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ABSTRACT 

Structure and stratigraphy of the Potosi Mountain area, 

southern Spring Mountains, Nevada 

Christopher Scott Cameron 

The Potosi Mountain area is located 25 miles southwest 

of Las Vegas, Nevada, along the eastern margin of the 

Cordilleran foreland thrust belt. Three structural blocks 

are exposed, including, from lowest to highest, the autoch¬ 

thon, the Contact thrust plate and the Keystone thrust plate. 

Both thrust plates contain a similar sequence of Middle 

Cambrian through Permian shelf carbonates. The presence of 

the Upper Ordovician (?) Mountain Springs Formation in both 

indicates a similar marginal miogeoclinal paleogeographic 

affinity. Triassic to Latest Jurassic (?) strata of cratonic 

facies are exposed in the autochthonous block. 

The Contact thrust, exposed east of Potosi Mountain, 

carries Paleozoic carbonate rocks east-northeastward over 

autochthonous Jurassic Aztec Sandstone, or locally, Latest 

Jurassic (?) synorogenic conglomerates. The Contact thrust 

plate is truncated north of Potosi Mountain by the northwest 

trending Cottonwood fault. The Keystone thrust plate over¬ 

rides the Contact thrust plate south of this fault, and the 

autochthon to the north. The Cottonwood fault downdrops the 

Keystone thrust only 200 feet. 



The following sequence of structural events was deduced: 

1) inferred high angle faulting of the autochthon; 2) east 

vergent folding within the future Contact thrust plate; 

3) emplacement of the Contact and intraplate Potosi thrusts; 

4) high angle faulting of the autochthon and Contact thrust 

plates (development of Cottonwood fault and Ninetynine fault 

zone); 5) emplacement of the Keystone thrust; 6) minor high 

angle faulting; and 7) minor gravity sliding. Event 1 prob¬ 

ably predates Latest Jurassic (?) synorogenic conglomerates. 

Event 3 postdates these deposits and probably correlates with 

a folding and thrusting event dated at 135±5 M.Y.B.P. in the 

Clark Mountains (Burchfiel and Davis, 1971). Event 5 pre¬ 

dates a 95±5 M.Y.B.P. post-tectonic pluton in the Clark Moun¬ 

tains (Burchfiel and Davis, 1971). 

The Keystone thrust is localized near the base of the 

Banded Mountain Member of the Middle Cambrian Bonanza King 

Formation, and similar stratigraphic control is inferred for 

the Contact thrust in subsurface. Cross sections indicate 

thrust faulting has produced a minimum 10 miles of shortening 

of miogeoclinal rocks in the Potosi Mountain area. The 

occurrence of synorogenic chert and quartzite pebble conglom¬ 

erate restricted to a zone below the Contact thrust and un- 

conformably overlying Aztec Sandstone is interpreted as 

evidence that the Contact thrust plate moved over an erosional 

surface. 



i 

TABLE OF CONTENTS 

Page 

INTRODUCTION   1 

Purpose of Study   1 

Geographic Setting and Access   2 

Previous Investigations   4 

Present Study   5 

Acknowledgments   6 

STRATIGRAPHY   8 

Introduction   8 

Allochthonous Rocks   8 

Bonanza King Formation   8 

Nopah Formation 11 

Mountain Springs Formation   12 

Sultan Limestone   15 

Monte Cristo Limestone   19 

Bird Spring Formation   24 

Autochthonous Rocks   27 

Moenkopi Formation   27 

Shinarump Conglomerate and Chinle Formation . . 27 

Aztec Sandstone 28 

Channel conglomerates   29 

Regional Stratigraphic Setting   31 

STRUCTURE 34 

Introduction   34 

Autochthon 34 

Contact Thrust Plate   36 

General statement   36 

Contact thrust   37 

Major folds 40 

Potosi thrust   41 

Small folds north of Ninetynine fault zone ... 43 



ii 

Page 

STRUCTURE (Continued) 

Small folds south of Ninetynine fault zone ... 44 

High angle faults 45 

Gravity slides   46 

Ninetynine Fault Zone 48 

Keystone Thrust Plate   53 

General statement   53 

Keystone thrust   54 

Folds 56 

High angle faults 57 

Landslides 57 

TIMING OF STRUCTURAL EVENTS   58 

REGIONAL TECTONIC CORRELATIONS 62 

THRUST FAULT GEOMETRY AT DEPTH   64 

Interpretative Cross Sections   64 

"Hidden Thrust" Interpretation   68 

THRUST SURFACES AS EROSION SURFACES   71 

THE MECHANICAL PROBLEM OF EROSIONAL THRUSTS   73 

MODEL FOR THE EMPLACEMENT OF THE CONTACT AND KEYSTONE 

THRUST PLATES AT POTOSI MOUNTAIN   77 

CONCLUSIONS 79 

REFERENCES 82 



LIST OF ILLUSTRATIONS 

FOLLOWING PAGE 

FIGURE 1. Index map to the eastern 

Cordilleran foreland thrust belt . 1 

2. Index map to the Potosi Mountain 

area: major thrust faults of the 

region   1 

3. Index map to the Potosi Mountain 

area: major thrust plates of the 

region   2 

4. Stratigraphic sections from French¬ 

man Mountain to the northwest 

Spring Mountains   31 

5. Lower hemisphere projection of 

slickenside lineations from anas¬ 

tomosing slip surfaces below the 

Contact thrust   39 

6. Model for the emplacement of the 

Contact and Keystone thrust plates 

at Potosi Mountain  77 

PLATE 1. Geologic map of the Potosi Moun¬ 

tain area, Southern Spring Moun¬ 

tains, Nevada   

2. Geologic cross section AA'A" . . . 

3. Geologic cross section BB' . . . . 

back pocket 

back pocket 

back pocket 



1 

INTRODUCTION 

Purpose of Study 

The Potosi Mountain area is located along the eastern 

margin of the Cordilleran foreland thrust belt (see figure 

1) . The thrust belt of southern Nevada and southeastern 

California, a portion of which is shown in figure 2, repre¬ 

sents the continuation of the Sevier orogenic belt of 

Armstrong (1968) southward across the Las Vegas shear zone. 

Several of the major east-directed thrust faults of the 

southern Nevada-southeastern California are identified in 

figure 2. 

One of the principal throughgoing structural elements 

in this area is the Keystone thrust. The Keystone thrust is 

exposed in the east and southern Spring Mountains and can be 

traced southwards to the Clark and New York Mountains of 

California. It is offset and continues northward across the 

Las Vegas shear zone as the Muddy Mountain thrust. 

It was long believed that the Keystone thrust repre¬ 

sented the easternmost and lowest major structural element 

in the region. However, Davis' (1973) study of the Red Spring 

thrust indicated that this was not the case. He concluded, 

returning to the original idea of Longwell (1926), that the 

emplacement of the Red Spring thrust predated the emplacement 

of the Keystone thrust, which overrides it. Further, Davis 

(1973) correlated the Red Spring thrust with the Contact 

thrust which crops out east of Potosi Mountain and suggested 

that they were remanents of a once continuous thrust. He 



Figure 1: Index map to the eastern Cordilleran foreland 
thrust belt. 





Figure 2: Index map to the Potosi Mountain area: major 
thrust faults of the region. Solid lines delimit bed¬ 
rock exposures; random tick marks indicate granitic 
rocks. 
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further believed that after emplacement, the Contact-Red 

Spring thrust plate was cut by high-angle faults. During 

this episode of high-angle faulting, the central portion of 

this thrust plate was uplifted on a horst and removed by 

erosion prior to the emplacement of the higher Keystone 

thrust plate (see figure 3) . 

The major objective of this study was to determine geo¬ 

metric and timing constraints on the emplacement of the 

Contact and Keystone thrusts at Potosi Mountain by detailed 

geologic mapping of the area. It was hoped that this study 

might provide important data concerning the tectonic evo¬ 

lution of the Cordilleran thrust belt in this region. A 

second objective was to examine the stratigraphy of the 

allochthonous and autochthonous rocks at Potosi Mountain. 

Geographic Setting and Access 

Potosi Mountain marks the northern boundary of the 

southern Spring Mountains. Mountain Springs Pass, immediately 

north of the map area, divides the east Spring Mountains and 

southern Spring Mountains. Potosi Mountain is located 25 

miles southwest of Las Vegas, Nevada, and immediately south 

of the village of Mountain Springs Pass. 

Topographic relief within the map area is fairly typical 

of the Basin-Range physiographic province, varying from about 

4400 feet on the eastern and western slopes to 8512 feet at 

the summit of Potosi Mountain. Potosi Mountain is actually 

a broad massif which occupies the central third of the map 



Figure 3: Index map to the Potosi Mountain area: major 
thrust plates of the region. Solid lines delimit bed¬ 
rock exposures; random tick marks indicate granitic 
rocks. 
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area. The terrain is generally rugged, particularly the 

steep to vertical approaches to the central massif. 

Vegetation is fairly abundant and diverse as the area 

lies within the high desert floral zone. Joshua trees and 

numerous species of cactus are present at lower elevations. 

Juniper trees are encountered at approximately 6000 feet and 

a forest of cedar and pinon pine covers Potosi Mountain above 

approximately 7500 feet. 

Notable wildlife includes wild burros near Potosi 

Spring, wild horses in the vicinity of Cottonwood Pass, moun¬ 

tain sheep at the higher elevations, an occasional cougar 

and numerous species of snakes and lizards. 

The summer climate is relatively pleasant. Daytime 

summer temperatures seldom exceed 100 degrees F., and usually 

range between 80 to 100 degrees. Evenings are cool. Thunder¬ 

storms are infrequent. 

The northern and western sections of the Potosi Mountain 

area are best approached from Las Vegas or Pahrump, Nevada, 

via State Highway 16, which crosses Mountain Springs Pass. 

The "Camp Potosi" road leading southwest from Highway 16 at 

a point approximately 1 mile east of Mountain Springs Pass 

provides good access as far south as Potosi Spring, and 

further south for 4-wheel drive vehicles. The eastern sec¬ 

tion of the area is best approached by the Cottonwood Pass 

road, which connects Highway 16 in Cottonwood Valley with the 

town of Goodsprings, Nevada. From this road, a gravel road 

and a washed out track lead to the Aztec Tank quarries and 
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the Ninetynine Mine respectively (the latter begins at the 

first westward turn-off south of Cottonwood Pass). A 4-wheel 

drive road leads from the Aztec Tank area to a microwave 

station 3/4 mile south of the summit of Potosi Mountain 

(elevation approximately 8250 feet). Access is restricted 

by a locked gate and permission to pass and a key were 

obtained from Centel of Nevada. 

Previous Investigations 

The geology of the Potosi Mountain area was originally 

mapped by D. F. Hewett at a scale of 1:62,500 between 1921- 

1922, and was reported in Geology and Ore Deposits of the 

Goodsprings Quadrangle, Nevada (1931). His work established 

the basis for our present understanding of the geology of 

the southern Spring Mountains. He defined much of the stra¬ 

tigraphy in southern Nevada and southeastern California, and 

most of the type localities are in the southern Spring Moun¬ 

tains. Hewett (1931) and Longwell (1926) recognized the 

existence and extent of the Cordilleran thrust belt in this 

region. Hewett (1931) identified and named most of the major 

structures in southern Spring Mountains, including the 

Contact and Keystone thrusts. 

Hewett (1956) compiled his earlier data into his geologic 

map of the Ivanpah one degree sheet. However, he made no 

substantial revisions of his earlier conclusions. 

The Spring Mountains to the north were mapped in detail 

during the 1960s. Summaries of this work are found in 
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Burchfiel and others (1974) and Fleck (1970). The geology 

of the Mountain Springs 15-minute quadrangle, adjacent to 

the map area to the northwest, was reported by Secor (1962) . 

The area immediately south of the map area is currently 

under study by M. Carr (Rice University Ph.D. in progress). 

Present Study 

Geologic mapping was done on a topographic base map 

compiled from portions of the Shenandoah Peak and Goodsprings 

15-minute quadrangles and enlarged to a scale of approxi¬ 

mately 1:24,800. The topographic base for the portion of 

the map north of 36 degrees N. latitude was part of the Blue 

Diamond 7.5-minute quadrangle. Geologic mapping was done 

during the summers of 1975 and 1976 over a total period of 

approximately 12 weeks. The geology of sections 3, 4, 9, 

13, 14, 16, 23, and 24 (T. 23 S., R. 57 E.) and section 34 

(T. 22 S., R. 57 E.) was mapped from aerial photographs (see 

plate 1 for reference in all discussions of particular lo¬ 

calities) . 

Stratigraphic sections of Paleozoic rocks described in 

this report were measured with the aid of a Jacob's staff. 

Some thicknesses were estimated from geologic cross sections, 

and are noted as such. 

Thin sections were made of the channel conglomerate unit 

described herein to compare with petrologic descriptions made 

on hand specimens, and to compare this unit with the under¬ 

lying Aztec Sandstone. 
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STRATIGRAPHY 

Introduction 

The eastern margin of the Cordilleran miogeocline trends 

southwestwards across southern Nevada. Rocks exposed in the 

Potosi Mountain area represent facies transitional between 

the subsiding continental shelf environments of the miogeo¬ 

cline and the stable platform environments of the craton. 

The allochthonous Paleozoic rocks show greater affinities 

with miogeoclinal facies, while the autochthonous Mesozoic 

rocks show affinities to the cratonic facies. The stra¬ 

tigraphy of the allochthonous rocks is considered first, 

followed by that of the autochthonous rocks. 

Allochthonous Rocks 

Bonanza King Formation 

Rocks of the Banded Mountain Member of the Bonanza King 

Formation are the oldest units exposed at Potosi Mountain. 

