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ABSTRACT

Analysis of diverse geologic, geophysical, and geéchemical data
shows that eight majér iineament‘systems delineated in Landsat images
of Nevada are morphological and tonal expressions of substantially
broader structural zonmes. Southern Nevada is dominated by the 175 km-

~wide northwest-trending Walker Lane, a 150 km-wide zone of east-trending
lineament systems consisting of the Pancake Range, Warﬁ Springs, and
Timpahute lineamént systems, and a 125 km-wide belt of northeast-
trending faults te?med the Pahranagat lineament system.

Northern Nevada is dominated by the northeast-trending 75—200 km
wide Midas Trench lipneament system, which is-markéd by northeasterly-
oriented faults, broad gravity anomalies, and the Battle Mountaiﬁ heat
flow high; this feature appears to extend into central Montana. The
Midas Trench system is transected by the Northern Nevada Rift, a rela-
tively narrow zone of ﬁorth-northwest—trending basaltic dikes that givé‘
rise to a series of prominent aéromagnetic highs. The northwest-
.trenaing Rye Patch lineament system, situated at the northeast boundary
of the Walker Lane, also intersects the Midas Trench system and is
cha;acterized by stfatigraphic discontinuities -and alignment of aero-
magnetic anomalies,

Field relationships indicate that all the lineament systems except

for the Northern Nevada‘Rift are conjugate shears formed since mid-
Miocene. time durihg extension of the Great Basin. Metallizafion
. associated with volcanism was widespread along these systeﬁs during the

17-6 m.y. period. However, these zones appear to have been established



N

prior to this period, probably as early as Precambrian time. These
lineament systems are interpreted to be o0ld, fundamental, structural

zones that have.been reactivated episodically as stress conditionms

‘changed in the western United States. Many metal districts are

localized within these zones as magma rose along the pre-existing

conduits.



INTRODUCTION:

Analysis of Landsat Multispectral Scanner (MSS) images of
geolpgically diverse terrains has repeatedly brought to light numerous
linear features, the presence of which has been,confirﬁed by analyzing
repetitive images. The length of these features.varies g}eatly, from
tens to hundreds ef kilometers. Although the:significance of these
features, many previously unknown, has been debated, mounting evidence
"indicates that a'substantial number.are directly related to tectonic
activity (Isachsen, 1973; Pickering and Jones, 1973; Merifield and
Lamar, 1974; O'Leary ane others, 1978; Viljoen, 1973; Mohr, '1974;
Lathram and Albert, 1974; Wise, 1978; Drahovzal, 1974).

Several factors continue to warrant a cautious approach to
. identifying and interpreting linear features and regional structure in
MSS images. Initial compilation procedures are necessarily somewhat
subjective due to differing backgrounds and objectives of interpretors
and to technical factors such as quality of the images used, sun angle
effects, seasonal influences, etc. (Siegal, 1977). In addition, because
detection of faults and fractures depends on topographic: enhancement
and, less commonly, on»brightness contrasts related to abrupt changes
in lithology or vegetation, structural features lacking such expression
(e.g., many thrust faults): are usually not detectable; Evaluation of
the longer end more frequently tectonically related linear features is
‘made difficult by their eomplex topographic expreseion, typically a

combination of stream valleys, escarpments, ridges, dikes, and only



locally exposed faults. On the other hand, some of the linear features
that are detected, more typically the shorter ones, are not obvious
manifestations of structural deformation.

In spite of these problems, the fact remains that additional
structural information is avaiiable'thrdugh careful analysis of MSS
images. Combined with the resuits of_geoldgic mapping and geophysical
and geochemical surveys, this information éan be valuable ‘in developing

'regional tectonic framewofks and in formulating mineral exploration gnd,

‘assessment models (Raines, 1978).

Previous Investigations

Linear features have Eeen compiled and studied using MSS images
for severallparts of Nevada (Liggett and Childs, 1977; Bechtold and
others, 1973; Levandowski and oﬁhers, 1974; Kutina and Carter, 1977;
vRaynolds, 1976), but the only detailéd statewide compilation was
conducted by Rowan and Wetlaufer (1973, 1975). Seven major regional
‘lineament. systems were delineated in our earliér studies. Since
reporting those resﬁlts (Rowan and Wetlaufer, 1975; Rowan, 1975),
 several important regional geologic and geophysicalvstudies have been
completed. - The regional study by Ekren and others (1976) is espécially
important because they delineated four major east-trending lineaments
in'sdufh—éentral Nevada using Landsat images, topographic :eiief maps,
regional géologic mapping, and  aeromagnetic dataf They interpret these
features to be major left-latéral shear zones of Paleozoic or Precam-

brian age that influenced the distribution of the Tertiary, and perhaps



Mesozoic, igneous rocks with which most of the nearby base and precious
metal deposits are associated. Three of these lineaments are generally
coincident with those independently delineated by Rowan and Wetlaufer

(1975).

Purpose

The purpose of this report is to describe further the regional

geologic setting of major lineaments systems in Nevada using diverse

-geologic, geophysical, and geochemical data and to consider the origin

of these features and their influence on the localization of metal

deposits in Nevada. The lineament systems are discussed individually

using contour maps that show the areal density of‘faulﬁs according to
their azimuth, a new simple Bouguer gravity map, a recently compiled
total intensity aeromagnetic map of the Great Basin, a heat fiow map of
the Qestern United.States, and the individual and collective distribu-
tion of known metal deposits. The sense and age of movement along
faults related to the lineament systems are also described as data

availability permit. Southern and northern Nevada are discussed

- separately because the trends of the major lineament systems are signi-

ficantly different; the results are synthesized for the entire state

with emphasis on the occurrence of metal ore deposits.
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ANALYSIS OF LINEAMENTS

Linear features greater than 10 km in length were compiled on an

MSS band 5 (500-600 pym) image mosaic of Nevada at a scale of 1:1,000,000

(figs. 1 and 2) and were vefified as naturally occurring geological
" features and.therefofe'as.liheaments (O'Leary and others, 1977);
Shorter linear features were excluded because they have been shown to
correlate poorly with known structural features (ﬁowan and Wetlaﬁfer,
1197s). 'Coﬁpafison of lineaments greater tﬁan 10 km long with mapped
;féultsnghows that 80 perééht of.the lineaments coincide, at,least'in
-part, with known féulté, suggesting some sfructural significance. -

Correlation of a fault with a lineament was determined on the basis of

‘an approximately parallel trend and a location within roughly 500 m of

H
i

ithe reiated lineament. . From these lineaments, major 1ineament'systems
%have beep'delineated which are believed to have regional structural
%significance. These systems were seleéted on the basis of their
< ’ .
?regional extent and their correlation with geophysical daté and zones
?of aligned faults. Sevéral of these systems have been documented
?prior to their definitidn on Landsat imagery, andlmore recent publica-
';fions'éontinue to .underscore their existénce and significance. -
‘ Figure 3 shows the revised version of the lineament systems
?originally\delineated (Rowan and Wetlaﬁfer; 1975). Four reyisisns
‘have been made: (1) the;Ruby Mountains (rm, fig. 3) lineament system
'fhasvbegn deleted due to iﬁSufficieﬁt data at thié time; (2) lineament

'Zsystem C, formerly grouped with B, has been distinguished;
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'Figure 1 - Landsat image mosaic (uncontrolled) of Nevada. Prepared

by Aerial Photographers of Nevada, Reno, Nevada, using MSS Band

5 (0.6 - 0.7 ym) images recorded dufing September and October

1972.

LR S5l DU W (23 09

6a




PHOTO MOSAIC

STATE OF

NEVADA

————c frem.

v

LMTH MIURCLS TECHWOLOSY SATILLITL

MUATIPECTRAL SCANNER 1MAGENY (O -07 muanrours]

RABA CONTRACT We RASEISTO

orerat e

REWOTY SEXNNG LABORATORY

RENEWASLE WEILRCLS  CINTER
Max ¢ FLEISCHMAN COLLEGE OF ASKICULTUNG

DMVERUTY OF nEvaA TEWO

w

AORS, PRCTOSRAMERS OF NEVADL
RO~ STEAD MuteReET

éure [

fi

Orpas Soms 1:1,000.000



Figure 2 - Map showing correlation of major lineaments (>10 km length)
‘with faults shown on the Geologic Map of Nevada compiled by

Stewart and Carlson (1974) (Rowan and Wetlaufer, 1975).
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‘Figure 3 - Landsat MSS band 5 image mosaic of Nevada showing locations ;
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Pancake Range; C, Warm Springs; 2, Timpahute; E, Pahranagat; E,
Midas Trench; G, Northern Nevada Rift; H, Rye Patch. Mountain
ranges, lakes, and towns referred to in the text are shown in

white letters: ar, Antelope Range; bf, Buffalo Range; cl,

.of major lineament systems (black letters): A, Walker Lane; B,

Caliente; cm, Cortez Mountains; cr, Clan Alpine Range; dm, Desa-

toya Mountains; em, Excelsior Mountains; er, East Range;

gr, Groom Range; hc, Hot Creek Range; hi, Hiko Range; hr, Humbo1ldt-
Range; im, Independence Mountains; ‘j_m., Jarbidge Mountains; kr,
Kawich Range; &,'Lovelock; 1m,- Lake Meade; 1v, Las'Vegas;

me, Mquni:ain -City; mm, Meadow Valley Moun_tains; mr, Monitor Range;:
r_nE,IMidas_; od, Owyhee Desert; pa, Pahrénagat Range; pl, Pyramid
Lake; pr, Pah Rah Range; rm, Ruby Mountains; sl, Stillwater Range;:
sm, Shoshbne Mountains; sr, SonAoma Range; tm, Tuscarora Mountains;’
tr, Trinity Range; ty, Toiyabe Range; vr, Virginia Range; wh,

West Humboldt Range. ‘Mosaic prepared by A¢ria1 Photographers of

Nevada, Reno, Nevada. -
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(3 lineament system- E has been added; and (4) Iinéament system D has
been extended 85 km eastward in agreement with its portrayal by Ekren
and othefs (1976). Lineament C is not shown in figure 2 because, as
. initially delineated, componéht segments wereiless than'lo km in length
... (Rowan and Wetlaufer, 1975). Nevertheless, we felt in 1975 and continue
to feel now that the lineament is so distinctive that it merits recogni-
7 :tion. Thus, we now recognize eight major lineament systems in Nevada.

