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SEASAT SATELLITE INVESTIGATION OF THE STRUCTURE OF WESTERN NEBRASKA AND ITS 
APPLICATION TO THE EVALUATION OF GEOTHERMAL RESOURCES' 

by 

John Stix 

ABSTRACT 

Seasat synthetic aperture radar (SAR) satellite 
imagery was used to interpret the structural framework and, 
indirectly, the geothermal potential of an area in western 
Nebraska. Lineaments were mapped from the imagery and then 
compared to known structure. It was found that Seasat does 
record surface manifestations of subtle basement structures, 
particularly faults and joints. Furthermore, two areas with 
hot dry rock geothermal potential were delineated using 
Seasat and other data. It is stressed that more subsurface 
geology and geophysical data are needed before a final eval
uation of the geothermal potential can be made. Seasat ima
gery is a useful reconnaissance exploration tool in the 
interpretation of regional structure within areas of little 
topographic relief. 

I. INTRODUCTION 

The purpose of using Seasat synthetic aperture radar (SAR) satellite ima
gery in western Nebraska was to see if surface expression of subtle structural 
features in an area of little relief could be detected using this remote 
sensing technique. Primary objectives of this study were to examine folds, 
faults, fractures, and joints using this method; if these structures could be 
detected, a further examination tried to separate structural forms. Such a 
reconnaissance is especially promising in the context of a larger exploration 
program; it is a way to save time and money in pinpointing specific areas for 
more detailed subsurface geological and geophysical exploration. 

The area in question is interesting from a geothermal standpoint, as 
there is a geothermal a.nomaly, based on silica and sodium-potassium-calcium 
(Na-K-Ca) geothermometry, covering much of western Nebraska (Swanberg and 
Morgan 1978; Midcontinent Hot Dry Rock Study Group 1980). Since geothermal 
anomal ies appear to be related to the structural features in western Nebraska, 
Seas at imagery was used to pinpoint other areas of geothermal potential. 
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II. REGIONAL STRATIGRAPHY AND STRUCTURE OF WESTERN NEBRASKA 

Precambrian basement rock types along the Cambridge arch (Fig. I) are 
better known than in adjacent areas due to the relative thinning of sedi
mentary section over the arch and the greater number of oil and gas drill 
holes that have reached the Precambrian surface. Much information is still 
needed to accurately portray basement lithology, but it is known that there is 
quite a complex assemblage of rocks. Within the area the distribution of 

'granites, schists, granofel s, and gneisses has been generally del ineated 
(Plate 1, inside back cover) (Lidiak 1972). Rubidium-Strontium and 
Potassium-Argon ages of the schists, granofels, and gneisses suggest that Pre
cambrian metamorphic rocks of the Cambridge arch and adjoining area are not 
younger than 1800 Myr b.p., probably of Precambrian X age (Lidiak 1972). 

Merriam and Atkinson (1955) stated that biotite granites have intruded 
the older metamorphic rocks and are younger than 1800 Myr b.p. Lidiak (1972) 
and Zietz and others (1966) have agreed with this theory by noting the ci r
cular shapes, absence of foliation, magnetic highs, and northeast-trending 
lithologic anomalies of these granitic bodies. Lidiak (1969, 1972) has 
suggested three periods of granite emplacement in Nebraska; the earliest 
occurred 1700 Myr b.p. in northwestern Nebraska, from 1570 to 1580 Myr b.p. in 
southern Nebraska, and between 1510 and 1540 Myr b.p. in northern Nebraska and 
southern South Dakota. However, the ages of the latter two periods of 
plutonism may be older due to later widespread thermal activity that may have 
reset radiogenic clocks. 

Along the crest of the Chadron-Cambridge arch, sediment thicknesses range 
from 900 m in northwestern Nebraska to 1300 m in the west-central region to 
1250 m in southwestern Nebraska. The arch system is asymmetric; sediments 
thicken rapidly west of the Chadron arch, while the section thickens more grad
ually to the east of the arch (Wulf 1964). In contrast, the opposite occurs 
in the Cambridge arch area, with the section thickening more rapidly to the 
east of the arch than to the west (Carlson 1966). 