They are found continuously along the base of the Keystone 

thrust plate and locally in the Contact thrust plate below 

the Keystone thrust. Hazzard and Mason (1936) named and 

described the Bonanza King Formation in the Providence Moun¬ 

tains of California. Palmer and Hazzard (1956) indicated 

that the Bonanza King Formation possibly ranges from Middle 

Cambrian to Upper Cambrian in age. The Papoose Lake Member, 

the basal member of the Bonanza King Formation, is not ex¬ 

posed here, and the base of the overlying Banded Mountain 

Member is cut out by the Keystone thrust. The Banded Mountain 
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Member is overlain comformably by the Nopah Formation. The 

Bonanza King Formation is equivalent to the lower Goodsprings 

Dolomite of Hewett (1931) (Gans, 1974). The Banded Mountain 

Member dolomites crop out in characteristic light and dark 

grey banded slopes which give rise to its name. 

Lithostratigraphy: Gans (1974) divided the Banded Moun¬ 

tain Member into 10 informal units which he believed could 

be correlated for mapping purposes along a 60-mile long zone 

above the Keystone thrust. His section at "Potosi Mine" 

(actually in the N. 1/2 of section 31, T. 22 S., R. 58 E.) 

was examined in hopes that his subdivision of the Banded 

Mountain Member would help the author in recognizing the 

structural complications within the Banded Mountain Member 

above the Keystone basal thrust. It was found that poor 

exposures, the repetitive nature of the individual subunits 

and their lateral variations along strike prevented clearcut 

determinations of true stratigraphic juxtapositions along 

faults or even the measurement of accurate sections of the 

lower Banded Mountain Member. 

The basal, orange weathering, silty dolomite of the 

Banded Mountain Member (-ebb 1 of Gans, 1974) is not exposed 

and is presumably cut out by the Keystone basal thrust. The 

exposed section in the Keystone thrust plate begins with 

light and dark grey, thin bedded dolomite with large (up to 

1 to 3 foot diameter) chert nodules (probably -ebb 3 of Gans). 

This unit is overlain by thick sequence of medium to dark 

grey mottled dolomite and limestone (€bb 4) and another se- 
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quence of light and dark grey, laminated to thin bedded 

dolomite with abundant blue-black chert nodules (€bb 5-6). 

These rocks are overlain by another sequence of dark grey 

mottled dolomite and limestone (€bb 7) . The top of the 

section (€bb 8-10) is a highly variable sequence of light 

grey to black dolomite, sometimes mottled or containing 

chert, in which I could find no laterally correlative sub¬ 

units . 

Rocks of the Banded Mountain Member in the Contact 

thrust plate are not clearly correlative with the subunits 

identified in the Keystone thrust plate and in the Contact 

plate they consist generally of a thick sequence of grey 

mottled dolomites overlain by medium grey to white dolomites. 

No chert was observed, suggesting that nothing below unit 

•Gbb 7 of Gans (1974) is present. 

Thickness ; An accurate thickness measurement of the 

Banded Mountain Member was precluded by structural compli¬ 

cations and poor outcrop above the Keystone thrust. Gans 

(1974) presented a measured section from the N. 1/2 of 

section 31 (T. 22 S., R. 58 E.) where he found approximately 

400 feet of upper Banded Mountain Member (his units €bb 5-10). 

I examined the section at that locality and found the sec¬ 

tion was thicker than Gans reported, and that the section was 

continuously exposed down to Gans' unit €bb 3. A 1700-foot 

section of Banded Mountain Member in the Keystone plate was 

measured from cross section AA'A" (plate 2). There is 

probably some tectonic thickening of this section at its base. 
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No estimate could be made for the section in the Contact 

thrust plate. 

Nopah Formation 

Hazzard (1937) named and described the Nopah Formation 

from type localities in the Nopah Range of California. He 

concluded that it was Upper Cambrian in age. At Potosi 

Mountain the Nopah overlies the Banded Mountain Member of 

the Bonanza King Formation and is overlain by the Mountain 

Springs Formation of Gans (1974). The lower contact appears 

to be conformable, but the upper contact is a disconformity. 

Gans (1974) correlated the Nopah Formation with upper parts 

of the Goodsprings Dolomite. Rocks of the Nopah Formation 

crop out in brown, white and medium grey banded slopes. The 

Nopah Formation is exposed in both the Keystone and Contact 

thrust plates west of Potosi Mountain summit. 

Lithostratigraphy: The Nopah Formation can be sub¬ 

divided into several members (Gans, 1974), however at Potosi 

Mountain it was mapped as a single unit. Its base was here 

defined by the base of the Dunderberg Shale Member. In the 

map area the Dunderberg consists of silty limestone and 

dolomite interbedded with shale. The carbonate siltstones 

and grainstones are thin bedded and contain abundant oncoids. 

Occasionally, trilobite fragments are present in the shale. 

The Dunderberg is overlain by medium grey dolomite which 

locally contains conglomeratic lenses and often, oncoids. 

They are overlain by massive sugary textured white to light 
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grey dolomite which passes upwards into medium grey, some¬ 

times thin bedded and mottled dolomite that contains red- 

brown weathering chert nodules. The disconformable contact 

with the overlying Mountain Springs Formation is not directly 

exposed, and is often difficult to locate as the two rock 

types are quite similar. 

Thickness: The following section of the Nopah Formation 

was measured in the Keystone thrust plate in the E. 1/2 of 

section 36 (T. 22 S., R. 57 E.): 

Mountain Springs Formation (top) 

Nopah Formation 

mottled grey dolomite with chert nodules 460 feet 

sugary white, massive dolomite 135 

medium grey dolomite with oncoids 40 

Dunderberg Shale 35 

670 feet 

Bonanza King Formation 

A similar thickness of the Nopah Formation in the Con¬ 

tact plate was estimated from cross sections, and 35 feet of 

the Dunderberg Shale is present at the base. 

Mountain Springs Formation 

Gans (1974) named and described the Mountain Springs 

Formation from its type locality in the map area, on the south 

slopes of Peak 6646 in section 31 (T. 22 S., R. 58 E.). This 

unit disconformably overlies the Nopah Formation. Gans (1974) 
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correlated the lower Mountain Springs Formation with the Ely 

Springs Dolomite on the basis of its similar Middle-Late 

Ordovician fauna. Miller (1976) found the Ely Springs Dolo¬ 

mite in the Nopah Range to span from Latest Middle (?) or 

Late Ordovician to Early Silurian in age. It is possible 

that part of the Mountain Springs Formation may be Early 

Silurian in age. Gans (1974) indicated a disconformity is 

present within the upper Mountain Springs Formation. On the 

basis of lithologic similarity with the overlying Sultan 

Limestone, and the rare occurrence of "non-Ordovician" gas¬ 

tropods, Gans (1974) suggested that the uppermost Mountain 

Springs is probably Middle Devonian in age. The author has 

observed poorly preserved gastropods, bryazoans and brach- 

iapods in the uppermost part of the section in the E. 1/2 of 

section 33 (T. 22 S., R. 58 E.) and agrees that its lithology 

and fauna are similar to that of the Sultan Limestone and not 

that of the lower Mountain Springs Formation. The upper con¬ 

tact with the Sultan Limestone appears conformable. The 

Mountain Springs is found in both thrust plates where its 

lower parts crop out as grey slopes and its uppermost part 

forms black ledges and grey slopes, indistinguishable from 

the lower Sultan Limestone. 

Lithostratigraphy: The disconformable contact between 

the Nopah and Mountain Springs Formations was not actually 

observed; nor was the basal conglomerate of the Mountain 

Springs reported by Gans (1974) from the Red Rock Canyon area 

15 miles north of the map area. The lowest unit mapped as 
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Mountain Springs is a thick sequence of thinly bedded, light 

grey, coarse dolomite with small (1 by 5 inch) white chert 

lenses and stringers (Oms 2 of Gans, 1974). The upper Nopah 

sometimes contains white chert nodules, but can usually be 

distinguished from the Mountain Springs by the larger size of 

chert nodules, thicker beds and well developed mottling. 

The lowermost unit of the Mountain Springs Formation is some¬ 

times faintly mottled and shows reddish iron oxidation streaks. 

It is overlain by a thin but distinctive sequence of dark grey 

mottled dolomite (Oms 3 of Gans, 1974). Above is a thick 

sequence of massive, coarse grained dolomite alternating with 

thin bedded light to dark grey dolomite which is often mottled, 

followed by a distinctive, thin unit of tan dolomite that was 

not present at the locality of either of the measured sec¬ 

tions. Gans (1974) placed the intraformational disconformity 

above the tan dolomite but it was never exposed. The upper¬ 

most Mountain Springs Formation consists of light and dark 

grey banded, thin bedded or laminated dolomite with occasional 

calcite vug fillings and chert lenses. The top of the for¬ 

mation is formed by dark grey to black crystalline dolomite 

below the Sultan Limestone. 

Thickness: The following section of Mountain Springs 

Formation was measured in the Keystone thrust plate (in the 

N.E. 1/4 of section 36, T. 22 S., R. 57 E.) approximately 

1/2 mile west of the type section: 
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Sultan Limestone (top) 

Mountain Springs Formation 

Units 4-9 (after Gans, 1974): 

dark grey to black dolomite 20 feet 

light to medium grey banded dolomite with chert 67 
at top 

thin bedded orange-weathering zone 5 

thin bedded, faintly mottled, dark grey dolomite 28 

light grey massive dolomite 25 

Unit 3 : 

dark grey mottled dolomite 35 

Unit 2: 

thin bedded light grey dolomite with white chert 165 

345 feet 

Nopah Formation 

A 225 foot thick section of the Mountain Springs For¬ 

mation was measured in the Contact thrust plate in the S. 1/2 

of section 1 (T. 23 S., R. 57 E.). Generally the section was 

thicker in the Contact plate, between 350-400 feet. 

Sultan Limestone 

The Sultan Limestone was named and described by Hewett 

(1931) from localities in the southern Spring Mountains. It 

lies conformably (?) above the uppermost Mountain Springs 

Formation and is overlain conformably by the Monte Cristo 

Limestone. Hewett (1931) reported a Late Middle Devonian to 

Early Late Devonian age for the Sultan. He later (Hewett, 
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1956) reconfirmed this age range and rejected Hazzard's 

(1937) argument that the upper Sultan is Mississippian in 

age. The Sultan is widely exposed in both thrust plates, 

and crops out as distinctive grey cliffs, often 400-600 feet 

in height. 

Lithostratigraphy; Hewett (1931) recognized three mem¬ 

bers in the Sultan Limestone in the southern Spring Moun¬ 

tains, from the bottom to the top: the Ironside Dolomite, 

the Valentine Limestone, and Crystal Pass Limestone. In the 

field area, only the basal Ironside Dolomite Member was 

mapped separately; the Valentine Limestone and Crystal Pass 

Limestone were mapped as one unit. The Ironside Member was 

here defined as the first stromatoporoid bearing dark grey to 

black dolomite above the Mountain Springs Formation. Hewett 

(1931) included all the stromatoporoid bearing black dolomite 

of the lower Sultan in his Ironside Member, however in the 

map area the color is highly variable and stromatoporoids 

were abundant throughout the Valentine Member as a whole. 

Hence, only the lowest stromatoporoid bearing dolomite was 

mapped as the Ironside Member. The Ironside Dolomite is 

generally black with conspicuous white mottling. The stro¬ 

matoporoids range from 2 to 8 inches in diameter and are 

commonly chertified. Immediately above or below the Ironside 

Member are one or more blue-black, aphanitic chert lenses, 

ranging from 2 to 8 feet in thickness. 

The overlying Valentine Member is characterized by dark 

grey dolomite above the Ironside Member and light to medium 
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grey dolomite and limestone in its upper part. Chertified 

stromatoporoid bearing beds are common, particularly in the 

lower Valentine. Other fossils are common, including gas¬ 

tropods, colonial and rare rugose corals. Chertified burrow 

fillings are a distinctive structure in the middle and upper 

Valentine Member. Channels, often with small scale cross 

bedding and basal carbonate conglomerates are common. Occa¬ 

sionally, thin sandstone and quartzite lenses are present. 

The degree of dolomitization varies considerably in the 

Valentine, but is characteristically most extensive in its 

lower part. 

Limestone in the upper Valentine Member grades upward 

into the light grey, thin (1 to 2 inches) bedded to laminated 

micrites of the Crystal Pass Limestone. Crystal Pass Lime¬ 

stone is almost pure calcite (98 percent according to Hewett, 

1931) and has a distinctive porcelaneous texture. Fossils 

are very rare; only one colonial coral and a stromatoporoid 

were observed. Rip up structures are common. The Crystal 

Pass Member is often the only limestone unit which resisted 

pervasive dolomitization, common in the upper Paleozoic 

rocks. 

Thickness: The following section was measured in the 

Keystone thrust plate in the N.E. 1/4 of section 36 (T. 22 

S., R. 57 E.): 
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Monte Cristo Limestone (top) 

Sultan Limestone 

Crystal Pass Limestone: 

light grey, thin bedded porcelaneous limestone 165 feet 

Valentine Limestone: 

light-medium grey, thin bedded limestone 75 

light and dark grey banded, thin bedded 150 
dolomite 

dark grey dolomite with stromatoporoids 10 

medium grey thin bedded dolomite 20 

medium grey dolomite with stromatoporoids 20 

light grey dolomite 25 

dark grey dolomite with stromatoporoids 15 

thin bedded grey dolomite 5 

Ironside Dolomite: 

black dolomite with stromatoporoids 25 

510 feet 

Mountain Springs Formation 

The following section of Sultan Limestone was measured 

in the Contact thrust plate in the S. 1/2 of section 1 (T. 

