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INTRODUCTION 

The uF;efulness of lineament analysis as an exploration technique for 

geothermal energy is evaluated in an area of north-central Nevada that has been 

extensively stud ted using geological, geophysical, and remote sensing tech-

niques. The results of the initial phase of the program were followed by the 

application of these results to an area with geothermal potential which is 

complicated by several diverse tectonic histories. 

The areas selected for the first phase of the program were the geothermal 

areas within the Winnemucca A}1S Sheet (NKll-ll, fig. 1). This area of north-

central Nevada has four hot s.l?ring areas that have been studied by Lawrence 

Berkeley Laboratory (LBL). The data comp~led by LBL and other sources were used 

to support the. lineament analysis of Beowawe geothermal area, Buffalo Valley, 

and Leach and Kyle Hot Springs. The regional lineaments apparent only on satel-

lite imagery were compared to low sun-angle photography obtained by U-2 aircraft, 

supplemented by gravity and aeromagnetic data. The distribution of hot springs, 

hot wells, sinter deposits, and volcanic rocks less than 6 m.y. was correlated 

with major crustal lineaments and mapped faults. 

The second phase of the study applied the methodology and relationships 

that were noted in the first phase to the Reno AMS Sheet (NJll-l, f~g. 1). The 

area encompasF;ed b.y' tl1e R,eno AMS Sheet exl1ibits several diverse structural 

settings including: 12 Sien;-anFront; 2) Walker Lane; and 3) Basin and Range. 

The purpose of thJs' phase of the study was to confirm that the spatial relation-

ship b,etween hot SPrings and geologic strUCtures was valid and that they could 

be used in ~ structural setting other than typ:i.cal Basin andR,ange. 

During th.e ftr.st phase of this investigatton, Itneament analysis of multi-

r;;;, scale, multi-forma,t sp~cecraft and aircraft imagery and photographic products 

was.' ma,de to deterIl!tne the association and/or distribution of hot springs. 
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relative to lineaments. Significant results from each of the data formats, 

including LANDSAT, SKYLAB, and U-2 low sun-angle photography, will be discussed 

subsequently. Regional tectonic patterns in north-central Nevada have been 

mapped on LANDSAT imagery employing techniques used by numerous investigators 

(Rowan and Wetlaufer, 1973 and 1975; Levandowski and others, 1974; Hoppin, 1974; 

Abdel-Gawad and Tubbesing, 1974). To supplement the lineament analysis of the 

imagery and photographic products, geophysical data including magnetics, gravity, 

and seismicity, as well as previous work by numerous investigators relating one or 

more of the geophysical phenomena to geologic structure and regional tectonics, 

were used (Levandowski and others, 1974; Stewart and others, 1975; Robinson, 1970; 

Koizumi and others, 1973; Thompson and Burke, 1974; Quade and Trexler, 1975; 

Ryall, 1977; and Suppe and others, 1975). Previous works by several investi

gators (Wright, 1976; Hamilton and Myers, 1966; Sales, 1966; Wise, 1963; Shawe, 

1965) were compared to evaluate the lineament analysis and the relationship of 

lineaments to the Cenozoic tectonic framework of the Basin and Range. 

Intermediate scale (1:250,000) structural analysis was performed using 

SKYLAB S190-B photography over the Battle Mountain, Nevada, area. The resolution 

of the SKYLAB photography, which exceeds that of LANDSAT imagery by several 

orders of magnitude, provided synoptic coverage of the area of investigation and 

delineated the relationship between Cenozoic basin-and-range faulting and 

geothermal areas. 

Low sun-angle photography at scales of 1:120,000 and 1:30,000 provided site 

specific information of the structural setting of four geothermal areas within 

the Battle Mountain heat flow high (Sass and others, 1971). 