The sedimentary section on the flanks of the arch system is characterized 
by unconformities and thickening of Pennsylvanian, Permian, Triassic, and Cre
taceous rocks away from the arch axes (King 1951; Wulf 1964). Pre-Csillozoic 
rock units that overl ie the crest of the Chadron-Cambridge system are thinner 
than those on the flanks of the arch due to depositional control by the arch 
and to unconformities caused by the erosion of beds as the arch system was 
uplifted periodically. Figure 2 shows a generalized regional stratigraphy for 
western Nebraska. 

In Cambrian through Mississippian time, deposition was minimal. A 
highland area was coincidental with the arch (Table I) (Wulf 1964). Much of 
what was deposited up through Mississippian time was removed at the end of 
that period during broad uplift of the arch and erosion, resulting in a 
widespread unconformity (Larson 1962). Transgression in the Pennsylvanian 
thoroughly buried the arch under marine sediments (Wulf 1964); thickness and 
distribution of facies was controlled here by the movement of the arch. 

The Cambridge arch was less active than the Chadron arch during the 
Permian, whereas during Early Cretaceous time the opposite was the case (Moore 
and Nelson 1974). Very little Triassic and Jurassic sedimentation occurred on 
the arch system due to continued uplift and erosion there (Larson 1962). 

Post-Laramide Tertiary sediments were unconformably deposited over folded 
Paleozoic and Mesozoic sedimentary rocks (Larson 1962; Wulf 1964). 
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TABLE I 

PHANEROZOIC UPLIFT OF THE CAMBRIDGE ARCH 

Data from Larson 1962 
Schisler, A., independent geologist, Golden, Colorado, personal 

communication (1980) 
Stan 1 ey 1971 
Stanley and Wayne 1972 
Wul f 1964 

Period of Uplift 

Early Ordovician 

Latest Devonian 

Latest Mississippian 

Pennsylvanian 

Latest Permian to Triassic 

Ea r 1 y Cretaceous 

Late Cretaceous to Early 
Tertiary (Laramide) 

Oligocene 

Pleistocene 

A. Tectonic Framework and History 

Evidence 

Erosional unconformities 

Erosional unconformities 

Erosional unconformities 

Thinning of sedimentary beds over uplift 

Non-depos it ion 

Facies changes (transgression) 

Erosional unconformities 

VJarping of beds 

Drainage patterns, facies changes 

Pl ate 2 (inside back cover) shows the known structural features of the 
area. Note that the structural framework is only generally known as almost 
all of the information is based on unpublished oil and gas well data. 

The most promi nent Precambri an basement feature in western Nebraska is 
the northwest-trendi ng Chadron-Cambridge arch system (Fi g. 1), whi ch extends 
northwest from the Central Kansas Upl ift to the Bl ack Hill s Upl ift. The dif
ferent elements of the arch system cannot, however, be considered together in 
terms of tectonic activity, as each part of the system has been active at dif
ferent times during the Phanerozoic. Regionally, there has been a northwest 
progression of tectonic activity with time (Merriam and Atkinson 1955). It 
has been suggested that the Cambridge arch is related more closely in time to 
the northeast-trending Siouxana arch than to the Chadron arch or Central 
Kansas Uplift (Barr and Bieber 1961). Uplift of the Black Hills may have oc
curred later than that of the Chadron arch; likewise, Cambridge arch tectonic 
activity came before that of the Chadron, and movement on the Central Kansas 
Uplift preceded Cambridge movement. Initial uplift of the Cambridge arch is 
believed to have occurred during Paleozoic time, although similar tectonic 
activity on the Chadron arch and Black Hills Uplift is thought to have 
occurred during the Mesozoic (Barr and Bieber 1961). 

