocky Mountain region and its effect on the 

stratigraphic record: Geology, v. 21; p. 1003-1006. 

Hintze, L.F., 1983, Geologic Map of Utah: Utah Geological and Mineral Survey, two 

sheets. 

Holladay, J.C., 1984, Geology of the northern Canyon Range, Millard and Juab Counties, 

Utah: Brigham Young University Geology Studies, v. 31-1, p. 1-31. 

Katich, RJ., 1951, Recent evidence of lower Cretaceous deposits in the Colorado Plateau: 

American Association of Petroleum Geologists Bulletin, v. 35, p. 2093-2094. 

Kirkland, J.I., 1992, Dinosaurs define a two-fold Lower Cretaceous zonation of the Cedar 

Mountain Formation, central Utah, Geological Society of America Abstracts with 

Programs, v. 24, p. 22. 

JCirkwood, S.G., 1976, Stratigraphy and petroleum potential of the Cedar Mountain and 

Dakota Formations, northwestern Colorado [M.S. thesis]: Golden, Colorado, 

Colorado School of Mines, 193 p. 

Konishi, K., 1959, Stratigraphy of the Dakota Sandstone, northwestern Colorado, in 

Haun, J.D., and Weimer, R.J., eds.. Symposium on Cretaceous rocks of Colorado 

and adjacent areas. Rocky Mountain Association of Geologists 11th Field 

Conference Guidebook, p. 33-36. 

Kucera, R.E., 1959, Cretaceous stratigraphy of the Yampa District, northwestern 

Colorado, in Haun, J.D., and Weimer, R.J., eds.. Symposium on Cretaceous rocks 

of Colorado and adjacent areas. Rocky Mountain Association of Geologists 11th 

Field Conference Guidebook, p. 33-36. 



214 

Lageson, D.J., and Schmitt, J.G., 1994, The Sevier orogenic belt of the western United 

States: recent advances in understanding its structural and sedimentological 

framework: in Caputo, M.V., Peterson, J.A., and Franczyk, K.J., eds., Mesozoic 

Systems of the Rocky Mountain Region, U.S.A.: Society of Economic 

Paleontologists and Mineralologists, Rocky Mountain Section, Denver, Colorado, 

p. 27-64. 

Lamerson, P.R., 1982, The Fossil Basin and its relationship to the Absaroka thrust 

system, Wyoming and Utah, in Powers, R.B., ed, Geologic smdies of the 

Cordilleran thrust belt: Denver, Colorado, Rocky Mountain Association of 

Geologists, p. 279-337. 

Lawton, T.F., Boyer, S.E., and Schmitt, J.G., 1994 Influence on inherited taper on the 

structural variability and conglomerate distribution, Cordilleran fold and thrust 

belt, western United States: Geology, v. 22, p., 339-342. 

Lawton, T.F., Sprinkel, D.A., and Waanders, G.L., 1997, Continental stratigraphy of 

the Cretaceous thrust belt and proximal foreland, central Utah, in Lageson, D.A., 

and Schmitt, J.A., eds., Recent advances in understanding the Sevier Orogenic 

belt of the westem United States, Geological Society of American Special Paper, 

in press. 

Lawton, T.F., Tailing, P.J., Houns, R.S., Trexler, J.H., Jr., Weiss, M.P. and Burbank, D.W., 

1993, Structure and Stratigraphy of Upper Cretaceous and Paleogene strata 

(North Horn Formation) eastern San Pitch Mountains, Utah-sedimentation at the 

front of the Sevier orogenic belt: U.S. Geological Survey Bulletin 1787-11, 33 p. 

Machette, M.N., 1985, Calcic soils of the southwestem United States, in Weide, D.L., 

and Faber, M.L., eds.. Soils and Quaternary geology of the southwestem United 

States: Geological Society of America Special Paper 203, p. 1-21. 



215 

Mackenzie, D.B., 1971, Post-Lytle Dakota Group on west flank of Denver Basin, 

Colorado: The Mountain Geologist, v. 3, p. 91-132. 

