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CHAPTER I 

INTRODUCTION 

Statement of Problem 

With the decrease In the price of crude oil and 

natural gas, and with new reserves being more difficult 

to find, new and more cost effective methods are being 

utilized In the search for oil and gas fields. Petroleum 

exploration usually follows a basic pattern: (1) 

regional geologic reconnaissance and mapping, (2) basin 

analysis, (3) geophysical surveys, (4) detailed geologic 

mapping, and finally (5) actual drilling operations. The 

cost per unit area becomes Increasingly expensive as 

exploration advances from step one to step five. Any 

Increase In the effectiveness of the first steps should 

Increase the chances for success In the final step. 

Remote sensing has become an Important tool in this 

regard. 

While aerial photography has been used for some time 

for regional reconnaissance. It was not synoptic 

coverage. It Is not possible to acquire the needed 

coverage in a rapid enough manner so that sun angle, 

cloud cover, and solar heating are not a problem. A 

mosaic of a large area also has distortion. Is relatively 

expensive, and has many seam lines that remain unless 
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removed electronically. Geology and other disciplines 

were revolutionized with the launch, thirteen years ago, 

of the first unmanned satellite dedicated to the remote 

sensing of the earth*s surface. Not only can a satellite 

provide synoptic coverage with little geometric 

distortion. It can cover the entire globe, except for the 

poles, with repetitive coverage every l8 days (Halbouty, 

1976). 

The lure of mineral wealth and, more recently, oil 

and gas has made the western Cordillera of North and 

Central America a prime target for exploration by various 

companies and Individual prospectors. With major 

reserves of oil and gas being found In the southwestern 

Wyoming-northeastern Utah and the Alberta portions of the 

thrust belt along the western Cordillera, little has been 

discovered between these areas. The thrust belt between 

these two areas Is not continuous. The overthrust belt 

of Utah-Wyoming-Idaho Is separated from the Montana 

disturbed belt (Figs. 1 and 2) and Canadian foothills 

portions of the thrust belt by the eastern Snake River 

Plain (ESRP). Very little Is known of what happens to 

the thrust belt In the vaclnlty of, or as It passes 

under, the ESRP. Hypotheses advanced by Love (1982), 

Pratt (1982), and Warner (1977) are contradictory. What 

happens to the thrust belt Is complicated by the width of 

the ESRP (100 km, 62 ml) separating the two sides of the 



thrust belt, the great thickness of upper Cenozolc 

sedimentary and Igneous rocks In the depression of the 

ESRP, and the fact that the structural styles on either 

side of the ESRP are so dissimilar (Figs. 1 and 2). 

Purpose of Study 

The purpose of this study Is to contribute to the 

body of knowledge of the geology of the ESRP and 

adjoining areas that the ESRP transects, through the use 

of remotely sensed Imagery. Most previous studies have 

dealt with either the disturbed belt or the overthrust 

belt, or were of such regional extent that they did not 

discuss what happens to the thrust belt as It crosses the 

ESRP. Has Cenozolc volcanlsm covered or completely 

obliterated that section of the thrust belt, or was there 

a gap (occupied by the Targhee uplift) In the thrust belt 

as Love (1982) has suggested? Other workers (Pratt, 1982 

and Warner, 1977) have stated the possibility of right-

lateral or left-lateral offset of the thrust belt along 

the ESRP. A thorough analysis of lineaments, other 

anomalies, geophysical data, and previous studies from 

the literature will show the extent of faulting. 

Jointing, and other structural features, along with some 

gross stratigraphy, on both sides of the ESRP. The 

Imagery may show extensions of the lineaments Into the 

ESRP Itself by detecting reactivated faults, burled 



structural features, or burled topography. Any lateral 

movement along the ESRP that offset the structural trends 

of the region should show as an offset In the lineament 

orientations from one side to the other. 

Because of the size and geologic complexity of the 

study area, no attempt Is made to do detailed 

stratlgraphlc mapping. 

Location of Study Area 

The coverage of the best Landsat Imagery obtainable 

determined the precise boundaries of the study area. The 

best two scenes or fields of view contain the ESRP 

running diagonally through the Imagery with the adjoining 

thrust belts on either side. The two scenes cover 

portions of the states of Idaho, Montana, and Wyoming In 

an area Immediately west of Yellowstone National Park 

(Figs. 1 and 2). A small triangular portion of the 

Imagery Is not Included In the study area. The western 

boundary of Yellowstone National Park forms the 

easternmost boundary of the study area. 
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Fig. 1. Location of Study Area and Structural Trends In 
the Frontal Sevier Orogenlc Belt, Utah-Montana 
(Modified from Beutner, 1977). 
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CHAPTER II 

