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ABSTRACT 

Most major mining districts in western United States occur at 

intersections of major structural trends. However, these intersections 

do not always localize a major mining district. Two major trends, the 

Walker line and the Wasatch line, appear to intersect in the vicinity of 

Lake Mead along the southern margin of the Paleozoic Cordilleran geo-

syncline in a metallogenic province embracing 15 mining districts. 

Regional structural patterns were important in the localization 

of mineralized districts, but individual ore bodies show no such definite 

relationship. A Precambrian northeast trend localized two of the recog

nized districts and may have been important as a secondary control of 

ore deposition in others. 

The Goodsprings (Nevada) lead-zinc deposits are recognized 

as being stratabound, thus opening the possibility for other deposits of 

the same type in similar geologic conditions. 

The history of the regional stress pattern bears an important 

relationship to ore deposition. Ores were emplaced only at times when 

igneous activity coincided with active faulting. The Walker line fault 

system and the northern part of the Wasatch line embrace ore deposits of 

various ages and both may have been active periodically since the Lara-

mide orogeny. However, the southern part of the Wasatch line is much 

later and lacks associated igneous activity. The principal structures 

developed after most ore deposits had already been emplaced. 

ix 



X 

These criteria were used in recognizing applicable controls for 

development of ore exploration targets within the area of study. In order 

to limit the exploration to worthwhile targets with reasonable chance of 

success, economic factors were considered, including the probability of 

success, potential reward, land tenure, and a calculated limit to justi

fiable exploration expenditures. In that portion of the metallogenic 

province within the study area, a total of eight major exploration targets 

were determined, each of which is justified on the basis of geological 

conditions and analysis of exploration risk. 

A review of several types of geophysical data generally con

firmed the geologic pattern but did not yield any specific exploration 

targets. 



CHAPTER 1 

INTRODUCTION 

Definition of the Problem 

A metallogenic province may be defined as a "mineralized area 

or region containing ore deposits of a specific type, or groups of depos

its that suggest a genetic relationship" (Turneaure, 1955, p. 40). 

The Lake Mead metallogenic province is here defined as that 

area surrounding the intersection of two major lineaments, the Walker 

line and the Wasatch line, in which ore deposits have a suggested ge

netic relationship. By this definition there is in the region of the 

Wasatch line-Walker line junction a metallogenic province selected for 

study (Fig. 1) consisting of several subparts: 

1. Copper-nickel-platinum (Precambrian) 

2. Copper-tin-tungsten-gold (Precambrian ?) 

3. Rare earths (Precambrian) (Volborth, 1962b) 

4. Copper-lead-zinc (Laramide) 

5. Silver-gold (Miocene) 

6. Iron (Miocene) . 

The metallogenic province covers parts of four states: Arizona, 

California, Nevada, and Utah. Existing geologic maps stop at political 

boundaries, and correlation of structures and rock units across state 

lines has not always been carefully done by previous workers. The 

author has attempted to reconcile these conflicts. 

1 
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The province (Fig. 2) is bordered on the northwest by a belt of 

relatively sparse ore discoveries running northeastward across Nye and 

Lincoln Counties in Nevada and into Utah. Jerome and Cook (1967) re

ferred to this as the Southern Nevada-Utah Gap. On the east, the prov

ince is bounded by the Grand Wash Cliffs and the Hurricane Cliffs on 

the western margin of the Colorado Plateau. On the south, the province 

has no specific boundary but follows the Walker line southeastward to

ward Mineral Park and Bagdad, Arizona. On the southwest, the province 

is bounded by the western limit of faulting associated with the Walker 

line in the southern Mohave Desert. 

The area studied covers approximately 8,500 square miles of 

desert and mountains with a maximum relief of over 5,000 feet. Annual 

rainfall within the area ranges from 2 to 8 inches, mostly in the form of 

summer convectional storms. The area is mostly unpopulated, and ac

cess is generally limited to desert-equipped vehicles on jeep trails. A 

large part of the area in the Gold Butte region is accessible only by 

horseback or helicopter. 

The area selected contains numerous mineral deposits of various 

type and origin. No attempt has previously been made to correlate these 

to the regional structural pattern as currently described in the literature, 

even though this area is believed to include an intersection of two major 

structural trends. These intersections have been shown by Billingsley 

and Locke (1941), Mayo (1958), and Schmitt (1966) to be most important 

in ore localization. 

If these trends are important in the localization of ore deposits, 

then some structural correlation should now be evident in the various 
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known mineral deposits. The presence of numerous mining districts, 

mostly inactive at present, attests to the wide areal extent of mineral

ization discovered by surface prospecting. 

The present study attempts to define the relationships between 

ore deposition and structures in the central part of the province, be

lieved to cover the intersection of the structural trends known as the 

Wasatch line and the Walker line of Billingsley and Locke (1941). 

Most major mining districts are shown to be at a "crossroads" 

or intersection of major structural trends. Corollary to this, each major 

structural trend intersection displays a major mining district, except 

the Wasatch-Walker intersection. A study of the ore mineralization re

lated to these regional structures might be instrumental in bringing about 

the discovery of another major mining district. 

Approach to the Problem 

The problem was approached on the basis of (1) problem defini

tion, (2) collection and compilation of geologic data from existing 

sources, (3) geologic mapping of unknown areas and a field examination 

of as many known mineral deposits as possible, (4) identification and 

verification of regional structural features, (5) the determination of re

lationships of ore deposition to structures and to igneous activity, (6) 

determination of relations of ore-bearing structures to regional struc

tures, and (7) selection of favorable mineralized areas for exploration 

based upon these relationships. Statistical correlation of significant 

data was done by using computer techniques. 

Field work was completed in the two summers of 1972 and 1973. 

Mapping in Gold Butte, Nevada, and Gold Basin, Arizona, was done in 



the field on black-and-white aerial photographs obtained from the U.S. 

Geological Survey. Field checking in other areas followed a study of 

high-altitude multispectral imagery, existing topographic and geologic 

maps, and private reports. 

The entire cost of the study for all field work, transportation, 

sampling, assaying, and other necessary expense has been my sole 

responsibility. 



CHAPTER 2 

GENERAL GEOLOGIC SETTING 

Marine limestones of the typical miogeosynclinal facies of the 

Paleozoic Cordilleran geosyncline were deposited northwest of the study 

area. A stratigraphic facies change takes place approximately along a 

line from Las Vegas, Nevada, to Salt Lake City, Utah, with the geo-

synclinal foreland to the east and south. 

This dramatic thinning of the Paleozoic limestone sequence 

from over 20,000 feet to about 8,000 feet in 30 miles reflects a zone of 

structural weakness along which the Sevier orogenic belt developed. 

Major overthrust faults from the west overrode the foreland facies in a 

belt extending from Montana to Las Vegas, Nevada. 

Thrust faulting dies out eastward in a transition zone of folded 

sedimentary rocks in the St. George Basin of Utah, and to the east the 

Colorado Plateau preserves the relatively undeformed foreland facies. 

Thrust faults involve all Cretaceous and older rocks, including the 

Mesozoic terrestrial and non-geosynclinal formations, the Moenkopi, 

Chinle, and Aztec. 

Upper Cretaceous and Tertiary formations consist of clastic and 

pyroclastic sedimentary rocks, terrestrial evaporites, and three series 

of volcanics. The Tertiary sequence is useful in structural interpreta

tion because various members have been age dated, allowing for the de

termination of specific relationships not otherwise possible. 

7 
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Following the relaxation of compressional forces, Tertiary ac

tivity consisted of normal faulting of basin-and-range type, strike-slip 

movement along transcurrent faults, and minor related folds. 

The stratigraphy of the area is not emphasized as a part of this 

work. A correlation chart of published stratigraphic sections gives a 

useful index for understanding the structural and age relations and is 

included in Figure 3 (in pocket). 



CHAPTER 3 

REGIONAL STRUCTURE 

Major structural features in the Lake Mead metallogenic prov

ince are the northwest-trending Walker line system of right-lateral (?) 

transcurrent faults, the north-northeast-trending Wasatch line system 

of normal faults downthrown on the west, a northeast trend of folds and 

normal faults downthrown on the north, and north-striking normal faults 

of the Basin-Range structural system. The northeast-trending Sevier 

orogenic belt is subparallel to the Wasatch line. 

Recent studies by Abdel-Gawad and Silverstein (1972) and 

Burchfiel (19 72) indicate that the Garlock fault system in California is 

not a part of the San Andreas system but operates as a result of an alto

gether independent stress field. The Garlock fault is an east-west trans

form fault on which movement increases westward, dying out eastward 

against the Death Valley fault, the westernmost member of the Walker 

line system. 

Burchfiel (1972) describes the transform structure as having 30 

to 40 miles left-lateral displacement due to crustal distension north of 

the fault in the Basin and Range structural province. The same basic 

stress pattern has existed in the northern part of the Lake Mead region 

as far east as the Wasatch line and is reflected in a complex structural 

response somewhat analogous to the San Andreas-Garlock relationship. 

9 
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The regional structural framework of the study area is greatly 

influenced by features related to the southern margin of the Paleozoic 

Cordilleran geosyncline. From late Precambrian to Permian time, the 

miogeosynclinal basin occupied the area to the northwest of a line, 

described by Kay (1951) as the Wasatch line, running approximately 

northeast from the site of Las Vegas to Mesquite, Nevada, and then 

north-northeast to the site of Salt Lake City, Utah. The Wasatch line, 

described in more detail in the following pages, acted as a hinge during 

sedimentation and must have been a zone of fundamentally different 

crustal strength, favorable for structural deformation. 

Roughly parallel to the Wasatch line, but about 20 to 4 0  miles 

east, is a zone of normal faulting separating the Colorado Plateau from 

the Basin and Range province. This series of prominent faults develops 

what is referred to as the Wasatch Front. The strike of these faults de

parts from the trend of the Wasatch line northeast of St. George, Utah, 

where the Colorado Plateau-Basin and Range boundary faults trend further 

south into Arizona. Part of the trend is referred to by Schmitt (1966) and 

others as the Wasatch-Jerome orogen. 

The Walker lane was described originally by Gianella and 

Callahan (1934) as a series of right-lateral shear zones extending south

easterly from northeastern California approximately parallel with the 

Nevada border and the San Andreas fault zone. Others have subsequent

ly called this feature the Walker line, and that terminology will be used 

in this paper. Superimposed on this complex system is the north-

trending system of late Tertiary Basin and Range normal faults and 

several east-west-striking faults which will be described in this report. 



Within the framework of the major structural features described 

above, there are several mining districts and also some mineralized 

areas of possible future importance. A study of geologic structure of 

mineralized areas tests the hypothesis: metallic ore deposits in this 

area are related to structural features. Presumably the study will also 

define these features and may eventually lead to new ore discoveries. 

Walker Line Structures 

Crossing the Precambrian trend at nearly a right angle is the 

Walker line system. The Walker line, described first by Gianella and 

Callahan (1934) has been considered by several (Billingsley and Locke, 

1941; Schmitt, 1966) to be an analog to the San Andreas system. It is a 

zone of northwest-trending structures, possibly existing since Precam

brian time as fundamental structural elements in the crust. The trend is 

marked by a series of parallel shear zones on which the dominant move

ment is right lateral and by a chain of volcanic calderas and mining 

districts. 

The origin of the Walker line is in doubt, because of the diver

sity of northwest-trending faults that are included in this broad term. 

If the zone originated with the similar but active San Andreas zone 

(Gianella and Callahan, 1934), it.would have started in Laramide time 

or early Tertiary as a result of the same forces, that is, plate boundary 

reactions. On the other hand, if it existed in Precambrian time, as did 

the parallel transcurrent Verde fault shown in Figure 2, then the system 

reflects reawakened movement on what may be a fundamental structure 

in the earth's crust. 



12 

The Walker line may be a continuation of the more nebulous 

Texas zone of southern Arizona described by R. T. Hill (1902) and Al-

britton and Smith (1956). The Texas zone, however, remains a concept 

difficult to prove outside of West Texas, whereas W'alker line structures 

can be mapped at frequent intervals along a zone 500 miles long and 20 

miles wide. The Texas zone has been described as related to ore deposi

tion by Schmitt (1966), Guilbert and Sumner (1968), and Mayo (1958). 

The possible importance of this zone cannot be ignored, and any rela

tionship which may be developed could lead to new discoveries. If the 

Walker line is a continuation of the Texas lineament, evidence would 

need to be found south of the study area. 

The general strike of ore-related structures in southern Arizona 

and New Mexico defines the Texas zone. Billingsley and Locke (1941) 

did not recognize the Texas zone in their description of principal struc

tures. R. T. Hill (1902), Schmitt (1966), and others have recognized 

that the zone is neither well defined nor easy to follow. 

The Cordilleran trend of Hill (1902), shown in Figure 2, paral

lels the Walker line as well as the border between the Cordilleran and 

Sonoran (Basin and Range) provinces in Mexico, evidencing a major 

structural trend. This agrees with the interpretation of Billingsley and 

Locke (1941). 

Las Vegas Shear Zone 

The Las Vegas shear zone (Fig. 4, in pocket) separates the 

Spring Mountains from the Las Vegas and Sheep ranges. It was first 

described by Longwell (1960), and more recently Cornwall (1972) 



indicated that it is a part of the Walker line system. Displacement is 

reported to be 10 to 20 miles, right lateral. The shear cannot be fol

lowed to the southeast beyond the subdued outcrops of Tertiary sedimen

tary rocks. In the Precambrian rocks of Boulder Canyon there is no 

evidence of the fault, and no corresponding offsets are noted on the 

Arizona side of the canyon. 

Evidence for the Las Vegas shear zone is the substantial strati-

graphic offset between basin and shelf facies from Frenchman Mountain 

to the Las Vegas range only 6 miles north. The section to the north, 

however, is in the upper plate of the Muddy Mountain thrust fault, 

thus representing sediments deposited far to the northwest. 

The stratigraphic section of Frenchman Mountain (Fig. 3) is 

typical of shelf sedimentation and is almost the same as the section at 

Jean, Nevada, 40 miles west. At Jean, the section reported by Hewett 

(1931) is in the lower plate of the Keystone thrust, whereas most of his 

measured section is at Goodsprings in the upper plate and represents 

geosynclinal sediments. The Wasatch line, the hinge line that de

scribes the margin between these two, passes north of Frenchman and 

Jean, and the only basin sediments south or east of this line were brought 

in on thrust faults. 

North of Frenchman, the Sunrise Mountain block steps down on 

a normal fault with over 1,000 feet displacement. Six miles north upper-

plate sediments are found, indicating further normal faulting of not more 

2,000 feet. Normal faulting is the simplest solution to this structural 

problem, requiring no other explanation than the relaxation of faults 

along preexisting lines of weakness (Fig. 5). 
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East of Frenchman Mountain, an easterly striking normal fault 

extends for 15 miles, bringing the Gale Hills Formation in contact with 

the Kaibab Limestone, a stratigraphic displacement of more than 6,000 

feet. This fault may in fact be the structure referred to above. 

Longwell (1960) observed the Walker line as far south as Las 

Vegas. From Beatty, Nevada, south, the structural system passes close 

to' the state line of California and Nevada. South of the eastern end of 

the Garlock fault, the relationship is obscured by alluvial cover in the 

Mohave Desert. 

A fault parallel to the Walker line system fronts Frenchman 

Mountain on the west. This can be followed on strike into the volcanic 

complex north of Boulder City, where it must encounter the Boulder City 

quartz monzonite intrusion and the fault-intrusion relationship is con

cealed. South of Boulder City, the typical wide zone of the northwest-

striking faults of the Walker line found in outcrop and topographic pat

terns can be traced southward toward Mineral Park and Bagdad, Arizona, 

both of which are on this trend. 

Anderson (1971) described intense crustal rifting normal to an 

axis striking N. 20° W. in the Eldorado Mountains south of Boulder City. 

This is in the Eldorado Canyon mining district on the Walker line system. 

The appearance of Walker line structures south of Boulder City 

indicates an offset to the east from the position of the system from Reno 

to Beatty. This offset occurs in the Las Vegas area and is interpreted as 

left-lateral displacement on east-striking transcurrent faults analogous 

to the Garlock fault. These are faults of the Gold Butte system. 
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Wasatch Line Structures 

Beginning at the end of Jurassic time, a series of overthrusts 

developed from the area formerly occupied by the Cordilleran geosyn-

cline. These have been recognized in recent years as d^collement 

thrusts by Davis and Burchfiel (1973), not involving basement rocks, 

and possibly gravity thrusts. The trend of the thrust fronts is parallel 

to the Wasatch line, and these major structures bring basin sediments 

over shelf sediments. Principal among those described in this area are 

the Keystone, Glendale, and Muddy Mountain thrusts. Displacements 

on the order of 40 to 60 miles are probable for the maximum movement. 

