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CHROMITE DEPOSITS OF THE EASTERN PART

OF THE STILLWATER COMPLEX, STILLWATER. COUNTY, MONTANA
By J. W. Peoples and A. L. Howland

ABSTRACT

Chromite has been known for some years to occur in a belt
of ultramafic rocks, composed chiefly of pyroxene and olivine,
27 miles long on the northeastern margin of the Beartooth Moun-
tains, in Stillwater and Sweetgrass Counties, Mont. The out-
crop of these igneous rocks, which form the lower part of the
layered Stillwater complex, ranges in width from a quarter of a
mile to a mile. Chromite occurs near the center of it in lay-
ers and lenses, parallel to the layering of the complex,
throughout most of the length of the belt. .

In 1939 a Geological Survey garty made a detalled study of
the chromite deposits on the so-called Benbow claims, of the
Chromium Products Corporation, on Little Rocky Creek, and a
brief reconnaissance of the deposits on the weat side of Still-
water Canyon. Trenching on the Benbow clalms by the Bureau of
Mines made 1t possible to trace segments of a tabular body of
chrome ore with an aggregate length of 5,660 feet in a distance
of 9,000 feet along the strike. The discontinuity is due in
part to offsets on small faults approximately at right angles
to the strike and in part to the occurrence of chromite in
overlapping lenses. The average width of the ore 1s § to 7
feet, but on the eastern end of the claims a strip of dlssemi-
nated ore 430 feet in length averages 294 feet in width. As
all the ore is approximately half chromite, it will need to be
concentrated.

Considering the ore as proved for 50 feet below the mapped
outcrop, the authors estimate .the presence of 200,000 short
tons of ore. The possible tonnage of ore above the Eclipse
adlt--the lowest opening on the property--is calculated to be
nearly 1,500,000 short tons of massive ore and 345,000 tons of
disseminated ore. The chromite horizon at each end of the
property 1s covered, but geologlc evidence strongly implies
that 1t continues. On the west side of Stillwater Canyon chro-
mite-rich bands of varying thiclkness alternate with bands of
rock containing disseminated chromite for a distance of about
1,200 feet along the strike. Avallable data are insufficient
for an estimate of tonnage, but the area appears promising for
development of a large tonnage of millable ore.

Although no high-grade ore 1s to be expected, 1t is clear
from this study of a small part of the Stillwater complex that
a large tonnage of submarginal ore can be recovered in time of
need.

371



372 STRATEGIC MINERALS INVESTIGATIONS, 1940
INTRODUCTION

The Stillwater complex of igneous rocks is exposed in a
belt 1 to 5 miles wide and 30 miles long on the northern margin.
of the Beartooth Mountains in Stillwater, Sweetgrass, and Park
Counties, Mont. (fig. 50). This complex, which contains a
chromite-bearing zone, ‘is composed of anorthositic, noritic,
and ultramafic (pyrbxene-olivine) rocks. Although it 1s known

that chromite occurs more or less continuously for 27 miles,

ne . 10° 108°

% Bozeman

WYOMING

19, ] 10 N 30Miles

Figure 50.--Index map of Montana. Ruled area shows location of
Stillwater complex.

the fleld work on which this report is based was confined to
thé deposits near the east end of the complex, between lati-
tudes 109°45! and 109° 55'.

The Beartooth Mountains, a dissected mountain upland, range
in altitude from 9,000 to 12,000 feet and are cut by canyons
from 3,000 to 5,000 feet deep. Automobile roads from Big Tim-

ber up the Boulder River and from Columbus up the Stillwater
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River give relatively easy access to two places in the chromlte-
bearing belt, but elsewhere transportation is difficult. The‘
Benbow camp, on Little Rocky Creek, used in 1939 as fleld camp,
can be reached by rough wagon road from Dean, 9 miles away.

Dean 1tself 1s 32 miles from Columbus, the nearest point on the

rallroad.

History

The war demand of 1917 and 1918 stimulated the search for
chromite in all parts of the country, and in those years. three
properties in the Stillwater region were actively developed.

No shipments were made, however, and when the war demand ceased
there was very little further development except at the eastern
end of the belt, where some improvements were made on the seven
claims of the late T. C. Benbow. A wagon road from this prop-
erty to Dean was bullt, three adits, one of them 500 feet long,
umdﬁwmaMannﬂthMsmmdm;TM%cﬂmsmm
built, an air compressor was instglled, and in 1929 the camp
was prepared for mining; but th§ work ceased because of the
financial uncertainties of that year. On November 24, 1933, a
patent on these seven claims was 1ssued. The property is now
owned by the Chromium Products Corporation, of Livingston,
Mont.

Previous work

In 1918 Westgate l/;ade a reconnaissance study of the chro-
mite deposiﬁs of the Beartooth Mountains. Bevan 2 has de-
scribed the g§neral geology and physiography of the region. A
group from Princeton University began field work there in 1930,

1/ Westgate, L. G., Deposits of chromite in Stillwater and Sweet Grass
Counties, Mont.: U. S. Geol. Survey Bull. 725, pp. 67-84, 1921.

g/ Bevan, Arthur, Summary of the geology of the Beartooth Mountains,
Montana: Jour. Geology, vol. 31, pp. 441-465, 1923; Rocky Mountain pene-
plains northeast of Yellowstone Park: Jour. Geology, vol. 33, pp. 563-587,
1925,
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and the writers, as members of that group, spent several seae
sons studying the Stillwater complex. Edward Sampson, who di-
rected the fleld work, studied the chromlte deposits, and H. H.
Hess 13 making a detalled study of the mineralogical problems.
These two men and the present writers have a detalled report on
the geology of the complex in preparation. A general summary,
several abstracts, and a few speclal papers. have been. pub-

8/ 4/ : .
lished. Vhay has studied the structure of the mountain front
ad jacent to the complex.

In 1935 Schéfer 2 mapped the chromite of the Stillwater
complexlon the scale of 1 to 62,500 for the Montana Bureau of
Mines and Geology. He refers to unpublished piivate reports &/
made by several consulting eng;neers and geologists fof mining

compenlies.

Fleld work and acknowledgments

The present repoit.is based on 5 weeks of field study dur-
ing August and September 1939. In this work the authors were
assisted by R. K. Doten, J. C. Bogert, and W. R. Jones. The

3/ Peoples, J. W., The Stillwater 'igneous complex, Montana /abstract/:
Am. Mineralogist, vol. 18, p. 117, 1933. Hess, H. H., Plagioclase, pyrox-
ene, and olivine variation in the Stillwater complex uontang Z;bstracg s
Am, Mineralogist, vol. 21, pp. 198-199, 1935. Peoples, J. W., Gravity
stratification as a criterion in the interpretation of the structure of
the Stillwater complex, Montana: 16th Internat. Geol. Cong. /19337 Rept.,
vol. 1, pp. 353-360, 1936. Howland, A. L., Peoples, J. W., and Sampson,
Edward, The Stillwater igneous complex and associated occurrences of )
nickel and platinum-group metals: Montana Bur., Mines and Geology Misc.
Contr. 7, v. 15 pp., 1936, Hess, H. H., Primary banding in norite and
gabbro: Am. Geophys. Uniom Trans., pt. 1, pp. 264-268, 1938; A primary
peridotite magma: Am. Jour. Sci., vol. 35, pp. 321-344, 1938. Hess, H.H.
and Phillips, A. H., Orthopyroxenes of the Bushveld type: Am. Mineralogist,
wvol. 23, pp. 450-456, 1938. Hess, H. H., Extreme fractional crystalliza-
tion of a basaltic magma: The Stillwater igneous complex: Am. Geophys.

" Union Trans., Pt. 3, pp. 430-432, 1939. Peoples, J. W., The Stillwater
igneous complex, Montana: New York Acad. Sci. Tranms., ser. 2, vol. 1, no.
7, pp. 107-109, 1939, Hess, H. H., and Phillips, A. H., Optical proper-
ties and chemical composition of magnesian orthopyroxenes: Am, Mineralo-
giat, vol. 25, pp. 271-285, 1940.

g/ Vhay, J. S., The geology of a part of the Beartooth Mountain front

near Nye, Mont.: Unpublished dissertation at Princeton University, 1934.