May, MT., Purer, L.C., Kvale, E.P., Suttner, L.J., Johnson, G.D., and Meyers, J.H., 1995. 

Chronostratigraphy and tectonic significance of Lower Cretaceous conglomerates 

in the foreland of central Wyoming, in Dorobek, S.L., and Ross, G.M., eds., 

Stratigraphic evolution of foreland basins. Society of Economic Paleontologists 

and Mineralologists Special Publication 52, p. 97-110. 

Meyers J.H., Suttner, L.J., Purer, L.C., May, M.T., and Soreghan, M.J., 1992, Intrabasinal 

tectonic controls on fluvial sandstone bodies in the Cloverly Formation (Early 

Cretaceous), west-central Wyoming, USA: Basin Research, v. 4., p 315-334. 

Mitchell, J.G., 1956, Charophytes as a guide to distinguishing between Lower Cretaceous 

and Upper Jurassic continental sediments in the subsurface, in Peterson, J. A., ed., 

Geology and economic deposits of east-central Utah, Intermountain Association 

of Petroleum Geologists 7th Annual Pield Conference, p. 105-112. 

Mitra, G, 1997, Evolution of salients in a fold-and-thrust belt: The effects of sedimentary 

basin geometry, strain distribution, and critical taper, in Sengupta, S., ed.. 

Evolution of geologic structures from macro- and micro-scales: London, 

Chapman and Hall. 

Mitra, G., and Sussman, A.J., 1997, Structural evolution of connecting splay duplexes 

and their implications for critical taper: An example based on geometry and 

kinematics of the Canyon Range culmination, Sevier belt, central Utah: Journal of 

Structural Geology, v. 19, p. 503-521. 

Molenaar, C.M., and Cobban, W.A., 1991, Middle Cretaceous stratigraphy on the south 

and east sides of the Uinta basin, northeastern Utah and northwestern Colorado: 

USGS Bulletin 1787-R 



216 

Planke, S., and Smith, R.B., 1991, Cenozoic extension and evolution of the Sevier Desert 

basin, from seismic reflection, gravity, and well log data: Tectonics, v. 10, p. 

345-365. 

Presnell, R., and Parry, W.T., 1995, Evidence of Jurassic tectonism from the Barney's 

Canyon gold deposit, Oquirrh Mountains, Utah,: in Miller, D.M., and Busby, C., 

Eds., Jurassic Magmatism and Tectonics of the North American Cordillera, GS A 

Special Paper 299, p. 313-326. 

Price, R.A., 1973, Large-scale gravitational flow of supracrustal rocks, southern 

Canadian Rockies, in DeJong, K.A., and Scholten, eds.. Gravity and Tectonics, 

John Wiley and Sons, New York, p. 491-502. 

Quigley, M.D., 1959, Correlation of the Dakota-Cedar Moimtain-Morrison sequence 

along the Douglas Creek Arch, in Haim, J.D., and Weimer, R.J., eds.. 

Symposium on Cretaceous rocks of Colorado and adjacent areas, Rocky 

Mountain Association of Geologists 11th Field Conference Guidebook, p. 33-36. 

Rocky Mountain Association of Geologists, 1974, Mobil Oil Corporation No. T-52-19-G, 

deep Weber Sandstone (Pennsylvanian Age) test well, Piceance Creek Dome, Rio 

Blanco County, Colorado, in Murry, K.D., ed.. Guidebook to the energy resources 

of the Piceance Creek basin, Colorado, Rocky Mountain Association of 

Geologists 25th Field Conference, p. 279-286. 

Royse, F., 1993, Case of the phantom foredeep: Early Cretaceous in west-central Utah: 

Geology, v. 21, p. 133-136. 

Royse, F., Warner, M.A., and Reese, D.L., 1975, Thrust-belt structural geometry and 

related stratigraphic problems, Wyoming-Idaho-northem Utah, in Bolyard, D.W., 

ed., Symposiimi on Deep Drilling Frontiers of the Central Rocky Mountains: 

Rocky Moimtain Association of Geologists, Denver, Colorado, p. 41-54. 