Horizontal stresses near the border of the geosyncline brought 

about several folds of northeast strike that were coeval with the thrust

ing. Chief among these are the Virgin Mountain anticline (Seager, 1966) 

and the Virgin anticline in southwestern Utah. 

After development of these folds, gravity thrusts assisted in 

denudation of the anticlinal core in the Virgin Mountains, exposing a 

Precambrian complex whose structural trend is parallel to the fold axis 

and also to the Wasatch line, giving evidence to support the Wasatch 

line as being a reflection of Precambrian weakness. In southwestern 

Utah, northeast-trending Wasatch line structure is implied by the north

east trend of a series of laccoliths with attendant iron ore deposits 

which are found from the Nevada border to Parowan, Utah, a distance 

of 60 miles. 

Precambrian structures of the Wasatch line include the northeast-

trending foliation of schist and gneiss in the Bunkerville and Virgin 

Mountains. The development of foliation during Precambrian time was 
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apparently coincident with intrusion of ultrabasic dikes and pegmatites, 

both of which are related to economic ore deposits in the Bunkerville 

and Gold Butte mining districts of Nevada. 

Wasatch Front Structures 

The system of faults separating the Colorado Plateau and the 

Basin and Range province for the most part parallels the Wasatch line, 

but the faults are later in age than the fold belt to the west. The Hurri

cane fault, reported by Cook (1960) to be a normal fault of 7,800 feet to 

15,000 feet displacement, marks the boundary north of the area studied. 

This function is represented by the Grand Wash fault from a place south

west of St. George, Utah, to the Aubrey Cliffs east of Kingman, Arizona. 

The Grand Wash fault has stratigraphic displacement of over 16,000 

feet near the Colorado River. 

Eardley (1951) and Schmitt (1966) have described the Wasatch-

Jerome orogen related to ore deposition as a major trend partly including 

the Wasatch Front structures and extending southward on a hypothetical 

"line" through Jerome. The author of this paper believes there is no 

evidence for this hypothesis. In contrast, the Wasatch line structures 

are easily followed, are all of Tertiary age, and are clearly not associ

ated with the Precambrian ore bodies near Jerome. 

Verde Fault 

The significance of a fundamental northwest structural trend 

evidenced by the Verde fault (Fig. 2), a Precambrian transcurrent fault, 

has apparently been ignored. The Wasatch Front structures delineate the 

western side of a tectonically stable area composed of shelf sediments 



that have been relatively untouched by orogeny. The Colorado Plateau 

is bordered on the south by a series of faults parallel to the Mogollon 

Rim, one of which is the Verde fault. A projection of the Verde fault as 

a linear structural trend in Precambrian time is found to parallel the 

Walker line, which will be described subsequently, and is reflected in 

the regional linears observed on satellite photography that extend to 

the Gold Butte area of Nevada. These linears may be due to fundamental 

structures in the crust dating back into Precambrian time. 

Gold Butte Fault System 

The Gold Butte and Lime Kiln faults strike parallel to the 

Wasatch line, several miles southeast of the axis of the Virgin Mountain 

anticline. These faults were described by Bowyer (1958) as strike-slip 

faults with not less than 6 miles displacement. This is based on the 

offset of the stratigraphic section from Azure Ridge to Tramp Ridge. 

However, in following the Gold Butte fault to the east into Arizona, it 

is evident that no structures are displaced and the fault joins the 

northeast-striking system associated with the Grand Wash Cliffs. The 

sense of movement on the Gold Butte fault is the same as on the Garlock 

fault in California, and the fault may also be a transform fault (Davis 

and Burchfiel, 1973) caused by crustal extension of the northern area 

against a stable Precambrian massif to the south. 

The Gold Butte and Lime Kiln faults are concealed by Pliocene 

Muddy Creek beds to the west. The fault exposed between Tertiary 

volcanics and Precambrian gneiss at Hamblin Bay on Lake Mead is prob

ably the Gold Butte fault. The trace of the fault is lost under Lake Mead 



and is concealed by alluvium and Tertiary volcanics beyond. Its loca

tion to the west can be approximated by the position of the northernmost 

Precambrian outcrops. 

Movement on the Gold Butte system is dated as post-Horse 

Spring Formation, pre-Muddy Creek Formation in age. Anderson et al. 

(1972) show three biotite ages of the Horse Spring Formation in the 

vicinity of the fault, ranging from 14.9+0.5 to 15.3+0.7 m.y. The 

Fortification basalt member of the Muddy Creek Formation is assigned 

an age of 11.1 m.y., indicating that the period of activity of the Gold 

Butte fault system was from 15 to 11 m.y. corresponding in time to the 

period of folding of the Horse Spring and Thumb Formations near Las 

Vegas (Anderson et al., 1972). 

Basin-and-Range Structures 

The Wasatch Front structures, the earliest of the basin-and-

range structures, mark the eastern boundary of a zone of grand subsi

dence and extension of the crust. Lovejoy (1964) describes the sub

sidence process as continuing to the present day. Principal basin 

structures in this area run north and south, indicating an east-west 

extension described by Atwater (1970) as the result of the North Ameri

can plate overriding the East Pacific Rise. Others may not agree with 

this origin, but in any case an extension of several dozen miles east-

west reflects a relaxation of horizontal compressive stresses of Laramide 

age. 

Three structures whose strike is mainly east-west are here 

included: (1) the Las Vegas shear zone, previously described and 
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believed to have a very substantial vertical component; (2) the Arrow

head fault at the Valley of Fire, recognized previously as being a normal 

fault; and (3) the Front and Piedmont faults (Moore, 1972) along the 

northern front of the Bunkerville-Virgin mountain range. 

Gold Butte—Lost Basin Structures 

Seager (1966) and Moore (1972) described gravity thrusts in the 

Virgin Mountains. These were developed by ddcollement at the Precam-

brian contact following Laramide folding. The Precambrian areas of Gold 

Butte, Nevada, and Lost Basin, Arizona, likewise have been denuded of 

Paleozoic platform sediments in a similar time frame. Uneroded remnants 

of the original cover occur east of Gold Butte where they conform to the 

dip of the east side of a former anticline. North of the Gold Butte fault, 

two isolated ridges preserve the downfaulted portions of the sedimentary 

rocks which previously covered the area. Part of the volume of Paleo

zoic and Mesozoic rocks stripped from these areas is represented in the 

Horse Spring and Muddy Creek Formations. The area was largely denuded 

before the earliest Tertiary volcanism, as the Patsy Mine series lies di

rectly on Precambrian rocks south of the projection of the Gold Butte 

fault. Later structural events affecting the Precambrian rocks consist of 

block faulting roughly parallel to the Grand Wash (Wasatch) system in a 

series of northerly striking normal faults with downthrown sides usually 

on the west. 



CHAPTER 4 

RELATIONSHIP OF MINING DISTRICTS 
TO TECTONIC ELEMENTS 

During Cretaceous time, thrust faults whose horizontal dis

placement can be measured in miles occurred along the eastern and 

southern margins of the Cordilleran eugeosynclinal basin. The principal 

stresses were horizontal approximately represented by the direction of 

thrust movement. Folding of the Virgin and Virgin Mountain anticlines 

t o o k  p l a c e  a t  t h e  t i m e  o f  t h e  m a i n  t h r u s t - f a u l t  a c t i v i t y  ( F i g .  6 ) .  

Right-lateral movement along the Walker line was probably a 

reflection of the same regional stress pattern and was accompanied by 

several ore-related igneous intrusions along the line from Mineral Park, 

Arizona, to Cananea, Mexico. Evidence of Laramide mineralization in 

the study area is confined to questionable introduction of copper in the 

Bunkerville district (Beal, 1965) and silver-copper-uranium at Silver 

Reef (Proctor, 1953). 

Subsequent relaxation of the principal horizontal stress was 

followed by crustal extension and vertical movement on normal faults 

parallel to the southern and eastern margins of the geosyncline, begin

ning with the Hurricane fault in Laramide time (Lovejoy, 1964). The strike 

of the early normal faults, including the Front, Arrowhead, and Lime 

> Kiln faults and the Las Vegas shear zone, followed a curve to the south

west. By Miocene time, 85 percent of the movement on the Hurricane 

fault had taken place (Lovejoy, 1973), but important movement in the 

2 1  
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southern part of the Grand Wash fault did not begin until 18-20 m.y.b.p. 

(Lucchitta, 1972). 

Intrusive activity 20-28 m.y.b.p. was ore related in districts 

in southwestern Utah, but intrusive activity was not reflected south of 

the Northeast trend or Sevier orogenic belt. That portion of the Wasatch 

line structure through the Bentley and Lost Basin mining districts did not 

exist until mid-Miocene time. 

Left-lateral movement on the Gold Butte fault displaces the Mio

cene Horse Spring Formation, and a map by Longwell (1936) shows the 

fault to be bordered by hydrothermally altered rocks along over a mile of 

its length in the floor of Lake Mead. The fault disappears in the complex 

of intrusive quartz monzonite of the Alunite district at Boulder City. 

Late Miocene intrusive activity is ore related on the Walker 

line. Normal faulting of these late Miocene intrusions parallel to the 

Walker line structures is seen in the Alunite and Eldorado Canyon mining 

districts. Right-lateral movement along the Walker line at the time of 

intrusion and mineralization was followed at a later time by post-

intrusive normal faulting unrelated to ore deposition. These rifts are 

described by Anderson (1971). 

To examine the hypothesis that mineralization in each mining 

district must be related to some geologic events that affected the host 

rock, I studied each district known to contain metals to determine the 

relations between ore deposits and regional structure and the lithologic 

and stratigraphic controls and ages of mineralization. Figure 6 presents 

my view of regional stress and related geologic structures at three dif

ferent periods of mineralization. Each district is discussed separately 

and its location is shown on Figure 7 (in pocket). 



23 

N-S COMPRESSION / 

ill. yy 

// // «? / 2 

KW.M. 

IfMOtM 
Activity 

LARAMIDE 
<«0-t0 MY) 

I -1,000000 

N-S RELAXATION 

Act*!** 

wfissse"5* 

MIOCENE 
(20*26 MY) 

t'1,000.000 

E*W EXTENSION 

v\Ni 

T ft 
\ 
LATE MIOCENE 

(10-IS MY) 

I'».000,000 

Figure 6. Major Stresses Related to Regional Structures 



24 

Walker Line Mining Districts 

Alunite Mining District. Nevada 

The Alunite (Railroad Pass) mining district, Boulder City, 

Nevada, was discovered in 1908 at the peak of theGoldfield excitement. 

Alunitic alteration of the Golden Door and Patsy Mine volcanic series 

caused a brief boom. The mineralized district is elongated east-west, 

but structural features are mainly north- and northwest-striking, steeply 

dipping gold quartz veins cutting volcanic rocks of the two earlier series. 

The central part of the mineralized district is occupied by the 

Boulder City quartz monzonite pluton (Anderson, 1969), the eastern part 

of which is shattered and propylitized. Widespread weak mineralization 

of pyrite and gold in volcanics with associated kaolinitic alteration is 

found east of Railroad Pass (Fig. 8). At Goldstrike Inn, 3 miles east of 

Boulder City, the quartz monzonite is thoroughly shattered and mineral

ized over an area of 40 acres. Fine-grained pyrite is weathered to jaro-

site on fractures. Some gold and local spots of turquoise (Morrissey, 

1968) suggest possibilities of ore at depth. 

Further east on the north and west slopes of Fortification Hill 

on the Arizona side of Lake Mead, quartz monzonite porphyry is hydro-

thermally altered over an area of two square miles (Fig. 9). The 

alteration consists of a rough zonal pattern of sericitic alteration of 

feldspars, with widespread jarosite-hematite-kaolinite-gypsum and 

alunite giving the rock its coloration which is locally referred to as the 

"Paint Pots." Much of the alteration area must underlie Lake Mead, 

and it was described in the initial geological investigations of the 

Boulder Canyon Project in 1931 (Ransome, 1950). 



Figure 8. Altered Volcanics, Alunite Mining District, Nevada 

Kaolinizatlon and alunitization of Miocene volcanics related 
to gold deposits of the Alunite mining district, Boulder City, Nevada. 

Figure 9. Hydrothermal Alteration, Alunite Mining District, 
Nevada 

Alteration in quartz monzonite at (1) Fortification Hill and (2) 
Goldstrike areas, east of Boulder City, Nevada 
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Eldorado Canyon Mining District. Nevada 

The Eldorado Canyon mining district, including Knob Hill, Cap

ital Camp, and Nelson, Nevada, was worked in Spanish Colonial times, 

but because of its remote location was little known until 1861. Gold and 

s i l v e r  w e r e  t h e  p r i n c i p a l  m e t a l s ,  w i t h  r e c o r d e d  p r o d u c t i o n  o f  $ 4 ,  7 0 0 , 0 0 0  

since 190 7. Total production may be double this amount. 

The district, covering about 100 square miles, was studied in 

detail by Hansen (1962), whose unpublished map is available. Longwell 

(1963) and Volborth (1973) have each produced a smaller scale map cover

ing the district as part of a larger study, but none of the three maps 

agree on certain major features of the geology, in particular the relations 

between intrusive rocks and volcanics. In most places, hydrothermal 

alteration obscures critical areas and also.makes radiometric age deter

minations unreliable, although several have been attempted. 

The major problem in the district is the relationship between 

an east-west elongated intrusive stock with the bordering Precambrian 

schist and overlying Tertiary volcanics. Volborth (1973) defines this as 

a Precambrian diorite gneiss rejuvenated during the Laramide orogeny and 

a megabreccia zone along the Nelson fault. Hansen (1962) and Longwell 

( 1 9 6 3 )  b o t h  r e f e r  t o  i t  a s  a  q u a r t z  m o n z o n i t e  o f  T e r t i a r y  a g e  ( T a b l e  1 ) ,  

intrusive into the volcanic sequence. 

Exposures along Copper Canyon, in particular, show this to be 

a nonporphyritic granitic rock with about 5-10 percent quartz and with 

two distinct feldspars in fresh surfaces, one of which is a pink ortho-

clase and the other a plagioclase. The proportions of the two feldspars 

are about equal, but the rock has approximately 10 percent mafic 



Table 1. Ages of intrusive rocks in ore districts 

Mining District Rock K-Ar Age (m.y.) Reference 

Wasatch Line Districts 

Bingham, Utah 

San Francisco, Utah 

Beaver Lake, Utah 

Iron Mountain, Utah 

Bull Valley, Utah 

Mineral Mountain 
(Goldstrike), Utah 

Gold Butte and Bonelli, 
Nevada 

Lost Basin and Gold Basin, 
Arizona 

Walker Line Districts 

Goodsprings, Nevada 

Alunite, Nevada 

Alunite, Nevada 

Alunite, Nevada 

Alunite, Nevada 

Eldorado Canyon, Nevada 

49 (+7,-2) 

2 7 . 0 - 2 8 . 0  

20.8-28.4 

22  

22  

18-28-
(post Claron— 
pre Muddy 
Creek) 

Damon and Mauger (1966) 

Lemmon, Silberman, and 
Kistler (1973) 

Lemmon et al. (1973) 

Cook (1960) 

Cook (1960) 

Cook (1960) 

No Laramide or later intrusive rocks presently recognized 

No Laramide or later intrusive rocks presently recognized 

Devil Peak intrusion 

Boulder City pluton 

River Mountain pluton 

River Mountain pluton 

Knob Hill 

1 2 . 6 + 0 . 3  A n d e r s o n  e t  a l .  ( 1 9 7 2 )  

1 3 . 8 + 0 . 6  A n d e r s o n  e t  a l .  ( 1 9 7 2 )  

1 2 . 6 + 0 . 5  A n d e r s o n  e t  a l .  ( 1 9 7 2 )  

1 6 + 2  S c h i l l i n g  ( 1 9 6 5 )  

1 3 + 2  S c h i l l i n g  ( 1 9 6 5 )  

26 (+4,-2) Anderson et al. (1972) 



Table 1. Ages of intrusive rocks—Continued 

K-Ar Age (m.y.) Reference 

1 5 . 7 + 0 . 3  A n d e r s o n  e t  a l .  ( 1 9 7 2 )  

1 5 . 0 + 0 . 6  A n d e r s o n  e t  a l .  ( 1 9 7 2 )  

1 5 . 1 + 0 . 6  A n d e r s o n  e t  a l .  ( 1 9 7 2 )  

7 1 . 5 + 2 . 6  D a m o n  a n d  M a u g e r  ( 1 9 6 6 )  

Mining District Rock 

Walker Line Districts—Continued 

Eldorado Canyon, Nevada 

Eldorado Canyon, Nevada Keyhole Canyon 

Black Range, Arizona 

Wallapai, Arizona Mineral Park 



minerals altered to chlorite. Weak kaolinization of feldspars penetrates 

the fresh rock and is believed to be hydrothermal alteration related to 

copper deposition. 