INTERPRETIVE TECHNIQUES AND LINEAMENT ANALYSIS 

Interpretive techniques varied with the scale and resolution of the various 

data formats. Interpretation of a LANDSAT imagery mosaic at a scale of 
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1:1,000,000 of Band 5 (Soil Conservation Service) was made by delineating tonal 

discontinuities, alignments or breaks in topographic features, and vegetation 

alignments. The major lineaments can be traced through bedrock areas and in 

some instances across alluvial valleys. Recent work by Robert Reeves (perso?al 

commun., 1977) using computer enhanced LANDSAT imagery and detailed gravity 

measurements along the western margin of the Winnemucca AMS Sheet has shown that 

northeast-southwest trending structures, visible in bedrock areas of the East 

Range, can be detected beneath valley fill in Buena Vista Valley. 

Since the resolution of the SKYLAB S190-B Earth Terrain Camera (18 in. 

F.L.) is comparable to conventional aerial photography, airphoto interpretation 

techniques could be used. Faults and linear fractures were mapped on 1:250,000 

scale enlargements of the original 11.4 x 11.4 cm (4.5 x 4.5 in, in 1:950,000 

scale) format. This scale of enlargement did not appreciably decrease the 

resolution of the photographs. 

Conventional aerial photographic interpretive techniques were used to 

extract fault data from the U-2 low sun-angle photography (LSAP). Various 

supplemental techniques, such as the use of positive transparencies and magni

fication which are described in detail in Walker and Trexler (1977), were also 

used. 

Gravity and aeromagnetic data were used to supplement the image and 

photographic lineament interpretation and to help define the genetic relationship 

between the surficial lineament expression and the subsurface mechanism or 

mechanisms which they reflect. A simple Bouguer gravity map of the Winnemucca 

Al1S Sheet (Erwin, 1974) was used to plot linear trends of contour closures. A 

generalized aeromagnetic map at 1:250,000 scale of the Winnemucca AMS Sheet 

was prepared from U. S. Geological Survey open-file maps (1:62,500 scale). The 

aeromagnetic map was analyzed for significant crustal trends as reflected in the 

contour closures or steep gradients. 



5. 

The existence of a high-velocity lithospheric plate under northern Nevada 

has been established by teleseismic P-wave arrivals (Koizumi and others, 1973). 

This high-velocity layer trends N60E and dips steeply to the southeast beneath 

Battle Mountain, Nevada. Koizumi and others (1973) interpret this high-velocity 

layer to be a paleosubduction zon~. The reJ.ationship between the high-velocity 

layer and the northeast trending lineaments in north-central Nevada are not 

completely understood at the present time but this zone undoubtedly played a 

major role in the production of the major northeast trending lineaments. 

LANDSAT BAND 5 LINEAMENT ANALYSIS 

Lineament analysis of northern Nevada was performed on a Band 5 mosaic 

prepared by the U. S. Dept. of Agriculture, Soil Conservation Service. To 

assure that the tonal contrasts on the mosaic were real and not matched-seams 

of the moszicking process, the mapped lineaments were checked on individual 

LANDSAT frames of the same band obtained from October through March 1975. 

Figure 2 is a portion of the LANDSAT mosaic showing major lineament trends in 

northern Nevada. The interpretation includes many lineaments of Rowan and 

Wet1aufer (1975) and, for a detailed analysis of the techniques involved in 

production of an interpretive lineament analysis of LANDSAT imagery, their 

excellent detailed report should be consulted. 

The prominent trends delineated by this analysis are in three general 

directions: NW, NE, and NNE-NNW. The geographic distribution of the major 

lineament directions is relatively uniform for northern Nevada. The NNE-NNW 

trends represent the expression of the Cenozoic basin-and-range faulting and 

may be correlated with mapped faults of the area (Stewart and Carlson, 1976; 

Slemmons, 1967). The northwest trends, which include from the west to east the 

Walker Lane (E-E'), Rye Patch Lineament (C-C') of Rowan and Wetlaufer (1973),and 

the Oregon-Nevada Lineament (B-B') of Stewart and others (1975), vary in azimuth 
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80 kilometers 

'FIGU RE 2, Landsat lineament interpretation of northern Nevada showing lineaments greater than 10 km, 
'A--A' Ruby MountafrnineamenL B-B' Oregon-Nevada lineament, C-C' Rye Patch lineament~ 0-0' Mida~ 
Trench, E-E' Walker Lane (mosaic prepared by Dept, of,Agriculture, Soil Conservation Scrvice, scal~ 
1 :2.000,000) 
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from N40W to near N20W. The Walker Lane in northern Nevada has a general trend 

of N40W in the segment east of Walker Lake to Pyramid Lake. The trend of the Rye 

Patch Lineament is generally N30W for both segments (C-C') shown in figure 2. 

