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ABSTRACT 

The Structural Geology of the Shadow Mountains Area, 
San Bernadino County, California 

by 
Raymond C. Y/ilson, Jr. 

Within the Shadow Mountains area, located in the northeast 

corner of San Bernadino County, California, a series of alloch¬ 

thonous blocks of Precambrian gneisses rest on Late Tertiary 

non-marine sediments. The Precambrian gneisses consist of dioritic 

sills and granitic country rock. The Tertiary sediments consist 

of Pliocene (?) non-marine gravels, sands, tuffs, bentonitic playa 

clay, and lenses of massive, recemented dolomite megabreccia up to 

500 feet thick. 

During the-Sevier Orogeny, the Mesquite and the Winters thrusts 

developed in the Mesquite Range and Winters Pass area to the east 

of the Shadow Mountains, and the Halloran and the Kingston Peak 

batholiths were intruded south and north of the area respectively. 

In the early Tertiary (?), the Riggs thrust was emplaced in the 

Silurian Hills west of the Shadow Mountains, and the Kingston Valley 

graben formed between the Silurian Hills, the Kingston Range, and 

the Mesquite Range. During middle and late Tertiary (?), a thick 

sequence of non-marine sediments were deposited in the Kingston 

Valley graben. Interbedded with these sediments are a series of 

thick lenses of dolomite megabreccia which were emplaced by a comb- 



ination of sedimentation and incoherent gravity sliding. The 

Goodsprings Dolomite exposed in the Fdggs thrust plate in the 

Silurian Hills appears to have been the source of the megabreccia. 

The allochthonous Precambrian gneiss blocks of the Shadow 

fountains area may have been emplaced originally as a single 

original sheet, 6 miles by 10 miles in area and more than 600 

feet thick. The contact surface beneath the gneiss blocks is 

sharp, smooth, planar, and has a dip of less than one degree. 

A layer of bentonitic clay 3 inches to 4 feet thick is found 

immediately under the soles of the gneiss blocks and apparently 

served as a lubricating layer for the movement of the gneiss 

sheet. Although they are incompetent, the Tertiary sediments 

underlying the thin clay layer are virtually undeformed, but the 

Tertiary beds are overturned at Spring Peak, the one locality 

where the clay layer is missing. 

The source area for the allochthonous gneiss sheet was in 

the vicinity of Winters Pass. Because the underlying Tertiary 

rocks are undeformed where the clay layer is present, most of the 

shear stress needed to emplace the gneiss sheet was concentrated 

upon the gneiss itself. In a gravity slide, this stress would be 

distributed over the area of the plate, rather than on the thin 

rear edge as in a compressional thrust. For this and other reasons, 

the gneiss blocks of the Shadow Mountains area are interpreted as 

the remnants of a gravity slide block. 



The theoretical mechanics of gravity slide blocks are also 

discussed. In general, a gravity slide requires a plane of weak¬ 

ness with a dip steeper than its angle of repose, and a horizontal 

stress less than the overburden stress. Formulas are derived for 

the necessary horizontal (0^) / overburden (0£) stress ratios. 
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The Structural Geology of the Shadow Mountains Area, 

San Bernadino County, California* 

INTRODUCTION: 

Within the Shadow Mountains area in southeastern California 

(Figure 1) are a series of blocks of Precambrian gneisses resting 

on late Tertiary non-marine sediments. These blocks may have been 

part of a single slab more than 600 feet thick and more than 6 miles 

by 10 miles in area* The individual blocks, now separated by erosion, 

cover areas of from about one half to about five square miles. The 

Precambrian / Tertiary contact surface is sharp, amooth, planar, and 

has a dip of less than one degree* The Tertiary sediments dip about 

5° east and consist of Pliocene (?) non-marine gravels, sands, tuffs, 

flows, bentonitic playa clays, and lenses of massive, recemented 

dolomite breccia up to 500 feet thick* The lenses of breccia form 

prominent ridges where they have been exposed by block faulting and 

erosion* 

The purpose of this study was to map the Precambrian gneiss 

blocks and determine the mechanism of their emplacement. During 

the mapping, the large masses of dolomite megabreccia were discovered 

in the Tertiary sedimentary rocks. These were also investigated with 

regard to their origin. 

Geography: 

The Shadow Mountains area is bounded on the north by the Kingston 

Range, on the east by Kingston Valley, on the south by the Powerline 



Index Map 

Figure 1. 
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Road, and on the west by the Silurian Hills and the Valjean Valley 

(Figure 2). The area is drained by three major washes — the 

Kingston Wash, Eastern Star Wash, and Western Star Wash(Plate I). 

These washes coalesce to the west in a large alluvial fan which 

drains into the Silurian Lake playa. 

Geologic Work in the Shadow Mountains Areas 

The author conducted the reconnaissance mapping during the period 

June 14 - July 14, 1965. A geologic map of the area (Plate I) was 

drawn on a topographic base—the Kingston Peak Quadrangle—enlarged 

to a scale of 1 s 20,750. Interpretation and mapping was aided by 

aerial photographs furnished by the United States Geological Survey. 

D. F. Hewett is the only previous worker to describe the geology 

of the Shadow Mountains area. His work involved a regional 3tudy 

of 3900 square miles covering the Ivanpah one degree quandrangle 

sheet. Although the work was not published until 1956, most of 

Hewett's work was conducted during 1921 through 1929. 

Kupfer (i960) has described the geology of the Silurian Hills 

area west of the Shadow Mountains. Although this area does not form 

any part of the Shadow Mountains area, some of the structural features 

can be correlated between the two areas. 
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Lithologic Units of the Shadow Mountains Areas 

The following lithologic sequences outcrop in the Shadow 

Mountains areas Precambrian matamorphic rocks, Precambrian (?) 

sedimentary rocks, the early Paleozoic Goodsprings Dolomite, 

Tertiary non-marine sediments, and Quaternary gravels. These units 

are shown in their present structural positions in Figure 3 (the 

structural position of the Goodsprings Dolomite in this area is 

unknown). 

PRECAMBRIAN M3TAM0RPHIC ROCKSs 

The Precambrian metamorphis rocks consist of an older granitic 

gneiss intruded by thick sills and dikes of more mafic dioritlc 

gneiss and are overlain nonconformably by Precambrian (?) sedimen¬ 

tary rocks. 

Granitic gneiss: 

The granitic gneiss is a hard, resistant, evenly foliated, 

pink rock. The foliation consists of thin (l - 3 mm. wide) parallel 

bands of submicroscopic biotite and chlorite oriented parallel to 

the foliation; and thick (2 - 5 mm. wide) bands of granulated quartz 

and feldspar. The composition of the gneiss is approximately 50 % 

quartz, 20 % microcline, 5 % albite, 12 % biotite, 8 % muscovite and 

chlorite, and 5 % magnetite. The Quarts and feldspar grains are 

strained and granulated and in some bands, have a my Ionite fabric. 

Biotite, chlorite, and muscovite occur in submicroscopic flakes 
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aligned parallel to the foliation and are segregated into thin 

bands. These banks also contain submicroscopic granules of quartz. 

Magnetite occurs as grains 0.4 - 0.05 mm. in diameter scattered 

through the biotite bands. Except for the chlorite—which may also 

have been original—’there are no metamorphic minerals. The primary 

metamorphic process was apparently cataclasis. The granitic gneiss 

of the Shadow Mountains area is, therefore, a ray Ionite in the sense 

used by Williams, Turner, and Gilbert (1954, p* 203). The original 

source rock was probably a granite. 

Dioritic gneiss: 

The dioritic gneiss.is hard, dense, dark green, and is more 

mafic in composition than the granitic gneiss. The dioritic gneiss 

forms thick (200 - 1400 feet) sills and smaller dikes in the granitic 

gneiss (see Plate I). Foliation at the dioritic sills trends parallel 

to the foliation of the granitic gneiss. Composition of the dioritic 

gneiss is approximately 50 % biotite, 40 % very finely granulated 

quartz and feldspar, and 10 % magnetite. The quartz, feldspar, and 

magnetite are throughly sheared and granulated. The biotite flakes 

define the foliation. Except for a few small (l mm. wide and 5 mm. 

long) augen of granulated quartz, there is no segregation banding. 

