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ABSTRACT

Low-grade titanium deposit® in Corral Canyon, Churchill
County, Nevada, occur in dike® which cut genetically related
dlorite. Alteration of the diorite and the dike® is extensive.
ThO titanium I® present a® anatase, an alteration product of
sphere in the aplitic dike rocks. Cold lots deposited in some

of the dikes during the last stage of mineralization.



PURPOSE

the purpose of this paper is to describe the geology of
the titanium deposits in Corral Canyon, Churchill County, Bevada.
It 1* dona in partial fulfillment of the requirements for a

degree of Master of Science in Geology.



ACKNOWLEDGMENTS

The author expresses his gratitude to Dr. Vernon E. Scheid,
Director of the Nevada State Bureau of Mines, for making the
project Ffinancially possible! to Glen and Lloyd Shaw, owners of
the property, for their help and cooperation for the 1954 summer
field season} to Dr. BE» R. Larson, chairman of the Geology depart-
ment, for help in field methods and interpretation} and to

Dr. D. B. Sleaaaons for assistance with petrographic problems.

My thanks go to Phyllis, my wife, who by her patience, con-

sideration, and help, allowed this paper to be written.



figure 1

nm mt saAMmvwunm w ccmi mmn



LOCATION, CLIMATE, AND TQPOGRAPHI

Corral Canyon, about twenty miles north of the settlement
of Dixie Valley in Churchill County, Nevada (Fig. 1) cute the
rugged eastern flank of the Stillwater Bang* and trends north-
westward Into the rang®. The titanium deposits are in the
eastern face of the range, particularly in Corral Canyon. The
area can be reached by automobile with little difficulty in
good weather, but the roads may be muddy after storms. Hie
most direct route to Corral Canyon is Highway 50 to the Dixie
Valley-Wonder turnoff five miles east of Frenchman Station, then
fifty-three miles north through Dixie Valley. Most of the dirt
road from Highway 50 to Corral Canyon is kept in good condition

but the final one and one-half miles are rough.

The climate is arid, with only small amounts of rain and snow
through the year. Vegetation varies from the sagebrush and
desert shrubs of the flat®, to the willows and cottonwoods along
the stream, and junipers on the higher peaks. The streams is
Corral Canyon and in the large unnamed canyon to the south flow
throughout the year; Bell Mare Creek, to the north, flows only
during the winter and spring. The water in all of the streams

ie slightly brackish but it is potable.

The topography is steep and rugged. Elevations range from
3900 feet at the top of the alluvial fan to over 5000 feet on the

highest points in the map area.



general historx of the area

Corral Canyon is on the eastern flank of the Stillwater
Range in northeastern Churchill County. The range consists
of folded sediments and volcanics of Pennsylvanian (?) to

Triassio age which have been intruded by Jurassic (?) dlorites.

Faulting has obscured the stratigraphic relationships and
rendered interpretation more difficult. Faulting was respon-
sible for the uplift of the range and controls many of the

canyons cutting through it.

Prospectors were first attracted by gold-bearing rocks in
Corral Canyon. The area has been worked since the early

1930°s.

Limestone, the only sedimentary rock in the area, forms
several small patches along the eastern flank of the range.
This was thoroughly silicified during the intrusion of the
underlying diorlte. Zones of weakness developed which evidently
controlled the emplacement of an splitic differentiate during

the crystallization of the intruding diorite.

Sue major source of the titanium is in the dikes, where the
titanium is present in the form of anatase. Specimens of the
dike rock show that the anatase is an alteration product of

earlier sphene, which was the first titanium mineral. The diorite



costains llmenite and rutile, which indicates that the diorite
magma was also rich in titanium. Another possible source of
titanium is by migration from the space lattices of biotite and

hornblende, in which the titanium may proxy for Al, F&**, etc.

Continued crystallisation of the magma caused deuterie
alteration in both the titaniferous dikes and the diorite. The
sphene in the dikes was altered to an aggregate of anatase,
quarts, and ealcitej the feldspar of the diorite was altered to

scapolite and clay minerals.