The Cambridge arch has been active intermittently throughout the Phanero
zoic; movements are summarized in Table I. Additionally, Stanley and Wayne 
(1972) have noted recent movement on the arch, as ev i denced by abrupt changes 
in river courses over the arch, drainage patterns, and antecedent streams in 
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the region. Further, Woollard (1958) has recorded earthquakes along the arch, 
and Farquhar (1957) has noted activity on the system in Kansas. He noted that 
this is primarily a vertical movement rather than horizontal shortening. This 
relation is true for the system as a whole, as these movements through time 
have been epeirogenic rather than orogenic. These observations of activity 
along the arch are supported by Adams· (1980) data demonstrating present-day 
tilting of the midcontinent region. 

In summary, the recurrent upl ift along- the Cambridge-Chadron system sug
gests a fundamental zone of weakness that has exi sted si nce 1 ate Mi ddl e Pre
cambrian time (Osterwald and Dean 1961). 

Steep dips encountered during drilling show possible faults (Curtis 1959; 
Wulf 1964; Schisler*). Sediments draped over an anomalously steep Precambrian 
surface suggest basement faulting, as the configuration of different 
sedimentary surfaces refl ects basement topography on structure contour maps of 
this area. Thus, there is a corresponding steep dip of the sediments and a 
thickening of sedimentary section. It is possible that the sediments were 
deposited over Precambrian basement ridges, causing the anomalously steep dips 
on either side; faulting would not be necessary in this case. To a lesser 
extent, steep dips also may be due to differential compaction of sediments and 
recurrent uplift (King 1951). But such theories can be eliminated with regard 
to the mapped steep dips. Sedimentary isopachous maps do not show thickening 
on the flanks and thinning in the middle as would be expected with such a 
drapi ng over basement knobs (La rson 1962). La rson (1962) also has found 
greater fracturi ng in 1 imestones where steep dip occurs on structure contour 
maps. Furthermore, it is suggested that the development of faulting occurred 
simultaneously with epei rogenic movement on the arch (Larson 1962; Moore and 
Nelson 1974). Thus, uplift of the arch, erosion and resulting deposition of 
sediments off the arch, and basement faulting are essentially contemporaneous. 
Further sedimentary deposition can occur a short time after the onset of 
faulting. Also, it is important to realize that the epeirogenic movement on 
the Cambridge-Chadron system is essentially vertical. Lidiak (1972) has noted 
little, if any, Phanerozoic lateral strike-slip movement in the region, 
although west-northwest and west-trending Precambrian cataclastic shear zones 
are prominent in several areas (Plate 1). This fact is corroborated by the 
style of faulting, an extremely high angle displacement (Schisler*). Such 
high angle faulting makes the verification of steep dip as a manifestation of 
subsurface faulting an extremely difficult task, as there is no addition or 
removal of section recognizable from electric log data on either side of a 
fault • 

Further evidence of faulting is provided by steep gradients in aeromag
netic data in places where Precambrian basement lithologic contacts are not 
observed from drilling records (Zietz and others 1966); contacts between 
Precambrian lithologic units are from Lidiak (1972) and shown in Plate 1. 

Faults, steep dips, and steep aeromagnetic gradients, shown on Plate 2, 
trend generally northwest and parallel the strike of the Cambridge arch (Zietz 
et al., 1966), indicating that these structures are rel ated to the arch and 
were created duri ng epei rogenic upl i ft. In contrast, few known structures 
trend parall el to the Si ouxana arch, suggesti ng that the Si ouxana is and was 
less active tectonically than the Cambridge arch. Alternatively, there may be 
a lack of data for this area. 