As in the granitic gneiss, the primary metamorphic process was 

evidently cataclasis, suggesting that it and the granitic gneiss 

were metamorphosed simultaneously. The dioritic gneiss was probably 

derived from diorite. 
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PRECAMBRIAN SEDIMENTARY UNITS: 

The Precambrian sedimentary sequence nonconformably overlies 

the Precambrian gneisses in the allochthonous plates and consists of 

/, f'J '■ ‘ 17 ' 

three units—the Noonday Dolomite, a thin phyllite layer, and the 

Stirling Quartzite. These units are severely brecciated, and bedding, 

contacts and other stratigraphic features have been virtually 
* 

destroyed. Fossils have never been found in these formations nor 

their equivalents throughout the southern Great Basin, and they are 

regarded as upper Precambrian (Burchfiel, personal communication). 

The orange-weathering Noonday Dolomite nonconformably overlies 

the Precambrian gneisses and forms the base of the sedimentary section 

in the Shadow Mountains area. In the Kingston Range, 10 miles to 

the north, and in the Silurian Hills, 5 miles to the west, the Noonday 

Dolomite and the metamorphic basement are separated by several thousand 

feet of sedimentary rocks assigned to the Upper Precambrian Pahrump 

Series, defined by Hewett (l$56). 

A layer of phyllite about 10 feet thick is underlain by the 

Noonday Dolomite and is overlain by the Stirling Quartzite. This 

layer may be equivalent to the Johnnie Formation of Nolan (1929). 

The phyllite layer was too thin to map separately. 

The Stirling Quartzite conformably (?) overlies the thin phyllite 

layer and consists of hard, resistant, pink orthoquartzite containing 

well sorted, rounded quartz grains with an average diameter of 1 mm. 

The Stirling Quartzite is equivalent to the Prospect Mountain 

Quartzite of Hewett (1956). 
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GOODSPRINGS DOLOMITE: 

D. F. Hewett (1931? and 1954? p 40) described the Goodsprings 

Dolomite and dated it as Upper Cambrian through Devonian in age. In 

the Shadow Mountains area? the Goodsprings Dolomite is present in two 

structural positions: (l) as autochthonous (?) blocks near Kingston 

Wash, and (2) as the principal constituent of the monolithologic 

dolomite megabreccia which occurs as thick lenses within the Tertiary 

section (Plate I). The Goodsprings is a dark bluish gray thick to 

thin bedded dolomite. Many of the beds show characteristic mottling 

and rare beds of silty orange-weathering dolomite are present. 

Fresh surfaces of the Goodsprings exhibit a sugary recrystallized 

texture. In the Shadow Mountains area, neither the lower nor the 

upper contacts of the Goodsprings Dolomite are exposed. 

TERTIARY SEDIMENTARY ROCKS: 

The Tertiary rocks in the Shadow Mountains area are a complex 

sequence of non-marine-saxidstones, conglomerates, pyroclastic rocks, 

and a series of monolithologic dolomite megabreccia lenses. These 

lenses divide the Tertiary section into three parts: The pre-breccia 

section, the dolomite megabreccias, and the post-breccia section. 

The base of the Tertiary section is not exposed in the Shadow Mountains 

area. No fossils have yet been found in the Tertiary rocks of this 

area, but Hewett (1956, p 86-90) regards them as Middle and Late 

Tertiary. The rocks are similar to Tertiary rocks found in the 

Avawatz Range, some twenty miles to the west which contain Pliocene 

vertebrate remains (Henshaw, 1939). 
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Pre-breccia rocks: 

The pre-breccia Tertiary rocks are best exposed in the area 

between Kingston Wash and the Eastern Star Canyon (Plate i). In the 

dry wash one mile south of Kingston Springs, Hewett (1956, p 88) 

measured these rocks and his section is given in Figure 4» This 

section is generally, representative of the pre-breccia Tertiary rocks 

in the Shadow Mountains area* A thin section of rhyolite flows and 

welded tuffs crop out in the hills north of Shadow Mountain and are 

included in the Pre-breccia rocks but were not mapped separately. 

Monolithologic Dolomite Megabreccia: 

Interbedded with the Tertiary rocks in the Shadow Mountains area 

is a series of unusual lenses of monolithologic dolomite megabreccia. 

This megabreccia consists of angular fragments of blue-gray dolomite, 

probably derived from the Goodsprings Dolomite. Dolomite fragments 

range in size from coarse sand to a series of large blocks in 

Francis Peak ridge which make up a coherent unit more than 300 feet 

thick and a quarter of a square mile in area. Most common dolomite 

particle size is ■§• to 2 inches in diameter, and except for the 

coherent blocks in Francis Peak ridge, the internal structure of 

the megabreccia is chaotic. Dolomite megabreccia is cemented by 

dolomite derived from the fragments by solution and redeposition, 

producing a hard, resistant rock which fractures through the particles 

and weathers to form a very rough “cheese grater" surface (see Figure 5). 

Thickness of the dolomite megabreccia ranges from a 20 feet 

thick lens south of Kingston Spring to 800 feet thick in the central 
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part of Francis Peak. Hewett (1956, p 90) noted, "In a 

general way, the thicker the lens, the larger the fragments 

that may be found." 

The basal contacts of the dolomite megabreccia lenses 

are variable and complex. In the Eastern Star Wash canyon, 

a teutonic contact is present between the megabreccia and 

the underlying Tertiary conglomerate (Figure 6). Striations 

trending N 85° E and plunging 8° HE are present on the 

contact surface. Less than a mile north of here, however, 

in another canyon cut through Francis Peak ridge, a gradat¬ 

ional contact was found between the same Tertiary conglomerate 

and the overlying dolomite megabreccia. Here, the mult- 

ilithologic conglomerate grades up into a monolithologic 

dolomite conglomerate containing rounded dolomite cobbles 

which are crudely bedded and finally into typical dolomite 

megabreccia containing angular cobbles and boulders with 

no bedding. The gradation between the multilitoloyic 

conglomerate and the monolithologic dolomite megabreccia 

takes place through about ten feet of section. The inter¬ 

pretation of these basal contacts will be discussed in the 

section dealing with the emplacement of the monolithologic 

dolomite megabreccia. 

The dolomite megabreccia is exposed in prominent 

linear ridges with up to 600 feet of relief (see Plate I). 



These ridges are horsts produced by north-south and 

northeast-southwest trending block faults. Deep canyons 

are now incised through these ridges. The megabreccia 

ridges in the extreme southwest corner of the Shadow 

Mountains area are continuous with the megabreccia mapped 

by Kupfer (i960) in the Silurian Hills, 3 miles to the 

west. 

Post-breccia Tertiary rocks: 

The post-breccia Tertiary rocks of the Shadow Mountains 

area are similar to the pre-breccia Tertiary rocks described 

above. The post-breccia rocks consist of sandstones, 

fanglomerates, and gypsiferous playa clays. The post¬ 

breccia Tertiary rocks, particularly the playa clays, are 

both incompetent and easily eroded. The post-breccia 

Tertiary rocks outcrop only beneath hills capped by the 

more resistant Precambrian gneiss blocks or the older 

Quaternary alluvium. The post-breccia Tertiary rocks 

unconformably overlie the monolithologic dolomite meg¬ 

abreccia. A tectonic contact with the allochotonous 

Precambrian gneiss blocks forms the top of the post¬ 

breccia section. Immediately beneath the soles of the 

gneiss blocks is a very thin (3 inches to 4 foot thick) 

layer of bentonitic clay which unconformably overlies the 

other post-breccia Tertiary rocks. Although the bentonitic 



clay is throughly sheared, the underlying incompetent 

Tertiary sediments are virtually undisturbed. The 

Precambrian / Tertiary contact zone is described in more 

detail in the section dealing with the emplacement of the 

allochotonous Precambrian gneiss blocks. 

