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Paleotectonic Controls on Carbonate Reservoir Development in Central 
Williston Basin 

The Williston basin has been portrayed as the archetype intracratonic 
basin, wherein tectonics have played only a minor role in geologic history. 
This may be demonstrated in the subtle manner in which tectonics have 
controlled the locus and development of most of the producing reservoirs 
in the Paleozoic sedimentary sequence. 

The pattern of the initial sedimentary sequence covering the crystalline 
basement is that of a westerly to southwesterly thickening wedge. Limited 
penetration of the Deadwood sequence has restricted full understanding 
of its hydrocarbon potential. However, it forms the foundation for over
lying Upper Ordovician Red River production focussed along the North 
Dakota-Montana border. The structural features on which most Red 
River production occurs show near classic effects of active structural 
development during deposition of the reservoir beds. Peritida! facies rep
resent minute variations in depositional topography and, therefore, 
respond to the smallest increments of uplift. This causes sharp variations 
in distribution of reservoir and nonreservoir facies within a given struc
tural feature. 

Major unconformities mark tectonic episodes at the close of the Silu
rian and near the close of the Devonian. Each of these events is marked by 
uplift and leveling around the periphery of the basin and significant shifts 
in depositional patterns within the basin. Late Ordovician through Silu
rian sedimentation is reflected in basin-centered patterns of thickening. 
Facies patterns, including the distribution of reservoirs and seals, reflect 
this. The Devonian onlaps across an unconformable surface and has 
formed a wedge with significant northward thickening. Facies patterns of 
both Middle and Upper Devonian units reflect a tectonic and sedimentary 
connection into the Alberta basin. 

Mississippian seas flooded across the late Devonian unconformity and 
deposited thick sequences of carbonates and evaporites again in a pre
dominantly basin-centered pattern. Rapid subsidence and rapid sedimen
tation caused a filling of the basin, and a strong regressive pattern of 
facies developed. Peritidal sedimentary facies dominate in development 
of reservoir and seal. Traps are thus influenced by very subtle tectonic-
topographic variations throughout the basin. 

Late Paleozoic to early Mesozoic uplift, tihing, and erosion, followed 
by deposition of early Mesozoic seals has had a profound effect on the 
distribution of hydrocarbons in the previously developed traps. A more 
complete understanding of this final episode and its relation to source 
rock maturation and migration holds the key to much of the future devel
opment of the basin. 
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Paleotectonic, Stratigraphic, and Diagenetic History of Rangely Area, 
Colorado 

Rangely field is located in Rio Blanco County, Colorado, on a Lara-
mide doubly plunging anticline asymmetrical to the southwest. The Penn-
sylvanian Weber Sandstone is the primary producing horizon, with 
cumulative production exceeding 650,000,000 bbl. The Weber is a sub-
arkosic arenite deposited in an eolian regime. It interfingers with the allu
vial Maroon Formation in the southern and southeastern portions of 
Rangely field. Lower Pennsylvanian stratigraphy suggests a paleotec
tonic high in the Rangely area. Hydrocarbon migration into the Rangely 
area probably occurred prior to the Laramide with stratigraphic entrap
ment at the Weber-Maroon transition. The subsequent Laramide struc
ture localized the hydrocarbon accumulation. 

Diagenetic history of the Weber Formation differs between the Uinta 
and Piceance basins. Weber diagenesis in the Uinta basin is dominated by 
siUca precipitation; porosity appears to be residual primary. Weber dia
genesis in the Piceance basin includes dissolution of matrix material and 
precipitation of a complex sequence of carbonate cements. Weber poros
ity in the Piceance basin appears to be secondary. The boundary between 
these two diagenetic regimes seemingly coincides with the present Doug
las Creek arch. 