STRATIGRAPHY

Slliclfled Limestone*

TSie silicifiad limestone, the eldest sedimentary reek of
the are®, is found only In the eastern part of the map area
where it forms several small shields plastered against the
intruding dicrite. This limestone is the only sedimentary rock
exposed in the vicinity of Corral Canyon, but portions of the
rocks tentatively referred to as the loach (?) (toller et al, 1951)
formation may ta of sedimentary origin. The limestone is a
reddish-brown, Ffine-grained rock with an extremely high silica
content. Sometime after its deposition the limestone assumed
its present attitude; in places a breccia zone fonus the contact
between the limestone and the underlying diorite, but it is not
known whether the limestone was deformed before the intrusion of
the diorite, or whether it assumed its present position during
the intrusion of the diorite. The original strike and dip of the
limestone are unknowns. Limestone at the mouth of Corral Canyon
has a wbuHumib thickness of about thirty—Five feet; most of the
small outcrops are thinner. It is possible that soma of the

limestone may have been assimilated by the intruding diorite.

Leach (?)JormU<m*

The oldest igneous rocks mapped are the seta-volcanic rocks

between Bell Kara and Coyote Canyons. These strata, at least



1,000 feet thick, have a gentle to steep dip. They consist of
extensively altered andesite flows at the base, capped by relatively
fresh basalt flows. These may be equivalent to the Pennsylvanian (?)

Leach (?) Formation of the Mt. Tobin Quadrangle (Muller, et al, 1951).

The andesites are weathered and altered and should probably
be called greenstones. Portions of the andesites in the lower
part of the section have been replaced by specular hematite,
which locally forms thin veins and stringers. These andesites
are quite fine-grained and vary from grayish-black to grayish-

white in color. Bo thin sections were made from this material.

The basalt is a fine-grained, brownish-red rock with euhedral
phenoerysts of feldspar up to one inch in length. It has been
extensively altered and is composed of labradorite, chlorite, and

oaleite. The vesicles have been filled with calcite.

Diorite is the most extensive rock type in the area from Bell
Mare Canyon southward to the canyon forming the southern boundary
of the area. Bell Mare Canyon forms a fault contact between the
diorite to the south and the Leach (?) formation to the north.
Although the diorite appears to be cut Off in Bell Mare Canyon,
the diorite of the Corral Canyon area may be continuous with that

of the Cottonwood Canyon area, six miles to the north.

The diorite varies considerably, both in texture and in com-

position, but it is generally medium- to coarse-grained except



10

whor® Intense silieification has taken placej there it is extremely
fine-grained* The major constituents of the diorite, in order of
decreasing abundance, are plagleclase, hornblende, biotite, auglte,
and orthoclase. Common accessory minerals are apatite, magnetite,

listen!te, zircon, and some rutile.

fhe diorite has been extensively altered and the original

minerals have been replaced by scapellte, clay minerals, epidote,

chlorite, eericite, and oalcite.

Ferguson (1939 p. 9) states that Ophene is a minor constit-
uent of the diorite in Cottonwood Canyon. Although this mineral
is not common in the diorite of toe Corral Canyon area, it is
probable that the two diorltes are portions of the same intrusive

body.

The titantferous dikes are the second most extensive rocks
in the area. These trend slightly west of north and cut through
the diorite. In toe southern portion of the area, where they
cut the limestone, it is difficult to recognize the contacts be-
cause of extensive alteration. The dikes are fine-grained and
are almost snow-white in color, except for areas of intense iron
mineralization. The major minerals, in order of decreasing
abundance, are albite, oalcite, anatase, serlcite, quartz, and
iron oxides. They were evidently emplaced as aplite dikes during
an early stage of crystallization of the dioritie magma and have

been extensively altered by deuteric processes associated with
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the farther consolidation of the magma. Anatase, disseminated
throughout the dikes, is an alteration product of early—formed
sphene as is shown by well-developed sphene-sbaped envelopes

enclosing spongy aggregates of anatase and quartz.

The position of the dikes is apparently controlled by a
zone of weakness that closely parallels several shear zones in
the diorite. Replacement probably played a lesser part in con-
trolling the dikesj however, it evidently played an important

part in later mineralization.