23 S., R. 57 E.): 
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Monte Cristo Limestone (top) 

Sultan Limestone 

Crystal Pass Limestone: 

thin bedded to laminated, light grey, unfossili- 140 feet 
ferous, porcelaneous limestone 

Valentine Limestone: 

thin bedded grey limestone 65 

thin bedded limestone with chertified burrow 10 
fillings 

thin bedded limestone 65 

thin bedded limestone with stromatoporoids 10 

thin bedded limestone 35 

grey limestone and dark grey dolomite with 15 
stromatoporoids 

dark grey mottled dolomite 80 

Ironside Dolomite: 

black dolomite with white mottling and abundant 35 
stromatoporoids 

435 feet 

Mountain Springs Formation 

Monte Cristo Limestone 

Hewett (1931) named and described the Monte Cristo 

Limestone from exposures within and around the field area. 

It lies conformably above the Sultan Limestone and is over- 

lain disconformably by rocks of the Bird Spring Formation. 

He assigned a Lower Mississippian to Middle Mississippian age 

to the Monte Cristo. 

Lithostratigraphy: Hewett (1931) subdivided the Monte 

Cristo into five members, four of which were used as map 
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units. They are, from bottom to top; the Dawn Limestone, 

the Anchor Limestone, the Bullion Dolomite, the Arrowhead 

Limestone and the Yellowpine Limestone. The last two mem¬ 

bers were mapped as a single unit. 

The Dawn Limestone (which has its type locality just 

west of the Dawn Mine in the S.E. 1/4 of section 16, T. 23 

S., R. 58 E.) is generally a coarsely crystalline, dark 

grey, fossiliferous limestone, often dolomitized. Fossil 

hash is abundant, as are well preserved colonial and rugose 

corals, crinoids and occasional brachiapods. Chert is rare. 

The contact with the lower Crystal Pass Limestone is usually 

sharp, except where the basal Dawn is a fine grained fossili¬ 

ferous limestone. The Dawn crops out either as massive grey 

limestone cliffs above the thin bedded Crystal Pass Limestone 

or as grey slopes above the Sultan cliffs where dolomiti- 

zation is extensive. 

The Anchor Limestone is lithologically similar to the 

Dawn but contains abundant chert nodules. It is generally a 

dark grey coarsely crystalline, fossiliferous limestone that 

is often dolomitized. Fossils include crinoids, rugose and 

colonial corals, and fenestrate bryazoans. Channels with 

flat pebble conglomerates are fairly common. The distinctive 

chert nodules are usually elongated, between 1 to 3 inches 

thick and 6 to 12 inches in diameter, located in parallel 

layers which are parallel to bedding; these layers are 2 to 

12 inches apart. The chert is blue-black or white on fresh 

surfaces, and weathers red-brown. Nodular chert is abundant 
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in the upper and lower Anchor, however a chert-free zone of 

dark grey limestone and white dolomite, generally 50 feet 

thick, is usually present in the middle of the Anchor. Where 

dolomitized, the contact between the upper Anchor and the 

overlying light grey, crystalline dolomite of the Bullion 

can only be distinguished by the presence or absence of chert. 

The lower contact with the Dawn is often marked by a sequence 

of evaporites. Channel lenses of carbonate and sand above 

the Dawn are overlain by laminated dolomite with interbedded 

gypsum. Individual gypsum crystals have grown nearly per¬ 

pendicular to bedding. Some nodular chert is also present. 

Evaporites have not been reported previously in the Missis- 

sippian of southern Nevada (Burchfiel, pers. comm., 1976). 

The Anchor forms cliffs with conspicuous red-brown weathering 

chert nodules. 

The Bullion Dolomite is a light grey to white, coarsely 

crystalline, poorly bedded dolomite, and is distinguished 

from the underlying Anchor by its lack of nodular chert. 

Fossils are rare, but occasional, often chertified colonial 

corals are present. Gypsum shards are also sometime present. 

The Bullion is a monotonous unit, with no marker horizons. 

Hewett (1931) suggested that the Bullion represents a dolo¬ 

mitized unit that was lithologically similar to the Anchor 

Limestone. The contact between these units is not always 

transitional, however, which suggests to me that the dif¬ 

ferences between these units may be facies controlled, and 

possibly predate dolomitization or even diagenesis. The 
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Bullion crops out as light grey to white slopes above the 

distinctive Anchor cliffs. 

The Arrowhead Limestone is a thin bedded (2 to 4 inches), 

fine grained, fossiliferous dark grey limestone with undu- 

latory bedding surfaces. It is distinctive in the field as 

the only thin bedded unit within the Monte Cristo Limestone. 

It crops out as a 10 to 15 foot thick recess below the 

Yellowpine cliffs and above the Bullion slopes. The Arrow¬ 

head is often unexposed where the overlying Yellowpine has 

been dolomitized. It was mapped with the Yellowpine Lime¬ 

stone in the map area. 

The Yellowpine Limestone is a dark grey, coarsely 

crystalline, massive limestone and contains abundant rugose 

corals, colonial corals, gastropods and brachiapods. Chert 

lenses, 1 to 2 feet thick, are common near the base of the 

Yellowpine. The elliptical, chertified outlines of colonial 

corals are a distinctive feature of the Yellowpine. The 

lower Yellowpine is sometimes dolomitized. The Yellowpine 

Limestone crops out conspicuously as a cliff above the 

Bullion slopes and below the ribbed Bird Spring Formation. 

Thickness; The following section was measured in the 

Keystone thrust plate within and north of the N. 1/2 of sec¬ 

tion 36 (T. 22 S., R. 57 E.): 
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Bird Spring Formation (top) 

Monte Cristo Limestone 

Yellowpine Limestone: 

dark grey, fossiliferous limestone 

Arrowhead Limestone 

Bullion Dolomite: 

light to medium grey, coarsely crystalline 
dolomite 

Anchor Limestone: 

light grey dolomite with white nodular chert 

medium grey fossiliferous dolomite, no chert 

fossiliferous limestone with chert 

Dawn Limestone: 

dark grey, coarsely crystalline, fossiliferous 
limestone 

Sultan Limestone 

115 feet 

10 

340 

133 

17 

115 

85 

815 feet 

The following section was measured in the Contact thrust 

plate in section 12 (T. 23 S., R. 57 E.): 

Bird Spring Formation (top) 

Monte Cristo Limestone 

Yellowpine Limestone: 

dark grey, massive, fossiliferous limestone 100 feet 

Arrowhead Limestone 10 

Bullion Dolomite: 

grey coarsely crystalline dolomite, no chert 245 
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Anchor Limestone: 

grey dolomite with white nodular chert 20 

grey dolomite with nodular chert 80 

dark grey fossiliferous limestone with nodular 100 
chert 

Dawn Limestone: 

dark grey, coarsely crystalline, fossiliferous 105 
limestone 

660 feet 

Sultan Limestone 

Bird Spring Formation 

The Bird Spring Formation was named and described by 

Hewett (1931) from type localities in the Bird Spring Range 

and the southern Spring Mountains where it overlies the Monte 

Cristo Limestone disconformably. The top of the formation is 

not exposed in the map area. In the adjacent Mountain Springs 

Pass Quadrangle to the north the Bird Spring Formation is 

overlain conformably by Permian redbeds (Burchfiel and others, 

1974). Hewett (1956) concluded that the Bird Spring Formation 

ranges in age from Late Mississippian to Early Permian. Rich 

(1961) examined a Bird Spring section at Lee Canyon in the 

Central Spring Mountains and determined that it ranged from 

Chesterian to at least Leonardian in age, with approximately 

2600 feet of Mississippian and Pennsylvanian strata, and 4500 

feet of Permian rocks. Bird Spring Formation is exposed in 

both thrust plates, and east of the map area in the autoch¬ 

thon section. Bird Spring outcrops are distinctively ribbed, 

weathering to form cliff and bench topography with carbonate 
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beds forming cliffs or ledges and shale, siltstone and sand¬ 

stone beds forming the intervening benches. 

Lithostratigraphy: The Bird Spring Formation was mapped 

as two units. The basal terrigenous unit, equivalent to the 

lowermost Indian Spring Member of Longwell and Dunbar (1936) 

was here called the Indian Spring Member. It has a variable 

lithology, generally including red-brown sandstone and silt- 

stone, and a basal conglomerate. The basal conglomerate, 

with well rounded chert and carbonate clasts, is well exposed 

in the center of section 12 (T. 23 S., R. 57 E.). A measured 

section of the Indian Spring Member is presented below. The 

Indian Spring Member rarely crops out, and generally is located 

by the presence of a thin band of red-brown, silty carbonate 

float between the Yellowpine Limestone and remainder of the 

Bird Spring Formation. 

The rest of the Bird Spring Formation consists of inter- 

bedded limestone, dolomite, sandstone, siltstone and shale. 

The clastic rocks rarely crop out, and the carbonates form 

distinctive ledges, usually 5 to 20 feet thick. Bedding 

within the carbonates is highly variable, but is generally 

thin. Rock types are highly diverse with extensive lateral 

variation, thus few marker horizons can be traced areally. 

However, some units were found useful within the Contact plate 

as local markers. The most obvious lower Bird Spring marker 

is a 4 foot thick red-brown weathering bed of white chert. 

The middle Bird Spring Formation has two orange and tan 

weathering silty sandstone units, 20 to 30 feet thick, with 
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chert and large scale tangential cross bedding. These beds 

proved to be useful marker horizons on the prominent ridge 

west of the Double Up Mine jeep trail (section 20, 28 and 29, 

T. 23 S., R. 58 E.). The basal limestone above the Indian 

Spring Member consists of the carbonate skeletal sands with 

well developed channels. The Lower Bird Spring Formation 

has several limestone horizons containing very large (1 to 3 

foot diameter) spherical chert nodules. The presence of 

blue-black chertified brachiapods and gastropods are char¬ 

acteristic of the lower Bird Spring Formation. 

Thickness : The Indian Spring Member was measured in 

both thrust plates and found to range from 25 to 35 feet in 

thickness. The following section was measured in the Contact 

thrust plate in the W. 1/2 of section 21 (T. 23 S., R. 58 E.): 

Bird Spring Formation (top) 

Indian Spring Member: 

fine grained quartzite and sandstone with conglom- 10 feet 
erate lenses 

medium to coarse grained packstone with fossil 5 
hash, thin bedded black chert interbedded 

fine grained, calcareous and quartzose sandstone 10 

25 feet 

Monte Cristo Limestone 

No attempt was made to measure the incomplete Bird 

Spring section exposed in the map area. Secor (1962) 

measured a complete section of Bird Spring (4400 feet) in 

the Keystone thrust plate immediately N.W. of the map area. 
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Autochthonous Rocks 

Moenkopi Formation 

Hewett (1931, 1956) identified the Moenkopi Formation, 

a formation widely recognized on the Colorado Plateau, in 

the southern Spring Mountains. He reported a Lower-Middle 

Triassic age for these rocks. The Moenkopi is found in the 

eastern part of the map area but no complete sections were 

examined. Three members are present in the region (Hewett, 

1931; 1956), from the base to the top: a conglomeratic 

sandstone and red shale unit (which is not present in the 

map area); a buff colored, cherty limestone (or locally 

dolomite) known as the Virgin Spring Limestone; and an 

upper redbed member. The thin bedded Virgin Spring Limestone 

forms a distinctive cliff-bench topography, but the upper 

redbed member is recognized only in float. 

Shinarump Conglomerate and Chinle Formation 

The Shinarump Conglomerate and Chinle Formation, well 

known further east, were first recognized in the Spring Moun¬ 

tains by Hewett (1931). A Late Triassic age was assigned to 

these units in southern Nevada on the basis of regional cor¬ 

relations, although no paleontological control has been 

established. The Shinarump Conglomerate is not present within 

the map area, but does crop out north of Route 16, at the 

Sandstone Bluffs. The Chinle Formation is also exposed there, 

and crops out discontinuously along the east side of the map 

area but no sections were measured. 
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The Shinarump Conglomerate at Sandstone Bluffs contains 

distinctive jasper clasts and petrified wood fragments. The 

clasts are well rounded. Other beds of conglomerate underlie 

these beds of the classic Shinarump facies and consist of a 

carbonate conglomerate with well rounded clasts, 1 to 6 inches 

in diameter. These clasts appear to be unlike any Paleozoic 

or Mesozoic carbonates presently exposed in the southern 

Nevada region and their provenance is unknown. 

Immediately overlying the Shinarump at Sandstone Bluffs 

is a channel conglomerate. Clasts include quartzites and 

chert in a matrix of quartz sand. Large scale trough cross 

bedding is commonly present. The base of the conglomerate 

was designated as the base of the Chinle Formation. This 

conglomerate was also found in a fault sliver along the 

Cottonwood fault in the N.W. 1/4 of section 11 (T. 23 S., 

R. 58 E.). 

Above the conglomerate are interbedded sandstone, silt- 

stone and shale. In the upper parts of the Chinle several 

thin, grey, coarsely crystalline limestone beds are present. 

Also interbedded with the clastic rocks are several pale 

green tuffaceous beds. The upper contact with the Aztec 

Sandstone is transitional, where redbeds are interbedded with 

massive sandstone ledges with large scale festoon cross beds. 

Aztec Sandstone 

The Aztec Sandstone, named by Hewett (1931) after its 

type locality at Aztec Tank, is the western equivalent of the 
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Navajo-Nugget Sandstones of the Colorado Plateau. Hewett 

(1931 and 1956) believed the Aztec was probably Lower Jur¬ 

assic in age, but there are no paleontological data to sub¬ 

stantiate this age assignment. The Aztec forms prominent 

buff or red stained cliffs in the eastern part of the area. 

The Aztec Sandstone is a pure, fine grained quartz 

sandstone and its large scale festoon cross beds are dis¬ 

tinctive. The beds within the individual sets are laminated. 

No complete section was found, as the upper contact is always 

a thrust. Up to 2000 feet of Aztec is present at Sandstone 

Bluffs. 

