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ening direction that corresponds with other studies 
of Laramide compression in the Rockies, these faults 
are interpreted as having been caused by compression 
during the Laramide Orogeny (~70-55 Ma).  Cross-
cutting relationships with Fracture Set II indicate that 
these thrust faults formed before the Set II joint set, 
but it is difficult to say exactly when during or after 
the Laramide these formed. 
	
Set II fractures contain clear evidence of opening 
perpendicular to the joint walls in the form of gypsum 
crystal growth.  These joints are most likely the result 
of compression oriented parallel to the strike of the 
joint set.  These joints post-date the genesis of the 
Laramide thrust faults in Set I, but are likely due to 
compression from that same orogenic event.  It is pos-
sible that the Set I faults formed early in the Laramide 
and that the Set II joints formed at a later stage, caus-
ing them to cut the Set I faults. 
	
There are several possible explanations for the Set 
III fractures.  Fractures of the same general orienta-
tion have been described in Tertiary sediments further 
westward into the basin (B. Young, this volume), indi-
cating that they formed after the sediments were fully 
lithified, and perhaps quite recently.  Also, similar 
fractures cut the primary joints on the western back-
limb of Sheep Mountain (Fig. 4).  Set III could have 
been generated by gravity sliding westward into the 
basin or through regional post-Laramide relaxation. 

Dike Orientations and Intra-Dike Deformation

Because the sedimentary dikes are not systematically 
oriented with respect to each other, to Sheep Moun-
tain, or to any of the three regional fracture sets it is 
difficult to make robust interpretations concerning 
their genesis.  The Frontier Fm. is certainly the source 
for the sediment in the dikes because thin section 
analysis of the two materials revealed distinct simi-
larities in grain size and composition.  The lower beds 
of the Frontier Fm. contain distinctive dark rounded 
chert pebbles which were found within the clastic 
dikes.  The formation of the dikes predates any of 
the three regional fracture sets because the Frontier 
Fm. had to be unconsolidated in order to flow into 
the voids which would become the dikes.  The dikes 
likely formed in response to seismic activity which 

created open fractures in the underlying shales. 
	
For dikes 1 and 3, the most likely cause of internal 
faulting was vertical compression due to differential 
compaction between the sandstone dikes and the sur-
rounding shales.  The high-angle normal faults within 
these dikes occur because the shales have a higher 
capacity for internal compaction due to their clay 
content, which means that in order to accommodate 
the same degree of compaction the dikes would be 
expected to compensate through internal faulting and 
intergranular flow.  The four high-angle faults in dike 
2 could also be due to vertical compression similar to 
that in dikes 1 and 3. 
	
Dikes 2 and 5 both contain shallowly-dipping faults 
which are currently oriented roughly parallel to the 
ENE-WSW Laramide shortening direction given 
by the Set I faults.  These faults were caused by the 
Laramide compression which resulted in the Set I 
conjugate faults.  It is also likely that the complex 
arrangement of fault surfaces in dike 5 is due to the 
fact that the dike cuts across the axis of a syncline 
and thus would need to be restored using multiple bed 
orientations. 
	
The lack of motion sense information for the faults in 
dike 4 makes it difficult to determine what the cause 
of these faults is.  The dike itself is oriented NE-SW 
and does contain several fractures which parallel this 
orientation.  If the motion along these faults was dip-
slip, then these would most likely be compactional 
faults, but if the motion sense is oblique or strike-slip, 
then these could be right-lateral faults associated with 
Laramide compression. 

CONCLUSIONS

The regional fracture sets in the Frontier Formation 
near Sheep Mountain indicate that N67E Laramide 
compression resulted in NW-SE striking thrust faults 
as well as subsequent ENE-WSW striking joints.  
The NW-SE striking jointset found on the west limb 
of Sheep Mountain is most likely not tectonically 
induced.  Neptunian dikes predate all three regional 
fracture sets, Fractures within the dikes are the result 
of the combined effects of differential compaction and 
subsequent Laramide regional deformation. 
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There are still several questions which remain to be 
answered.  Why are Laramide thrust faults absent 
in the Frontier Formation on the backlimb of Sheep 
Mountain?  And what caused the seemingly random 
orientations of the clastic dikes; pre-existing weak-
nesses in the shales into which the sandstone dikes 
were injected, or random seismically-generated fis-
sures in the shales? 
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