METHODS OP INVESTIGATION 

Landsat System 

The first satellite designed specifically to collect 

data of the earth's surface and resources was the Earth 

Resources Technology Satellite (ERTS-1). ERTS-1 (later 

renamed Landsat 1) was launched July 23, 1972. Launches 

on January 22, 1975, and March 5, 1978, placed Landsat 2 

and Landsat 3 In orbit (USGS, 1982). All three 

satellites orbit the earth at a distance of 900 to 950 km 

(nominal altitude of 913 km or 570 miles) in near polar 

circular orbits. The three satellites are equipped with: 

(1) a return beam vldlcon (RBV) or television system with 

three spectral bands, (2) a four-channel multlspectral 

scanner (MSS), (3) a data collection system that relays 

envlronm.ental data from ground-based platforms, and (4) 

two video tape recorders that temporarily store data when 

the satellites were not within range of ground receiving-

stations. The last of these satellites was decommission

ed on March 31, 1983. Landsat 4 and Landsat 5 were 

launched on July 16, 1982, and March 1, 1984, 

respectively. These satellites are larger and carry an 

advanced MSS called a Thematic Mapper (TM) Instead of the 

RBV. The nominal orbit Is 705 km. The original MSS Is 
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retained, and all data is transmitted directly to ground 

stations, through other satellites If necessary, without 

the need for the video tape recorders (Colwell, 1983). 

With the north-south track of a satellite and due to 

the earth's rotation, each scan line begins slightly west 

of the previous line. Thus, the area Imaged In a scene 

has skew and Is a parallelogram. The width of the swath 

along the track Is 185 km (115 miles). The height of an 

individual scene Is 170 km (105 miles). Each image Is 

composed of picture elements called pixels. For the MSS 

there are 3240 pixels In the across-track direction. 

Each pixel Is treated spatially as an area 56 m x 79 m, 

but represents the data from an area 79 m square, which 

Is the Instantaneous field of view (IFOV) of the scanner. 

The difference In size of pixels and the IFOV results 

from an effective overlap of IFOV's along scan lines. 

For the MSS of Landsats 4 and 5 the pixels are 57 m 

square (USGS, 1982). Pixels are encoded as 6-blt digital 

words (radiometric sensitivity of one part In 64) that 

are easily stored and manipulated by computers. TM 

Imagery has 6320 pixels in the across-track direction 

with an IFOV of 30 m x 30 m on the earth's surface. The 

TM's 8-blt quantization In the analog-to-dlgltal 

conversion process results In a digitizing scheme that 

has a sensitivity of one part In 256 (number of gray 

levels). The track width remains the same at 185 km. 
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The MSS system is probably the most used Landsat 

system for geologic remote sensing; the newer TM system 

has better resolution. Is more expensive, and Is gaining 

wider acceptance. The four spectral bands of the MSS 

system are: 

Band 4. The green band, 0.5-0.6 micrometers, emphasizes 

movement of sedlment-ladden water and delineates areas 

of shallow water. 

Band 5. The red band, 0.6-0.7 micrometers, emphasizes 

cultural features. 

Band 6. The near-Infrared band, 0.7-0.8 micrometers, 

emphasizes vegetation, landforms, and the boundary 

between land and water. 

Band 7. The second near-Infrared band, 0.8-1.1 

micrometers, provides the best penetration of 

atmospheric haze and also emphasizes vegetation, 

landforms, and the boundary between land and water 

(Halbouty, 1976). 

Bands 4 through 7 of the MSS of Landsats 1, 2, and 3 are 

now designated Bands 1 through 4 In Landsats 4 and 5. 

The seven wavelength bands of the Landsats 4 and 5 

TM system are: 

Band 1. The blue band, 0.45-0.52 micrometers, emphasizes 

coastal water mapping, soll/vegetatlon differentiation, 

and deciduous/coniferous differentiation. 
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Band 2. The green band, 0.52-0.60 micrometers, 

emphasizes green reflectance by healthy vegetation. 

Band 3- The red band, 0.63-0.69 micrometers, emphasizes 

plant species differentiation. 

Band 4. The near-Infrared band, 0.76-0.90 micrometers, 

emphasizes blomass surveys and water body delineation. 

Band 5. The Infrared (IR) band, 1.55-1.75 micrometers, 

emphasizes vegetation moisture measurement, snow/cloud 

differentiation, and mapping of rock classes. 

Band 6. The thermal-IR band, 10.4-12.5 micrometers, IFOV 

of 120 m X 120 m, emphasizes plant heat stress 

management and other thermal mapping. 

Band 7. Another IR band, 2.08-2.35 micrometers, 

emphasizes water stress problems In crops, mapping of 

rock classes, and hydrothermal mapping (Colwell,1983). 

Tm Bands 2 through 4 approximate MSS Bands 1 through 4. 