The last stage of mineralization was auriferous pyritc, now
altered to limonite. It occurs iIn elongate stringers of quartz

and calcite associated with the dikes*

A number of diabase dikes ranging from a few inches to fifty
feet iIn width cut the area. These are the youngest rocks of the
area. The dikes range from extremely fine-grained grayish-black,
unaltered rocks composed mainly of andesine and pyroxene, to
crumbly, greenish-brown, extremely altered ones. The latter are
spheroidally weathered. The rock is quite compact where freshj

where it has been extensively altered it is quite friable.



STRUCTURE

There are major faults In the larger canyons that transect
the range, as well as faults parallel to the range. Coyote
Canyon, which forms the northernmost boundary of the area, and
Bell More Canyon are controlled by faults. The Bell Mare Canyon
fault, which forms the contact between tbs volcanic section to
the northeast and the Intrusive diorite to the southwest, has
had considerable displacementD Coyote Canyon fault is in the
Leach (?) formation and, though it controls the topography, it
probably does not have a large displacement. Corral Canyon has
the same general trend as Coyote Canyon and Bell Mare Canyon
and is assumed to follow a fault sene. The unnamed canyon that
forms the southern boundary of the area is controlled by jointing

or shearing within the diorite.

The diabase dikes or sills appear to have been controlled
by a number of shear zones which cut the diorite. Several
brecciated zones were also noted but it was not possible to find
the amount of displacement, if any. Several small faults seen

in the drifts do not extend to the surface.

Although the gecmorphology of the area indicates a number

of faults parallel to the range, they exert no control on the

titanium-bearing dikes.
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SIXieifled Limestone8

She siltclfied limestone i® a reddish-brown, extremely fin«~
graliisd rock vhilch forms nail shields on the diorite. She lime-
stone has been thoroughly silicified and, at first glance, appears

to be a quértsite.

Ho thin section® were made of this rock but an examination
with a binocular microscope showed that major constituents are,

in order of decreasing abundance, calcit®, quarts, and magnetite.

These rooks are largely altered andesites with somewhat
fresher basalts capping them. They range In color from grayish-
black to grayish-white, and vary in texture from fine-grained

to porphyritie.

Hand specimens of the basalt show large euhedral phenocrysts
of labrador!t© set in a fine-grained groundaaas. Microscopic
studies show that the basalt is composed of labrador!te pheno-
crysts set in a groundless of microcrysts of labractorit®, Opi-
doto, chlorite and magnetite. Original vesicles and fractures

in the rock have been filled with calcite.

No thin sections of the andesite were made but they have

been extensively silicified



Merita*

Merit®, the most eowaon rock In the area, varie# eocsider-
ably both megaaoopically ami alcroacopically. It 10 generally
aedH»- to eoarfte-grained in texture and ranges in color froa
light brownieh-gray to greeni#fa-black* Hear many of the shear
w&m and near the dikes, the diorite has been extensively sill-
elfled and can bO® identified a# diorite only by the gradational

nature of the alteration*

Megaaccpically the diorite realties a light-colored grauo-
diorite and ie ooapoe®d of, In decreasing order of abundance,
plagioelase, hornblende, biotite, and in some places, large
fibrous saaseea of acapolite. Hear the dikes and in aoet of the
mp area the diorite aeeas to be wit vp of plagioela.ee and
orthoclaae vitfc ainor bleached ferrangneslan stnerale, but
other portion# of the diorite are characterised by large mmm

of hornblende and biotite with eone soapolite.

A volumetric analysis by Cfaayesl method (995 point#} #how#

the following eowpoeition for specimen Aill, a dark colored

diorite*

Andesinc 31& o
Hornblende 24 where jS 1U A™]rc
biotite 10

Magnetite A Sc p, /6

lirecn Trace

Apatite Trace

Clay, aericitc, ealeite 20

Chlorite 7

Epidot®
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fbe plagioclase has been largely altered to clay, seriate,
and calcitO} some chlorite and epidete are also present, the

hornblende is altering to blotite.

The texture resembles the dlabaaic texture hut in this spec-
imen the interstices between the lathe of plagioclase contain

hornblende rather than pyroxene.