: - One approach to determining the structural origin of these

s lineament systems is to examine the areal distribution and trends of

of faults would be expected

v=. faults mapped in Nevada. A concentration

3 along those major lineamént systems which do represent zones of crustal

RE deformation. Trends and senses of movement of the faults along the

13 :lineament systems, as well as field evidence reported by other workers,g

) .
|

15— PoOst-mid-Miocene time.
i

oo b A series of contour maps showing the statewide areal density of

iy .faults was prepared using the following estimated azimuthal ranges:
s N10°W-N10°E; N10°-30°E; N30°-60°E; N60°-100°E; N60°-80°W; N30°-60°W;
1o fand N10°-30°W. Selection of these ranges was based on the trends of

sc— the major lineament systems. ' Because delineation of the faults was

z1 ;achieved visually on the Geologic Map of Nevada (Stewart and Carlson,
l _

2 31974), the following less specific azimuthal ranges are used throughout

P
!

x  this paper: north, north-northeast, northeast, east to east-northeast,

west-northwest, northwest, and north-northwest, respectively. Faults

‘were counted for each azimuthal range in contiguous 1000 sq. km

o

7

. have been used to infer regional stress conditions that prevailed during

{
1
{
H
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:Figure 4 - Contour maps showing the areal density of faults shown on

1974) and the-major lineament systems delineated in figure 3:

: . (2) northwest-trending, n=1013; (b) west-northwest-trending,

10~ :
northwest-trending, n=1193; (g) north-trendihg, n=3040.

n=643; (c) east-to-east-northeast-trending, n=1125; (d) northeast-,

' trending, n=1560; (e) north-northeast-trending, n=1260; (f) north-%

the 1:500,000 scale Geologic Map of Nevada (Stewart and Carlson,
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18 |similarly trending faults within each map, as well as the trend of the

e e e o e e e e e —— —— - -——
i
i

. ‘cells; the resulting numbers were -converted to percentages of the total

pm e e e i e e e e e — e [

- number: of faults (n, fig. 4) and contoured manually using a 0.2 percent

|
5 interval; thrust faults were excluded. We recognize the need for a .
. i

|

s :more consistent delineation Sf the faults with respect to azimuth than
5_:can be achieved visually and for certain statistical evaluations such

6 .as significance tests of the trends. To these ends, all the faults

7 iare currently.being digitized. Hore serious limitations are the

8 fobscuring of bedrock faults by alluvium and the variations in the

| . N
s ‘levels of structural detail in the maps used to compile the State

10— geologic map. However, as will be shown in subsequent sections,

11 anomalously high areal densities of faults are evident on a regional
12 scale, in spite of local interruption of these belts by alluvium- :

13 :filled basins. Analysis of the contour maps is- confined to regional
| . '

14 ;trends because of the above mentioned limitations.
: :

15— | Interpretation of the contour maps (fig. 4) with respect to the
I

i . . . . .
16 imajor lineament systems delineated in this paper must take into account

! . :
17 ithe areal distribution of both the high and low concentrations of

19 ;zones of high fault density. Through this approach, we will show not

m_‘only that the five lineament systems in southern Nevada (A, B, C, D, E,
i

2 - ifig. 3) have a structural basis, but also that the three less commonly
|

22 '?recognized lineament systems in northern Nevada (F, G,'H;'fig. 3) are

-2 ,supported by tectonic data. .
i
i
1
|

-
.

e e — e e ——d
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Lineament Systems in Southern Nevada

Walker Lane-Las Vegas Shear Zone: The well-documented Walker Lane-

Las Vegas shgar zone, hereafter referred to simply as the Walker Lane,
is a generally no?thwest—trending zone of right-lateral transcurrent
faulting which traverses approximately 600'km, from Pyramid Lake to las
Vegag (p! and lv, respectively, fig. 3) (Gianella and Callaghan, 1934;

Locke and others, 1?40; Longwell, 1960;'Neilsen, 1965; Shawe, 1965;°

~!

Albers, 1967). On the Landsat mosaic of Nevada'(fig. 1), the abrupt
.disruption of north-to-north-northeast-trending ranges typical
;of'the Easiﬁ-and-Range province is readily apparent along fhe Walker
‘Lang, although only-the northérn and central parts are represented by
distinct lineaments (A, fig. 3) on Landsat images. 'The two pairs of

northwest-trending lineaments making up lineament system A correspond

14

Ewell with right-lateral strike-slip faults mapped by Stewart and
¥ :
]5;§Carlson (1974) and Neilsen (1965). In the southern portion of the shear
fzone, drag. in.the mountain ranges (north of 1v, fig. 3) related to the

:right-lateral shear is obvious, but no northwest-trending lineaments

7

.can be discernmed.’

e " The northwest-trending Walker Lane is conspicuous as a broad zone
| : ' :

_fdn the contour map showing northwest-trending faults (fig. 4a). It is
!

fhighlighted by a roughly 175 km wide ioné of several isolated areas of

iy

~q

'high—fault-denSity. The easterly trend of the individual fault concen-

! . :
trations along the central portion of the Walker Lane probably reflects

" the influence of the other major structural system dominant in southern

Nevada, that of eaSt-to—éast-northeast4trending structures. High



-
.

trations are more common in southern than northern Nevada.

concentrations of northwest-trending faults are generally lacking in

" the central and northern parts of Nevada, except for a concentration in

the nbrthwest-corner of Nevada and a nortﬁeast-trending concentration
southeast of the Ruby Mountains (rm, fig. 3). The concentration in the
northwestern corner of Nevada is probably related to a zone of domi-
nantly norfhwest-trending'faults in southern Oregon. .

Areas of high density of west-northwest-trending faults (fig. 4b)

‘also fall within the broad zone defining the Walker Lane, although they'

are sparse along its central part. The conspicuous easterly trend of

. !

the west-northwest. fault concentrations in southern Nevada further docu-

ments the presence of east-trending structures. As with the northwest-

'trending fault concentrations, the west-northwest-trending fault concen-

14 i Geophysical data are consistent with the presence of a northwest-

1« 'trending structural zone in southern Nevada. The northern and central

' .
Te »Zparts of the Walker Lane are generally coincident with the broadly

’

]

2 ffrequency aeromagnetic anomalies."Thesefanomalies are related to the
1o ?distribution of Tertiary calc-alkaline volcanic rocks (Stewart and
;L_:others, 1977). 1In the southern part of the Walker Lane, the belt of

., .anomalies is interrupted by the Quiet Zone, a northerly-trending area

17 :arcuate 150-175 km-wide zone (A, fig. 5) of northwesterly-aligned high-

> of uniform, moderately low, total intensity (Stewart and others, 1977).

‘Thé simple Bouguer gravity map pattern .(fig. 6) is characterized by a

.northwest-oriented region of moderately low anomalies that separates two

‘similarly trending broad lows to the southwest and northwest; the low

10
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|
H - |
|
] - Figure 5 - (a) Total intensity aeromagnetic map of Nevada (Zietz, I., .
5—: A * l
written comm.) and major lineament systems shown in figure 3; :
6 i . ) .
i . . . . e s '
i (b) aeromagnetic map of the Great Basin showing total intensities.
7 . e -
| : . : ' . i
i greater than 2500 gammas (compiled: from Mabey and others, in g
8 et ; ;
1 . 1
; press) and major lineament systems shown in figure 3. !
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;Figure 5:- Simple Bouguer gravity map of Nevada and adjacent areas
(Eaton and others, in press) and major linéament systems

delineated in figure 3.
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to the sou;hwest is probably re]ated to granitic rocks in the Sierra

exada and White Mountains.
Although the Walker Lane shear zone has clearly been the site of

post-basin-range faulting, the bending and major right-iateral movement

v}
|

were essentially over by early;or middle}ﬁiﬁcene éiﬁe (Albefé, 1567).
_Thick;es$ variations in late Precambrian aﬁd Paleozoic.strata ini}'
southeastern ﬁevada suggest a Precambri#n age for this trénécurrént
_fault zone (Stewart and others, 1968).

East-Trending Lineament Systems: Two east-to-east-northeast--

;trénding lineament systems (B, C, fig. 3) transect the Walker Lane and

the northerly-trending basins and ranges (Rowan and Wetlaufer, 1975).°

. Both of these lineament systems disrupt and locally terminate the
zranges. The northern lineament system (B, fig. '3) corresponds with the
T | -
'Pancake Range lineament described by Ekren and others (1976). Cook and

?Montgomery (1974) describe an east-trending structural zone in Utah that

13

14

! ) L . , ;
e ;may be an. eastward extension of the Pancake Range lineament (Ekren and -

1 ' ‘ . .
‘others, 1976).. The southern lineament system (C, fig. 3) generally

i .
;corresponds with the Warm Springs lineament (Ekren and others, 1976).

1 . : . .
'Rowléy and others (1978) point out a probable extension of the Warm

Sprlngs -1ineament into Utah for 190 km, calllng it the Blue Ribbon

!
1ineament. A 51m113r1y trendlng lineament 30 km to the north,_the

Pritchard Station lineamentt(Ekren and others, 1968, 1976), was not

- delineated in this study because it was identified on - the basis of

aeromagnetic"patterns and has very little topographic or tonal expres-

. sion. A third east-trending lineament system (D, fig. 3) is made up of

11



a group of five east-trending lineaments, measuring a total of 70 km
4along the northern marginé of the Groom,-Pahranagat, and Hiko ranges
(gr, pa, and hi, respectivély; fig. 3), plus,aﬁ éS km-léng eastern seg-
ﬁent added since initial recognition of this lineament system (Rowan
:and Wetlaufer, 1975). These lineaments comprise the Timpahute lineament
s&stem noted by Ekren and others (1976). The full horizontal extent
(roughly 350 km) of the Timpahute lineamént is well displayed in the
1:2,500,000-scale Landsat 1 mosaic of the conterminous United States.
ﬁe use the terminology of Ekren and others (1976) for the southern
Nevada lineaments thrbughﬁut the remainder of this péper.
| The Pancake Range lineament (B, fig. 3) ¢o£ncides with several
major east-to-east-northeast-trending faults (Ekren and others, 1976).
Near the eastern terminus, substantial stratigraphie displacemeht of
Paleozoic rocks and marked contrast of structural pattern are present
across an east-trending fault zone.. Westward along the lineament system
in the Hot Creek Range (hc, fig. 3),.a similarly trending fault.disrupts-
" Paleozoic rqcks and Tertiary volcanic rocks and bounds a cauldron. Both
of these faults are believed to 5e strike-slip faults, although the
sense of movement is not clear (Ekren and others, 1976). . East-trending
- faults have also been documented along the Pancake Range lineament in
the Monitor Range (mr, fié. 3) by Ekren and others (1976), and they
suspect such faults at the southern terminus of the Toiyabe Range (ty,
fig. 3).‘.East-to—eést-northeast—trending faults with left-lateral dis-
‘placement have been mapped in theé Excelsior Mountains (em, fig. 3) and

the Anchorite Hills to the west along the western part of the lineament

system. _

12
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The Warm Springs lineament system (C, fig. 3) is marked in the
east by a structural discontinuity at the bulbous northern end of the

Kawich Range (kr fig. 3), an apparent resurgent cauldron (Ekren and

L8 )

'others, 1976) Here and in the Hot Creek and ‘Monitor Ranges (he and

. mr, respectlvely, fig. 3}, Pale0201c sedlmentary and Tertlary volcanlc

rocks commonly terminate abruptly at the lineament; locally,‘the rocks
are brecciated. At the western end of the Warm Springs lineament,
" numerous east-to-east-northeast-trending faults are present (Stewart

. and Carlson, 1874). :Although the sense of movement appears to be_

mainly dip-slip on .these faults, stratigraphic relationships along the
. eastern part of the lineament are more consistent with strike-slip
movement (Ekren and others, 1976).

