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ABSTRACT 

Petrology and Structure of the 
tvanpah Mountains Area, California 

Charles W. Weisenberg 

tn the tvanpah Mountains area of southeastern 

California may be seen the intersection of the north west- 

southeast trend of the late Mesozoic Sevier orogenic belt 

of westward directed thrust faults and a similiar unnamed 

belt of early Mesozoic age, generally found from fifty to 

one hundred miles apart. In the same area is found the 

eastern limit of Sierra Nevadan age Mesozoic plutonism in 

the Mojave desert. This study examines the nature of 

Mesozoic igneous activity in the Ivanpah Mountains area 

and its relation to the extensive development of at least 

two superimposed systems of Mesozoic thrust faulting in the 

area. 

A field and petrologic study of the ivanpah 

Mountains suggests that there are three and possibly four 

Mesozoic plutonic episodes in the area. The Oro Wash 

Quartz Diorite is a small pluton petro1ogica11 y similar to 

plutons in nearby areas that have yielded K/Ar mineral ages 

of 190 to 200 million years. The Striped Hills grano- 

diorite is a relatively mafic rock which appears to be a 



more mafic hybrid border phase of the Teutonia Quartz 

Monzonite. K/Ar mineral ages suggest it is 161—167 million 

years in age. The Teutonia Quartz Monzonite is a tabular 

body, inclined west, several miles thick. it forms what 

is probably a gradational contact with the Striped Hills 

Granodiorite, and has a minimum K/Ar mineral age of 135“ 

138 million years. The Kessler Springs Quartz Monzonite is 

a relatively fresh, porphyritic rock which, has an isotopic 

age of S]-Sk million years. 

Non-plutonic igneous rocks include the Piute Valley 

Plug, a small body of rhyolite which intrudes along the 

contact of the Teutonia Quartz Monzonite, and paleozoic 

carbonates. Since it is within a few miles of, and petro- 

graphically similar to, the Mesozoic Delfonte Volcanics, 

it may have been part of the feeder dike system of these 

volcanics, suggesting they are younger than the Teutonia 

Quartz Monzonite. 

The Cima Road Dikes are a group of widespread 

dacite dikes of probable Cenozoic age. 

Chemically, all the igneous rocks are calc- 

alkaline, and most of the plutonic rocks are chemically 

similar to the central Sierra Nevada Batholith. Silica 

values for the plutonic rocks vary from 51% for the Oro 

Wash body to 11% for some samples of the Teutonia Quartz 

Monzonite. Both K2O and Na2Û vary from near 2% in the Oro 



Wash body to near 5% in the Teutonia Quartz Monzonite, 

which is chemically similar to rocks of the Eastern Sierra 

Nevada Batholith. 

The Mesozoic structures related to the plutonic 

rocks include cataclastic and mylonitic zones associated 

with Mesozoic thrusting. The tabular west-dipping form of 

the pluton in the Ivanpah Mountains is probably related to 

Mesozoic structures and may intrude the core of a large 

eastward overturned anticline. The pluton may be pre- 

tectonic but is probably syn tecton i,c . 

Cenozoic structures include joints and numerous 

types of shear zones. One breccia zone appears to have 

incorporated alluvium along the fault zone. 

Tectonism appears to have occurred in this area 

during the Triassic prior to emplacement of the Oro Wash 

pluton and again after emplacement of the Teutonia Quartz 

Monzonite in the Jurassic-Cretaceous. Some folding may 

have occurred synchronously with emplacement of the Teutonia 

Quartz Monzonite. The last period of major thrusting 

(probably middle Cretaceous) does not appear to have 

affected the Kessler Springs Quartz Monzonite. 
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INTRODUCTION 

Geologic Setting and Purpose of Investigation 

The topic of tills thesis Is a petrologic and struc¬ 

tural study of Mesozoic plutonlc rocks which crop out In 

the area of the tvanpah Mountains, San Bernardino County, 

California. The area Is located south of Interstate 15 

approximately six miles south of Mountain Pass, California 

(Figs. 1-3). Figure 1, modified from Burchfiel and Davis 

(1972, their Fig. 7), shows the simplified tectonic 

features of Mesozoic western North America. From this dia¬ 

gram the tectonic uniqueness of the Mountain Pass area is 

apparent. First, the area Is in the zone of convergence 

of the Early and Late Mesozoic thrust belts; second, it 

is near the area in which the thrust belts leave the 

Paleozoic geosyncline and cut across the craton; and third, 

it is near the eastern margin of Mesozoic plutonism. The 

Ivanpah Mountains area is understandably structurally com¬ 

plex, especially considering the two superimposed thrusting 

events and the involvement of Mesozoic and Precambrian 

crystalline basement rocks in the thrusts. 

Recently, Burchfiel and Davis (1971) have mapped the 

belt of Mesozoic eastward directed thrust faults In the 
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Cordî11erîan Orogen south from the Spring Mountains, 

Nevada Into the northeastern portion of the Mojave Desert, 

near Mountain Pass, California. To the south, the structure 

Is complicated by large tracts of Mesozoic granites of the 

Mojave structural block. This mapping and Isotopic dating 

of plutonlc rocks has shown that Mesozoic plutonism and 

thrusting were both contemporaneous in the area over a long 

span of Mesozoic time, and that cross-cutting relations 

between granitic intrusions and Mesozoic structure in many 

cases can be used to bracket the age of thrust faulting by 

radiometric dating of pre- and post-thrust Ing plutons. 

The complex thrust belt of Clark Mountains and 

Mountain Pass trends south Into the Ivanpah Mountains, 

where the last large areas of Paleozoic and Mesozoic strata 

are intruded by granitic batholiths. To the south on Clma 

Dome and in the New York Mountains the terrain Is mostly 

poorly known "g ran 111 d1 rocks of the Teutonia Quartz 

Monzonite of Hewitt (1956), and only rare areas are under¬ 

lain by Paleozoic or Mesozoic strata. 

Sutter (1969) determined K/Ar ages on whole rock and 

mineral separate samples of rocks from the Ivanpah Mountains 

and Clark Mountains area, and recognized isotopic ages for 

plutonic rocks ranging from 195 m. y. to 90 m. y. 

The purpose of this study is to help unravel the 

complex history of thrusting In this area through a better 
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understanding of the structural, petrologic and geo¬ 

chemical relations between plutons of different ages and 

their relation to deformationa1 events in the area. 

Physical Features 

Th.e Cvanpah Mountains are part of a rough trend of 

ranges which extend south from the Spring Mountains in 

Nevada, and terminate north of Cima, California (Fig. 2). 

The area is characterized by intermittent interior 

drainage into the Ivanpah Valley on the southeast and 

Shadow Valley on the northwest. The flanks of the range 

are broad coalescing alluvial fans or pediment surfaces. 

The peaks are mostly bare rocks (Fig. 4). Elevations range 

from about 3,000 feet to over 7,000 feet. The studied area 

is part of the "Ivanpah Upland" of Hewitt (1956). The main 

geographic features of the area are shown on Fig. 3. 

The climate and vegetation is similar to other high 

desert areas in the Mojave Desert and Southern Great Basin, 

with the exception that on Cima Dome and in the foothills 

of the Ivanpah Mountains exist some of the largest and 

densest stands of Joshua trees found anywhere in the 

Mojave. At the higher elevations small junipers are common. 



Fig. k 

Looking north along crest of ivanpahs from above 
R î1 y Camp. Kokoweef Peak is on skyline in upper 
right, Piute Valley and the Mescal Range are in 
the upper left. The snow-capped Spring Mountains 
are in extreme distance. Outcrops of Teutonia 

Quartz Monzonite are in foreground. 
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Previous Work 

Hewitt (1956) did the pioneering studies on the 

Ivanpah Quadrangle in the late 1920's with additional work 

extending into the early 1950's. He mapped the area in 

reconnaissance and studied most of the mines of the area. 

His work is still the only reference on much of this large 

area. (Jennings, C. W., 1961). Sharp (1963) studied the 

geomorphology of the Cima Dome area. Various studies of 

the Precambrian crystalline rocks have been made as a 

result of the discovery of rare earth-bearing carbonatite 

dikes at Mountain Pass, California (Olsen, e£ a_l_. , 195*0. 

Burchfiel and Davis (1971) have collaborated on a compre¬ 

hensive structural study of the Clark Mountains, Mountain 

Pass and Ivanpah Mountains area. 

Field Work 

A total of five weeks field work was done in 1968 

and 1969, in an area of about eight square miles. Mapping 

was done on enlarged 15' quadrangle maps and on United 

States Geological Survey air photos. The area is easily 

accessible from the paved Cima Road and by numerous 

regularly maintained gravel mine roads. The boundary 

between the Mescal Range and Ivanpah 15' quadrangle maps 

of the United States Geological Survey passes through the 

studied a rea. 
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Terminology 

The rock unit names - Oro Wash Quartz Diorite, 

Striped Hills Granodîorite, Kessler Springs Quartz 

Monzonite, Cima Road Dikes, and Piute Valley- Plug are new 

terms established for this study. The Striped Hills grano- 

diorite is probably a border phase of the Teutonia Quartz 

Monzonite, however, and not a separate intrusive unit. 