QUATERNARY ROCKS: 

The Quaternary rocks in the Shadow Mountains area 

consist of two units: (l) Older alluvium, and (2) late 

Quaternary deposits. 

Older Alluvium: 

The Older alluvium consists of a sequence of fang- 

lomerates deposited by earlier drainage with a base level 

higher than that existing today. These fanglomerates are 

firmly cemented with caliche and form resistant cap on 

numerous hills underlain by the softer Tertiary rocks. 

The erosion serface on which these gravels were deposited 

appears to slope from an altitude of 3744 feet near the 

Powerline Road to about 3500 feet near Kingston Wash. 

The present base level of erosion is Silurian Lake with an 

altitude of 600 feet. Thus, the base level of erosion has 

changed some 2900 feet since the deposition of the Older 

alluvium. 
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Late Quaternary deposits: 

The term "Late Quaternary deposits” is here restricted 

to gravels and sands deposited under present conditions of 

climate and drainage, and includes fan gravels, wash 

gravels and sands, and aeolian sand. The Late Quaternary 

deposits on the west and south sides of Kingston 7/ash are 

markedly different from the deposits on the north and east 

side. East of Shadow Mountain, the Kingston 7/ash separates 

darker fan gravel on the west side from lighter colored fan 

gravels on the east sidej presumably due to a lack of mafic 

gneiss cobbles in the eastern deposits. Further, in the 

north central part of Shadow Mountains area, the fan gravels 

to the south of Kingston 7/ash are quite different from the 

aeolian sand on the plateau to the north of Kingston 7/ash. 

This evidence seems to indicate that the Kingston Wash pre¬ 

dates the present drainage and has probably been superimposed 

from a previous, higher drainage pattern. 



Tha Pre-Quaternary History of the Shadow 

Mountains Area? 
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The pre-Quaternary history of the Shadow Mountains area 

and the adjacent regions can be divided into five chapters: 

1. the Sevier orogeny. 

2. pre-breccia Tertiary events. 

3. the emplacement of the monolithologic dolomite 
megabreccia. 

4. post-breccia Tertiary events. 

5. the emplacement of the allochthonous Precambrian 
gneiss blocks of the Shadow Mountains area. 

It must be noted that in the Shadow Mountains the only 

autochthonous rocks are Middle Tertiary and younger and most 

of these rocks have been studied only briefly. The following 

historical summary is accurate only as a list of events in 

their approximate order, not as a regional synthesis. 

SEVIER OROGENY: 

The early to late Cretaceous Sevier Orogeny (Harris, 1959 

and Armstrong, 1964) was marked in southeastern California 

by two events—the eastward movement of several major thrust 

sheets, and the intrusion of quartz monzonite plutons. Only 

two of the thrust sheets formed during the Sevier Orogeny 

are important to the present study. Along the Mesquite 

thrust Late Precambrian sedimentary rocks (Stirling Quartzite 



and Wood Canyon Formation) are thrust eastward over rocks as 

young as the Pennsylvanian (Bird. Spring Formation). The 

Mesquite thrust is exposed 5 miles east of the Shadow Mount- 

ain area in the Mesquite Range, Clark Mountain, and in the 

Mescal Range (Figure 8). Recent work suggests that the 

upper plate of the Mesquite thrust contains some Precambrian 

gneiss at the base (Burchfiel and Davis, personal communic¬ 

ation). The Winters Pass thrust is exposed to the northeast 

of Shadow Mountain, where Noonday Dolomite and Precambrian 

gneiss is thrust eastward over the Goodsprings Dolomite 

(Burchfiel and Davis, personal communication). Resting on 

the upper plate are large masses of Goodsprings Dolomite that 

appear to be post-Sevier gravity slide blocks (Figure 8). 

Hewett (1956, p 50) as a general relation stated that 

The more eastern and lower thrust faults 
seem to have formed first and they .were follow¬ 
ed by the next western or higherj ...the 
successively western or higher thrust brought 
progressively older (lower) formations up to 
this datum. 

He further states, 

...one net effect of the five major thrust 
faults was the building of a great arch of 
rocks which had its greatest thickness over 
the present portions of the Mesquite and 
Winters blocks. 

Because the Winters Pass thrust is the highest thrust, its 

upper plate contains more Precambrian gneiss basement than 

"the lower thrusts to the east. Further, the same Late 
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Precambrian sequence—gneiss, Noonday Dolomite, and Prospect 

Mountain (Stirling) Quartzite is found in both the Shadow 

Mountains Area and in the Winters Pass thrust. 

Subsequent to the Sevier thrusting, the Teutonia Peak- 

Halloran and the Kingston Peak quartz monzonite plutons were 

emplaced. Hewett (1956, p 67) states, 

The mineralogy and analysis show the close 

similarity of the Kingston Range monzonite 

porphyry to the Teutonia quartz monzonite and 
it seems probable that the rocks were intruded 

in the same epoch. 

Indeed, it may be that the two plutons are part of the same 

intrusion, and may underlie the Shadow Mountains area. The 

quartz monzonite does not outcrop in the Shadow Mountains 

area because of the probable development of a post-Sevier 

graben between Kingston Peak and the Halloran Hills. 

PRE-BRECCIA TERTIARY EVENTS: 

The present geometry of the structure, morphology, and 

sedimentation of the Shadow Mountains area and the adjacent 

regions began with the early Tertiary (?) development of the 

Kingston Valley graben which extends from the Silurian Hills 

east to the Mesquite Range, and from the Halloran Hills north 

to the Kingston Range. This graben is bounded by both north- 

south and east-west trending normal faults (Figures 7, 8)j 

the north-south set probably developing first. Also during 

the early Tertiary (?), the Riggs thrust in the Silurian Hills 
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emplaced a complex of Paleozoic carbonates (Goodsprings 

Dolomite'??) over a chaotic mass of blocks of Precarabrian 

gneiss and Precambrian sediments of the Pahrump series 

(pre-Noonday Dolomite). The deposition of a thick wedge of 

sands, gravels, tuffs, flows, and fanglomerates in the 

Kingston Valley graben completed the pre-breccia Tertiary 

history of this area. 



EMPLACEMENT OF THE DOLOMITE MEGA3RECCIA: 

Following the deposition of the pre-breccia Tertiary 

sands, gravels, flows, pyroclastics, and fanglomerates in the 

Kingston Valley graben, a sequence of thick lenses of monolit- 

hologic dolomite megabreccia were emplaced. Interbedddd with 

the breccia lenses are a series of sands, shales, and gravels 

similar to those in the pre-breccia and post-breccia Tertiary 

sections. The dolomite megabreccia was described above. 

Source of the Dolomite Megabreccia: 

The monolithologic dolomite megabreccia of the Shadow 

Mountains area is a continuation (?) of the megabreccia dep¬ 

osits described by Kupfer (i960) in the Silurian Hills area. 

The source of the Silurian Hills megabreccia is apparently 

the carbonate (Goodsprings Dolomite ?) rocks in the Riggs 

thrust sheet. However, the present exposed volume of the 

Riggs thrust plate is too small to account for the vast 

volume of megabreccia exposed in the Shadow Mountains area— 

especially if the megabreccia is continuous between exposed 

megabreccia horsts. Some of the megabreccia could have been 

derived from an eastern source such as the hills of Good- 

springs Dolomite north of Shadow Mountain. The source 

for much of the megabreccia is at present unclear and it is 

possible that the megabreccia was derived from several 

nearby sources. 



Mechanism of Emplacement of the Megabreccia: 

Largo units of megabreccia have been noted by a number 

of workers in the Basin and Range Province: Jahns and 

Engel (1949 and 1950) and Lamey (1943) described a series 

of dolomite megabreccia lenses in the Avawatz Rangej Longwell 

(1951) described a large unit of gneiss megabreccia south of 

Hoover Damj Burchfiel (1965) described a dolomite landslide 

megabreccia in the northern Panamint Rangej and Kupfer (i960) 

described the dolomite megabreccia in the Silurian Hills. 