False color Imagery (In which healthy vegetation 

appears red) is made by registering the black and white 

Images, each from a distinct spectral band, and 

sequentially exposing them through appropriate colored 

filters, onto color film. Bands commonly used for 

Landsats 1, 2, and 3 MSS Imagery are Bands 4, 5, and 7 

(Bands 1, 2, and 4 for Landsats 4 and 5). The 

combination of TM Bands 2, 3, and 4 produce TM false 

color Imagery, while Bands 1, 2, and 3 produce natural 

color imagery (USGS,1982). 
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Launched April 26, 1978, the Heat Capacity Mapping 

Mission (HCMM) was a test of thermal inertia to help 

discriminate between different surface materials, and to 

identify different states, such as degree of soil 

wetness. Thermal Inertia Is the property of substance to 

resist temperature changes when Incident energy varies, 

for example, over a dally cycle. The mission was 

designed to acquire repetitive thermal data twice a day 

at times close to the expected dally surface temperature 

maximum and minimum. During the day, one spectral 

channel covered the solar reflectance band from 0.5 to 

1.1 micrometers (predominantly visible light); the other 

channel viewed the emitted thermal Infrared band between 

10.5 and 12.5 micrometers. At night, the areas viewed 

previously In the day were viewed again using Just the 

thermal Infrared channel. Prom a nominal orbit altitude 

of 620 km, the spatial resolution or IFOV of the thermal 

Infrared channel Is approximately 600 m x 600 m, and 

resolution In the reflectance channel Is 500 m x 500 m 

(Colwell, 1983). Both resolutions are far less than that 

of the TM or MSS. The thermal inertia Imagery Itself Is 

a computer manipulated product using the thermal and 

reflectance data. The HCMM Imagery was the only Imagery 

obtained free of charge. 
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Selection of Imagery 

Imagery selection was the result of the desire to 

obtain the best and most recent Imagery available for 

mapping purposes and to compare TM to MSS Imagery. A 

preview of the Imagery of TM Bands 1-7 plus natural and 

false color composites, and of MSS Bands 1-4 plus its 

false color composite, would have been desirable, but was 

not funded. Various sources (Clemens, 1980; Halbouty, 

1976; Hall and Walsh, 1974; Sablns, 1978) recommended 

and/or used MSS Bands 5 and 7 (2 and 4 for Landsats 4 and 

5) and MSS false color composite. No single band Is 

always superior for geologic interpretation. Some 

features almost always show up well on only one band, and 

only poorly on all others. 

Two standard satellite Images (frames) of each band 

or composite selected, each frame 185 km x 170 km (115 ml 

X 105 ml) and each covering an area of 31,470 sq km 

(12,156 sq ml), were Joined in a mosaic that covered the 

study area. Because of Its greater resolution and 

radiometric sensitivity, TM Imagery In Bands 3 and 4 

(comparable to MSS Bands 5 and 7) was chosen for primary 

analysis (Figs. 3 and 4). MSS false color composites 

(one for the northern half and one for the southern half) 

were selected for comparison (Fig. 5). 

Landsat TM Band 3 (northern frame E-50123-17414-3 

and southern frame E-50123-17420-3) and Band 4 (northern 
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frame E-50123-17414-4 and southern frame E-50123-17420-4) 

acquired July 2, 1984, and MSS false color composites 

acquired September 23, 1982 (northern frame E-40069-

17402) and August 25, 1983 (southern frame E-40405-17425) 

were those used for the study. These frames are free of 

clouds (except for less than 10% of the southern color 

frame), have high image quality ratings, and were 

acquired during the summer when there Is maximum moisture 

differential. 

The TM and the MSS Imagery were used at a scale of 

1:1,000,000. The electronic Image processing equipment 

requires transparencies. Negative contact prints were 

made from the positive transparencies for visual 

interpretation purposes. The positive prints found as 

figures are at a reduced scale of 1:1,836,000. All other 

figures (except HCMM Imagery and figure of Sevier 

thrusts) were reduced or enlarged to fit this scale. 

The HCMM Imagery (daytime visible frame A-A0166-

09360-6, Figure 6; daytime IR frame - no figure; 

nighttime IR frame A-A0166-09360-8, Figure 7) was 

acquired October 9, 1978. The thermal Inertia Image (A-

AOI66-O936O-5, Figure 8) Is a computer manipulated 

product compiled from the daytime visible and the two IR 

Images. All of the HCMM Imagery are reproduced as 

negative prints. 
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Image Processing 

Each positive transparency of 1:1,000,000 scale (TM 

Bands 3 and 4 and the MSS color composites of each frame 

half of the study area) was placed below a Sierra 

Scientific vldlcon camera whose signal was fed Into an 

International Imaging Systems (I^S) model 4308 Edge 

Enhancer. The equipment was focused and adjusted to fill 

the display screen of the cathode ray tube with a clear, 

unenhanced Image of each frame of the study area (Pigs. 

9, 10, and 11). The scan sweep of the transparencies was 

east-west. 

