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although it is unclear whether faulting occurred

before or after tilting of beds. Analysis of unrotated
planes in their present orientation shows a dominant
trend of NNE. Dominant trends of fault orientations
in restored bedding (rotated data) are N-S and ENE.

Samples selected for thin sections are representative
of the material within lineaments under study, the
prevalent structural orientations, and the mineraliza-
tion types. Thin sections were cut in the plane of
motion, perpendicular to fault surfaces and parallel to
striations, in order to characterize microstructures and
determine kinematic sense. The granitic host rock
consists of coarse-grained plagioclase, some micro-
cline, quartz and traces of chlorite and/or epidote in
veins.

Traces of iron oxide in many samples indicate hy-
drothermal alteration that obscures fabrics, making it
difficult to distinguish post tectonic from syntectonic
mineralization. The fault rocks are non-penetrative
brittle cataclasite with fractured fragmented feld-
spars and quartz with undulose extinction (Figure 4)
indicative of deformation at temperatures of 100 to
200°C (Passchier and Trouw, 2005), consistent with
the shallow crustal conditions of deformation during
the Laramide (Crowley et al., 2002). Sense of shear
indicators include offset grains, extensional veins, and
asymmetric porphyroclasts.

Cataclasite

Unaulose Extinc-
tion in quartz

e
Cracked feldspar \

grain 7 '

Figure 4

DISCUSSION

Given the age of the Archean basement (>2.5 Ga) and
the likelihood it contains structures formed in many
prior tectonic events, we expected to find a multitude
of fault orientations that had incompatible geometries
with the predicted Laramide compression direction
of ~065 (Erslev 2005). We hoped that by collecting
many data, we would be able to distinguish which
fault arrays were suitably oriented to accommodate
Laramide compression.

The kinematic analysis of four homogeneous subsets
of faults results in 4 differing contraction directions;
NE-SW, N-S, E-W and NW-SE. Based on our knowl-
edge of the s, direction for Laramide compression and
comparison with known Laramide faults, kinematic
analysis of left lateral E-W oriented faults and right
lateral NNE-SSW oriented faults shows that these
structures are in orientations favorable for motion/
reactivation in response to Laramide differential
stress and likely accommodated relative motion that
allowed formation of the BH arch. The structural ge-
ometries and kinematics are similar to or compatible
with faults within cover rocks (Erslev, 2005), young
enough to have been affected by only Laramide.

Kinematic solutions from fault sets different from
those expected for the Laramide, are interpreted to

be relict of prior (probably Precambrian) events or a
product of Laramide reactivation, or a combination of
the two. The N-S, E-W and NW-SE contraction di-
rections must be attributed to pre-Laramide (whether
they were again reactivated during the Laramide is
not known).

It is clear that further work throughout the range must
be conducted, but if it can be verified that there has
been Laramide reactivation of ~E-W and ~NNE steep
strike slip faults, then they may provide a geometri-
cal framework for understanding other fractures in
the cumulative data set. One such framework may
involve an array of riedel fractures associated with
the Edelman lineament (see diagram within Figure
3). Prominent arrays of NNW to NW and NNE-NE
oriented faults may be attributed to motion across the
Edelman. The NNW faults are oriented 75 degrees to
the lineament, as predicted for R’ structures and the
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NNE-NE faults are oriented 10 degrees to the linea-
ment, as predicted for R structures by Petit (1984), in-
dicating left lateral motion across the Edelman, which
is in agreement with left lateral motion of Piney
Creek salient. However, the NNW R’ faults should
exhibit right lateral motion, but few do, and therefore
these findings are inconclusive.

The NNE fault array, do show a majority of left
lateral faults over right lateral faults, as predicted for
R faults in this orientation. Out of 24 mapped NNE
faults, 46% were consistent with an interpretation of
left lateral offset and 29% showed right lateral offset.
Additionally, Tyler Doane observed a set of NNW ori-
ented faults that cut cover rock in the Amsden Creek
area, indicating that these faults were likely active
during the Laramide.

Further work in this area may involve confirming

this possibility and additionally, discovering other
interactions between fault arrays not attributed to
Laramide. Additionally, further characterization of
microstructural deformation will also show timing of
structures. Currently there are no known structures
below 10km that were active during Laramide uplift
of the Bighorns. Thin section analysis of our samples
yielded results indicating formation in the shallow
crust, which may indicate formation too deep to be
attributed to Laramide, or may indicate that structures
active in the Laramide did actually reach to this depth.
Unfortunately, results from analyzing thin sections are
not entirely clear enough to conclude this definitively.

Furthermore, the fault geometries and the obser-
vational characteristics of the fault rocks we have
observed may have relevance for the shear wave split-
ting group. In this case, deeper faults (even around
the brittle-ductile transition zone) would potentially
cause an anisotropy in the basement. We can fairly
reliably say that our NNE oriented faults do go to a
depth that would affect shear wave pathways state-
ment not supported by own observations. Many of
our NNE faults are quite extensive linearly, such that
the magnitude of this scale could indeed cause notable
seismic anisotropy.
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