217 

Ryer, T.A., McClurg, J.J., and MuUer, M.M., 1987, Dakota-Bear River 

paleoenvironments, depositional history and shoreline trends-implications for 

foreland basin paleotectonics, southwestern Green River basin and southern 

Wyoming over thrust belt, in Miller, W.R., ed., The thrust belt revisited: 

Wyoming Geological Association 38th field conference guidebook, p. 179-206. 

Schwans, R, 1988, Depositional response of the Pigeon Creek Formation, Utah to initial 

fold-thrust deformation in a differentially subsiding foreland basin, in Schmidt, 

C.J., and Perry, WJ., eds.. Interaction of the Rocky Mountain foreland and the 

Cordilleran thrust belt: Geological Society of America Memoir 171, p. 531-556. 

Schwartz, R.K., 1982, Broken Early Cretacecous foreland basin in southwestern 

Montana; Sedimentation related to tectonism, in Powers, R.B., ed. Geologic 

studies of the Cordilleran thrust belt: Denver, Colorado, Rocky Mountain 

Association of Geologists, p. 159-183. 

Simmons, G.C., 1957, Contact of the Burro Canyon Formation with the Dakota 

Sandstone, Slick Rock district: American Association of Petroleum Geologists 

Bulletin, v. 41., n. 2519-2529. 

Smidi, R.B., and Bruhn, R.L., 1984, Intraplate extensional tectonics of the eastern Basin 

-Range: Inferences on structure style from seismic reflection data, regional 

tectonics, and thermal-mechanical models of brittle-ductile deformation: Journal 

of Geophysical Research, v. 89, p. 5733-5762. 

Sprinkel, D.A., 1991, Su-atigraphic and time-stratigraphic cross sections of Phanerozoic 

rocks, western Uinta Mountains through the San Pitch Mountains - Wasatch 

Plateau to western San Rafael Swell, Utah: Utah Geological Survey Open File 

Report 214, 55 p. 



218 

Sprinkel, D.A., Weiss, M.P., and Fleming, R.W., 1992, Stratigraphic reinterpretation of a 

synorogenic unit of Early Cretaceous age, Sevier orogenic belt, central Utah: 

Geological Society of America Abstracts with Programs, v. 24, no. 6, p. 63. 

Sprinkel, D.A., Weiss, M.P., Reming, R.W., and Waanders, G.L., 1997, Redefining 

the Lower Cretaceous stratigraphy of central Utah and an example of the structural 

development with the foreland basin, in Lageson, D.A., and Schmitt, J.A., eds.. 

Recent advances in understanding the Sevier Orogenic belt of the western United 

States, Geological Society of American Special Paper, in press. 

Standlee, L.A., 1982, Structure and stratigraphy of Jurassic rocks in central Utah: 

Influence on tectonic development of the Cordilleran foreland thrust belt, in 

Powers, R.B., ed. Geologic studies of the Cordilleran thrust belt: Denver, 

Colorado, Rocky Mountain Association of Geologists, p. 357-382. 

Stokes, W.L., 1944, Morrison and related deposits in and adjacent to the Colorado 

Plateau: Geological Society of America Bulletin, v. 41, p. 951-992. 

Stokes, W.L., 1952, Lower Cretaceous in the Colorado Plateau: American Association of 

Petroleum Geologists Bulletin, v. 36, p. 1766-1776. 

Stokes, W.L., 1972, Stratigraphic problems of the Triassic and Jurassic sedimentary rocks 

of central Utah, in Baer, J.L., and Callaghan, E., eds., Plateau-Basin and Range 

U^ansition zone, central Utah: Utah Geological Association Publication 2, p. 21-

28. 

Stone, D.S., 1977 Tectonic history of the Uncompahgre Uplift, in Exploration frontiers of 

the central and southern Rockies; Rocky Mountain Association of Geologists 

Sjonposium, p. 23-30. 



