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uplifts indicate that the forces that caused Laramide deformation may 
have changed through time. Compression was primarily east-west in lat
est Cretaceous and formed folds parallel to the Cordilleran thrust belt 
and probably formed wrench fauh zones perpendicular to them. Later 
(Eocene) compression was more north-south and formed the east-west-
trending uplifts and thrusts. South-southeast-trending wrench faults were 
activated in the foreland at this time, and eastward thrusting ceased in the 
Cordilleran thrust belt. 
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Depositional Processes in Beaverhead Formation, Southwestern Mon
tana and Northeastern Idaho, and their Tectonic Significance 

The Upper Cretaceous to Paleocene(?) Beaverhead Formation is a 
thick sequence of interbedded and intertonguing synorogenic conglomer
ates, sandstones, and limestones located at the juncture of a northeast-
southwest-trending foreland uplift and the northwesl-southeast-trending 
thrust belt in Beaverhead County, Montana, and Clark County, Idaho. In 
the vicinity of Lima, Montana, the conglomerates carry two distinct clast 
assemblages, one dominated by well-rounded quartzite clasts derived 
from Precambrian and early Paleozoic rocks to the west, and the second 
by locally derived, angular to rounded limestone clasts of Mississippian to 
Jurassic age. Based on clast imbrication data by Ryder and Scholten in 
1972, the latter assemblage has long been thought to represent a deposit 
shed radially from the southwest end of the foreland uplift. Recent obser
vations on the details of depositional facies, clast composition, fining-
away sequences, and the structure of deformed strata beneath the 
Beaverhead unconformity, however, suggest that the limestone conglom
erates represent a complex of deposits with sources both in the thrust belt 
and the foreland terrane. Where deposits from these two uplifts can be 
distinguished, they display markedly different sequences of sedimentary 
structures and fabrics attributed to significantly different modes of depo
sition. 

In the Antone Peak area the limestone conglomerate of the Beaverhead 
lies unconformably on rocks deformed solely by foreland deformation. 
The sequence is characterized by cycles up to 10 m (30 ft) thick beginning 
with laterally extensive lenses of sandy, clast supported, well stratified but 
poorly sorted cobble and boulder conglomerate grading upward into 
cross-bedded pebble conglomerate, pebbly sand, and flat laminated and 
rippled sandstone. Such sequences are characteristic of perennial braided 
stream deposits. Clast composition, distance from the thrust belt, coarse 
clast size, and the nature of the unconformity dictate a foreland source 
for these conglomerates. 

In contrast, the limestone-rich conglomerates near Dell display a domi
nance of matrix-supported conglomerate and pebbly mudstones incised 
by steep walled channels filled with well-stratified, better sorted, dast-
supported conglomerate lenses interbedded with thin discontinuous 
lenses of flat laminated coarse sandstone. These features are consistent 
with those observed on modern debris-flow-dominated alluvial fans in 
the Basin and Range province of the Western United States. Ubiquitous 
recycled sheared quartzite clasts strongly suggest a thrust belt origin for 
these conglomerates. 

Recognition of the link between depositional style and source terrane in 
the Lima area may provide a piowerful tool for distinguishing different 
deposits of compositionally similar conglomerate. With careful mapping 
of these deposits and precise dating by pollen and fossils, the chronologic 
relationships of the various deposits may be established, enabling us to 
better understand the timing of the two uplifts. In addition this relation
ship suggests a general model that can and should be tested in other parts 
of the Cordillera where synorogenic deposits are found in both foreland 
uplift and thrust belt settings. 

HANSEN, DAN E., U.S. Geol. Survey, Denver, CO 

Tectonic Setting and Depositional Environments of Hanna Formation, 
South-Central Wyoming 

The Paleocene Hanna Formation was deposited during tectonic events 
that led ultimately to the development of the Hanna and Carbon struc
tural basins of south-central Wyoming. Early Paleocene uplift prior to 
deposition of the Hanna Formation resulted in a regional unconformity 

as observed in the Carbon basin, on the east side of the Hanna basin, and 
in the area south of these two basins. Subsequent movement of the thrust-
fault system on the north side of the present Hanna basin resulted in 
southward filling of this asymmetrical foreland basin by clastic wedges, 
which make up facies associations. The Hanna Formation deposited in 
the Carbon basin has the same facies associations that occur in the south
ern part of the Hanna basin. 