Channel Conglomerates 

A new unit was recognized within the map area. Channel 

conglomerates were found locally above the Aztec Sandstone 

and always beneath the Contact thrust. It is a pebble con¬ 

glomerate and contains approximately 10 percent chert and 

rare quartzite pebbles in a matrix of coarse quartz sand. 

The pebbles and sand grains are well rounded. At one place 

angular carbonate clasts are present interbedded with fine 

grained sand. The conglomerates were tightly folded and 

often sheared beneath the thrust, so no complete sections 

could be measured. The channel conglomerates are probably 

no more than a maximum of 100 feet thick. 

An actual contact between the conglomerates and the 

Aztec Sandstone was never observed. However, the conglom¬ 

erates are inferred to overlie the Aztec unconformably. In 

the N.W. 1/4 of section 14 (T. 23 S., R. 58 E.) the conglom- 
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erates, dipping gently to the west, can be traced within a 

few feet of folded Aztec Sandstone below. Attitudes of 

bedding in the Aztec are highly discordant with respect to 

bedding in the overlying conglomerates. At the other prin¬ 

cipal conglomerate locality in the E. 1/2 of section 21 

(T. 23 S., R. 58 E.), the stratigraphic top of the conglom¬ 

erates could not be determined conclusively. 

Carr (pers. comm., 1976) has found thick conglomerates 

with recognizable clasts of Paleozoic carbonate and Mesozoic 

clastic and volcanic rocks 4 miles south of the map area. 

These conglomerates overlie Chinle Formation and are over¬ 

ridden by the Contact and Keystone thrusts. Biotite from an 

interbedded tuff has yielded a K/Ar age of 150±10 M.Y.B.P. 

An inferred pre-thrusting fault, the Boundary fault, 

separates exposures of these two conglomerate units, and 

juxtaposes Chinle on the south against Aztec on the north. 

It seems likely that these pre-thrusting channel conglomerates 

are time equivalent and were deposited across the Boundary 

fault on a post-Aztec erosion surface. Thus, I tentatively 

correlate these conglomerates with the channel conglomerates 

of the map area and thus assign them a Late Jurassic (?) age. 

The fact that these channel conglomerates are present 

only below the Contact thrust and overlying an erosional 

surface is interpreted here as evidence that the Contact 

thrust plate moved over an erosion surface. The channel 

conglomerates were being deposited on this surface, and were 

preserved locally below the overriding plate. If this is not 
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the case, it seems incredibly fortuitous for the thrust to 

have always cut at the same horizon, at or near the base of 

this 150+10 M.Y.B.P. (post-Aztec) channel conglomerate, on 

both sides of the Boundary fault, particularly since the 

units beneath the conglomerate are different on either side. 

The provenance of the chert and quartzite pebble con¬ 

glomerate in the Potosi Mountain area is unknown. The clasts 

are not similar to units within the Paleozoic and Mesozoic 

sections presently exposed locally. They may have been de¬ 

rived from Eocambrian sections which are exposed in higher 

thrust plates to the west. The earliest occurrence of Eo¬ 

cambrian clasts in synorogenic conglomerates of the Sevier 

thrust belt presently recorded is in the Middle Cretaceous 

Indianola Group of central Utah (Armstrong, 1968). The Middle 

Cretaceous age of the Indianola Group substantially postdates 

the Late Jurassic age of the southern Spring Mountains con¬ 

glomerates. 

It is also possible that these conglomerates were de¬ 

rived from unknown Mesozoic units which have been completely 

removed by erosion. The origin of the clasts is by no means 

resolved at this time. 

Regional Stratigraphic Setting 

Figure 4 shows a series of stratigraphic sections across 

southern Nevada. All the sections, with the exception of the 

Frenchman Mountain section, are known or presumed to be bounded 

at their base by a major thrust. 



Figure 4 : Stratigraphie sections from Frenchman Mountain 
to the northwest Spring Mountains. See discussion in 
text. 
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Across southern Nevada is the transition from a cratonic 

facies, as represented by the Frenchman Mountain section, to 

a fully developed miogeoclinal facies, as represented by the 

section in the northwest Spring Mountains. The cratonic 

facies is characterized by a thin basal sequence of Lower 

Cambrian clastic rocks and a Middle Devonian on Upper Cambrian 

unconformity. In contrast, the miogeoclinal facies is char¬ 

acterized by a very thick basal sequence of Upper Precambrian 

through Lower Cambrian rocks, and essentially continuous de¬ 

position throughout the Paleozoic. 

The sections from the thrust plates at Potosi Mountain 

are notable for their similarity. In both the Contact and 

Keystone thrust plates the oldest unit exposed is the Banded 

Mountain Member of the Bonanza King Formation. Overlying 

units in both thrust plates are similar in terms of lithologies 

and thicknesses. Of particular significance is the presence 

in both thrust plates of Upper Ordovician rocks of the Moun¬ 

tain Springs Formation. The first appearance of Ordovician 

rocks in southern Nevada always occurs above a major thrust, 

usually the Keystone, but in this case the Contact thrust. 

Note that the Ordovician section from the Keystone thrust 

plate at Potosi Mountain is more akin to the Ordovician sec¬ 

tion from the Contact thrust plate than it is to the Ordo¬ 

vician section of the Keystone thrust plate in the east Spring 

Mountains, measured 15 miles to the north along strike. 

The similarities between the two sections at Potosi 

Mountain, and particularly the presence of nearly identical 
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sequences of Upper Ordovician rocks in both, indicates that 

both thrust plates exposed here were cut from the same facies 

belt. This must be considered as a significant constraint in 

any paleogeographic reconstruction of this thrust terrane. 
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STRUCTURE 

Introduction 

The Potosi Mountain area is located within the frontal 

part of the eastern Cordilleran foreland thrust belt. The 

Contact and Keystone thrusts are the dominate structures in 

the area. These faults divide the area into three major 

structural blocks: the autochthon, the Contact thrust plate, 

and the Keystone thrust plate. A fourth structural element, 

the Ninetynine fault zone, cuts across the Contact thrust 

plate and the autochthon and will be considered separately. 

The order of discussion of each block corresponds generally 

to the age of its structural development. The most easterly 

block contains the oldest structures and is considered first. 

Autochthon 

The autochthonous block is exposed in the eastern third 

of the map area. East of the map area, the east vergent 

Bird Spring thrust crops out, thus the autochthonous block 

is parautochthonous relative to the craton as the Bird Spring 

thrust probably has a small displacement. The autochthonous 

block contains a homoclinal sequence of Mesozoic strata that 

generally dip westward between 10 and 40 degrees. Beds of 

Aztec Sandstone or, locally, overlying channel conglomerates 

are always found below the Contact thrust. Bedding is often, 

but not always, overturned to the east immediately beneath 

the thrust and form tightly overturned synclines. These 

folds are not continuous along strike for mapable distances, 
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and are apparently related to local drag beneath the thrust. 

The autochthon is cut by several high angle faults. The 

northwest trending Boundary fault was identified at the south 

center of the area. It cuts the autochthon but not the Con¬ 

tact thrust (Carr, pers. comm., 1976). The stratigraphic 

separation indicates that the south side is up, and south of 

the fault the Contact thrust plate overrides Triassic Chinle 

Formation or, locally, Late Jurassic conglomerates (Carr, 

pers. comm., 1976). The Aztec Sandstone is not exposed in 

the southern Spring Mountains south of the Boundary fault. 

The northwest trending Cottonwood fault, identified by 

Hewett (1931), cuts the autochthon in the northeastern part 

of the map area. Rocks northeast of the fault appear to be 

uplifted relative to rocks on the southwest side. In sections 

28 and 34 (T. 22 S., R. 58 E.) the Cottonwood fault juxtaposes 

Mesozoic rocks of the autochthon on the northeast side against 

Paleozoic rocks of the Contact thrust plate on the southwest 

side. Although the age relationships suggest that the south 

side is up, it has actually been downdropped relative to the 

north side. Approximately 3300 feet of dip slip separation 

is estimated from cross section B-B' (plate 3). The stra¬ 

tigraphic separation decreases along strike to the southeast. 

At Cottonwood Pass autochthonous Triassic Moenkopi Formation 

northeast of the fault is juxtaposed against Aztec Sandstone 

to the southwest. In the N.W. 1/4, section 11 (T. 23 S., R. 

58 E.) the upper Redbed Member of the Moenkopi is faulted 

against the uppermost Chinle Formation, indicating a stra- 
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tigraphic separation of approximately 1200 feet. It cannot 

be determined conclusively if offset across the Cottonwood 

Fault was the result of primarily dip slip or strike slip 

motion. The Cottonwood Fault is not exposed west of the 

Keystone thrust. 

The northwest trending faults of the Ninetynine fault 

zone may cut the autochthon in sections 14 and 15 (T. 23 S., 

R. 58 E.). The geometry of this zone is discussed below. 

A northerly trending fault with west side up strati¬ 

graphic separation repeats the Chinle and Aztec sections in 

sections 27, 33 and 34 (T. 23 S., R. 58 E.). It may be the 

continuation of the high angle fault in section 22 (T. 23 S., 

R. 58 E.). Truncation of the gravity slide mass indicates 

west side down separation across the fault here, perhaps the 

result of later reactivation. 

Contact Thrust Plate 

General statement 

The Contact thrust plate outcrops in the center of the 

map area and consists of the Paleozoic rocks above the Con¬ 

tact thrust and below the Keystone thrust. It is truncated 

by the Cottonwood fault in the northeastern part of the area. 

The stratigraphic section exposed within the Contact thrust 

plate ranges from the Banded Mountain Member of the Bonanza 

King Formation to the Pennsylvanian Bird Spring Formation. 

Davis (1973) has correlated the Contact thrust plate with the 

Red Spring thrust plate exposed 12 miles north of the map 

area. Rocks of the Contact thrust plate outcrop continuously 
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south of the map area to the vicinity of Goodsprings, Nevada. 

West of Goodsprings the higher Keystone thrust plate completely 

overrides the Contact thrust plate (Carr, pers. comm., 1976). 

Contact thrust 

The Contact thrust was first identified by Hewett (1931). 

Its northernmost exposure in the map area occurs in the N.E. 

1/4 of section 10 (T. 23 S., R. 58 E.). The thrust outcrops 

discontinuously south and west from there in sections 10, 11, 

14 and 15 (T. 23 S., R. 58 E.) and between the Pauline Mine 

and Contact Mine in section 21 (T. 23 S., R. 58 E.). The 

southernmost exposure of the thrust occurs in the center of 

section 28 (T. 23 S., R. 58 E.). Carr (pers. comm., 1976) 

has located the Contact thrust just south of the Boundary 

fault in the N. 1/2 of section 4 (T. 24 S., R. 58 E.). 

North of the Ninetynine fault zone the west dipping 

Contact thrust cuts through the overturned east limb of a 

south plunging anticline. Here the thrust juxtaposes Bird 

Spring Formation on top of Aztec Sandstone or channel con¬ 

glomerates . 

South of the Ninetynine fault zone the actual thrust 

contact has been cut out in several places by minor high angle 

faults. However, the thrust is exposed in places and the 

fault surface again cuts through the eastern, locally over¬ 

turned limb of a south plunging anticline. Here the thrust 

cuts up section across the fold limb from north to south: 

Bullion Dolomite is above the thrust west of the Pauline Mine 
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and Bird Spring Formation is above the thrust where it is 

last exposed to the south. Carr (pers. comm., 1976) has 

determined that the Contact thrust has not been cut by the 

Boundary fault. Therefore, the known and inferred trace of 

the Contact thrust between the Pauline Mine and exposures 

south of the Boundary fault cuts through the east limb of 

the frontal anticline and across the axial traces of south¬ 

east plunging folds in sections 29 and 32 (T. 23 S., R. 58 E.). 

A similar geometry, in which the thrust cuts across 

section is inferred for the Contact thrust north of the 

Ninetynine fault zone. 

The only outcrop of the fault itself was found in an 

adit 1000 feet southwest of the Pauline Mine. Here the fault 

strikes N46E and dips 33 degrees to the northwest and is a 

zone approximately 3 feet wide and consisting of thoroughly 

brecciated and sheared rock. Lenticular carbonate fragments 

up to 2 to 3 inches long are present within a matrix of gouge. 

Elsewhere, although the fault zone is not exposed, geo¬ 

metry requires that it is a narrow, planar zone. Upper plate 

rocks above the fault zone show no penetrative deformation, 

and extensive brecciation and shearing does not extend above 

the narrow zone of sheared rocks. Upper plate rocks are 

extensively fractured for a few hundred feet above the fault 

zone, but show little evidence of slip. 

Lower plate rocks are often, but not always, extensively 

deformed within zones 10 to 200 feet wide below the fault zone. 
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The rocks are cut into slivers several feet in size by ana¬ 

stomosing shear surfaces. Net slip is on the order of inches 

to a few feet as the lower plate stratigraphy is not dis¬ 

rupted significantly. These zones occur locally, and this 

type of deformation is best exposed in the channel conglom¬ 

erates. There is no evidence of penetrative deformation in 

the lower plate rocks. 

West of Cottonwood Pass a thrust slice of Bird Spring 

Formation is present above the Aztec Sandstone. This slice 

is bounded by thrusts above and below. Bedding orientations 

within the slice are highly variable and discordant with 

respect to beds in the overriding thrust plate. This slice 

is similar to the thrust lenticules described by Burchfiel 

and Davis (1971) in the Clark Mountain thrust complex. 

No directional indicators were found on the faults of 

the thrust zone. However, slickensides were measured on the 

anastomosing shear surfaces in the lower plate rocks below 

the Contact thrust between the Pauline and Contact Mines. 

The small displacement on the high angle fault which truncates 

the thrust surface here is not considered to have rotated the 

lower plate significantly. It is assumed that the average 

azimuth of the slickensides reflects the azimuth of the 

relative slip between the upper and lower plates. The con¬ 

toured data is presented in figure 5. The average azimuth 

trends east-northeast. 