219 

Stuecheli, P.J., 1984, The sedimentology, depositional setting, and age of the MorrisonC?) 

Formation in central Utah [M.S. thesis]: Columbus, Ohio, Ohio State University, 

104 p. 

Stuecheli, P.J., and Collinson, J.S., 1984, Sedimentology of synorogenic conglomerates 

of the Lower Cretaceous Morrison (?) Formation, central Utah: Geological Society 

of America Abstracts with Programs, v. 16, no. 5., p. 200 

Thayn, G.F., 1973, Three species of petrified dicotylededonous wood from the Lower 

Cretaceous Cedar Mountain Formation of Utah [M.S. thesis]: Provo, Utah, 

Brigham Young University, 43 p. 

Tschudy, R.H., Tschudy, B.D., and Craig, L.C., 1984, Palynological evaluation of the 

Cedar Mountain and Burro Canyon Formations, Colorado Plateau: United States 

Geological Survey Professional Paper 1281, 24 p. 

Turcott, D.L., and Schubert, G., 1982, Geodynamics: Applications of Continuum 

Mechanics to Geological Problems: New York, John Wiley and Sons, 450 p. 

Tutten, W.D., 1959, Powell Park gas field, Rio Blanco County, Colorado, in Haun, J.D., 

and Weimer, R.J., eds.. Symposium on Cretaceous rocks of Colorado and adjacent 

areas. Rocky Mountain Association of Geologists 11th Field Conference 

Guidebook, p. 95-99. 

Vaughn, R.L. and Picard, M.D., 1976, Stratigraphy, Sedimentology, and Petroleum 

Potential of Dakota Formation, Northeastern Utah: Uinta Basin, Rocky Mountain 

Association of Geologists Guidebook, p. 267-279. 

Villien, A., and Kligfield, R.M., 1986, Thrusting and synorogenic sedimentation in 

central Utah, in Peterson, J.A., ed., Paleotectonics and sedimentation in the Rocky 

Mountain region. United States, American Association of Petroleum Geologists 

Memoir 41, p. 281-308. 



220 

Washbusch, P.J., and Royden, L.H., 1992, Spatial and temporal evolution of foredeep 

basins: lateral strength variation and inelastic yielding in continental lithosphere: 

Basin Research, v. 4, p. 179-196. 

Weiss, M.P., and Roche, M.G., 1988, The Cedar Mountain Formation (Lower 

Cretaceous) in the Gunnison Plateau, central Utah, in Schmidt, C.J., and Perry, 

W.J., Jr., eds.. Interaction of the Rocky Mountain foreland and Cordilleran thrust 

belt: Geological Society of America Memoir 171, p. 557-569. 

Weimer, 1970, Dakota group (Cretaceous) stratigraphy, southern Front Range, South and 

Middle Parks, Colorado: The Mountain Geologist, v. 7, p. 157-184. 

Wiltschko, D.V. and Dorr, J. A, Jr., 1983, Timing of deformation in the overthrust belt 

and foreland of Idaho, Wyoming, and Utah: American Association of Petroleum 

Geologists Bulletin, v. 67, p. 1304-1322. 

Witkind, I.J., Standlee, L.A., and Maley, K.F., 1986, Age and correlation of Cretaceous 

rocks previously assigned to the Morrison (?) Formation, Sanpete-Sevier Valley 

area, central Utah: United States Geological Survey Bulletin 1584, 9 p. 

Yingling, V.L., 1987, Timing and initiation of Sevier orogeny: Morrison and Cedar 

Mountain Formations and Dakota Sandstone, east-central Utah [Master's thesis): 

Laramie, University of Wyoming, 169 p. 

Yingling, V.L., and Heller, PL., 1992, Timing and record of foreland sedimentation 

during the initiation of Sevier orogenic belt in central Utah: Basin Research, v. 

4, p. 279-290. 

Yonkee, W.A., 1992, Basement-cover relations, Sevier orogenic belt: Geological Society 

of America Bulletin, v. 104, p. 280-302. 