The extent of the edge enhancements is a function of 

the time delay In the scan sweep. The effect seen on the 

screen is similar to two stacked transparencies (one 

positive and one negative) being shifted slightly with 

respect to each other. Linear features or lineaments 

trending normal to the scan sweep are enhanced while 

linear features parallel to the scan sweep are 

suppressed. After the east-west scans were recorded on 

permanent film, the transparencies were turned 90 degrees 

for the north-south scans, and another batch of enhanced 

Images were produced and recorded. The 100, 150, 200, 

and 250 nsec delay times were tried. A compromise 

between weak enhancement and loss of detail, the 150 or 

200 nsec delay times were found to produce the best 

enhanced lineament patterns. The edge enhanced Images 
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(Figs. 12 through 17) were used to supplement the visual 

interpretation of the original Imagery. 

In addition to the lineaments which probably 

represent faults, fractures, or Joints, the edge 

enhancement process also enhances many suitably oriented 

topographic and cultural features that are unrelated to 

structure or stratigraphy. The process Itself may 

produce artificial lineaments (Sablns, 1978) that must be 

distinguished from real features. As seen in the edge 

enhancements here and In Clemens (1980) and Sablns (1978, 

p. 257), the Image processing produces a fine-lined, 

diamond-shaped or X-shaped pattern, with the scan lines 

always being the bisectrix of the acute angles. The 

acute angles between the "fine-lines" are from 35-55 

degrees. The linear features produced seem to be real 

enough; most can be detected on the original Imagery If 

one looks hard enough. They are predominantly many minor 

features that are at an 18-28 degree angle on either side 

of the scan lines (bisectrices). When the Imagery was 

rotated slightly below the camera, new linear features 

appeared and others disappeared. When the equipment can 

not resolve the trends of very short linear features and 

has a bias for certain trends, any of these short linear 

features that are In an approximate general line are 

probably enhanced as a whole (Just connect the "dots"). 
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The vldlcon signals from each of the transparencies 

was also entered Into an I S model 3552 3-D Display and 

adjusted to fill the screen on a multi-channel 

oscilloscope. Vertical deflections of the scan lines, 

based on changes In image density, provide the artificial 

three dimensional display. The scan lines can be 

adjusted to give the appearance that the Imagery Is being 

viewed from any point In space. The synthetic 

perspectives provided are supposed to further define the 

suspected lineaments by being able to view them down 

their axes. Unfortunately, the system tended to enhance 

cultural features more than natural features, so Its use 

was discontinued. 
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North 

Fig. 3. Thematic Mapper Band 3 Mosaic of Imagery 
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North 

Fig. 4. Thematic Mapper Band 4 Mosaic of Imagery. 
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North 

Pig. 5 MSS False Color Composite Mosaic of Imagery 
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North 

F Ig. 6. Heat Capacity Mapping Mission Visible Band Image. 
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Pig. 7. Heat Capacity Mapping Mission Night IR Image 
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Pig. 8. Heat Capacity Mapping Mission Thermal Inertia 
Image. 
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Pig. 9. Unenhanced Vldlcon Views of TM Band 3 Imag ery. 
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Pig. 10. Unenhanced Vldlcon Views of TM Band 4 Imagery. 



North 
25 

Pig. 11. Unenhanced Vldlcon Views of MSS False Color 
Composite Imagery. 
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North 

Fig. 12. Thematic Mapper Band 3 Imagery Enhanced 150 
nsec. Scan East-West. 
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Fig. 13. Thematic Mapper Band 4 Imagery Enhanced 200 
nsec. Scan East-West. 
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North 

Fig. 14. MSS False Color Composite Imagery Enhanced 200 
nsec. Scan East-West. 
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Fig. 15. Thematic Mapper Band 3 Imagery Enhanced 150 
nsec. Scan North-South. 
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North 

Fig. 16. Thematic Mapper Band 4 Imagery Enhanced 200 
nsec. Scan North-South. 
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Fig. 17. MSS False Color Composite Imagery Enhanced 200 
nsec. Scan North-South. 



CHAPTER III 

GEOLOGY 

Regional Setting 

Previous geological and geophysical studies of the 

ESRP indicate that It is a northeast trending, volcanic-

filled depression with a surface width of 100 km which 

trends nearly perpendlculr to the regional structural 

trends of the Basln-and-Range and the Rocky Mountains 

Provinces that bound the ESRP (Bralle et al., 1982). To 

the northeast of the ESRP is the Yellowstone Plateau 

which has displayed volcanic, seismic, and hydrothermal 

activity in the Quaternary. To the west and the 

southwest of the ESRP lie the Igneous extrusive and 

intrusive rocks of the Owyhee Plateau, western Snake 

River Plain, and the Idaho Bathollth. 

In the ESRP, the domlnantly basaltic volcanlsm at 

the surface represents the latest phase of a complex 

tectonic and volcanic history characterized by an earlier 

phase of domlnantly rhyolltlc pyroclastlc volcanlsm. 

Available geological, geophysical, radiometric, and 

drilling data suggest that the rhyolltlc rocks were 

erupted from calderas formed about 15 m.y. ago near Twin 

Palls, Idaho- These calderas were succeeded by 

progressively younger calderas (traces of these are the 

32 
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circular features in Figures 3, 4, and 5) that trend 

northeastward to Yellowstone National Park, either 

obliterating or covering pre-existing structures (Bralle 

et al., 1982). 