Another possible directional indicator is the east- 

northeast trending fault in sections 33 and 34 (T. 22 S., R. 



Figure 5: Lower hemisphere projection of slickenside 
lineations from anastomosing slip surfaces below the 
Contact thrust. Lineations plotted: 44; contours, 
18%, 9%, 4%, 2% per 1% area. 
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58 E.) which shows left lateral separation. This offset 

can be explained by strike slip displacement and the fault 

may be interpreted as a tear fault. This fault is appar¬ 

ently truncated to the west by a northwest trending high angle 

fault. Its continuation to the east is unknown. 

Major folds 

The anticline above the Contact thrust is the prominent 

structural feature along the eastern edge of the Contact 

thrust plate. The Mountain Springs Formation is the oldest 

unit exposed in the core of this anticline. North of the 

Ninetynine fault zone the anticline is locally overturned to 

the east. At one place, beds are overturned and dip 30 

degrees west. Just south of the suspected tear fault the 

fold axis of the frontal anticline plunges at 8/S4E. West 

of Cottonwood Pass the plunge changes slightly to 7/S16E. 

The axial plane here dips 40 degrees west. 

South of the Ninetynine fault zone the anticline is 

locally overturned to the east. The fold axis curves from 

a plunge of 24/S22E just south of the fault zone to 18/S43W 

west of the Contact Mine. 

North of the suspected tear fault, the anticline is 

overturned to the east. The fold axis plunges 11/N13E. 

Unfortunately, the hinge of the fold is not exposed in this 

block, so the net offset of the fold axis cannot be determined 

across the fault. 

The axial trace of the frontal anticline has been offset 
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across the Ninetynine fault zone. The relative importance 

of dip slip versus strike slip motion is considered below. 

The second major fold in the Contact thrust plate is 

the Potosi Mine syncline, in the west center of the map 

area. It is overturned to the east; in one place beds are 

overturned and dip 31 degrees west. The axial trace con¬ 

tinues south of the map area but disappears downstructure 

to the north. The fold axis is curvilinear. In section 24 

(T. 23 S., R. 57 E.) the fold axis is horizontal and trends 

north-south. Just north of Potosi Mine it plunges 26/S20W. 

The axial plane is apparently curved, and at Potosi Mine 

dips approximately 35 degrees west-northwest. The Potosi 

Mine syncline apparently dies out downsection within the 

Bonanza King Formation. However, bedding in the Bonanza 

King has been steepened by drag beneath the Keystone thrust. 

Potosi thrust 

The gently west-dipping limb between the frontal anticline 

and the Potosi Mine syncline south of the Ninetynine fault 

zone is cut by the Potosi thrust of Hewett (1931). The Potosi 

thrust is exposed continuously from east of Potosi Mountain 

summit to the southern boundary of the map area. Its con¬ 

tinuation north of the summit is not exposed because of cover 

by Late Tertiary slide blocks and breccias and poor outcrop. 

Two outliers of the Potosi thrust, T-l and T-2, are preserved 

northeast of Potosi Mountain summit where they have been 

faulted into their present position by right lateral strike 
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slip and north side down dip slip along the Ninetynine fault 

zone (discussed below). 

The Potosi thrust cuts up section from north to south. 

At Peak 8192' and Potosi Mountain summit the dip of the fault 

is 20-22 degrees west. The average stratigraphic throw is 

about 500-600 feet across the thrust. 

The Potosi thrust surface is marked by a zone of brec- 

ciated rock that varies from 5 to 50 feet in width. Slip 

has apparently occurred along several subparallel fault zones. 

These slip zones are narrow (a few inches wide) and are marked 

by gouge. No penetrative deformation is associated with 

upper or lower plate rocks. 

The only directional indicators for relative motion 

along the Potosi thrust were found where the fault zone is 

well exposed at Peak 8192'. Slickensides measured in two 

planes indicated an east directed azimuth of relative slip. 

Small, east vergent anticlines are occasionally present 

immediately above the thrust. The steep eastern limbs are 

faulted through. South of Potosi Mountain summit and west 

of Peak 6801' (section 32, T. 22 S., R. 58 E.) lower plate 

beds steepen and overturn beneath the thrust. 

Two lenticular thrust slices are present along the 

Potosi thrust. The slice south of Peak 8192' repeats the 

lowermost Bird Spring Formation. 

Above the Potosi thrust, the only fold identified is 

the Potosi Mine syncline. Smaller scale folds, such as those 

observed east of the thrust within the Bird Spring Formation 
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were not recognized. 

Hewett (1931 and 1956) showed the Potosi thrust as 

trending almost due south from Peak 8192' and leaving the 

map area through section 32 (T. 23 S., R. 58 E.). This 

study indicates the actual continuation of the Potosi thrust 

trends south-southwest from Peak 8192' and becomes the 

Wilson thrust of Hewett (1931 and 1956). The author's ob¬ 

servations and those of Carr (pers. comm./ 1976) who has 

remapped the Wilson thrust indicate that these are the same 

fault. Carr has concluded that the segment of the "Potosi 

thrust" of Hewett (1931) that he examined south of the map 

area becomes a bedding plane fault within the Bird Spring 

Formation well south of the map area. No continuation of 

this fault was observed in the map area. If it were present, 

detailed paleontological work would be required to locate 

it. In any case, this fault would be localized within the 

middle Bird Spring Formation, and could not crop out further 

north than the southernmost edge of the field area. 

Small folds north of the Ninetynine fault zone 

The west limb of the frontal anticline generally dips 

gently to the south or southwest. North of the suspected 

tear fault in section 33 (T. 22 S., R. 58 E.) this limb is 

folded by an open synclinal flexure. The fold axis is sub¬ 

horizontal and trends northeast. Bedding on the west limb 

of this flexure steepens and locally overturns to the east 

as the Keystone thrust is approached. Beds in section 28 
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(T. 22 S., R. 58 E.) are thrown into a tight syncline over¬ 

turned to the east beneath the thrust. The axial trace of 

this fold is probably truncated by the Keystone thrust along 

strike to the southwest. Upper Anchor Limestone has slipped 

subparallel to bedding in the core of the fold producing a 

younger-on-older faulting. 

Beds beneath the Potosi thrust outlier (T-l) in the N. 

1/2 of section 5 (T. 22 S., R. 58 E.) are in open folds which 

plunge gently to the south-southeast. Beds in section 32 

(T. 22 S., R. 58 E.) south of the northwest trending high 

angle fault are slightly warped, but generally within 10 

degrees of horizontal. They steepen beneath the Keystone 

thrust and T-2. 

Small folds south of the Ninetynine fault zone 

In the north-center of section 6 (T. 23 S., R. 58 E.), 

immediately below the Keystone thrust and above the inferred 

trace of the Potosi thrust is a tight anticline-syncline 

pair. The anticlinal axis plunges 29/S55W. The synclinal 

axis plunges 59/S55W. The anticline appears to continue 

along strike to the southwest and the plunge changes to 

3/S49W. The axial plane constructed for this anticline 

strikes N49E and dips 82 degrees northwest. The syncline 

adjacent to this anticline has a fold axis which plunges 

10/S23W. It may represent the same syncline along strike to 

the northeast but the axial plane must curve toward the 

northeast along the axial trace from southwest to northeast. 
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The axial traces of these folds are cut by the Potosi thrust 

to the northeast and appear to die out to the southwest. 

Between the Contact and Potosi thrusts in sections 20, 

29 and 32 (T. 23 S., R. 58 E.) are several southeast plunging 

folds. Two of the anticlines are overturned to the north¬ 

east. The overturned limbs are faulted through. The fault 

in S. 1/2 of section 29 (T. 23 S., R. 58 E.) dies out to the 

northwest within a fold. In effect, the overturning and the 

faulting dies out down section. This is an example of the 

disharmonie style of folding within the Bird Spring Formation 

in this area. 

The inferred axial traces of these folds project at a 

high angle beneath the Potosi thrust. These folds do not 

appear to deform the upper plate. It appears that the major 

frontal anticline above the Contact thrust plunges below 

these structurally higher, disharmonie folds in sections 28 

and 29 (T. 23 S., R. 58 E.). The interbedded carbonates and 

shales of the Bird Spring Formation form folds with smaller 

wavelength and amplitude than the thick slab of carbonates 

which underlie. As a result, the frontal anticline dies out 

upsection and upstrueture within the Bird Spring Formation 

where folding becomes disharmonie. 

High angle faults 

High angle faults cut all major structural features of 

the Contact thrust plate discussed above. The Cottonwood 

fault which truncates the thrust plate and the suspected tear 
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fault have both been discussed above. The Ninetynine fault 

zone and the north trending faults which cut it are discussed 

below. 

In sections 33 and 34 (T. 22 S., R. 58 E.) and section 

4 (T. 23 S., R. 58 E.) there is a major northwest trending 

fault. The outcrop pattern and stratigraphic juxtaposition 

indicate this is a reverse fault dipping steeply to the south¬ 

west at the pass southwest of Peak 6308'. Along strike in 

section 4 the southwest side is still upthrown, however, the 

fault plane steepens and eventually dips steeply to the east. 

The fault cannot be traced on the ground to the southeast, 

however, juxtaposition of units indicates the stratigraphic 

throw across the fault increases along strike to the north¬ 

west of section 4. This fault truncates the suspected tear 

fault to the east, and it is itself truncated by the Keystone 

thrust. 

There are several generally north trending faults in the 

Contact thrust plate showing small displacement. They cross¬ 

cut the major folds but their relationships to the thrusts 

are not clear. 

Gravity slides 

There are at least two localities where major gravity 

sliding has occurred. One is at Pauline Mine (sections 22 

and 23, T. 23 S., R. 58 E.) where Yellowpine Limestone and 

Bullion Dolomite are in low angle fault contact with Bullion 

Dolomite above the Contact thrust and Aztec Sandstone below 
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it. The curving fault surface is marked by a carbonate 

megabreccia zone of varying width (5 to 15 feet). The 

Contact thrust is concealed beneath the megabreccia and the 

undisturbed strata above it. The Pauline Mine shaft is 

located along the fault zone. The distinctive malacite 

deposits here occur within rocks of the slide block and are 

matched in quality within the map area only by deposits 

found in workings 800 feet up the ridge immediately to the 

west. This block probably originated from near these mine 

workings. The slide block is cut by a north trending high 

angle fault (with east side up relative displacement) which 

truncates it to the east. 

The other major gravity slides are located below the 

north-facing cliffs of Potosi Mountain where there is a wide 

area that is completely covered by megabreccia largely com¬ 

posed of clasts of Sultan Limestone. Immediately below the 

cliffs are many large blocks of Sultan Limestone overlying 

megabreccia. Three of these blocks are up to 800 feet in 

length. Bedding is upright and the blocks are inclined up 

to 25 degrees downslope. As these blocks and the mega¬ 

breccia cover the trace of the Potosi thrust, it seems 

probable that they are landslide deposits derived from the 

upper plate. 

There are other small slide blocks and megabreccia 

deposits within the Contact thrust plate, whose locations 

are mapped, but about which little can be said concerning 

their points of origin. 
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Ninetynine Fault Zone 

The Ninetynine fault zone is the name given here to a 

structurally complex zone of northwest trending high angle 

faults cutting the Contact thrust plate and autochthonous 

rocks in the northeast section of the map area. The fault 

zone curves eastward where last exposed near the Ninetynine 

Mine. The Ninetynine fault zone does not, as Hewett (1931 

and 1956) indicated, offset strata within the Keystone thrust 

plate. Its intersection with the Contact thrust is not ex¬ 

posed. 

The Ninetynine fault zone consists of several near ver¬ 

tical, anastomosing fault surfaces. These fault surfaces 

separate blocks whose histories of relative motion with 

respect to one another has been complicated. For the purpose 

of this discussion, the individual fault surface segments of 

the Ninetynine fault zone have been labelled A through L on 

the geologic map (plate 1). When a section of the fault 

zone is described, it will be identified by its component 

segments. Surface EGJ, for example, is the southwest boundary 

of the fault zone. The two thrust faults truncated by the 

fault zone are labelled T-l and T-2. Notice that one high 

angle fault segment, H, is never exposed, but only inferred 

from the field relationships. It may be continuous with 

either segments C or I. All that can be concluded is that a 

fault surface juxtaposes Mountain Springs Formation against 

Mississippian and Pennsylvanian rocks. 

It is clear that a major stratigraphic juxtaposition 



49 

occurs across the fault zone. The stratigraphic separations 

always indicate that the northeast side is relatively down- 

dropped across all the fault surfaces. Hewett (1931) cor¬ 

related thrusts T-l and T-2 with the Potosi thrust, indicating 

also that the northeast sides were downdropped. Both T-l and 

T-2 cut down section along trend to the north, and show con¬ 

sistent stratigraphic throws of between 400-600 feet, much 

like the Potosi thrust. 

The maximum stratigraphic separation (^1500 feet) occurs 

across surface HI juxtaposing lower Mountain Springs Formation 

against Monte Cristo Limestone and lower Bird Spring Formation. 

A comparable offset is required along surface EG if T-l is 

equivalent to the Potosi thrust. There, upper plate Sultan 

Limestone is downdropped against lower plate Sultan Limestone 

northeast of Potosi Mountain summit. 

The separation across surface J is less than across EG 

and can be explained by either north-side down dip slip and/ 

or right-lateral strike slip. 

Surfaces B and C show between 100-300 feet of north-side 

down stratigraphic separation in sections 9 and 16 (T. 23 S., 

R. 58 E.). This separation appears to decrease along strike 

to the northwest. Surface A juxtaposes the upper plate of 

T-2 against the upper and lower plates of T-l. If T-l and 

T-2 are equivalent to the Potosi thrust, then the thrust 

surface has been downdropped to the northeast across the fault 

surface A. 