1 : The Timpahute lineament system (D, fig. 3) is characterized by

1a east west alignment of intrusive bOdlES in several ranges, byvcontrastlng

e structural patterns on opp031ng sides of the lineament system, by

l

T stratlgraphlc dlSCOHtlDUltles across the feature, and by strike- sllp :

\7 faultlng locally (Ekren and others, 1976). The lineament system also-
I . '

i glies along the boundary of a large cauldron complex near Caliente (cl,

o fig. 3).

e The areal-density contour map of east-to-east-northeast-trending

. :faulté-(fig. 4c) provides additional evidence for the regional extent

ga- of these structural zones. These faults, 1like the northwest-and west-

- ‘northwest-trending faults (figs. 42 and 4b), are much more numerous in

~southern than in northemn Nevada. * In. southern Nevada, concentrations

-of ‘east-to-cast-northeast-trending faults either fall within the Walker °

13 R N -



- Lane or along eastern extensions of the Warm Springs and Pancake Range

" lineament systems (B, C, fig. 4c). Concentrations of.northwest¥and

~
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'highS‘reflect the dominance of east-trending structures. 1In the

north-northwest-trending faults lie along.the Timpahute system (D, figs.

i4a and 4b). Within the central part éf the WalkerALane, the trends of
‘the east-to—east-northeast-tiéﬁding fault concentfaﬁions éppeéth§-echo
ithe northwest alignment of the Walker Lane; the,area.of 1ow'northwest-
trending fault density in the central part of the Walkér La;é'tfigs. 4a
‘and 4b) is filled by east-to-east-northeast-trending-fault highs (fig. '

‘4c). Outside-of.the Walker Lane, the east trends of these fault density

‘'southern part of the Walker Lane, concentrations of faults with east-

northeast trends partially overlap those with northwesterly and north-

northwesterly trends. The few concentrations of east-to-east-northeast-
“trending faults in northern Nevada fall along the eastern border of -

1
t

‘Nevada and in the Independence and Tuscarora Mountains (im and tm,

iTespectively, fig. 3) at ‘the intersection of lineament systems F and G.
‘

!

| (fig. 3). |

; Comparison of the east—trendipg lineament systems with the

‘

~aeromagnetic map shows that the broad zone of northwesterly-oriented

Eanomalies denoting the Walker Lane are deflected eastward in the vici-
'nity of the Pancake Range and Warm Springs lineament systems (B and C,
;féspectiveiy;'figs;.3~and-5a) (Rowan and Wetlaufer, 1975). In more .
v Tt |

;detailed aeromagnetic maps, similarly trending, local discontinuities
are evident, especially along the eastern part of the Pancake Range

“lineament system (Ekren and others, 1976). - However, the Pancake Range

14
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that this prominent gradient separates a tectonically and volcanically

| : ,
.;others, 1977). Although eruption of these rocks migrated from north

-

- - e - . - -—. . - ;

and Warm Springs lineament systems have little or no expression in the

simple Bouguer gravity map (B and C, ;espectively, fig. 6).

The Timpahute lineament system (D, fig. 3) ﬁosfly lies within a
30 km;wide-east-to-east—northeést-trqnding.aé;éﬁégﬁétic IQW'[D; fig. 5a).
A similarly aligned group of highs lies 30 km so;thvdf the eastern half
of the lineament system.  One of the steepest gravitngfadienfs in

Nevada trends generally east, approximately 60 km south of the Timpa-

huté lineament system (D, fig. 6). Eaton and others (in press) believe

more active area to the north from a less active region to the south. =
.. The easterly grain of the aeromagnetic map-is attributed to the
generally east-to—eaStfnortheast‘distribution of Tertiary volcanic and -

irelated rqcks in southern Nevada (Ekren and others, 1976; Stewart and

{
‘to southwest with decreasing age (Stewart and Carlson, 1976; Stewart - -

“and ‘others, "1977), pre-existing'east-trehding structures appear,to.havej

controlled the emplacement of intrusive bodies,and easterly-oriented

topographic features may have influenced the surfacial distribution of

_thé volcanic rocks (Ekren and others, 1976; Stewart and others, 1977).

The east-trending structures may be substantially older than

Tertiary and may be as old as Precambrian, because similar trends in

. Utah, northern Colorado, and southern Wyoming'héVe'been related to
- Precambrian lithologic variations and tectonic features (Zietz and
- others, 1969; Stewart and others, 1977). In southern Nevada, the east-

“trending structures lie near the northern limit of Precambrian

15



crystallipe,rocks (Zartman, 1974) (Fig. 7); such trends are only

~locally expressed in northern Nevada where outcrops of Precambrian

crystalline rocks are generally absent.

Pahranagat Lineament System: Tschanz and Pampeyan (1961) mapped

" a zone of several post-Miocene northeast—trehding left~lateral strike-
" slip faults in the Pahranégat Range (pa, fig. 3), which were later

'identified_as the Pahranagat shear system (Tschanz and Pampeyan, 1970;

Liggett and Ehrenspeck, 1974). We propose that the Pahranagat shear

"system is part of a broader and horizontally more extensive zone than

was‘originally defined, as reflected in part by‘the,northeast—trending
lineament system in southern Nevada (E, fig. 3). In the remainder of
this paper, we will refer to lineament system E as the Pahranagat
lingament system. Extension of.this lineament system inéo Utah for

100 km is distinctive on the Landsat mosaic of the conterminous

United States.

Lineament system E, as defined in figure 3, consists of two sub-

“parallel northeast-trending segments; (1) an 85 km long segment that. ..
~corresponds to the Kane Springs Wash fault bounding the northern edge

of the Meadow Valley'Mquntéiné (mm, fig.. 3), and (2)‘a 30 kmn long seg-

ment that represents the zone of faulting in the Pahranagat shear
system. The presence of left-lateral shear along the Kane Springs

Wash fault (Stewart and Carlson, 1974), as well as its trend parallel

to the Pahranégat'shear,systEm, suggest the likelihood that the shear

. movement along the Kane Springs fault is related to the narrow zone of

left-lateral faulting in the Pahranagat Range. Another series of

N northeast-trending. left-lateral shear faults mapped just north of -.. -. .

16



Figure 7 - Map showing (a) the distribution of Cretaceous
granodioritic rocks (dark areas% which make up a northeast-
trending belt connecting equivalent rocks in the Sierra
Nevada and Idaho Batholith (compiled from Caflson and
others, 1975 and King and Bleikman, 1974x along the northern
border of the Humboldt Structural Zone in Mevada (ruled) and
(b) western boundary of Precambrian crystailine rocks in
Nevadé (stippled) (from Zartman, 1974). Letter symbols

defined in fig. 3.
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lake Meade (Im, fig. 3) is considered part of a broad northeast-
trending zone- (Anderson, 1973) whose northern boundary is roughly
3 coincident with the Pahranagat shear system. We believe that this

. broad zome, which the Pahranagat lincament system reflects (E, fig. 3),

.- has regional structural significance. Location of this zone'is coinci-

6 :dent with the southern end of the Sevier orogenic belt, as defined by

%Armstrong (1968); Slemmons (1967) has also inferred a relationship

s  between the left-lateral faulting in southern Nevada and the Sevier

9 'orogenic belt.

10-2 Movement along the Pahranagat shear system appears to be

1 -considerably older than the post-Miocene left-lateral faulting evident
12 today. Tschanz and Pampeyan (1970) suggested that it is at least :

13 - ‘Laramide in age, at which time right-lateral shear was present. They |

i
14 :also proposed that the Kane Springs Wash fault may represent an
)

15— i0lder Teactivated structure, noting that indirect evidence suggested

16 ‘-Ilght lateral movement in pre—Mlocene time.  The Cretaceous and
|

17 ;possible late Permian age of the Sevier orogenic belt (Armstrong, 1968)'

18 %to which the Pahranagat lineament system may be related further docu-
i ,

ja  ments this minimum age.

‘ N

| The Pahranagat lineament system appears to have influenced the loci
i , | _ . I
|

20~
of volcanic activity in southeastern Nevada, at least during middle

22 Tertiary time (Stcwart and Carlson, 1976). The lineament system lies

3 fwfthin a broad 150 km-wide norfheast—trendingJZOnevof‘34—17 m.y. old

-: andesitic lava flows and silicic tuffs. Subsequent eruptions in this
i | i
frea of. prcdomlnantly 5111c1c tuffs and rhyolitic lava flows and ¥

e — e e - g O VU |
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intrusive rocks, which range in age froh_l?—é m.y., resulted in a
northeast-trending 40 km-wide zone of volcanic rocks whose trend,
location, and extent coincide with those of the Pahranagat lineament
system in Nevada; the Kane Springs Wash caldera 1lies at the southern
end of this zone of wvolcanics (Stewart‘énd Caflson, 1976). No 43-34
m.y. o0ld volcanic rocks are preseant along the Pahranagat lineament
system, and volcanic rocks younger than 6 m.y. in age are also absent;
however, a northeést-trending zone of young basalts coincides with the
extension of this lineament system into Utah for 250 km.

In‘the'fault density maps, the Pahranagat lineament system .is
poorly expressed in the fault density contour maps. The scutherm end
of the lineament system, E, does align with a north-northeast-trending
fault concentration (fig. 4e); the west-ward bending of the fault
concentration may be due to interaction with the right-lateral shear
in the Walker Lane.

The Pahranagat  lineament system is e#pressed on the aeromagnetic
map (E, fig. 5a and 5b) by a broad 35 km-wide northeast-trending zone-
of aeroﬁagnetic highs which extends into Utah for 175 km. The pro-
posed extension into Utah is generally coincident with the intermountain

seismic belt (Smith and Sbar, 1974). The zone of aeromagnetic anoma-

‘lies ends abruptly to the south at an east—tfending'aeromagnetic low

that may be part of the "Quiet Zone" (Stewart and others, 1977);
expression 6f the Pahranagat lineament system also is lost in this same

general area.

18 .



.The>Pahranagat lineament system is poorly expressed on the gravity
map (E, f£ig. 6). It does align with the margin of a northeast-trending
low at the Nevada-Utah bofder)and extension of the lineament system

: northéast parallels the no%theast-trending.boundary of another area of
low gravity.‘ The soutﬂern éhd of theAPahfanagat lineament system does

not continue beyond the prominent east-trending steep gradient in

,southern Nevada.

Lineament Systems in Northern Nevada

The three major lineament systems delineated in northern Nevada
10 - . . . .
are referred to as the (1) Midas Trench lineament; (2) Northern Nevada
Rift, and (3) Rye Patch lineament (F, G, H, respectively, fig. 3).

" Midas Trench Lineament System: The longest lineament system in

ion'the basis of aligned; northeast-trending topographic and tonal
]&—gfeatures'(F, fig. 3) (Rowan and Wetlaufer, 1973)! The most notable
2geomorphological featureg are, from southwest to northeast: .(a) pro-
%minent northeast-trendiﬁg fault escarpments and stfeams in the Pah Rah
:Range'(pr, fig; 3); (b) northeasterly alignment of the West Humboldt
and Trinity\Ranges twh aﬁd tr; respectively, fig. 3) and of escarpments
and streams in the Trinity Range; (c) abrupt northern terminations of
"  the Humboldt, East; and Sonoma Ranges (hr, er, and st, respectively,
’-fig..3)»anditranseétion of these ranges'by deep northeast-oriented
Acanyons;“and (d) marked,northéaétward linearity of Buffalo Mountéin

(bf, fig. 3), of many streams .in individual ranges in the Tuscarora -

19
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and,Indcpgndénce Mountains (tm and im, fig. 3), and of thc¢ escarpment

that separates the Owyhee Desert (od, fig. 3) from the mountains to the

southeast. Changes in the course of the Humboldt River also suggest a
relationship with this lineament system. This feature is referred to

as the Midas Trench lineament system because of the prominent northeast-

-trending structure and topdgraphy near Midas, Nevada (mt, fig. 3).