A volumetric analysis by Chayos* method {1204 points) gave

the following composition for specimen A261, a light-colored

dioritej
Andeaine M
Orthoclase 9
Microcllne 10
Quartz 1
Sphene Trace
Apatite Trace

idary mineralst

Clay, sericite 26
Calcite/ankerite 12
Chlorite Trace
Epidote Trace
8*

the fflicrocline is fresh but the andestn® has been largely
converted to aggregates of clay, eerieits, and calotte, fhe

primary ferromagnesian has bees completely converted to calotte

or ahkerite.

The specimen has an aplitic: texture.

The Titaniferoup mail

Ibe dikes are very light in color, almost snow-white in places,

and contrast very strikingly with the surrounding diorite. They
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ar© generally aqulgraaular, but vary locally from fine— to wmmUWww—
grained is texture* Megascopieally the rock appears to be an
aggregation of feldspar, clay minerals, quarts, anatase, and in

some places, sericite* The percentage of anatase is extremely

variable.

Thin sections show that the composition is variable. Where
little alteration ha®© taken place, as in Cottonwood Canyon, about
six miles to the north of Corral Canyon, fresh albite, quarts,
oalcite, and anatase are described by F, L. Ransom® (1911). |In
Corral Canyon, where alteration has been more extensive, the
composition of the dikes, in order of decreasing abundance, is
plagioclaae (albite to oligoclass), clay, calotte, sericite,

quarts, anatase, and iron oxides.

The plagioclaae has been partially altered to clay and
sericite and has a mottled appearance* Calotte has formed in
part from feldspar and C€phene, and was in part introduced* The
most important alteration has been the replacement of early
sphene by aggregates of anatase, quarts, and calotte. The
anatase is disseminated unequally throughout the dikes but occurs
mainly in wedge-shaped masses. These wedge-shaped aggregates of
anatase, as well as well-developed sphene-ehaped envelopes
surrounding the anatase-quartz aggregates, indicate that the
anatase is an alteration product of early sphene. The titanium
content of the dikes is variable! locally it runs as high as 30

to 40%, but the deposits average about 0.75%. Several large

bodies average more than 2.
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Thfi dikes found Bear the nickel deposits in Cottonwood
Canyon described by Ferguson (1939, p. 95 are very similar to
those of the Corral Canyon area* Steiger (Hansoms, 1911) has
made a chemical analysis of the dike material from the deposits
in Cottonwood Canyon, This analysis follows*

CHEMICAL mU& I B OF AH AFLITE
By George Steiger

Si02 61*71%
Al1203 16.63
Feg03-F«0 0.40
MgO ~ Hone
Ca0 5.94
iiag0 6.52
K20 0.16
0.51
ﬂbg 2{} 0.81
£$2 0.79
Zr02 0.G4
CaOp 4.05
° -CFB
P275 99.71%

A norm calculated by Ransome from the above analysis followss

Albite (approx. AfcwAn,) 76.5%
Calcite 9.2
Quarts 8*6
KaoUnite 3*5
Anatase 0.8
Apatite 0*4
Hater 100'8s

The elongate lenses and stringers mined in the past for
their gold content were not studied in thin section. Mega-

scopieaXly they consist largely of so-called "‘bull-quarts',



liaonite, hematite, and pyrite. The gold is in the pyrite, and
mining has been restricted to a few areas where the alteration

of pyrite to a mixture of Ilmonite and hematite has been most
extensive. The gold content of the quarts stringers is extremely
variablej samples taken by the author average about #15 a ton,
but the Shaw’s report assays as high as #135 a ton. More than
thirty-five tons of gold ore averaging about #35 a ton have been

shipped from the property.

Diabase Dikes?
The diabase dikes are the youngest rocks in the area south
of Bell Mare Canyonj their relationship to the Leach (?) formation

to the north is not clear.

These dikes are quite variable in appearance. Most of them
are greenish-brown in color and weather spheroidallyj they are
extremely friable near the surface but become quite compact two
or three inches below the surface. The dikes not exhibiting the
spheroidal weathering are grayish-black in color and very fine-

grained in texture.