High angle surface F and low angle surface L bound a 
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problematic block of Anchor Limestone. Surfaces T-l, A, F 

and B all intersect in the same place. The high angle faults 

truncate T-l. It is possible that T-l and L (and also T-2) 

represent the same thrust surface, cut by F, A and B. How¬ 

ever, as the lower plate rocks are different for T-l and L, 

surface F must be a fault with substantial offset. 

Three fault surfaces, C, I and J, follow the valley 

southeast toward the Ninetynine Mine and are truncated by a 

set of north trending high angle faults. Only two fault 

surfaces (D and K) are exposed continuing east of this 

truncation. Surface K shows north-side down stratigraphic 

separation which can be explained by north-side down dip 

slip and/or left-lateral strike slip motion. This is the 

same geometry as for surface J, and K probably represents 

its offset continuation. K may extend east beneath the 

alluvium to the S.E. 1/4 of section 15 (T. 23 S., R. 58 E.) 

where allochthonous Bird Spring Formation is faulted against 

autochthonous Aztec Sandstone. The orientation of the fault 

plane is unclear here because of poor exposure and this may 

be a high angle fault rather than a thrust. A right angle 

bend westward for the inferred Contact thrust trace is re¬ 

quired if the exposed fault is the thrust. If it is a high 

angle fault, the required north-side down offset is compa¬ 

tible with that across surface JK. 

Surface D also shows north-side down stratigraphic 

separation. The apparent stratigraphic throw is no more than 

600 feet, far less than across surface HI. However, beds on 
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either side may represent opposite limbs of the frontal anti¬ 

cline of the Contact thrust plate. D probably extends east¬ 

wards and divides the isolated Bird Spring outcrops where 

their strike of bedding changes by 30-50 degrees. 

The net slip across the Ninetynine fault zone can be 

determined by measuring the offset of unique linear elements 

across it. If the frontal anticlines on either side of the 

fault represent offset portions of the same fold, then the 

net slip across the fault zone can be defined by the offset 

across the fault zone of the fold axis at a selected stra¬ 

tigraphic horizon. 

The fold axis north of the fault remains fairly con¬ 

sistent in plunge along trend. Its plunge varies from 8/S4E 

just south of the suspected tear fault to 7/S16E in sections 

10 and 15 (T. 23 S., R. 58 E.). South of the fault zone the 

fold axis curves from a plunge of 24/S22E in section 16 (T. 

23 S., R. 58 E.) to a plunge of 18/S18W west of the Pauline 

Mine and a plunge of 18/S43W above the Contact Mine. This 

could represent: 1) an initially curvilinear fold axis, or 

2) a folded axial plane, perhaps bent toward the northwest 

by left-lateral shear across fault surface JK. In either 

case the offset across the fault zone is determined by pro¬ 

jecting the offset fold axes into the plane of the fault 

zone. The fault zone is assumed to be vertical for simpli¬ 

city (fault surface dips of 90 and 75 degrees north-northeast 

were directly observed on surfaces C and D respectively). 

If the fold axis south of the fault zone was initially 
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curvilinear, then the calculated net offset has a vertical, 

north-side down dip slip component of 3196 feet, and a right- 

slip component of 6015 feet. 

If the fold axis south of the fault zone was bent by 

left-lateral shear across surface JK then the calculated 

vertical, north-side down dip slip component of the net off¬ 

set is 2438 feet and the right-slip component is 4919 feet. 

These conclusions are supported by an exposure of surface 

D in the vertical shaft at the Ninetynine Mine. The slip 

plane's attitude is N104E/75NE and slickensides indicating 

the slip direction of the north-side block are pitched 67 

degrees southeast. This agrees in sense of slip with the 

findings above. 

A combination of north-side down dip slip and right-slip 

across the fault zone serves to explain the geometry observed 

in section 5 (T. 23 S., R. 58 E.). If T-l and T-2 are equi¬ 

valent to the Potosi thrust, then dip slip motion alone can¬ 

not explain the juxtaposition observed across surface E. 

T-l cuts down section to the northwest, but has cut to deeper 

stratigraphic levels than the Potosi thrust exposed directly 

southwest of surface E. The Potosi thrust presumably reaches 

comparable levels along trend to the northwest (although the 

fault trace is covered there). A combination of right-slip 

and dip slip across E can explain the juxtaposition observed. 

The data permit a partial reconstruction of the sequence 

of events within the Ninetynine fault zone. The major offset 

must have occurred along surface EGHID* (*or a surface parallel 

to D but north of it and now covered by alluvium). Almost all 
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of the net right-slip component of displacement occurred 

along this zone. Next, northeast-side down, largely dip 

slip motion occurred along surface AFGJK. This probably 

offset the first fault along G. Dip slip would account for 

the offset of surfaces E and H, of T-l and T-2, for the out¬ 

crop patterns across JK, and the north-side down offset along 

the possible projection of K to the "Contact thrust" outlier. 

At some point after this fault formed, surface BC, which must 

have originally splayed off of ID, dropped its north-side 

down slightly and rotated thrust surface L with respect to 

T-2. Later, minor north-side up motion along BI juxtaposed 

Anchor Limestone against younger rocks between BC and HI and 

again rotated L with respect to T-2. Finally, north trending 

faults cut the fault zone. This sequence, which is progres¬ 

sively more speculative, is nevertheless consistent with the 

observed field relationships. 

The Ninetynine fault zone must cut the autochthon. The 

slickenside data from Ninetynine Mine suggests that dip and 

strike slip motion were contemporaneous. Thus, the Ninetynine 

fault zone is probably not a tear fault zone which experienced 

later dip slip motion. 

Keystone Thrust Plate 

General statement 

The Keystone thrust plate in the Spring Mountains con¬ 

sists of the Paleozoic and Mesozoic rocks above the Keystone 

thrust and below the Lee Canyon thrust (exposed 20 miles 
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northwest of the map area). The stratigraphic sequence 

within the Keystone thrust plate ranges from the basal 

Banded Mountain Member of the Cambrian Bonanza King For¬ 

mation to the Triassic Moenkopi Formation. In the map area, 

the Bird Spring Formation is the youngest unit exposed. The 

Keystone thrust plate crops out in the northwest section of 

the map area and continues north and south beyond the Potosi 

Mountain area. Immediately north of the map area it over¬ 

rides autochthonous Aztec Sandstone northeast of the Cotton¬ 

wood fault. 

Keystone thrust 

The Keystone thrust was named and first described by 

Hewett (1931). It is well exposed north of the map area 

where Banded Mountain Member is thrust over Aztec Sandstone. 

In the north-center of the area (sections 28 and 29, T. 22 

S., R. 58 E.), south of the Cottonwood fault, Banded Mountain 

Member is thrust over Sultan Limestone of the Contact thrust 

plate. The contact of the Keystone thrust can be located but 

the fault zone is not directly exposed. The thrust is covered 

by alluvium in section 32 (T. 22 S., R. 58 E.) and is next 

exposed east of Peak 6464'. The contact can be located for 

the next two miles along strike to the southwest. However, 

the fact that Banded Mountain Member is thrust over Banded 

Mountain Member and poor outcrop make the fault somewhat 

difficult to trace. South and west of section 1 (T. 23 S., 

R. 57 E.) the Keystone thrust is covered by alluvium and is 
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not seen again in the map area. 

Hewett (1931) showed the thrust as located northwest of 

Peak 6464' and paralleling the road over Potosi Pass. Rocks 

outcropping in roadcuts at Potosi Pass are highly fractured 

and brecciated in places, however, the Keystone plate stra¬ 

tigraphy can be followed with apparent continuity across this 

zone. Although a small fault may be present here, it is not 

the Keystone basal thrust. 

Where the thrust can be located, the Keystone thrust 

plate always carries Banded Mountain Member at its base. More 

specifically, it always carries units which lie immediately 

above the basal silty dolomite of the Banded Mountain Member. 

This marked stratigraphic control of the Keystone thrust 

surface has been observed to hold true throughout its contin¬ 

uous exposures in the Spring Mountains of Nevada and the Clark 

Mountains of California (Burchfiel and others, 1974; Burchfiel 

and Davis, 1971). Detachment always occurs immediately above 

or below the basal silty unit of the Banded Mountain Member. 

Because of this stratigraphic control it is likely that 

the Keystone thrust surface dips parallel with bedding in the 

upper plate. The trace of the fault surface certainly paral¬ 

lels the strike of upper plate beds which form a steep, north¬ 

west dipping homocline. 

Nowhere is the Keystone thrust fault zone directly 

exposed. Usually its trace can be located by structural or 

stratigraphic discordance. In section 1 (T. 23 S., R. 57 E.) 

a thrust slice of upper plate rocks and lower plate rocks are 
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juxtaposed across a narrow (3-5 feet wide), shallow dipping 

fault zone. The fault zone does not outcrop however. 

As the fault zone was never directly exposed, no slip 

direction indicators could be measured to determine the 

direction of relative slip across the Keystone basal thrust. 

However, slickensides were found for a higher splay thrust 

which crops out in the center of section 1 (T. 23 S., R. 57 

E.) and overrides the thrust slice of upper plate rocks. 

Slickensides were measured on several northwest dipping slip 

surfaces on lower plate rocks just below the inferred fault 

zone. The azimuth of slip was N14E on two planes and S20E 

on the third. This may be a fault zone with small net slip 

across it. 

Folds 

For a distance of about 1 1/2 miles along strike south¬ 

west from Peak 6464* the Keystone thrust cuts through the 

southeast, locally overturned limb of a frontal anticline in 

the upper plate. The axial trace trends southwest and the 

fold axis plunges 15 degrees southwest at Peak 6464' but 

becomes subhorizontal along strike to the southwest. The 

anticline has been cut out above the thrust slice. A frontal 

anticline is present in the Keystone thrust plate west of 

Potosi Spring. The axial planes of these folds dip steeply 

to the northwest. Frontal anticlines are uncommon above the 

thrust; generally strata dip homoclinally to the northwest. 
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High angle faults 

The Keystone thrust is offset approximately 200 feet 

vertically, with the north-side uplifted, by the Cottonwood 

fault. This is the same sense of separation as observed for 

the truncation of the Contact thrust plate by the Cottonwood 

fault. However, in this case the displacement is an order of 

magnitude less. 

The Keystone thrust plate is cut by several northwest 

and west trending and generally southwest and south dipping 

high angle faults. All show stratigraphic separation that can 

be explained by either north-side up dip slip or left-lateral 

strike slip. If left-lateral slip could be demonstrated, 

these faults might be interpreted as tear faults genetically 

related to the emplacement of the Keystone thrust plate. As 

such they would indicate a period of east or southeast rela¬ 

tive motion between the Keystone and Contact thrust plates. 

Unfortunately, the net slip cannot be determined at this time. 

Two of the faults can be traced into the upper Banded Moun¬ 

tain Member, however, discontinuous outcrop prohibited recog¬ 

nition of their continuations to the southeast. The geometric 

relationships between these faults and other structures of the 

Keystone thrust plate are still unresolved. 

Landslides 

One landslide locality was observed in the N.E. 1/4 of 

section 2 (T 23 S., R. 57 E.) where a megabreccia of the 

Ironside and Valentine members of the Sultan Limestone covers 

a wide area below cliffs of the same units. 
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TIMING OF STRUCTURAL EVENTS 

Rocks in the Potosi Mountain area exhibit a series of 

structural events, the major ones being of Upper Mesozoic 

age. Cross-cutting structural relationships and unconfor¬ 

mities permit the relative sequence of structural events to 

be reconstructed. Stratigraphic and radiometric evidence 

give absolute time controls. These time controls, however, 

date only the upper time limit on the formation of particu¬ 

lar structures. Structural "events", such as major over¬ 

thrusting or folding may span considerable time periods, for 

which only the upper limit can generally be determined. 

Event 1; High angle faulting; pre-150il0 M.Y.B.P. 

The only structure that can be related to this event is 

the Boundary fault. It cuts the autochthon but not the 

higher thrust plates and predates the emplacement of the 

Contact thrust plate. 

If, as discussed above, the channel conglomerates over- 

lying the Aztec Sandstone here are lateral equivalents of 

the Lavinia Wash channel conglomerates dated by Carr as Upper 

Jurassic, then these rocks were deposited across the fault, 

and event 1 is then pre-150±10 M.Y.B.P. 

Event 2: Major folding 

Event 2 is represented only in the Contact thrust plate. 

The east vergent frontal anticline, as well as smaller scale 

east vergent folds within the thrust plate, are the oldest 
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structures recognized within the allochthon. They are cut 

the Contact and Potosi thrusts. 

The Potosi Mine syncline is refolded by drag folding 

related to the Keystone thrust. Its relationships to the 

Potosi and Contact thrusts, and the Ninetynine fault zone 

are not exposed. However, as it predates Keystone thrusting 

and does not appear to be mechanically related to that event 

it is correlated with event 2. 

Event 3: Major thrusting; post-150±10 M.Y.B.P. 

Event 3 is represented by the Contact and Potosi thrusts. 

Both thrust surfaces cut folds of event 2. The Contact thrust 

surface is the major fault, whereas the Potosi thrust formed 

as an intraplate structure. It cannot be demonstrated which 

thrust formed first. The possible tear fault in sections 33 

and 34 (T. 22 S., R. 58 E.) would have formed synchronously 

with Contact thrusting. 

The Contact thrust plate overrides Late Jurassic (?) 

channel conglomerates. Contact thrusting here must postdate 

the 150±10 M.Y.B.P. age of the tuff in the Lavinia Wash con¬ 

glomerates. This is the lower limit on the final emplacement 

of the Contact thrust plate in the southern Spring Mountains. 

