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INTRODUCTION
	
The Bighorn Mountains of north central Wyoming are 
a basement-cored arch formed during the Laramide 
Orogeny.  Working in association with the Bighorn 
Arch Seismic Experiment (www.bighorns.org), the 
Bighorns Keck project seeks to develop a better 
understanding of the structures active within crystal-
line basement and sedimentary cover rocks during the 
formation of the arch.  Little is known of the origin 
of the brittle structures within the crystalline rocks at 
the core of the arch, and distinguishing Laramide-re-
lated features from older features is not an easy task.  
Large-scale linear topographic features are prominent 
throughout the core of the Bighorn Arch (Hoppin, 
1974).  This study focuses upon two specific linea-
ments, the drainages of Edelman Creek and North 
Paint Rock Creek in the central Bighorn Mountains.  I 
combine detailed field measurements and geographic 
information systems (GIS)-based topographic linea-
ment analysis in an attempt to understand the rela-
tionship between outcrop-scale brittle fractures in the 
crystalline basement and regional-scale lineaments in 
the Bighorn Mountains, and advance the understand-
ing of the manner of deformation of the crystalline 
basement formation of the Laramide arch.
			 
GEOLOGICAL BACKGROUND
	
The Bighorn Arch formed as a result of compres-
sion during the Laramide mountain-building event 
that began approximately 70 million years ago.  The 
primary compression direction for Laramide events in 
the Bighorn Mountains is approximately 060.  Strike 
slip faults observed in sedimentary rocks on the flanks 
of the arch show strikes of approximately 040 for 
right-lateral and 080 for left-lateral (Erslev, 2005; 
confirmed by work of other members of this project).

TOPOGRAPHIC LINEAMENTS AND EXPRESSION OF 
FRACTURE ARRAYS IN THE EDELMAN AND NORTH PAINT 

ROCK CREEK LINEAMENTS, BIGHORN MOUNTAINS, 
WYOMING

CHAD TREXLER, Whitman College
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What makes the Bighorn Arch unique is its scale 
(over 100km by 30km) and its core of crystalline 
rock.  The Archean core of the Bighorn Mountains 
is composed of a granite batholith of 2.75 to 2.89 Ga 
in the northern part of the range and a gneiss com-
plex in the south (Frost and Fanning 2006). Mafic 
dikes intrude the other units, with subvertical dip and 
predominant orientations of NE-SW, NW-SE, and 
E-W (Ross and Heimlich, 1972). Two generations 
of dikes are circa 2.8 Ga and 2.2 Ga (Stueber, 1976). 
The Edelman and North Paint Rock Creek lineaments 

Figure 1.  Map of field area and lineaments, drawn in 
ArcGIS, overlaid on elevation-based color ramp and hill-
shade.  Entire extent of field area in this summer’s project 
is visible on this map.  The area of lineament analysis ex-
tends approximately one 7.5min quadrangle in each direc-
tion beyond the region visible on this map.  Field locations 
(red circles) are found along both the Edelman (to the 
north) and North Paint Rock Creek (to the south) linea-
ments.  Major lineaments (dark red lines) follow obvious 
linear features visible at 1:200,000, and linear features 
visible at 1:50,000 are defined as lineaments (black lines).
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mafic dikes may make up part of the E-W trending 
lineament set seen in the data (fig. 2).	
	
Previous studies of linear topographic features in 
the Bighorn Mountains have focused on much larger 
features than those in this study.  Hoppin (1974) 
defined lineaments as “rectilinear lines or zones of 
structural discordance of regional (100km or longer) 
extent (emphasis mine).” Hoppin referred to the much 
smaller features examined in this study (which we’ve 
called lineaments) as ‘linears.’
Studies in other locations have shown the correlation 
of topographic lineaments to  structural features.  Ra-
himan and Pettinga (2008), Gabrielsen et al. (2002), 
and others (see references) have done work in many 
locations and in both crystalline and sedimentary 
rocks confirming the relationship between topograph-
ic lineaments and tectonic fractures.  Their work also 
provides methods of lineament analysis using geo-
graphic information systems that were used as a basis 
for analysis in this project.

METHODS
	
Fracture orientation data were collected along the 
Edelman Creek and North Paint Rock Creek (NPRC) 
valleys, over an area of approximately 70 km2.  Pri-
mary data for fractures include strike/dip of the plane, 

are within the Bighorn batholith just north of the 
boundary with the gneiss complex.  The Edelman and 
NPRC lineaments trend toward and subparallel to the 
northern margin of the Piney Creek salient, a north-
east-directed thrust along the northeastern flank of 
the Bighorn Arch (Stone, 2003). An inferred structure 
named the Granite Creek transfer zone is identified as 
the northern boundary of the Piney Creek salient.