On either side of the ESRP to the northwest and 

southeast, several systems of thrusts faults of Late 

Jurassic (Beutner, 1977) to Late Cretaceous age (Sevier) 

and Late Cretaceous to Early Tertiary age (Laramlde), and 

a broad zone of normal faulting of Late Tertiary and 

Quaternary age, are complexly superimposed. Dominant 

trends are northward and northwestward. The Laramlde and 

Sevier structures of southwestern Montana form large 

complex arcs and swirls. The southern part of this 

complex segment is hidden beneath lavas of the ESRP, 

southeast of which the structures emerge with relatively 

simple trends In southwestern Idaho and northwestern 

Wyoming (Hamilton, I960) 

Although earlier works suggest that the ESRP is a 

simple downwarp, recent evidence (Sparlln and Bralle, 

1982) suggests that faulting has played a major role In 

its development. 

Geologic History 

According to Blackstone (1977), the western margin 

of the North American craton was receiving clastic 

sediment derived from the Interior areas of the craton 
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during Late Precambrlan time. Prom Cambrian time on, 

western positive areas also contributed detritus 

(Armstrong and Oriel, 1965). A mlogeosyncllnal-shelf 

sequence, ranging In age from Cambrian through Jurassic, 

was also deposited In this trough positioned 

approximately at the western side of the present Sevier 

thrust belt. This sequence consists largely of 

carbonates in the Paleozoic section, and argillaceous 

limestone and fine-grained elastics in the Mesozolc 

section. Starting in Mlssisslpplan time, the belt of 

maximum deposition was relocated progressively eastward. 

Terrestrial deposits became increasingly dominant, and 

the western positive areas became the chief source of 

detritus. In Late Trlasslc, the belt on the west rose, 

and the mlogeosyncllne started to break up (Armstrong and 

Oriel, 1965). 

Major Sevier thrust faulting south of the present 

ESRP started In the western part of the orogenlc belt in 

latest Jurassic 142 m.y. ago and ended in the east In 

Early Eocene time 54 m.y. ago (Wlltschko and Dorr, 1983). 

Techniques used for estimating the age of the thrust 

faults Include dating of synorogenlc elastics and of 

postorogenlc strata which overlap the thrusts. Ruppel 

and Lopez (1984) suggest that Sevier thrusting northwest 

of the ESRP in Idaho and Montana started 100 m.y. ago and 
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ended 70-75 m.y. ago, well within the time frame of 

Idaho-Montana Sevier thrusts. 

Laramlde tectonic features (Late Cretaceous to Early 

Eocene in age) followed and developed east of the Sevier 

belt, but there was some temporal overlap (Beutner, 1977) 

and overprinting (Corbett, 1982). Beutner (1977) 

preferred to use the term "Sevier" In a structural sense 

rather than a time sense for the belt of decollement 

thrusting to the west, and reserved the term "Laramlde" 

for the basement-involved thrusts and high-angle oblique-

slip faults generally to the east of the Sevier belt. 

Schmidt and Garlhan (1983) present evidence that the 

Laramlde high-angle faults they studied in southwestern 

Montana have a Proterozolc ancestry. 

After thrusting ceased at the end of Early Eocene 

time, much of the thrust belt was nearly burled by flat-

lying Tertiary strata (Wlltschko and Dorr, 1983). Basin 

and Range extenslonal tectonics were superposed on older 

structure during Middle Tertiary to Holocene time, 

producing the characteristic north-northwest trending 

structural grain (Skipp and Halt, 1977). Other Tertiary 

to Holocene normal faulting oriented subparallel to the 

northeast trend of the ESRP offset more features. It is 

these latest series of faults that have accounted for the 

uplift, exhumation, complex drainage adjustments, and 

present spectacular relief of the region. 
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Geomorphology 

Some of the more noticeable features on the Landsat 

Imagery are geomorphlc in nature. Most of these, such as 

the lakes (some are man-made reservoirs), sand dunes and 

recent lava flows are annotated on one or more of the 

clear overlays. The bodies of water are used as 

reference "points", especially on the edge enhancements 

which are rather distorted on their boundaries. The 

dunes are mostly longitudinal as a result of the 

prevailing winds from the southwest that parallel the 

ESRP. Wind varies form the west to south with an 

occasional blow from the northeast (U. S. Dept. of 

Commerce, 1968). 

Stratigraphy 

Satellite Imagery offers an economical means for 

visualizing regional relationships of geography, 

geomorphology, vegetation patterns, drainage networks, 

and structural/tectonic units. In a short time one can 

better understand the general setting through satellite 

Imagery than through any other single source. Very 

little real geologic mapping can be done from Landsat MSS 

imagery. The scale is so small, especially when steep 

dips are Involved, that the diagnostic details of surface 

texture and tone, by which rock types can be differenti

ated on normal alrphotos, are not resolved (Hall and 
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Walsh, 1974). Only a few, very distinctive, gross 

llthotypes, like recent basalt flows, alluvium, and 

tilted stratified rocks, can be identified with assurance 

on any band of imagery. It can not yet be used for 

direct and reliable geologic mapping of most areas. 