Event 4 : High angle faulting 

The major structures of event 4 include the northwest 

trending Cottonwood fault, the Ninetynine fault zone, and 

the northwest'trending reverse fault in sections 32 and 33 

(T. 22 S., R. 58 E.) and section 4 (T. 23 S., R. 58 E.). 
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The Cottonwood fault cuts the Contact thrust and the Ninety- 

nine fault zone cuts the Contact and Potosi thrusts. Both 

are overridden and truncated by the Keystone thrust. The 

reverse fault truncates a suspected event 3 structure, the 

inferred tear fault, and it is truncated by the Keystone 

thrust. All of the major offset across these faults must 

predate the final emplacement of the Keystone thrust here. 

North trending faults which cut the Ninetynine fault 

zone show east-side down offset. This faulting may also 

predate Keystone thrusting although this cannot be demon¬ 

strated. 

Event 5: Folding and major thrusting 

Event 5 structures are related to the final emplacement 

of the Keystone thrust plate. These include the Keystone 

thrust and splays, frontal anticlines and possible tear 

faults in the upper plate, and minor drag folds in the lower 

Contact thrust plate. The Keystone thrust truncates event 4 

faults, and event 3 Potosi thrust, the event 2 Potosi Mine 

syncline and possible event 2 folds in section 6 (T. 23 S., 

R. 58 E.) and sections 28 and 29 (T. 22 S., R. 58 E.). 

Event 5 is the last major structural event in the map area. 

Event 6: Minor high angle faulting 

This event is only represented by 200 feet of north-side 

up late offset on the Cottonwood fault which slightly dis¬ 

places the trace of the Keystone thrust. 
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Event 7; Gravity sliding and minor high angle faulting 

The Pauline Mine slide block covers the Contact thrust. 

It is cut by a north trending high angle fault with west-side 

down offset which projects along strike into the north 

trending fault zone which cuts the Ninetynine fault zone. 

The sense of offset is the reverse of that described above 

for the north trending fault zone and probably reflects a 

later episode of fault motion. The slide could have been 

emplaced as early as post event 3, but a Mesozoic age for 

this structure seems highly unlikely. A Late Tertiary age 

appears more plausible. 

The Potosi Mountain slide blocks and megabreccia are 

event 7 structures. A Late Tertiary age is again inferred. 
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REGIONAL TECTONIC CORRELATIONS 

Structures correlative with those at Potosi Mountain 

can be identified along strike in the foreland thrust terrane 

of southern Nevada and southeastern California. Fifteen 

miles north of Potosi Mountain the Red Spring thrust plate 

carries Paleozoic carbonate rocks over Aztec Sandstone and 

channel conglomerates (Longwell, 1926; Davis, 1973). As 

mentioned above, Davis correlated the Contact thrust plate 

with the Red Spring thrust and believed they were originally 

a continuous thrust plate. After its emplacement the thrust 

plate was uplifted on a horst between the Cottonwood fault 

and the La Madre fault and removed by erosion prior to the 

emplacement of the Keystone thrust plate. The Contact-Red 

Spring thrust plate has not been reported south of Good- 

springs, Nevada, or north of the Las Vegas shear zone. 

The higher Keystone thrust can be traced for 150 miles 

along strike. North of Potosi Mountain it can be followed 

continuously to the Las Vegas Valley. Across the shear 

zone it has been offset right-laterally some 40 miles, and 

reappears in the Muddy Mountains of Nevada as the Muddy 

Mountain thrust. 

South from the map area the Keystone thrust can be 

followed discontinuously to the Mescal Range in the southern 

Clark Mountains (the Mescal Range). South of there at 

Striped Mountain its basal thrust surface merges with the 

higher Mesquite Pass thrust (Burchfiel and Davis, in prepa¬ 

ration) . The name Keystone thrust is retained, however, for 
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this frontal thrust at Striped Mountain and to the southeast 

in the New York Mountains where it is exposed again (Burch- 

fiel and Davis, in press). 

Data on an upper limit for the time of emplacement of 

the Keystone thrust is present in the Clark Mountains, 40 

miles south of Potosi Mountain. There, the Keystone thrust 

is inferred to be cut by a 95±5 (?) M.Y.B.P. pluton (Burch- 

fiel and Davis, in preparation) thus the Keystone thrust 

plate must have been emplaced prior to 95±5 M.Y.B.P. 

Evidence from the southern Spring Mountains indicates 

that emplacement of the Contact thrust was post-150±10 M.Y. 

B.P. and pre-Keystone in age. In the Clark Mountains, an 

event that produced folding and minor thrusting was dated 

by a syntectonic pluton at 135±5 M.Y.B.P. These structures 

deform the parautochthon, but not the higher thrust plates 

(Burchfiel and Davis, in preparation). Structures related 

to this event are cut by north trending and then northwest 

trending high angle faults which do not deform the Keystone 

thrust plate and therefore predate its emplacement. These 

relationships are identical to those of events 3 and 4 in 

the Potosi Mountain area. The folding and subsequent thrusting 

of the Contact thrust plate (events 2 and 3) are probably the 

lateral equivalents of the 135±5 M.Y.B.P. event in the Clark 

Mountains. In this interpretation, the Contact thrust may 

die out along strike to the south into folds within the parau¬ 

tochthon, such as at the Clark Mountains. The subsequent high 

angle faulting (event 4) and Keystone thrusting (event 5) are 

post-135±5 M.Y.B.P and pre-95±M.Y.B.P. 
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THRUST FAULT GEOMETRY AT DEPTH 

Interpretative Cross Sections 

Interpretive cross sections are presented in plates 2 

and 3. The thrust faults have been projected to depth in an 

attempt to construct their three-dimensional geometry. Two 

critical assumptions have been made in preparing these sec¬ 

tions : 

1) The thrust faults flatten at depth. 

This is a common interpretation for the Cordilleran fore¬ 

land thrust belt (Armstrong, 1968; Bally and others, 1966; 

Price and Mountjoy, 1970). Immediately south of the southern 

Spring Mountains, thrusts in the Clark Mountain thrust complex 

flatten at depth whether or not they are stratigraphically con¬ 

trolled (Burchfiel and Davis, 1971). In the Spring Mountains 

to the north, Burchfiel and others (1974) have interpreted the 

Keystone and higher thrusts as flattening at depth. 

2) The detachment surface for the Keystone and Contact 

thrusts is at the base of the Banded Mountain Member of the 

Bonanza King Formation. 

There can be little doubt that the Keystone thrust is 

detached at the base of the Banded Mountain Member. The 

detachment is localized near the base of the Banded Mountain 

Member at all exposures from the Muddy Mountains of Nevada 

to the Clark Mountains of California. Only in the southern¬ 

most Clark Mountains does the Keystone thrust cut up section 

within the upper plate to merge with the higher Mesquite Pass 
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thrust (Burchfiel and Davis, 1971). 

In the case of the Contact thrust, stratigraphic control 

must be inferred. However, at least two lines of evidence 

point to this conclusion. First, major shortening has 

occurred between the Contact thrust plate and the autochthon, 

and this is most easily explained (given assumption 1) if the 

Contact thrust surface merges with and/or was at one time 

continuous with the Keystone thrust surface. In this case, 

the Contact thrust plate should carry equivalent or younger 

rocks than the Keystone thrust plate at its base. Because 

the Banded Mountain Member is the oldest unit exposed in the 

Contact thrust plate at Potosi Mountain, the detachment is 

inferred to be at the base of the Banded Mountain Member. 

This argument hinges on whether major shortening has 

occurred between the Contact thrust plate and the autochthon. 

The Contact and Keystone thrust plates have nearly identical 

stratigraphy, and represent a facies terrane distinctive from 

higher thrust plates in the Spring Mountains or the autochthon. 

The existence of Ordovician rocks in these thrust plates at 

Potosi Mountain is particularly important. Present knowledge 

indicates that the first appearance of Ordovician age strata 

in the northeastern Mojave region always occurs above a major 

thrust, usually the Keystone thrust, but here the Contact 

thrust. These data suggest that the Contact terrane was 

originally closer to the Keystone terrane (to its west) than 

to the autochthon (to its east). 

The Contact and Keystone thrust plates were probably cut 
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from the same paleogeographic terrane. In the Muddy Moun¬ 

tains, a minimum of 13 miles of Keystone overthrusting can 

be demonstrated (Fleck, 1970). In the Spring Mountains, 

Burchfiel and others (1974) have estimated a minimum of 10- 

17 miles of overthrusting. Thus, in any palinspastic re¬ 

construction of the pre-thrusting paleogeography, the Contact 

terrane would be just east of the Keystone terrane, and well 

west of the autochthon. It appears most logical that the 

Contact and Keystone detachment surfaces merge in some manner. 

The second line of evidence concerns the geometry of the 

autochthon beneath the Contact thrust plate, and space con¬ 

straints that result. North of the Boundary fault Aztec 

Sandstone or channel conglomerates are always found imme¬ 

diately below the Contact-Red Spring thrust. Surface data 

does not indicate that the Contact thrust cuts down section 

in the autochthon; its ramp is not exposed. This suggests 

that the Contact thrust dips subparallel to beds in the lower 

plate. Thus, the thrust is steep near the surface but 

flattens at depth after cutting to its detachment horizon in 

the upper plate. If lower plate autochthonous units are 

projected beneath the Contact thrust at an averaged dip of 

15 degrees west (a maximum average dip for the homocline) 

there is little or no space to add rocks below the Bonanza 

King Formation to the upper plate. If, as will be discussed 

below, the Contact thrust plate moved over an erosional 

surface, then again, a shallow dipping fault surface would 

be expected, limiting the thickness of the Contact thrust plate. 
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Cross sections were drawn with the above assumptions 

as guidelines. Stratigraphic thicknesses were maintained, 

and the effect of plunging structure on apparent dips and 

thicknesses was incorporated. Autochthonous rocks were 

projected beneath the Contact thrust and a complete se¬ 

quence of Cambrian through Jurassic Aztec Sandstone of 

approximately 13,000 feet was assumed using the sequence of 

rocks at Frenchman Mountain as representative for the au¬ 

tochthon . 

Several features are important to recognize. The 

Contact thrust flattens within the Bonanza King Formation 

approximately 12,000 feet above the corresponding horizon 

in the autochthon. There is no ramp, as the thrust is 

truncated by the Keystone thrust. 

The Keystone thrust is ramping in the map area. Surface 

outcrops indicate it does not flatten toward the west within 

the limits of the map area. Flattening is indicated north¬ 

west of the map area (see Burchfiel and others, 1974). Dips 

on upper plate rocks obtained from Burchfiel and others' 

(1974) geologic map of the Spring Mountains were projected 

into the plane of cross section AA'A" (plate 2). The geometry 

of upper plate rocks along section AA'A" requires that the 

stratigraphically controlled Keystone thrust flattens at 

depth. The Keystone thrust surface probably flattens to the 

level of the basal Banded Mountain Member of the autochthon 

some 5 miles northwest of the surface trace of the thrust, 

beyond the northwest end of the section. This occurs at 
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approximately 9000 feet below sea level. 

The Contact thrust plate overlaps the autochthon for 

5.9 miles section AA'A" (plate 2). This figure is exag¬ 

gerated by offset on the Ninetynine fault zone and an over¬ 

lap figure of 4.7 miles across the south edge of the map is 

more likely for this area. This is not a minimum figure for 

tectonic overlap as no estimate of overlap due to ramping 

is included. 

The Keystone thrust ramp accounts for approximately 5 

miles of tectonic overlap. Burchfiel and others (1974) 

expand this minimum figure to 10-17 miles of overlap for the 

Keystone thrust plate in the adjacent Spring Mountains. 

Thus there has probably been at least 15 miles of shortening 

here without yet accounting for the Contact thrust ramp or 

palinspastic facies reconstructions. 

"Hidden Thrust" Interpretation 

There is a feature apparent on the cross section BB' 

(plate 3) which permits an alternative interpretation for 

the geometry of the Contact thrust plate. Beneath Potosi 

Mountain there is a 2000 foot high ramp in the inferred 

Contact thrust surface. What this ramp represents poses a 

problem. 

Northeast and southwest of the Ninetynine fault zone 

the Contact thrust flattens at approximately the same depth. 

It is possible to interpret the ramp beneath Potosi Mountain 

as due to another "hidden thrust" which cuts up section. The 
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space beneath the ramp would be presumably occupied by 

allochthonous Bonanza King Formation. In this model, off¬ 

set across the Ninetynine fault zone is much reduced. It 

merely downdrops the hidden thrust southwest of the fault 

zone. T-l and T-2 would be preserved fragments of this 

thrust. Thus, there would be a second intraplate thrust in 

the Contact plate, but the Contact thrust would still represent 

the major detachment surface. 

Although this model is possibly correct, the author re¬ 

jects it for the following reasons: 

1) The structural blocks juxtaposed across the Ninety- 

nine fault zone have matching structural elements, including 

the faulted through frontal anticlines and higher thrusts 

(Potosi thrust, T-l and T-2) which cut down section to the 

north. The offset of these elements can be satisfactorily 

explained by the model presented earlier. 

2) The hidden thrust model requires southwest-side 

down dip slip offset of minor displacement across fault 

surface EGHID. This is inconsistent with the only direc¬ 

tional indicator for the Ninetynine fault zone (on surface 

D), which indicated northeast-side down right-lateral strike 

and dip slip offset. 

3) A southwest dipping hidden thrust must have a com¬ 

ponent of northwest relative motion to offset the frontal 

anticline's trace right-laterally. All evidence heretofore 

has been for east vergent structures within the Contact 

thrust plate. 
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4) A hidden thrust model must minimize dip and strike 

slip offset on the Ninetynine fault zone, and therefore off¬ 

set of the autochthon. However, this cannot explain the major 

offset and rotation of bedding strike in autochthonous rocks 

between Cottonwood Pass and Aztec Tank. 