The term "Mountain Pass area" refers to the region 

between the Clark Mountains and Cima, California 
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DESCRIPTIVE GEOLOGY 

General Statement 

Rock units In the tvanpah Mountains area include 

clastic and carbonate sedimentary rocks of Paleozoic and 

Mesozoic age, Cenozoic fang1 ornera tes, lake beds£ and playa 

deposits, Precambrlan crystalline gneissic rocks, 

Mesozoic plutonlc rocks, some Mesozoic volcanic rocks, and 

Cenozoic dikes and volcanics. 

The subject of this report Is the study of the 

phanerozoic igneous rocks in the general vicinity of the 

Ivanpah Mountains, although rock units on Clma Dome, the 

Mescal Range, and Clark Mountain will also be mentioned. 

Emphasis will be placed on the Mesozoic plutonic rocks and 

their relation to the structural development of the 

Mountain Pass area. 

Stratified Units 

Stratified units range in age from late Precambrian 

to middle-late Mesozoic and have been divided by Burchfiel 

and Davis (1971) into an autochthonous or parautochthonous 

group, and an allochthonous group, relative to the Mesozoic 

thrust plates. Fig. 2 shows that the Mescal (Keystone) 

thrust in the Striped Hills separates these two groups. 

7 
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The autochthonous section represents the platform facies 

of Paleozoic time and the allochthonous section is mostly 

of marginal miogeosynclîna1 character. Of the stratified 

units, only the Delfonte volcanic rocks will be discussed 

in this report, in the section on non-plutonic igneous 

rocks. 

Igneous Rocks 

Introductory Statement 

A wide variety of igneous rocks crop out in the 

Mountain Pass area. These include plutonic rocks vary¬ 

ing from quartz-diorîte to granite, shallow intrusive 

rocks varying from diabase to rhyolite, flows and 

pyroclastic deposits of basalt to rhyolite composition 

and various types of igneous rocks in the Precambrian 

basement. A fe1dspathoida 1 Precambrian syenite complex 

(Olsen, et_ a_]_. , 195M is present in the area near 

Mountain Pass and is of economic interest because of 

associated rare earth-bearing carbonatite dikes. These 

and other Precambrian igneous rocks, however, were 

omitted from this study. The plutonic rock units which 

are discussed in this report include the granodîorites 

of the Striped Hills and the eastern Star Mine Area, the 

Teutonia Quartz Monzonite of the Ivanpah Mountains and 

Cima Dome, the Kessler Springs porphyritic quartz monzonite 
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found on the eastern flank of Cima Dome, and a small 

quartz dîorîte plug found în Oro Wash which is correlated 

with a group of similar rocks In the Central Mescal 

Mountains and on Clark Mountain (plate 1}. All the 

plutonlc rocks are probably Mesozoic In age. Kypabyssal 

Intrusives Include the Clma Road daclte dikes, found 

In several locations In the area, a small plug of rhyolite 

in Piute Valley, and several diabase dikes (Plate 1). 

Extrusive rocks are common In adjacent areas but were 

not studied. They include the Mesozoic Delfonte 

Volcanics of the eastern Mescal Mountains, and the 

Pleistocene to Recent Baker volcanics on the southwest 

flank of Cima Dome. the units described are based on 

field and petrographic appearance and In some cases may be 

facies of the same Intrusive agent, as will be discussed 

later. 

Table 1 gives average modal analyses of the 

p1utonic rocks. 

Figures 5 and 6 give plots of modal analyses of 

the plutonic rocks. 

P 1uton1c Rocks 

Oro Wash Quartz Dlorite 

On the southeastern flank of the Ivanpahs In Oro 

Wash several small (less than one-half square mile) stocks 
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Table 1 

AVERAGE MODES OF IVANPAH PLUTONIC ROCKS1 

MINERAL 

0 ro 
Wash 
Quartz 
D to r i te 

Teuton tz 
Qua rtz 
Monzonite 

St riped 
Hills 
Grano- 
d lor Ite 

Kess1er 
Springs 
Quartz 
Monzonite 

QUARTZ 10% 36% 30% 35% 

ALKALI 
FELDSPAR 10 40 19 40 

PLAGiOCLASE 46 24 36 20 

BI0TITE 3 1 6 3 

HORNBLENDE 19 P 8 2 

OPAQUE 2 P 1 P 

SPHENE NP P P P 

ALLAN 1TE NP NP P P 

EP1 DOTE 
(PRIMARY) NP NP P NP 

Z 1RCON P P P P 

Averages of modes plotted in Figs. 5 and 6. The 

range of values can be estimated from those 

figures . 

P - Present but less than 1%. 

NP - Not present. 
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of quartz diorite intrude on Lower Paleozoic carbonates 

(Plate l). These small plutons are similar to other quartz 

diorite bodies which occur in the Mountain Pass area. The 

other bodies are found in the central Mescal range (Breccia 

pluton of Burchfiel and Davis, 1971Î, and on Clark Mountain 

near Pachalka Springs and two plutons near the Copper World 

Mine (Fîg. 3Î. 

The Oro Wash Quartz Diorite is a highly fractured, 

fine-grained, relatively dark-colored (color index about 

25) uniform hornblende quartz diorite which forms a sub¬ 

dued rego1ith-covered surface with few outcrops. The con¬ 

tact is nearly vertical where observable but the relation 

to the complex structure in the Country Rock is obscure, 

as is the relation to the nearby Teutonia Quartz Monzonite. 

In thin section the Oro Wash quartz diorite is 

fine-grained with hypautomorphîc-granu1 ar texture. 

Plagioclase occurs as euhedral to subhedral laths up to 

2 mm. The cores of most of the grains are completely 

altered but a few show zoning with andesine cores. Some 

phenocrysts show patchy zoning. 

Hornblende forms 1 to 2 mm. long, ragged prisms, 

pleochroic from brown, light brown to grass green. The 

hornblende usually forms large clots or multiple grains with itsel 
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or bîotîte and other minerals such as apatite and 

opaques. The larger grains; are multiple and commonly 

po î kî 1 î t î ca 1 1 y Include anhedral plagToclase up to 1/2 

mm. long, and opaques. Many of the larger hornblendes 

show a light colored or colorless, often fibrous core, 

probably tremolîtîc. A few augîte grains occur in the 

tremolltlc cores. The fibrous cores suggest tremollte 

is a secondary phase after augîte. 

Bîotîte, commonly altered to chlorite, epidote, 

and opaques, generally forms rims around hornblende or 

the larger opaque grains. In some instances it forms 

an ophitic-like texture around plagioclase. Quartz 

occurs in interstitial masses along with a little non- 

perthitic microcline with well developed grid twinning. 

An opaque mineral is commonly anhedral with irregular 

grain boundaries and is rimmed by or closely associated 

with bîotîte. The opaque mineral is commonly associated 

with either hornblende or bîotîte, and is altered in some 

places to a reddish-brown mineral that may be rutile or 

hematite. There may also be some leucoxene, all of which 

suggest the opaque mineral is ilmenite. Other minerals 

present are epidote, zircon and chlorite. 

Several thin sections of the Pachalka Springs, 

Copper World, and Mescal Mountains were examined. The 

petrography of these rocks was in general quite similar. 
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They share în common a generally mafic composition, with 

andestne, Biotite, and hornblende, often with colorless 

cores, forming a hypautomorphîc-gradu1 ar texture with 

interstitial quartz or potassium feldspar. The Pachalka 

Springs body in addition contains augite and hypersthene. 

Chemical analyses determined by Dr. Paul Mueller at the 

University of North Carolina of the Mescal Range and 

Pachalka Springs bodies, given in Table 2, are very 

similar to the Oro Wash Quartz Diorite. 

The textures and composition of the Oro Wash and 

similar stocks suggest intrusion of the magma at shallow 

plutonic conditions. Cooling was rapid enough to form a 

rather fine grain size, but slow enough to allow grid- 

twinned microcline to form. 

Striped Hills Granodiorite 

The Striped Hills granodiorite crops out in two 

main areas. in T. 15 N., R. 13 E., sections 7, 8, 17» 

and 18, where the Striped Hills merge with the main mass 

of the Ivanpah Range, and to the south, in sections 19, 

20, 30, and 31» in the area just east of the Eastern Star 

Mine (Plate 1). These two bodies are essentially similar 

in appearance, petrology, and in chemistry, and they are 

thus grouped together. 



On its western border the Granodîorîte intrudes 

the Paleozoic carbonates forming bodies of skarn up to 

5Q meters thick, accompanied by ores of copper and other 

metals. in the Striped Hills area, the contact dips 

west at a moderate angle, but a few outliers of 

granodîorîte occur in the carbonate to the west. in the 

Eastern Star area, a roof pendant-like mass of marble and 

skarn rests on top the granodîorîte on hill 5521. Struc¬ 

tures in the carbonate in both the Striped Hills and 

Eventing Star areas suggest that folding occurred previous 

to intrusion of the granodîorîte (Burchfiel and Davis, 

1971). 