The Phillips copper mine in the center of the intrusion has been 

studied in greater detail by me, who initiated exploration of this in 1970. 

Here the intrusive rock is strongly altered in a small pipe-shaped shat

tered zone containing chalcopyrite and some pyrite and tetrahedrite frac

ture fillings. The intrusion is cut by a series of flat-dipping, east-

west-striking latite porphyry dikes, 10 to 15 feet in thickness, possibly 

related to the volcanic sequence to the north. These dikes, in turn, are 

offset by northwest-striking normal faults parallel to the Walker line 

system. The small pipe-shaped shatter zone, which is the locus for 

ore, appears at the intersection of northwest- and east-west-striking 

faults, with ore concentrated along the borders of the latite dikes. 

A statistical study was attempted of the fault pattern at Eldorado 

Canyon, including the adjoining Knob Hill and Capital Camp mining 

areas. The fault pattern in each square-mile section was taken from 

Hansen's (1962) map and data compiled, utilizing the Schmidt plot com

puter program developed by Call (1968). Rose diagrams showing struc

tural orientation in these mining districts are shown in Figure 10. 

The Walker line structures are shown in Figure 4 to have a 

dominant north-northwest trend. However, those containing ore mineral

ization in the silver-gold deposits are most commonly associated with 

east-west-striking quartz veins of much flatter dip (30°-60°). 



ELDORADO CANYON 

N 

BLACK RANGE 
N 

GOLD BUTTE 

N 

LOST BASIN 
N 

WHITE HILL GOLD BASIN 

Figure 10. Structural Orientation Diagrams 



Black Range. Weaver, and Pilgrim 
Mining Districts. Arizona 

The Walker line structures cross the Colorado River near Willow 

Beach and many other places southward along the river. On the Arizona 

side about 20 miles south of Hoover Dam, they can be seen in the vicin

ity of a small intrusive latite plug where a northwesterly trending dike 

swarm has invaded the zone for a distance of about two miles. South of 

Capital Camp on the west side of the Colorado River, the Walker line 

structures and mineralization are found east of the river, trending S. 

20° E. toward the Wallapai (Mineral Park) mining district only 35 miles 

to the southeast. 

Precambrian rocks of the Black Range mining district are over

lain by the Golden Door and Patsy Mine Volcanics. Ore deposits of the 

Walker line system are found in Golden Door and Patsy Mine Volcanics 

but perhaps not in the volcanics of the Mount Davis series. 

Throughout the extent of the Black Range district, many small 

mines and prospects were visited. These are nearly all small, shallow-

seated, vuggy, epithermal quartz veins carrying gold in significant 

amounts, with minor copper and lead values. A plot of structures in the 

Black Range mining district included in Figure 10 again shows the pre

dominant trends of mineralization to differ markedly from the major struc

tural alignment. 

The White Hills silver district east of Detrital Valley appears to 

be too far east geographically for the Walker line association and will 

be described elsewhere. 
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Wallapai. Mineral Park. Cerbat. and Stockton 
Mining Districts. Arizona 

Immediately south of the study area, the very well mineralized 

Cerbat Mountains contain a vein system 20 miles long of lead-zinc-gold 

and silver in quartz veins, dipping steeply and striking generally N. 30° 

W. The district is well zoned, with two Tertiary intrusive quartz mon-

zonite stocks in the center which contain the Mineral Park copper-

molybdenum mine of the Duval Corporation. 

These districts are shown to be on the Walker line structural 

trend, along a line from the districts described. A northeast-trending 

dike system, the Bronco dike, may be related to the Wasatch line, 

placing these districts in the intersection area of both major trends. 

The area was studied by Dings (1951), who produced a very useful map. 

Wasatch Line Mining Districts 

Bull Valley Mining District. Utah 

The Bull Valley mining district is in western Washington County, 

Utah, south of Enterprise and several miles west of Veyo, Utah. Produc

tion has been negligible, but a variety of mineral deposits is present. 

Geologically, the district is at the north end of the Cedar 

Pocket Canyon-Shebit-Gunlock fault, which is shown to be the same as 

the Grand Wash fault of the Wasatch line. Where the fault dies out in 

structural chaos, a series of monzonite laccolithic intrusions begins, 

which has a northeasterly alignment leading toward the Hurricane fault. 

These laccoliths have 4ron deposits on their borders which replace Cre

taceous limestone of the Home stake formation. These bodies are 
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commercially mined near Cedar City, Utah. The ore deposits of the Bull 

Valley district were described by Butler et al. (1920). 

Bull Valley mining district and the Mineral Mountain mining 

district farther to the west have received but little study. Colorado Fuel 

and Iron Company drilled out a body of several million tons of 55 percent 

iron mineralization on the north slope of Bellas Canyon, west of Mogotsu 

Canyon and south of Bull Mountain, but this has never been mined due to 

logistics and economics. 

Mineral Mountain (Goldstrike) 
Mining District, Utah 

West of the Bull Mountain laccolith lies Mineral Mountain— 

even more inaccessible—which is a contact metamorphic alteration zone 

in Paleozoic limestone containing an unexplored iron oxide deposit at 

the Emma mine. Mineral Mountain itself is an isolated block of contact 

metamorphosed Pennsylvanian-Permian Callville Limestone surrounded 

by volcanics. The structural relationships shown by Cook (1960) are 

sparse, with north-trending structures related to the Wasatch line cut by 

a system of east-trending normal faults with displacement downward to 

the south. Lead-silver and copper mineralization have been noted on 

Mineral Mountain, but no serious exploration has been attempted. 

The Goldstrike mining camp, east of Mineral Mountain, con

tains epithermal gold and antimony deposits, very closely related to the 

Wasatch line fault, which borders the Beaver Dam Mountains on the 

k west. Near the old town of Goldstrike, the structure curves northeast

ward, parallel to the trend of the laccolithic intrusions from Bull Valley 

to Cedar City. 
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Goldstrike was briefly examined by the writer in 1960. Free 

gold occurs in the Bull Run, Hamburger, and other mines in a calcite 

gangue along bedding planes and fissures in the Eocene Claron Lime

stone. Arsenic and antimony sulfides occur at the surface in structures 

that are very difficult to follow but are generally spatially related to the 

major Wasatch line structure which has controlled the drainage. 

Tutsaqabet Mining District, Utah 

The Tutsagabet mining district is in the Beaverdam Mountains, 

10 miles west of St. George, Utah. An understanding of the structural 

relationships between ore deposits in the Tutsagabet district and region

al structure depends on examination of the three mines with production 

records, the Apex, Paymaster, and Black Warrior. 

The Apex and Paymaster mines are aligned with the Apex fissure, 

a N. 20° W.-trending fault, dipping 50° SW, which is a branch of the 

main Cedar Pocket Canyon-Shebit-Gunlock fault. The main fault struc

ture passes about a mile to the east and forms the eastern boundary of 

the Beaverdam Mountains in this area. 

The Apex mine is in a 150-foot-diameter, pipe-shaped body of 

copper-silver ore developed in the footwall of the Apex fissure, cutting 

the Redwall and Callville Limestones. Near the surface it follows the 

fissure. Mining has been by shrinkage methods within the pipe, which 

produced high-grade copper ore regularly from 1890 to 1959. 

Oxidation of the ore is complete, and the mine is dry to the 
k 

1400-foot level with no trace of primary sulfides found. The pipe has 

not bottomed out, but there has been no exploration below the 1400-foot 



level. Although most of the ore is composed of malachite or azurite, 

parts of the body contain lead carbonates or zinc carbonates in separate 

mineable concentrations. Iron oxides and sulfates are associated. In 

general, the lead and zinc concentrations are higher in the structure 

nearer to the surface. Recent interest in the deposit was generated by 

the presence of gallium and germanium, both of which exist in amounts 

greater than 0.01 percent in the zinc ores. 

The Paymaster mine is a similar pipe about 1,000 feet south of 

the Apex mine, containing a deposit of lead carbonate ("sand carbonate") 

having the consistency of beach sand. There has been no deep explora

tion on this property or on the similar Black Warrior prospect, which is 

found on a parallel structure about half a mile farther west. 

Five miles north of the Apex mine, the Higgins prospect con

tains a copper-bearing gossan on a small (50-foot-diameter) breccia 

pipe in the Callville Limestone. Exploration by a prospect tunnel failed 

to find ore but .discovered a north-striking fault along which the breccia 

zone had formed. This is the Jackson Wash fault, a major Wasatch line 

structure parallel to the Gunlock fault. 

The breccia pipes of the Tutsagabet district appear to be of 

tectonic origin related to the Grand Wash fault system of the Wasatch 

line. Copper-lead-zinc mineralization has no visible igneous rock af

finity, and no primary sulfides are present to give evidence of the orig

inal depositional environment. The deposits are not stratabound in any 

respect. 

I believe these deposits to be telethermal ore deposits, precipi

tated from deep circulating ground water migrating upward along the 



structures of the Wasatch line. Other similar deposits with little or no 

surface expression may be concealed along these structures. 

Bentley Mining District. Arizona 

J. M. Hill (1915) and Schrader (1909) have reported on the 

little-known Bentley mining district. It lies along the Wasatch line in 

Arizona from the Utah border south to the Colorado River. Production 

from the Bentley district has been from three mines, the Grand Gulch, 

Savanic, and Copper Mountain. 

The largest mine, the Grand Gulch, can be reached by barely 

passable roads from Gold Butte, Nevada, or St. George, Utah. The 

Savanic lies about two miles west of the Grand Gulch, and Copper 

Mountain lies near the southern part of Parashant Wash, 40 miles south 

of Mount Trumbull, Arizona, and is outside the study area. However, 

the geology of Copper Mountain is similar to that of Grand Gulch and 

Savanic. 

The Grand Gulch mine is the source of most of the district's 

production. It is an elliptical sandstone pipe within Redwall Limestone 

walls, about 300 feet in diameter. Copper mineralization is confined to 

the annular area. An examination of the underground workings of the 

Grand Gulch was made in 1954, but these are now caved due to a shaft 

fire in 1956. Flat-bedded, steely-gray chalcocite replacement of lime

stone beds has been mined on three horizons, and stope faces showed 

6 inches to 2 feet of chalcocite in each stope. Malachite replaced 

limestone above and below the chalcocite, with no azurite and very 

little iron oxide present. Hill (1915) believed this mine to be an old 



sink hole filled with sand. He did not speculate on the source of the 

copper mineralization. 

The Savanic mine is in the Grand Wash Cliffs within two miles 

of the fault trace. The ore deposit is structurally controlled, following 

a curving fissure with an average strike N. 20° W. Mineralization is 

simple, and chalcopyrite, bornite, and pyrite are the principal primary 

minerals. Lack of water has hindered development. 

The Copper Mountain mine is in a similar deposit but contains 

minor amounts of uranium. North of the Grand Gulch mine, another min-

erlized sandstone pipe in Hidden Canyon contains copper carbonate. 

Five other pipes of similar dimensions in the Parashant Wash area con

tain either copper or uranium, always in an annular ring. None of these 

is commercial. 

The similarity of these pipes to those at the Orphan uranium-

copper mine and the Grandview copper mine at Grand Canyon, Arizona, 

is notable. Structures of this type are found within the flat-lying sedi

mentary beds of the Colorado Plateau and have an apparent spatial rela

tionship to major Wasatch line faults, but these faults are not reflected 

in individual mine structures. Identifiable rock fragments and stratig

raphy within the pipes is always observed to indicate collapse. 

In the Redwall Limestone cliffs of Grand Canyon, cavernous 

and paleokarst conditions are readily observed. Copper deposition, 

sometimes with uranium, in similar geologic structures has been noted 

over a very large area. I believe this mineralization is the result of the 

same processes accountable for the Colorado Plateau uranium and copper 

deposits where concentration of metals was accomplished by themultiple 
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migration-accretion process described by Gruner (1956). Permeable 

zones and structures were periodically impreganated under hystrostatic 

head as described by Wyman (1970a). 

Gold Butte Mining District, Nevada 

The Gold Butte mining district is that area in Nevada east of 

the Overton Arm of Lake Mead, south of the Bunkerville Mountains, 

comprising the South Virgin Mountains. It is accessible by road 43 

miles south from Riverside, Nevada. Many small prospects were staked 

d u r i n g  t h e  p r o s p e c t i n g  e x c i t e m e n t  o f  1 9 0 8 ,  a n d  a  t o w n  w a s  l a i d  o u t .  

Today nothing remains of the camp and the district is uninhabited. 

Although the Bonelli district, which lies south of Gold Butte, 

is usually included with Gold Butte in recent reports, it will be treated 

separately in this study because it is distinctly different geologically 

and economically. 

The Gold Butte district has been briefly described by J. M. 

Hill (1916) and Longwell et al. (1965). Structure was described by 

Bowyer (1958) and the Rapakivi-type granites by Volborth (1962a). 

Selected mines in the Gold Butte and Bonelli districts were reported by 

V a n d e r b u r g  ( 1 9 3  7 ) .  

The district is geologically complex, being divided into two 

parts by distinctly different geology, the copper area and the gold area. 

Copper deposits are replacements in Cambrian limestones, whereas the 

gold deposits are in quartz veins in Precambrian granites. Important 

deposits of vermiculite and some complex pegmatites are found in the 

district. 
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Structurally, the district is bisected by the east-northeast-

striking Gold Butte fault, which has displaced the Paleozoic limestone 

section by over 6 miles. Two copper mines, the Azure Ridge and the 

B l a c k  J a c k ,  a r e  l o c a t e d  i n  c l o s e  p r o x i m i t y  t o  t h e  f a u l t .  

Copper deposits at the Azure Ridge mine replace a 10-foot-thick 

bed of lower Cambrian limestone in the section south of the Gold Butte 

fault. The ore deposits abut the south side of the fault in Garden Spring 

Canyon, with no mineralization either along the fault or north of it. 

Mineralization within the bed is spotty but high grade (10-25 percent 

copper plus 10-25 percent zinc), with no primary sulfides present. 

Azurite, cuprite, hematite, and hydrozincite underlie a porous gossan. 

Along the strike, the mineralized bed can be easily traced for over a 

mile and is seen as a pink dolomitized sedimentary breccia. 

The Black Jack mine, 6.5 miles west of the north side of the 

Gold Butte fault, has the same structural relationships but is probably 

not in a faulted segment of the Azure Ridge deposit. 

Along Tramp Ridge, to the north, there are two other bedded 

copper deposits in lower Cambrian limestone, the Lincoln and the Tramp, 

neither of which bears any apparent relationship to regional geologic 

structure. Both follow zones of sandy limestones whose permeability 

would be important in the distribution by ground water from some distant 

source. 

The copper deposits of the Gold Butte district appear to be 

I telethermal deposits, related to regional structure only incidentally in

sofar as the structures provided routes for the copper-bearing ground

water solutions to travel. 
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Gold deposits of Gold Butte are found within and peripheral to 

the Precambrian Rapakivi-type granite stock described by Volborth 

(1962a). The Rapakivi-type granite intrudes a complex of older Precam

brian gneiss and schist, with Rb-Sr dates of 1.3-1.7 b.y. (Schilling, 

1965). This complex is comparable to the Brahma Schist in the Inner 

Gorge of the Grand Canyon in both age and petrology. The Rapakivi-

type granite also intrudes an older granite, which itself had intruded the 

gneiss as evidenced by the inclusions (Fig. 11). The entire Precambrian 

series is cut by a nonfoliated granite (younger granite) which lacks age 

dating but based on structural relationships with the Gold Butte fault 

may be Laramide or later. None of the mineralized structures was seen 

to intersect the younger granite . 

The most important gold deposits at Gold Butte are the Radio 

Crystal, the Ole, and the Gold Butte mines (Fig. 7). These are all nar

row, vuggy quartz veins, from a few inches up to 4 feet in diameter, 

containing quartz, green fluorite, sparse pyrite, sparse, fine-grained 

galena, adularia, and free-milling native gold. The Radio Crystal mine 

has produced we 11-terminated quartz crystals as much as 3 inches in 

diameter, although none that large can be found today. 

The low-temperature, shallow-seated veins were obviously not 

formed within a Precambrian metamorphic environment and strike across 

the foliation of the gneiss complex. The Radio Crystal mine strikes 

east-west and can be followed on strike for over a mile. Associated 

parallel quartz veins of this system have not been prospected. Many 

other veins in the district have received little attention in the past 60 

years. 