The Midas Trench lineament system traverses approximately 460 km

-in northern Nevada and appears to extend northeastward along the south-

eastern margin of the Snake River Plain through Yellowstone Park into

Montana. As initially delineated (Rowan and Wetlaufer, 1975), the

‘lineament system was roughly 40-50 km wide. However, the areal distri-

butions of faults and geophysical data indicate that it represents a

‘'substantially broader structural zone. - ' i

Northeast- and north-hortheast-trending’faults'(figs. 4d and 4e)

fare‘more'common in northern than in southern Nevada, in sharp contrast

;to the dominance of northwest-, west-northwest-, and east-trending faultsf
f(figs. 4a, 4b, and 4c) in southern Nevada. The combined areal densities
: :

:of northeast-and north-northeast-trending faults in northern Nevada
fconstitute a hortheasterly-oriented zone that is roughly 200 km wide in
gthe“southWestern part and~tapers northeastward to about 75 km. The

P e ' . .
;Mldas Trench lineament system (F, fig. 3) lies within this zone of

?faulting in northeastern Nevada and marks its northernmost margin in

" 'north-central and northwestern Nevada. The width of this zone, compar-

able to that of the Walker Lane, suggests that the Midas Trench linea-

‘ ment'system, as observed on Landsat images, is the morphological

D T A L. - - - - . R
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" expression of a substantially broader feature of major structural
importance. The southwestern part of the Midas Trench lineament system
is more evident on the north-northeast-than on the northeast-trending
A fault-dehsity contour map, although several prominent 5-10 km-long
northeast-trending faults aré present in-the Pah Rah Range (pr, fié. 3,
¢ and northeast—trending faﬁlts bound the northern and southern margins of
-thé Virginia Range (vr, fig. 3) (Bonham, 1969].- Shawe.(196S) believed
5 ’that the lineament bounding the Virginia Rénge to the south can be
s traced for 162 km. | | ;
::-% The Midas Trench lineament system appears to have been a broad zone
of leff-lateral, strike-slip faulting since mid-Miocene time. Detailed
2 petrologic, magnetic, and structural studies by Zoback and Thompson

12 f(1978)-at the Sawtooth dike north of Midas indicate that this_rhyolitic:
1 dike was emplaced during formation of the Northern Nevada Rift (G, fig. .

H_ES). The Sawtooth dike and other.;egments of the Rift further south are .
" joffset byvndrtheastftrending left-lateral, strike-slip fau1t§ (Mabey, ;
17 21966; Robinson, 1970); similar movement is indicated by slickensides onj
ie zthe northeast-trending Crescent féult bounding the Cortez Mountain$ (cm,

-;;’-;fig. 3) on the northwest side (Muffler, 1964). In the Pah Rah Range

x;;(pr, fig. 3) south of Pyramid Lake, Bonham (1969) noted left-lateral :

ay joffsets of stream channels of as much as 15 feet along east-northeast-
i o northeast—tfending faults, and‘ROSe (1969) described left-lateral
;di$p1acement on'éimilafly oriented faults in the caﬁydn-bf'the'Truckee
River. Although dip-slip movement is common along north-northeast-
'trénding'faults; Slemmons (1967) noted that north-northeast- as well as

21



northeast-trending faults of Quaternary to Pliocene age typically show

left-lateral, strike-slip movement. Most of'these left-lateral shear
faults identified by Slemmons (1967) are located in northern Nevada and

are concentrated within the broad Midas Trench system, especially near

. its intersection with the Northern Nevada Rift.

Volcanic activity has been widespread along the Midas Trench

.

lineament system and in an area to the north (Stewart and Carlson,

1976); bimodal rhyolite;and basalt extrusions peaked around 15 m.y. ago,

.and later basaltic volcanism peaked around 10 m.y. ago (McKée and -

.._ others, 1971). On the other hand, 34-17 m.y. old'volcanic rocks that -

—

0

12—

2=

Eare-notably sparse along the lineament system, except in the Tuscarora

‘and Jarbidge Mountains (tm and jm, respectively, fig. 3), which appear

constitute a prominent arcuate belt extending from southern Utah

through southern and southwestern Nevada into northeastern California

i
1

‘to have been the site of concentrated-volcanic activity throughout most -

of Tertiary time (Albers and Kleinhampl, 1970). AMoreover,_aﬂ east- 5
. » S

fnortheasterly;oriehtéd belt of 43-34 m.y. old volcanic rocks extending

"across northern Ufahiand:Nevada (Stewart and Carlson, 1976) terminates

‘south of this general region.‘AThese'spatial distributions suggest thati

strlke-sllp_movement as a result of generally east-west extension of

Tertiary volcanic act1V1ty along the Midas Trench system was 1arge1y

restrlcted to the period of tectonism characterlzed by left- lateral

the Great. Basin.
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The Midas Trench lineament system may have also influenced the

distribution of late Cretaceous (105-85 m.y. old) granodioritic and

-quartz monzonitic plutons. The flexure that connects these rocks in

the Sierra Nevadé with the petrologi;ally, éhemically, and chronologi-
cally equivalent rocks of the Idaho Batholith (Moofe, 1962; Smith and
others, 1971) closely follows the Midas Trench lineament system (fig.
7). Conglomeratic rocks deposited during Pennsylvanian time as the
Antler Orogenic Belt developed also trend northéasfward across northern
Nevada and southern Idaho. However, earlier Péleozoic~rocks trend
northward in this area~(Peterson; 19775. These relationships suggest
that the Midas Trench system was periodically rather than continuously
active.

Several lines of geophysical evidence suppdrt-the concept that the‘
Midas Trench lineament system is the surface'manifestation of a'major
crustal feature. The generalized simple Bouguer gravity map. (F, fig. 6)

shows a change in the trends and magnitudes of anomalies in the yicinity

iof‘t'he Midas Trench lineamenj: system. Central aJ;I.d southern Nevada are
:characterized by generally northerly-oriented gravity anomalies and the -
:previously mentioned prominent east-trending gradient south of the

: Timpahute lineament system (D, fig. 6).'.In nortﬁwestern Nevada and

" adjacent aréas,-the gravity anomalies trend northeaSt.apd are éenérally

“higher than in central Nevada. The transition between these two areas

is broad, similar to the 200 km-wide zone of concentrated .northeast-

and north-northeast—-trending faults (figs. 4d and 4e) and is complicated

T By.the presence of severa; broad crudely blocky anomalies. North and
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south of the intersection of the Midas Trench and Rye Patch systems

(F and H, respectively, fig. 6), the lineament systems appear to

partially bound the gravity anomalies. Because broad anomalies such

.as these reflect crustal variations and not topography (Eaton and

others, in press), the lineaments may outline major crustal blocks.
Aeromagnetic map patterns in northern Nevada provide subtle

indications of the presence of the Midas Trench lineament system (F,

fig. 5a). These include northeast-trending anomalies in the south-

western part of the systéﬁ, mainly associated.with Cenozoic volcanic
rocks (Stewart and othefs; 1977), termination and interruption of the
north-northwest-to-north-northeast anomalies denoting dominantly
granitic ranges in the central part (Mabey and others, in press), and
a broad, northeast-oriented transition zone in northeastern Nevada

where the Cenozoic volcanic rocks of the Owyhee Desert (od, fig. 3)

contrast with dominantly intrusive and sedimentary rocks in the moun-
.tains fo the soﬁtheast.~ More conspicupus patterns are present further
:to the northeast where aeromagnetic highs associated with thé Snake
:River Plain and Yellowstone Park volcanic rocks are clearly aligned in

the northeasterly direction (fig. 5b). Although most of this belt,

termed the Humboldt Zone by Mabey and others (in press), consists

dominantly of Cenozoic basaltic rocks, Precambrian rocks near the
- southern border of Idaho account for a bfominent positive anomaly

4(Eaton and others, 19753).

" 'Northeast of Yellowstone Park, broad northeasterly-oriented highs

and northeast-trending surface faulting suggest northeastward extension
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of this crustal zone into Montana. These faults, which include the

"Fromberg, Weldon, and Brockton zones, form the southeastern boundary

of the pfojected magnetic anomaly (fig. 5b). Eaton and others (1975,

‘p. 795) pointed out that these faults constitute a "major boundary at
which regional northwesterly magnetic trends on the southeast are

separated from northeasterly magnetic trends on the northwest".

Regional stratigraphic data indicate recurrent movement in basement

faults in Paleozoic, Mesozoic, and Cenozoic time (Zietz and others,

:1971), and displacement of Pleistocene deposits along the Brockﬁon

faults (Coltom, 1963). Eaton and others (1975) concluded that pro-
gression bf volcanic ‘activity northeastward along the Snake River
Plain to Yellowstone Park was guided by these Precambrian basement
structures. If this is the case, Precambrian structures probably also
controlled the preferential concentration of northeast- and north-

northeast-trending faults and magmatic invasion along.the Midas Trench

:lineament system southward into north-central Nevada.

Heat-flow measurements in the western United States have permitted:
deline;tion of a unique, extenéive, northeast-trending area with heat
flow greater than 2.5 heat flow units (HFU), the Battle Mountain High
(fig. 8) (Lachenbruch and Sass, 1977; Lacheanuch, in press). This

feature extends from Steamboat Springs, Nevada to the southern margin

of the Snake'River Plain;'itVprobably.extends all the way to the

Yellowstone Park geothermal field, considering the groundwater condi-

tions in the intervening area (Lachenbruch and Sass, -1977). In central

Nevada, the 150-200 km-wide Battle Mountain High~not only coincides

25
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along its length with the Midas Trench lineament system, but also
generally coincides in breadth with ‘the belt of anomalously high
-density of northeast- and north-northeast-trending faults (figs. 4d
éand 4be, respectively), and with the northeast-trending transition zone
b->noted in the simple Bouguer gravity mép (fig. 6). Apparent disruptioﬁ.i
Eof the Battle Mountain High in west-central Nevada may be due to inter~
- basin hydrolégic conditions similar to those described by Lachenbruch
aﬁd Sass (1978) for the Eureka Low.
Analysis of seisﬁic data (Koizumi and others, 1973; Hill agd
:— Pakiser, 1967) indicate a major structﬁral discontinuity extending.
;from Lovelock to Mountain City (1k and mc, fig. 3).‘ Koizumi and others
(1973) interpreted the discontinuity as a northeast-trending high
:velocity lithospheric plate having a dip of 60°-70°SE and a slab lengtﬁ‘
+  of at least 150 km. Additional seismic data'interéreted by Proedhl
?:—;(1970) show a-crustAl.velocity contour. map in which the two-second. .
e icontour line cOrreéponds with the location and orientation of .the Midas -

-Trench lineament zone.
!

Northern Nevada Rift: The lineament system (G, fig. 3) denoting

.the Northern Nevada Rift is conspicuous in the Landsat image mosaic

jowing to north-northwest alignment of a series of escarpments and tonal .
'.'nifeatures transecting the north-northeasterly-oriented ranges of north-
N :central'Nevada for approximately 200 km (Rowan and Wetlaufer, 1975).