The contact of the Striped Hills Granodîorîte 

with the Teutonia Quartz Monzonite exhibits no evidence 

of an intrusive contact. However, this contact may be 

gradational. In the Striped Hills Pass area, gradational 

rocks of ligher color and coarser grain size than the 

granodîorîte occur in sporadic outcrops near the contact 

with the quartz monzonite. At the contact zone irregular 

masses of aplite identical to aplite found within the 

Teutonia Q,uartz Monzonite are present, separating the 

quartz monzonite from the granodîorîte. Also, Shear zones 

and breccîatîon complicate the relations. in the Evening 

Star area rocks of gradational appearance are present but 

are irregularly distributed in the western portion of the 
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granodiorI te. Extensive shearing and brecciation, and 

bodies of apllte, again complicate the relations. 

The author Interprets the contact between the 

Striped Hills Granodlorlte and the Teutonia Quartz 

Monzonîte as gradational (the origin of which will be 

discussed laterl. It has been modified by faulting and 

by emplacement of apllte, either as a late stage product 

or possibly during intrusion of the younger Kessler 

Springs Quartz Monzonîte. 

At the Copper King Mine, which has a vertical 

shaft, flat of Teutonia Quartz Monzonîte occurs In the 

mine dump, suggesting that some structural complications 

are present In the Eastern Star area, or that the contact 

dips at a low angle to the west, roughly parallel to the 

shallow dipping granodIorIte-carbonate contact In the 

Eastern Star area. 

The Striped Hills Granodlorite forms smooth sur¬ 

faces with a veneer of coarse regollth. The more coarse¬ 

grained portions form rounded outcrops with a gravel sur¬ 

face, and the sheared, mineralized portions form resistant, 

dark, angular outcrops. 

A medium-grained b lot I te-hornb1ende granodlorite 

(color Index about 15) is the most common rock type. 

It Is generally massive, although shearing Imparts 

a foliated appearance to much of it. A very few small 
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Inclusions are present but small aplite dikes up to a 

foot thick are very common, and pegmatites occur in a 

few places. A few dikes of coarse-grained granite may 

be intrusions of younger Teutonia Quartz Monzonite, but 

this is uncertain because they can't be traced into the 

parent body of the Teutonia Quartz Monzonite. 

in thin section, the granodtorite is always strongly 

altered with a hypautomorphîc-granu1 ar texture. Quartz 

has a tendency to occur as large rounded grains. 

Plagioclase in most cases is in euhedral grains and 

is almost completely altered to a fine-grained 

saussuritic material comprised of c1înozoisîte, calcite, 

sphene and sericite. The rims are generally unaltered 

albite with an interpenetrating border with the ground- 

mass. Cores of a few unaltered grains are andesine and 

ca1cîc-o1igoc1ase. Hornblende forms ragged subhedral 

grains, often in clots of interpenetrating aggregates. 

The color ranges from grass green to light brown. A 

color zoning is apparent in some grains, with light brown 

cores and grass green rims. Commonly the hornblende has 

inclusions of plagioclase, opaques, apatite, and zircon. 

Biotite occurs as light to dark brown, subhedral flakes. 

Grains cut perpendicular to the C axes show abundant 

oriented needles of rutile. Biotite and hornblende are 



Fig. 7 

Mylonitîzed Striped Hills Granodiorite 
from east of the Evening Star Mine near 

Hill 5521 . 
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extensively altered to chlorite, with some epidote and 

sphene. Some biotite is altered to a colorless mica. 

Biotite and hornblende form clots or aggregates together 

with sphene, apatite, epidote, and opaques. Quartz 

occurs as large, up to 2 mm. in diameter, rounded 

polygonized grains, and as smaller, interstitial grains 

in the groundmass. ft is nearly always fractured and 

has wavy extenction. Potassium feldspar is generally 

microcline with a poorly developed grid twinning pattern, 

but some orthoclase is present. Both are always 

perthitic, anhedral and interstitial, and partly or 

wholly altered to clay. Albiteforms wavy, sometimes 

ragged lamellae in the perthite, and comprises up to 

about 10 percent of the perthite. The abundant opaque 

mineral (1 percent) is anhedral and sometimes embayed 

and is always associated with the biotite or hornblende. 

Sphene is in granular, fine grained aggregates; other 

primary accessories are euhedral zoned allanite, green 

or brown tourmaline, apatite and zircon, sometimes forming 

pleochroic halos in biotite. Chemical analyses of the 

Striped Hills Granodiorite are listed in Table 3. 

The extreme alteration of the Striped Hills 

granodiorite is probably a result of at least two factors. 

First, late stage hydrothermal activity evidenced by the 

metasomatism and mineralization of the carbonate contact 

zone (page 27). Second, reheating during intrusion of the 

Kessler Springs Quartz Monzonite, evidenced by isotopic data 

Cpage 3Q) . 
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Teutonia Quartz Monzonite 

Tile Teutonia Quartz Monzonlte was named by Hewitt 

(1956) from Teutonia Peak on Clma Dome. Clma Dome and 

the Ivanpah Mountains area are In the northern part of 

a large area underlain by the Teutonia Quartz Monzonlte 

In the eastern Mojave, which extends ten miles to the 

south Into the New York-ProvI den ce Mountains. It occurs 

in the studied area on Cima Dome, in the Ivanpah 

Mountains, and in several tectonic inclusions along 

thrust faults near Kokoweef Peak and New Trail Canyon, 

and in the southern part of the Mescal Range (Plate 1). 

Most of the western boundary of the Teutonia Quartz 

Monzonite in the ivanpah Mountains is with the Striped 

Hills Granodiorite and is described in the section on that 

rock unit. However, near the Standard Mine No. 1 the 

quartz monzonite forms a steep contact with a thick zone 

of skarn. Mafic granodiorite, similar to the Striped 

Hills Granodiorite, occurs in discontinuous pods along 

the contact zone. An analysis of this rock is given in 

Table 3 (sample 6-1). Irregular masses of aplite are also 

present near the contact in the quartz monzonite and one 

aplite dike intrudes the carbonate (plate 1), the only 

place in the tvanpahs where such a relation occurs. 

Along its east border, the Teutonia Quartz 

Monzonite forms intrusive contacts with the Paleozoic and 
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Mesozoic strata of th.e ivanpah Mountains from Oro Wash 

to west of Kokoweef Peak. This contact is a sharp zone 

marked by sheared, fîne gratned ca1c-st1icate rocks and 

none of the distinctive features of intrusion, such as 

inclusions, chtll zones, or dikes. The carbonate dips 

to the west under the Quartz Monzonite at an angle of 

from 45 to 15 degrees, so the pluton forms a tabular 

body inclined to the west (Figs. 8, 2Q). The eastern 

contact was interpreted as a thrust fault of Laramtde age 

by Hewitt (1956). However, development of skarn, and 

relations around the salient of quartz monzonite in Oro 

Wash suggest there is no large scale thrusting in this 

area (Plate 1). This salient has a reentrant tongue of 

carbonate on its northern side. A thrust, if it exists, 

would have to pass above this tongue into the quartz 

monzonite, but the quartz monzonite is not particularly 

sheared in this area, and, in fact, the rock above and 

below this zone is identical. 

To the south of the Morning Star Mine, a small 

outcrop of carbonate is probably in fault contact with 

the quartz monzonite. 

The Teutonia Quartz Monzonite is a coarse-grained, 

very light colored granitic rock (Fig. 9)• its general 

appearance is uniform over large areas. Although at a few lo¬ 

calities it is enriched in mafic minerals, as in places near the 



Fig. 8 

Eastern contact of the Teutonia Quartz 
Monzonite and Paleozoic Carbonates in 
Piute Valley. The Carbonate dips to 
the west (right) under the pluton at 

about b5°. 
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Fig. 9 

Sample of Teutonia Quartz Monzonite 
from Piute Valley 
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contact with the Striped Hîlls Granodîorîte, and else¬ 

where, such as locality #29-A, from south of Rily Camp 

(Analysts given tn Table 1 )# 

The main mappable features are dikes and veins of 

quartz, pegmatites, pipes and dikes of aplite or fine 

grained granite, and mafic xenoliths. Foliation in 

unsheared rocks is absent. 

Quartz dikes and stocks are quite common and many 

are pipes of milky-white quartz up to 20 meters in dia¬ 

meter. Internal structure is not apparent, and the main 

accessory minerals are anhedral pink potassium feldspar 

with hematite stain. Veins of milk-white quartz are 

common and range in thickness from a few centimeters to 

a meter. Pink potassium feldspar is usually present in 

proportions that vary up to true pegmatites. Some of the 

quartz veins are up to 50 meters long, and have a pro¬ 

nounced internal structure consisting of quartz crystals 

growing perpendicular to the walls of the vein (Fig. 10). 

Aplites are common, and a few can be found in 

every large outcrop, which is not true of quartz veins 

and pegmatites. They occur as pods or stock shaped 

bodies and as dikes no more than 30 cm. thick, and are 

whitish-brown or cream colored and have a saccrioidal 

texture. in thin section the dike aplites are composed 

of anhedral quartz, anhedral microcline with well 



Fig. 10 

Quartz vein about one meter thick, in 
Teutonia Quartz Monzonite with columnar 
quartz perpendicular to the boundaries. 

One-half mile S.W. of Kokoweef 
Peak. 
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developed grid twinning, and subhedral sodic oligoclase 

with rare traces of zoning In a few grains. Myrmeklte 

is common In plagloclase. The texture Is xenomorphlc- 

granular and the grain size less than 1/2 mm. Some biotite 

is present, along with an unidentified opaque mineral. 