Young, R.G., 1960, The Dakota Group of the Colorado Plateau, American Association of 

Petroleum Geologists Bulletin, v. 44, p. 156-194. 



221 

Young, R.G., 1959, Cretaceous deposits of the Grand Junction area, Garfield, Mesa and 

Delta counties, Colorado, in Haun, J.D., and Weimer, R. J., eds.. Symposium on 

Cretaceous rocks of Colorado and adjacent areas. Rocky Mountain Association of 

Geologists 11th Field Conference Guidebook, p. 1-8. 



22 

APPENDIX D: 

JURASSIC-CRETACEOUS DEVELOPMENT OF THE WESTERN INTERIOR 
BASIN: LINKING SUBSIDENCE WITH OCEANIC PLATE SUBDUCTION 

Abstract 

Jurassic-Cretaceous (J-K) sediment accommodation developed in the western 

interior basin in two distinct pulses, the first between Early and Middle Jurassic time, and 

the second during the Early and Late Cretaceous. In each case, sediments up to 6 km 

thick were deposited in eastward thinning wedges between the Cordillera and the craton. 

Both pidses were accompanied by major marine incursions into the westem interior, and 

are separated by an Early Cretaceous unconformity that represents approximately 20 m.y. 

of missing time. The wavelength and magnitude of these J-K accommodation trends are 

more than can be generated by flexural foreland basin subsidence or by eustatic sea-level 

rise. One possible mechanism to account for the observed acconmiodation is dynamic 

subsidence, a process by which oceanic plate subduction creates mantle convection 

beneath the overriding continental lithosphere and produces long-wavelength subsidence 

into the continental interior. Dynamic subsidence linked to subduction along the westem 

margin of North America may have generated the basin accommodation in the westem 

interior in which thick Lower and Middle Jurassic strata were deposited. In tum, the 

unconformity that separates Jurassic and Cretaceous pulses of subsidence may have 

formed partly during a decrease in convergence rates due to terrane accretion or changes 

in relative plate motions. Increased convergence during late Early Cretaceous lime 

restored dynamic subsidence in the westem interior and allowed the deposition of thick 

sedimentary sequences beyond the flexural wavelength of the Cordilleran foreland-basin 

system. 
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Introduction 

During Jurassic-Cretaceous (J-K) time the western interior United States was die 

location of a sedimentary basin that formed between the developing Cordillera and the 

North American craton. Widespread deposition in the western interior basin occurred 

during two distinct periods (Fig I). The first phase began with deposition of eolian 

dominated Lower Jurassic units (i.e. the Navajo Sandstone), and was followed by 

deposition of Middle Jurassic marine and marginal marine rocks (i.e.. Twin Creek and 

Preuss Formations). The Jurassic depositional sequence culminated with nonmarine 

deposition of the Upper Jurassic Morrison Fm. After an -20 m.y. unconformity, a second 

period of sedimentation was initiated in the western interior during Late Neocomian-

Aptian time (-120 Ma). Until Late Albian time deposition in the basin was primarily 

nonmarine (i.e., the Kelvin and Lakota Formations.). However, beginning at -100 ma 

deposition in the basin became dominantly marine (Mowry-Pierre Shales). 

During the Jurassic and Cretaceous, tectonic activity in the Cordillera involved both 

contractional and extensional deformation, dynamothermal metamorphism, igneous 

intrusion and volcanism (Allmendinger, 1992; Smith et al., 1993, Camilleri et al., 1997). 

At the same time a subduction zone existed along the western margin of North America, 

although changes in relative plate motions and terrane accretion caused both the nature of 

subduction and Cordilleran deformation to vary both temporally and spatially (Saleeby 

and Busby-Spera, 1992; Cowan and Bruhn, 1992). These variations ultimately had an 

effect on accommodation development in the western interior basin, although the direct 

ties between orogenesis and deposition are not completely understood (Lawton, 1994). 