" This feature ‘was initially delineated in Nevada on the basis of the

‘presence of a distinct zone of north-northwest-aligned positive magnetic

-ianbmaliesw(G,_fig;_Sa),(Mabey,i1966;'Robinson,.1970),HMA o .
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_north-northwest-trending faults in northern Nevada appear to have been

.more influenced by the northern portion of the broad Midas Trench

The Northern Nevada Rift is poorly expressed in the north-north-

west-trending fault density map (fig. 4f). The concentrations of

“lineament system. However, it is probably significant that the

Northern Nevada Rift marks the western limit of almost all north-

northwest-trending fault concentrations. In southeastern Nevada, the

only major occurrence of north-northwest-trending faults aligns with,

‘but lies just northwest of, the only other northeast~trending linea-

ment system noted in this report, the Pahranagat lineament system (E,

fig. 3). Concentrations of east-to-east-northeast- and northeast-

'trending faults (figs. 4c and 4d, respectively) align locally with the

Northern Nevada Rift; these concentrations must also be, at least in

part, related to the Midas Trench system because they are generally
_localized near the intersection of the Northern Nevada Rift and the

‘Midas Trench system.-

The aligned aeromagnetic highs along the Northern Nevada Rift (G,

fig. 5a and 5b) are attributed to a linear mafic dike swarm that was

the source of a narrow belt of basaltic volcanic rocks (Mabey, 1966).

These dikes, along with rhyolitic, dacitic, and andesitic rocks, were

‘emplaced between 13.8 and 16.5 m.y. ago along a zone. of structural

weakness termed the Northern Nevada Rift (Zoback and Thompson, 1978).

‘The Northern Nevada Rift is expressed in the simple Bouguer gravity

-map (G, fig." 6) ‘near its intersection with the Midas Trench system as

‘a.. north-northwest-trending gradient separating-a broad-low in the east-
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from intermediate gravity to the wést. Southward extension of this
system into central Nevada is coincident witﬂ the axis of bilateral
symmetry néted by Eaﬁon and others (in press). However, the Rift
'appéars to be confined to Nevada insteéd of being part of a longer
feature such as the Oregon-Nevada lineament ﬁroposed by Stewart and

“others (1975).

Rye Patch Lineament System: The three lineaments making up the

Rye Patch lineament system (B, fig. 3) areé parallel to and lie about
AlOO km northeast of the Walker Lane. The Humboldt,‘West Humboldf, and
Antelope Ranges (hr, wh, and ar,.respeétively, fig. 3) terminate
against the Rye Patch system, and others, including the Stillwater and
Clan Alpine Ranges (sl and cr, respectively, fig. 3), appear to be
offset by it. The lineaments are distinctive largely because of juxta-~
position of rocks with contrasting albedos; northwesterly—-oriented
topographic features tend to be subdued rather than enhanced by the

similarly oriented solar aximuth (approximately N&45°W).

Along most of the northern lineament, Jura-Triassic metasedimen-—
tary rocks are present in the‘northeast (ar, fig. 3), whereas, rela-
:tively bright Tertiary silicic ash flow tuffs dominate the area to the .
southwest (étevart and Carlson, 1974).. At its southern end, t@is
1ineament Sepafates Triassic metasedimentary and metavolcanic rocks iﬁ ‘
'lthé Humboldt Ramnge (hr, fig. 3) from Jura-Triassic metasedimentary
" rocks in' the West Humb§ldt-Range (wh;ffig; 3) to the southwest; bright :

Tertiary tuffaceous. sedimentary rocks occupy the topographic low
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occupied by the lineament.
Along the southern lineament of the Rye Patch system, Jura-

fTriassic metasedimentary and Triassic metavolcanic rocks in the north

4 'iare juxtaposed with Tertiary volcanic and Jurassic gabbroic rocks in

Te

v

1.

ithe Stillwater Range (sr, fig. 3). The distribution of the gabbroic
2rocks is particularly important because such rocks are rare in Nevada
(Stéwart and Cérlson, 1974), and here tﬁey are present as scattered
massés southwest of the lineament in tﬁe West Hﬁmboldt, Stillwater,
:and Clan Alpine Range (wh, sl,.and cr, respectively, fig. 3); ;hey

are absent northeast of the liﬁeament; Additional marked lithologic
contrasts occur across the segment in thg Desatoya and Shoshone.-
Mountains (dm and sm, respectively, fig. 3), where middle and late
‘Paleozoic sedimentary rocks occur in the northeast and Tertiary silicic

‘ash-flow tuffs underlie large areas to the southwest.

. Most of the areas of lithologic contrast along the southeastern
;lineament are disrupﬁéd by no;thwesterly;trending faults. However,
?the fault densities, as portrayed by the State geologic map (Stewart
fand Carlson, 1974), are not particularly high in these areas, so that
‘only scattered intermediate concentrations of northeast-, north-north-

‘east-, and north-northwest-trending faults are present along this

lineament (figs. 44, 4e, and 4f, respectively). . Most of the conéentra—

tions are oriented northwesterly. The paucity of faults of any

 orientation along the northwestern segments of the system is probably

‘due to the general lack of detailed mapping in that area.
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ﬂ-;typical;y low-frequency fegtures with northerly trends. The northern
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o ilow (H, fig. 5a).
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Sense of movement along the Rye Patch lineament system.is not

‘known. llowever, its position near the northeastern boundary of the
broad zone defining the Walker Lane and its trend parallel to the

‘Walker Lane suggests possible right-lateral, strike-slip movement.

- The age of the Rye Patch lineament system is also difficult to evaluate;

i
]
!

~but it is coincident with a Precambrian trend proposed by Roberts

l (1966). ;
! ~ _ |
: In the simple Bouguer gravity map, the southern part of the Rye j
| : - . |
Patch lineament system (H, fig. 6) closely parallels a northwest- 5

| B

‘

‘described blockiness of the gravity pattern in this part of northern
Nevada. The northern portion of the'lineément system more or less
émarks the southwestern 1imit of a local gravity high (-170 to -130

:mgal) whose southeastern border is defined by the Midas Trench lineament
i . .

E . The southeastern lineament of the Rye Patch'system'(H, figs. 5a

‘and 5b) marks-a regional change in the aeromagnetic map pattern.. To

Ethe southwest, the pattern is characterized by high-frequency highs and

{

lows that trend northwesterly; to the northeast, the anomalies are

i

| o » ‘ :
isegments of the system lie within a northwest-trending 2300-2400 gamma
|

s —

l
i
{
|
L
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Summary and Discussion of Lineament Systems

The areal distribution of faults with respect to azimuth along .
with geophysical data is strong evidence that most of the major linea—‘i
ment systems ére valid structural features (Table 1), and that they are%
__'expressions of substantially broader crustal zones that crosscut the .
:northerly-trending topographic grain of the Great‘Basin.
Southern Nevada is dominated by three broad zones (fig. 9): (1)
the Walier Lane, which is exﬁressed by a 175 km-wide belt of north-
. iwesterly—oriented faults and by aeromagnetic and gravity anomalies of
Aﬁ_ssimilar.orientation and width (A, fig. 9); (2) a 150 km-wide zone which
includes the éhree east~trending lineament systems and which is
characterized by east-to-east-northeast-trending faults and by . a
prominent easterly grain in the aeromagnetic daté (B, C, and D, fig. 9);
and (3) a 125 km-wide zone of northeast-trending faults which includes

_ the Pahranagat shear system and -similarly oriented faults in the Lake

 Meade, Nevada area (E, fig. 9). -

" E ~ Northern Nevada is dominated by a 75-200 km-wide northeasterly-

. ‘oriented belt of northeasterly-trending faults which includes the Midas;

Trench lineament system (F, fig. 9); northwesterly and east-to-east-

- nortﬁeasterly—trending faults are subArdinate.' The broad configuration .
of the Midas Trench system-is also marked by northeast—treﬁding gravityA
.anomalies, which contrast with thé‘moreAnortherly trends farther south, '

" by thé presence of the nqrtheésterly—oriented Béttle<Mountain Heat Flow:

"High, by discontinuities of northerly-oriented aeromagnetic anomalies,

_ and locally by. the presence of northeast—-trending
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: aeromagnetic anomalies (table 1). Alignment of the Midas Trench i
[ system with the Snake River Plain, with northeast-trending aeromagnetid

anomalies in Precambrian crystalline rocks, and'with northeast—;rendiné'
faults in Montata suggest extension of this feature 400 km northeast-
i ward from Nevada.

Intersection of the Rye Patch lineament system and the Northern

i Nevada Rift (H and G, respectively, fig. 3) with the Midas Trench

' ' i
patterns and in the geophysical data in northern Nevada. The Rye Patch

i
i
|
H
i
!
E lineament éystem corresponds with a blockiness in the fault concentration
t
i

% system appears t; bound some of the blocky northeast-trending gravity
5 anomalies in the vicinity of the Midas Trench system. ‘Furthermore,

; this lineament system marks a boundary between northwesterly-oriented,
high-frequency aeromagnetic anomalies to the southwest and northerly-
trending, low-frequency anomalies to the northeast. On a more local
scale, northwesferly—aligned'aeromagnetic anomalies are either

. coincident:with-.or parallel to the lineaments making up the Rye Patch.é

system. The Northern Nevada Rift (G, fig. 9) is narrowly defined by - ;
' | |

north-northwest-trending faults and denotes a zone on most of the other

fault density maps which disrupts faulting along the Midas Trench

lineament system. A series of prominant aeromagnetic highs along the
Northern Nevada Rift is associated with the presence of basaltic dikes
‘and volcanic rocks.

o . i
Field relationships suggest that these broad transverse zones have

been. the sites of strike~slip faulting at least since about 17 m.y. ag5

-when the.basins and ranges began forming (Stewart, 1971) (table 1).

AL =16—82% 0 - arO
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TABLE 1
CHARACTERISTICS OF ZONES REPRESENTED BY MAJOR LINCAMENT SYSTEMS IN NEVA