5/ Schafer, P. A., Chromite deposits of Montana: Montana Bur. Mines

and Geology Mem. 18, v. 35 pp., 1937. .

6/ Idem, p. 2.
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chraomite was mapped with plane table and telescopic alidade
from 1ts easternmost exposure for about 9,000 feet westward
along the strike, on a scale of 200 feet to the lnch, and some
réconnaissance work was done on the west slope of the Still-
water Valley. The field party camped with a Bureau of Mines
party, which, under the direction of P. T. Allsman, trenched ’
and sampled the chromite at 50-foot intervals along the strike.
Although the two parties worked separately, their work was coor-
dinated in every way possible, and the writers are grateful to
Mr. Allsman and his party for their splendid cooperation.

A topographic party under the direction of C. A. Stonesifer
was mapping the Nye No. 2 quadrangle (long. 109°45' to 110°00!
and lat. 45°15' to 45°30') 1n 1939. A photostat copy of their
plane-tablé .sheet was used as a base for the general map shown
in plate 63. The detailed map (pl. 64) was tied in with points
previously located by topographers.

The writers are indebted to B. E. Berg, of Livingston, H.
G. McClain, of Columbus, C. G. Rich, of Dean, and M. W. Mouat,

of Nye, for their many courtesles to the party.
OUTLINE OF GEOLOGY

Geologically the Beartooth Range may be described as a huge
agymmetrical east—wesﬁ anticline, whose core of pre-Cambrian
granitic and metamorphic rocks is bordered on the north by
sharply upturned Paleozolc and ‘Mesozoic sedimentary rocks.

From the Stillwater River to Red Lodge the edge of the mountain
front is marked by thrust faults dipping southward. For 30
miles along the edge of the dissected upland a belt of layered
ultramafic igneous rocks, composed chiefly of olivine and
pyroxene, from 1 to 5 miles wide lies between the upturned
Paleozolc beds to the north and granite and ancient metamor-

phosed sedimentary rocks to the south. This series of layered
262708 O—40——3 N
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igneous rocks has been named the Stillwater complex.7 It 1s
subdivided as shown in table 1. The chromlte deposits dis-
cussed in this report occur about midway between the top And
bottom horizons of the zone of ultramafic rocks. Thils zone was
referred to previously by the writers 2 as the ultrabasic zone
and was called a pyroxenite dike by Westgate.9 The layers of
the complex are belleved to have been nearly horizontal when
formed,lo but in the eastern part they now dip from 60° S. to
60° N.

The detailled mapping (see pl. 64) in 1939 was restricted to
the ultramafic zone. Plate 63, which shows the geology of the
Stillwater complex from the Stillwater-West Stillwater divide
to Fishtall Creek, is%based largely on the previous work of the
writers. The mapping of the Paleozolc rocks is generalized

11/
from an unpublished map by Vhay.

PRE-CAMBRIAN ROCKS

Ancient sedimentary rocks

Sedimentary rocks, much altered by the intrusion of the
Stillwater complex, are found south of the complex on the west
slde of Stillwater Canyon snd as scattered inclusions in the
granite east of the canyon. The rocks include dense gray horn-
fels, an iron formation, and light-colored quartzite. The
hornfels 1s very fine grained and looks 1n hand specimen like

a dark quartzite or a fine-grained basaltic rock. This series

1/ Peoples, J. W., The Stillwater igneous complex, Montana [Ebstrac§7:
Am. Mineralogist, vol. 18, p. 117, 1933.
* 8/ Howland, A. L., Peoples, J. W., and Sampson, Edward, op.cit., p. 8.
9/ Westgate, L. G., op. cit., p. 68,
10/Peoples, J. W., Gravity stratification as a criterion in the inter-
pretation of the structure of the Stillwater complex, Montana: 1l6th Inter-
nat. Geol. Cong. /19337 Rept., vol. 1, pp. 353-360, 1936,
11/Vhay, J. S., op. cit.
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is believed to have formed the floor along which the Stillwater
12/
complex was intruded.

Stillwater complex

Basal zone

A thin layer at the base of the complex consists of dia-
basic norite, which 1s a medium—graihed rock, gray on the fresh
surface but brown on the weathered surface. It commonly con-
tains grains and patches of pyrrhotite and chalcopyrite and in
its exposure along the south side of Nye Basin 1s reddish-brown
because of the oxidizing of pods and disseminated grains of
sulfides. It 1s not easily distingulshed from the hornfels
that is in contact with it in the Stillwater Canyon. The
nickel-copper sulfide deposits on the property of M. W. Mouat
on the west side of the Stillwater Valley are partly in this

) 13/
layer and partly in the hornfels below.

Ultramafic zone

The layer second from the base consists of rocks that are
almost exclusively made up of minerals rich in megnesium end
iron. Plagioclase feldspar'is commonly. present, although no-
where in excess of 15 percent by volume, and green dlopside
occurs locally, but the dominant primary minerals are an ortho-
rhombic pyroxene and olivine. On the west slope of Stillwater
Cenyon all the rocks are remarkably fresh, but east of Still-
water River the olivine 1s extensively altered to serpentine,
and in places, especially in the lower part of the zone, pyrox-

ene also 1s serpentinized.

;g/ Howland, A. L., Sulphides and metamorphic rocks at the base of the
Stillwater complex: Unpublished dissertation for the .degree of Doctor of
Philosophy, Princeton University, 1933.

13/ Howland, A. L., Peoples, J. W,, and Sampson, Edward, op. cit.,p.10.
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v
Table l.--Stillwater complex

. Thickness | Metalliferous
Zones (feet) Character deposits

Gray, white, and spot- Disseminated sulfides

- ted igneous rocks
800-6,000 (anorthosite, norite, :gngne or two hori-

gabbro).

Upper
zone,

At least two bands
Gray or brown norite containing small

and bands of white percentages of sul-
3,700-7,350| or gray anorthosite. fldes with a 1ittle

Spotted troctolite
(olivine gabbro). giaﬁinum and palla-

Banded
Zons.

0Olivine and pyroxene in

;arious prOngtit(ms Chromite bands with

orm pyroxenite (va- '

1,850-4,000{ rilety bronzitite), gﬁ:zg?ggigeogezie
harzburgite, and dun-| .., o

ite, all dark, heavy

rocks.

Ultrasmafic
zone

: Locally chalcopyrite
0-200 Diabasic norite........ and pentlandite-
bearing pyrrhotite.

Basal
zone.

L/ Length of c;mplex 30 miles; width of outcrop 1 to 5 miles; area 70
square miles; thickness 16,000 feet. Top of complex is eroded.

The ultremaflc zone contains rocks composedvessentially of
pyroxene, rocks composed essentially of olivine, and rocks that
contain these minerals in almost every intermediate proportion.
Iﬁ this paper a.rock contalning 90 percent or more of pyroxene
is called pyroxénite, one containing 90 percent or more of oli-
vine is called peridotite, and any rock of intermediate compo-
sition 1s called harzburgite.

The principal rock types of thls zone are bronzitite (a
variety of pyroxenite), Eranular and polkilitic harzburgite,
and basic pegmatites.