Various mechanisms for the emplacement of megabreccia have 

been postulated by these and other authors. These mechanisms 

are usually one of the following: 

1. thrusting (compressional), 
2. gravity sliding, 

3. sedimentation, 
or, 4* a combination of gravity sliding 

and sedimentation. 

According to Kupfer (i960, p 197), 

The Silurian Hills megabreccia appears to be 
transitional between a tectonic and a sedimentary 
breccia. Gravity controlled its movement, but 
faulting must have produced the topographic feat¬ 
ures that set up the conditions favorable to 
gravity sliding. 

In the Shadow Mountains area, both tectonic and sedimen¬ 

tary relations are noted between the dolomite megabreccia 

lenses and the underlying Tertiary. In the Eastern Star Wash 

canyon that cuts through Francis Peak ridge, a distinct 



tectonic contact is noted between the megabreccia and the 

underlying Tertiary conglomerates (Figure 6). Less than a 

mile north, however, in another canyon in Francis Peak ridge, 

a gradational contact was found between the same Tertiary 

conglomerate and the overlying dolomite megabreccia (see 

page II-6). It therefore appears that in the Shadow Mountains 

area, as in the Silurian Hills, the monolithologic dolomite 

megabreccia was emplaced by a combination of gravity sliding 

and sedimentation. 

POST - BRECCIA TERTIARY EVERTS: 

Following the emplacement and deposition of the dolomite 

megabreccia lenses, the Kingston Valley graben continued to 

subside relative to the Mesquite Range, the Winters Pass area, 

and the Kingston Range. These upland areas were rapidly 

eroded and fanglomerates were deposited in the basin, where 

they were interbedded with pyroclastic rocks and coarse sedim¬ 

ents. The occurance of playa lake sediments in the post¬ 

breccia Tertiary section indicates that the basin developed 

interior drainage. The post-breccia Tertiary period closed 

with the formation of a large playa lake which covered most 

of the basin (Figure 7). 

Subsidence persisted until the slopes in the Winters Pass 

Mesquite Range highlands became unstable. As explained below, 

this instability may have been caused by uncovering a thrust 



surface which developed during the Sevier Orozeny and prod¬ 

uced backsliding of a large piece of the thrust plate onto 

the play a as a gravity slide block. 
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EMPLACEMENT OF THE ALLOCHTHONOUS PRECAMBPJAN GNEISS BLOCKS: 

Present Distribution and Dimensions of the Gneiss Blocks: 

The present distribution of the Precambrian gneiss blocks 

is depicted in Plate I and Figure 9. The block designations 

in Figure 9 are used in the following discussion to denote 

individual blocks. The Roman numeral indicates the general 

area: I - Evening Star Mine area, II - Shadow Mauntains, 

and, III - Shadow Mountain. Individual blocks within these 

areas are designated by a subscript. 

Shadow Mountain (III), the most easterly block, covers 

over five square miles, has a maximum thickness of 640 feet 

and is the largest and thickest of the gneiss blocks. The 

Shadow Mountains (II) are a series of three major blocks 

which form a north-south linear ridge nearly 6 miles long 

(Figure 9 and Plate I). The northern block, II , is the 
Cl 

largest, covering about square miles and having a maximum 

thickness of 480 feet (Section X - X’, Plate II). The 

average thicknesses of the three blocks in the Shadow Mount¬ 

ains are 200 to 250 feet. The gneiss blocks west of the 

Francis Peak ridge— I . — are at lower elevations than 
Si yi1 

the blocks to the east. These western blocks have apparently 

been downfaulted by the same block faulting which produced 

the horst of dolomite megabreccia which forms Francis Peak 

ridge. Four main blocks - l-jr square miles in area and 
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160 to 400 feet thick and a series of 14 small blocks, which 

appear to be erosional outliers of the larger blocks, are 

present west of Francis Peak ridge. 

Pre-emplacement Structure of the Gneiss Blocks: 

Although each of the Precambrian blocks has suffered 

some brecciatio'n and fracturing, the various rock types 

within each block are still recognisable, and much of the 

pre-emplacement structure is still clear. The Precambrian 

blocks have, therefore, moved as coherent masses rather than 

as disaggregated individual fragements. The pre-emplacement 

structures still visible in the gneiss blocks are; 

1. Sills of dioritic gneiss intruded into the 

granitic gneiss. These sills trend north- 

northwest - south-southeast and are roughly 

parallel to the foliation of the granitic 

gneiss. 

2. The contact between the Precambrian gneiss 

and the Noonday Dolomite. 

3. Numerous quartz veins that can be traced 
for two miles on Shadow Mountain. 

4. A pre-emplacement (Sevier ?) thrust of Noonday 
dolomite over Stirling Quartzite on the north 

side of block IIC in the Shadow Mountains 

(Plate I). 

However, other pre-emplacement structures were obliterated, 

either before or during emplacement. The most important 

missing structures are the bedding planes of the Noonday 

Dolomite and the Stirling Quartzite. 
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.Evidence for a Single Original Allochthonous Gneiss Sheet: 

The Precambrian gneiss blocks in the Shadow Mountains 

area presently have an aggregate area of about 14 square 

miles. Originally, however, these blocks may have been part 

of a single, much larger, allochthonous sheet which was 

emplaced as a coherent body. There are three lines of 

evidence suggesting a single original sheet-- evidence that 

the blocks did not rotate relative to one another, evidence 

for interconnection of blocks within local areas, and 

evidence that the blocks were emplaced in a single episode 

along a single surface. 

The evidence for non-rotation of the blocks is based 

upon the rough parallelism of some of the pre-emplacement 

structures: Most of the dioritic gneiss sills trend north- 

northwest. The contact between the gneiss and the Noonday 

Dolomite trends roughly north-south in both the Shadow 

Mountains (blocks IIa ct Figure 9) and Shadow Mountain ■ 

(block III). Finally, although there is considerable local 

variation, the foliation of the gneiss trends generally 

north or northwest. 

The strongest evidence for local interconnection of 

Precambrian gneiss blocks is found in the Shadow Mountains 

(blocks IIa, lib, and lie, Figure 9), where the dioritic 

gneiss sills and the Precambrian gneiss / Noonday Dolomite 
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contact can bo traced between all three blocks—-although 

pre-emplacement (?) normal faults offset these structures 

in block IIC. Dioritic sills can be correlated between 

blocks IQ, Ib» Ic» I^i Iq? and I£ (Figure 9). Correlation 

between I , I, , and the smaller blocks between then is g h 
difficult, but their apparent discordance may be explained 

by off-setting by pre-emplacement normal faults, possibly 

extensions of the faults in block II . 
c 

The contacts between the allochthonous gneiss blocks 

and the underlying Tertiary form a coherent planar surface 

(Plates I and II). The Precambrian / Tertiary contacts of 

the blocks west of Francis ridge (blocks I , , Figure 9) 
a ,h 

lie along a plane which is apparently a downfaulted portion 

of the Precambrian / Tertiary contact plane to the east 

(Plate II). Since the soles of the allochthonous gneiss 

blocks one lay along a single plane, they were probably 

emplaced in a single episode. 

Thus, the allochthonous Precambrian gneiss blocks of 

the Shadow Mountains area appear to have parallel pre¬ 

emplacement structures which have not rotated; structures 

can be correlated between blocks within local areas; and the 

blocks appear to have been emplaced in a single episode. 

Therefore, it appears that the blocks were emplaced as a 

single allochthonous sheet of Precambrian gneiss. From the 
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present distribution of these blocks (Plate I), this original 

sheet must have been at least 6 miles by 10 miles in area. 

The maxium present thickness of the Precambrian gneiss is 

640 feet (Shadow Mountain). Therefore, the thickness of the 

original sheet was probably on the order of a thousand feet. 