P

LINEAMENT SYSTEM EXPRESSION L;:;:"ngl'g's‘lgr
LENGTH | WIDTH | IN LANDSAT P (PIG)
NAME LETTER | TREND (APPROX) (APPROX) IMAGES 'N\IHM\Y: OTHER GEOLOGIC EVIDENCE AEROMAGNETIC
Walker Lane A NW 600 kn 175 km Distuption of basin-range NW_(4a) Stratigraphic displacemont, mapped faults, recent Broad NW-trending arcuats bolt of
topography E-ENE (4c¢) foulting, concentration of 34-6 m.y. old § youngor high-frequoncy anomalies terminatiy
WNW (d4b) volcanle rocks vt "Quiot Zono” :
Pancake B E-ENE 250 km Olsruption § tommination B-ONR (4c) Stratigraphlc displacoment, contrasting structural g-tronding grain in brond NW-trend:
Runge ’ of rangos & alignmont of a pattorns, culdera boundary, allgnmont of 34-6 m.y. arcunto belt of Walkor Lane :
tonal features old volcanic rocks
150 km
Warw Springs c E-ENE 400 km Disruption § termination NW_(4a) Structural Jdiscontinuities § opparont stratigraphic Pronouncod E-trending grain in bros
of rango § alignment of B-gRE (dc) displacement; concentration of 34-6 m.y. old volcanlc [NW-tronding arcunte belt of Walker
escarpment § tonal rocks : Lane
anomalies
Tlopahuto D E-ENE 150 km Disruption of N-trending WNW_(4b) E-W alignment of fntrusive bodlos § of 34-6 m.y. old |Alignmont with E-tronding lows
ranges § alignment of NV (dnY volcanic rocks; stratigraphic discontinuities § i
E-trending ridges B-ENE (4c) contrasting ‘structural pattorns across lincamonts
Pahranagat E NE 125 km 125 km Steep escarpment § NE (4d) Woll-doctmented loft-latoral strike-slip faults § NZ-oriented belt of anomalies
dralnage NNE (4¢) nssociated strotigraphlc discontinuities; colncident .
NNW (4F) with belt ¢f 34-6 m.y. old volcanic rocks § with -
NW (4a) <6 m.y. volcanic rocks along NE extension d
N (4g) ' ' e s
[\g}
Hidas Trench P - NE 1000 km 75-200 km Termination § disruption NE (4d Left-latoral strike-slip faults including displacement [Discontinuities & torminations of
of ranges; alignment of NNE (de) along Northern Nevada Rift; alignment of 17-6 m.y. N-trending anomalies; alignmont
ranges, canyons, streams g ond <6 m.y. old volcanic rocks & of volcanlc centors; [of NE-trending anomalies
escarpments & tonal B-ENE (dc) flexure of 105-85 m.y. granodloritic plutons along : : .
features NNW (4f) lincament system; alignment with Snake Rivor Plains
downwarp § with old reactivated NE:trending faults in
Montana
Northorn c NNW 200 km 20 km Allgnment of oscarpments NIl (4d) Alignmont of Tortiary basaltic, rhyolite, dacitic, § |Prominont NNW-tronding highs
Nevada RIft tonal anomalies; disrup- NNW (4 £) andesitic dikes
tion of NE-trending E-ENE (4¢) :
Tanges INE (4e)
Rys Patch H NN 250 km Suggested Alignment of tonal NE (4d) Juxtaposition of greatly different age rocks § Coincidont with/parallel to NW-trend
NE boundary] anomalles, disruption § NNE (4e) contrasting structural patterns across lineament; anomalies; boundary betwaon NW-trend
of Walker termination of ranges alignmont of gabbrole rocks aleng southern lineament high-froquency anomalies to SW § N-
Lane : . ’ trending low-froquency anomalies to
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TABLE 1

\CTERISTICS OF ZONES REPRESENTED

BY MAJOR LINEAMENT SYSTEMS IN NEVADA

: & o

ks along southern lineament

EARLIEST SENSE OF
APPARENT CENOZOIC
30L0GIC EVIDENCE AEROMAGNETIC GRAVITY HEAT PLOW AGE MOVEMENT OR|; DEPOSIT ASSOCIATION
nt, mapped faults, recent Broad NW-trending arcuate bolt of Proad NW-tronding Scattored heat flow Precambrien Right-latoral Broad YW-trending bolt torminn-
of 34-6 m.y. old § younger high-frequoncy anomallos terminating bolt of moderately high 1n northern strike-slip ting ay "Quiet Zonec''; concentra-
st "Quiot Zono" tow gravity part tion of mercury, antlmony § iron
mt, contrnatlﬁg structural pB-tronding grain in broad NW-trending Subtlo onsterly None evident Precambriasn Loft-latoral E-tron.;lhg grain in broad NW
wry, alignment of 34-6 m.y, arcuate belt of Walker Lane doflection of . strike-slip Walkor Lane bolt; allgnment of
contours . sntimoyy deposits -
os & opparent stratigraphic Pronounced E-tronding graln in broad None evident None evident Procambrian Left-lateral B-trending graln in broed MW
fon of 34-6 m.y. old volcanic |NW-trending arcuate bolt of Walker - strike-slip trending Nalker Lane belt )
: Lane . )
vo bodles & of.34-6 m.y. old [|Alignmont with E-trending lows Parallels very stoop { None evident Precambrisn Left-lateral Neatr B'trenalngv Ploche belt
aphic discontinuities & : . E-trending gradient strike-slip .
atterns across lincaments to the south .
eral strike~slip faults § N3-orionted belt of anomalies Little oxpression None evident At least Lara- | Left-latoeral Slight
discontinuitles; coincldent but parallols mide but strike-slip .
1d volcanic rocks § with anomalies in Utah probably : .
long NE extension ’ Precambrian
{
faults including displacement |Discontinuitios & tominatlons of Broad NE-tronding NE-trending Battle Precambrian Left-latersl Broad NE-trending belt; concen- ‘
Tt; alignment of 17-6 m.y. N-trending anomalies; allgnment anomallos & highor Mountain high : strike-slip tration of mercury -§ entimony '
rocks & of volcanic conters; |of NE-trending snomnlies gravity than to the . deposits :
‘anodioritlic plutons along sovth i
nt with Snake River Plains ,
ivated NE-trending faults in .
altic, rhyolite, dacitic, 8 Prominent NNW-tronding highs Colncldent with NNW- | None evident Miocene, but Dip-siip Low araal density :
trending gradfent § porhaps sub-- B
sligns with axis of stantially -
bilateral symmotry S older
5 . . . i
. N Y
different age rocks & Coincidont with/parallel to NW-tronding| Bounds NE-trending None evident Precambrian(?) | Right-latoral Coincident with high at inter- H
tterns scross 1ineament; anomalios; boundary botwoon NW-trending] anomalles of Midas strike-slip(?) | section with Hidas Trench § NW- l
’ [}
|

high-frequéncy anomalles to SW § N-
trending low-frequency anomalies to NE.

Trench system

trending grain to NW of inter-.
section

"

Y
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Figure 9 - Sketch map showing broad zones represented by major lineament
systems: northeast-oriented ruled lines represent northeasterly-
trending zones;=nérthwest—oriented rules iine; represent north-
westerly-trending zones; and stippled pattérn represents easterly--

- trending zones. Letters A-H indicate lineament systems shown in

fig. 3. Arrows indicate post-mid-Miocene sense of movement.
CA, Churchill Arc (Shawe, 1965); YC, Yellowstone caldera (Eaton -
and others, 1975); SFS, Sevier faultlsystem (Burchfiel and Davis,

§ - 1972); SRP, Snake River Plain.
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Northwest-trending zones are dominated by right-lateral, strike-slip

movement whereas northeast- and east-to-east-northeast~trending zones

are characterized by left-lateral strike-slip. .Deformation within ﬁhese
;broad’zones apparently occurred in response to two different regional
:stress conditions, which respectively resulted iﬁ extension in an east-
fnortheasterly direction, followed by extension in a nortﬁwesterly

"direction.

Rifting of the Great Basin was initiated when back-arc spreading

caused extension in a generally east-northeasterly direction'(Zoback
and Thompson, 1978; Eaton and others, in preés); the Northern Nevada

Rift (fig. 10a) and Columbia River Plateau basalt flows and related

dikes formed'during this period, judged to be about 14-17 m.y. ago
(beack and Thompson, 1978). Strike-slip movement may have resulted
under these conditions, with right-lateral displacement along northwest-
trending fault zomes,; such as the Walker Lane, and left—latefal move-

ment along north-northeast-trending faults, such as those concentrated

»within the Midas Trench system (figs. 4e and 10a). Although most of
‘the major right-lateral displacement apparently took place along the

‘Walker Lane prior to this time (Albers, 1967) disruption of the basin-

range topoéraphy and the occurrence of historic earthquakes along these
zones. clearly indicate posf—mid-Miocene'movement (table 1).

Relationships at- the Sawtooth dike and elsewhere along the Northern

‘Nevada Rift indicate northeast-trending, left-lateral faulting between

14 and 6 m.y. agé, as the extension’direction‘changed to N65°W and S65°E

(Zoback and Thompson, 1978) (fig. 10b and table 1). This direction of
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Figure 10 - Schematic diagram showing

; - 1978).

extension directions and

orientation and sense of movement of faults during periods
(a) 17-14 m.y.” ago, and (b) 14-6 m.y. ago based on evidence along

the Northern Nevada Rift (NNR) (after Zoback and Thompson,
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Fig. 10

(b)) 14-6° M.Y. ago
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‘was prevalent along the Midas Trench and Pahranagat lineament systems

"during the 17-6 m.y. period and has continued during Plio-Pleistocene

§20nes in southern Nevada. They may have been active prior to this time

s e e e = v n i om = 4 b e e e 10 e ¢ — . e . s o it e e e e —en—

extension, which persists to the present, is consistent with both the

northeast orientation and sinistral sense of movement in northern and

%southeastern Nevada (fig. 10b). It is important to note that volcanism

gtime (Stewart and Carléon, 1976). §

These post-mid-Miocene regional stress conditions do not readily

fexplain the prominence of east-trending, left-lateral, strike-slip

'

"in response to gemerally east-northeast~to-west~southwest compression

as the Farallon plate descended into the trench along the western con-

“tinental margin (Atwater, 1970). Reactivation of continued activity

during post-mid-Miocene time may have been along secondary shears at

the boundary between the rapidly spreading southern Nevada area and the

"less active area to the:south (Eaton and others, in press),

Interaction among the major lineament systems characterized by

;transcurrenf movement éuggests a conjugate relationship, as proposed by
;Shawe.(1965), at least during the>1atest deformation. The strongest
ievidence for a ;onjugaﬁe shear system is the fact that lineament sys~

: tems typically intersect without deflection of either feature, suggest~-
ging mutually compensating movements. Addigional.support for a
‘cdnjugate shear interaction between the Walker Lane ahd the east- -
trending systems are: @D) the discontinuous nature of the right-laterai
‘ strike-slip faulting cémprising the Walker Lane;. (2) the tendency for

" concentrations of east-to-east-northeast-oriented faults to fill the
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central gap in the northwest-trending fault patterns (figs. 4c and 4a,
respectively); (3) the northwesterly alignment of these fault density
~highs within the Walker Lane zone which mimics the trend of the major

‘northwest fault zone; and (4) the aeromagnetic map patterm which is %

-~ segmented and which has a distinct easterly as well as northwesterly

£
p—

ngain within the Walker Lane zone-(fig. 5a).
! :

Interaction of the Walker Lane and the Pahranagat lineament«system'
H \ . .
iis poorly understood. Tschanz and Pampeyan (1970) noted that the latter
iis at least Laramide in agé, at which time right-lateral shéa;, as
%opposed to the present left-lateral shear, may have been dominant.
Anderson (1973) suggested that the Walker'Lane offsets the southwest-
ward extension of the Pahranagat shear system, but.we feel that the
interaction is-more complex. |

The intersection of the Walker Lane and the Midas Trench system is
marked by a narrow arcuate belt (CA, fig. 9) of historically active
faults. ' North-northwest-striking faults -are dominant in the'southern‘mi
fpart of the_ arcuate-belt in the proximity of the Walker'Lane, whereas
?north-northeast—trending faults are dominant in the northefn part of
ithe belt near the Midas Trench system (Slemmons, 1967). The sense of
.diéplacement changes from dominantly right-lateral strike-slip to dip-
:slip concommittantly with the change in orientation from north-north-
iwest to north-northeast (Shawe, 1965). This arcuaté belt is referred
ééo as.the Churchill Arc by Shawe (1965). These spatial relationships,

‘along with the changes in orientation and sense of displacement, suggest

that the historical earthquake-associated faults have been influenced by
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‘movements within the Midas Trench system, as well as within the Walker
Lane.