*Schisler. A., independent geologist, Golden, Colorado, personal communication 
(1980) • 
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Folding in the area, shown on Plate 2, exhibits two distinct trends. The 
first roughly parallels the Cambridge system. As an example, the folds 
centered south of N40° latitude and WI0l °30' longitude show a change in trend 
di rection from southerly to southwesterly, suggesting that folds are affected 
by and follow the strike of the arch. The folding may have formed as buckling 
and/or gravity sliding occurred with periodic uplift of the arch. A second dis
tinct trend of folds is recognized centered about N40045' latitude, W101°30' 
longitude. These anticlines and synclines trend east-west but invariably 
pl unge to the west. They are obl ique to the arch system, indicating that the 
folding formed by a different process. The number of folds in this trend in
creases to the west-northwest off the study area (Osterwal d and Dean 1961). 
The trend may be explained in light of Permian evaporite beds. This cluster 
of folds corresponds with thick evaporite deposits of Upper Leonardian age in 
western Nebraska and a 75-m-thick section of Wol fcampian age evaporites in 
southwestern Nebraska (Rascoe and Baars 1972). Thus, salt· tectonics may be 
partly responsible for deformation of beds into broad, gentle folds along the 
fl anks of the arch. The evaporite depos its are i rregul ar in extent, with 
abrupt facies changes to clastic rocks in the east in the area of the 
Cambridge arch. However, it is possible that activity on the Cambridge system 
could have initiated salt flowage. Perhaps this theory explains the fact that 
the folds plunge west, away from the arch system, and were caused by slip down
dip into the Denver Basin. 

III. SEASAT DATA INTERPRETATION 

A. Characteristics and Techniques 
The Seas at satell ite operated through the summer of 1978 at an altitude 

of 800 km. It carried a synthetic aperture radar (SAR) that was able to image 
100-km-wide swaths across both land and sea. The 108° orbital inclination 
resulted in two 'look' directions for the imagery, one trending northeast and 
the other northwest. In thi s manner, certai n areas were imaged with two dif
ferent illumination directions. The incidence angle of the radar beam at 20° 
from the vertical was not optimum for geologic purposes as it leads to con
siderable distortion in topographically rugged areas. This was, however, not 
a problem in the gentle topography of the area. A description of the Seasat 
imaging radar and discussions of applications to geology and oceanography can 
be found in Elachi (1980). 

The Seas at SAR system was active, meaning that it transmitted and re
ceived its own energy to obtain the image. Thus, Seasat was independent of 
such variables as sun angle, time of day, and weather conditions. In con
trast, the Landsat satellite is a passive system, dependent upon these environ
mental and physi,cal variables (Lillesand and Kiefer 1979). 

Factors that modulate image tone or brightness in a radar image are sur
face slope and roughness, the scale of the radar operating wavelength, and sur
face dielectric constant. The Seasat system, with an incidence angle of 20°, 
is sensitive to slopes near this angle which face the radar. At this wave
length, low fault scarps are bright specular reflectors; and surface roughness 
causes considerable energy to be backscattered, resulting in a Dright image 
tone. 

Plate 3 (inside back cover) is a Seasat image of the study area in 
western Nebraska. Plate 4 (inside back cover) shows lineaments mapped from 
the image. These lineaments were chosen according to several criteria. 
Linear, bright lines which may represent stream channels, scarps, and 
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lithologic boundaries were mapped. Tonal variations that suggested either a 
change in surface 1 itho logy or perhaps a fault were recorded. The chances of 
a surficial lithologic boundary diminish as the linearity of the feature 
increases, suggesting faulting and/or fracturing. Finally, a line that shows 
discontinuities to either side strongly suggests that there has been some 
offset. The last two criteria are especially indicative of faulting, whereas 
the fi rst may represent joi nt sets that often appear cl early on satell ite 
imagery. 

Possible folding shown on Plate 4 was inferred on the basis of tonal vari
ations on the imagery. Interpretation of folding is difficult in this area, 
because nearly flat-lying Tertiary sediments lying unconformably above the 
folded section frequently mask the older geologic structure. 

B. Trends on Seasat Imagery 
Pl ate 4 shows the results of interpretation based on Seasat imagery. 

South of N40° latitude possible broad, gentle folds are shown, trending east
west (Plate 4). Lineaments do not show up well in this area due to the poor 
contrast of the image and due to modification of the surface by farming 
activity. A strong northwest trend is detected to the north of N40° latitude; 
in fact, this is the dominant trend throughout the northern section of the map 
as indicated by lineaments visible on Seasat imagery. Furthermore, this trend 
suggests a relation of the surface landforms to the Cambridge arch. In this 
area topographic relief is greater than to the south; as a result, a greater 
number of structural features are expressed on the imagery. 