Along with brittle fractures, ductile fabrics are also 
present in the core of the Bighorn Arch.  Near the 
Piney Creek salient east of the field area, lineations in 
the gneisses are poorly developed and foliations are 
at a distinct angle to the trend of the range, suggesting 
that that Precambrian structure has little relationship 
to the trend of the mountain range (Hudson, 1969).  
Weak foliation in the gneisses of the Edelman and 
NPRC area is variably oriented with evidence of mag-
matic flow alignment.
	
Within the field area, significant subvertical E-W 
trending mafic dike swarms are crosscut by the N-S 
trending subvertical fracture set.  Elsewhere in the 
Bighorn Mountains, these E-W trending dike swarms 
have been dated as at least 2.2 Ga in age (Stueber, 
1976), giving a possible age bracket for the E-W 
trending fracture set, along with a relative age of the 
most recent activation of N-S fractures.  These E-W 

Figure 2.  Rose diagrams showing orientation of topo-
graphic lineaments, drawn in ArcGIS, within 3km radius 
of Edelman and NPRC drainages, unweighted and un-
sorted by length or type.  Red and purple arrows indi-
cate major lineament orientation in Edelman and NPRC 
valleys, respectively.  Note the prominent N/S, NE/SW, and 
E/W trends in both datasets, as well as the prominence of 
trend-parallel lineaments.

Figure 3.  Rose diagrams showing orientations of steeply 
dipping (80 degrees or greater) fractures from field mea-
surements.  As in figure 3, red and purple arrows indicate 
the orientation of the major lineament in each region of 
study.  Particularly prominent are the WNW/ESE and NE/
SW trends in both data sets, and the N/S set in the NPRC 
dataset.  Interestingly, the NW/SE lineament orientation is 
more or less absent in these datasets.
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appearance and type of mineralization on the plane, 
orientation of striae, scale, and notes on cross-cutting 
relationships of fractures or striae.  Motion criteria for 
kinematic sense were not apparent in the majority of 
field exposures, and were recorded for approximately 
1/3 of the mesoscopic fractures.  A category of “ma-
jor faults”was designated for throughgoing fracture 
systems with trace length >20 m. Data on gathered 
on each major fault and its subsidiary fractures were 
the same as those gathered on mesoscopic fractures. 
All 12 members of the Keck research group contrib-
uted to the task of data collection in order to acquire 
large numbers of data over a large area. The data were 
compiled into the Select.xls spreadsheet application 
(Erslev, 2010) for quality control. 

For the initial step in data analysis, data subsets were 
developed on the basis of field location and used for 
kinematic analysis (Marrett and Allmendinger, 1990; 
Petit, 1984). Subsequently, we used other criteria to 
sort fractures and faults into subsets.  These include 
mineralization type, geometry of fault plane and/or 
fault striae, and crosscutting relationships between 
fractures.  Allmendinger’s Stereonet 6.0 software and 
Almendinger and Cardozo’s OSXStereonet 1.0 soft-
ware were utilized to perform stereographic analysis 
of each data subset.
	
To acquire information at the regional scale, in the 
second phase of work I used geographic information 
systems (GIS) to determine number and orientation of 
prominent linear topographic features within the field 
area.  GIS lineament analysis was pursued in part 
because it is not limited by accessibility in the way 
that ground based field work data are.  Methods used 
were similar to those of Rahiman and Pettinga (2008) 
and Ekneligoda (2010).  Using 10 m resolution digital 
elevation models (DEMs) from the Wyoming Geo-
logical Survey, hillshades of an approximately 1600 
km2 area of the central Bighorn Mountains (40 km 
north to south by 40 km east to west, centered on field 
area) were created from three illumination directions 
(azimuths of 045, 180, and 315).  Lineaments were 
hand drawn at two scales -- 1:50,000 and 1:200,000. 
Each linear feature was required to be clearly visible 
at the viewing scale in each of the three illumination 
directions before it was accepted as a lineament of 
potential structural significance.  I then sorted linea-

ments by azimuth, length (most were between .5 km 
and 2 km long), and topographic character (whether 
the lineament was a ridge or valley).  Two location 
subsets were also created:  all lineaments within a 3 
km radius of the trace of the Edelman Valley were 
grouped into the Edelman dataset, while those within 
3 km of the trace of North Paint Rock Creek were 
grouped into the North Paint Rock Creek (NPRC) 
dataset.  I used rose diagrams to assess the prevalent 
lineament orientations (fig. 2).   The results of the GIS 
lineament analysis were then evaluated together with 
field structural data, in particular the steeply dipping 
fracture arrays that have highest potential to be ex-
pressed in topography (Rahiman and Pettinga, 2008). 