Intérsection of the Midas Trench with the Northern Nevada Rift is
the exception with respect to the lack of deflection of lineament sys-:
Atems at their intersections; the dikes marking the rift are ciearly j
idispléced le?t-lateréliy by northeast-trending faults of the Midas
;Trench system. It is interesting that north-northeast-trending faults
'formed earlier in the Midas Trench are interrupted by a broad fault
density low aiong the rift, perhaps suggesting ;hat these faults were
zonce concentrated along a continuous belt and then displaced by‘rifting%
’ (fig..Ae). The Northern Nevada-Rift ié also the only lineament system
which. can be very narrowly defined in breadth, as opposed to the pro-
‘posed broad struﬁfural zones, which include the other seven lineament
systems.

All the major iineament,éystems except‘the_NorthernvNevada Rift
-appear to have been established as important crustal features prior'té*“'
'thg post-mid-Miocene extensional deformation:(table .. Stratigraphic.A
e§idence*suggests a Precambrian age for the Walker Lane (Stewart and
.others, 1968), and the‘Rye Patch lineament system may be temporally, as%
well as spatially, related to this major zone of transcurrent faulting.-
That the Midas Trench system was established .at least by Cretaceous
time is indicated by the distribution of 85-105 m.y. granodioritic
jfocké along the system in northern Nevada. However, a Precambrian
; anceétry is implied for this systém based on its alignment with major
- basement discontinuities in Montana that, judging from northeast-

trending faults, have been active since Paleozoic time. Field

= e L wno
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‘relationships indicate that the Pahranagat lineament system may have
;been active at least as early as Laramide time‘(Tschanz aﬁd Pampeyan,
;1970; Anderson, 1973), and'thé prevalence of northeast trends in Pre-
fcambrian rocks in adjacent'regions to the east may sﬁggest a Precam-
ibrian origin. The e;stftrending lineament systems appear to be '
%controlled by-well—documénﬁed Precambrian structures extending into
%southern Nevada from Utah (Rowan and Wetlaufer, 1975; Ekren ;nd others,E
11976; Stewarf and others, 1977).

-The diverse geological and geophysical evidence indicates £hat the -
"seven major lineamentrsystems:charactefized by transcurrent movement
1(A,\B, C, D, E, F, and H, fig. 3) are the post-mid-Miocene.surface
~imanifestations~of old, perhaps-Precambrian, crustal zones. -~During the
latest deformation (l4-6-m.y.), these systems appear .to have acted as
'elementé of a conjugate system'characterized by right—laterél 'strike-
:slip'along nofthwest—trending-zones and left-lateral strike-—-slip in.
;east-to—easfénorthéast;~and northeast-trending systems (fig. 9). The
sense .of movement along some of the systems during earlier deformations
{may have been significantly different than the conjugate pattern docu-
‘mented for mid-Miocene an& post-mid-Miocene times. For eiam?le, right-
‘lateral strike-slip is suspected during Mesozoic time within the
-%Péhranagat shear, and tﬁe displacemeﬂt of 85-105 m.y. granodidritic
'fplutons between the Sierra Nevada and tﬁé Idaho Batholith may imply

.similar movement along the Midas Trench system. On the other hand, the
iWalker Lane appears to have been dominated by right—laterai strike-slip

.-movement, at least since Mesozoic time (Albers, 1967). It is doubtful

37



that tectonism was continuous within these zones throughout the long

periods of time involved. Episodic movement in'response to changes in

the regional stress field seem more likely. Such a pattern of movementi
fwould explain the presence of broad crustal zones that are now

‘recognized by their latest morphological expressions.
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OCCURRENCE OF ORE DISTRICTS
Prevailing theories for localizatibn of ore in the western United
States include alignmeﬁt along major tectoqié features and at their
iintersections, asso;iation with igneous rocks; whose distribution is,

i
i

.at least in part, structurally controlled, and the existence of metal

CIRY

;provinces in the mantle (Jerome and Cook, 1967; Noble, 1970, 1974). Wei

.propose that localization of many precious and base-metal ore districts.

‘in Nevada was influenced by old, periodically reactivated, broad tréns- :

;verse shear zones (fig. 9) which are defined by six of the eight
Elineament systems in: figure 3. Guild (1978) points out that lineaments

which have influenced the distribution of ore deposits are indeed

‘typically old zones which have been periodically reactivated. Although -

the value of lineéqents as guides to ore deposits has been criticized
:(Gilluly, 1977), we feel that correlation between ore deposit distribu-
tion and some lineaments shouldvnot be unexpected,. especially if geolo-
fgicvand geqphysical data suggest that such lineaments represent valid .

structural features.

Analysis

In ordér ‘to evaluate patterns of ore distribution in Nevadsa,
occurrences of the following individual metals were examined: gold,
fsilverytlead,.zinc;-cqpper,.molybdénum, mercury, antimony, iron,
:manganese, titanium, and uranium (fig. 11). The most obvious feature

‘of the metal-distribution maps is the consistent paucity of metals in

-the very southeastern,.northwestern,- and northeastern parts' of Nevada.

. The metal-poor zone in southeastern Nevada has been designated the

39



fFigure 11 - Distributions of individual metal districts in Nevada
o (Beal, 1962; Horton, 1962; Horton and others, 1962a, 1962b, l962c,:
1962d, 1962e; Lawrence, 1961, _1962; Schilling, 1962a, 1962b, 1963).'
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3 gto the lineament systems will have been influenced by the'thén-active

-

1

' :southern Nevada-Utah gap by Jerome and Cook (1967). The other two

»

-metal-poor areas help in part to define a subtle expression of the

3 Midas Trench lineament system on the maps of gold and silver distribu-

I

+ ltion (fig. 1la and 11b).

'
'

—_

i It is probably significant that the two individual metal-distribu-
|

¢ ition maps in which linear trends are most distinctive are the mercury

~

‘and antimony-distribution maps. Most mercury and antimony deposits

5 .seen today are fairly young, because they occur at shallow depths and

9

iare therefore mbfeﬂgésily,eroded, and because they are especially

?&—Esusceptiblé to remobilization (White, 19%7).- These deposits should

n %therefore'reflect the influence. of rééently active structural zones,

12 %such as the ones we believe the lineament systems represent. The Midasg

12 iTrench lineament.systém and the Walker Lane are apparent on the

i< %mercury-distribution map; the Midas Trench lineament system and an
15—§east-trending ;one in southern Nevada that aligns with the Pancake

18 éRange lineament*syétem are'distinctivé on the;antimony-distribﬁtion.-

7 fmap;L On the othé; hand, districts of greater ages may obscure defini- g

i : : o

8 étion of distinctive linear trends on the other metal-distribution maps |

15 ?because (1) some ore districts will have formed unrelated to lineament

x'-fsyst_ems through geologic time, and (2) older districts that are related%

. :
iz Efaults, which were probably different from those active today.

3 éPeriodic reactivation of different areas within the structural zone

may account for the breadth of the structural zones, as well as for

l
i e e L ; ’
ithe diffusivity of the ore districts.

24
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Outside of these few correlations, the metal districts show little:

1
i

‘0T no systematic distributions when examined element by element. There{

{

i

'
t

‘%Fe, Co, Ni, Pt, Pd, Sb, Hg) districts in Nevada (Hortom, 1964) was

iprepared by counting the number of districts within 400 sq. km gridded

|
!
i

%Wetlaufer, 1975). The most striking aspect of the distribution of ore

!
1
i

lareas, converting to areal percent, and contouring (fig. 12) (Rowan and

deposits in southern Nevada is the dominance of easterly trends'(fig.

‘fore, the areal distribution of known metal mining districts in Nevada

|
]
' : i
‘were subsequently examined collectively on the assumption that the !
: ) : i

combined data might highlight any preferential localization of metals.

The contour map of metal mining (Au, Ag, Zn, Pb, Cu, Mo, W, Mn,

f12). The Pancake Range lineament system (B, fig. 12) and the Warm

H

¥

i

i
|
{

.

i

i
i
s

Springs lineament system (C, fig. 12) roughly bracket the northernmost
of the two broad east-trending zonesof high ore-district concentration
in southern Nevada. The northern boundary of the southern east-trending

zone aligns with the western extension of the Timpahute lineament (D,

- fig. 12) although no concentration of mining districts correlates with

the lineament itself. The Timpahute lineament system, as well as the

Pahranégat lineament system, terminates at or within a broad north-

trending zone of low ore density that traverses the State of Nevada and

lies partially in the "Quiet Zone" (Stewart and others, 1977); the

Pancake and Warm Springs lineament systems terminate west of this zonme.

Although the northwesterly trend of the Walker Lame is only weakly .

apparent along its northern and central parts, two of the six areas of

~;particularly high ore density (>1.5-2.1 percent) occur in the Walker

42— 10=92un0 - e
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in Nevada (original data from Hortom, 1964) and the major lineamen

systems delineated in figure 3.

(n = 344)

Figure 12 - Contour map of the areal density of metal mining districts
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5~

.-

‘Lane where the two east-trending zones of high ore density intersect
. . . i
iit. The extension of the Walker Lane south of these east-trending

;zOnes is conspicuously lacking in known ore deposits and denotes the
| K
i The two concentrations of highest ore density in northern Nevada,

i
1
i ' |
:southern Nevada-Utah gap. ;
|
;
‘both of which trend northeasterly, are part of a striking alignment of !

: ‘ !

‘high mining-district concentration along a broad northeast-trending belﬁ

ithat is coincident with the Midas Trench lineament system (F, figs. 9

| s
i 5

|

ahd.lZ). The southernmost of the two high (>1.5-1.8 percent) ore.

10— idensity concentrations in northern Nevada marks-the intersection of the :

n

12

M
e

! :

! . |
‘Rye Patch lineament system (H, fig. 12) with the Midas Trench lineament :
i _ | ;
isystem. The northwesterly trend of the Rye Patch lineament system is

falso apparent, but only north of its intersection with the Midas Trench

14 -;system. -However, Roberts (1966) identified a northwest-trending mineral

1~ ‘belt, the Lovelock-Austin belt, which is coincident with the southern
T . :

'»  three-quarters of the Rye Patch lineament system.
1

7

12

19

ay

i

i The northernmost concentration of highest ore density in northern |

Nevada coincides with the intersection of a northwest-trending mineral

belt with the Midas Trench linéament—zone which is not reflected by
%lineaments on Landsat images. -This belt is known as the Battle
i

21 ;Mountain-Eureka belt (Roberts, 1966; Horton, 1966; Noble, 1974; Shawe !

*? .and Stewart, 1976). It is notable that concentrations of metal E

~
a3

4

P v ,
‘districts along the Battle Mountain-Eureka belt and the Rye Patch

lineament system'do not extend beyond the'broadly defined Midas Trench

= jzone to the northwest, even though Tertiary volcanic and Cretaceous

L2 Tl L Ens e NN [14-]
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plutonic rocks with which the ore deposits are commonly associated are

? widespread to the north of the Midas Trench system. We believe that

‘the Midas Trench system exerted the primary control on the localization

of ore districts in northern Nevada and that the Rye Patch system and

|
|
i
i

5>~ ithe Battle Mountain-Eureka mineral belt are second-order features.

s The remaining two of the six areas of high ore demnsity occur at

7 the easternmost and westernmost boundaries of the zone of intersection

4
.

%2 iof the Walker Lane with the Midas Trench lineament system in west- i

~

:central Nevada. The northerly trend of the easternmost concentration

Y— iprobably reflects the Churchill Arc (fig. 9). . The Northera Nevada Rift§

Eshows distinctly along‘its northern part in figure 12 as a 50 km-wide

* ‘north-northwest-trending gap of low ore density across the Midas Trench "

lineament system. This negative correlation with ore districts is due,:

§ 14 zat least in part, to the presence of a 20 km-wide and 100 km~long north-

't~ {trending-alluvial 'valley.: - .This valley may -itself be related to the .-
o : ,

. ¢ jrifting-along-:the Northern Nevada Rift; the presence of-ore deposits- - .