The offset in the Rye Patch Lineament may coincide with an extension of the Midas 

Trench (D-D'). If this separation of the Rye Patch Lineament is associated with 

the Midas structure, then the Midas Lineament has a left sense of movement and 

the southern segment (now obscured) is younger than the Rye Patch Lineament. The 

sense of movement on the Rye Patch Lineament appears to be right-separation due 

to the pinching of the northern end of the Sweetwater Range. 

The northwest-trending lineament extending from central Eureka County to 

western Humboldt County (B-B') has been named the Oregon-Nevada Lineament 

(Stewart and others, 1975) and consists of closely spaced en echelon faults. 

The lineament appears as aligned canyons and escarpments on the LANDSAT mosaic. 

Tois lineament corresponds to a positive aeromagnetic anomaly which is probably 

due to dikes that supplied the late Tertiary silicic volcanics that mark the 

zone in northern Nevada. Stewart and others (1975) consider the Nevada portion 

of the lineament to have developed by a complex history of strike-slip and 

tensional movement during the Miocene. This timing corresponds with the accepted 

time of inception of basin-and-range faulting in north-central Nevada (Christian

sen and Lipman, 1972; Zoback and Thompson, 1978). If the Miocene age for the 

Oregon-Nevada Lineament is valid, then the northeast-trending Midas Lineament 

(D-D') is older because its trend is interrupted by the Oregon-Nevada Lineament 

north of Battle Mountain. The lack of topographic expression of the Midas Line

ament southwest of the Oregon-Nevada Lineament may indicate a tensional history 

for this portion of the lineament and separation of the older Midas system. 

The Midas "Trench" Lineament zone (D-D', fig. 2) extends from southern 

Washoe County in the southwest to the northern border of the State in central 

Elko County. The southern portion of this zone is expressed as a discontinuous 
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alignment of canyons and ridges. In the southern Virginia Range, Quaternary 

movement along a northeast trend has been mapped by Rogers (1975). In this 

area, pervasive northeast trending structures in the pre-Mesozoic metamorphics 

(Zones, 1958) suggest the existence of an older tectonic setting controlled by 

northeast trends with a left-separation sense of offset (Trexler, 1977). In 

its northeast extension in central Nevada, the zone forms a depression in the 

vicinity of the town of Midas and forms the border between the Owyhee Desert 

and mountain ranges to the southeast in northwestern Elko County. Other shorter, 

less distinct segments with similar NE trends can be seen in figure 2. These 

segments are believed to be genetically related to the larger pervasive zone 

referred to as the Midas Trench. 

The NNE trending lineament (A-A') has been termed the Ruby Mountains Line

ament (Rowan and Wetlaufer, 1975). It is the least documented feature in Nevada 

and reflects the normal fault bounding the Ruby Mountains on the east. Its 

northern extension appears to coincide with smaller faults (Rowan and Wetlaufer, 

1975). 

SKYLAB S190-B INTERPRETATION 

SKYLAB S190-B photography was obtained over a portion of the Winnemucca AMS 

Sheet on August 12, 1973. Time of acquisition on the SL-3 Track 20 Pass was 0745 

local time which provided low sun-angle (28°) illumination. Figure 3 provides a 

synoptic view of approximately 75 percent of the study area. The quality of the 

S190-B photographic data is such that it can be successfully enlarged to 1:250,000, 

allowing structural interpretations to be performed at this scale. 

It is apparent from inspection of figure 3 that every facet of the struc

tural grain of the area can be discerned. Features that correspond to regional 

tectonic features are noted at 1 and 2. At location 1 and la the parallel north

west trending features are coincident with the trend of the Oregon-Nevada Lineament. 