Landsat TM Imagery blown up from 1:1,000,000 scale 

negatives to 1:250,000 (or greater) scale prints might 

have the detail necessary to do stratlgraphlc mapping. 

But in this case, the 1:1,000,000 scale used, the 

additional cost of larger scale prints, and the large 

areal extent (approximately 24,000 sq mi) of the study 

area precluded this. The study area Is geologically 

complex and complete, with Just about every rock type and 

time Interval represented. 

For a general overview of the study area see a 

portion of Renfro and Feray (1972) reproduced as Figures 

2, 18, and 19. 

Structure--Prevlous Studies 

The structural geology on either side of the ESRP is 

so complex that studying them at one time is rarely done. 

Using a number of single maps (Alt and Hyndman, 1978; 

Bond, 1978; Mitchell and Bennett, 1979a, b; Rember and 

Bennett, 1979a, b, c; Ross, Andrews, and Wltklnd, 1955) 

and some details from maps In referenced articles, an 

overlay of the study area was prepared (Pig. 20, in 
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pocket). This compilation of the literature only depicts 

known faults of greater than 3 km in length. Much of the 

folding that occurs is parallel to and proximal to the 

thrust faults. Some folding Is annotated on the overlay. 

Royse and others (1975) characterize the Sevier belt 

as follows: (1) folds have essentially concentric 

geometry and are generally eastward vergent, (2) thrust 

faults cut up section (from west to east) in the 

direction of tectonic transport with minor imbricate 

thrusts within major thrust plates, (3) thrust faults 

tend to parallel bedding in Incompetent rocks (treads) 

and be oblique to bedding in relatively competent rocks 

(ramps), and (4) major thrust faults are younger in the 

direction of tectonic transport. Paleozoic strata of 

domlnantly carbonate lithology generally override 

Mesozolc strata along glide planes formed on abundant 

Mesozolc argillaceous beds. This has caused a net 

overall shortening of approximately fifty percent. 

The study area from the northwest to the southeast 

corners Is an area of transition between the southwestern 

Montana reentrant and the Wyoming salient of the Sevier 

thrust belt (Pig. 1). The changing trends of faults and 

folds are the result of differing interactions of 

eastward translating allochthons with an Irregular 

cratonlc margin (Beutner, 1977). Schwartz (1982) also 

contends that the comparatively rigid, basement-cored. 
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foreland structures of southwestern Montana-northwestern 

Wyoming, like the Uinta uplift of Utah, had already 

obtained enough of their Laramlde geometry (positive 

relief) prior to initial impingement by eastward Sevier 

thrusting to prevent overriding. 

It is the general concensus that once a line of 

structural weakness like a Joint or fault develops, it 

can be reactivated or upgraded from fracture to fault 

with relative ease, even if new directions of stress are 

not Ideally oriented (Marrs and Raines, 1984). 

Therefore, it Is probable that any fault (especially 

those of high-angle) could have more than one episode of 

relative movement. A relatively recent fault (e.g., 

Laramlde) could have had Its ancestry in Paleozoic or 

Precambrlan time. This is a condition common to the 

northwest trending, steeply northeastward dipping 

Laramlde faults of the Rocky Mountain foreland (northeast 

corner of study area) of southwestern Montana (Schmidt 

and Garlhan, 1983). Laramlde slip in this area was 

oblique, with roughly equal components of left-lateral 

and reverse movement. Right-lateral oblique faults that 

trend northeast are common farther south in the Rocky 

Mountain foreland. Another Important component of 

Laramlde structure in southwestern Montana Is a system of 

north to northeast trending thrusts which dip gently 

westward. These faults Involve both Archean and 
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Phanerozolc rocks and are associated with overturned, 

east-verging folds. 

In the extreme southern part of the study area (Fig. 

20), in the eastern Sevier hinterland, shallow dipping, 

generally north striking, younger-over-older faults are 

found in an area where structural relations are more 

poorly understood (Link, 1982). These faults are 

probably Sevier or Laramlde in origin, along with some 

high-angle, east trending tear faults. Later, northwest 

trending, high-angle faults probably preceeded reactiva

tion of tear faults, and formation of new Basln-and-

Range, east trending, high-angle faults and north to 

northwest trending, high-angle faults in the Late 

Cenozolc. 