7 Ebeneéth,the valley cannot be ruled out.. "Although the lack-of correla-
L - R ‘
2 ‘tion of metal-mining districts with the Northern Nevada Rift lineament

10

‘system, as well as with the Pahranagat lineament system, does not

‘3—§preclude the possibility that ore deposits exist there, it does serve

:

| .
ER ito emphasize the caution and careful analysis needed in evaluating ore

1

." . . N
= idistribution maps with respect to lineaments.

The distribution of metal-mining5districts weighted according to

dollar value was also examined (Rowan and Wetlaufer, 1975) in order to

(3}

Sf{evaldaté‘whether.size of the deposits affected the trends of the . ?

—

ed2=—1l==kD. -y Gro
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metal-district concentrations. The resulting density contour map is not

. 'illustrated here because it is so similar to figure 12. Like in figure'

3 212, high areal density of dollar-weighted mining districts is most
! o .
‘ :prominent along two broad belts coincident with the Walker Lane and

. Midas Trench and reflects an east-trending grain in the central part of

6 the Walker Lane.. The east-trending concentrations in southern Nevada

~d

i
H
;

8 %mining districts than on the unweighted contour map (fig. 12). The two

-

s least-trending zones at 39° and 40° latitude along the eastern Nevada

1t— border are also more prominent on the dollar-weighted contour map than

n %in figure 12; these two zones correlate with the Cherry Creek-.and
12 ?Hamilton—Ely mineral belts of Roberts (1966).

"3 ‘Discussion of Mineral Belts

14 % The metal mining dlstrlct density-contour map (fig. 12) suggests

1n.‘chat the . spatlal distribution.-of ore-deposits- in Nevada-is - related to

i
)

T8 ‘gthree broad zones which respectively. trend northwesterly and -easterly

17 %in southern Nevada and -northeasterly in northern Nevada. These broad

i . : o
13 izones are more narrowly reflected by six of the eight lineament systems
1» delineated on Landsat images of Nevada (figs. 3 and 9).

ﬁ_; Of the numersus mineral belts which have been proposed for Nevads
2 'éin the past, the northwest-trending ﬁslker Lane has been cited most

Ph -ééften. The spatial association of mineral deposits along the Walker
= iLane Haslbeeﬁ definsd previously on the basis sf Precambrian tectonic

:« elements (Roberts, 1966; Horton, 1966)'and'by the ‘dating of selected

x_zyesozoic and Cenozoic base and precious metal ore deposits (Silberman .

,are considerably more distinctive on the contour map of dollar-weightedi

a
l

43 —16=—80% =l SPS

44



N

[ B}

10—

n

;5_é ~ The breadth and horizontal extent of the northeast-trending mineral

1%

17

18

19

i

‘and McKee, 1974; Silberman and others, 1976; Shawe and Stewart, 1976).
The most widely accepted east-to-east-northeast-trending mineral

Ebelt is the Pioche mineral belt in southern Nevada (Roberts, 1966).

'This belt is reflected by the roughly circular area of high density of
‘ore deposits in eastern Nevada at 38° latitude. The precise location

and width of the belt has varied (Roberts, 1966; Shawe and Stewart,

i
i

1976, Stewart and others, 1977); two definitions of this belt include

lineament system D (Shawe and Stewart, 1976; Stewart and others, 1977).

~

The Wah Wah Tushar mineral belt in western Utah (Hilpeff and Roﬁerts,

!
.belt (Roberts, 1966; Shawe and Stewart, 1976). If the Pioche mineral

1964) probably repreéents the eastward extension of the Pioche mineral

%Belt and the east—-trending belts of high ore demnsity present to the
‘west are taken together, the east-trending mineral belts form a broad

Ezone 150 km wide across southern Nevada (fig. 9).

ébelt.in northern Nevada (fig. 12) was first documented by Rowan and

%Wetlaufer (1975). Roberts (1966) previously identified a short narrow
i : ' : :
| , .
;segment, which he called the Shoshone belt, along the central portion

%of this broad mineral belt. Shawe and Stewart (1976) have more recently

A

‘._éalso noted this mineral belt across northern Nevada. The breadth of

(3]
-

(3]
3

23

. 24

| . A ~ : .
‘the belt, as seen in figure 12, is consistent with that defined by
i i b

i
i

“igeological and gedphysical dété (fig. 9). Although the regional

l
:1mportance of the northeast trend in northern Nevada with respect to
|
g

lnfluence on ore distribution has long been overlooked, numerous
I
:northeast trending mineral belts have been noted in other parts of the
-

L Bl ot MOCRNE S SP0
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<«

ﬁ&esterﬁ United States. These belts include the Colorado mineral belt
(Tweto and Sims, 1963 Warner 1978); the transverse porphyry copper
belt in Idaho and Montana (Jerome and Cook, 1967); the New Mexico

-mlneral belt (Jerome and Cook, 1967; Raines, 1978); several belts of

“— fluorite deposits (Van Alstine, 1976), oﬁe of which lies approximately

along the northern margin of the broad belt defined by the Midas Trench
lineament system; and three pelts of high trace-element content of.

uchalcopyrlte and sphalerlte from 172 mining districts (Burnham 1959)

In addltlon northeasterly trends, as well as easterly and’ east—north—

“*feasterly trends, have been identified in Utah from strike-frequency

~

analy51s of faults as most favorable for mlnerallzatlon (Stokes, 1968).

l P . : :
! It must be noted that the compilation of ore districts has not
‘

con31dered age of the deposit nor host rock associations. Alignment of

i

ore districts along the lineament systems would be expected to cover a
‘broad range of ages if these systems. do represent old, periodically

reactivated zones of structural weakness.. 'At. least three periods of .

ésystem; - Cretaceous -tungsten deposits associated with the granitic
intrusives (fig.  7) occur along this zone (Guild, 1978), and precious

%etal deposits along this lineament system shdw a-bimodal distribution
gof ages of early Oligocene and mid-Miocene (Silberman and McKeé; 1974).
éit is not'surprising that metal_deposits along the Battle Mountain-
?Eureka Belt ha&e similar trimodal agé distributions (Silberman and.

i

McKee, 1974; Guild, 1978) because this belt lies within the Midas

:mineralization appear to have occurred along the Midas Trench lineament -

T S

”f%Trench lineament system and is probably a related 'second-order feature.

[ N 25 o SUNCIGRES | SPrO
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4

3

20—

&his relationship may indicate that the northwesterly trend was active
;during early-Oligocene.tiﬁe, then somewhat obscured by the northeast-

! .

%trending mid-Miocene volcanic rocks. Aiong the Walker Lane, ages of
?recious metal ﬁining dist:ic;s span a broad raﬁge, frém 25-5 m.y.
’(Silbérman and McKee, 1974)ﬂ The variety of host rocks of the_va%iably
aged deposits within these structural zones is not surprising becausé
the environments of deposition are invariably changing between the
differeni_péripds of reactivatiQA. The locationm, trend, breadtﬁ, and

horizontal extent of the mineral belts apparent on the contour map of

'
3

»;the—conceptnthat localization.of many ore deposits:in Nevada have been

| .
‘controlled by three broad structural zones which are reflected by six

of the eight lineament systems defined on Landsat images (fig. 3).

et = s oarm e i e e

metal mining districts (fig. 12) are themselves the best arguﬁen;é for !

i
1

. edlm=l{—R2D e cPro
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k ; CONCLUSIONS

z é The areal distribution of faults with respect to azimuth, field
3 Erelationships, and diverse geophysical data indicate that the seven

4 !

major lineament systems which are characterized by shearing (A, B, C,

D, E, F, H, fig. 3 and table 1) are morphélogical and tonal expressions

!
i
I
!
|
!
5
|

¢ jof substantially broader crustal features whose locations and trends

~3

| _ !
iwere inherited from pre-existing structures. The alighments of morpho- |
! ] L)

8 logical and tonal features seen in Landsat images were formed during

9 two Cenozoic episodes of generally east-west extension of the Great

10— {Basin approkimately 17-14 m.y. and -14-6 m.y. ago. Volcanism was active

" ;within these broad zones during a 17-6 m.y. period, and many of the

t
H

12 %most iﬁpértant metal_distridﬁs are‘cbntemporaneous>with this volcano- v
2 %tectonic episode. Moreover, basaltic volcanic rocks founger than 6 m.yé
14 ?are scatteréd along the Midas Trench system, Wélker Lane, and along the?
15-%northeastward extension of ‘the Pahranagat.. system.  Concentrations of _
i ) . ' :

16 %inhe;ently-yodng'mercufy and -antimony districts a;ong;tﬁefMidas’Trench.i.u/

7 :system and Walker Lane are further evidence of the continuing-influence-!
2 iof these crustal zones during the latter part of the Cenozoic era.

| : :
1*  iCoincidence of the Battle Mountain High with the Midas Trench system

|

20— iand its northeastward extension also document this broad crustal zome
i

o
ral i

as a region of magmatic activity.

“Intersection of these seven lineament systéms without apparent |

= displacement and relationships of fault density patterns.suggest that

[3
3

4 fthe lineament systems interacted in a conjugate fashion, at least since
l .

~r
&<

--.@idAMiqcenezpime when development of basin-range topography- was ;

A42=15=R2 0= cro
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13

14

15—

7

2

22

23

t
H
1
I

‘initiated. Northwesterly-trending systems are dominated by right-

lateral, strike-slip movement, whereas northeasterly and east-to-east-
northeasterly~-oriented features are characterized by left-lateral, ®
strike-slip displacement.. The Northerm Nevada Rift was not an element
of the conjugate shear system.’ Instead, it is an'extensional feature
that may ha&g'served as an axis of spreading during the 17-14 m.y.
period. The paucity'of metal diétricts along the Ndrthérn Nevada Rift
may be related to the different tectonic ﬁonditiohs that prevaileq aiong
this narrow zone and to its geémorphic character. |

Regional relationships suggest that the seven lineament systems

characterized by shearing were established at least by the Mesozoic era

”Ehe‘influence of ~other factors. . Nevertheless, the spatial and temporal

iand perﬁaps as early as the Precambrian. The Midas Trench system, for
%example, appears to have at least influenced the distributions of
%Cretaceéus Plutonic rocks and associated metal deposits, as well as
post~mid—Miocené volcanic rocks and the metal deposits associated with
these focks. Such episodic reacfivation with attendant metallization
probably explains the greaf breadth of these zones and the wide .range
of ages of metalﬂdistricts.within thém. '

The genéral paucity of metal districts along the Pahranagat system
emphaéizes the impértance of other factors, such as host rock composi-
tion and téxture, structural and erosional activity that may obséure or
réﬁéve deposits,.com§OSitioﬁ of intrusive rocks, and-c0m§ositional
variatiéns within the mantle. Thus, it is important to note that some

metal districts aré not ‘located within these broad crustal zories due to

c43—16—82993p~1 cro
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1 ‘;relationships ainong the distributions of metal districts and of faults
2 Eand intrusive rocks show that repeated tectonism and magmatism were
3 essential for developing the major regional metallogenic belts in‘
4 Nevada. - .
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