The Siouxana arch cannot be delineated with Seasat imagery (Plate 4). A 
poorly defined group of lineaments, visible in the area of N41° latitude, 
WlOO° longitude, may be rel ated to the Si ouxana. The Si ouxana arch has not 
been as active as the Cambridge system; this inactivity may account for the 
lack of well-defined lineaments. Stanley and Wayne (1972), on the basis of 
minimal Pleistocene movement of the Siouxana, also believe that there has been 
little recent activity there. 

Another subordinate set of east-west linear trends is visible among the 
dune fields of the Middle Loup River. It is possible that aeolian action has 
created these lineaments, but structural relief may be visible through the 
dune deposits and may relate to the movement over salt deposits present to the 
west of W102° longitude. 

Frequency-azimuth histograms were drawn from lineaments on Plate 4 (Fig. 
3). Overall, a strong north-northwest trend is observed with a mean azimuth 
of 335 0 for all lineaments (Fig. 3a). This trend is subparallel to the 
regional northwest strike of the Cambridge arch. However, in this area the 
arch trends irregularly north-northwest when mapped from exploration drill 
holes that penetrate the Precambrian surface (Plate 2) (Carlson 1966). 

The effect of periodic uplift of the Cambridge arch on lineament orien
tations can be seen when comparing different areas. Between N41° - N42° 
latitude, WlOO° - W101° longitude, lineaments trend at a mean azimuth of 321 0 

(Fig.3b). This number correlates well with an average trend of 322° of the 
arch in this area. Additionally, Fig. 3b suggests a bimodal grouping of 
azimuths. A strong secondary trend striking 270° - 280° may reflect the 
bending of the arch to the west near the Middle Loup River on the northern 
part of Plate 2. 

Between N40° - N41° latitude, W101° - W102° longitude, lineaments trend 
again to the northeast (Fig. 3c). Removed from the locally fluctuating strike 
of the arch, the lineaments assume the regional northwest trend of the arch. 
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Between N40° - N41 ° latitude, WlOO° - W101 ° longitude, 1 ineaments trend 
at a mean azimuth of 352° (Fig. 3d). This more northerly orientation is 
refl ected to a 1 imited degree by the north-northeast trend of the Cambridge 
arch in this area. These lineaments strike obliquely to the arch but may 
parallel the arch as one moves east of the study area. 

Thus, if these lineaments are indications of subsurface structure 
(faulting and fracturing), the strike of the Cambridge arch controls the trend 
of the lineaments on the crest and flanks of the arch. 

A detailed comparison of mapped lineaments to known structure is dis
cussed in the Appendix. 

IV. GEOTHERMAL CORRELATIONS 

A. Hot 0 ry Rock Geothermal Resource 
Granitic rocks shown on Pl ate 1 were intruded later than the majority of 

basement rocks in the area (Merriam and Atkinson 1955; Lidiak 1969, 1972). 
Thus, these are plutonic rocks younger than 1800 Myr b.p. and may have hot dry 
rock (HDR) geothermal potential because of their composition, age, and radio
genic heat production. 

The only indication of hot granites in Nebraska is in the extreme north
west where high heat flow and geothermal gradient values (112 mWm- 2

, 66°C/km) 
(Gosnold 1981b) suggest that the granitic basement produces radiogenic heat 
(Pl ate 1). The grani tes in the northwest are dated at 1710 ±320 to 1720 ±130 
Myr b.p. (Goldich et ale 1966; Lidiak 1969; 1972). There are no heat flow 
data associated with the granites in the region covered by Seasat (Plate 1). 
However, these rocks are dated at 1510 ±70 to 1580 ±230 Myr b.p. and are thus 
younger than the granites in the northwest (Goldich et ale 1966; Lidiak 1969; 
1972). The younger age may be an indication of higher radiogenic heat pro
duction than the northwestern granites. 