RESULTS
	
Rose diagrams of lineament orientations in the Edel-
man and NPRC areas, without sorting by length or 
type (Fig. 2), both show three prominent orientations: 
N-S, WNW-ESE, and NE-SW.   The direction of each 
major lineament (approx. 045 in Edelman and 072 in 
NPRC) is well-represented in its respective dataset, 
an indication that there are distributed structures in 
that orientation throughout the delimited area.  While 
the 045 trend is apparent in both rose diagrams, the 
072 trend is not as apparent in the Edelman dataset as 
in the NPRC dataset.  The Edelman dataset contains 
a prominent NW-SE lineament set that is much less 
prominent in the NPRC dataset. 

To assess other factors such as scale and rock com-
petence, data subsets of length and geomorphic type 
were plotted on rose diagrams.  Lineaments were 
sorted into bins by 500 m increments, and also into 
standard deviation bins by length.  Neither of the 
length sorting methods showed results that differed 
from total datasets beyond the margin of error.  Sort-
ing by lineament type (whether the lineament was a 
ridge or valley) did not produce results that differed 
from total datasets and were statistically significant.
	  
In these data analyses, the relative importance of 
individual lineaments was not taken into account 
— large-scale linear features may not be adequately 
represented in analysis when they are counted equally 
with much shorter linear segments.  To address this 
concern, an attempt was made to weight lineaments 
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with this finding, and are an indication that the fault(s) 

experienced slip in more than one direction, probably 
in unrelated events.

The NPRC striae have no consistent direction (Fig. 
5b), in part due to the small number of striations 
measured. The WNW fracture array also has striae in 
multiple orientations, with approximately even num-
bers of dip-slip and strike-slip striae.

 DISCUSSION AND CONCLUSIONS
	
Striation data for the Edelman fault zone indicate 
strike slip deformation at some time in the geologi-
cal history of the region. Kinematic criteria from the 
Edelman are inconclusive,  with an approximately 
even number of right lateral and left lateral indicators 
. Kinematic criteria are meager for the NPRC, but 
supporting information may come from two subsid-
iary fracture arrays that exist in each fault zone.  In 
the 072-striking NPRC zone, the N-S set apparent 
in both lineament and fracture rose diagrams (figs. 

by their length in rose diagrams.  Lineaments were 
again sorted into bins by 500 m increments.  Under 
the assumption that two 500 m lineaments would be 
required to equal one 1 km lineament, and so on, each 
bin was added to the dataset an additional time for 
each 500 m increase in length (e.g., a 1.2 km linea-
ment would appear in the dataset twice, and thus be 
represented twice on the rose diagram; and a 2.1 km 
lineament would appear 4 times).  Patterns and trends 
seen in earlier analysis remained apparent, but no new 
patterns emerged.  There is a non-Gaussian distribu-
tion of lineament lengths, however, so the accuracy 
and value of this weighting method was questionable, 
and further techniques for statistical weighting were 
not applied. Rather, a comparison of lineament orien-
tations to mesoscopic fracture data was carried out.

Steeply dipping fractures in the field data (Fig. 3) 
have strikes similar to ArcGIS-based lineament trends 
(Fig. 2), particularly in the Edelman dataset. The 
WNW trend in both the Edelman and NPRC areas is 
prominently represented as steeply dipping fracture 
planes (Fig. 4). The NE-trending set is also apparent, 
particularly in the fracture data from the Edelman 
zone. N-trending lineaments form a prominent set that 
is matched by strong N-S subvertical fractures in the 
NPRC zone, only minimally represented in the Edel-
man zone. The relationships suggest  that the meso-
scopic fractures are part of a systematic distributed 
structural array, and that the NE and WNW linea-
ments are fault zones with a geometry and kinematic 
history compatible with that recorded upon the mea-
sured fractures. The field data show that NE-striking 
fractures of the Edelman zone have two orientations: 
subvertical and moderately SE-dipping (Fig. 4a). In 
the NPRC, the majority of ENE-striking fractures are 
moderately dipping, with dips to both NW and SE. 
Fault striae offer critical information about the kine-
matics, or sense of motion, recorded in the lineament 
fault zones. For the NE-striking Edelman fracture 
array (Fig. 5a), the majority of striae plunge gently to 
the NE or SW, and indication of strike slip displace-
ment at some time in the fault zone’s history. A nearly 
comparable number of down dip striae were mea-
sured, however; these indicate an interval of dip slip 
faulting when the zone accommodated slip at nearly 
right angles. Field observations of striae in multiple 
orientations upon a single fault surface are consistent 