Figure 11. Inclusions of Foliated Precambrian Metamorphic 
Rocks in Nonfoliated Younger Granite 

Photograph location is 6 miles south of Gold Butte, Nevada. 
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The Ole and the Gold Butte mines both have northeast strikes 

and steep dips, generally about parallel to the Gold Butte fault. A dia

gram showing strike and attitude of structures in the Gold Butte-

B o n e l l i  d i s t r i c t s  i s  s h o w n  i n  F i g u r e  1 0 .  

The Lakeside copper prospect shows copper carbonate along a 

fold whose axis strikes N. 70° E. parallel to the Gold Butte structural 

alignment and also parallel to the Precambrian Northeast trend (Longwell 

et al.f 1965). This copper deposit has not been explored. Because of 

its small size and relationship to the weakly mineralized Gold Butte fault 

system, it is considered to be a minor prospect. 

There are several vermiculite deposits in the district which re

sult from the hydrothermal alteration of mafic intrusive rocks. Some of 

these may contain workable commercial quantities of this industrial 

mineral (Leighton, 1967). The relationship between ultrabasic intru

sions and nickel-platinum ore bodies in the Bunkerville district to the 

north was investigated and is reported in another section of this report. 

Vermiculitized ultramafic bodies in the Hell's Kitchen area in 

the eastern part of the Gold Butte district are aligned in a northwesterly 

arrangement seen on satellite photographs and referred to herewith as the 

Jerome lineament. These ultramafic bodies have been prospected in re

cent years with discovery along the borders of gold-copper deposits 

that show promise of commercial ore. In this same vicinity, narrow 

scheelite veinlets are so pervasive as to suggest the possibility of a 

| large-tonnage deposit. Development in Hell's Kitchen has been retarded 

by the remote situation and lack of roads, water, power, and labor 

supply. 
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Pegmatites in the Gold Butte district have been locally impor

tant. The Nevada Mica mines, 10 miles southeast of the town of Gold 

Butte, was a former producer of sheet mica from a zoned lenticular peg

matite (Fig. 12) about 200 feet long and 100 feet wide. The pegmatite 

axis strikes N. 30° W., dips 60° S., and is conformable to a local bend 

in the foliation of the older Precambrian gneiss. Many other small peg

matites have been prospected, but no production has been recorded. 

Bonelli Mining District. Nevada 

About 12 miles south of the former mining camp of Gold Butte is 

a second mineralized gold district, usually included with Gold Butte in 

recent reports (Longwell et al., 1965). In earlier times, this was re

ferred to as the Bonelli district. Several gold mines, the Lake shore, 

Jumbo, Union, Joker, Eureka, and Windmill, were visited during this 

study. Access to the district today is by horse over what remains of the 

Scanlon Ferry Road. 

Unlike the gold deposits of the Gold Butte district, those of 

the Bonelli district are found cutting only the older granite and metamor-

phic rocks, and quartz veins generally conform to the foliation of the 

host rock. Three of the deposits of greatest economic interest border 

an intrusive mass of Rapakivi-type granite similar to that found at Gold 

Butte (Volborth, 1962a). These mines are the Lakeshore, Union, and 

Windmill, all of which have produced gold in commercial quantities in 

the past. 



Figure 12. Zoned Pegmatite at the Nevada Mica Mine, Gold 
Butte Mining District, Nevada 

The Nevada Mica mine is 10 miles southeast of the townsite 
of Gold Butte, Nevada 
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The Lakeshore and Union mines can be considered together. 

Both mines occur in the footwall of a flat fault that brings Precambrian 

older granite over the lower Precambrian metavolcanics. The Rapakivi-

type intrusive contact lies a short distance north. Gold mineralization 

at the Lakeshore mine extends along the sole of the flat fault (Fig. 13) 

and is exposed in the metavolcanics in a window of the upper sheet 

immediately adjoining the mine to the south. 

Recorded production of the Lakeshore mine is but a small part 

of t h e  e s t i m a t e d  t o t a l  p r o d u c t i o n .  I  e s t i m a t e  p a s t  p r o d u c t i o n  a t  6 0 , 0 0 0  

tons of 0.30 oz/ton Au ore, or 18,000 oz gold, valued in 1935-40 at 

$630,000. The mine today has reserves that might be worked at exist

ing prices. Samples taken by me from four locations were assayed by 

Union Assay Office in Salt Lake City as follows: 

Au Ag 
oz/ton oz/ton 

0 . 3 8  0 . 4  

0 . 8 5  0 . 6  

0 . 1 6  0 . 3  

0 . 0 2  0 . 2  

Description Width 

1. Metavolcanics beneath flat 4 feet 
fault, south of open pit 

2. Metavolcanics in floor of 1 foot 
Pit 

3. Iron-stained quartz on sole 1 foot 
of fault (unmined ore) 

4 .  6 0 , 0 0 0  t o n s  m i l l  t a i l i n g s  
from 1935-40 operation 

The area of interest at the Lake shore-Union mines is approxi

mately two miles long and half a mile wide. In this area, there is a 

possibility of a major gold ore body at shallow depth mineable by open-

pit methods under 1974 conditions. 



Figure 13. Open Pit at Lakeshore Mine, Bonelli Mining Dis
trict, Nevada 

Location of samples mentioned in text are: (1) metavolcanics 
south of pit and (2) floor of pit. 
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The Windmill mine is outside the Lake Mead area boundary and 

is covered by located unpatented mining claims. A 2-foot-wide, vertical 

quartz vein strikes N. 40° E. and roughly follows the north contact of a 

Precambrian granite intrusion with metasediments. However, the struc

ture crosses the bedding and foliation of the metasediments and is thus 

later in age, probably similar in age to the Lakeshore mine which lies 

south of the same intrusion. The vein can be traced for 500 feet on 

strike. It has been developed by two shallow shafts. A sample of the 

vein taken for this study assayed at 3.90 oz Au/ton and 1.4 oz Ag/ton. 

This sample, while certainly not representative of mineable tonnage, 

indicates the possibility of opening this as a small high-grade mine if 

general access to the district is ever improved. 

Three other mines, the Joker, Jumbo, and Eureka, were visited. 

Each is a prospect on narrow (6 inches) quartz veins, reported to carry 

gold. None appears to have continuity of more than 200 feet or suffici

ent tonnage for economic operation. 

Topography in the northern part of the district is extremely 

rugged with the Scanlon Ferry Road being the only route. For 2 miles, 

the 12-foot-wide road has a 20 percent grade and is cut into the side of 

a cliff. Ten miles of the road follows loose, sandy arroyo bottoms. The 

western part of the district has never been accessible except by horse 

and has no water. These conditions have undoubtedly deterred develop

ment in the district. 
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Lost Basin Mining District. Arizona 

The Lost Basin mining district lies in Mohave, County, Arizona, 

south of the Colorado River immediately across the river from the old 

Scanlon Ferry (Schrader, 1909). This little known and once very remote 

district is now served by a paved road from U.S. 95 to the town of 

Meadview, Arizona. The district is shown on the U.S. Geological Sur

vey Garnet Mountain 15-minute topographic sheet as Grapevine Mesa 

between the Grand Wash Cliffs and Hualapai Wash. The low mountains 

are known locally as the Lost Basin Range. 

The district is geologically similar to the Bonelli mining dis

trict in Nevada, with Precambrian metavolcanics intruded by older 

granite and another Rapakivi-type granite stock to the south. The Grand 

Wash fault of the Wasatch line passes through the center of the district 

where it is entirely covered by the Muddy Creek Formation and Holocene 

gravels. Quartz veins from inches to a few feet wide containing copper 

carbonates, gold, silver, and molybdenite are fpund in a north-striking 

system in the center of the district near the Climax and Golden Gate 

mines. 

In 1972 and 1973, exploration activity involved geophysical 

and geochemical work in the district, and although the details of the 

studies (Mallory, 1972) are not available to the public, they describe 

a metal zoning pattern in the Precambrian schist with a gold-rich outer 

halo enclosing a silver-lead-zinc zone and centered on a copper-rich 

area, which is coincident with an aeromagnetic low. 

Extensive placers in the Lost Basin and Gold Basin districts 

have received much past attention (Wilson, Cunningham, and Butler, 



1967). Potential reserves are reported to be 500 million cubic yards at 

0.01 to 0.02 oz Au/ton (U.S. Geological Survey, 1968), with a gross 

value of more than $1 billion at 19 74 prices. This gold has been unde

veloped because of a lack of necessary water. The geologic origin of 

the gold is believed to be from erosion of the hundreds of noncommercial 

gold veinlets of the Lost Basin Range. 

Gold Basin Mining District. Arizona 

Southwest of Lost Basin, the Gold Basin mining district covers 

the low ranges of Precambrian metamorphic rocks and granite outcrops 

of the Cerbat Mountains, known as the White Hills. This district is 10 

miles east of the White Hills mining district. This district was described 

by Schrader (1909) and Wilson, Cunningham, and Butler (1967). 

The Gold Basin district has recorded production totaling 

$115,000 from only five mines (Elsing and Heineman, 1936), although 

several others have unrecorded production as evidenced by stoped areas. 

The ore deposits of Gold Basin differ from those of the adjacent White 

Hills and Lost Basin districts in that the deposits are quartz-siderite 

veins with primary ore minerals occasionally found. Pyrite, chalco-

pyrite, galena, molbydenite, and wolframite indicate a distinctly higher 

temperature mineral assemblage. Small ultramafic bodies are found in 

the Precambrian section of both the White Hills and Lost Basin ranges, 

but none show any visible evidence of copper. 

Structural relationships between the local fault patterns and 

regional trends are far from obvious in mining districts in the White 

Hills. Some structural control is exercised by the Precambrian schist 
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foliation, which strikes N. 30° E. in the southern hills and curves to 

N. 20° W. in the northern hills. In the northern part of the district, 

near the Golden Rule and Senator mines, the schist foliation has changed 

to a strike of N. 20° W., and numerous foot-wide quartz-adularia veins 

follow this foliation. Some of these have been prospected for gold. 

South of Gold Basin, the Grand Wash Cliffs change from a 

southwest to a southeast trend. It is not known whether the cliffs to 

the south are the line scarp of the same fault as the cliffs to the north 

or whether the Grand Wash fault ends at this point against a northwest-

trending system parallel to the Walker line. Two districts, the Music 

Mountain and Hackberry, to the south along the Grand Wash Cliffs are 

not included in this report. 

Most veins (Eldorado, O.K., Excelsior) within the Gold Basin 

district strike N. 45°-65° E., but the Cyclopic vein can be traced for 

over a mile and strikes N. 60° W. The Cyclopic also differs in the 

large amount of brecciation and kaolinization of granite over a width of 

as much as 100 feet on each side of the mineralized vein. 

White Hills Mining District. Arizona 

White Hills is a silver mining district described by Schrader 

(1909). It lies on the east side of Detrital Valley, north of the Cerbat 

Mountains. The town, active at the turn of the century, stood abandoned 

until the late 1950's when the wooden buildings were burned by vandals. 

In 1969 and 1970, there was an attempt to work dumps as well as low-

grade surface ores. Apparently there was insufficient ore for a profitable 

operation. 



Supergene enriched quartz veins and lodes, containing manga

nese oxides, horn silver, and red iron oxides in near-surface concen

trations, cut Precambrian gneiss. Alteration is not evident and feldspars 

appear fresh. The deepest workings are 545 feet, but most veins pro

duced little below the 100-foot depth. No primary ore minerals are 

known, and no deep drilling has been done to date. 

The G.A.R. mine was the principal producer. Three veins in 

this mine, striking N. 62° W. and dipping 45° NE. over a 30-foot width, 

were mined underground. These were opened recently in a surface cut 

200 feet by 20 feet. 

Extensive sampling, underground mapping, and aerial photo

graphic surveys were made during the recent activity in the district. 

Mines examined at that time included the Grand Central, Blaine, G.A.R., 

Norma, Hidden Treasure, and Occident. 

Structurally, this district lies between the Wasatch and Walker 

lines, in the region where these regional trends tend to intersect. The 

mineralized structures, however, have a predominant east-west trend 

as shown below: 

Mine Strike Dip 

G.A.R. N. 62° W. 450 NE 

Grand Central (part) N. 45° W. 45° NE. 

Grand Central N. 65° W. 80° NE. 

Occident N. 85° W. 

Norma N.80OE. 70° N. 

Hidden Treasure N. 80° E. 70° N. 
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Prospecting in the vicinity has been slight because of conceal

ment by alluvial cover in Detrital Valley and late Tertiary lava flows in 

the White Hills 

Northeast Trend Mining Districts 

The axial plane of the Virgin Mountain anticline, Nevada, 

strikes N. 70° E., generally conformable to the Precambrian foliation 

and gneissic banding. The major fault system in the Bunkerville Moun

tains, although of Laramide age, parallels this fundamental trend, which 

extends into the Beaverdam Mountains of Arizona (Moore, 1972). 

This broad fold, incorporating Paleozoic and Precambrian rocks, 

crosses the Grand Wash fault (Cedar Pocket Canyon-Shebit-Gunlock 

fault) without apparent offset. Entering Utah, it is reflected as the 

Virgin anticline, incorporating Mesozoic sedimentary rocks, and can 

be followed northeastward to the Hurricane fault. 

The general northeast trend of mineralized veins throughout the 

southwestern United States was noted by Landwehr (1967) as a fundamen

tal feature in most mineralized districts. Two mining districts are found 

along this trend, the Bunkerville (Nevada) and Silver Reef (Utah). 

Bunkerville Mining District. Nevada 

The Virgin (North Virgin) mountain range strikes N. 70° E., 

curving to N. 45° E. in the eastern part of the range where it enters 

Arizona. The trend then curves north into the Beaverdam Mountains and 

parallels the belt of Laramide thrust faults. 

Structurally, the Virgin Mountains contain a major anticline, 

which developed in two episodes during Cretaceous to mid-Miocene 
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time (Moore, 1972). Thrust faulting accompanied folding, and subse

quent erosion has stripped the Paleozoic cover, leaving a core of Pre-

cambrian gneiss exposed. 

Ore deposits of the Virgin Mountains are confined to the 

Precambrian rocks and represent different geologic types of deposits 

than those found elsewhere in the region. Three distinctly different 

ores are found: copper-nickel-platinum bodies, beryllium-bearing peg-

maties, and tungsten veins. 

The Key West mine (Bancroft, 1910; Knopf, 1916; Vidler, 1960 

Beal, 1965) is the principal prospect of copper-nickel-platinum ore 

(Fig. 14). Since its discovery about 1900, it has been developed and 

explored by several companies without finding a major ore body. Beal's 

(1965) map shows numerous northeast-striking basic dikes in the upper 

and lower plate of the Key West thrust fault, a fault of Laramide age. 

Copper and nickel are found in dike swarms for over two miles along 

the strike, with nickel locally as high a 1 percent (Beal, 1965). 

Vidler (1960) reports that the oxidation at the Key West extends 

only 35 feet in depth. Within the oxide zone, the mine contains 18,400 

tons of developed ore, and there is another 11,600 tons in sulfide ores 

developed above the 200 level. Average grade of reserves is 2.5 percent 

Cu, 1.9 percent Ni, and 0.14 oz/ton Pt. This compares with the follow

ing production record. 
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Figure 14. Oxidized Outcrops of Copper-Nickel-Platinum Ore 
in Hornbiendite Dike at the Key West Mine, Bunkerville Mining District, 
Nevada 
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Year Production (tons) Cu Ni 
Pt 

oz/ton 

1903 46 2.9% 1.8% 0.14 

1916 1,000 3.3% 2.7% 0.25 

1955 6 sulfide 
oxide 

2.33% 
2.30% 

2.23% 
2.20% 

Metallurgical problems involving recovery of nickel and plati

num from oxidized ore have not been solved. However, if any economic 

deposit exists at depth, the ore should be sulfide and amenable to con

centration by flotation. 

Vidler (1960) presented a map of an electromagnetic survey, 

which shows a strong elongate anomaly striking N. 60° E., beginning 

1,000 feet northeast of the Key West mine. This anomaly covers 4 

acres, whereas an anomaly found in the same survey over the Key West 

mine covers only 1/6 acre. The larger anomaly closely follows a con

tact between amphibolite and granodiorite which shows no mineraliza

tion at the surface. This has not been drilled, although subsequent 

surface magnetometer work by the Nevada Bureau of Mines discovered 

a confirming magnetic anomaly (Beal, 1965). 