Facies associations in the Hanna Formation of the Hanna basin sug
gest deposition in alluvial-fan and alluvial-plain environments. The 
alluvial-fan facies can be subdivided into proximal, medial, and distal 
subfacies. The proximal and upper-medial subfacies, which have been 
eroded away on the north side of the Hanna basin, probably consisted of 
medium to coarse gravels and muds deposited by debris flow and sheet 
floods. The lower-medial subfacies consists of tongues of conglomerate 
interbedded with mudstones and was probably deposited by sheet floods. 
This subfacies grades laterally southward into the distal conglomeratic 
sandstones and gray mudstones that were deposited by braided streams 
and sheet floods. In the Hanna basin, these distal-fan subfacies grade 
southward into an alluvial-plain facies. In the area of the Carbon basin, 
all the fan facies are isolated in the Medicine Bow Mountains and associ
ated mountain front, and only the alluvial-plain facies occur in the basin. 

The alluvial-plain facies in the Hanna Formation can be divided into 
two subfacies on the basis of thickness and the occurrence of coal and car
bonaceous shale. One subfacies consists of overbank and backwater-
deposited gray shale and claystone and splay sandstone and siltstone 
interbedded with backswamp deposits of thin carbonaceous shales and 
thin coals. These deposits lie laterally from sandstone-filled channel sys
tems. In the Hanna basin this subfacies is thickest near the base of the 
Hanna Formation. The other subfacies is similar in lithology but contains 
more backswamp deposits of carbonaceous shale and coal beds. Stacked 
channel sandstones are also more common in this subfacies. This subfa
cies is thickest in the central part of the Hanna basin, and makes up most 
of the alluvial-plain strata in the Carbon basin. 

Analysis of the alluvial-plain sequences in Hanna basin is hampered by 
poor outcrops and a lack of subsurface correlation. Complete analysis of 
the coal-bearing subfacies has been possible in the Carbon basin where a 
stratigraphic framework has been established. From this stratigraphic 
framework, a sequential strata model has been constructed. Analysis of 
several coal-bed-bounded sequences in the Carbon basin confirms the 
sandstone domination of the sequences as shown by the sequential strata 
model. Also, mapped southeasterly trends of the sandstone bodies indi
cate the fluvial channel systems of the Hanna basin were continuous into 
the Carbon basin. 
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Channeling in Paleocene Coals, Northern Powder River Basin, Montana 

Interpretation of 1,200 geophysical logs in the northern Powder River 
basin, Montana, reveals the paleodrainages influencing coal deposition 
during the deposition of the Tongue River member (Paleocene, Fort 
Union Formation). Four channels with associated crevasse splay deposits 
are recognized: (I) an east-west "Rosebud" drainage near Colstrip, (2) a 
north-south "Wall" channel near Birney, (3) a north-south "Dietz" drain
age near Tongue River Reservoir, and (4) a north-south "Anderson" 
channel in the vicinity of Moorhead. These channels support the concept 
of a major northeast-flowing drainage system during deposition of the 
Tongue River Member. Identification of these channels serves as a guide 
to future coal exploration. 
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The Use and Misuse of the Nonlinear Vibroseis Method for the Acquisi
tion of High Resolution Seismic Data 

The recent use of nonlinear Vibroseis® (trademark of Continental Oil 
Co.) sweeps became possible with development of an electronics system 
to drive the vibrators in a nonlinear mode. This new electronics system 
allows the user to adjust both the vibrator amplitude and the rate of fre
quency change during the sweep. Nonlinear Vibroseis® sweeps are now 
becoming popular for the acquisition of high resolution seismic data in 