Figure 4.  Stereonets showing poles of all field fracture 
measurements in each region of study.  Red and purple 
arrows show orientation of Edelman and North Paint Rock 
Creek lineaments, respectively.  Contours were drawn us-
ing the Kamb contour method, and are standard deviation-
based. Subvertical data is prominent in both Edelman and 
NPRC data, as shown by populations of poles along the 
primitive in both stereonets.  Other populations of poles (in 
central NW and SE quadrants) particularly prominent in 
the NPRC dataset suggest concentrations of NE/SW trend-
ing fractures moderately dipping both N and S.  Popula-
tions of subvertical planes parallel to the trend of the 
Edelman lineament appear important in its topographic 
expression.  The NPRC lineament appears more strongly 
influenced by prominent sets of moderately dipping planes.
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2 and 3) lies at an angle of ~65° to the NPRC, in the 
expected orientation for antithetic Riedel (R’) shears 
(Petit, 1984) in a left-lateral subsidiary fracture array.  
The NE-SW set, at an angle of ~20°, is that expected 
for the synthetic Riedel (R) shears, and the E-W set 
at 90° is situated in the expected orientation for P 
shears (Petit, 1984).  If the disparate orientations 
represent an array that initiated within homogeneous 
isotropic rock, they indicate sinistral motion along the 
NPRC zone.  The 045-trending Edelman zone would 
function as a dextral conjugate fault, with its N-S 
subsidiary array at an angle of  ~20° to the Edelman 
zone, the location expected for P shears. The E-W set, 
at ~60° to the Edelman master fault aligns with R’ 
shears.

If the interpretation of the subsidiary fracture ge-
ometries is correct, it suggests that the Edelman and 
NPRC faults functioned as a conjugate system. One 
way to assess whether the pair of faults may have 
been active in the Laramide is to compare the geom-
etry and kinematics of basement fractures to those 
from Phanerozoic rocks that were not subjected to 
tectonism in Precambrian time. The maximum princi-
pal stress direction for Laramide events in the Big-
horn Mountains is 060 based on Keck fracture data 
gathered in sedimentary cover rocks and the regional 

results of Erslev (2005). Conjugate strike slip faults 
oriented 040 (right-lateral) and 080 (left-lateral) are 
found in the cover rocks. By parallelism, the geom-
etry of the basement fault zones was therefore favor-
able for left-lateral motion along the NPRC zone 
(trend of 072) and  right-lateral slip on the Edelman 
Zone (trending 045).  The deformation characteristics 
of cataclasites in the zones (Dalley, 2011) and the 
evidence of overprinting striae, together with mul-
tiple orientations of striae, suggests that the basement 
faults are ancient structures that have been reacti-
vated. 
  
The Piney Creek salient along the eastern margin of 
the Bighorn Mountains is a thrust block that must be 
bounded by transfer faults, with left lateral slip on 
along its north and right lateral along its south margin 
(Stone, 2003). It has not yet been demonstrated that 
the Edelman and NPRC faults do accommodate slip 
associated with the Piney Creek block, but if so their 
motion sense would be opposite of that expected mo-
tion for Laramide compression.

Further work will be needed to explore these relation-
ships and to verify whether the NPRC zone is  mod-
erately dipping rather than subvertical, as is suggested 
by fracture geometries.  New perspectives will come 
from the Bighorns Arch active-source Seismic Ex-
periment, since moderately and shallowly dipping 
fracture zones can appear as prominent reflectors in 
seismic profiles. 

REFERENCES

Angelier, J., 1984. Tectonic analysis of fault slip data 
sets, Journal of Geophysical Research, vol. 89, p. 
5835-5848.

Cooper, S.P., Goodwin, L.B., and Lorenz, J.C., 2006. 
Fracture and fault patterns associated with base-
ment-cored anticlines: The example of Teapot 
Dome, Wyoming.  AAPG Bulletin, December 
2006, vol. 90, no. 12, p. 1903-1920.

Dalley, E. 2011. Fault Analysis of Basement Rocks in 
the Bighorn Mountains. 24th Keck Symposium 
Volume.