The location of an anomaly along a contact of this type is sig

nificant, as this is one of the more common locations for economic 

deposits of nickel ore elsewhere in the world (Kilburn et al., 1969; 

Haapala, 1969). In fact, the geologic setting, associated igneous 

rocks, alteration type, mineralogy, and structure are typical of Precam-

brian nickel-copper deposits of Finland and also the Canadian Shield. 
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The Great Eastern deposit is about one mile northeast of the 

Key West. The U.S. Bureau of Mines (Needham, Soul£, and Trengove, 

1950) has done geologic mapping and drilling to delineate the deposit 

of nickel-copper-bearing material. Copper is much lower in grade than 

it is at the Key West, and nickel in the best "ore" is about 0.5 percent. 

The geology of the mineral belt, including the Key West and 

Great Eastern mines, has been described by Bancroft (1910), Lindgren 

and Davy (1924), and Beal (1965), all of whom differ somewhat as to 

theories of origin for the deposit. Similarities to the Sudbury intrusive 

complex are noted by all writers. Beal's (1965, p. 74) description of 

the geologic setting for the nickel belt is quoted here: 

To recapitulate the setting, the metalliferous deposits of the 
two mines are associated with Precambrian mafic plutons in
truded into somewhat older gneisses; in general the strike of 
most of the dikes (?) conforms to the prevailing foliation of 
the granodiorite host rock. Emplacement of these mafic bodies 
probably was along an ancient fault. The district was the 
scene of subsequent extensive orogenies both in older Precam
brian and late Mesozoic and Cenozoic times. Orogenies in 
late Mesozoic and Cenozoic times resulted in both northeast
erly and easterly directed recurrent movements along several 
Precambrian structures and in faulting and folding of Paleo
zoic and Mesozoic sedimentary rocks. Movement along the 
Key West thrust fault, which underlies much of the district, 
probably was essentially perpendicular to the northeasterly 
foliate structure. 

All investigators describe the nickel deposits as magmatic be

cause they are intimately associated with mafic dikes. However, Beal 

notes that the copper is always later and is associated with faulting 

rather than with the mafic dikes. He relates the copper to Laramide 

faulting and believes it is an entirely separate episode of mineralization. 

However, the intimate spatial relationship of copper and nickel implies 

a common ancestry. Very likely the Laramide tectonism caused 



remobilization of copper from deeper deposits which was then redistrib

uted upward along Laramide structures. Nickel, being more refractory, 

did not take part in this event. 

The general geologic setting of the Great Eastern is similar to 

the Key West, but later (Laramide ?) fracturing is distinctly minor and 

copper mineralization is sparse. 

Beryllium-bearing pegmatites are found in an isolated part of 

the district along the Arizona-Nevada border. Significant deposits of 

chrysoberyl in a group of zoned pegmatites are Precambrian age, con

forming to the foliation of the granite gneiss and the garnet-mica schist. 

The pegmatite belt is coextensive with the Precambrian gneiss, and both 

simple and zoned pegmatites occur for over 20 miles along the Virgin 

Mountain anticlinal core. However, only one area contains possibly 

commercial deposits of chrysoberyl and beryl. 

The deposits at Mica Notch were discovered in 1960 and con

sist of a large group of zoned pegmatites in a belt 6,000 feet by 600 

feet in which 12 separate deposits are found. Beal (1965) described the 

geology and presented figures on ore reserves available from the owners. 

They report 190,000 tons of 0.35 percent BeO. Experimental gravity 

floation tests show that a commercial chrysoberyl concentrate can be 

made, but recoveries must be very good and capital costs low to make 

the deposit economic. As compared with beryl, chrysoberyl is richer in 

BeO (19.8 vs. 14 percent) and heavier (3.6 vs. 2.7), making it a more 

likely candidate for economic concentration. 

Although individual pegmatites do not continue in depth, the 

continuity of the " swarm" with depth can be predicted with greater 
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certainty. On this basis, the 190,000-ton reserves can be increased by 

shallow exploration, using inexpensive air percussion drill techniques, 

such as downhole hammer drilling. Based on current prices for beryl, 

this mine could be operated economically with careful planning of min

ing method, high mill recovery, and appropriate plant cost. 

Another pegmatite group a few miles northeast contains some 

well-zoned mica-beryl-chrysoberyl pegmatites reported by Beal (1965) 

to contain several hundred thousand tons of material not exceeding 0.25 

percent BeO. 

Two tungsten prospects , also described by Beal, have had 

some production. The Walker prospect, about 8 miles south of Mesquite, 

produced 150 units of WO3 during the tungsten boom of the 1950's. Both 

prospects develop groups of quartz veins a few inches wide containing 

scheelite. Quartz veins parallel the foliation in the garnet-mica schist, 

similar to the pegmatites of the district. Although other deposits of this 

type may be found in this district, these are considered by me to be 

Precambrian deposits of minor importance. 

Some cassiterite has been recovered from panning north-flowing 

drainage from the Virgin Mountains. This mineral has not been found in 

place but may be an occasional accessory in either the pegmatites or 

tungsten deposits. 

Silver Reef Mining District. Utah 

The Silver Reef mining district is 17 miles northeast of St. 
I 

George, Utah. It has been described by Butler et al. (1920) and Proctor 

(1953). This is one of the few districts in the world known to contain 



commerical silver deposits in sandstone. An estimated $16 million has 

been produced from the Silver Reef sandstone member of the Triassic 

Chinle Formation. Silver production has predominated in this district, 

which was discovered first in 1869. The district has also produced 

smaller quantities of uranium, vanadium, copper, and gold. The de

posits have similarities to the red bed copper deposits of New Mexico 

and the sandstone urnaium deposits of the Chinle Formation of the 

Colorado Plateau. 

While employed as chief geologist of Western Gold and Uranium, 

Inc., I was engaged in the exploration of Silver Reef from 1954 to 1956. 

Based on this work, I (Wyman, 1970) published an opinion on the origin 

of the deposits which differed from that of Proctor (1953). 

Of particular importance to the present study are the structural 

controls of the Silver Reef district and the individual ore bodies. The 

north-plunging Leeds anticline, a "nose" on the Virgin anticline, is the 

principal locus for most of the ore bodies in the district. North-striking 

joint systems localized individual ore shoots. Metal zoning within ore 

bodies and within the district is related to these structures rather than 

to sedimentary features. 

Mineralized structures are found only at the northern end of 

the Virgin anticline, near the intersection of the Hurricane fault, a 

Wasatch line structure, and only north-striking structures are associ

ated with mineralization. The source of the metals is not known. Cir

culating ground water following the permeable areas of the Silver Reef 

sandstone could have introduced the metals from another source or 
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could have redistributed'arid concentrated metals from sedimentary as

sociations along the structural paths which became ore bodies. 

Stratabound Deposits 

Paleozoic Deposits 

Within the Lake Mead metallogenic and structural province, 

about 40 miles west of'the study area, the Goodsprings mining district 

has produced over $32 million in lead, zinc, and gold (Hewett, 1931). 

The location of the district along the Sevier orogenic belt is involved in 

a complex of thrust faults that led Albritton et al. (1954) to conclude that 

the principal ore controls were structural. The Goodsprings district was 

later shown to be a Walker line district (Jerome and Cook, 1967). 

Recent developments in geologic theory concerning bedded 

lead-zinc stratabound deposits resulted in publication of Genesis of 

Stratiform Lead-Zinc-Barite-Fluorite Deposits, a symposium volume 

edited by J. S. Brown (1967). 

It has been my observation that the Goodsprings district ore 

bodies fall within the criteria described by Hoagland (1971) for this type 

of deposit for the following reasons: 

1. Ninety-five percent of the ore deposits (Hewett, 1931) are 

found within the Yellow Pine Limestone and adjacent horizons 

of the Upper Devonian and Mississippian Monte Cristo forma

tion, underlying an unconformity. 

2. The stratigraphic range of 95 percent of the ore deposits is 

only 600 feet out of a total stratigraphic section of 6,000 feet 



of Paleozoic limestones and dolomites, although the areal ex

tent of deposition ranges for 20 miles north to south. 

3. All major ore bodies are found to conform to bedding. Cross-

cutting structures and brecciation have only local importance. 

Brecciation, where it exists, may also be mainly a sedimentary 

feature. 

4. Other minor districts in this metallogenic province display 

some metallization at a similar stratigraphic horizon, even 

though they have not had any commercial mines. In Clark 

County, Nevada, these are the Mount Charleston, Gass Peak, 

and Dike districts, lying just north of the study area. 

5. Goodsprings as well as minor districts falls along the trace of 

the hinge line separating shelf sedimentation from deep-seated 

sedimentation. This break is often the site of reef facies, 

which are believed to be responsible for ore localization in 

some cases. 

6. An unconformity and a thin sandstone bed overlie all ore bodies. 

This could be a paleoaquifer through which mineral-laden water 

moved, as was observed in eastern Tennessee by Hoagland 

(1971). 

7. The horizon of mineralization is coeval with the Antler orogeny 

of western Nevada, which may have provided a source for the 

metals. 

zinc ore 

Recognition of the possibility of undiscovered stratabound lead-

bodies and their relationship to both sedimentary facies and 
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regional structures will be important in selecting ore exploration targets 

and methods. 

Cenozoic Deposits 

Horse Spring Formation (Miocene). Minor uranium mineraliza

tion, principally autunite, is found in a sandstone member of the Horse 

Spring Formation at Gold Butte and at Overton, Nevada. Other penecon-

temporaneous economic deposits in the Horse Spring include borates, 

glauberite, gypsum, and other salines in White Basin west of Overton, 

Nevada. Large-tonnage deposits of impure magnesite are found in this 

formation at Overton and at Gold Butte (Longwell et al., 1965). 

Muddy Creek Formation (Pliocene). The sedimentary manga

nese deposits of the Las Vegas district, principally the Three Kids mine, 

and the Boulder City district are included here. None is related, except 

very incidentally to regional structure. These stratabound deposits have 

been locally important and have produced over $30 million in manganese. 

However, they are generally outside the scope of this paper. 

Placers 

Three of the districts described previously, Gold Butte, Lost 

Basin, and Gold Basin, have extensive placer gravels. Of these, the 

Lost Basin gravels have received the most interest and were the scene 

of extensive work in the past at the King Tut placer. Gold Butte placers 

(Fig. 15) contain several tens of millions of cubic yards of gravels from 

erosion of Gold Butte, much of which has been sampled and contains 

over $2/cu yd according to the owners. Platinum placers on the north 

drainage of the Bunkerville district received some attention during the 

depression of the 1930's. All of the placers lack water, which has con

tinued to be the biggest drawback to an economic operation. 



Figure 15. Dry Placers at Gold Butte, Nevada 

The typical coarse gravels, 20 to 50 feet deep, are also found 
in the Lost Basin and Gold Basin mining districts, Arizona 



CHAPTER 5 

EXPLORATION TARGET IDENTIFICATION 

Criteria for determining exploration targets are at the same 

time based on economic considerations, geology, and geophysics. 

These are interdependent, and any exploration program is necessarily 

limited by these factors. 

Economic Basis for Ore Search 

Identification of targets for exploration requires a prior judg

ment by the explorer as to the minimum ore body he is willing to accept 

and his maximum budget for exploration. 

Type of Target 

Exploration targets can be classified on an economic basis 

according to the type of mining activity anticipated, as shown below: 

1. Bulk mining. Large-tonnage, low-grade surface mining with 

low unit cost, high capital investment. An example would be a 

porphyry copper deposit or a low-grade disseminated gold de

posit. 

2. High-tonnage, medium-grade underground mining. Smaller 

gross tonnage, higher unit cost and unit profit per ton. Under

ground mines in veins or pipes, bedded replacements, strata-
l 

bound lead-zinc deposits, and the typical copper-nickel ore 

bodies of ultramafic association are in this class. 



3. Low-tonnage, high-grade underground mining. Typically, the 

narrow gold veins or high-grade copper ore bodies (over 10 per

cent Cu) are operated in this manner. Low capital cost is off

set by higher per ton cost, but the cost per pound of metal may 

be very competitive. Often these are small company operations 

4. Known large-tonnage reserves, not being mined because of 

economic factors, metallurgical problems, or operational prob

lems. Typical examples are the vast dry placers of the study 

area, the extensive low-grade magnesite or saline deposits, 

and low-grade manganese deposits. 

Of the targets, the first three classes fall within the scope of this study 

The fourth class is often sought for long-range investment by large com

panies but normally requires exploration only to delineate the extent of 

the deposit and is not considered here. 

Limiting Factors in Ore Search 

Exploration target generation requires prior evaluation of the 

chances for success of a given program. The probability of success of 

exploration programs has been examined by Bailly (1966), Peters (1970), 

and Lacy (1971), all of whom conclude that the chances for success on a 

given prospect are small but determinable. Reasonable exploration pro

grams must take into account the element of risk and apply this to the 

anticipated economic reward in order to keep expenditures within eco

nomic limits. 

Chances of success are weighted by the views of the explorer 

as to what he is trying to achieve. For this reason the probabilities of 



success, when expressed only as a ratio, are too subjective for use in 

exploration program design. In order to arrive at a more objective deter

mination of the probability of success in the Lake Mead metallogenic 

province, I have attempted to relate discovery and production data to 

the experience ratings reported by Lacy (1971) and Bailly (1966). 

Success vs. Risk-Reward Ratio. The chances of success on 

any given exploration venture are small, thus requiring a high ratio of 

reward to exploration cost. This ratio was expressed by Lacy (1971) in 

the formula: 

justifiable cost ($) = V2 value^of reward ($) # 

In this formula, risk is the inverse of the ratio of the chances of suc

cess. 

Peters (1970) further defined risk in relation to present value of 

expected profit less capital costs. This can then be converted into a 

minimum range of hypothetical ore target sizes that are necessary in 

planning the methods and cost of an exploration program. 

present value _ exploration limit. 
risk 

Success in an exploration program is defined here as a profit

able discovery within the exploration limit. 

The minimum economic ore body is assumed on the basis of an 

assumed risk rate, but there is no assurance that a body of any particu

lar size will result. Exploration for a minimum body of $100 million 

value may discover a profitable body of $10 million value, which should 
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VALUE OF PRODUCTION IN DOLLARS 
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be considered a success if, in fact, exploration costs have not exceeded 

the exploration limit for this value. 

A typical pattern for ore discoveries in a district or region 

shows a large number of small discoveries, compared to a small number 

of large discoveries. The pattern for the study area is shown in Figure 

16, along with the curves for the districts on the Wasatch and Walker 

lines. The value of gross production for 235 mining districts in Nevada 

shows a similar curve. It is assumed that if a curve could be constructed 

for net present value of all ore deposits when discovered, it would be 

similar in shape to these, though at lower values. 

The risk of failure is large on any exploration venture. Lacy 

(1971) gave three criteria, depending on the amount of geologic know

ledge: 

Chance of Success Geologic Definition 

1:6 to 1:10 Major mineral trend or intersection of trends 
with "ore-grade" mineralization and favorable 
host rock 

1:10 to 1:100 Major mineral trend or intersection, with 
possible ore intercepts and favorable host 
rock 

1:100 to 1:1000 Major trend covered by alluvium or volcanic 
rocks, mineralization scattered, host rock 
favorable 

Bailly (1966) gives data justifying comparable ratios, using 

specific examples. The ratios were developed by major corporations, 

so the measure of success must include deposits exceeding $10 million 

in value. 



The chance of success also depends on the amount of money 

spent in the effort to discover hidden deposits, as noted by Bailly (1966), 

up to a certain level, beyond which diminishing returns lead to ruin. It 

is also heavily dependent on technological development. The induced-

polarization method, for example, rapidly led to many new large dis

coveries. Any technological breakthrough that would allow rapid target 

definition by geophysical means at twice the depth of present methods 

would be equally dramatic. 

Definitions of chances of success as presently used in assign

ing risk ratios depend on two subjective estimates: 

1. A minimum level of interest, economic size assigned by the 

explorer. 

2. An experience rate based upon discovery of ore bodies of this 

minimum size. 

Inasmuch as what constitutes ore is constantly changing due to chang

ing world economics and technology, a better definition of exploration 

risk needs to be derived which will relate the chances of success to 

size of ore body. 

given by Bailly (1966), which show success ratios of 1:10 in government-

supported programs without reference to minimum levels of interest. 

A different view of exploration may be seen in the examples 

Program Investigations 

10,071 

Number of Mines 

Defense Minerals Exploration 
Administration 

U.S. Strategic Mineral 
Development Program 

3,888 

1,053 "some 
tonnage" 

374 "mines" 

U.S. Atomic Energy 
Commission 

7,000 643 "over 10,000 
tons" 



This figure of 1:10 appears to be a starting point for development of a 

formula for calculating a risk ratio at the minimum level of economic in

terest on prospects which are too risky to obtain private financing but 

which have some reasonable geologic chance, as determined by govern

ment geologists. 