The Source of the Allochthonous Precambrian Gneiss Sheet; 

There are only four possible source areas of exposed 

Precambrian gneiss in the region surrounding the Shadow 

Mountains area; the Kingston Range, to the north; the 

Silurian Hills, to the west; the Halloran Hills, to the 

south; and the Winters Pass area to the east. 

Kewett (1956 p 23) proposed that the Kingston Range was 

the source area for the gneiss in the Shadow Mountains 

allochthonous gneiss sheet. However, the Precambrian 

stratigraphy of the Kingston Range is quite different from 

that of the Shadow Mountains blocks. In the Kingston Range, 

the Pahrump Series lie between the Precambrian gneiss base¬ 

ment and the Noonday Dolomite. The Pahrump Series has a 

maxium thickness of 7000 feet (Hewett, 1956, p 25). In the 

Precambrian blocks of the Shadow Mountains area, the Pahrump 

Series is absent and the Noonday Dolomite directly overlies 

the gneiss. 

The Pahrump Series is also present in the Silurian 

Hills area (Kupfer, I960). However, no Precambrian is 
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present in the Riggs thrust plate which covers the Precamb- 

rian metamorphic rocks of the Silurian Hills. Furthermore, 

the Riggs thrust probably served as a source for the dolomite 

megabreccia and thus pre-dates the emplacement of the meg¬ 

abreccia and, therefore, pre-dates the emplacement of the 

gneiss sheet. Therefore, the Precambrian gneiss in the Silur¬ 

ian Hills can be eliminated as a possible source for the 

gneiss in the Shadow Mountains allochthonous sheet. 

Little is known about the Precambrian gneiss and Paleozoic 

rocks of the Halloran Hills, but they appear to have a lith¬ 

ology different from that of the Shadow Mountains gneiss. 

Further, the Halloran pluton surrounds the Halloran gneiss 

and metamorphoses the sedimentary Precambrian and Paleozoic 

rocks (Burchfiel, personal communication). This pluton was 

emplaced before the movement of the Shadow Mountains gneiss 

sheet, but the sedimentary rocks on the Shadow Mountains 

blocks show no evidence of metamorphism. 

Although the dioritic gneiss siUs are not present in 

the Winters Pass area, the granitic gneisses of the Winters 

Pass area and the Shadow Mountains area have a similar pet¬ 

rography. Furthermore, the Precambrian stratigraphy of 

Winters Pass is nearly identical to that of the Shadow 

Mountains areas Precambrian gneiss directly overlain by 

about 120 feet of Noonday Dolomite, followed by a thin layer 



26 

of phyllite and than the Prospect Mountain (Stirling) Quartzite. 

This sequence is found only in a limited area. Hewett states 

(1956, pp 28-29), 

In the Ivanpah quadrangle, the thickness 
of the Noonday dolomite ranges from nearly 
2000 feet near the Chambers mine on the nest 

to 125 feet at the easternmost outcrop near 

Winters Pass, 17 miles southeastward. 

Throughout this distance, its properties are 
uncommonly uniform and distinctive. It is 

not known east of the Mesquite thrust... 

...From Winters Pass to the hills east of 

benchmark 3A43* a distance of 8 miles, the 

Noonday dolomite rests on crystalline rocks... 

In the region around the north and east 

slopes of Kingston Range, there west and 
south of benchmark 3A43> the Noonday dolomite 

rests in places on several members of the 

Pahrump series. 

Because the Precambrian stratigraphic sequence described above 

is found only in the Shadow Mountains and Winters Pass areas, 

it is most probable that the source of the Shadow Mountains 

allochthonous gneiss sheet lay to the east, in the Winters Pass 

area. 

The Precambrian / Tertiary Contact Surface: 

Although the Precambrian / Tertiary contact surface beneath 

the allochthonous gneiss blocks is usually poorly exposed, where¬ 

ver good exposures are found, the contact is sharp, smooth, 

planar, and almost horizontal (Figures 10 - 13). This relation¬ 

ship appears to be present throughout the Shadow Mountains area. 



Block lQt northeast of BWBstng Star- 1«G* 

Pitjure 10. 

l rocar.brlen / Tertiary contact* south side, block lib* 

Figure ll* 



Precambrian / Tertiary contact, east slope, block lie. 

Figure 1?. 

Precambrian / Tertiary contact, 31ock Ic. Tbc = 

bentonitic clay. 

Figure 13 
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The average dip of the contact surface is less than one degree 

(Plate II). 

A gneiss breccia which was recemented before emplacement 

forms the basal zone of the gneiss blocks. The presence of small 

quartz veins which penetrated the recemented breccia, but are trun¬ 

cated by the Precarabrian / Tertiary contact demonstrate the pre¬ 

emplacement recementation. The presence of this recemented gneiss 

breccia suggests that the Precambrian / Tertiary movement surface 

follows an older fault zone. 

Immediately under the sole of most of the Precambrian gneiss 

blocks lies a layer of bentonitic^"clay 3 inches to 4 feet thick. 

This clay contains sand and granule-size grains of volcanic (?) 

origin, and is apparently a playa deposit. During the emplace¬ 

ment of the allochthonous gneiss sheet, the clay layer was sever¬ 

ely sheared, producing a planar fabric. Foliation in the bentonitic 

clay layer is parallel to the bottom surface of the gneiss and has 

a definite lineation due to the ’‘crinkling11 of the clay foliation. 

At block Ic (Figure 9)—the locality where the clay layer is best 

exposed—the clay has slickensides on its upper surface which 

trend S 60° E. On the south side of block 11^, the clay layer 

was injected as a dike 10 feet upward into the gneiss (Figure 14). 

1. The term “bentonitic“ is used because the source 

of the clay was probably altered volcanic material 

but the playa clay is not pure bentonite. 



flguxe 14* 
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This "dike1’ and the schistose fabric in the deformed clay indic¬ 

ate that the layer of bentonitic playa clay was very ductile at 

the time of emplacement of the gneiss and served as a lubricat¬ 

ing layer for the movement of the allochthonous Precarabrian gneiss 

sheet. 

The thin bentonitic playa clay layer is underlain by an 

angular unconformity with the post-breccia Tertiary rocks. Bed¬ 

ding in the post-breccia rocks is not parallel to the horizontal 

Precambrian / Tertiary contact surface, but dips 5 to 15 degrees 

east. The post-breccia rocks directly underlying the clay layer 

are soft and incompetentj yet they are virtually undeformed. At 

Spring Peak (Plate I), the clay lubricating layer is missing and 

the Tertiary rocks beneath the gneiss sheet are overturned to the 

west. Thus, where the lubricating layer of bentonitic clay is 

present, little of the stress associated with the emplacement of 

the gneiss was transmitted more than a few inches into the under¬ 

lying Tertiary sediments. Where the clay layer is missing, stress 

was transmitted, deforming the underlying Tertiary rocks for more 

than ten feet below the contact. 



Failure of the Compressive "Kingston Thrust" Hypothesis: 

D. F. Hewett (1956, pp 95-99) interpreted the Precambrian 

gneiss blocks of the Shadow Mountains area as klippen from a 

large thrust, the Kingston thrust, which he believed to be the 

main feature of a Pliocene orogeny. Hewett states (p 95): 

Kingston thrust fault is the name applied to 
the surface that limits, downward, many blocks 
made up of rocks that range from pre-Cambrian 
gneiss through a thick section of pre-Cambrian 

sedimentary rocks, the Pahrump series, to 
formations of Paleozoic age that are as high 
as the Monte Cristo formation of Mississippian 
age. These blocks are found in 4 distinct areas: 
the Kingston Range, about 10 miles in diameter: 
the Shadow Mountains and Shadow Pass about 

3 miles in diameter; and the Valley Ridge, 
2 miles long, that lies 3 miles west of the 
Green Monster mine. Of these four areas, the 
blocks in two, Shadow Mountains and Valley 
Ridge, rest on middle Tertiary sedimentary 
rocks; the blocks in the others rest dis¬ 
cordantly on pre-Cambrian gneiss and the 
earliest sediments of Paleozoic age. It 
seems certain that the blocks in the first 
three areas are parts of one large plate, 
about 14 by 25 miles... 