Bronziﬁite.--Bronzitite is composed essentlially of the or-
thorhombic pyroxene bfonzite, the chemical and optical proper-

14
ties of which have been described by Hess and Phillips. The

14/ Hess, H. H., and Phillips, A. H., Orthopyroxenes of the Bushveld
type: Am. Mineralogist, vol. 23, pp. 450-456, 1938; Optical properties
and chemical composition of magnesian orthopyroxenes: Am. Mineralogist,
vol. 25, pp. 271-285, 1940.
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rock 1s coarse-grained and greenish brown on fresh fracture but
a deep reddish brown on the weathered surface. It is massive
and exceptionally tough because of the interlocking of the
bronzite crystals. In places white plagioclase (bytownite)
fi1lls the spaces between the bronzite crystals. Bronzitite
occurs both north and south of the chromite horizon, but the
northern, or upper, bronzitite can usually be distinguished by
the presence of a green monoclinic pyroxene, diopside, in skel-
eton crystals whose maximum dlameter is 3 inches. Although
chromite is very scarce in the bronzitite, thin seams from 1 to
2 inches thick have been seen at a contact between bronzitite
and harzburgite. v

Granular harzburgite.--The granular harzburgite is some-

what similar to the bronzitite but céntains an appreciable
amount of olivine. The olivine is not conspicuous, but on

. fresh surfaces 1t may be distinguished from the bronzite by 1ts
lack of good cleavage and by its more or less advanced altera-
tion to dark greenish-black serpentine. It is more easily rec-
ognized on the weathered surface, where the olivine and serpen-
tine weather more rapidly than the bronzite, so that the rock
has a pitted aﬁpearance. A little white plagloclase feldspar
18 usually present between the grains of bronzite. Chromite is
locally preéent as an accessory but in very small amounts.

Polkilitic harzburgite.-~The polkilitic harzburgite differs

little from the granular in composition, though it usually con-
tains a larger proportion of olivine and serpentine. Its dis-
tinctive features are textural. The bronzite occurs in skele-
ton, or poikilitic, crystals contalning rounded grains of al-

tered olivine.. Most of the poikilitic crystals range in diame-
ter from 1 inch to 6 inches, but crystals as much as 12 inches
in dlameter have been seen in the western end of the complex.

On a sunny day it i1s easy to recognize this rock, as the large:
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bronzite crystals reflect light from their cleavage faces; the
enclosed olivine grains are dull. Much of the rock is altered
to serpentine, but even where the bronzite is altered to ser-
pentine 1ts cleavage 1s still visible. Some interstitial al-
tered plagioclase is usually present, and black chromite grains
are enclosed in the plagioclase or the bronzite. Poikilitic
harzburgite occurs on both sides of the chromite seam, and in
places it merges gradually into an almost solid chromite ore.

(See fig. 51.)

N.45°E. Surface S.45W.

Mantle

Serpentinized poikilitic
harzburgite

Serpentine
Pegmatite with . .
disseminated chromite Serpentinized poikilitic
Cross section harzburgite with
accessory chromite

Plan of pit

| 0 ? FEET

Figure 51.--Plan and cross section of pit D-32, Big Seven claim,

Basic pegmatites.--Irregular bodles of a rock of coarse

and irregular texture occur at several places, but they are
most common near the chromite horizon. (See figs. 52 and 53.)
They contain the same minerals as the other rocks of the.ultra-
mafic zone--olivine, orthorhombic pyroxene, plagloclase, and
diopside; the latter two are almost invariably present even
where they are absent from tﬂ;\surrounding rock. These pegma-

tites usually contain chromite.
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Figure 52.--Plan and cross section of pit D~6, Majestic claim.
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Figure 53.--Sketch of east wall of discovery pit (A-1), Lucky Strike

claim, Shows characteristic pegmatite streaks and patches in the
chromite. The fault dips 62° E.
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Basic dikes

At the face of the Eclipse adit a much-fractured, green,
fine-grained rock of gabbroic or dioritic composition is ex-
posed. Although its contacts were not seen, this rock is re-
garded as a dlke cutting the complex, and its probable exten-
sion at tpe surface is mapped approximately from float on the
steep hillside above the Benbow camp. Dikes of siﬁilar rock
have previously been observed cutting the higher members of the

complex at several places, but nowhere the Paleozoic rocks.
Granite

Granite underlies the central part of the Beartooth Range,
and from the Stillwater Canyon eastward it extends upward ap-
proximately to the base of the Stillwater complex. It cuts a
mixed zone of norite and hornfels on the east side of the
Stillwater Canyon and may have cut out a part of the complex
in the valley itself. It is a coafse-grained, gray to pink
biotite granite with an indistinct gneissold structure belleved
to be primary. It is pre-Cambrian in age but apparently be-
longs to a distinctly later period of intrusion than the Still-

water complex.

PALEOZOIC ROCKS

At the mountain front upturned Paleozolic rocks have been
carved by erosion into a series of palisades. To the south
several areas of limestone have been preserved In downfaulted
blocks. (See pl. 63.) The lowest Paleozoic formation every-
where contains boulders of norite and gabbro from the Still-
water complex.

The writers made no study of the Paleozoic rocks in this
area, and the boundaries shown on plate 63 are taken from an

unpublished map by J. S. Vhay.
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SURFICIAL DEPOSITS

In most of the valleys of the region glacial drift and al-
1ﬁv1?1 coﬁes mask the bedrocks, but on the divides surficial
material 1s lacking or consists only of a thin residual mantle.
ThevStillwater cﬁmplex is completely covered by glacial debris
for.about 2 miles from the east end of the Benbow claims to a
point just beyond the West Fork of Fishtall Creek. A long mo-
ralne is plled up between ﬁhe parallel valleys‘bf branches of
Lit£le Rocky and Fishtall Creeks. Some glaclal drift covers
the eagt side of the vélley of Little Rockﬁ Creek above the
Benbow ‘camp. ‘ . .

The valley of Nye Creek, which is known as Nye Basin, 1is
filled ﬁifh glaclal debris appafantly somewhat disturbed by
landslides. The Stillwater River'Valley 1s covered with allu-
vial material, and glacial drift clings to the walls of the
canyoﬁ at the mouths of hanging valleys such as those of Nye

and Woodbine Creeks.
‘STRUCTURE

The structural features of the Stillwater complex may be
§1vided into two'categories, primary and sebondary. Although
1t 1s not possible at some places to decide whether a structure
1s primary or secondary, i1t i1s deslrable to do so where ﬁossi-

ble because of certain economic implications.

Primary structure

One of the most remarkable features of the Stillwater com-
plex 1s the arrangement of the various rock types in layers.

16
It 1s believed that these layers were virtually horlzontel

L§/ Peoples, J. W., Gravity stratification as a criterion in the inter-
pretation of the structure of the Stillwater complex, Montama: 16th Inter-
nat. Geol. Cong. [19337 Rept., vol. 1, pp. 353-360, 1936.

262708 O—40=—3
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when they were formea and thét thej have since been tilted and
faulted into thelr present attitudes. Layering 1s best 1llus-
trated in the upper zones of the complex, which are made up of
eloﬁéate lenses that contain the same minerals but in widely
diffgring ﬁroportions and range in thickness from an inch 6r
léséito ﬁﬁndfeds of feet.

In tﬁevultrAmafic zone banding 1s less conspicuous than in
the highér‘zones,‘but there is a broad parallel arrangement of
the réck iipes. The upper part of this zone everywhere con-
sisté of bronzitite. Near the middle of the zone harzburglte,
partly serpéntinized, is everywhere present. Chromite bands
occur in this harzburglte, never above it. Below the middle
layer of harzburgite, which at the eastern end of the complex
1s about 1,000 feet thick, both bronzitite and harzburgite are
found. ‘ v

Banding on a smaller scale has been observed in some places.
Alternate layers of chromite and harzburglte are especlally
conspicuous iIn the cliff above Mountain View Lake, on the west
slde of Stillwater Canyon. The chromite layers range in thick-
ness from about a quarter of an inch to about 2 feet, and at
one place 17 of them were counted in 52 feet of section. The

chromite layers are not continuous; some of them merge into
others and some are lenticular.

The primary banding of the ultramafic zone 1s obscured in
maﬁy places by dunite or olivine-rich harzburgite thaf has been
intruded into bronzititg and banded harzburgite. The intrusive
relation was first noticed by the writers in 1931 near the west
end of the'complex, where it has since been studied by Sampson
and by Hess,l6 who has dlscussed its origin. The intrusive

rock and the earlier harzburgite are so similar that in many

;g/ Hess, H. H., A primary peridotite magma: Am. Jour. Sci., vol.
35, pp. 334-340, 1938.
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exposures it 1s impossible to distinguish them. On the de-
talled map of the Benbow claims two textural varieties of harz-
burgite, polkilitic and granular, are distinguished. Some. of
the polkilitic harzburglte is intrusive into the granular harz-

burgite.