The purpose of this paper is to investigate how changes in J-K Cordilleran 

tectonism affected the subsidence history of the western interior basin. By comparing 

similarities in regional accommodation trends in both the Cretaceous and Jurassic 
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Figure 1. Time stratigraphic chart of Jurassic-Cretaceous rocks in north-central Utah and 
western Nebraska-Eastern Wyoming, after Imlay, 1980 and Dyman et al., 1994. 



depositional sequences, the tectonic controls on basin development will be outlined. 

From this, the individual J-K periods of basin subsidence in the western interior can be 

attributed to the changing nature of subduction and Cordilleran deformation in western 

North America during Late Mesozoic time. 

Tectonic Controls on Cretaceous Basin Subsidence 

An evaluation of regional sedimentary thickness trends for Cretaceous rocks from 

the western interior provides insight into the tectonic controls on basin development 

Regional thickness variations indicate that the mechanisms generating subsidence in the 

westem part of the basin were different than those to the east (Fig 2a). In the west. 

Cretaceous rocks thicken from ~ 2 km to > 7 km between central and westem Wyoming. 

This rapid thickening has been attributed to deposition in the foredeep of the Cordilleran 

foreland-basin system (Cross and Pilger, 1978). In this region, basin accommodation was 

generated primarily by flexural subsidence due to thrust related crustal loading in the 

coeval Sevier thrust belt (Jordan, 1981). However, areas east of Cental Wyoming, where 

substantial amounts of basin subsidence also occurred, were too far from the Sevier belt 

to have been influenced by thrust-generated flexural subsidence (Cross and Pilger, 1978). 

Although acconunodation may have been enhanced by an overall rise in eustatic sea level 

during Cretaceous time, the accimiulated thickness of over 3 km in the distal parts of the 

basin can not be explained by eustacy alone. In these areas, another mechanism, dynamic 

subsidence has been called on to account for the preserved Cretaceous stratal thicknesses 

(Mitrovica et al., 1989; Burgess et al., 1997). 
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Figure 2. a) Cretaceous system isopach map after Peterson and Smith, 1986. A-A" 
denotes line of section in Figure 4a b) Jurassic system isopach map after Imlay, 1980, 
and Peterson and Smith, 1986. B-B" denotes line of section, Figure 4b. 
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Dynamic Subsidence 

Dynamic subsidence is a mechanism in which subduction along the continental 

margin creates convective mantle circulation beneath the overlying lithosphere, and long 

wavelength subsidence into the continental interior (Fig. 3) (Mitrovica, 1989; Gumis, 

1992). The wavelength and amplitude of this subsidence is dependent on subduction 

angle, temperature contrasts between the down-going slab and the mantle, and the 

flexural rigidity of the continental lithosphere (Gumis, 1994). However, for dynamic 

subsidence to influence basin accommodation development far inboard from the margin, 

the angle of subduction is the most important variable (Mitrovica et al., 1989). In 

general, periods of shallow-angle subduction will create more accommodation in the 

back-arc region, whereas steeper subduction angles will result in decreased 

accommodation inboard of the margin. Dynamic subsidence can be of the same order of 

magnitude as flexural subsidence associated with thrust loading and can occur in 

conjunction with flexural subsidence (Gumis, 1992). It may also occur during periods 

when there is no thrust-generated flexural subsidence (Mitrovica et al., 1989). 

Tectonic Controls on Jurassic Basin Subsidence 

Whereas the combined effects of flexural and dynamic subsidence are thought to 

have controlled accommodation development in the westem interior during Cretaceous 

time, the tectonic influences on Jurassic basin development are poorly constrained. 

Although Jurassic rocks are < 700 m thick in most parts of the basin, the assemblage 

thickens dramatically between westem Colorado and central Utah (Fig. 2b). 