Elsewhere, Hewett states (p 92), 

...As the anticlines reveal compressive stress, 
it is probable that they were developed during 
an earlier period when the Kingston thrust was 
formed (middle Pliocene ?). 

Thus, Hewett believed that the Shadow Mountains area Precambrian 

gneiss blocks were part of a compressive thrust plate 14 by 

25 miles in area. 

The lack of deformation of the Tertiary sediments under 
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the gneiss blocks suggests that, where the lubricating layer of 

bentonitic playa clay is present, litte of the stress needed to 

move the gneiss was transmitted to the underlying Tertiary Sed¬ 

iments. Therefore, differential stress must have been concen¬ 

trated almost entirely within the gneiss sheet itself. However, 

the gneiss sheet was probably quite thin relative to its area 

and, in a compressional thrust, the stress would have to be 

transmitted across the width of the thrust sheet. Stresses 

necessary to move the entire sheet would probably exceed the 

crushing strength of the gneiss, and would either buckle or 

fracture the thin gneiss sheet, rather than thrust it. 

Further, in a compressional thrust where the thrust plate 

moves up from depth, the playa clay which served as a lubric¬ 

ating layer would not have been encountered until the very last 

stage of the movement. The Precambrian gneiss sheet would have 

to cut upward through the complete Paleozoic and Tertiary sec¬ 

tions before overriding the playa clay. Also, the compressive 

stress necessary to move the plate would set up an equal stress 

in the Tertiary sedimentsj yet the Tertiary rocks underlying the 

Precambrian gneiss sheets in the Shadow Mountains are undeformed. 

The tectonic enviroment of the Shadow Mountains area and 

the surrounding region is another argument against the comp¬ 

ressive thrust hypothesis. The basin type sequence of late 

Tertiary sediments—especially the playa clays which indicate 
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closed drainage—suggest that a graben had been formed previous 

to the emplacement of the gneiss sheet. The presence of the 

monolithologic dolomite megabreccia also indicates high relief 

probably related to block faulting. In short, the region had 

begun to develop the "basin and range" structure and topography 

which is still evident at the present time. This indicates that 

the tectonic enviroment, both before and after the emplacement 

of the gneiss sheet was one of extension, not compression. 

The Gravity Slide Block Hypothesis: 

The emplacement of the allochthonous blocks of Precambrian 

gneiss in the Shadow Mountains area is difficult if not im¬ 

possible to explain by the compressive "Kingston thrust" post¬ 

ulated by Hewett (1956). The principle alternative mechanisms 

by which older rocks can be emplaced above younger rocks are 

overturned folds and gravity slides. Evidence against a comp¬ 

ression thrust also negates an overturned folds hypothesis. 

Requirements for a gravity slide block to be indicated are: 

a plane of weakness with a dip steeper than the angle of internal 

friction, and the freedom to slide down that slope..i.e. a low 

enough 0~j/ ratio (Section IV). The layer of bentonitic playa 

clay described above could, if water saturated, act as such a 

plane of weakness. As pointed out in Section IV, water saturated 

clay has an angle of internal friction of very near 0°, and if 

T* (Figure 15, Notation), the clay behaves as a viscous 
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liquid. The "dike" in the south side of block II (Figure 14) 
c 

proves that the bentonitic clay layer was in a very ductile 

state when the Precambrian gneiss sheet was emplaced. 

The stress necessary to move the gneiss sheet as a gravity 

slide block is present throughout the sheet instead of concen¬ 

trated upon the rear edge as in a compressive thrust. Because 

of the lubricating layer of bentonitic clay, the shear stress is 

concentrated on this plane of weakness and only the hydrostatic 

stress caused by the weight of the gneiss sheet is transmitted 

to the underlying Tertiary rocks. 

During its emplacement as a gravity slide block, the gneiss 

sheet would descend down onto the playa lake in which the bent¬ 

onitic clay was deposited, thus encountering the lubricating clay 

layer much sooner than it would were it to be emplaced as a comp¬ 

ressive thrust plate. The next section discusses the residual 

problem of the movement of the gneiss sheet before it reaches the 

playa clay. 

The gravity slide hypothesis explains the coherent, rigid 

movement of the thin Precambrian gneiss sheet, the presence of 

the bentonitic clay layer and its lubricating function, and the 

lack of deformation of the underlying Tertiary sediments. Where 

the compressive "Kingston thrust" hypothesis fails, the gravity 

slide block hypothesis fails, the gravity slide block hypothesis 

succeeds 
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Evidence for a Back-Slid Thrust: 

If the gravity slide hypothesis for the emplacement of the 

Shadow Mountains allochthonous gneiss sheet is accepted, one 

question remains: How did the gneiss sheet slide down on to the 

playa? This also must have been a gravity slide, but what served 

as the plane of weakness? Some evidence is present to suggest 

that the early phase of the emplacement may have been a back¬ 

sliding or recurrent movement down as older thrust plane. Drewss 

(1964) described such a "recurrent thrust" in the Schell Creek 

Range near Ely, Nevada. The regional relations of the Shadow 

Mountains gneiss sheet with the Winters thrust (Figure:.8),>ahd 

the recemented gneiss breccia (gorge ?) in the base of the gneiss 

blocks suggest that a large section of the Winters thrust may 

have slid back onto the playa after being exposed in a fault 

scarp along the eastern side of the Kingston Valley graben 

(Figure 7). The evidence is by no means conclusive, but back¬ 

sliding of the Winters thrust would solve the problem of a 

pre-existing plane of weakness dripping at a low angle. 



Nbtation 

m = mass (of overburden). 

g = acceleration due to gravity. 

A = unit area. 

0~t - principal stresses. 

T = shear stress. 

CTi = normal stress. 

T* = cohesion, the resistance due to forces tend¬ 
ing to hold the body together, 

f* = tan 0 = coefficient of internal friction. 

0 - angle of internal friction. 

9 = angle between (ft and the normal to the plane 
of movement. 

oL - 450 + 0/2 = & for isotropic case, 

p = pore water pressure 

v = effective or intergranular stress. 

Figure 15 



34 

Section IV. The Mechanics of Gravity Slide Blocks 

2 
A gravity slide block is a coherent mass which is pulled by 

its own weight over a coherent base along one distinct surface of 

movement. This surface is generally a plane or relatively thin, 

planar layer of lubricating material. The only velocity gradient 

in this system is across the surface of movement. Thus, slide 

blocks are distinguished from incoherent movements such as land¬ 

slides, mud flows, and soil creep, in which more than one velocity 

gradient and surface of movement are present. 

The stresses which act on gravity slide blocks are as follows 

(Appendix III)J 

1. is vertical and equals the overburden stress, rag/A cosQ. 

2. Co is paralles to the strike of the surface of movement. 
(1) 

3. CJ^ is parallel to the horizontal projection of the dip. 

4. (uniaxial compression). 

The Mohr-Coulomb Criterion for the shear failure of isotropic 

materials predicts that 7/hen the shear stress exceeds the shear 

strength, 
T = T~ - Cr tan 0 (2) 

failure would occur along the two conjugate sets of planes which 

contain 0^ and have 0 equal to 

= 45° - 0/2 (Hartmann’s Law (3) 

2. lacking internal velocity gradients and movement 
surfaces. 
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Therefore, if is vertical, the minimum dip of a surface of 

failure, according to Hartman’s Law, would be 45°. 

It can be shown, however, that Hartman’s Law holds only for 

isotropic materials. Because a gravity slide block has only one 

plane of movement, rather than two conjugate sets of planes of 

movement, it is not an isotropic mechanical system. Instead, it 

fails along a plane of weakness—a plane of anisotropy with a . 

shear strength less than that of the rest of the system. There¬ 

fore, to deal with gravity slide blocks, a criterion of shear 

failure must be derived for systems with such planar anisotropies. 