The stock-llke masses of aplite and fine-grained granite 

are often coarser grained than the dike aplites, and often 

contain m1crophenocrysts of feldspars. Biotite Is often 

more abundant than in the dike aplites. 

Pegmatites are common but less abundant than 

aplite. They are usually thinner than 1/2 meter, podiform, 

and of simple mineralogy. Pink or white potassium 

feldspar, with graphic Intergrowths of quartz, white 

anhedral quartz, and a small amount of muscovite and 

biotite are present (Fig. 11). 

Mafic inclusions are generally rare, but locally 

are common. In the central part of section 32, one and 

one-half miles south of Rily Camp, abundant rounded, 

porphyritic Inclusions up to 1/2 meter In radius of a 

mafic rock occur. In thin section this rock Is composed 

of phenocrysts of resourbed subhedral orthoclase up to 

2 cm. long, with reaction coronas of albite, subhedral 

andeslne with relic zoning, and euhedral light to dark 

brown biotite up to 1 mm. long. A few rounded quartz 

grains are also present. The groundmass Is a fine-grained 



Fig. 11 

Pegmatite in Teutonia Quartz Monzonite, 
one mile East of Rily Camp 
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aggregate of plagîoclase, biotlte, and green hornblende. 

The texture suggests the original rock was a porphyrltic 

dacltlc Igneous rock, perhaps similar to parts of the 

Delfonte Volcanlcs. South of section 32, Inclusions are 

common in the area of Kessler Peak. Here they are dark, 

fine grained and rather dense. In thin section they con¬ 

tain fine-grained, subhedral plagîoclase with relic 

zoning, and sometimes even a trace of rhythmic zoning. 

Euhedral green hornblende is abundant, and may be a relic 

mineral, though most of it is in ragged prisms in the 

ground mass and probably metamorphic. Other minerals 

present are pale yellow-green epidote, green biotite, and 

sphene. In the area north of section 32 inclusions are 

rare except for several large lobate bodies of highly 

altered, fine-grained mafic rock which occur east of 

Striped Hills Pass. These bodies could be altered dike 

rock similar to altered dikes present in the carbonates 

of the northern part of Striped Hills Pass, but they are 

marked by surface float only and no contact relations can 

be seen. in thin section they are a fine-grained 

aggregate of chlorite, alblte, calclte, epidote, and 

opaques. 

In a ravine 1/4 mile west of Kessler Peak a large 

foliated gnelssic Inclusion about 5 meters In radius 

crops out. it Is shot through with abundant, euhedral 
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phenocrysts of alkali feldspar, randomly oriented, but 

the surrounding host rock Is a non-porphyr1t1c quartz 

monzonlte. The Inclusion appears to be a piece of 

metasomatIzed Precambrlan Gneiss. 

In thin section the Teutonia Quartz Monzonlte 

is coarse grained, with a hypautomorph1c-granu1 ar tex¬ 

ture, and is always cataclast1ca11 y deformed to some degree. 

Microcline is generally anhedral and 

interstitial, but sometimes occurs as larger, subhedral 

to euhedral phenocrysts. It is commonly perthltic, 

simply twinned, and sometimes poikilitic. Perthitic 

intergrowth commonly occurs as roughly parallel, 

ragged veinlets, with a network of much thinner albite 

veinlets randomly connecting the larger veinlets. In 

a few cases the perthite is in thin, even veinlets. 

The percentage of albite in the perthite ranges from 

about 5 percent to 15 percent. 

Quartz occurs as large, up to 1/2 cm., 

rounded, polygonized grains, usually fractured and with 

wavy extinction. it also occurs as smaller anhedral 

grains Interstitial to plagloclase. Granulation has 

produced abundant, fine-grained granoblastlc quartz at 

the borders of large grains and at other points of 

stress concentration. 

Plagloclase forms small, subhedral to 
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rarely euhedral grains» usually with little or no trace 

of zoning. The composition Is albite, hut the alteration 

of the cores of some suggests there were some zoned 

grains with cores of ollgoclase. Polysynthetic twinning 

is well developed. 

Blotite Is light to dark brown In color and In 

subhedral flakes. Usually it is chlorltlzed, and 

associated with sphene, epidote, apatite» and opaques. 

Accessory minerals present Include sphene, as 

anhedral, granular aggregates, hornblende; an anhedral 

opaque mineral, apatite, and zircon. 

Chemical data for the Teutonia Quartz Monzonite 

is given in Table 3• 

The coarse and uniform grain, pegmatites and 

aplites, and aphibolite facies minerals in xenoliths and 

in the contact zone suggest intrusion in the mesozone of 

Buddington and others (Turner and Verhoogen, I960). The 

Teutonia Quartz Monzonite is typical in its composition, 

mineralogy, uniformity, grain size, pegmatites and aplites, 

and other features to the large areas of leucocratlc 

quartz monzonite in the central and eastern Sierra Nevada 

Batholith (E.g., see Bateman et al, 1963). 
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Kessler Springs Quartz Monzonite 

The name Kessler Springs quartz monzonite îs 

applied in tüts report to a distinctive porphyrîtîc 

b îot î te-ào rnb 1 ende quartz monzonite which occurs on the 

east flank of Cima Dome west of Kessler Peak, and on the 

far northwestern portion of Cima Dome în T. 14 N., 

R. 12 E., sections 25 and 26. This rock type forms 

erosion surfaces much like the Teutonia Quartz Monzonite, 

except that the gravels often are littered with large 

weathered-out phenocrysts of potassium feldspar. in hand 

specimen it is separated from the Teutonia Quartz 

Monzonite by its euhedral, twinned, phenocrysts of 

potassium feldspar, finer grain size, and color index 

of about 5 percent. 

In thin section the rock is medium grained, some¬ 

times coarse grained with a hypautomorphic-granular tex¬ 

ture. The microcline occurs as phenocrysts which 

commonly have well to poorly developed grid twinning, 

perthitic intergrowth, and often highly poikilitic tex¬ 

ture. Perthite consists of thin, regular veinlets of 

albite, and the poikilitic texture results from numerous 

plagioclase, biotite, and sometimes hornblende or more 

rarely quartz included in the microcline. Plagioclase 

grains within the microcline are generally oriented, and 

biotite lies parallel to the crystal faces of the 
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microcline, formîng an hourglass zoning pattern. The 

microcline phenocrysts exhibit simple twinning of baveno 

amd carlsbad laws, readily apparent tn weathered out 

specimens. Subhedral and anhedral microcline Is 

generally finer grained than the phenocrysts, but retains 

twinning and perthîtîc Intergrowth, and sometimes is 

po{k11 It Ic. 

Quartz forms large rounded grains, similar to the 

quartz in the Teutonia Quartz Monzonlte, and also some 

grains Interstitial to plagioclase and hornblende. It 

Is normally brecclated, and strained. 

Plagioclase is euhedral to subhedral with andesine 

cores and oligoclase rims and often has well developed 

rhythmic zoning. Irregular patchy zoning is rarely 

present. Many grains are composites of several simple 

grains together. Unlike the plagioclase in the Teutonia 

Quartz Monzonite, and Striped Hills GranodîorIte, the 

plagioclase in this rock is generally quite fresh, although 

often deformed. 

Hornblende is in grass green to yellowish 

green, ragged, poikilltic, subhedral prisms. It commonly 

contains inclusions of sphene, quartz, and opaques. 

Light to dark brown blotlte occurs In subhedral flakes, 

often as oriented Inclusions In microcline. In some 

samples blotite Is the only mafic mineral present; 
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in others ft is subordinate to hornblende. Commonly 

they occur together in clots with sphene, epidote, and 

opaques. 

Sphene occurs as sieved euhedral grains, as 

granular aggregates, and as coronas around the opaque 

mineral. The opaque mineral is fairly abundant and 

likely ilmenite. Brown allanite occurs as a few euhedral, 

zoned grains. 

The proportions of quartz, plagioclase, and 

alkali feldspar are quite similar to the Teutonia Quartz 

Monzonite, but the composition of the plagioclase and 

proportion of mafic minerals is different. This 

difference is illustrated by the chemical analyses in 

Table 3- 

In the area of Kessler Springs Quartz Monzonite 

on the northwest flank of Cîma Dome, a zone of what is 

probably a granitized rock occurs at the contact with a 

mass of gneiss. It is a fine grained "granitic" rock with 

pronounced thin bands about a cm. thick or less, enriched 

in unoriented biotite. The foliation is generally parallel 

to the contact. In thin section the rock is unaltered, 

has a quartz monzonitic composition, and granoblastic 

texture. Oligoclase is anhedral, and sometimes shows 

relic zoning. Biotite is dark brown and subhedral. The 

texture and foliation suggest this is a metamorphic rock. 

It is gradational into the Kessler Springs Quartz Monzonite, 
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however. The best explanation for this rock is that it is 

a product of hydrothermal granitîzation of the gneiss at 

the contact zone, a commonly recognized feature of granitic 

contact zones (Turner and Verhoogen, i960). 

Aplite veins are common in the Kessler Springs 

Quartz Monzonite, but pegmatites are rare. At one locality, 

a thin aplite vein about 2 cm. thick cuts directly through 

and dilates a potassium feldspar phenocryst, thus the 

aplites in this case are later stage than the phenocrysts. 