FIGURE 3. Skylab S190-B photograph of a portion of the Winnemucca AMS sheet acquired on August 12, 
1973 at 0745 local time; 1 and la segments of Oregon-Nevada lineament, 2 = northeast trending bedrock 
lineaments, b = Beowawe Hot Springs, BM = town of Battle Mountain, bv = Buffalo Valley, fc = Fish Creek. 
Mountains, hsp = Hot Springs Point, scale approximately 1: 1 ,240,000. 

19 . 
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The northeast trending parallel structures at 2 and similar trending structures 

in Beowawe Hot Springs (b) are probably related to the Midas Trench system. 

The structures at 2 are unique in that they are in bedrock and have a cross

cutting relationship to the general N-S trend of the Shoshone Range. 

The northwest-southeast trending fault near Beowawe (b) may extend south

eastward to include hot spring activity at Hot Springs Point (hsp) figure 3. 

Further extension of the northwest-southeast trending structure and its inter

section with the Crescent Valley fault (C-C'), also a site of hot spring activ

ity, may indicate the importance of lineament intersection. 

At the scale of figure 3, it is difficult to discern the minor faulting on 

the east side of Buffalo Valley (bv); therefore. it will be discussed in the 

site specific structure section. Northeast trends of basaltic cinder cones and 

faulting of alluvial valley fill with a similar trend occur in the vicinity of 

the hot spring area. The more regional view presented by the SKYLAB photography 

suggests that the well-defined basin margin fault southwest of Battle Mountain 

(BM) and bounding the northwestern side of Buffalo Valley would, if projected 

southward, intersect the northeast trends in the vicinity of Buffalo Valley Hot 

Springs at (bv). 

It is apparent that most of the well-defined structures present in figure 3 

are basin-and-range faults and in many cases are parallel to sub-parallel to 

basin margin faults which offset unconsolidated valley fill deposits. The most 

difficult problem arising from analysis of such high quality synoptic data is to 

become overwhelmed by the majority of linear features. Because it is difficult 

to rationalize the existence of so many potential alignments of features on the 

scale presented in figure 3, a data format such as LANDSAT imagery becomes useful 

in decreasing the "noise" provided to the interpreter using high resolution photo

graphic data over such a large area. 
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AEROMAGNETIC DATA INTERPRETATION 

A generalized contour plot of total magnetic intensity was prepared from 

U. S. Geological Survey open-file aeromagnetic maps (1:62,500 scale). These 

data were reduced to 1:250,000 scale by using a Map-O-Graph optical enlarger. 

The baseline gamma setting for each of the 8 aeromagnetic surveys, which cover 

the Winnemucca fu~S Sheet, was different and therefore only the general magnetic 

intensity contour trends could be represented at the 1:250,000 scale. 

The most prominent feature represented on the generalized aeromagnetic map 

(fig. 4, reduced from 1:250,000) is the expression of the NNW trending positive 

magnetic high, which closely corresponds with the trend of the Oregon-Nevada 

Lineament in this area. The close spacial association suggests that the mag

netic anomaly is related to the feeder dikes that produced Miocene lava flows 

and domes (Stewart and others, 1975). 

The anomaly is disrupted in several areas, most conspicuously at A in 

figure 4 where the disruption in the aeromagnetic trend corresponds to the north

east trending Crescent Valley fault. Another area of disruption of the anomaly 

occurs at B. Again the area coincides with northeast trending faults and a 

prominent LANDSAT lineament. The offset in the aeromagnetic anomaly in both areas 

is apparently the result of down-dropping of the highly magnetic rocks of the 

feeder dikes (Stewart and others, 1975). 

The disruption of the aeromagnetic anomaly by cross-cutting northeast trend

ing faults and close association with observed northeast trending LANDSAT line

aments suggests that the movement on the northeast trending structures is post

Miocene, if a Miocene age for the development of the Oregon-Nevada Lineament is 

accepted as suggested by Stewart and others (1975). Movement on the northeast 

trending structures appears to be normal faulting, as indicated by the apparent 

down-dropping of the feeder dikes. As mentioned earlier, interpretation of the 

LANDSAT imagery suggests that the NW trending Oregon-Nevada Lineament is younger 



FIGURE 4. Generalized total-intensity aeromagnetic map of the Winnemucca AMS sheet, prepared from U. S. Geological Survey 
open-file aeromagnetic maps at 1 :62,500. 



than the Midas system since it obliterates the surface manifestation of the 

northeast trends north of Battle Mountain. 
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In the western portion of figure 4 (area C) a north-northeast trending 

positive magnetic anomaly is disrupted by an east-west trending negative anomaly. 