Seismic evidence Indicates that many major normal 

faults are llstrlc and merge into older underlying thrust 

surfaces (Corbett, 1982). Fault activity in the 

Quaternary continues to this day outside the margins of 

the ESRP. 
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CHAPTER IV 

INTERPRETATION 

Cultural and Other Influences 

The ESRP and surrounding regions have numerous 

cultural influences noticeable on the Imagery. Cities of 

sufficient size Include Pocatello, Blackfoot, Idaho 

Palls, and Rexburg in Idaho, and the city of Dillon in 

Montana. There are also numerous small towns located 

throughout the area. Interstate (1)15 passes north-south 

through Dillon and Pocatello and I15W extends west of 

Pocatello. Many other roads criss-cross the area and up 

Into the valleys adjoining the ESRP. Timber cutting is 

visible up next to the Yellowstone National Park 

boundary. Farming and ranching are popular occupations 

that have widespread Influence on the detection of 

geologic features and the gathering of data by remote 

sensing. The only areas not heavily Influenced by man 

are the sparsely vegetated lava flows of the ESRP and the 

higher elevations between the valleys adjoining the ESRP. 

Natural features such as Quaternary basalt flows, 

alluvium, and sand dunes also serve to obscur underlying 

features, since they usually have not had sufficient time 

to develop the fractures, faults, and folds that are more 

probable in older consolidated rocks. 
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Drainage Patterns 

A drainage overlay of the study area (Pig. 21, In 

pocket) was prepared to aid in identification of 

topographic or stream lineaments. All major rivers and 

streams as well as tributaries as short as 3-5 km in 

length were mapped. At a scale of 1:1,000,000 the 

drainage has a pattern that is determined by the complex 

structure of the region. 

The dominant drainage pattern is a modified trellis 

drainage pattern. The major streams follow trends of 

faults or the strikes of differentially eroding strata. 

Streams are fed by tributaries flowing straight downslope 

from the mountains to Join the main streams at nearly 

right angles. Many tributaries draining flanks of 

mountains are supplied by direct snow-melt and dry up by 

the late summer. These tributaries have steep gradients 

and many bring sediment to alluvial fans at canyon mouths 

below. There is little surface drainage in the ESRP 

Itself. The drainage is governed by the volcanic 

topography and by the extreme permeability of the rocks 

underlying much of the area (e.g., sinks on the 

northwestern margin of the ESRP). 

Lineaments and Anomalies 

In 1912, Hobbs defined lineaments as "the 

significant lines of landscape which reveal the hidden 
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architecture of the rock basement." For many years after 

the work of Hobbs, lineaments were considered essentially 

physiographic or geomorphlc in nature. But in 1947, 

Venlng Melnesz, and Sender (also in 1947) discussed 

lineaments as part of a worldwide system of basement 

fractures referred to by Sender as the regmatic fracture 

system. Moody and Hill (1956), perhaps more than any 

other authors, popularized lineaments as possible wrench 

faults. The Dictionary of Geological Terms (1976) 

defines lineament as: "2. Photo: Any line, on an aerial 

photograph, that is structurally controlled, including an 

alignment of separate photographic images, such as stream 

beds, trees, or bushes that are so controlled." or "3. 

Tect: Straight or gently curved, lengthy features of the 

earth's surface, frequently expressed topographically as 

depressions or lines of depression." Sablns (1978) 

advanced a more concise definition: "Lineament - A 

linear topographic or tonal feature on the terrain and on 

Images and maps that may represent a zone of structural 

weakness." 

Although classification as a surface lineament may 

result from a number of linear geologic features 

including bedding, cleavage, foliation, mineral 

llneatlons, stratlgraphlc contacts, and tabular 

Intruslves, the term "lineament" Implies folds, Joints, 

fracture sets, and/or faults extending into the 
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subsurface. The exact subsurface cause of lineaments 

should not be Inferred. Although there might not be any 

evidence of displacement across a lineament, rocks that 

define the lineament may be more highly fractured and, 

hence, more susceptable to weathering, erosion, water 

Infiltration and discharge, and botanical changes 

(Sablns, 1978). 

Using the above criteria, a lineament overlay (Fig. 

22, in pocket) was drawn on the 1:1,000,000 scale 

negative prints with aid from the edge enhancements. 

Lineaments were drawn without any regard as to whether 

they might already be designated as faults, folds, or 

Joints. Shortest lineaments are 3 km long. 

Corbett (1982) plotted major high-angle fracture and 

aeromagnetlc trends in western Montana-Idaho (north of 

study area) and found twelve trend systems relatively 

evenly spaced through l80 degrees of possible trend 

(approximately 15 degrees apart). While north and 

northeast trends are most frequent, there is no lack of 

trends In any direction. In central Idaho, Clemens 

(1980) found six fault or fracture trend systems that are 

also relatively evenly spaced in trend. If a study 

covers sufficient area, all directions of trend could 

develop through time. The exact trends In a local area 

would depend on position along a curved thrust belt. 
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along with how complexely different superposed systems of 

stress Interreacted with preceeding systems. 

Lineaments In this study usually intersect and are 

chiefly northeast or northwest in trend and semi-

orthogonal in pattern. Geophysical data confirms the 

northwest and northeast lineament trends drawn on the 

overlay. Some north-south and east-west trends exist on 

both sides of the ESRP. Because thrust faults commonly 

have traces that are sinuous, most thrust faults should 

not show as lineaments. That is the case in this study. 