In some areas, west of Cîma Road, lensoid masses 

of a peculiar gneissic rock are present. They consist of 

about 75 percent sub-oriented phenocrysts of microcline 

and a fine grained, biotite rich groundmass. The feldspars 

contain no biotite inclusions. These may be late stage 

replacement zones along fractures, or gneissic xenoliths. 

Contact Zones 

The plutons that form contacts with the sedimentary 

rocks in the Ivanpah Mountains are the Oro Wash Quartz 

Diorite, the Striped Hills Granod iorîte, the Teutonia Quartz 

Monzonite, and the Kessler Springs Quartz Monzonite. All of 

these plutons form intrusive contacts with dolomite or lime¬ 

stone exclusively, developing typical skarn deposits locally 

with major amounts of copper and associated ores. 

The contact zone of the Oro Wash Quartz Diorite is 
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marked by a zone of sheared calc-silicate less than 3 

meters thick, rich in epidote, serpentine, and chlorite, 

with some copper ore. 

The contact zones of the Striped Hills Granodiorite 

and the Teutonia Quartz Monzonite at the Standard Mine 

No. 1 are calc-silicate zones often greater than 30 meters 

thick. Coarsely crystalline calcite or dolomite, massive 

brown garnet and epidote, and malachite coatings are all 

common. Diopside and magnetite are also present. 

Forsterite was found in thin section. Considerable 

alteration has occurred, accompanied by shearing, result¬ 

ing in ca1cite-chlorite-serpentine rock. 

The Eastern Star Mine was reported by Hewitt (1956) 

as exploring cassiterite deposits in the skarn. In 

addition, a wide variety of silicate and ore minerals are 

reported from mines in skarns in the Ivanpahs by Hewitt. 

On the northwest flank of Cima Dome in T.14N., 

R.12E., sections 25 and 26, the Kessler Springs Quartz 

Monzonite intrudes crystalline carbonate rocks, developing 

a diopsîde-grossu1 arite-wo11 as tonîte skarn. 

in thin sections, the most prominent features of 

the contact rocks are cataclasis or my 1 onîtîzation and 

extensive alteration. Some are altered and replaced igneous 

rocks. 

Chemical analysis of sample 1-8, Table 2, is from 
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a garnet-epidote-ca1cîte skarn from the Striped Hills. 

The original rock was a relatively pure limestone, and 

the high content of silica, iron, oxide, and alumina 

contents suggest extensive metasomatism. The high iron 

oxide content indicates the garnet Is andradlte. 

The mineral assemblages of the skarns indicate 

they belong to the Hornblende Hornfels Facies of low 

pressure metamorphism of Turner (1968). Since several 

thermal events are likely present in the area, poly¬ 

metamorphism may have occurred. Nevertheless, the Striped 

Hills Granodiorite, the Teutonia Quartz Monzonite, and the 

Kessler Springs Quartz Monzonite were probably intruded 

at depths of 2 to 7 km at temperatures of from 400 to 

650° C in the contact zone. 

Relative and Absolute Ages of the Plutonic Rocks 

The plutonic rock units described in this report 

are usually petro1ogica11 y distinctive from one another, 

but this does not necessarily mean they represent separate 

intrusions of different ages. The evidence for the iden¬ 

tity of the plutonic units as separate intrusions and 

their age relations are critical to the timing of struc¬ 

tural events in the area. 

The Oro Wash Quartz Diorite is distinctive in 

petrology and chemistry from the other plutonic units in 
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the Ivanpahs, but Is similar to quartz diorite bodies in 

the Mescal Mountains and Clark Mountains, which have been 

dated by Sutter (1969) as about 200 million years old. 

Because of its similarity in petrology and chemistry to 

these dated bodies, its proximity to these bodies, and the 

lack of any other similar rocks in the area, the Oro Wash 

pluton is interpreted to be of this age. 

The Striped Hills Granodiorite may be a marginal 

mafic phase of the Teutonia Quartz Monzonite, or it may be 

an older intrusion. The isotopic evidence does suggest 

that this unit is about 165 to 170 million years old, and 

has been reheated at least once at about 90 million 

years. Sutter (1969) dated separates of biotite, (90 

million years), Hornblende (166.7 million years), a mix¬ 

ture of biotite and Hornblende (109.2 million years), and 

a whole rock sample (123.7 million years). Engels (1971) 

considered the age relations to be expected in a two 

phase system of crystallization and a later thermal event. 

The mineral most resistant to argon loss, hornblende, 

should have the oldest age, and biotite, the mineral with 

the lesser resistance to argon loss, should give the 

youngest age, often that of the thermal event. A mixture 

of the two minerals gives an intermediate age. The data 

for the Striped Hills Granodiorite conform well to this 

system, and in addition the 90 million years age of re¬ 

heating corresponds with the age of the Kessler Springs 
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Quartz Monzonite. A Rb/sr Isochron tentatively reported 

by Dr. Paul Mueller (written communication) gave an age 

of about 170 million years for the Striped Hills 

Granodiorîte. Two blotite samples of 135 and 138 million 

years by Sutter (1969) suggest that the Teutonia Quartz 

Monzonite is at least that old, and might be as old as 

the Striped Hills Granodîorite. 

If the Striped Hills Granodiorite is a mafic phase 

of the Quartz Monzonite, it is probably a result of con¬ 

tamination and reaction with the carbonate wall rocks. 

Accepted methods of magmatic zoning, including 

differentiation inwards, and volatile transfer, would seem 

to be inconsistent with the relative masses of the two 

rock types, which would demand rather special spatial re¬ 

lations of the zone enriched in mafic components. Further 

more, the eastern contact shows no evidence of magmatic 

zoning. 

Border contamination, however, is a common 

phenomenon at contact zones between granitic magmas and 

carbonate rocks (Turner and Verhoogen, I960). Such a 

model would involve loss of SÎO2 to the wall rock and 

stoped blocks by reaction, and assimilation of CaO and MgO 

by the magma. Lee and Van Loenen (1971) studied such 

contamination in quartz monzonite of the 

Snake River Range of Nevada, and concluded that resulting 
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hybrid granodiorite rocks were indistinguishable in major 

element chemistry from normal calc-alkaline series 

granod îor î tes. 

The evidence for such a model in the ivanpahs 

consists of the following points. First, the presence of 

a wide zone of silicification in the carbonate. 

Second, the obvious lack of definite intrusive relations 

between the two igneous bodies, and the presence of 

transitional rock types in some places near the contact. 

Third, the localization of the granodiorite always 

adjacent to the carbonate contact, and the limited extent 

of granodiorite. Fourth, in some places rocks similar 

to the granodiorite form where the Teutonia Quartz 

Monzonite is in contact with the carbonate, as at the 

Standard Mine No. 1. Analysis 6-1 is from a mafic rock 

found in small amounts near the contact at the Standard 

Mine No. 1. Its chemistry is very similar to the Striped 

Hills Granodiorite, but at this locality appears to be 

formed by contamination. Fifth, an increase in mafic 

mineral content and decrease in grain size is often 

apparent in the granodiorite within a short distance of 

the granodiorite-carbonate contact. Hewitt C1956), page 

139, states that at the Copper King Mine, "the underlying 

monzonite is much darker and finer grained within a few 
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feet of the (carbonate) contact than farther away." 

This certainly suggests border contamination. (it should 

be noted that the dip of the intrusive contact flattens 

on the hill to the east of the Evening Star Mine, and a 

thin zone of granodiorite here might have a wide outcrop 

area.) 

The chemical difference between the granodiorite 

and quartz monzonite (Table 3) are not all explainable by 

a contamination model, however. iron oxide appears to 

have been enriched in the skarns, yet the granodiorite is 

also enriched in this oxide. Also, titanium is about 

five times more abundant in the granodiorite than in the 

quartz monzonite, yet the carbonate wall rock was 

probably depleted in this element. These elements may 

have been enriched by abundant early crystallization of 

hornblende, biotite, and sphene, the result of enrichment 

of the melt in CaO and MgO. 

The lack of hybrid rocks in Oro Wash and elsewhere 

along the eastern side of the Quartz Monzonite may be due 

to concentration of upward moving volatiles, which assisted 

hybridization, at the top of the inclined granitic 

intrusive on its western side. 
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To conclude, the author considers the border zone 

hypothesis to be attractive because it explains field 

observations, is consistent with petrologic evidence, 

and provides a simpler model of plutonic activity. There¬ 

fore, he would propose that the Teutonia Quartz 

Monzonite is about 170 million years old, and the Striped 

Hills granodiorite is a hybrid border phase of the 

quartz monzonite. 

The age of the Kessler Springs Quartz Monzonite 

is established (Sutter, 1969) by dates on fresh hornblende 

at about 92 million years, similar to the whole rock age, 

and the time of heating of the Striped Hills Granodiorite. 