A more accurate assessment of the risk ratio is especially im

portant in exploration of favorable zones in high-risk situations where 

the ore bodies of the future will be found—in particular, the third cate

gory of Lacy (1971). Most of the Lake Mead metallogenic province falls 

in this category. 

As an initial estimate a tenth of the acceptable geologic pros

pects will have some economic ore without regard to minimum level of 

interest. Thus the sum of risk ratios for Lacy's criterion 3 for each 

economic Level should total 1/10. 

On significant feature of the curves in Figure 16 is that for each 

increasing order of magnitude in value there is a decrease by a factor of 

3 in the number of ore deposits reported. This can be related to the ratio 

of one ore discovery in ten attempts. With four economic categories in 

decreasing order of magnitude, beginning at $10 million, if the sum of 

the risk ratios is 1/10, 

1 + 3 + 9 + 27 = 1 
x x x  x  1 0  

then the probability for success on a prospect (the inverse of the sum of 

risk ratios) is as follows: 

1:400 for a body worth>$10 million 

1:133 for a body worth $1 to $10 million 

1:100 for a body worth<$1 million 
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1:40 for a body worth $100,000 to $1 million 

1:30 for a body worth >$100,000 

1:15 for a body worth<$100,000 

1:10 for an economic body at some level of interest. 

Cost of exploration versus reward is normally tied to the risk 

ratio, as seen in the preceding section. Since the risk ratio varies 

with the minimum level of interest, the justifiable cost of exploration 

does likewise. 

Using Peter's (1970) formula, a body whose net present worth 

(NPV) is at least $100,000 at 1:10 chance of success justifies $10,000 

maximum exploration effort. With a goal of a target with NPV of $100 

million and with a chance for success of 1:400, the maximum allowable 

exploration cost is $100 million/400 = $250,000. The possibility of 

discovering a body that will return the investment in this case is ap

proximately 1:30. If the geologic data are favorable, risk rate is re

duced during the exploration phase, justifying a larger budget. 

Limiting Size of Target. In a regional exploration venture, the 

larger the target, the higher the exploration limit and the greater the 

potential reward. Even though the risk is very high, target recognition 

in the larger size range is easier than with numerous smaller bodies 

because the larger target must cover many acres. Smaller and shallower 

targets require more expensive detailed preliminary geological and geo

physical work for a smaller potential reward, and the justifiable cost is 

consequently smaller. A decrease in target size by a factor of 10 in

creases the chances of success by a factor no greater than 3, as shown 

in Figure 16. 
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As discussed previously, the chances for an economically suc

cessful program are enhanced if some discoveries are made at less than 

the assigned minimum level of interest. This allows for some delinea

tion of and exploration for lesser targets, each of which should stand 

on its own merits regarding geologic criteria and risk. If the prospect 

is deemed too small for development by the explorer, it should be sold 

or leased to a small company for terms commensurate with the risk, 

thus offsetting overall exploration cost and reducing the chances of 

failure. 

According to Bailly (1966), the chances of discovery of an ore 

body are 1:25 in any unexplored square mile in southern Arizona, 1:2500 

for a porphyry copper deposit. A comparison to the southern Arizona 

copper province cannot be made directly because there has been very 

little exploration in the study area using modern technological methods. 

However, to determine the applicability of these ratios, a comparison 

can be made on the number of mines per unit area: southern Arizona— 

1 per 25 square miles; study area—1 per 64 square miles. 

About 60 percent of the area of study is covered by alluvium, 

late volcanics, or the waters of Lake Mead, areas which have been ex

plored but little. These covered areas are associated with projected 

geologic trends at best; these cannot be explored with better assurance 

than 1:100 to 1:1000 (Lacy, 1971), and target definition must rely almost 

totally on geophysical data. 

\ Optimum value per dollar of exploration will be found in areas 

of outcrop that lack a cover of Quaternary volcanics or sediments. Out

crop areas have the added advantages of geologic definition and access 
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for geochemical exploration and mine examinations, thus greatly reduc

ing risk. In the study area, outcrop areas amount to approximately 3,400 

square miles. 

In the Bunkerville district, exploration for copper-nickel ore 

can be attempted with consideration of a minimum target based on dif

ferent criteria. An economic body of complex copper-nickel sulfide ore 

will require financing of a metallurgical plant to concentrate the ore. 

Concentrates would be shipped to Riddle, Oregon. 

Kingston et al. (1970) published in detail the estimated costs 

of production and plant construction for various rates of production, as

suming a 10-year life. They plotted revenue required per ton against pro

duction rates for underground or surface mining. At mining rates below 

200 TPD for underground or 2,000 TPD for surface mining, the curves 

show the unit cost rising steeply. Of 40 estimated nickel-copper bodies 

in the United States, Kingston et al. noted only 3 that could produce 

nickel at a profit with the present ($1.53) nickel price. None, however, 

contained ore as high in grade as the Key West ore body—2.5% Cu, 

1.9% Ni (Beal, 1965). Using the criterion of 200 TPD, a nickel-copper 

ore body of 500,000 tons minimum for underground mining must be de

veloped. This then is the minimum size of discovery that can be eco

nomically developed. 

If an anticipated ore body of this size were found to contain 

1.5% Cu and 1.5% Ni, an estimate of the net present value can be based 

on costs and recoveries given by Kingston et al.(1970), using current 

metal prices. This indicates a value of about $2.7 million at a discount 

rate of 15 percent per year. Because of the presence of ore at Key West, 
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the chance of success is estimated to be 1:6 to 1:10 for a major ore 

body, justifying an exploration program of $270,000 to $450,000. 

Iron deposits of Bull Valley and Mineral Mountain districts 

(Utah), being isolated and over 50 miles from a railroad, must be con

sidered as exploration targets with a minimum level of interest, depend

ing on grade of ore. For grades of 60% Fe, contracts can be made for 

sale abroad in blocks of 100,000 tons or more. Against this, the initial 

development cost must be considered. A deposit with less than 60% Fe 

would be of interest only to primary steel producers who mine their own 

ore, with a minimum economic size depending on competitive deposits 

which require less freight. I believe it unlikely that any deposit of less 

than one million tons of marketable ore in these districts would be of 

interest. 

Walker and Wasatch line districts have potential targets of 

ores of copper, silver, and gold. These normally are marketable at dif

ferent production rates, allowing for variations in risk according to tar

get size, as previously noted. 

Land Tenure. Within the study area, land status is of several 

types and jurisdictions, each of which requires a different approach to 

exploration (Fig. 7 and Table 2). As noted by Peters (1970), modern 

exploration requires examination of large areas containing several hun

dred possible targets, eliminating most, and testing only a few. This 

requires free access in the earliest stages, and any "bonus" paid for 

the privilege of exploration comes out of the maximum allowable cost for 

a prospect of the particular risk rate. Secure tenure for ultimate mining 

must be guaranteed before exploration dollars are spent. 
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Table 2. Land status in study area 

Land Status Area (in square miles) 

Lake Mead National Recreation Area 2,700 (229 under lake) 

Indian Reservations 65 

City of Boulder City, Nevada 36 

Private land, farms 55 

Private land, other 139 

State parks 110 

Military withdrawals 17 

U.S. Forest Service (Utah) 38 

Public domain (by difference) 5.330 

Total 8,500 

Within the Lake Mead National Recreation Area, leasing is pos

sible by application, except within sight of the lake or tourist facilities, 

under the terms of Title 43, Chapter 11, Subpart 3566, Code of Federal 

Regulations. However, land tenure under acceptable conditions for 

modern exploration programs is completely impossible in this area ac

cording to the act as amended because of the following terms: 

1. Terms of lease can be changed every 5 years (Sec. 3566.4). 

2. Competitive bidding is required if there is "competitive inter

est" or if the U.S. Geological Survey finds that the land con

tains a deposit in paying quantities (Sec. 3566.5). 



3. "The right is reserved to insert other terms in the lease when 

deemed necessary for the protection of the surface, its re

sources, and use for recreation" (quoted from Sec. 3566.4-4). 

4. Maximum lease is 640 acres. 

5. Application for lease, which must be made before prospecting 

is allowed, must state the contemplated investment and esti

mated daily mine output (Sec. 3132.2a(7)). 

6. An environmental impact statement is required (lease applica

tion form). 

Thus, the most modern geophysical methods, except airborne 

methods, are precluded from use in this area, and diamond drilling for 

exploration can only be done after approval of a detailed mining plan. 

Districts involved in the Lake Mead and Boulder City area re

strictions are principally the Alunite (about 90 percent), Eldorado Can

yon (30 percent), Black Range (50 percent), Lost Basin (30 percent), 

Bentley (25 percent), and Bonelli (100 percent). Ore target development 

within these districts will be considered later in this report on an in

dividual basis. 

Principal targets must be those available on the public domain, 

which today, 1974, is subject to location under the mining laws. About 

5,300 square miles is available, of which an estimated 2,200 square 

miles are in outcrop areas. 
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Geologic Basis for Ore Search 

Sevier Oroqenic Belt 

Stratabound Deposits. Stratabound lead and zinc deposits 

occur in Upper Devonian and Lower Mississippian carbonate sedimen

tary rocks along the hinge line bordering the eastern limit of the Paleo

zoic Cordilleran miogeosyncline. These were discussed in a previous 

section. 

Within the study area, a thick section of Paleozoic rocks in 

the upper plate of the Muddy Mountain thrust fault include the Muddy 

mountain range described by Longwell (1928). The range has been little 

prospected, and at present is accessible only by jeep trails. Geologic 

criteria on which exploration of these mountains should be based in

volve recognition of the favorable stratigraphic horizon, recognition of 

the related paleoaquifer (as noted at Goodsprings and in East Tennessee), 

and discovery of locations of breccia zones and other regions of secon

dary permeability in which ore bodies may be formed. Because of these 

multiple criteria, exploration of the area will require initial detailed 

structural and stratigraphic mapping, followed by geochemical sampling 

of outcrops in zones deemed favorable. 

Northeast Trend Deposits. In the Precambrian rocks of the 

Bunkerville mining district and Virgin Mountains, exploration may be 

done for any of the three types of ores found: nickel-copper, tungsten, 

and beryllium. 

Using past discoveries as a guide to the types of ore bodies to 

expect, the tungsten would appear of little interest. Discontinuous 
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narrow veins of a deep-seated type in the Precambrian rock will continue 

to attract the small prospector in time of high prices. 

Beryllium-bearing pegmatites have been shown to be only mar

ginally economic. Their frequency and distribution in these ranges are 

not expected to vary appreciably. Most exploration for pegmatites is 

accomplished by the individual prospector (Tyler, 1950), as sophisti

cated methods are not needed. 

Nickel-copper ores, such as those at the Key West and Great 

Eastern mines, should be subject to a greater exploration effort. Kings

ton et al. (1970) listed the reserves of domestic nickel deposits without 

listing this district, although there are known reserves in the district 

(see section on the Bunkerville mining district). 

In the Bunkerville district, as noted previously, a minimum ore 

body of interest would be 500,000 tons. The known deposits in this dis-

s trict are found in hornblendite dikes and other basic intrusions, of which 

the map by Beal (1965) shows several hundred in the district oriented 

along the Northeast trend. 

Current theories on ore genesis, as expressed by Stanton (1972), 

treat ores, particularly those of magmatic derivation, as a special type 

of rock. Based on this concept, the search for ore in the Bunkerville 

mining district and the Virgin Mountains can be accomplished by rapid 

geochemical evaluation of the mafic bodies in the district to determine 

which, if any, are related to ore bodies. 

Over 100 geochemical samples were collected from the mining 

districts of this study. Ten samples were from the Key West and 10 from 

the Great Eastern mine areas; these were equally divided between "ore" 
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and nearby mafic rocks. Atomic absorption analyses for copper, nickel, 

and chromium were run by Chemical and Mineralogical Service, Salt Lake 

City, Utah. Statistical comparisons were made on the CDC 6400 com

puter at the University of Nevada, Las Vegas, using program MULTIP 

(Koh, 1974). These comparisons are shown in Table 3. 

In all samples, whether in mineralized or unmineralized rock, 

there is a significant correlation between the copper + chromium versus 

nickel. However, the correlation between' copper and nickel is only 

significant in the Key West mine area or in ore samples. The ratio of 

copper to nickel in the Great Eastern mine rock is similar to the ratio in 

unmineralized rock within the district, but all rock samples in the Bun-

kerville district have a Cu-Ni ratio of three times that of samples of 

basic dikes at Gold Butte, 40 miles to the south, where economic 

copper-nickel mineralization is lacking. This finding may be useful in 

selecting potentially productive areas for exploration. 

Walker Line 

The Walker line, in addition to its structural function as a 

transcurrent fault, has been a locus for igneous and volcanic activity 

spatially related to ore deposits, as described by Albers and Kleinhampl 

(1968). 

A spatial relationship between volcanic centers and ore de

posits has been observed in many mining districts around the world. 

More recently, the development of mineralization on volcanic island 

arcs has gained attention as an effect of the New Global Tectonics 

(Sillitoe, 1972; Guild, 1972). 



Table 3. Copper-nickel geochemical relationships 

Analyses (mean ppm) Ratio Correlation 
Coefficient 

R2 
f.95 

(vi,v2) Sample Location Cu (Xi) Cr (X2) Ni CYl) Cu/Ni 

Correlation 
Coefficient 

R2 df 

f.95 
(vi,v2) F Test 

1 . Key West, 
all samples 

11,073 7,138 1.35 .931377 1,8 5.32 108.58 

2 . Bunkerville district, 
all ore samples 

11,511 8,106 1.42 .939064 1,8 5.32 123.28 . Bunkerville district, 
all ore samples 

(Cu+Cr)/Ni 

Multiple 
Correlation 
Coefficient 

R2 

3 . Key West vicinity, 
basic rocks 

386 157 656 0.83 .995569 2,5 5.79 224.70 

4 • Great Eastern, 
basic rocks 

395 542 1,112 0.84 .977598 2,7 4.74 43.64 

5 . Gold Butte, 
basic rocks 

43.5 427 293 1.64 .859212 2,7 4.74 21.36 

6 . All ore samples 11,511 625 8,106 1.52 .943044 2,7 4.74 57.95 

Regression 
Equations: 1. Yi = 1864 .9 + .4762Xi 4. Yi = 494.13 - 1. 844X1 + 2 .484X2 

2. Yi = 2923.17 + .45023X1 5. Yi = -56.00 + 1.014Xi +. 7140X2 

3. Yi = -259.9 + 1.159Xi + 2.985X2 6. Yi = 3965.07+ 4454XX - 1.5773X2 

Only significant correlations are shown; the closer R2 approaches 1.0, the more significant is the 
correlation. The larger the F test, the better the model. 
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As noted by Damon (1968), copper porphyry plutons are not 

randomly distributed in space and time, and there appears to be a ge

netic relationships between ore and igneous rock. Also, ore genesis 

must be restricted in time to the cooling period of the host porphyry 

(Damon and Mauger, 1966). The entire Basin and Range province pre

sents a problem of ore genesis as related to plate boundary theory 

(Scholz, Barazangi, and Sbar, 1971). Regular development of subduc-

tion zones and consequent orderly regional metallogenic zoning as ob

served in South America does not appear in the western United States. 

Atwater (1970) described the North American plate as overriding the East 

Pacific Rise, which Guild (1972) then mentioned as a possible source for 

the Basin and Range ore deposits. Mayo (1958) earlier noted that the 

alignment of major ore deposits involving Mineral Park and Bagdad 

(Walker line) extended southeastward to Pima and Silver Bell, Arizona, 

and Cananea, Mexico. 

Within the study area, the Alunite mining district contains at 

least three plutons of the late Miocene epoch: A dacite porphyry in the 

River Mountains (12.6 + 0.5 m.y.), quartz monzonite at Railroad Pass 

(13.8 + 0.6 m.y.), and quartz monzonite porphyry at Boulder City (13.8 

+ 0.6 m.y.) (Anderson et al., 1972). These lie along the Walker line, 

as interpreted in this study, but occupy the area of its structural inter

section with the Gold Butte fault as projected. The Gold Butte fault was 

active during a period of time which included the intrusive activity at 

Boulder City, and thus the intrusions and related gold and copper min

eralization have inferred genetic relationships to this structural inter

section. 