Secondgry structure

Tilt of banding

The present attitude of the rock layers of the Stillwater
complex resulted from deformation, which took place long after
the rocks consolidated. For most of the length of the complex
the layers now strike between N. 60°.W. and N. 80° W., but at
two places in the ultramafilc zone the strike deviates widely
from this and is far from parallel to the contact with the
banded zone above. One of these places 1s 1n the cliff above
Mountain View Lake, where the chromite layers strike N. 10° E.
and dip 50°-60° W. On Iron Mountain, 8 or 9 miles west of the
Stillwaeter River, 1s a similar divergence from the normal
strike. No satisfactory explanation of these discrepancles can
be made at this time. Near the west end of the complex the dip
ranges from 30° to 60° N., but at the east end the dip 1s al-
most vertical and the chromite layers dip to the north in some

places and to the south in others.
Faults

Plate 63 shows several reverse faults of easterly trend
near the mduntain front. The possibllity that similar faults
have duplicated parts of the ultramafic zone in the eéstern
part of the complex was consldered, as the thickest section of
this zZone 1s on the Nye Basin-Little Rocky Creek divide, but

no evidence was found for such faulting.
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The chromite 1s offset at many places on the Benbow claims,
and at nearly every place the offset 1s to the right. Maﬁy of
these offsets are due to faults striking N. 20° W. to N. 20° E.
and dipping.from about 50° E. to 50° W. ' The total displacement
could not be determined on any of these faults, but the hori-
zontal offset 1s commonly 15 to 50 feet and on some 1s as much
as 200 feet. In the Eclipse adit, in addition to two faults of
the above type, many low-angled faults of small displaceﬁent
were observed, and in the Blaék‘Rgck adlt a horizontal fault
cuts off the ore. Detailed studi revealed more faults than
were expected, and mining probably would reveal a great many
more., '

Cumulétive evidence has shown that some of the offsets are
due to the thinning out of one chromite band opposite the be-
ginning of another that 1s at a slightly higher or lower hori-
‘zon., As these offsets are to the right like those due to

_faulting, 1t is impossible at hany places, for lackbof expo-
sures, to determine whether‘the offset 18 due to thinning out

or faulting.

Geologic history

It is believed that the Stillwater complex solldifled, at
an unknoﬁn depth, as a great saucer-shaped mass of lﬁyered 1g-
neous rock, over 16,000 feet thick lZ/and at least 30 miles in
diemeter, which rested on a horizontal‘senies.of sedimentary
rocks. Before Middlé Cambrian time the roof and.parts of the
complex itself were eroded, the greatest erosion of the complex
being, of course, at theledge»of the saucer. The seas of Mid-
dle Cambrian time then covered the area and deposited limestone

and shale over the complex. Near the center of the saucer the

11/ Peoples, J. W., Gravity stratification as a criterion in the inter-.
pretation of the structure of the Stillwater complex, Montana: 16th Inter-
nat. Geol, Cong. /19337 Rept., vol., 1, pp. 353-360, 1936.
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limestone bads were pa:allelvto the b#nding of the complex, but
at fhe odge the horizontal sedimenés rested on the gently dip-
ping truncated layers of igneous rock. Deposition took place
intermittently throughout Paleozolc and Mesozolc time.

With the uplifting of the Rocky Mountains during the Lara-
- mide Révolution the Beartooth Mountains were arched into an
anticline. On the north side the Paleozolc beds and the under-
lying saucer of igneous rocks were turned on edge and then were
thrust out over the plains along the Beartooth thrust faults.
Other faults, probably of the same age, broke the complex and
displaced the bands.

Erosion planed off the mountains, which were later re-ele-
vated. Sharp V-shaped valleys were carved by northward-flowing
streams. In Pleistocene time ice filled the valleys, deepened
thep, and abraded their walls. The great ridge of bouldery de-
bris piled up between the East Fork of Little Rocky Creek and
the West Fork of Fishtall Creek was deposited by a glacier over-
flowing both these valleys. 8ince the perliod of glaciation
erosion has removed some of the glaclial debris, and tributaries

have deposited alluvial fans 1n the Stillwater Valley.
ORE BODIES

General statement

The term "ore" is applied in this report to material that,
although it cannot now be profitably mined, might yleld a prof-
it 1f prlces rose and metallurgical practice was improved.
Perhaps "potential ore" is a more accurate term. All grada-
tions from nearly pure cthromite to barren rock are found, but
no deposits containing less than 15 percent of chromite were

considered as potential ore.
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Although the chromite deposits show many variations, they
all form steeply-dipping layers and lenses parallel to the gen-
eral layering of the complex; and all occur in poikilitic harz-
burgite--none in broniitite.

Chromite has been found at iIntervals for 27 miles along the
same general horizon in the complex, but instead of being one
continuous body 1t forms a series of overlapping lenses, as
anorthoéite does in a higher zone. An almost constant associ-
ate of the chromite 1s a very coarse grained or pegmatitic
harzburgite with interstitial feldspar and disseminated chro-
mite grains. This rock may occur above, below, or within the
chromite-bearing layer. (See figs. 51-53.)

‘The richest streaks of ore, which contain about 85 percent
of chromite by volume, grade into very lean material. In the
thick layer of chromite ore in the eastern part of the War
Eagle clalm the rich streaks sre at or near the top, 1. e., to
the north. The thinner chromite-bearing layers commonly con-
tain a rich streak on the footwall, with a few inches to a few
feet of rock containing disseminated chromite above it. There
are almost continuous gradations in places from nearly pure
chromite to rock with scattered chromite cryséals. On the west
side of Stillwater Valley a series of chromlite bands from a
quarter of an inch to about 2 feet in thickness alternate with
bands of fresh harzburgite and basic pegmatite. ‘The harzburg-

ite 1tself contalns accessory chromite.

Mineralogy

The mineralogy of the chromite bands 1s simple and is simi-
lar‘to that of the complex as a whole, except in the proportion
of minerals. In the complex the only primary minerals are
plagiociase, orthopyroxene, clinopyroxene, olivine, and chro-

mite; serpentine 1s the most common secondary mineral. The



CHROMITE DEPOSITS IN STILLWATER COMPLEX, MONTANA 389

same minerals occur along the chromite horizon, which is dis-
tinguished merely by the concentratlion of chromite.

The only ore mineral is referred to as chromite, but it de-
parts widely from she theoretical composition FeCrg04 or 68 per-
cent of Crg03 and 32 percent of FeO. A chemical analysis, re-
ported by the Bureau of Mines,18 of a cleaned sample of chro-

mite from the Benbow property is as follows:

FOO:eeeeesessssssscesoscsacscsnsssescnsee 24,05
Crzos................................. 46.09
AloOzeeereeeeeenrninenesesenneecneeess 23.81
MEO+ - vverernnennenacnonenasnsasnnsnees 5.43

S100+tsesenssressuasensseesenananneaes _ 1.02

100.40

The formula for this chromite should be written (Fe,Mg)0.(Cr,
Fe,Al)zo , and the composition falls within the range of what
Fishgr . calls chromo-hercynite, which i1s characterized by
abundant Alg0z. The pure mineral thus contains only about two-
thirds as much chromium as FeCrgO4, and no mechanical means of
concentration, of course, can ralse the grade of the ore above
46 percent.

Even the highest-grade ore contalns some silicate material.
The commonest sllicate in the ore from the Benbow claims is
serpentine derived from the alteration of olivine and bronzite.
These minerals are not completely altered in all of the ore;
fresh enstatite and olivine are assoclated with the chromite
on the west side of the Stillwater Canyon. Plagloclase 1s
rarely présent in the good ore, but in rock containing low con-
centrations of chromite it 1s common, and most of the chromite

grains are enclosed in 1t. In the baslic pegmatites assoclated

18/ Koster, J., Studies on the treatment of domestic chrome ores: U.
S. Bur. Mines Report of Investigatiom 3322, p. 7, 1936.