This is also a commonly encountered age throughout the 

Sierra Nevada and in the Eastern Mojave (Everndon and 

Kî s 11er , 1969)• 

The abundant phenocrysts, composition and fresh¬ 

ness of the plagioclase, and difference in chemical 

composition, along with the isotopic evidence, suggest 

that the Kessler Springs Quartz Monzonite is a separate, 

distinct intrusion. The main problem with this conclusion 

is that a contact between the Teutonia Peak and Kessler 

Springs bodies could not be found. in the field the 

phenocryst percentage and color of the rock grades into 

the uniform rock of the Teutonia Quartz Monzonite, which 
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locally contains some euhedral potassium feldspar 

developed in it. if the microcline phenocrysts in the 

Kessler Springs rock are indicative of abundant late 

stage fluids in the later part of the cooling history, it 

is possible that metasomatism would have formed a zone 

of feldspars across the contact, disguising it. 

It is interesting to note that three (possibly 

four) of the five pulses of intrusion in the Central 

Sierra Nevada Batholith recognized by Everndon and Kistler 

(1969) are approximately represented by the ages in the 

Ivanpahs. None of the radiometric ages thus far determined 

fall far from a pulse (Table 1). 

TABLE 2 

ABSOLUTE AGES IN THE IVANPAH MOUNTAINS 
COMPARED TO INTRUSIVE PULSES OF THE 

SIERRA NEVADA BATHOLITH 
(After Everndon and Kistler, 1970) 

Sierra Nevada Batholith 

79-90 million years 
104-121 million years 
132-148 million years 
I6O-I8O million years 
195-210 million years 

Ivanpah Mountains 

91“94 million years 

135-138 million years ? 
161-167 million years 
190-200 million years 
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Non-Plutonic Igneous Rocks 

General Statement 

Non-plutonic igneous rocks of the tvanpah Mountains 

area include dikes of various composition and age, and 

volcanic rocks from basalt to rhyolite of Mesozoic to 

Recent age. Those rocks which crop out in the mapped 

are the Cima Road Dacite Dikes, the Delfonte Volcanics, 

and various other mafic dike rocks. 

Cima Road Dikes 

The Cima Road Dikes are a group of fine grained 

dacite dikes occurring in several places in the Ivanpah 

Mountains area. The name Cima Road Dikes is taken from 

a well-exposed example (Fig. 12) near Cima Road on a dirt 

road that connects Rily Camp and the Eastern Star Mine 

with Cima Road West of Kessler Peak (Plate l). In the 

Striped Hills Pass area several dikes are present, strik¬ 

ing northwest and west, and are approximately vertical. 

Here they terminate at the carbonate-granodîorîte contact, 

a relationship probably the result of a lack of joints in 

the carbonate rocks for the intrusive to enter. 

Other locations where these dikes are present are 

on the north flank of Kessler Peak in a north trending 

dike, and on Cima Dome, Just east of Teutonia Peak. The 

dikes are typically fine grained and have an even 



Fig. 12 

Sample of the Cima Road Dike, from 
west of Kessler Peak near Cima Road. 
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rombohedral fracture pattern, and range from about three 

to thirty meters across. Because they are similar in 

hand specimen to some of the fine-grained granitic rocks 

in the area, it is probable that many more of these 

dikes exist but are difficult to recognize. Sometimes 

there is a suggestion of a chill zone on the margins, but 

this may only be due to the distribution of micro- 

phenocrysts . 

in thin section, the Cima Road dikes consist of 

subhedral to euhedral oligoclase microphenocrysts, set in 

a fine grained groundmass, with some small biotite 

phenocrysts up to 1 mm. long. The plagioclase is 

moderately zoned, with cores of calcic oligoclase. Often 

the plagioclase is embayed slightly and along grain 

boundaries is irregular and intergrown with the matrix 

on a fine scale. Biotite is light to very dark brown, in 

euhedral flakes up to 1 mm. long. Completely chloritized 

hornblende occurs in a few grains. Sphene and allanite 

form small, less than 1/4 mm. long, euhedral accessories. 

There are usually about 5 or 10 brown allanite grains per 

thin section in this rock. The groundmass is composed of 

fibrous, sometimes radial aggregates of feldspar and a 

silica mineral, probably quartz, but locally the ground- 

mass is granular. 

The Cima Road Dikes are similar in bulk chemistry to 
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described dacîtes and rhyodacites (Table 3}, (Turner 

and Verhoogen, I960), and are hypabyssal in character. The 

fine grain and fresh appearance suggest emplacement after 

uplift and erosion of the tvanpah area sometime after 

plutonism. There is no suggestion of what other features 

these dikes are related to, such as the Delfonte Volcanlcs. 

However, these rocks contain fresh biotlte and could be 

rad 1o-metrica11 y dated. 

Delfonte Volcanic and Piute Valley Rhyolite Plug 

The Delfonte Volcanics (Hewitt, 1956) are a 

sequence of mesozoic volcanic rocks which occur in the 

eastern part of the Mescal Mountains. The type locality 

is just north of the Delfonte Quarry in the Eastern 

Mescals, though the name has been applied elsewhere in 

the Eastern Mojave (Hewitt, 1956). The unit rests uncon- 

formably upon the Aztec Sandstone of Lower Jurassic- 

Upper Triassic age, and forms the top of the autochthonous 

section in this area (Burchfiel and Davis, 1971). The 

volcanic rocks are folded and faulted below the Keystone 

Thrust. Burchfiel and Davis (1971) divided the formation 

into four units, ranging from basalts to acid pyroclastics, 

including ignimbrites. These rocks were not studied in 

detail by the writer. 

Directly south across Piute Valley from the Delfonte 



ko 

Volcanîcs two small bodies of flow banded, reddish- 

brown, Block/ rhyolite occur along the contact between 

the Teutonia Quartz Monzonlte and the Paleozoic car¬ 

bonate rocks (Plate ll. They occur as lensold bodies 

about 50 meters long elongated parallel to the contact. 

No contact Is exposed In the talus covered area with any 

of the host rocks. 

In thin section the rhylollte plugs consist of 

phenocrysts of subhedral, strongly resorbed sanldine, 

highly embayed quartz, sometimes with some euhedral faces, 

and a few grains of sodic ollgoclase. These minerals lie 

in a very fine grained groundmass of radial or fibrous 

feldspar and silica minerals. A few chloritlzed biotite 

grains are present. 

The Delfonte Volcanîcs contain rocks which are 

similar to the Piute Valley Plug, and the proximity of the 

two suggests they are related. Two possibilities are 

likely: first, that the plug Is a part of the feeder 

system for the Delfonte Volcanîcs, and second that the 

granite here is thrust over the carbonate, and the body 

of rhylolîte ts a tectonic inclusion of Delfonte Volcanic 

below the thrust fault. 

The author favors the first alternative for the 

following reasons. First, the rhylolîte in the plug is 

fractured but in general unshea red, as it would have to 
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be if present as a thrust slice. Second, while a good 

portion of the Delfonte Volcantcs are pyroclastic or 

vo1 canîc1 asttc, the plug is non-fragmenta1 igneous rock. 

Third, evidence in other places along the carbonate- 

Teutonia Quartz Monzonite contact suggests it is a more 

or less intact intrusive contact, not a fault. At the 

locality where the plug intrudes, the contact is not 

marked by skarn in the carbonate, but it is recrystallized. 

The author concludes, therefore, that the body of rhyolite 

in Piute Valley is an intrusive portion of the feeder 

system for the Delfonte Volcanics. This suggests the 

conclusion that the Delfonte Volcanics are younger than 

the Teutonia Quartz Monzonite, and are likely to be 

younger than 138 to 170 million years old. 

A K/Ar 40 age determination has been made on the 

Delfonte Volcanics of 90 million years (Sutter, 1969). 

However, Ar40 / Ar39 stepwise heating experiments on the 

sample dated by Sutter suggest that this rock may be much 

older (Sutter, J. F., 1971, pers. comm.). 

Other Non-flu tontc igneous Rocks 

A small dtsected cone of the Baker Volcanics lies 

near the body of Kessler Springs Quartz Monzonite on the 

northwest flank of Cima Dome. 

A few dikes of mafic composition, fine grained and 
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highly altered, occur in the Striped Hills intruding the 

carbonates rocks. Their relation to other igneous rocks 

in the area is unknown. 
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CHEMISTRY 

Sixteen cflemlcal analyses of rocks from the 

Ivanpah Mountains were determined. With the exception of 

Na2Û, determined by neutron activation, the oxides were 

measured by X-ray fluorescence techniques. 

The samples were crushed, ground to about 200 

mesh in a Tungsten Carbide grinding vial, and formed into 

pressed powder pellets with boric acid backing. The 

samples were analyzed on a Norelco Vacuum X-ray fluorescent 

analyzer with Cr Target and LiF, EDT and ADP analyzing 

crystals. Calibration curves were constructed using 

U.S.G.S. rock standards BCR-1, W-l, g-2, GSP-1, AGV-1. 

Except for MgO, 10,000 cumulative counts were obtained for 

each element in order to obtain adequate counting 

statistics. The peak height on a chart readout was used to 

measure MgO, which gives a very low counting rate. Error 

for MgO may be as much as 10% of the amount present for 

samples with less than 1% MgO. Other errors are probably 

less than 3& of the amount present. 