It is suggested that a hidden thrust is not required to 

explain the ramp of the Contact thrust. If the Contact 

thrust plate moved over an erosion surface, then the ramp 

may be a reflection of prethrusting, subaerial relief on the 

autochthon. 
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THRUST SURFACES AS EROSION SURFACES 

It has been mentioned in discussions above that the 

Keystone and Contact thrust plates overrode erosional sur¬ 

faces. This was first proposed for the Keystone thrust by 

Hewett (1931) who observed that the Keystone thrust cut at 

a low angle to bedding in the underlying Aztec Sandstone. 

He believed it unlikely that a fault surface could form so 

closely parallel with bedding without coinciding with it. 

Therefore, he reasoned, the thrust plate "moved forward on 

a surface of erosion rather than a fraction" (p. 48). 

Longwell (1926) reached the same conclusion for the 

Red Spring thrust. He found channel conglomerates beneath 

the thrust, cutting into Aztec Sandstone, with clasts of 

debris which could only have been derived from higher thrust 

plates to the west. Since then, similar deposits have been 

found localized beneath the Keystone thrust in the Spring 

Mountains (Secor, 1962) and the Clark Mountains (Davis, pers. 

comm., 1976). Channel conglomerates have been recently 

found beneath the Contact thrust as well (Carr, pers. comm., 

1976; this report). 

Davis (1973) reexamined the channel conglomerates be¬ 

neath the Red Spring thrust and found the percentage of 

Paleozoic carbonate clasts increases up section as the 

thrust contact is approached. He suggested this reflects 

the ever increasing proximity of the source terrane as the 

Red Spring thrust plate approached the site of deposition. 

The channel conglomerates in the Potosi Mountain map 
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area contain carbonate clasts at only one locality. Usually 

they are composed of chert and quartzite pebbles in a matrix 

of coarse quartz sand. Their provenance is uncertain, but 

possibly is the Eocambrian clastic wedge exposed in higher 

thrust plates to the west, not rocks presently exposed within 

the Contact or Keystone thrust plates. Like similar deposits 

elsewhere, these conglomerates are only found immediately 

below the Contact thrust and presumably project beneath it. 

Their localized presence is interpreted as evidence that the 

Contact thrust plate, as well as the Keystone thrust plate, 

moved over an erosional surface. 

If the thrust surface is an erosional surface, it may 

explain the geometry of the Contact thrust, particularly why 

it ramps beneath Potosi Mountain. It may be that the thrust 

plate is moving "uphill" over a topographic high. The 

inherently irregular nature of an erosional surface may 

explain why some thrust slices or lenticules form (Davis, 

pers. comm., 1976). Irregularities in the movement surface 

may cause the thrust fault to lock up locally. A new thrust 

would break through above the old surface and merge with it 

along strike. As the higher thrust plate continued to move 

forward a lenticular slice of upper plate rocks would be left 

beneath it. 
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THE MECHANICAL PROBLEM OF EROSIONAL THRUSTS 

The mechanical problem of emplacing large thrust sheets 

has long been regarded as one of the great paradoxes of 

structural geology. The field evidence clearly indicates 

that a sheet of rock, whose length and width far exceeds its 

thickness, can move 10's of miles. Yet it appears impossible 

for such a thin sheet of rock to transmit the stress neces¬ 

sary to overcome the frictional resistance to sliding without 

first exceeding its ultimate strength. 

Hubbert and Rubey (1959) demonstrated the importance of 

high fluid pressures in the mechanics of overthrusting. They 

showed mathematically that high fluid pressures at the zone 

of detachment can reduce the normal component of effective 

stress across the thrust surface. This reduction of the 

normal component of effective stress lowers the minimum 

value of shear stress necessary for failure, and thus re¬ 

duces the effective frictional resistance to sliding. The 

fluid pressures within rocks of the upper plate are not 

critical. It is the high fluid pressure within rocks below 

the thrust surface which help support the overburden of the 

upper plate, and thereby reduces the normal component of 

effective stress across the fault surface. 

Raleigh and Griggs (1963) extended this model to include 

thrust plates with toes (that section of the upper plate above 

the ramp). They concluded that high fluid pressures still 

facilitate overthrusting of large sheets if an eroding toe is 
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present, even if the ratio of fluid pressure to overburden 

decreases as the ramp cuts up section in the lower plate. 

This is true whether the forces acting to move the sheet are 

primarily gravitational or compressional. Raleigh and Griggs 

(1963) further state that, "a thrust riding out on the surface 

presents difficulties" (p. 829). Although their reasoning 

is never explicitly presented, the author infers that erosion 

thrusts are precluded because fluid pressure equals 0 at the 

surface. High fluid pressure values cannot be attained as 

long as water in the rocks can flow freely to the surface. 

Thus, for the case of a finite thrust sheet moving over a 

subaerial surface, high fluid pressure values cannot be in¬ 

voked to reduce the frictional resistance to slip. 

Therefore, in the case of erosional thrusts, such as 

the Contact and Keystone thrusts, the mechanical paradox 

arising from the classic model of overthrusting is again 

confronted. Secor (1962) recognized this problem when he 

attempted to analyze the Muddy Mountain overthrust within 

the framework of the Hubbert-Rubey (1959) model. He realized 

that it was probably impossible for high fluid pressures to 

develop in an aquifer like the porous Aztec Sandstone. How¬ 

ever, he argued that if lithostatic fluid pressure values are 

assumed originally, then the weight of upper plate overburden 

will cause fluid pressure immediately below the thrust surface 

to attain a positive value. This permits him to generate 

fluid pressure values which can explain the mechanics of 

emplacing this sheet within the Hubbert-Rubey (1959) model. 
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What he did not discuss is that fluid pressure values greater 

than 0 are only possible at the surface if the ground water 

is trapped beneath the thrust sheet and cannot escape to the 

surface laterally or in front of the thrust. This seems 

highly implausible here. 

In the case of the erosion thrusts of southern Nevada, 

an appeal to high fluid pressure values cannot work to ex¬ 

plain the mechanics of thrust plate emplacement. This does 

not mean that erosional thrusts are impossible, as Raleigh 

and Griggs (1963) conclude, but rather that their model for 

mechanical analysis is inadequate to describe the observed 

geologic phenomenon. 

Price (1973) suggested that the mechanical paradox of 

overthrusting arises from the conceptual models chosen to 

describe the geology, and is not intrinsic to the geology 

itself. He pointed out that the assumption that slip occurs 

along the entire fault surface simultaneously creates the 

problem of stress transmission in the large, thin thrust 

sheets. This assumption is inconsistent with our present 

knowledge of seismicity along active fault zones, where slip 

occurs locally and incrementally, never simultaneously along 

the entire surface. 

The concept of incremental slip may permit a re-evaluation 

of the problem of stress transmission in thrusting. If slip 

occurs incrementally, that is locally in space and time along 

the fault surface, it may be that the critical values of shear 

stress to permit sliding need only be attained locally to 
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allow each increment of slip. If the critical shear stress 

values need only be maintained over a small surface to permit 

slippage of that portion of the thrust sheet, it should be 

possible for incremental slip to occur with proportionally 

lower average endloads which do not approach the crushing 

strength of the rock. Presumably the body strains that would 

result from such "stick-slip" motion are low enough that the 

upper plate rocks can accommodate them elastically. 

Price (1973) also suggested that the Mohr-Coulomb-Navier 

fracture criteria might not be applicable to the mechanical 

analysis of megascopic structures. As yet, there is no 

evidence that such fracture criteria are valid at geologic 

-14 strain rates (10 /sec.). The classic mechanical model for 

overthrusting, as developed by Hubbert and Rubey (1959) and 

expanded by Raleigh and Griggs (1963) is fundamentally based 

on assumptions which are questionable in light of recent 

geophysical and geological evidence concerning faulting. 

Clearly, as Price (1973) suggests there is a need to re¬ 

evaluate our conceptual models in terms of the observed field 

relations, and not vice versa. 
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MODEL FOR THE EMPLACEMENT OF THE CONTACT AND 

KEYSTONE THRUST PLATES AT POTOSI MOUNTAIN 

The following speculative model is based on the geometry 

and timing of structural events observed in the southern 

Spring Mountains and inferred from the interpretive cross 

sections. The critical assumption is that the Contact and 

Keystone thrust plates were at one time the frontal and 

rearward portions respectively of a single thrust sheet. 

During event 2 the frontal part of this incipient thrust 

plate was folded and a major thrust cut up section through 

the east limb of the frontal anticline. This thrust ramped 

the thrust sheet up and over the autochthon. The thrust 

plate moved over an erosional surface with local relief 

generated in part by event 1 block faulting (see figure 6A) . 

Initial slip along the major detachment was followed by 

an episode of high angle faulting (event 4). The frontal 

parts of the thrust plate were cut by northwest trending 

high angle faults and a section of the thrust plate was up¬ 

lifted on a horst. Most of the front of the sheet which had 

moved subaerially was removed by erosion. Frontal fragments, 

the Red Spring and Contact thrust plates, were preserved 

locally. Displacement on the high angle faults must have 

died out toward the west as rearward sections of the thrust 

sheet were not cut by these faults (see figure 6B). 

Subsequently, slip resumed along that portion of the 

basal thrust surface west of the Contact ramp. However, 

two ramp geometries are possible to explain the emplacement 



Figure 6 : Model for the emplacement of the Contact and 
Keystone thrust plates at Potosi Mountain. Diagrams 
are schematic and not drawn to scale. Symbols used 
are the same as in Plates 1, 2 and 3. See discussion 
in text. 
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of the Keystone thrust: either (1) the Keystone thrust 

plate moved over the same ramp as the Contact thrust and 

the Keystone thrust represents a splay which cut through the 

back of the present Contact thrust plate [see figure 6C(i)], 

or (2) the Keystone thrust cut through the Contact ramp and 

ramped up section within the Contact thrust's lower plate 

some distance east of the ramp of the Contact thrust [see 

figure 6C(ii)]. In either case, the Keystone thrust plate 

subsequently moved eastward over the erosional remnants of 

the Contact thrust plate and the autochthon far enough that 

its frontal parts, carrying structures formed by event 4 

high angle faulting, have been eroded completely. Only 

rearward portions of the Keystone thrust plate, undeformed 

by event 4, have been preserved. Bending in the trend of 

upper plate tear faults and anticlines in the Keystone 

recess around the Contact thrust plate indicates that stress 

trajectories were refracted. This may indicate that a 

paleo-Potosi Mountain block constituted an obstacle for the 

advancing Keystone plate. 

This sequence of events, from folding event 2 to the 

final emplacement of the Keystone thrust plate (event 5) 

began approximately 135±5 M.Y.B.P. and ended prior to 95±5 

M.Y.B.P. 
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CONCLUSIONS 

This study has yielded new data on the stratigraphy and 

structural development of the Potosi Mountain area. Three 

structural blocks are present: the autochthon, and the 

allochthonous Contact and Keystone thrust plates. Alloch¬ 

thonous Middle Cambrian through Permian strata represent 

miogeoclinal-shelf carbonate deposition marginal to cratonic- 

platform environments. The similar stratigraphy of the 

Contact and Keystone thrust plates, particularly the presence 

of the Mountain Springs Formation in both sections, indicates 

that the thrust plates were derived from the same paleogeo- 

graphic belt. Preliminary data suggest that the Contact and 

Keystone thrusts cut at a high angle to Paleozoic isopachs 

and facies boundaries. 

Early Mesozoic strata, exposed only in the autochthon 

here, represent continental deposition. These rocks overlie 

Paleozoic cratonic-platform carbonates exposed east of the 

map area. 

The details of the geometry, timing and style of 

structural development in the Potosi Mountain area are dis¬ 

cussed above. Several general observations bear re-emphasis. 

Deformation in the area began after deposition of the Aztec 

Sandstone, with inferred high angle faulting of the autoch¬ 

thonous block. In a gross manner, subsequent deformation 

migrated from east to west, with progressively younger 

structures emplacing and deforming the progressively higher 
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Contact and Keystone thrust plates. This pattern of pro¬ 

gression is the opposite of that observed to the north in 

the Cordilleran foreland thrust belt, where deformation 

migrates eastward, toward the craton, through time. 

Detailed field studies in the southern Spring Mountains 

(Carr, Rice Ph.D. thesis in progress? this study), as well 

as in the east Spring Mountains (Davis, 1973) and Clark 

Mountains (Burchfiel and Davis, 1971; in preparation), have 

identified a belt of Latest Jurassic-Earliest Cretaceous 

thrusting and folding in the southern Nevada - southeastern 

California region. This belt, the existence of which was 

first suggested by Davis (1973), contains the most easterly 

compressive structures recognized in the Cordilleran foreland 

thrust belt in this region. The younger Keystone thrust 

(emplaced pre 95±5 M.Y.B.P.), long regarded as the eastern¬ 

most and lowest throughgoing structural element in this 

terrane, was emplaced above and to the west of the older 

Contact-Red Spring thrust and associated structures. Both 

episodes of thrusting were preceeded by episodes of high 

angle faulting, the only evidence of which is preserved in 

the respective lower plate blocks. In one case, significant 

strike slip can be documented during the later high angle 

faulting event. 

The Keystone thrust displays remarkable stratigraphic 

control. It is inferred that the Contact thrust is similarly 

stratigraphically controlled in subsurface. The Contact 

thrust plate moved over an erosional surface in the Potosi 
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Mountain area. The Latest Jurassic (?) channel conglomerates 

overridden by the Contact thrust plate in the Potosi Mountain 

area, as well as the Latest Jurassic conglomerates recognized 

by Carr near Goodsprings and conglomerates overridden by the 

Red Spring thrust plate (Davis, 1973), are the oldest synoro- 

genic deposits yet recognized in the Cordilleran foreland 

thrust belt. 
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