;g/ Fisher, L. W., Chromite, its mineral and chemical compositions:
Am. Mineralogist, vol. 14, p. 344, 1929.
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with the ore, chromite commonly shows .preference for- the diop—
side and plagloclase.

On the hill east of the Benbow camp the country rock and
the ore are both traversed by veinlets of light colored serpen-
tine, which in general are parallel to the strike and dip of
the chromite layers. In these serpeutine velns, chromite octa-
hedra as much as 6 millimeters in dismeter have been seen. In
the normal ore the graiu size is much smaller, ranging from O.1

to 1.5 millimeters.

Origin

The chromite of the Stillwater complex 1s of magmatic ori-
gin. Chromite 1s one of the essential primary minerals of the
complex, the others beiug orthopyroxenes, diopside, olivine,
and plagloclase. Each‘of these minersls, exoept diopside, 1s
concentrated in many sheetlike masses of almost monomineralic
rock, although, of course, each rock grades into others. Ih
the upper part of the complex are layers and lenses of anortho-
site, or plagloclase rock; in the ultramafic zone are layers
and lenses of pyroxenite (bronzite rock), dunite (olivine rock),
and chromlite rock--or ore.:

Westgate 2g/expressed a similar view. He says; "It is
clear that the origin of the chromite and that of the perido-
tite facles of the pyroxenite are parts of the same problem."
Schafer gl/suggested that the sharply defined footwall and up-
ward dissemination indicate crystal settling of the chromite.

A detailed study of the origin of the Stillwater chiomité by

Sampson has shown many interesting features. This work 1is

still unpublished, but Sampson has indicated orally that the

gg/ Westgaté, L. G., Deposits of chromite in Stillwater and Sweet
Grass Counties, Mont.: U. S. Geol. Survey Bull, 725, pp. 67-84, 1921.

gl/ Schafer, P. A., Chromite deposits of Montana: Montana Bur. Mines
and Geology Mem. 18, v. 35 pp., 1937,
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deposits are very similar to those of the Bushveld complex,
which he has interpreted as magmatic deposits.gg/

If, as the writers believe, the chromite deposits were
formed essentlsally at the same time as the enclosing rocks, it
seems reasonable to assume that they extend to as great depth
as the wltramafic zone of the complex. The depth to which min-
ing may go if undertaken is likely therefore to be determined

by economic factors.

Locallization of ore bodies

The chromite-rich layers are all in the ultramafic zone of
the complex and, east of the Stlllwater River at least, malnly
near the middle of that zone. Above Mountain View Lake the
chromite bands seem to be above the middle of that zone, but
here abnormal dips and strikes and lack of exposure in a criti-
cal interval combine to obscure the relations. The chromite
lenses all occur in harzburgite or its serpentinized equiva-
lent, and the chromite 1is mainly associated with the poikilitic
harzburgite. Some of the thin 1/2- to l-inch seams are at con-
tacté of poikilitic harzburgite with elther granular harzburg-

ite or bronzitite.

Continuity and size of ore bodles

Although chromite concentrations can be found in the mid-
dle part of the ultramafic zone along most of the length of the
complex, th9r§ 1s no single chromite-rich band continuous
throughout.

The detailed‘map of the Benbow claims shows many offsets,
most of them to the right, in the main chromite band. Many of

these offsets are due to displacement along northward-striking

gg/ Sampson, Edward, Magmatic chromite deposits in southern Africa:
Econ. Geology, vol. 27, pp. 113-144, 1932.
202708 O—~40—4
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faults, but many others are due to the overlapping of chromite
lenses that are at slightly different horizons in the ultra-
mafic zone.

About 150Kfeet west of the Black Rock adlt one lens of chro-
mite pinches out within a distance of 6 feet and an overlapping
lens occurs 200 feet to the north. An irregular zone of over-
lapping chromite lenses, with disseminated chromlite between,
occurs in the eastern part of the War Eagle claim. (See pl.
64.) '

The chromite deposits differ in character along the strike.
Near the east end of thé Benbow claims chromite occurs over a
thickness of 15 to S50 feet as layers and irregular lenses in
chromite-bearing harzburgite. At some places on these claims
the chromite is concentrated in a single layer 7 Inches to §
feet thick with sharp walls, but more commonly layers of.chro-
mite-rich and chromite-poor rock alternate over a width of 2 to
25 feet. Commonly on the hanging wall and in some places on
the footwall the contact 1s gradational. On the west side of
the Stillwater River chromite is distributed through a much
greater thickness'of ultramafic rocks and 1s concentrated 1A
at least three zones, the lowest of which contains chromite in
irregular streaks and pods and as dlsseminated grains in hérz-
burgite through a variable thickness. The two upper zones,
which are about 200 feet apart, contain comparatively regular
alternating layers of nearly solid chromite and chromite-rich
harzburgite through a thickness ranging from a few feet to more
£han 50 feet.

Although 1t 1s belleved that there was nevér a éontinuous
chromite layer, any columnar section of the complex would prob-
ably show at least'one layer of chromite. Chromite 1is éppar-
ently absent in some places'because of faﬁlting, but as tﬁe
faults are almost perpendicular to the strike of the banding

the barren.stretches due to thls cause are not long.
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The chromite band on the Majestic claim shows many small
offsets, even though ore was found in nearly all the trenches
dug at 50-foot intervals. These offsets are thought to be due
to faults, though few of the faults could be located.

Plate 64 indicates the proved horizontal extent of the
chromite bodies on the Benbow properties. The thickness,
length, area of surface, Qnd altitude are summarized in table
2. The variation in altitude in this area 1s 900 feet, and in
the complex as a whole the writers have seen the chromite at
all altitudes from 5,500 to 10,000 feet. It 1s to be expected
therefore that the chromlte in the Benbow district will con-
tinue to depths of several hundred or even several thousand
feet, with only such variations.in thickness and grade as ap-

‘pear at the surface.

Table 2.~-Dimensions, in feet,sof chromite deposits

on the Benbow claims -

‘|Average
Length [Average Area of height
Claim of -out-]|horizon- | surface above

crop |tal width| (sq.ft.)|Eclipse
adit 1/

B1g SOVONeeveeneenonnnennans 500 6.3| 3,150 405
MBJOStiCeeeeeeeeerneaneannn J 1,446 7.0| 10,120 761
Tltanlc..cceviivieecencnnnne 882 4.8 4,230 643
Black ROCK:ecovsnoeosennnnee 446 3.6 1,605 294
Eclipse........;. ........ el 510 5.2 2,660 185
Lucky Strike....ccovivinnnnn 1,080 . 5.1 5,500 353
War Eagle.ceeeceneiccacanans 365 5.8 2,120 354
Total (without dissemi- 5,229 29,385
nated ore).
War Eagle (disseminated ore) 430 29.5{ 12,090 311
Total (with disseminated 5,659 41,475
ore). :
Weilghted average (wilthout 5.7 498

disseminated ore).

!7 ATtItude of Eclipse adit B,2I0 feet,
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Reserves
Basic considerations

An estimate of ore tonnage depends upon assumptions regard;
ing the thichness, continuity, depth, specific gravity, and
grade or'the ore. Sufficlent information on these factors for
a reliable estimate 1s available only on the Benbow property.