The area of the observed westward thickening, known as the Utah-Idaho trough 

(Peterson, 1986), has been attributed to several different mechanisms: 1) deposition in a 

rift basin associated with back-arc spreading (Moulton, 1975; Marzoff, 1993); 2) a 
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Figure 3. Schematic orogen-wide cross section showing the combined effects of dynamic 
and flexural subsidence on foreland accommodation development. Amplitude of 
accommodation generated by dynamic subsidence is similar to that of flexural subsidence 
but occurs over a much longer wavelength. 
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flexural foredeep related to thrust-related crustal loading in the Cordillera (Bjerrum and 

Dorsey, 1995) and the absence of normal faults; and 3) subsidence related to the 

generation of dynamic topography (Lawton, 1994). 

The validity of each of these proposed mechanisms has been questioned. 

Arguments against a rift-related origin for the central Utah depocenter have been made 

due to the regular, systematic thickening observed in the Jurassic rocks of the region 

(Bjerrum and Dorsey, 1995). As for the flexural foredeep hypothesis, the wavelength and 

amplitude of the flexure requires a large thrust load to be located in western Utah during 

the Middle Jurassic (Bjemmi and Dorsey, 1995). However, there is no evidence for 

contractional deformation of that magnitude in Western Utah at that time (DeCelles and 

Currie, 1996). Argimients for subsidence related to dynamic topography have also been 

questioned due to the great thickness of Jurassic sediments, and the large distance 

between the Utah-Idaho trough and the Jurassic continental margin (Bjerrum and Dorsey, 

1995). 

A comparison of sediment thickness trends and accumulation rates between the 

Jurassic rocks in Utah and Colorado and Cretaceous rocks in the distal parts of the 

Cretaceous foreland-basin system provides insight into the processes influencing Jurassic 

subsidence in the western interior. In western Nebraska, > 2 km of Cretaceous rocks are 

thought to have been deposited as a result of dynamic subsidence (Fig. 4a) (Mitrovica, et 

al., 1989; Burgess etal., 1997). 

The amplimde and wavelength of a cross sectional profile of Cretaceous rocks in 

western Nebraska is similar to a cross sectional profile of Jurassic rocks in Utah and 

Colorado (Fig. 4b), suggesting similar controls on subsidence in both basins . In 

addition, the rate of sediment accumulation at the western edge of each profile is also 

similar (Fig 4c). Decompacted sediment accumulation curves from Jurassic rocks in 
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Figure 4. a) Stratigraphic cross section of Cretaceous rocks along line of section in Fig. 
2a; Stratigraphic cross section of Jurassic rocks along line of section in Fig. 2b; c) 
Decompacted sediment accumulation curves for Jurassic rocks in central Utah, and 
Cretaceous rocks in western Nebraska. Lithologic information used in generating curves 
from Imlay, 1980 (J) and Dyman et al., 1994 (K). 
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central Utah and Cretaceous rocks in western Nebraska display relatively slow rates of 

accumulation during Early Jurassic and Early Cretaceous time, followed by more rapid 

accimiulation for the Middle Jurassic and Late Cretaceous. Again, the similarity between 

these two regions points to a similar control on basin development, and suggests that if 

dynamic subsidence accounted for Cretaceous farfield subsidence in the distal 

Cordilleran foreland-basin system, it may have also generated subsidence in the Jurassic 

Cordilleran back-arc region. 

Discussion 

Interpreted J-K periods of dynamic subsidence in the western interior basin are 

supported by tectonic reconstructions of the North American western margin and 

Cordillera. Tectonic interpretations of the western margin for Middle Jurassic time 

suggest that there may have been two oppositely-facing subduction zones, an island arc 

terrane and back-arc spreading center west of the magmatic arc in California (Fig. 5a and 

Fig. 6a) (Schweickert and Cowan, 1975). Alternatively, the western margin may have 

been characterized by an extensional forearc region bounding one west-facing subduction 

zone (Saleeby and Busby-Spera, 1992). Widespread arc magmatism in Nevada and 

western Utah suggests a shallow subduction angle beneath the Cordillera during Middle 

Jurassic time (Lawton, 1994). The shallowing of the subducting slab during early Middle 

Jurassic time may have increased the lateral dimensions of the zone of dynamic 

subsidence of dynamic topography and related accommodation development in the back-

arc region, allowing deposition of the thick Middle Jurassic sediments in central Utah 