A number of samples were collected for geochemical analyses 

from the weathered outcrops of the strongly altered area on Fortification 

Butte. These were analyzed for copper, molybdenum, zinc, iron, anti

mony, mercury, gold, and silver by atomic absorption at Rocky Moun

tain Geochemical Corporation, Midvale, Utah, with the object of 

determining interrelationships and also possible "pathfinders." Analy

ses for antimony, gold, and silver were of no assistance because the 

values were usually below the limit of detection. The analyses of the 

other five elements were compared in different ways by use of the com

puter program MULTIP (Koh, 1974), with the following results: 

Multiple 
Correlation Level of 

Correlation Coefficient R2 df F Test Confidence 

Mo-Fe .859224 9 48.836 .9995+ (good) 

Cu, Mo,Zn-Fe .979664 9 96.253 .9999+ (good) 

Hg-Fe .336245 7 3.039 .86+ (poor) 

There were no other significant correlations. Note that the closer R2 

approaches 1 the stronger the correlation in comparison. 

The strong correlation of base metals to iron appears to reflect 

the original presence of base-metal sulfides. 

Southward in the northern Black Range mining district, Arizona, 

the Wilson Ridge pluton, granite and quartz monzonite with age dates of 

15.1+0.6 m.y. and 13.6+ m.y., attests to additional igneous activity 

along the Walker line during this period. Northwesterly striking chryso-

colla veins cut the western margin of these intrusions. 
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Several mines along the Black Range show close linearity to the 

Walker line as at the Golden Door mine (N. 20° W.), but individual 

mineralized bodies at the Pope, Gold Bug, and Mocking Bird mines 

strike N. 25°-40° E., an angle of 45°-60° to the strike of Walker line 

structures. The repeated tendency for mineralized bodies to lie in north

easterly striking bodies along the northwesterly striking Walker line fits 

the pattern of a northeast-southwest horizontal compressional stress 

(Fig. 6). This must have been the major stress direction during the time 

of ore emplacement. 

Mineralization in the Black Range district is in each case ob

served by me to be gold and copper. Copper minerals seen in vein out

crops and mine dumps are copper oxides, silicates, and carbonates, 

always present in minor amounts. Assays of my samples taken from the 

Mocking Bird mine, a past producer of gold, were run at the Rocky 

Mountain Geochemical Company and were as follows: 

oz Au/ton oz Aq/ton % Cu 

Mocking Bird mine ore in place 0.71 4.96 0.21 

25,000 tons mill tailings 0.13 0.46 0.26 

Only one Tertiary intrusion is known in the Black Range district 

south of Wilson Ridge, but the large amount of volcanic rock can easily 

conceal additional centers. 

In the Eldorado Canyon mining district (Fig. 7), east-west 

structures again are the dominant mineralized group within and parallel 

to the east-west elongate quartz monzonite stock. However, 
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northwesterly striking Walker line structures, usually unmineralized, 

dominate the structural pattern of the rock units in the district. 

The Eldorado Canyon district exhibits a zoning pattern, with a 

copper deposit in the center of the quartz monzonite stock, economic 

silver-gold mines in close proximity to the stock, and shallow-seated 

pockets of "bonanza" gold at a distance of two or three miles in the 

Knob Hill and Capital Camp areas. 

In previous sections on individual districts, the geological 

relationship of ore deposits to these structures on the Walker line is 

shown in all of the districts described. 

Wasatch Line 

Association of ore deposits to Laramide and Tertiary igneous 

centers is described by Albers and Kleinhampl (1968) and by Damon 

(1968). Damon also noted that the igneous rocks of Arizona have a 

Gaussian distribution of ages, with peaks at 27.5 and 65 m.y. In the 

study area, igneous rocks are predominantly more recent (Table 1), cen

tered at 14 m.y. on Walker line-related intrusive and volcanic rocks, 

but the 27.5 m.y. group is represented on the Wasatch line at Bull 

Valley and Mineral Mountain. This age is similar to those of the por

phyry copper mineralization near Milford, Utah (Lemmon, Silberman, 

and Kistier, 1973). 

In the northeastern part of the study area, the Precambrian 

northeast trend exerts great influence on later structures and is prob

ably responsible for the ambiguous structural relationships in the Bull 

Valley, Goldstrike, Mineral Mountain, and Silver Reef mining districts. 
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The intersections of major Wasatch linears with those of the Precambrian 

trend have been the locus for these ore districts. 

The axis of the Bunkerville-Virgin Mountain-Virgin anticline 

is a major factor in the Northeast trend, described previously. This 

structure crosses structures of the Wasatch line east of the Virgin Moun

tains and south of the Virgin River in Arizona. In this area, comprising 

about 50 square miles, a possible major ore district may lie undis

covered. 

The importance of structural intersections for ore localization 

is time dependent in that the intersection must have existed at a time 

when ore mineralization was taking place. Faulting of the main Wasatch 

line structures began during Laramide time, according to Lovejoy (1964), 

and continued to the present. Thus, these structures may have been 

available during any of the three main periods of mineralization associ

ated with igneous activity. Some of the igneous intrusive rocks in re

mote parts of the area have not been age dated, but it is probable that 

the pattern will remain the same. 

Exploration for gold in the Bonelli mining district, based on 

local thrust faulting parallel to the Sevier orogenic belt and igneous 

contact relationship, is warranted on the basis of ore-grade samples I 

took at the Lake shore mine. 

In the Lost Basin district, there is no apparent structural tar

get and no known intrusions of Laramide or later age. Targets based on 

geochemical anomalies were described by Mallory (1972), but I did not 

discover any structural targets or significant igneous associations in 

the district. 
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The Gold Basin district covers the area in which the Grand 

Wash fault either intersects the Walker line or changes in strike abrupt

ly to the southeast. This is part of the main area of possible intersec

tion of the Wasatch line system with Walker line structures. 

Mineralization in the Gold Basin district is also significantly 

different than elsewhere along the Wasatch line. Molybdenum and cop

per in association with gold, silver, and lead indicate proximity to 

channels of mineralization that may have formed economic ore bodies 

that remain concealed. The southern part of the district, in particular, 

including areas under alluvial cover, may contain ore deposits of sig

nificance . 

Correlation of Regional Geophysical Data 

Seismic Surveys 

The results of various seismic surveys in the Lake Mead region 

have been described by Sbar et al. (1972), Noble (1970), Diment, 

Stewart, and Roller (1961), Roller (1964), and Wollard (1959). Conclu

sions based on_iegional data are generally supportive of the structural 

geology as described in this study and are shown in Figure 17 (in pocket). 

Diment et al. (1961) interpreted the results of seismic waves 

generated both by high explosives and nuclear tests at the Nevada Test 

Site recorded on an array of 25 seismic stations. Detail of the line from 

Las Vegas, Nevada, to Kingman, Arizona, is provided. This approxi

mates the trace of the Walker line. They reported results to be anoma

lous in that the Hi layer is thin (28 km average) and the H2 layer has a 



lower Pn velocity than expected (7.2 to 7.8 km/sec instead of 8.0 to 

8.2 km/sec). 

Noble (1970) published a map showing the Pn velocity in the 

upper mantle in the southwestern United States on a regional basis. 

Velocities above 8.0 km/sec are shown in the southeastern Arizona cop

per province and under the Colorado Plateau. In an earlier paper by 

Pakiser (1963), the 8 km/sec Pn velocity contour is shown to follow 

the Colorado Plateau boundary closely. 

An area of anomalous crustal thickness of less than 30 km ap

proximates the general area of the Basin and Range structural province 

in southern Nevada and Arizona. Roller (1964) noted a sharp line of de

marcation in crustal thickness following the Las Vegas shear zone in 

which the thickness drops from 32 km on the north to 27 km on the south 

over a horizontal distance of only 25 km. He interpreted this to mean 

that this is a major fracture zone extending to the Mohorovicic dis

continuity. This observation tends to confirm my conclusion that the 

Las Vegas shear zone has a large vertical component, down on the north, 

in contrast to the strike-slip movement previously reported by Longwell 

(1960). 

Gravity Surveys 

Regional gravity observations were combined with the seismic 

data presented by Diment et al. (1961) and interpreted by Roller (1964). 

Generalized Bouguer anomaly contours are shown on Figure 17. These 

show a relatively higher Bouguer anomaly over the Precambrian areas of 

the Gold Butte and Black Range districts and the general area south of 



the Sevier orogenic belt. These are corrleated by Roller with areas of 

thinner crust. Areas of relatively lower gravity are associated with the 

Colorado Plateau and with thick geosynclinal sedimentary rocks north of 

the study area. 

The form of the -90-mgal contour in the area reflects a paral

lelism to Wasatch line normal faults. The embayment in the -90- and 

-100-mgal contours closely reflects the Gold Butte fault. The Walker 

line does not appear to be a gravity contrast, but the assumed trans-

current nature of the fault movement would be unlikely to be reflected in 

crustal thickness or density. 

Prodehl (1970) disagreed on the correspondence between low 

gravity and thick crust in the Basin and Range province. He described 

low gravity readings as being caused by lower density in the upper 

mantle, which corresponds to a region of low Pn velocity in the upper 

mantle and high heat flow (over 2 HFU). Attempts to correlate low Pn 

velocity, high heat flow, and thin crust were made on a regional basis 

by Noble (1970), who concluded that there is no general relationship. 

It seems probable to me that any observable heat-flow pattern must be 

too closely associated with modern tectonism and volcanism, a pattern 

totally different from that which existed during some previous metallo-

genic epoch. 

Fairly good correspondence in this area between gravity pat

terns and regional structure is valuable in verifying structural interpre

tations in areas covered by water or basin gravels. 
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Magnetic Surveys 

An aerial magnetic survey of most of the Lake Mead metallo-

genic province was completed recently by the U.S. Geological Survey 

(1972), the results of which are available on a map at a scale of 

1:62,500. Some of the information gained from this map is as follows: 

1. Positive anomalies of 300 to 500 gammas are found over most 

of the areas of Precambrian garnet gneiss, while valley fills 

and Paleozoic sedimentary rocks appear with very little mag

netic relief. 

2. Although the survey included the heavily mineralized Wallapai 

mining district south of the study area, the survey data did not 

indicate any anomalous effects from the district as a whole or 

from the two large Laramide quartz monzonite stocks contain

ing disseminated copper-molybdenum deposits. 

3. A magnetic low was indicated following the northeasterly trace 

of the Gold Butte fault, but no other structural alignments are 

seen in the magnetic pattern, except a suggested parallelism 

of contours to the Wasatch line south of the Colorado River. 

Individual maps of surface electromagnetic surveys are avail

able to me of part of the Bunkerville mining district (Vidler, 1960). Mag

netic traverses by the Nevada Bureau of Mines (Beal, 1965) partially 

verified the earlier findings by the Horseshoe Mining Company of seven 

distinct anomalies, most of which are related to geologic features 

aligned with the Precambrian complex along the Northeast trend. From 

the work done by the Nevada Bureau of Mines, it appears that there is a 
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close relationship of magnetic anomalies to amphibolite dike outcrops, 

especially on the claims northeast of the Key West mine, where a strong 

electromagnetic anomaly also follows the granodiorite-amphibolite con

tact for over 5,000 feet. 

Maps from a private aeromagnetic survey of the Eldorado Can

yon district (Wyman, 1970b) were also available. These showed a cor

relation between magnetic highs and Precambrian outcrops, with elongate 

northwest-trending lows along some normal faults. A portion of the 

quartz monzonite stock shows a low of 200 gammas surrounded by several 

small highs. This area coincided with the copper mineralization in Copper 

Canyon, half a mile south of the town of Nelson. 

Published regional magnetic surveys appear to add little direct 

information to the search for ore deposits in the area. Two anomalous 

areas in the Eldorado and Bunkerville districts are described where de

tailed magnetic surveys may be of some value when combined with other 

methods of exploration. 

Selection of Targets on Basis 
of Limiting Factors 

South of the study area, mineralization along the Walker line 

is closely related to classical Laramide igneous activity (Damon, 1968). 

Within the study area, the development of metallic ore bodies corre

sponds to the late Miocene epoch, 12 to 15 m.y.b.p., and no clearly 

recognized Laramide intrusions are present. 

I Ore emplacement on the Walker line took place predominantly 

in northeast-striking vein structures within districts whose basic struc

tural trend is northwest. 
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Selection of areas for detailed exploration programs along the 

Walker line can be guided by these relationships. Areas of northeast-

trending structures, especially within or adjacent to late Miocene in

trusions, are areas to be selected for specific study and geophysical 

and geochemical sampling. Principal districts with these conditions are 

the Alunite and Eldorado Canyon districts. The limiting factor here is 

the operating constraints imposed on the Lake Mead National Recreation 

Area, within which several such targets are found. These constraints 

were previously described. 

A center of mineralization near the Mocking Bird mine is on the 

Walker line but away from known intrusions of Laramide or Miocene age. 

Numerous northeast-striking veins have been prospected for copper and 

gold over a two-square-mile area. Most of the area is open public 

domain. The presence of ore-grade material in this structural setting 

indicates, according to Lacy (1971), chances of success for a major 

discovery in the order of magnitude of 1:10 to 1:100. 

Exploration targets previously described along the Wasatch line 

are subject to greater risks. The targets in the Gold Basin district are 

largely concealed by pediment gravels, decreasing the chance of suc

cess and the justifiable exploration budget to Lacy's third category. 

The prospect of a new area being developed in the Virgin Mountains-

Wasatch intersection suffers from lack of past surface discoveries. 

However, the potential reward in both areas is so great that the 1:100 

to 1:1000 chance of success easily justifies an initial budget of 

$100,000. 
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In the Bonelli mining district, exploration will be strictly 

limited by the Lake Mead regulations, which all but prohibit exploration 

or mining. However, the economic reward at the gold price prevailing 

today justifies exploration of the Lake shore-Union area by geochemical 

methods. 

Exploration of the Precambrian Northeast trend and the Sevier 

orogenic belt will be on public domain. The search for stratabound lead-

zinc deposits in the Muddy Mountains appears to be of lower priority, 

based on lack of previously observed mineralization, little known geo

logic controls, and limited size of target. Exploration for nickel-copper-

platinum bodies, because of better exploration odds and indication of 

successful geophysical-geochemical applications, warrants a substan

tial exploration effort. 

In the balance of the study area, the small size of expected 

targets combine with lack of target definition limits any justifiable ex

ploration activities to regional reconnaissance. 



CHAPTER 6 

CONCLUSIONS 

The relationship between previously mined ore bodies and re

gional geologic structure has been shown on a district basis for each 

major structural lineament in order to establish the geologic basis for 

discovery of new ore bodies. Targets areas of favorable geologic struc

ture and mineralization have been described. These are limited by eco

nomic factors to areas of justifiable expenditure of exploration funds 

with reasonable chances of success. 

Of the two periods of ore mineralization recognized to the south 

of the study area, only one (20-28 m.y.) is recognized in the Lake Mead 

metallogenic province. However, the late Miocene epoch (12-15 m.y.) 

has been important along the Walker line. 

The lineation of ore districts of equivalent ages corresponding 

to major crustal lineaments previous described is reflected in the geo

logic structure of ore districts in the study area. Regional stress pat

terns during metallogenic epochs as related to the major structures are 

shown in Figure 6. 

On the basis of structural and geophysical evidence, the Las 

Vegas shear zone (Longwell, 1960) is here shown to be principally a 

normal fault, following a hinge of sedimentation, as shown by strati-

graphic evidence. Left-lateral movement on the Gold Butte fault is 

shown to be a transform fault due to crustal distension to the north. 
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This fault may have acted as a conjugate shear to the Walker line move

ment during late Miocene time when intrusion of quartz monzonite stocks 

and mineralization took place at their intersection in the Alunite and 

northern Black Range districts. 

The Wasatch-Jerome orogen of Eardley (1951) and Schmitt 

(1966) is shown to represent structures of separate and apparently un

related types and ages. These lack any unifying geologic features and 

are not believed to represent an important ore guide. 

No evidence of any type was found to sustain or defeat specu

lation by others concerning the relationship of Basin and Range tectonics 

and the plate tectonic theory (Atwater, 1970) Efforts by others (Guilbert, 

1971) to relate ore deposition directly to plate movements is noted, but 

no evidence for this was developed in this area. 

The demonstration here that lead-zinc ores at Goodsprings are 

typical stratabound deposits greatly increases the possibility of finding 

similar deposits in similar geologic settings. 

The exploration targets indicated in each of the following areas 

on the basis of tectonics, igneous activity, mineralization, economic 

factors, and land status are: 

1. Alunite district—northwestern section. 

2. Eldorado Canyon district—western and northern portion. 

3. Black Range district—Mocking Bird area. 

4. Gold Basin district—south of Cyclopic. 

5. Bonelli district—Lake shore-Union mine area. 

6. Unnamed district—North Virgin Mountains. 

7. Unnamed district—Muddy Mountains. 



8. Bunkerville district—all Precambrian areas. 

These targets are shown in Figure 7 and on Table 4. All described ex

ploration targets are of sufficient size and carry a sufficient chance of 

success to warrant the detailed comprehensive exploration design re

quired on a local basis. 