There are several circular features found on the 

ESRP. One Is annotated Island Park Caldera, and others 

are probably similar older features. A few circular 

volcanic buttes or cones also dot the ESRP. 

Geophysical Data 

Travel-time and synthetic selsmogram modeling 

indicate that the crust of the ESRP is highly anomalous 

with approximately 3 to 6 km of volcanic rocks (with some 

Interbedded sediments) overlying an upper crustal layer 

(Bralle et al., 1982). Sparlln and Bralle (1982) 

Inferred from ray trace modeling of seismic refraction 

data that the northwest margin of the ESRP is a major 

fault structure, downthrown on the SRP side with an 

apparent offset of greater than 4 km. The southeast 

margin appears to be downwarped with possible minor 
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faulting and with the Paleozoic sedimentary rocks of 

theldaho-Wyomlng thrust belt extending under the Cenozolc 

ESRP volcanic rocks for a distance of at least 40 km. 

The ESRP has been aselsmlc during historic times. 

Lack of earthquakes may be related to high temperatures 

documented by high heat flow that restricts brittle 

fracture but may permit aselsmlc creep (Smith, 1978). 

Possibly the crust beneath the ESRP is simply not storing 

sufficient elastic strain energy for earthquake 

generation. Smith (1978) also considers the ESRP an area 

of extension, devoid of compressive or lateral-slip 

motions. 

The magnetic expression of the ESRP is complex, with 

a crude network of short-wavelength highs and lows. Two 

orientations of individual elongate anomalies are 

prominent: normal (northwest) and parallel (northeast) 

to the axis of the plain. Some of the individual 

anomalies can be correlated with source zones for the 

basalt flows; one such anomaly follows the northwest 

trending Craters of the Moon rift (Mabey et al., 1978). 

The aeromagnetlc maps of Idaho and Montana (Zietz et al., 

1978; Zietz et al., I98O) depict the aforementioned 

northwest and northeast trends of the study area in 

Figure 23 (in pocket) and in Figure 24. Some areas have 

better detail than others because the maps are 
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compilations of smaller and medium-sized maps with 

differing contour Intervals. 

The Bouguer gravity map (Fig. 25) of Eaton and 

others (1978) shows much less detail than the 

aeromagnetlc map, but does depict the general northeast 

trending outline of the ESRP along with some of the 

northwest trending features. 
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Fig. 25. Gravity Map of Study Area (Eaton et al., 1978). 



CHAPTER V 

DISCUSSION OP RESULTS 

Conclusions 

Placement of the lineament overlay (Pig. 22) over 

the known fault overlay (Fig. 20) shows a poor match. 

Besides the lack of most thrust fault traces on the 

lineament overlay, many lineaments do not show as known 

faults, although the lineaments may extend or terminate 

known faults, or visa versa. This may mean that some or 

part(s) of lineaments have had no relative motion, or 

that field mapping is far from complete in this area. It 

is probably a combination of both. Of course, not all 

faults or lines of structural weakness can be detected as 

lineaments. The scale of the Imagery may need to be 

larger or smaller depending on the Intent of the 

Interpreter. Remote sensing is not yet a tool by Itself. 

Surface studies are still needed for confirmation of the 

insight that remote sensing brings. 

What happened to the thrust belt as it crosses the 

ESRP? The Targhee uplift's (Love, 1982) acting like part 

of the basement-cored uplifts in southwestern Montana Is 

not an impossibility, but can not be proven by this 

study. As for the possible relative movement of the 

margins of the ESRP, left-lateral slip Is indicated on 
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faults Just outside the margin of the ESRP, but right-

lateral slip is indicated for parallel, high-angle, 

northeast trending faults outside of the study area. 

Except for one lineament that seems to cross the ESRP 

near Its northeastern end, there are no distinct 

lineaments that completely traverse the ESRP. The 

pattern of lineaments on either side of the ESRP do not 

match well with the other side, and shifting their 

positions laterally does not help In their alignment. 

A Precambrlan fracture system and buttresses in the 

foreland were major factors that combined to effect the 

Sevier belt's varying trends, and later Laramlde, Basln-

and-Range, and ESRP structural trends. Also, either the 

great width of the ESRP tends to separate the two sides 

in a geographic sense, or the ESRP or a preceeding zone 

of weakness has mechanically decoupled each side of the 

ESRP in a manner that allows each side to react somewhat 

Independently of the other side. It is a conclusion of 

this study that any net left-lateral or right-lateral 

movement of Cenozolc or post-Laramlde age was probably, 

relatively minor. 

Recommendations 

In retrospect, considering the funds available and 

the limitations of the image processing equipment, a good 

or better combination of imagery might have consisted of 
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MSS Bands 2 and 4, plus several of the higher TM bands 

such as Bands 6 and 7. Color TM Imagery would have been 

useful, but could not be utilized because of expense. 
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