The thickness, length, surface area, and average altitude
of the chromite bodies on this property are summarized in table
2. '

The fact that chromite has been found in the Stillwater com-
plex at all altitudes from 5,500 to 10,000 feet without any
systematic éhange ascribable to difference in depth indicates
that it probably would continue to any minable depth. The v
changes in thickness and grade at the surface over a range in
altitude of 900 feet on the Benbow properfy should be a measure
,of the varlation to be expected with depth. ’

In order to determine the specific gravity of the chromite
a specimen of ore from Pit A-1 with a specific gravity of 3.69
was crushed to pass(45 mesh, and two fractions were separated
by tetrabromethane. The heavy fraction constituted 76 percent
of the sample, the lighﬁ ffaction 24 percent; by weight. . The
heavy fraction, which contained a feﬁ compound grains, was re-
crushéd to pass 65 mesh and;was put through the heﬁvy liquid
twice. This material, which was presumebly rather pure chro-
mite, had a specific gra#ity of 4.39 as determined with a pyc-
nometer. Curves were drawn to conneéct the specific gravity of
the ore with welght and volume percentaée of chromite, and
where assays were available the specific gravity could be cal-
culated from these curves. "Where assays were lacking, visual
estimates, made in the field, .of vblume percentages of chromite

were used. The silicate material in the ore on the Benbow
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property was assumed to be all serpenpine, with specific gravi-
ty about 2.5, but 1f the ore contains any:of the original sili-
cates, which all have higher speclific gravitles, the welght per
cubic foot assumed 1$‘too low, and the estimated tonnage is
correspondingly low. West of the Stillwater River the slli-
cates asséciated with the chromite are fresh olivine and bronz-
ite, each of which has a specific gravity of about 3.3. A cu-~
bic foot of ore of a given grade from this locality will accord-
ingly be heavier than a cubic foot of ore of the same grade from
the Benbow property. o _

There are all gradations from massive chromite with only a
few pércent of silicate material to silicate rocks with merely
accessory chfomite. In order to make a satisfactory estimate
of reserves, 1t would be necessary to decide what minimum pro-
portion of chromite would be required to constitute potential
ore. This in turn would depend on the price of chromite, and
on the costs of mining, milling, and transportation. None of
these factors can be closely estimated for the future. 1In the
Stillw&ter complex there 1s no known occurrence of high-grade
chromite ore nor any that could probably be milled to what
would be classed by present standards as a high-grade concen-
trate. All the ore contains less than 40 percent of Cry0z, for,
as has been shown, even the pure chromlte crystals contain no
more than 46 percent of Crg0z, and none of the ore 1s free from
silicates. All the ore will probably have to be concentrated.

. Two types of chromlte-bearing material were considered.
The main band throughout a 1ength_of more than 5,200 feet
ranges between 30 and 80 percent, by volume, of chfomite and
probably averages between 40 and 45 percent. Near the east
end of the property there 1s no single band of ore, but the
country rock contalns streaks and disseminated grains of chro-

mite. This chromite-bearing rock, which 1s referred to as
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"disseminated ore," has been mapped for a length of 430 feet;
its average width 1s 29.5 feet. Its chromite content is proba-
bly close to 15 percent by volume; but even though it is of
such low grade, this"block contains more chromite per linear
foot of outcrop than any other section of equal length on the
property.

Tests made on ore from the Benbow property indicate that
the richest concentrate that could be made would contain 45

23/
percent of Crg0z.

Reserves on the Benbow property

The tonnage of ore per foot of depth for each of the claims
on. the Benbow property is given in table 3, and the possibie
tonnage above the Eclipse adit level 1s given in table 4.

These estimates are based upon the 5,660-foot length of the
chromite band that has been demonstrated by trenching and on
estimates of the welght per cubic foot of ore. The distance
along the strike between the easternmost proved exposure on the
War Eagle claim and the westernmost exposure on the Big Seven
claim is about 9,000 feet. This distance includes intervals
without exposure, totalling about 3,300 feet, in which no chro-
mite has yet been found. Although in estimating reserves 1t
was assumed that these Intervals are barren of chromite, there
may be chromite beneath the wash for most of thls distance,
perhaps for 2,000 feet. k )

The following formula was used for estimating tons of ore
per foot of depth:

Sg. ft. of surface x pounds of ore per cu. ft. =.tons
2,000 '

gg/ Doerner, H. A., Concentration of chromite: U. S. Bur. Mines Report
of Investigation 3044, p. 3, 1930.
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From the tons per foot of depth and the average thickness of
the chromlite ore above the Eclipse adit level the estimates of
the possible tons of ore above that level were calculated. The
disseminated ore on the War Eagle claim was considered sepa-
rately. Thils grand total implies that, if ore may be consid-
ered as "proved" to an average depth of 50 feet, approximately
200,000 short tons of ore 18 available. The indicated "possi-
ble" ore above the Eclipse adit amounts to 1,820,000 short tons.
Table 4 shows a comparison of thls estimate with estimates made
previously by others.

Table 3.--Chromite ore, in short tons, per foot of depth

indicated by trenching on the Benbow claims

Big Seven..ccieeereccccans 331|War Eagle (compact ore).. 97
Majesticeeeeesenannnnn .. 1,066 Total (without dissem- 2,963
TitanicCeeccececccess ceseen 457 inated ore).
Black ROCKeseseossessosos  171|War Eagle (disseminated 1,112
EClipS@.icecvecaasass coeen 171 ore).

Lucky Strike......eee..es. 570 Grend total.e.......... 4,075

Table 4.--Chromite ore above the Eclipse adit

Thickness Cro0 Ore

Estimated by (feet) (pergegt) (short tons)

5.7 25.6 |1,475,000 l/

Peoples and Howland, 1940..... g/
29.5 11.8 345,000
1,820,000
Roesler é/...... ..... cesecnene 3.5 27.0 900,000
Kem é/....................... 4.65 27.37(1,090,000

p

Sehafer 3 vt e 4.0 29.82 (1,200,000
McClain, 1936 é/..o........... 5.0 27.30(2,004,000

1/ Compact ore.

2/ Disseminated ore,

3/ Schafer, P. A., Chromite deposits of Montana: Montana Bur. Mines
and Geology Mem, 18, p. 19, 1937,

g/ Privute report for Chromium Productes Corporation.
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DESCRIPTION OF DEPOSITS

Benbow claims of the Chromium Products Corporation

The so-called Eenbow claims of the Chromium Producfs‘Corpo-
ration comprise seven patented clalms, which lielin secs. 28,
29, and 30, T; 5 S., R. 16AE; They begin west of the Still-
water-Little Rocky divide and extend across the valley of
Little Rocky Creek for a total length of about 2 miles. The
mining camp, which 1s on Little Roéky Creek, includes 3 cabilns,
a compressor house, and a stable; It is reached by a wagon
road from Dean, 9 mileé distant.  This road 1s narrow gnd
steep, and until work was done on it by the Bureau of Mines in
1939 1t was barely passable for a team and wagon.

The propé?iy:is developed by four adits, one of which in-
clﬁdés 860 feet of work, and several trenchés, most of which
were filled with debris in 1939. New trenches dug by the Bu-
reau of Mines party exposed the chromite at 50-foot intervals
for a distance Of nearly 6,000 feet along the strike.24 Plate
64 shows the chromite bodies on the property. The character of
the orevis 11lustrated by sketches of several of the pits
(figs. 51-54, 56-64).

War Eagle claim.--The easternmost known outcrop of chromite

is on the War Eagle claim. East of this outcrop the ground
slopes downward to a wlde moralne-filled valley, which contains
the East Fork of Little Rocky Creek and West and East Forks of
Fishtall Creek. Pits along the strike in thils direction do not
expose any chromite. At its easternmost exposure the chromite
ore is of medium grade and is 1.5 feet thick. Westward the
chromite band expands to a width of 20 to 50 feet for a dis-

tance of about 300 feet. The bedrock in thils section crops out

gg/ Jackson, C. F., In quest of strategic mineral supplies in the
field: Eng. and Min. Jour., vol. 140, No. 12, pp. 43-46, 1939.
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in many places and is within a few inches of the surface in
other places. The chromite—beariné rock is of low grade and
consists of stresks of disseminated chromite in barren serpen-
tinized harzburgite, usually with one or two rich bands from 1

to 2 feet wide.
Flgure 54 is a sketch of an outcrop near the middle of the

chromite zone between pits A-46 and A-47. Noteworthy in this

exposure 1is the northerly strike of some of the chromite

Chromite

E

gmaﬁteu

]

Harzburgite

Figure 54.--Sketch plan of horizontal surface between pits A~46 and A-47,
War Eagle cluim. Shows streaks of disseminated chromite neur middle of

30-foot ore zone.

streaks, which connect Streaks.that have the normal easterly
trend. The uneven wldth of thls disseminated zone, 1ts low
grade, 1its rapld narrowing at both ends, and the cross-trend-
ing streaks suggest that some of the irregularities are due to
orlginal irregular segregation of the chromite. However, two
sharp offsets in this section are mapped as faults. This wide
zone of disseminated ore is estimated to contain more chromite

per unit length than the narrower parts of the zones to the
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east and west of 1t, even though these parts contaln more chro-
mite per unit volume. :

West of the wide part of the zone the chromite averages 3.8
feet in width, but 1t pinches out near the west end of the '
claim.