A diagenetic model is proposed for the Rangely area. The model 
assumes a paleotectonic high in the Rangely area or early expression of 
the Douglass Creek arch. Silica precipitation commenced after Weber 

deposition throughout ihe Rangely area. Pre-Laramide expression of the 
Grand Hogback may have caused sufficient faulting to permit fluid com-
miinication between Ihe Eagle Valley Evaporites and the Weber Forma
tion. Saline solutions from the Eagle Valley Evaporites had sufficient 
head or diffusion drive to replace the Weber Formation fluid in the 
Piceance basin. The saline solutions halted silica precipitation in the 
Piceance basin and initiated precipitation of the carbonate cements. Pre
cipitation of silica continued in the Uinta basin. Development of second
ary porosity in Ihe Piceance basin occurred prior to or simultaneously 
with oil migration. 
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Stratigraphy of Upper Jurassic Morrison and Lower Cretaceous Cloverly 
Formations of Big Horn Basin, Northern Wyoming 

The Morrison and Cloverly Formations in the Big Horn basin of 
northern Wyoming and southern Montana are part of a distal edge of a 
westward-thickening clastic wedge of sediments deposited in an elongate 
inlracontinental basin in the western North American craton. These for
mations reflect erogenic and volcanic activity in the western Cordillera 
during Late Jurassic and the subsequent eastward migration of volcanic 
centers during Early Cretaceous. 

The Morrison Formation (Upper Jurassic) conformably overlies the 
Jurassic marine Sundance Formation and consists of light olive-green, 
lenticular, calcareous sillstones and mudstones interbedded with white to 
buffer yellowish green, massive and cross laminated, calcareous quartz-
arenites. The olive-green mudstones in the upper portion of the forma
tion alternate with red-brown calcareous mudstones or shales producing 
red banding. A lenticular bed of siliceous accretionary lapilli is present in 
the upper portion of the formation along the west flank of Sheep Moun
tain anticline, north of Greybull, suggesting a closer proximity to volcanic 
vents than previously hypothesized. 

The Cloverly Formation (Lower Cretaceous) consists of three mem
bers: the Pryor Conglomerate, the Little Sheep Mudstone, and the 
Himes; it overlies the Morrison Formation both conformably and uncon-
formably Its basal contact is sometimes marked by a lenticular, cross-
bedded, conglomeratic quartzarenite or a pebble conglomerate consisting 
of clasts of black chert (Pryor Conglomerate) derived from uplifted 
Paleozoic deposits to the west and deposited as channel lag. The Little 
Sheep Mudstone Member is composed of variegated mudstones which 
are generally noncalcareous bentonitic, and laced with abundant chalced
ony and barite concretions and veinlets. The Himes Member also con
tains a stacked sequence of devitrified luffs interbedded with bentonitic 
mudstones, which locally may be several meters thick. The individual 
tuffs, however, are generally less than 1 m (3 ft) thick and are very fine 
grained, buff to white, and massive. Also, relatively thin lenticular lithic 
wackes occur in the Himes Member. These are anomalous to the quartz-
arenites of the rest of the Morrison and Cloverly. A thick lenticular, 
trough-cross-bedded, quartzarenite caps the formation. 

Both the Morrison and Cloverly Formations are characterized by high 
ratios of overbank fines relative to coarse channel sands. It has been 
assumed, but not documented by detailed sedimentologic study, that the 
deposits were part of an aggrading alluvial flood plain complex dotted by 
seasonal lakes and swamps and crossed by braided rivers. This model 
deviates from most modern braided systems which are characterized by 
rapid lateral mobility and the lack of fine-grained overbank material. The 
large ratio of fine-grained siltstones and mudstones to coarser grained 
sandstones can be explained by a number of processes, the most probable 
being rapid overbank aggradation as a resuh of a large influx of wind
blown volcanic material from vents to the west. However, this ratio could 
also be obtained in a rapidly subsiding basin whose river systems are char
acterized by long periods between avulsion, which is common in an arid 
to semiarid environment. 
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Late Cretaceous Fluvial Systems and Inferred Tectonic History, Central 
Utah 

Upper Campanian nonmarine sedimentary rocks exposed between the 
Wasatch Plateau and the Green River in central Utah record a tectonic 