It is important for HDR exploration to delineate areas that have little 
faulting and fracturing in order to minimize fluid loss in the reservoir rock. 
Thus, granites A and E (Plate 1) may be a good target for HDR investigation 
because of a lack of cataclasis and mapped Seasat lineaments in this region, 
although lineament 1 may represent a contact between granite E and the 
undivided Precambrian rock. The lack of lineaments suggests minimal faulting 
and/or fracturing in this area. In contrast, granites B, C, and 0 appear to 
have been extensively fractured and faulted according to the lineament analy
sis shown on Plate 1 and Plate 4. This fact may preclude these areas for HDR 
exploration because of potentially extensive fluid loss in the granitic reser
voir rocks. 

Another important consi derati on for HDR development is that a rock tem
perature of 200°C can be reached withi n reasonabl e dri 11 i ng depths. Unfor
tunately, there is no heat flow information for granites A and E. However, if 
one postulates a geothermal gradient of 50°C/km, a temperature of 200°C can be 
reached by drill ing 4 km. For the west 1 imb of granite A, one would have to 
drill through 1.4 km of mainly low-thermal conductivity Phanerozoic shales 
(high geothermal gradient) and 2.6 km of Precambrian granitic rock to reach 
the 4-km depth and 200°C temperature (Carl son 1966). For the east 1 imb of 
granite A, the drilling would penetrate 1.2 km of sediments and 2.8 km of 
granite. Similarly, granite E would require drilling 1.2 km of sediments and 
2.8 km of granite. These figures fall within economic drilling depths and 
capabil ities. 
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For HDR production to be feasible, the granitic basement reservoir rock 
must have low permeabilities. However, these requirements have been met in 
granitic rocks at Fenton Hill, New Mexico, the initial HDR test site. Pre
sumably, granites A and E in Nebraska could also meet these requirements. 

Finally, the potential HDR site should be located near a population 
center. Granites A and E are adjacent to North Platte, a city of 24500 
people. In fact, granite A lies just 10 km to the west of North Platte 
(Plate 1). 

B. Hydrothermal Resource 
Published heat flow and geothermal gradient data do not indicate highly 

anomalous zones of heat flow in southwest Nebraska where there is Seas at 
coverage (Plate 1) (Gosnold 1981a, 1981b). Thus, the fractures and faults 
delineated by Seasat in this area probably do not transport hot fluids; the 
hydrothermal potential in this area appears to be low. However, further heat 
flow studies are needed to confirm this hypothesis. 

Yet, such a Seasat structural study in the northwest and in the panhandle 
of Nebraska may prove extremely useful. The high regional heat flow and 
gradients in this area are due primarily to updip of the sedimentary section 
from the Denver-Jul esberg basi n eastward to the Chadron-Cambri dge arch. Hot 
water is carried upward by the Cretaceous Dakota aquifer at a rate of 1 m/yr, 
and geothermal gradients are enhanced by low thermal conductivity shales in 
the Phanerozoic section (Gosnold 1981a, 1981b). A Seasat lineament study 
along the Chadron arch would delineate zones of tensional fracturing and 
faulting caused by periodic upl ift of the arch. Such structures have been 
suggested at the crest of the Cincinnati-Findley arch in western Ohio (Cannon 
et ale 1980). These faults and fractures represent lines of weakness through 
which hot fluids may circulate beyond the Dakota aquifer. Thus, Seasat linea
ments mapped along the structural high of the Chadron arch would indicate 
zones of hot water circulation at relatively shallow depths as the sediments 
dip up eastward toward the arch. 

V. CONCLUSION 

It has been shown that Seasat imagery does contribute to delineation of 
subtle structures difficult to define in any way other than through drilling. 
The imagery is useful as a pre 1 imi nary expl orat i on tool in areas of 1 ittl e 
physiographic rel ief, such as the mid-continent of the U.S., and can be used 
for reconnaissance of large areas. It can be used to locate surface expres
sions of basement structure and may aid in pinpointing specific areas for 
further study. In combination with other geologic and geophysical data the 
imagery can be a valuable exploration tool. 
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APPENDIX 

COMPARISON WITH KNOWN STRUCTURE 

Some very interesting relations may be observed by comparing Plates 2 and 
4. Anticlines a and c and syncline b on Plate 2 seem to correlate with linea
ments a, b, anac onPlate 4. The lineaments may reflect the strike of bed-