Lucky Strike claim.--The easternmost exposure on the Lucky

Strike clalm i1s about 150 feet from the nearest exposure on the
War Eagle, and chromite 1s thought to be absent in this inter-
val. The chromite has been proved to be continuous for a length
of about 1,100 feet on the Lucky Strike claim. A gap of 400
feet on the western part of the claim is the longest in which
no chromite has been found; but as thils strip is covered with
wash and contains no outcrops it is uncertain whether the gap
is due to tapering out or to faulting of the ore. Two small
faults offset the chromite at the west end of the claim, and
faulting may also account for the offsets toward the eastern
end.

The chromite-bearing layer ranges in thickness from 1 to 11
feet and averages over § feet. Throughout most of the length
of the claim the bhromite is concentrated in one or two bands
which are bordered by minor gquantities of disseminated chromite.
The disseminated chromite 1s most commonly on the upper slde of
the band (see fig. 53), but in some places it is on the lower
side or forms a parting between two richer bands. The poten-
tial ore on the claim 1s estimated to contain about 60 percent
of chromite by weight.

A streak 1 to 2 inches wlde occurs 380 feet south of the
main layer near the west end of the claim, and nodular masses
of chromite an inch or so across occur in pegmatitic harzburg-
1te 24 feet south of the main layer near the center of the

claim.
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Eclipse claim.--The chromite on the eastern end of the
Eclipse claim lies about 250 feet north of the layer at the
west end of the Lucky Strike, and it may be in a different lens,
for 1t contains only half a foot of massive chromite and 5 feet
of dissemlnated chromite, the disseminated chromite being north
of the massive streak. The ore maintalns thls general charac-
ter to a point about 200 feet from the eastern-end line, where
it is again Interrupted by a gap of 150 feet in which no chro-
mite has been found.

The only part of the property for which there 1s any exten-
sive subsurface information is on the slope east of Little
Rocky Creek, and an attempt is made to show the relations there
in three dimensions by an isometric block diagram. (See pl.
65.) A map of the Eclipse adit 1s shown in figure 55.

Two faults of considerable displacement cut the chromite in
the adlt. The strike of the western fault can be determined
within narrow limits from its position in the two parallel
drifts. The strike of the eastern fault i1s Inferred from cave-
ins at the eastern ends of the two shorter drifts. These
faults are»assumed to account for the offsets of the chromite
at the surface east of pits B-11] and B-7. The nearly vertical
eastern raise is in chromite for a height of 90 feet. The
western raise 1s lagged all the way to the surface, thus con-
cealing any chromite that it might cut. If the outcrop at the
surface connects with the exposure in the adlt the chromite
layer must have a southerly dip of 65°-70°. As the chromite
layer 1s vertical or dips steeply to the north wherever it has
been seen, alternative explanatibns for the apparent southerly
dip are suggested.

An older eastward-striking fault may lie between the two
northward-striking faults. Such a fault has been tentatively

drawn in on the block diagram. No such fault apparently inter-
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sects the adit, and the supposed fault is, therefore, assumed
to have a dip of at least 60° N., which would carry it north of
the adit. If the smell fault with an offset to the left, seen
a few feet above the portal of the adit, is nearly horlzontal,
it would separate the chromite band at the surface from the
band in the section of the adit near the portal.

The alternative explanation 1s that the layers of chromite
in the adit and at the surface may represent different lenses,
although the apparent connection of the two at the portal is
against such an Interpretation.

Several faults with displacements ranging from a few inches .
to a few feet can be seen in the adit. These small disloca-
tions are, no doubt, very common throughout the whole length of
the chromite-bearing zone, but they are visible only where ex-
posures are good.

Exposures are poor on the west side of Little Rocky Creek,
but the known occurrences of the chromite indicate a fault wilth
an offset of about 150 feet in the valley of Little Rocky Creek
and perhaps others on the slope east of the Black Rock adit.

A seém of chromite a few inches w%de was observed at two
places 700 to 800 feet south of the west end of the Eclipse
claim and a few hundred feet east of the trall that leads from
Little Rocky Creek to Nye Basin.

Black Rock claim.--The Black Rock adit 1s on a chromite

lens about 200 feet in length and 4 feet in avsrage width.
Several small faults of only a few feet displacement cut this
lens. The adit, which is 30 feet long, extends northwestward
along the seam for about 20 feet, then curves to the north for
10 feet more to follow the chromite, which is offset 4 feet to
the right a few feet from the portal. Slickensided surfaces
on the wall of the adit near the portal suggest some movement

along the south side of the chromite layer.
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About 200 fe'et north of this lens 1is another, which is from
2 to 3 feet wide and 100 feet'long. The exposures in the next
750 feet to the west are very poor, particularly in the small
stream valley. No chromlte was found, thoﬁgh serpentinized
harzburgite crops out by the stream near an old pit. It seems
likely that more extensive prospecting would locate chromite 1n
this interval, but long and deep trenches might be necessary.

Beyond this gap the chromite extends 110 feet to the upper
end of the discovery pit of the Titanic claim, where 1t appar-
ently is offset to the north by a fault.

Titanic claim.--A chromite layer averaging nearly 4 feet in
thickness is considered proved on the Titanic claim for a line-

ar distance of about 900 feet along the strike. Another streak

6 inches of
pegmatite

' ' Edge of pit
Serpentinized poikilitic harzburgite

Serpentinized poikilitic harzburgite

[ss°

' 0 S Feet
[ — . 1 L 1

Figure 56.~-Plan of pit C-15, Titanic claim.

of chromite less than an inch thick parallels the main layer
about 100 feet north of 1t.
In the discovery pit, at the east end of the claim, chro-

mite-rich layers alternate with serpentinized harzburgite that
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contains disseminated chromite. The total width of the chro-
mite-bearing zone 1s 5 to 6 feet for a length of about 20 feet.
Slickensided fractures and velns of light-colored serpentine
make a complex pattern in the face of the pit. Just west of
the pit the chromite 1s apparently shifted 200 feet to the
north by a fault, but if so it 1s only 1 foot thick on the west
side of the fault.

West of the fault 1s a gap of 350 feet in which no chromite
has been found. The ore may be covered by relatively thick
wash, but the exposure at each end of the gap (fig. 56) indi-
cates that if present it is thinner than normally.

From the Forest Service trail to the west end of the c¢lailm,
chromite 1s exposed in all the trenches, which were dug at 50-
foot intervals. Its thickness ranges from 2 to 10 feet but 1is
between 3 and 5 feet 1In most exposures. Its dip 1s steep,
ranging from 80° N. to 80° S.

Majestic claim.--The Majestic claim, which bestrides the
Little Rocky Creek-Stillwater divide, has an average altitude
of nearly 9,000 feet, the greatest of any claim in this group.
The highest outcrop of chromite is at 9,110 feet.

In calculating tonnage the authors assumed that the chro-
mite was proved for about 1,450 feet along the strike. Ore was
found throughout this distance in all the trenches, which were
dug at 50-foot intervals except in a short stretch in the gulch
Just west of the Majestic adlt, where the mantle is not only
thick but contalns boulders so large as to make trenching im-
practicable. Some of the many offsets in the course of the
chromite layer are due to north-trending faults that have been
located; others are thought to be due also to faults, for no
evidence was seen of overlapplng chromite lenses.