Sheer Failure in Isotropic and Anisotropic Systems: 

According to the liohr-Coulomb Criterion, failure occurs when 

0^ drops below a minimum stability value, 0J , such that, for the 

# . . 
special case T =* 0 (see Appendix I): 

Cl 2 
a cot : (4) 

°1 

or, for the general case (see Appendix II): 

(l - cot^ ) cot 0. (5) 

The Coefficient of Friction Criterion for shear failure does 

not require isotropy but assumes only that the material is homo¬ 

geneous in a plane which contains 0^,, Failure occurs when 0^ is 
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less than (7^, where, for the special case I" : 0 (see Appendix;ill): 

0^ - cot 0 tan(Q - 0) (6) 

IT 
where tan 0 = coefficient of friction in the plane of failure. 

Note that when 0 = 45° - 0/2, 

(0-/C^)* a cot (45° - ^/2) tan(45° - 02-0) 

= cot (45°‘--0/2). tan(45° - 0/2) 

- cot2(45° - 0/2) 

r cot2 

as predicted by the Mohr-Coulomb Criterion. 

When 0 - constant for all angles 0 (isotropy), (O^O^)’ reaches 

a maxium when 0 s 45° - 0/2 z (Appendix IV). Thus, the two 

conjugate sets of planes containing Ojj and with 0 = , require a 

maximum retaining stress, 0^, for stability. As ((Jj/O^) decreases, 

failure will take place along these planes. The Coefficient of Friction 

Criterion, therefore, not only agrees with the Mohr-Coulomb criterion 

in the isotropic case, but also explains Hartman’s Law. 

A "plane of weakness" can now be defined quantitatively as a 

plane for which (G^/(7[)’ is greater than the maximum ((Tj/0£)’ for 

the rest of the system. As (CF^/d£)’ decreases, the system vail fail 

along the plane of weskness rather than obeying Hartman’s Law. A 

system with a plane of weakness will, therefore, fail along one 

distinct plane having a dip, 0, which depends only upon the proper¬ 

ties of the plane of weakness. 
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According to the Coefficient of Friction criterion, for the 

general case (Appendix V): 

(fl; / CJ)* S cot 9 tan(9 - 0) (l - T" sec2 6 ). (7) 
^ 0£ tan 9 - tan 0 

This also agrees with the value of 0^ /' 0£. predicted by the Mohr- 

Coulomb Criterion when 9 - 45° - 0/2. However, (5^ / 0” does not 

reach a maximum at 9 - as in the T* z 0 case, but at a 9 which 

deviates from by a factor proportional to T* / 0^. This accounts 

for the parabolic (?) shape of the Mohr envelope. 

Mechanical Behavior of Clay: 

One of the most frequent planes of weakness in gravity slide 

block systems is a layer of water-saturated clay which behaves as 

a Bingham body—i.e. when 0^ exceeds T*, it behaves as a viscous 

fluid. 

The pore-water pressure, p, has a great effect upon the mech¬ 

anical properties of water-saturated soils. Capper and Cassie 

(1963, p 67) state: "the effective or intergranular stress CT , 

on which the shear strength depends, is given by 

cr'z cr - p . (s) 

As clay consolidates, the permeability is reduced to zero while 

the porosity is still about 50$, thus trapping a considerable amount 

of water within the pores. This effect explains the "swelling" of 

dried clays (especially bentonites) when water is added. Houwink 

(1952, p 325) states: 
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...the porosity increases quite suddenly as soon as 
the water content reaches 30 per cent. At this 
moment the filling of the pores is about 100 per 
cent. ...from this moment the clay particles are 
separated from each other by a film of water. 

Houwink calculated the thickness of the water films in bentonite 

as 3.3 X 103 Angstroms at a pressure of 8 kg/cm^ and noted the lack 

of water films in such non-plastic materials as potter’s flint and 

milled quartz. 

The presence of water trapped as films surrounding the clay 

Capper and Cassie (1963> p 78) state: 

YJhen the lateral pressure, is zero the effective or 
intergranular pressure 0" is equal in magnitude to 
this pore pressure. Suppose that a tr&axial test 
is made at the same moisture content, using a la¬ 
teral pressure 0% and that failure occurs when the 
maximum principal stress is 0^. Since the water 
cannot escape, assuming the matrix of soil part¬ 
icles to be compressible and the water incompressible, 
this lateral pressure is almost entirely taken up 
by the water. The effective pressure is therefore 
practically unchanged when the lateral pressure 0^ 
is applied. ...the Mohr envelope is a horizontal"’ 
straight line giving an angle of shearing resist¬ 
ance 0 s 0. 

Since 0 = 0, for large such that T’* / 0^ 0, Equation (7) reduces 

to o; r cot © tan 9=1 (8) 

for all angles 0. This is a hydrostatic state of stress. That is, 

the material cannot withstand nor transmit shear stresses and be¬ 

haves as a viscous fluid. 

particles has a great effect on the intergranular stress, 0“ ’ 

°1 
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T* of the clay, a gravity slide block which rests upon a clay layer 

will, therefore, be effectively floating on a viscous liquid. Such 

a system would fail if the clay layer has a dip of even only a few 

degrees. The clay layer would then serve as the plane of movement 

and the gravity block could slide great distances, or for as long 

as the clay layer persisted. Rubey and Hubbert (1959) have derived 

a similar fluid-pressure hypothesis to help explain the mechanics 

of large overfchrusts. 

Mechanics of the Shadow Mountains Area Slide Block? 

Assuming that the Shadow Mountains area Precambrian gneiss 

sheet had an original thickness of 200 meters and an average density 

of 2.7 grams/cm^, the overburden stress, CT^ , would equal 54 kg/cm^. 

No exact figure is available for the T" of the bentonitic clay, but 

it is probably on the order of 1 kg/era and is certainly much less 

than 0^. As mentioned above, water saturated clays have an {( ; 0,. 

Therefore, since T*<<^ 0J , Equation (7) reduces to Equation (8), 

and the bentonitic clay can be treated as a viscous liquid. The 

clay "dike11 in block IIC (Figure 14) and the planar foliation parallel 

to the surface of movement verify that the clay was very ductile. 

Again, no exact figure is available for the viscosity of the clay, 
14 n but a value of 10 poises works well for the slope 0 - 3, assuming 

0^ = 0. Assuming the above figures, the gneiss sheet could have 

traveled 24 km. in about one thousand years with a loss of about 



40 

1000 meters of altitude. A lower value of the slope will decrease 

the altitude loss and lengthen the travel time. The distance 

24 km. is that from the Western Star Wash to the V/inters Pass 

area. 

v 
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Quaternary Geologic Events 

After the emplacement of the Precambrian gneiss sheet in the 

Shadow Mountains area, the Kingston Valley graben was broken up 

by normal faults into a series of north to northeast trending horsts 

and grabens which fora the present topography of the area. The 

horsts of dolomite megabreccia trend north-south in the southern 

portion of the Shadow Mountains area and trend northeast-southwest 

in the northen portion of the area. The normal faults in the hills 

of Tertiaiy rocks and of older alluvium show the same change from 

north-south trends to northeast-southwest trends. The northeast 

trend of the normal faulting continues in the hills of Goodsprings 

Dolomite north of Kingston VJash. The western portion of the Pre¬ 

cambrian gneiss sheet was downfaulted 300 to 800 feet (Plate-Tl) 

by the block faults which produced the Francis Peak ridge horst. 

Most of the Quaternary normal faults in the Shadow Mountains area 

are apparently still active at present. 