In specimens the diabase dikes are generally dark in
color and appear to be composed primarily of ferromagnesian

minerals.

A volumetric analysis by Chayes®™ method (1137 points) shows

the following composition for specimen Mil; a diabase dike*



19

Primary slam”.

Andesine 57*
Augite 2/
Olivine ft
IImenite 7
Biotite /
Apatite Trace
100

fhe oliviae has been completely altered to bowlinglte. Most
of the biotite has been altered to chlorite, but the unaltered

patches contain lenses of sphene*

Texturally the diabase varies from intersertal to ophitic.



PETROLOGY ASD PETROGRAPHY

Alterationi

There have been several stages and many types of alteration
associated with the intrusion and crystallisation of the diorite
in the Corral Canyon area. The general sequence of alteration
has been serieitisation and silicification, kaolinization and
carbonstisation, and scapolltisation. The diorite has been
affected by all of these processes, and the aplite dikes have

been affected by all except the seapelitisation.

The most striking alteration of the diorite has been the
formation of scapolite from the plagioclase of the original
rock. Although most of the acapolite is fine-grained and is
difficult to distinguish from the unaltered plagioclase, locally
crystals attain great size. Radiating masses of scapolite up
to four inches in length and one-half Inch in diameter were
found in some portions of the diorite, and smaller aggregates

are quite common.

The indices of refraction and x-ray powder diffraction
patterns both indicate that the scapolite is about * V i 0 * or
almost pure marialite, the soda end-member of the scapolite v
series. Comparison of x-ray powder diffraction patterns of
scapolite from the Buena Vista Hill®, about Ffifteen miles to

the northwest, and the Corral Canyon area show no significant



variations in composition (Shave, F. R., 1955). Caring the
preliminary work on the property the author felt that possibly
the scapolite resulted from contaMnation of the intruding
magma by assimilation of the overlying calcareous sediments.
IT this had taken place to any extent the scapolite would be
meionite, or at least near the melon!te (calcareous) end of
the scapolite series. Since the scapolite Is aboutV i1 o

it must have a deuterlc origin, and metasomatism is probably

the controlling mechanism for the alteration,

the mechanism for such a process of scapolitisation is
not clear, the only essential addition for the alteration of
the anorthite molecule to marialite is chlorine. The liquid
phase of the magma may have become enriched in iron chlorides
and, with the formation of magnetite by the reaction of water
on the iron chlorides, caused free chlorine ions to be made
available for reaction with the plagioclase molecules (Shave, F. ft
1955)* This mechanism seems to be the most plausible. In some
thin sections a calcic plagioclase is seen in contact with
scapolite and both seem quite fresh, tut this is not anomalous.
Barth (1952, p. 283) considers meionite and mriallt® as the
low temperature equivalents of anorthite and albite respectively,
and states that plagioclase and scapolite can exiet together,

with a calcic plagioclase in equilibrium with a sodlc scapolite.

Sericitistation and kaolinication are both widespread but

the carbonstisation ad, silicification are restricted mainly to



the dike®. Grthoelase and Cora® plagioclase have been altered
completely or partially to serieite. the reacting solutions
seem to have attacked the potash feldspar first and reacted

to a lesser extent with soda-lias feldspars. Some quarts is
associated with the serieite. Kaolin alteration has attacked
the feldspars along the serieite alteration and aggregations
of the two minerals are quite common, although such associa-

tions are not the rule.

In the diorite, calcite la limited mostly to the joints
and fractures near the titaniferous dikes which have a very
high content of calcite. In the dikes the calcite may have
resulted from the alteration of feldspars and from material
introduced by sagastic emanations. The calcite formed by the
breakdown of feldspar occupies the position formerly held by
the feldspar and forms a mosaic of individual crystals, while
the introduced material forms seams through the rock, large
masses of calcite are common in those portions of the dike
that have the highest titanium content. These areas are res-
tricted to places where the diorite has wide fractures into
which the escaping volatile fraction of the solidifying

dioritie magma passed and crystallised.