(Lawton, 1994). This subsidence may have also allowed widespread Middle Jurassic 

marine incursion across the westem interior basin. 
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Figure 5. Schematic cross sections of the Cordilleran orogen and back-arc/foreland region 
during a) Middle Jurassic, b) Neocomian, c) Albian and d) Late Cretaceous time. Periods 
of shallow-angle subduction correspond to periods of long wave length accommodation 
development in the western interior basin. 
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Figure 6. Generalized paleogeographic maps for the western United States during 
Middle Jurassic-Late Cretaceous time showing changing position of the magmatic arc, 
eastward migration of the Sevier thrust belt, and distribution of western interior 
deposystems relative to changes in the angle of subduction displayed in Fig. 5. Modified 
after Saleeby and Busby-Spera, 1992 and Lawton, 1994. 
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By Neocomian a change in the nature of subduction occurred along the western 

margin, as suggested by the westward migration of the magmatic arc (Fig 5b, Fig. 6b) 

(Cowan and Bruhn, 1992; Ernst and Hacker, 1993). Two possible scenarios can account 

for this change. In the fiist, the slab that had been subducting beneath North American 

during Middle Jurassic time was consumed as a result of accretion of the western Sierran 

island arc complex during Late Jurassic time (Ingersoll and Schweickert, 1986). This 

resulted in formation of a new subduction zone outboard of the accreted arc terrane. The 

second scenario calls for steepening of the subduction zone and slab rollback due to a 

change in relative plate motion during Late Jurassic time. This is supported by 

paleomagnetic data that indicate a rapid northward translation of North America during 

Late Jurassic time (May at al., 1989). In either case, the change in the nature of 

subduction resulted in cessation of dynamic subsidence across the western interior and 

development of a regional Early Cretaceous unconformity (Lawton, 1994). However, by 

Early Cretaceous time, thrusting in the Sevier belt in western Utah was well established 

and deposition may have been restricted to the flexurally subsiding foredeep of the 

Cordilleran foreland-basin system (Currie, 1997). Forebulge migration associated with 

the eastward propagation of the thrust belt during Early Cretaceous time may have 

enhanced the development of the regional unconformity in central Utah and western 

Wyoming (DeCelles and Currie, 1996). 

By ~100 ma (Late Albian) there was another change in the nature of subduction and 

Cordilleran tectonism. The Sevier thrust belt had migrated into central Utah, and flexural 

foreland basin subsidence extended into the eastern part of the state (Fig. 5c, Fig. 6c) 

(Currie, 1997). In addition, the Cretaceous western interior seaway had advanced across 

the distal portions of the foreland-basin system. This marine incursion may have been 

caused by the rejuvenation of dynamic subsidence across the region as a result of Early 
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Cretaceous flattening in the angle of Farallon plate subduction. Slab flattening continued 

into Late Cretaceous time as indicated by the dramatic eastward migration of the 

magmatic arc by 80 Ma (Coney and Reynolds, 1977). Continued flattening was 

manifested by increasingly rapid dynamic subsidence and deposition of thick Upper 

Cretaceous strata in the distal parts of the foreland-basin system, well over 500 km from 

the topographic load of the Cordilleran thrust belt (Fig. 5d, Fig. 6d) (Mitrovica et al., 

1989; Burgess et al., 1997). 

Conclusions 

J-K subsidence in the western interior United States was conu-olled primarily by 

dynamic subsidence linked to oceanic plate subduction along the western margin of 

North America. The -20 ma unconformity that separates Jurassic and Cretaceous 

sequences was generated by consumption or steepening of the subducted slab during Late 

Jurassic time, although the unconformity may have been enhanced by forebulge 

migration in the westem part of the basin . Slab shallowing beginning during late Early 

Cretaceous time reinitiated dynamic subsidence in the western interior. Peak subsidence 

occurred during Late Cretaceous time as the slab continued to flatten. 
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