After the Kingston Valley began to be broken up by Quaternary 

block faulting, most of the Precambrian gneiss sheet was removed 

by erosion. After a substantial amount of the gneiss was removed, 

exposing the soft Tertiary sediments beneath, the older alluvium 

was deposited. The base level of erosion was then about 3500 feet 

above sea level—apparently the Kingston Valley still had interior 

drainage. The subsequent development of exterior drainage through 
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Kingston Wash to Silurian Lake lowered the base level of erosion 

to 600 feet above sea level. At present, the older alluvium is 

being eroded and Late Quaternary alluvium is being deposited. 
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Conclusions 

To summarize the structural geology of the Shadow Mountains 

area, the following conclusions are stated: 

1. The monolithologic dolomite megabreccia was emplaced 

by a combination of sedimentary deposition and 

incoherent gravity sliding. 

2. The allochthonous blocks of Precambrian gneiss in 

the Shadow Mountains area were emplaced as a 

single coherent sheet. 

3. The source area of the allochthonous gneiss sheet 

was in the vicinity of Winters Pass. 

4. The sheet of Precambrian gneiss was not emplaced as 

a compressive thrust plate, but as a gravity slide 

block as defined and discussed in Section IV. 

5. The Precambrian gneiss slide block may have been a 

back-slid portion of a thrust plate emplaced during 

the Sevier orogeqy. 
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Appendix I. Derivation of — from Mohr-Coulomb Criterion 
0~t 

of Shear Failure, Special Case, T* = 0. 

Given: 

^ tdn $ 

2. OC = tS°+ 0/.^ 

To Prove: Q- 
'/(TI — c.o't oL 

Proof: 

2* 03 - 

3* ^ Sin pf - r _ 

4* VL - CTyx 

r 

r S£)X0 = ru-siyijt) 
+ * = ''/tlnf + n 

r, s,n.fS _ /- //- sin.0 - rcn-siM#') 5. 



6. 

A - 2 

6* -P-Ll-SiueS]_ 

Ox SiH& -PCl -t- StYlfi) 

7. • &3 _ _ 1-sin 
£7i 1 + 6in.fi 

8- m = / ~ j l-e**l9om-01 
v l+sinf* ^ l+-cos [?o~'jf) 

=• fa* l/z_ tqo'—tf) 

■»/% - ta ^ LH-S-*- 

i°-y^ - cot Cyo*-1- cot+0/i) 

ooi c*- 

n- ^ Q. E. D. 
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Appendix II. Derivation of — from Mohr-Coulomb Criterion 

of Shear Failure, General Case. 

«  c   *1 

Given: 
1. 0 - tan 1JU. 

2. 0-= tf-5" + 

3- for = Cdt 

4- «■ - T* cot 4 

To Prove: ^ = CofV - j! 

C7i 

Proof: 
1# Let b= (K, -to. 

Let c ~ crt 
2. 
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3. lei CL = ~r*^ot0 

4. fa/c - cot^oL 

5. 

-f 

6. 
let *7 ' cot ^ oL 

7. v~3 - y<n -hoLLf -a. — y ol +Cy-i)a 

8. ^Ari 
= %r 

9. r3/<r± -/) 

10.. a - ^r*^otgf 

U* ^ Cl-cot7-^) C*t 

Q. e. P. 
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Appendix III. Derivation of —£2— from Coefficient of Friction 

Criterion of Shear Failure, Special Case, T* = 0. 

Given: 

1- 03, “ external stresses = force/unit-area on 

outside surfaces ( 0 = 0° or 90°) 

2* ~l j F-, - internal stresses = force/unit-area on 
plane 0 

~ o~i 00S 0 

4' F:, =, <?~3. sine 
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■>, s>- '*■ P = /* 

6* Cr, COSQ +r3 sin&}-{F/LoS9 +f3 5in0) 
= D. 

A - C FI sine —F? 'x>s & ^ ^ LFt cos & ^ F^ si n&i 
- o. 

To Prove: (7?/ 

~ ^ ^ © tTa'rt £<9 -jtf) 

Proof: 

*• Fi sine — /9 c.^a - /* 'F cose> FF}sine) 

2. - F, Sen & ~~ F3 coS 0 
F, CoS O F Fs sine 

3. 
yti - Sln.0 — F/p, COS0 

CoS 0 1f- F?/F, sine 

4, tan 0 - - FS/F' 

J -/- F3/frt sin 9 

5* F- + £*- (fs/F) ^S-nG — ’f’a.yi @ - F^/fi 

6* F/F, ~h F-C^z/F,) Fane - Fs.yi Q 

7* LFZ/F,) ( t + /U'tayi & ) = ifa^ ,9 

^ ^ tan 9 -/UL 

[ I ~f~ ~FcL/\ e 

3. 
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/ + tan & 'tan 
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9. 

10* ^/p1 ~ tan CB -0) 

li h 
Ft 

12 

o~i 

cr5 sin © _ (73 
<T/ cos 9 "cff 
taw. 

-tan <S* 

CO f @ fan te -0) a. £. D. 
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Appendix IV. Optimum Orientation of Fracture Plane, Isotropic 
Case, 

Given: 
1 

2 

3 

4 

'J'* — O 

^ ^ - Cote /an c& 

constant for all O } C^^/je> ~ 

y = ftx.) = maximum or minimum when dj- ~ o 
dx 

To Prove: - maximum when 0 - 0/-L 

Proof: 
— CoC 0 -j^3yxie~-0) 

2* i ^c;^r) - esc2" & ta.n C& —p) -tSe^-fe-pS) a>fe 

If A- f*7*/ U/j.then: 
de °r‘] 

3* ta.nte~j#) =- secx C&-p) c0± & 

A. -tan __ dot<9 

Sin'3-e c-o*7'Ce-0) 

5* "ten Ce-p) CAS^CG-?) * Cc>£tf 

^JCo <9 

6. 
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7. 5intM = 605 0 jme' 

US’ jg C^Ari) 4=^ Si*\(e-j2?) cosC&-(*) - 
cos &■ si M © 

8. If p/ , then 
$iYh LQ-0) ~ sivv ty-S’*— 

Cos L&-0) =- 0&$r*-ffa) 

and, 
5/KI<9- Sin. CH-s■”+-A/i_) 

toj & ■= cos (y-s° t- /%_) 

9. But, CoSCt^-b^l 

and, co5 Lye'-jei/^) ^ sin Ly-S0^#/^ 

“J fc* = ^r^)w, 

11. Thus, If 0 - Iff’f. 

5/n te-pf)COSC&-0) — sin9 COSQ 

And’ ^ =0 

12# Thus, at 0 ^ 0/^ } @3/ zz a maxi 

mini 
maximum or a 
minimum 

13. For the special case, 0 ~ 

^-5** /(j c ii-c* • .. —■& 

^ =* *,K 

" the maximum value of sin© cos© 

14. Therefore, at 0 - p/^ 

— maximum (if fif = constant) Q,£.P, 
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Apoendix V. Derivation of —3.— from Coefficient of 
<?1 

Friction Criterion of Shear Failure, General Case. 

Given: 
1 * Ft - °7 cos & 

2’ F3 - O3 sin. Q 

tan ^ fix = coefficient of friction in plane 

4. When @ = angle of repose, 

£/> -Fsine-F3 COSG COS e +Fj sine) - r’ 
- o 

To Prove: <7- 3Fcr'1 - Coir Q tan. C& ~0) ^ Szc't'Q 

^ -tanO-taKp ) 

Proof: 
1. F/ Sino-Fz cose [F cos Q -t F3S,ine)+ T~* 

^ ■ F sin & - hi cos © — JU. F cos & i- ju-F sine ■/- 

3. 5in e - F/pf cose 
F CoSe Fju. fyp Scndf'XF /F F, 

4* tan e - F/pf ^ -f-ju. -tan 9 -t 
F, COSG 

5- tine-H-rzT— -=■ h3/Ft t ju FVHtan0 1 F,cose 

6* tm — u + u-ts-n &) Fs/f. 
F,cpse 

7- F./ r +**■ & -F 
/h‘ I + U taru€ 

* 

F tarcO Ft cos e (j +juta n &) 
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/~j tan. 9 ~~ 't&yi p —. HI—  

Ft \ + fanptanB ft &&&(/-f-tatA.pta.ne) 
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Or, by trigonometric identities, 
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