The analyses are given on Table 3. Samples included 

four specimens of Teutonia Quartz Monzonite, four of 

Striped Hills Granod1orîte, one of the Oro Wash Quartz 

Diorlte, two of the Cima Road Dikes, one of the Piute Valley 



Rhyolite Plug, two of the Kessler Springs Quartz Monzonite, 

and one each of a mafic xenolith and skarn. Also, four 

samples of the Breccia Pluton and three of the Striped 

Hills Granodîorite, analyzed by Mueller (Written Communi¬ 

cation], are listed. 

The Mesozoic igneous rocks, plotted on silica 

variation diagrams (Figs. 13~15)> show general calc-alkaline 

characteristics and are similar to the Central Sierra 

Nevada Batholith rocks plotted by Bateman and Dodge (1970) 

who found a systematic increase in the ratio K2O/SÎO2 

from west to east across the batholith. They explain this 

observation as either the result of a systematic change 

in the composition of the géosynclinal rocks which may have 

been partially melted to form the batholith, or with 

increasing depth eastward to a Mesozoic Benioff zone where 

the magma was produced. 

Regardless of the mode of formation of the Sierra 

Nevada Batholith, it is probably continuous and cogenetic 

with the Mesozoic plutons of the Mojave Desert and the 

Ivanpah Mountains area (Fig. 3), (Burchfiel and Davis, 

1972). Since the Ivanpah Mountains represent the eastern 

boundary of Mesozoic plutonism in the Mojave Desert, 

it is of interest to compare the chemistry of the 

Ivanpah rocks with the data of Bateman and Dodge (1970). 
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Figures 13, 14, and 15 plot analyses of Ivanpah 

plutonlc rocks with the data of Bateman and Dodge (1970) 

on silica variation diagrams. Figure 15 shows values for 

the western Sierra Nevada and White Mountains of the 

eastern Sierra Nevada separately to emphasize the change 

in chemistry across the batholith. 

The Oro Wash Quartz Diorite plots near the mafic 

end of the Sierra Nevada trend, but does not show the 

low alkali values of rocks from the western Sierra 

Nevada. it along with the other Mesozoic igneous rocks 

except for the Teutonia Quartz Monzonite and the Piute 

Valley Plug, show values typical of the main mass of 

the Sierra Nevada Batholith. The Teutonia Quartz Monzonite 

and the Piute Valley Plug show values typical of the 

White Mountain rocks. Thus it can be concluded that the 

chemistry of the Ivanpah Mesozoic plutonic rocks is 

consistent with their tectonic similarity to the Eastern 

Sierra Nevada Batholith in suggesting a co-magmatic re¬ 

lationship. 

Sample BCB-13, from the Striped Hills Granodiorite 

near Striped Hills Pass, illustrates that rocks similar 

in chemistry to the Teutonia Quartz Monzonite are present 

in the body. Analyses for the Cima Road Dikes are calc- 
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FIG. 13 CaO—SU>2Plot for Ivanpah igneous rocks. Dot* ara data 

from Bateman and Dodge,(197Q for Sierra Nevada. 

O-TeutoniaQtz.Monzonlte X- Striped HillsGranodiorlte 

K- Kessler Spgs. Qtz. Monzonlte W-Oro Wash Otz. Diorite 

B-B recela Pluton C~Clma Dikes P-Piute Valley Plug 
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alkaline as is the highly silicious Piute Valley Plug. 

The Cima Road Dike is similar to the Kessler Springs 

Quartz Monzonite, and possibly related. 

The low totals of some are probably the result 

of hydration by alteration and lack of a value for 

phosphorus analyses by Mueller at another laboratory 

show the same low values, which indicates it is not 

analytical error. Totals more than 100 percent are the 

result of the rock having more than 70 percent silica, 

which causes a few percent systematic error in X-ray 

fluorescence techniques. 

STRUCTURAL GEOLOGY 

General Statement 

The unique tectonic setting of the Ivanpah 

Mountains area has resulted in a complex system of geo¬ 

logic structures. In post-Precambrian times the area 

was subjected to intense deformation at least twice 

during the Mesozoic. Structures formed at these times 

may have been complicated by structures associated with 

emplacement of large plutonic bodies several times 

during the Mesozoic. The Kokoweef fault, a high angle 

fault, and several thrusts and related folds, are 

Mesozoic, and numerous younger structures attest to de¬ 

formation in Cenozoic times. Only those structures in¬ 

volved with the plutonic rocks will be described in 

detail. Except for the Morning Star Thrust, first recognized 
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by Burchfiel and Davis (1971)» all structures within the 

plutonic rocks in the Ivanpahs were first recognized by 

the author. 

Cenozoic Structures 

Younger structures which cut the plutonic rocks 

and structures associated with thrusts are assumed here to 

be Cenozoic, although little or no evidence exists in most 

cases as to the age of the younger fracture systems and 

shear zones. 

No evidence for basin and range style block fault¬ 

ing was recognized in the studied area. The steep south¬ 

eastern face of the Ivanpahs, facing Ivanpah Valley, cannot 

be marked by a Tertiary normal fault because the probably 

Mesozoic Morning Star Thrust fault (Burchfiel and Davis, 

1971) is continuous into the small hills south of the 

Morning Star Mine without offset. If a normal fault is 

present, it would have to lie beneath the alluvium east of 

the topographic scarp. 

In the area between Rily Camp and the Striped 

Hills Pass, a well developed set of mineralized, generally 

northwest trending near vertical shear zones are present. 

The rock in the shear zones is apparent on the surface 

as dark, rough surfaced spines forming low ridges. In 

hand specimen this rock has a foliation composed of shear 



Fig. 16 

Eastward 
Teuton îa 

dipping fracture zones in 
Quartz Monzonite just south 

of Rily Camp. 
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surfaces and elongate fragments. The texture is cata- 

clastîc, and recrysta 11îzation îs absent. The mineral¬ 

ization appears to be secondary as no primary ore was 

found in the many workings which explore these zones. 

Similar shear zones trend in directions other than north¬ 

west in the tvanpahs, and may or may not be related to 

the same deformation. These shear zones probably continue 

into the carbonate country rock. The map of Burchfiel 

and Davis (1971) shows several west or north trending 

faults in the Striped Hills which may be related to this 

system (plate 1). 

In the same general area as the shear zones, another 

set of structures exists. They are a series of discon¬ 

tinuous shear zones which dip 30 to kS degrees east and 

trend apparently north-south (Fig. 16) . Again, the shear 

zones are secondarily mineralized and are marked by abundant 

workings, some rather extensive. The shear zones are about 

1 to 3 meters across and are marked by coarse brecciation 

of granitic fragments up to cobble size, and many of the 

fragments are rounded. Microscopic examination showed 

that some of this rock consists of fine grained micaceous 

fragments that may be mylonite, suggesting a rather complex 

history for these zones. South of Rily Camp in the 
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West-central part of section 32 a discontinuous north- 

south trending zone of coarse breccia is present. This 

zone is remarkable because it includes many fragments of 

the country rock, including limestone, slate, skarn, and 

probably quartzite fragments CFig. 18). This area is 

several miles from the nearest limestone contact. These 

fragments are both angular and well rounded, and the lime¬ 

stone fragments, some up to about 30 cm. long, have a 

smooth, solution pitted, weathered surface even while still 

in place in the outcrop. The matrix is fine grained, 

granulated granitic material. The best explanation for 

this outcrop to the author is that it represents a fault 

system which incorporated surficial alluvial material, 

and may be a thrust fault of small displacement. 

Prominent joint sets are well displayed in most 

places in the Ivanpah plutonic massifs. The degree of 

development and orientation of joints is diverse, and often 

changes drastically from one ridge to another. Some of 

the joint sets are likely related to the many varieties 

of shear zones, especially the more closely spaced joint 

sets (Fig. 17). Prominent widely spaced joint sets 

seem to control the major topographic patterns of the 

Ivanpah Mountains area. The steep southeastern face of 



Fîg. 17 

Jointing grading into a shear zone, 
looking north from one mile south 

of R î1 y Camp. 



53 

the range facing tvanpah Valley is parallel to a 

prominent joint set, and several of the spurs from the 

range, such as between Rily Camp and Kessler Peak, are 

developed along locally prominent joint sets. 

Mesozoic Structures 

The Morning Star Thrust fault (Burchfiel and Davis, 

1971) occurs on the southeast flank of the tvanpah range 

at the Morning Star Mine. The fault is marked by a band 

of west dipping mylonitized and catac 1 astized rock 

which is about one-quarter mile wide in the area of the 

mine. Hewitt (1956), based on a brief reconaissance, 

originally mapped this zone as a wedge of Precambrian 

gneiss, but the foliation is a cataclastic and mylonitic 

foliation (Fig. 19)» and the foliated rock grades into 

undeformed quartz Monzonite nearby. 

A Mesozoic age is inferred for the Morning Star 

Thrust because of its relation to other Mesozoic thrusts in 

the area. The mylonitic style of deformation is similar to 

that in the Clark Mountains where crystalline basement is 

caught up in the thrusts, such as east of Pachalka Springs 

(Burchfiel and Davis, 1971» stop No. 11). The north-south 

strike and westward dip of the Morning Star fault is also 



Fig. 19 

Mylonitized Teutonia Quartz Monzonite, 
from a vertical, N.W. trending mylonite 
zone one and one-half miles south of 

Kessler Peak. 
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generally parallel to that of nearby thrusts tn the Mescal 

and Striped Hills area, and the streaking llneatlon of 

feldspar and blotlte plunges west as do similar llneations 

in other Mesozoic thrusts In the area. The zone narrows 

to the north and appears to die out as It approaches 

Piute Valley. 