A refinement of the currently accepted method of determining 

the chances of success of a project is presented for evaluating the 

economics of each exploration program. 



Table 4. Exploration targets 

Location 
of Target 

Geologic 
Age 

Type of 
Ore 

Area of 
Interest 
(sq mi) 

Potential 
Maximum 

Value 
($ million) 

Probability Justifiable 
of Success Budget Limit 

Alunite 

Black Range 

Bonelli 

Bunkerville 

Eldorado 
Canyon 

Muddy 
Mountains 

N. Virgin 
Mountains 

12-15 m.y. 

12-15 m.y. 

(?) 

Precambrian 

12-15 m.y. 

Gold Basin 12-15 m.y. 

Mississip-
pian 

Au-Cu 

Cu-Au 

Au 

Cu-Ni-Pt 

Cu-Ag-Au 

Cu 

Pb-Zn 

20-30 m.y. Cu-Au-Ag 

4 

4 

2 

15 

15 

30 

30 

36 

$ 10 

$ 100 

a 10 

3 

100 

1 , 0 0 0  

50 

1 , 0 0 0  

100 

100 

10 

6 

100 

1:1000 

1:500 

1:1000 

$  100 ,000  

1 , 0 0 0 , 0 0 0  

1 , 0 0 0 , 0 0 0  

500,000 

1 , 0 0 0 , 0 0 0  

1 ,000 ,000  

1 0 0 , 0 0 0  

1 , 0 0 0 , 0 0 0  

a. Value discounted due to location in Lake Mead Recreation Area 
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£fwvc/''itî  f9ŝ ;:;:,n. , n. . :  .v, CT^ 
^ i, LAKE fith\D NATIONAL U '•-' / ' > BASIN ' 

REGRE^l-l/DNAL AREA ]/ / ' r ~DfSTRlCT 
- •?' J-')' ' 

" D 1 A W / 

E S E R"V|A T I p M \l a E S 

/r.i'A v 

W ! '  

i •-• 

m ./'"i 
VI, ^ 

A ;v/' \ 

V • 
" '•{ GOlOfN'ffUA7»f AK 

1 
vif \.v r A 

I ..•• .1 ' K^ng Tul Mine 
rr«' 
CT> i 

t" > I 

"AICA 

'v f 

:• ; J /N 'Ai^; 
! - i ( ^ '^ss^.' "V.. 

,'j^\ 

\ 

- lv' 
-

S£NMrOft'/U7N i V,A ' '5 W, • V-' ;° 
Kl 

} 1' .-•'' : 

-: ; 

v- v. yr ; 

~ ' '-•--yi * :-2 

Gb'LD BASIN' \ ^ '"^ 

Aw^^Jv^tac 

'7 ' " 

DISTRICT 

OK MlifS 

v.. 
Jfiutrt MiVj 

,-yr; 

Raft^lt 

X 

.C " '.. 
r fianfb • 

^CY0L°P,C \ i 

fovAAvr 5^ 

•'V'j^'^,j:-'A 

:-- t 

' ^ "A- • 

' in--. A A,A, AA-



"  A _ . .  

" ' """ ' ^ 
- • 

-ifSWrnr j. •... V-"i'v 
\ ...: . s<i J \ .-• •' '• ^ s™ N 

\"  •<^r -X^X  
\ :h ikrS\ 

tank 
°n. on 

W'lHutf . ' 

I, 

>•liurkht 
•S/'j />h; 

( (?' : • ...-,_ can ww 

} »Kanch 

\ j I .̂'fiartch 
i \" t 33 

R.m' i| • /_ -j 

£ 
•i <tUAP. 

\ \G?/ ''"l-O / 
t 12 n\ . r 

^ •' ' y^6" .-:c*ny*." 

-^ch ('••? f) \ i ,S W.v »—* r*'j? ffrrw. 
•; I-iihe Mead 

>\r 
y»{ "Sfir.lr'jf'M 

CJ ^ 
••'-'«• J' ' Vj.QQO U "  ( N \  ?>S/--i'li , 

v. A.'" 
^ .T.;> |A K E 

r*umbe' 
PM* Ftfry 

M\V V/V 

^ -• '<?•/ I 

I h m  
; - ''/:N a':t r'o N;.A L'- ^ i - > 

•,.•••-4.. -trg- t'> I•• ^ 

}>N D I A N 

R~V|A T 1 'p' m\L '.:„r.^ 

? tm: rm 
< C0̂ e i/W \ 

,1/ rv-itA r V./ . WW WII 

:,(̂ S $J 

Ll#.P t iT. 3'wi 

' (If. -i4 
• \ . ///fe' % 

U A L  P  A p J  

-. «v>-> V^v-^/ 
>x : t/'-JJ 

i f 

' 

a'"4 ••.d- ' , • yar 

: '• '.r-cv^-tr ^-?¥s-'-'C$ • -v^r„ J; 

**w rtyb /̂w. 



Ucijr ()u!<.-Ti.Hi S'li'v . 

^LUiNtl•Boyre-i-.- I—^T,r-vo 

QLBoulcJt.-Cit vr.' 
~2St^90ULDERv -j -.' 

/"•••h...,.-. CITY I h \ ' M-- \ I .>• .. \N f i ,.f\ "s-li 

UL 

• ( C.-v • v~.f^x •" •* V"- •• •*' 

I IAK£,M£AD flATIONAl> 
4  R i q p t . A R E A  V l ? ' ; ^  

CO. v. u . • > 
p / 

J( 
- v1 

./ BLACK : 
runJOP £ •!> 

MV'SA^ ..7 ' i 
> RANGE 

\_y 

clSSF . =•: " I-
^ ELDORADO 

CANYON 

w t-^ I 

"IV 

A. f •. . ) 
.. Ol C 4. 

/ I j ° I . ^ . UMIM T UIN ;V ' I • 

' « \ i.A' "• « v o 

:?' 5^1, 

( ^\; I it /••<0."r"n 'I 
* I'"- ^ 

>.t -I I 

O 

* KNOB djflLL / C APITOL 
: : { , < -  > v -  -  > C A M P  

V • -• V ' ! • L. 
'•'7 1. 

I ! 

* -
** c . O  '  0 "S • < I • ^ 

-y O » . \ tTfj 
< 

•: 

H tj 5 

•r 
i?s: * f 

COP«* 
MOt/NM/N 

_-;OPAl MOON AJN 
J V 

00 DISTRICT 
^ !• • .•• • 

^ >* • •-* '. • .'|Vr-C ••"•".• •• 
:"^o ° ••;.; i ' • 

7^ . cO - - % L.y ' 

•^5 ' 1 ' / •' 
vo. . j , J r > <  / 
/ • ' '•• ii ' •• I' • rMuxe/,,^ ., ! I J >-"' 
V;; j --.^v-

>4 ! . H , '. -h. 

locking 
p jBIRD 

I—j 
Ir ? r 

I i-"i 

/ i. V r< 

% v 
\\ ,. 1 

nH , t 
•.k s" 

«.'/• V K L 
4> Ranch' 

., \.J f ' ; ^ACJT tt'c^L/NrAlj, - \ 
„ .' rw;£.n' LrfJyj.:# \ 

... -V -

£. MOUhfTDAWS' 
-j 

.1 

vc^ ;i -—-
•A V 

\ ^ Seafchhjjht Ferry f-
\ {660/ 

, I' V, 
W • ,' . v' AitOJW a 
.< Pf«%s '-
t 

• c. • ! ' D 
ANj". ••."•' Cr 

i. 

L 

1* 
..•XX. 

\ I 

' '-t' s 
1 . v' . I? Mlmnke 
( •  > • ;  / v  -  ^  
v ^ ' •• >• v ' 

<> \ 

: tl'-

L. ._ 
|4i S«j)c»lighl 

•- ' fir- teios) ,, 

' ' ) kx r 

o-vake mead national i 

" ' rec^eaticvial area 
\ .. i 



£prosp£&t J ^'\/\ ,-b \fi> 
M ( "Uk/ir" 

j . <; I j^dwyr \V* UT vV t̂SON 

i v> ti % ,--<r ;, 
I C- • ^ 
j LAKE MEAD NATIONAL 
;:; resrh^|0^al:area' 

•• .. v • 'v\%' v" 
..,ys» • .<(> 

\N--" / v. ' O\ 

vJSI 
£*•  

^ v-yi 
-f rJ ' *W 

•J 

—fev—oi'l / . !'XX<^X-x 
. ' rJ'/|.. f? v> • •' 

('•• V7'." j '(' L LAKCWEADf 
' ?V. £. R^cRE^ripN 

rn 

?/ 

\ 

v. 

cN ^ • v 
! / - 0-! ,> 
i/soww /»6AK'1-r ' .?:'<*> v 

i : 

•\ Grff-jt 

"~T 

J BLACK 
tlatrop 

RrtNGE 
"2' > / " , 

• . \ \ • ty / j • 

;s? / ^ ;•'• 

< DO 

rgicf-M / ^ 
A 

L, 
Capitol 
l camp ' -H 

HILLS' 
itytfti- Hdis lH'STRICT 

L - ± ' ]  i 
I r J 

j,:_0?Al MOVN 

l.J ;•) 

\ < 

AIM 
V 

1. 
/ 1 s . 

! ,r /  ̂  ̂ ^As:~ •—" i yV" -\L 

jttAcir xiauNtAty ~ \ v 
^ C.'l'"wdLc? l.dfyj.;.v» 

/ *. mount Davis { 

•4 
j -;i 

vO w v -j •*,. 

\ *+» Searchlight fetry 
\ f6dOy ' 

DISTRICT 

. \\ V> r v l? - (•!**' WHITE C. Cvn,i\y.l 

t;r-rV 

Locking 
' b i r d  

:-p 

•J re«WNsv^ss^', , -i i o 
v' " ••y 

? • • \ ' 

R 20 w ,.| 

- , ; -U' Q 
' • i Ws>f a*: 

• • " ""/•• ' "'s 
•. " f • . V .-

\ '&ai^3x^6tp1 

Di$ 
.^1, ,/•-": : i, 'U . l* rJ' •-• '• ; u }. 

^ Oft ^ 

r?v.v 

j 3: 
/" M/ Jtasis a4 

' J 0(j 

! van 

z / / "Coirat r^J 

j . ;
t.'' 

,i / / tnii^ ...rp9^ 
-•-Li/ 

li ! I c; -
.a }™M--r-i 7 . -
4 V i. j -.r 

Lii—-l— 

furkeyfrack ^ ,p
;
f>v 

r. ^ 
^ Ra~nci;-t: : ^4 

/ ":̂  

,,H «J 

\ I 
L. _ 

n.-v .:.S.: m... 
1. ' f , 
- •• > .4 

1 I ' 
( I •«< 1 i •* u • \.o / „ 

t _.[-$• \ ' j . 1 ^ -'•• 'goual 

(O! IAKE MEAC^ NATIONAL i \ \ ° ' 

-xr^'^ 1 RECft?EATlOiSAL AREA ~j 

• •••- p, 

\ '•' i /?T, Corul X
v • I V> 

\ \ . .  ?  
1 



''Ti' t-AKE fiT^AO NATIONAL U .• / ! ' <, BASIN J 'il 
'f^'REC RE^" l^b'N A L AR E A 7 if ' . <"*" D ISX RIC T V 

/ . / s  1  •  

r* ./ 

•A' t6xi-yT?-'%U"'J «->•/ 
•J • ' ' • j . GOlOfff'suji^MK 

,"35W .' 
•.:•••'-1- >x 

v> 

'\ • scvJkiofttw- y£:i-v> ' 
. ; \ us^„; . 

' "t .. j-V' Gf rLD BASlNi  \  

DISTRICTS 

.••'j : 

v" RjfiXtj 'v^ • 

TRICT 

X - ' .  

J * 
\> r- w 

/ •  pr~wao-—y ^ 
U'.4 -o-

ft: i' •:• 
/ 'Carmt,, 

/ Millet Raota *S 
I i [. ! 

MetE^ 
mrtAi/? 

;/ «-7»; • lO" \ 

'••> f i& r^. 
K^ng Tut Mine ^ 

ir r h 
: - X; Sabiirv^ 

&o.v^W( 
/ i-/ 

• ..-Cr'* * 
^  *\-V 

VL ;? 

X ' (.''iffili; 

M. /."//> /. | A/. 

" S ' 

T 26 h 

{Burnt MiU Rartfh J '^/•cSk.'r 
1  V  " ? n  

E> (••'"' ' ' . V' <- ^ L;< '-
- J •/! ' ^ 0^ wif« ' 

' • ' 7  • '  • " • j  • ;  

* /̂ ?,C ;  ̂

MINING DISTF 

MINES 

V . ^>1 
X, ; •>; 

>X 
7 \ 

W3 

.. £ L 

/ H/1 i T •, i 1 j 'c° - . \ 
fHT]  >X|X 
-_T±rj'' 

EXPLORATION 
/  •  ALL 

2- BL/s 

3-BOI^  

4 -BUN 

u^He^Ifaek 
Ranch,*' , 

.'.(« hj'vIV 

^-•••) ,• 

"W 

I'yuer y^ton 
•'Tirjjx'hown't 

/^T*; /Corral " '.V ' h. '>5*? ^ i-
r^Cwtn'tijy.^yy, •-^Vt 4-^ 

»' •••• v. • <  

DismicT 
b. /' ^ ; L-Z.'^v 'ip'- -v\ * x-

?"•,:. ggszirp̂ X • •jswf-'fc'-; -, • 
c-^-p 

vV. 
TARGET /  

^rr-

^  V  1 . /  
?^yCMil_Dul|^ Rad< 

ks r  ̂ /; . 

RICHARD V.  WYMAN GEOLOGICAL ENGINEERING 



Lorr iMi/LlTf . vicvv^o^Nr 

..- - V*-twill' 

Di7fi^^j3Jf«n3rKi 

l's:'- s' 
•.'<?.v 1 

yty^ics.swr 
>ar> 

%••: tpf2»s: 

.  ̂ ]( Jk̂ ~y.-£••>->•• 
4tmM. 

LEGEND 

/ 

MINING DISTRICTS (Underscored) 

MINES x AZURE RIDGE 

WITHDRAWALS, ALL TYPES 

PRIVATE LANDS 

EXPLORATION TARGETS 
/ • ALUNITE 

h < 

;, 

'{jr— 

5-ELDORADO CANYON 

2- BLACK RANGE 6-GOLD BASIN 
7-MUDDY MOUNTAINS 

S-NORTH VIRGIN MOUNTAINS 

J-BONELLI 

4-BUNKERVILLE 

/ 

TARGET AREAS » 

i. / 

^ /U.J 

J 

\ il 

JAN GEOLOGICAL ENGINEERING PhD DISSERTATION 1974 



FIGURE 17 

REGIONAL GEOPH 
LAKE MEAD METAL 

r i c h a r d  v .  

1974  

U.S.A.M.S. TOPO BASE 

5 0 5 



FIGURE 17 

\L GEOPHYSICAL DATA 
a 

MEAD METALLOGENIC PROVINCE 

r i c h a r d  v .  w y m a n  

1974  

U.S.A.M.S. TOPO BASE MAP 1-250,000 

5 0 5 10 
—•—wS 
MILES 

MO) 



CAL DATA 
NIC PROVINCE 

H<\ ?/) ar,fS 

sSC-,7 

r-
r- • ,' " f (T.jC/U'v-

kW-'i WW* 
i^«VTWe/; 

"Vv.O: 

: ;*y*$«,«» 

;jL)yn 

'$) "k?V I ft A 

: W^.v!.-

IfiCQLN CQUfl 
CrARKOOtiNT 

\ i ; - - > 



jgrigg»ifl •yrrrr*™^ 
1 " \ * INHjqznAVH0i\ 
V *  V  
V . , 

L 

fnl 

" •'"•"T'' i??*#' v" 

' X- ' W 
.M,' 1 \ 

• • 
r 
' • -K * 

[Dfc-

•SNj ' 

"*N. 

? 

-S— +r-=-
• t x -

5 V 
•Y^ h-~̂ r C3 I £ 

>-

5v^ •1 ^ p--
' / z —Of, > > r=-

'-% 

'v/,i r.-. 
Vi i-/* 

:h 

., el:.. 
/";/ // 

Y 
'•'••" -X • i' '• ' xc 

•;. ; I Y 
V \ -l«-..-.w Ĵ M^g^Uiry ^~M' 
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