Silicification of the diorite has been limited largely to

shear stones and contact stones along the dikes. The diorite

along the margins of the dikes has been so thoroughly altered



that only the gradational nature of the contact makes identi-
fication possible. Some veins and stringers of quarts seem
to be controlled by jointing in the diorite, sine® these veins

and stringers are approximately parallel to the dikes.
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ORIGIH OF THE: TIFiKIUH»BEABIHG DIKES

Disseminated throughout most of the altered dike rock are
crystals and blebs of translucent, honey to chestnut-brown colored
anatase. Megascopic studies show that the mineral is mostly in
the form of acute pyramids of the tetragonal system, but that some
are also tabular. The mineral has two perfect cleavages, (o0oi]

and {Oil} .

In thin section the anatase is brown to yellowish-brown, and
is somewhat pleoehroic. The index of refraction is quite high
and the birefringence is strong, ill of the crystals studied
wore quite small, few of them more than two or three millimeters
in length, though many of the aggregates are an inch or more
long. Anatase was seen embedded in all of the other minerals

except the apatite.

An x-ray powder diffraction pattern (Fig. 2) and an x-ray
spectrometer recording (Fig. 3 & 4) were made of several of the
crystals and of a concentrate obtained by crushing a random temple
of the dike rock and concentrating "“the mineral with a Superpaanar.
Careful comparison of the patterns obtained with A.S.T.M. stan-
dards confirmed the observation that the titanium mineral is

anatase, TiOg, a polymorph of rutile and brookite.

late in the crystallisation of the diorite, or a concealed

granodiorite, an aplltic differentiate intruded zones of weakness
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Settings on X-ray Spectrometer
%diatioa CuK at 50Kvp 16 m
Optics 3° MR - HR - 0.2°

Range 3 .RCA
Scan rate 2° 26 deg/min

Line 20 e d d(ideal)  (fod)
1. 25.25 12.6 3.5309 3.51 101

2. 26.6 13.3 3.3482
3. 36.9 18.5 2.4274 2.439 103
4% 37.8 18.9 2.3779 2.379 004
8_ 38.5 19.3 2.3305 2.336 112
. i 48.0 24.0 1.8938 1.891 200
7. 53.8 26.9 1,7025 1.699 105
8. 55.1 27.6 1.6625 1.665 211
9. 62.1 31.1 1.4912 1.494 213
10. 62.7 31.4 1.4784 1.480 204
11. 68.8 34.4 1.3634 1.367 116
12. 70.3 35.2 1.3362 1.337 220
13. 75.0 37.5 1.2653 1.264 215
14. 76.0 38.0 1.2511 1.250 301
15. 82.7 41.4 1.1698 1.171 303

16. 94.1 47.1 1,0514
17. 95.1 47.6 1.0429 1.0433 321

16. 98.2 49.1 1.0190
19. 101,0 50.5 0.99922 1.0173 109

20. 106.5 53.3 0.96068
a. 107 .4 53.7 "0,95573 0.9550 316
22. 109.0 54.5 0.94612 0.9461 400

Lines 2, 16, 18, and 20 are lines for quarts.
Hi© other.lines give good agreement for anatase (TiOg).

Figure 4

X-RAY SPECmafBTSB RSCOSDIHG LATA
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in the previously crystallised portion of the diorite*

iho origin of the aphene la the dikes is not clear, but it

is probable that it formed early in the history of the dikes,
later hyarothermal alteration of the dikes converted the ephene

aggregates of anats.se, caleite, and quarts* The presence of
euhedral quarts crystals intimately mixed with the arntase, and
the presence of concentrations of oalcite in the immediate
vicinity of tile anatase, suggest that some of the quarts and
oalcite are the result of the breakdown of the original ephene.
The alteration of the apfaene was accompanied by the alteration
of the feldspar to clay mineral®, serialte, chlorite, and

quarts*

The last stage of mineralisation was the introduction OF
large amounts of quart® containing auriferous pyrite* This late-
stage quarts forme elongate stringers and lens parallel to the
dikes or along the margins of the dikes. This quart® deposition
was probably accompanied by continued sericitisatioo and carbon-
atiaation. It was these gold-bearing stringers that first
attracted attention to the property and they have been worked

for their gold content for many years.
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