Several nearly vertical zones of mylonitlzed rocks 

trend about north kS to 60 west in the area of Kessler Peak. 

These mylonitic zones are less than one-half meter wide, and 

grade rapidly into the adjacent undeformed granite. Streaked 

out mafic inclusions give the rock a fine banded appearance 

in hand specimen, and show extensive small folding and 

micro-shears. What is probably a slickenslide lineation is 

prominent on foliation surfaces of one of these mylonites 

which occurs on the south-west flank of Kessler Peak. Here 

the lineation trends north 60 west and plunges about 30 

degrees to the northwest. In thin section this mylonite is 

composed of granob 1 astic, fine grained quartz and feldspar 

which is completely recrystallized. Fine grained unstrained 

blotlte was also present. The texture and character of this 

belt of mylonites suggest that they formed at relatively 

high temperature and pressure compared to the other generally 

cataclastic zones present in the Ivanpahs, except for the 

Morning Star Thrust. These structures may be related to the 
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intrusion of the Kessler Springs Quartz Monzonite. 

Structural Relations of the Ivanpah Mountains pluton 

Since the Teutonia Quartz Monzonite and the Striped 

Hills Granodiorite are probably correlative, they will be 

termed together the Ivanpah Pluton in discussing their 

structural relations. 

The shallow west dip of the eastern contact of the 

ivanpah Pluton seems explainable in three ways. First, it 

may be an original lower contact of a s î11 -1ike or funnel¬ 

like shaped body. Second, it may have rotated by drag on 

the many thrust faults of the area. Or, third, it may have 

intruded into the core of a very broad anticline, which 

later, possibly immediately thereafter, was recumbently fold¬ 

ed and overturned to the east. 

The data support the conclusion made earlier that 

this is basically an intrusive contact, and that it seems to 

become shallower with depth, based on the relation of dip 

of the contact to topography as shown by the map of Burchfiel 

and Davis (1971). and shown on plate 1 of this report. 

The Ivanpah Pluton is therefore essentially a 

tabular body several miles thick dipping at a moderate angle 

to the west. Similar shaped granitic intrusives are rare 

or absent in the Sierra Nevada Batholith (Bateman, et al., 

1966), and probably equally as rare in the Mojave block 
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plutons. The unusual geometry is probably related to the 

Mesozoic thrusting, since the tabular form Is roughly 

parallel to the thrust faults and to axial planes of thrust 

related folds. However, there are several different ways 

the thrusting and plutonic emplacement could be related. 

The pluton could have intruded along a preferred 

zone of weakness related to the structural framework. How¬ 

ever, the country rock is carbonate for some distance from 

the pluton, so this zone could not have been due to 

lithology. Hewitt (1956), suggested the Teutonia Quartz 

Monzonlte intruded along a westward dipping thrust, but no 

evidence remains of such a structure. 

Another possibility is rotation of the eastern con¬ 

tact of the pluton by drag along either the bottom side of 

the Morning Star Thrust or above a lower buried thrust. But 

the flattening with depth of the contact is not consistent 

with the expected drag from such thrusting. On a larger 

scale, clockwise rotation of the entire Ivanpah Mountains 

area under the Keystone Thrust (Fig. 20 plate l) is a 

possibility, but this hypothesis does not explain the general 

concordance of the pluton and nearby structures within the 

area. 

Another explanation is that the plutonic emplacement 

was syntectonic, that is, intruded during folding and 

thrusting Cas opposed to the above post and pre-tectonic 
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explanattons]. This might involve intrusion of the Teutonia 

Quartz Monzonite into the core of a broad developing anti¬ 

cline which was later recumbently folded, with rotation of 

the granitic core. The structure and stratigraphy do 

suggest a large antiform over the tvanpahs (Fig. 20). The 

author believes that emplacement during tectonism best 

explains the conformable nature of the pluton, but would 

recognize that during intense folding, the large difference 

in strength between a pre-tectonic granitic body and 

surrounding carbonates could allow the carbonate to "flow" 

into a conformable relationship with the granite body. 

Therefore, a completely pre-tectonic origin of the ivanpahs 

Pluton cannot be ruled out. 

If emplacement was contemporaneous with thrusting 

and faulting, then the magma must have moved upwards into 

an upper crust under the influence of compressive stress. 

In this case the mechanism of "passive emplacement" can 

not, of course, be applied. Upward movement due to density 

differences between magma and country rock, salt dome 

fashion, would seem to be the mode of emplacement. Com¬ 

pression of such an upward moving body of magma would 

increase the pressure of the liquid above that which would 

normally be due to the hydrostatic load of the overburden. 

Such increased pressure might force the liquid upwards, 
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doming the overlying rocks. This may have been the 

origin of the large antiform over the pluton in the ivanpah 

Mounta ins . 
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CONCLUS IONS 

There are three major plutonlc phases in the 

Ivanpah Mountains area: the Oro Wash Pluton (190-200 

million years); the Striped Hills Granodlorlte - Teutonia 

Quartz Monzonite (161-167 million years); and the 

Kessler Springs Quartz Monzonite (91 -9-4 million years). 

The area was probably folded and thrust faulted 

(based on evidence In the Clark Mountains) prior to the 

intrusion of the Oro Wash Quartz DIorite, and certainly 

prior to intrusion of the Striped Hills Granodiorlte - 

Teutonia Quarz Monzonite. Major folding may have been 

contemporaneous with intrusion of the Teutonia Quartz 

Monzonite, and a major period of folding and thrusting 

followed the intrusion and cooling of that pluton, resulting 

in the Morning Star and New Trail Canyon thrusts (plate l). 

The Kessler Springs Quartz Monzonite app-ars to post date 

this major period of tectonism. 

This study, therefore, suggests tectonism first 

In the late Triassic, and second In Jurassic to Cretaceous 

time, possibly during and definitely later than the 

intrusion of the Teutonia Quartz Monzonite. 



REFERENCES C tTED 

Abbott, E. W. , 1971, Stratigraphy and petrology of the 
Mesozoic volcanic rocks of Southeastern California 
[abs.]: Geol. Soc. America Abs. with programs, V. 3, 
No. 2, p . 69 • 

Bateman, P. C., Clark, L. D., Huber, N. K. , Moore, J. G., 
and Rinehart, C. D., 1963, The Sierra Nevada 
Bathollth - a synthesis of recent work across the 
central part.: U. S. Geol. Survey Prof. Paper 
414-D , 46 pages. 

Bateman, P. C., and Dodge, F. C. W., 1970, Variations of 
major chemical constituents across the Central 
Sierra Nevada Batholith: Geol. Soc. America Bull., 
V. 81, pp. 409-420. 

Burchfîel, B. C., and Davis., G. A., 1971, Clark Mountain 
thrust complex in the Cordillera of southeastern 
California: geologic summary and field trip guide: 
California Univ., Riverside, Campus Mus. Contr., 
no. 1, pp. 1-28. 

Burchfîel, B. C., and Davis, G. A., 1972, Structural 
framework and evolution of the southern part of the 
Cordilleran Orogen, Western United States: Am. 
Jour. Sci., V. 272, pp. 97-118. 

Engels, J. C., 1971, Effects of sample purity on discordant 
mineral ages found in K/AR dating: J. of Geol., V. 
79, pp. 609-616. 

Evernden, J. F., and Kistler, R. W., 1970, Chronology of 
emplacement of Mesozoic batholithlc complexes in 
California and western Nevada: U. S. Geol. Survey 
Prof. Paper 623, 42 pages. 

60 



61 

Hewett, D. F., 1956, Geology and mineral resources of the 
tvanpah. Quadrangle, California and Nevada: U. S. 
Geol. Survey Prof. Paper 275, 172 pages. 

Jennings, C. W. , 1961, Comp tier. Kingman Sheet, Geologic 
Atlas of California; California Division of Mines 
and Geology. 

Lee, D. E., and Van Loenen, R. E., 1971, Hybrid Granitoid 
Rocks of the Southern Snake Range, Nevada: U. S. 
Geol. Survey Prof. Paper 668, **8 pages. 

Olsen, J. C., Shawe, D. R., Pray, L. C., and Sharp, W. N., 
195**, Rare earth mineral deposits of the Mountain 
Pass District, San Bernardino County, Calif.: U. S. 
Geol. Survey Prof. Paper 261 . 

Sharp, R. P., 195**, The Nature of Cima Dome: _i_n_ Geology 
of Southern California, Vol. 1, pp. ** 9 ~ 5 2, California 
Division of Mines and Geology, Bulletin 170. 

Sutter, J. F., 1968, Geochronology of major thrusts, 
southern Great Basin, California: M.Sc. Thesis, Rice 
University, 32 pages. 

Turner, F. J., 1968, Metamorphic Petrology: McGraw-Hill 
Co., New York, **03 pages. 

Turner, F. J., and Verhoogen, J., i960, Igneous and Meta¬ 
morphic Petrology, 2nd Edn., McGraw-Hill, New York, 
69** pages . 