'ding or may represent jointing parallel to the axes of the folds. Billings 
(1972) states that this kind of jointing is often observed. F. W. Osterwald 
(U.S. Geological Survey, Golden, Colorado, personal communication 1980) also 
believes that joints are seen easily on satellite imagery. In contrast, syn
clines d and f and anticline e do not lie on a line with lineaments d, e, and 
f. These lineaments do not reflec.t strike of the beds and are less likely 
JOints; faulting or fracturing is possible here. Furthermore, lineament ..9. 
corresponds well with fault g; the fault zone is visible on the Seasat image. 
To the south of 1 i neament g 1 i e several 1 i neaments on the same trend. If 
these lineaments reflect faults, they may indicate a fault system 30 km wide. 
The number of lineaments and the extent of faulting indicated on Plates 2 and 
4 demonstrate that this fault zone is a major basement structure. Likewise, 
an excellent correlation exists between lineament ~1 and fault~. Again, this 
structure is probably a Precambrian feature; this is a long fault that extends 
southeast to an area of steep dip and further beyond to another basement fault 
along the same trend off the study area (Cole 1962). Lineament!? that splays 
off from lineament h and lineaments hand h are also part of the lineament 
system and most 1 ike1\t part of the fault syst~. These four 1 inears reinforce 
the theory that fault h is a major basement feature. To the north, lineaments 
al so refl ect a si gni ficant trend; the eastern part of the Pl atte Ri ver on the 
study area is structurally controlled for 30 km as it parallels the strike of 
the Cambridge arch. To the east off the map, the crest of the arch swi ngs 
south as the river flows east. Several lineaments, 11 and 12, correspond to 
thi s trend. The 1 i neaments may represent the furthest extent of the changi ng 
course of the river, but the striking linearity of these features suggests 
that the river course is structurally controlled. Moreover, these lineaments 
may reflect some shearing, as 1 ineament 13 offsets 11 and 12" Perhaps there 
has been right-lateral strike-slip movement in this area. Shearing also is 
indicated where lineament g and lineaments to the southwest form a character
istic INu l pattern (Peterson 1979), indicating left-lateral shearing. Other 
INu l patterns are seen to the north of these lineaments. 

Further evidence for structural control of drainage is shown in the 
Middle Loup River system. Lineaments ~1' 1?, and associated lineaments result 
from an east-west al i gnment of sand dUrfes rTear the edges of the ri ver. Yet, 
such alignments do not correspond solely to wind action, as Russell (1929) sup
posed. Two lines of evidence suggest basement control of these lineaments. 
The first is a parallelism of the lineaments to steep aeromagnetic gradient j, 
although at a sl ight angle to aeromagnetic gradient i, suggesting faulting. 
Indeed, there is a striking alignment of gradient 1 and lineaments 11 and 12, 
Second, the western edge of Plate 2 shows that the Middle Loup River follows 
the crest of the Cambridge arch. It is strongly suspected that the river and 
dunal patterns are controlled by basement structure and that these 1 ineaments 
reflect more than surficial processes. Very possibly basement faulting is 
showing through the aeolian deposits. 
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This east-west trend parallels the west-plunging folds to the southwest 
that probably are controlled by salt tectonics. Yet, the evidence indicates 
that structural control by the arch is dominant near the Middle Loup River-. 

Notably, the west-plunging folds k , k , and k south of the South Platte 
River strike obliquely to lineaments !;-: !2~ and !~3 This suggests these line
aments are not related solely to saH tectonics. In fact, the influence of 
the arch seems to be dominant over simple salt movement. Perhaps the two proc
esses combi ne to create tectoni c features; for exampl e, 1 i neament ~ has a 
stronger east-west trend that parallels syncline !4' 

Yet, in the area of the arch, control of structure and tectonics by the 
arch dominates, with periodic uplift causing deformation. Coupled with salt 
tectonics resulting from the deposition of Permian evaporites, the amount of 
deformation increases dramatically. 
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