Figure 5.  Stereonets of trend-parallel faults and their 
striae, from field data in the Edelman and NPRC linea-
ments.  Red and purple arrows once again indicate major 
lineament direction.  The majority of trend-parallel faults 
in the Edelman lineament are steeply dipping, and concen-
trations of shallowly plunging striae indicate strike-slip 
movement along the Edelman zone.  Trend-parallel faults 
in the NPRC lineament are generally moderately dipping, 
suggesting that the NPRC zone itself may be a moderately 
dipping feature.  Striae in the NPRC zone have less consis-
tent slip direction.



24th Annual Keck Symposium: 2011 Union College, Schenectady, NY

46

Doane, T., 2010, Integrated Structural and Gravity 
Modeling Study: Lineaments and their 	role in 
Laramide basement deformation and implica-
tions for a crustal-scale 	 response, Unpub. B.A. 
Distinction thesis, Colorado College, 104 p.  

da Silva, P.C.F., Cripps, J.C., and Wise, S.M., 2005. 
The use of Remote Sensing techniques and em-
pirical tectonic models for inference of geologi-
cal structures: Bridging from regional to local 
scales. Remote Sensing of Environment, Else-
vier, vol. 96, p. 18-36

Ekneligoda, T.C. and Henkel, H., 2010. Interactive 
Spatial Analysis of Lineaments. 	Computers and 
Geosciences, Elsevier, vol. 36, p.1081-1090.

Erslev, E., 2005, 2D Laramide Geometries and Kine-
matics of the Rocky Mountains, Western U.S.A., 
2005, AGU Geophysical Mongraph 154, pp. 
7-20.

Esser, V., 2000.  Oxygen isotope analysis of mineral-
ized fault planes, Five Springs 	 region, Bighorn 
Mountains, Wyoming.  13th Keck Symposium 
Volume.

Frost, Carol D.; Fanning, C M. 2006 Archean geo-
chronological framework of the Bighorn Moun-
tains, Wyoming. Canadian Journal of Earth 
Sciences, Volume 43, Number 10, 1 October, pp. 
1399-1418(20)

Gabrielsen, R.H., Braathen, A., Dehls, J., and Rob-
erts, D., 2002. Tectonic Lineaments of 	 Norway. 
Norwegian Journal of Geology, vol. 82, p.153-
174.

Hoffman, R.F., 1989.  Precambrian geology and 
tectonic history of North America in Bally, A.W. 
and Palmer, A.R., eds., The geology of North 
America – An overview.  Geological Society of 
America, DNAG Volume A, p. 447-512.

Hoppin, R.A., Manley, R.D., Tappmeyer, D.M. and 
Voldseth,, N.E. 1973. Geologic 	Interpretation 
of ERTS-1 imagery, Bighorn Mountains, Rocky 
Mountain Geology; October 1973; v. 12; no. 2; 

p. 33-42.

Marrett, R. and Allmendinger, R. W., 1990.  Kinemat-
ic Analysis of Fault Slip Data.  Journal of Struc-
tural Geology, Vol. 12, No. 8, pp.973-986.

Mitra, G. and Frost, B.R., 1981, Mechanisms of 
deformation within Laramide and Precambrian 
deformation zones in basement rocks of the 
Wind River Mountains, in 	 D.W. Boyd, ed., 
Rocky Mountain foreland tectonics: University 
of Wyoming Contributions to Geology, v.19, p. 
161-173.

Rahiman, T.I.H., and Pettinga, J.R., 2008.  Analysis of 
Lineaments and their Relationships to Neogene 
Fracturing, SE Viti Levu, Fiji. Geological Soci-
ety of America Bulletin, Nov/Dec 2008, vol.120, 
no.11/12, p. 1544-1555.

Stone, D.S., 2003. New Interpretations of the Piney 
Creek Thrust and Associated Granite Tear Fault, 
Northeastern Bighorn Mountains, Wyoming.  
Rocky Mountain Geology, v. 38, no. 2, p. 205-
235.

Stueber, A.M., Heimlich, R.A., and Ikramuddin, M., 
1976.  Rb-Sr Ages of Precambrian Mafic Dikes, 
Bighorn Mountains, Wyoming.  Geologic Soci-
ety of America Bulletin, vol. 87, p. 909-914.

 
Wise D.U., and Obi, C.M., 1992, Laramide basement 

deformation in an evolving stress field, Bighorn 
Mountain front, Five Springs area, Wyoming: 
The American Association of Petroleum Geolo-
gists Bulletin, v. 76, No. 10. P. 1586-1600.