The circular positive high to the south of the low is associated with granitic 

intrusive rock of Granite Mountain. The intrusive contact is spacially associ

ated with a northeast trending LANDSAT lineament that coincides with the 

interruption of this magnetic anomaly. 

An intense positive aeromagnetic anomaly on" the south side of Battle Moun

tain (D) appears to be associated with young basalt flows, which trend northeast

southwest along the west side of Buffalo Valley. There is a discrepancy in the 

age of basalts by K-Rb dating techniques and this discrepancy will be discussed 

in detail in the site specific section. 

Interpretation of the total intensity magnetic anomalies indicates a direct 

correlation between the segments of the through-going positive anomaly, which 

appears to be associated with the Oregon-Nevada Lineament, and the northeast trends 

associated with the Midas Trench system. The major LANDSAT lineaments, which 

Rowan and Wetlaufer (1975) named Midas, are located north of the Winnemucca AMS 

Sheet and surface expression of en echelon structures in the Winnemucca AMS 

Sheet are: 1) the Crescent Valley fault; 2) the Whirlwind Valley fault; 3) 

faults associated with the southern edge of the Sheep Creek Range; and 4) the 

Argenta Rim. 

GRAVITY DATA INTERPRETATION 

Comparison of regional gravity with LANDSAT lineaments on a statewide scale 

(fig. 5) does not show any distinct correlation. This lack of correlation is 

probably due to the influence of the basin-and-range structure obscuring the 

crustal configuration of older lineaments. There is an increase (less negative) 
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~ in the Bouguer gravity from the center portion of the state to the northwest. 

Typically, values less than -200 milligals are found southeast of a line which 

extends from the northwest corner of the state to longitude 118.5°, latitude 

39.5°. To better show this decrease in gravity, a filtered gravity map (fig. 6) 

was prepared from Wollard and Joesting (1964) Bouguer Gravity Anomaly Map of the 

United States (West Half, 1:2,500,000). A 20-mile (34 km) grid was superimposed 

on the Bouguer gravity anomaly map and average values were measured for each grid. 

This was contoured and the resulting map (fig. 6) shows the regional gravity 

patterns and subdues the influence of basin-and-range structure. The marked 

increase in gravity to the northwest can be more clearly discerned. 

A marked increase in gravity can also be seen in southern Nevada across an 

east-west zone where the average Bouguer gravity increases from -190 to -120. 

The significance of this as a crustal boundary is discussed by Eaton (1975). 

The strike and dip of the high-velocity lithospheric plate interpreted by 

Koizumi and others (1973) as being a paleosubduction zone under northern Nevada 

is shown in figure 5. The high-velocity layer has a northeast strike at Battle 

Mountain and Elko (N60E and N45E, respectively). The strike of the plate is 

altered to a more northerly direction (N32E) near Lovelock, but maintains a 

similar dip. The variation in azimuth of the high-velocity layer in the Lovelock 

area may be due to disruption and rotation of the layer between the Walker Lane 

and Rye Patch lineaments. Since no further information is available at the 

present time, the hypothesis regarding the variation in azimuth of the high-

velocity layer can only be conjecture. Work underway by Priestley and Cook may 

shed more light on the significance of this crustal anomaly (Keith Priestley, 

personal commun. 1978). 

An analysis of gravity linears was prepared by using Erwin's (1974) Bouguer 

~ Gravity Map of Nevada, Winnemucca Sheet. A reduction of Erwin's (1974) map is 

shown in figure 7. Initially, many different gravity trends appear. However, 
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FIGURE 6. Filtered Bouguer gravity map of Nevada prepared 
from figure 4 by averaging values on 20 miles (34 km) centers. 
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FIGURE 7. Bouguer gravity map of the Winnemucca AMS sheet, after Erwin, 1974. 
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