The ofe 1s offset 1n the Majestic adlt, located on the west
slde of the Little Rocky Creek-Stillwater divide at an altitude
of 8,990 feet. This adit in several places is almost filled
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‘with slump from the walls; part of it 1s lagged, so gives 1lit-
‘ tle opportunity for study of the chromite. The ore, however,
’ évidenfly ﬁas followed to a point about 65 feet from the por-
‘tal, where 1t 1is offset to the south. The tunnel bends.south-
eastward here and_rqfenters the ore at the breast, 180 feet
from the portal..

The chromite layer varies in character and thickness from
place to place. For exampie, the chromite 15 disseminated over
a width of 20 feet in two pits near the divide, C-39 and D-1
(see figs. 57 and 58), although both to the east and the west

thin chromite seams
Low-grade disseminated chromite

Chromite ore
Chromite ore
Pegmatite

Chromite ore

| Disseminated chromite

‘| Disseminated chromite

"] Chromite ore

NIBE /PN,

i

p==] Harzburgite

Figure 58.--Plan of pit D-1, Majestic claim.

1t 1s concentrated in a thinner but richer streak. (See fig.
59.) It 1s estimated that the chromite-bearing material on
the claim averages 7 feet in thiclkness and about 50 ﬁercent of
chromite by volume. The character of the ore is shown in fig-
ures 57-62. Some of the offsets in the chromite layer on this
claim are certainly due to northward-striking faults, and all
are thought to be due to faulting.

North of the layer and near the divide three chromite
geams half an inch to 2 inches thick have been mapped. None
of these could be traced for much more than 100 feet because

of poor exposures, but wherever observed they are regular. A
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similar seam lying south of the main layer and extending along
a contact between bronzitite and harzburgite was seen near the
trall to the plateau. Another seam, a few hundred feet from
the base of the complex, was found on the divide outside the

limits of the area mapped in detail. None of these thin seams

S.20'W

Ce

Serpentinized

harzburgite )
\
! Serpentinized harzburgite
NSample pit
Section
/e prt
Sample P ‘ ‘
—_—
o
o.
>0
n
—

Plan :
1 0 ? Feet

Figure 59.--Plan and cross section of pit D=3, Majestic claim.

could be profitably mined, but if they are at all persistent
they may be useful as guides to the main layer where it is
covered.

Exposures are better on the Majestic claim than on the Ti-

tanic and much of the Black Rock; they are particularly good

N.20°E.
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N.25°E. . S.25'W
Cross section

Mantle Sample pit

Floor of pit

Figure 60.--Plan and cross section of pit D-7, Majestic claim.

N.63E. S.63'W.

(_\ Surface —

Mantle
Chromite

Floor of pit

Figure 61.--Plan and cross section of pit D-8, Majestic claim,
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near the divide. The main chromite layer 1s somewhat below, or
south of, the middle of a zone of serpentinized harzburglte

nearly 1,000 feet wide. Chromite 1s a common accessory in the

% Chromite " .

SRR ATRFENALLINLS
R \S'am,)b/e pit il

NE. T . . SW.
Cross 'section -

Floor of pit
I 0 5 FEET

[ 1 1 1 1

Figure 62.--?1an and cross section of pit D-15, Majestic claim.

harzburgite but probably does not make up more than 2 percent
of 1t by welght. North of the harzburgite zone no chromite
was seen, but the bronzitlte that borders the harzburglte con-

. tains a green diopside s;milar to one that elsewhere in the
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25
complex contalns chromium. The country rock on the south slde

of the chromite band at the divide 1s a remarkably coarse
grained, serpentinized poikilitic harzburgite containing crys-
tals of bronzite as much as 8 inches in diameter and light-
colored interstitial material that i1s probably altered feldspar.
Some of this rock appears pegmatitlic in mode of occurrence as
well as in texture.

The rock on the north side of the main chromite layer is
also serpentinized polkilitic harzburgite but a 1little finer
grained on the whole than that on the south side. Pegmatitid
streaks are common in the ore, particularly near the south or
footwall side.

Both above and below the main chromite horizon are other
bodles of basic pegmatite, which contaln bronzite, diopside,
and plagioclase. Small crystals of chromite are irregularly
distributed through the plagioclase and diopside. The outlines
of the pegmatite bodlies are irregular and are usually not par-
allel to the banding of the complex.

Big Seven claim.-~~The Blg Seven claim 1s located on the

steep slope of the Little Rocky Creek-Stillwater divide at the
edge of Nye Basin. Exposures in the eastern part of the claim
are fairly good, but west of the Big Seven adlt they are very
poor. No chromite was found west of the adlt, although long
trenches were dug in search of it. The main chromite layer,
which has an average width of 6.3 feet, has been proved for a
linear distance of 500 feet. It has much the same character
here as on the Majestic claim except that 1t contalns less
disseminated ore and, therefore, a somewhat larger percentage
of chromite. (Figs. 63 and 64.) It 1s offset by several
faults.

25/ Hess, H. H., personal communication.
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Below the Blg Seven adlt the chromite 1s displaced by a
fault along the side of the hill, the course of which is fol-
lowed by a natural trench. On both éides of .the fault the
country rock 1s highly serpentinized and in places 1s sheared.

The long trenches dug by the Bureau of Mines party west of the

N.42E. Surface Gouge S AZW.

Mantle

Zone of movement

Section

Mantle Mantle

Plan

Loigas s N I T

Figure 63.--Plan and cross section of pit D-23, Big Seven claim,

fault showed altered bronzitite except at the north end, where
some serpentinized harzburglte has been exposeds The chromite
layer has apparently been offset along this fault 200 feet or
more to the north, but as the slope 1s covered wlth rubble 1its

continuation has not been proved.
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The chromite layer should continue westward, but owing to
increasing cover in that direction it will be difficult to

trace.

N.10°E. Surface S.I0W.

Mantle

Cross section

.-Chronﬂbe

5 FEET
J

Figure 64.--Plan and cross section of pit D-25, Big Seven claim.

Claims on west slope of Stillwater Valley

Time was not avalilable for detailed mapping on the west
slope of the Stillwater Valley, but 10 days was spent in rec-
onnoitering that area.

A ridge of granite extends Into the Stillwater Valley from
the west. The ultramafic zone 1s narrow here, but whether 1t
has been cut into by the granite or was originally narrow can-
not be determined, because outcrops of the complex are lacking
in the valley near the ridge. On the west side of the valley,

upstream from the ridge, is a large area of the metamorphic
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floor of the complex which was not cut out, as 1t was farther
east, by the intrusion of the granite. The metamorphic rocks

at their contact with the complex have been shattered and intri-
cately injected with norite. Concentrations of nickel and cop-
per sulphides are well-exposed in Verdigris Gulch.

This area can readily be reached by the automoblle road
that extends up Stillwater Valley and a private road to a com-
pressor house and cabin near the Mouat sulphide workings, which
are on Verdigris Gulch at an altitude of about 5,750 feet.

From this private road steep tralls extend to several claims
held by M. W. Mouat and one by Edward S;mpson, Jr. Development
on the Mouat claims prior to 1939 cons}sted of severel plts and
an adlt a few hundred feet long, which{is just below the old
smelter site, at the west side of the Valley.

The west side of the valley is laggely mantled with moraine
and other surficial deposits, and outlrops are much less com-
mon there than in the Little Rocky Qréek area. The general
course of the chromite zone can be tfaced, by following float,
from the adit nearly to the divide b;tween the main Stlllwater
River and 1its west fork. But detailed relations can be seen
only here and there, and the wash and moraine proved to be too
thick in many places to be penetrated by trenching.

The adit, though several hundred feet iong, is apparently
all in the loose rubble of an alluvial cone, and the source of
a 1little chromite that was found in the adlt is therefore un-
certain. Boulders containing streaks and disseminated crystals
of chromite occur sporadically on the slope above the adit, but
the first outcrop of material in place is on the south side of
Mountain View Creek, at an altitude of about 5,880 feet, near
the top of a cut bank. This 1s 100 feet east of the discovery
pit of the Charles F. claim, which belongs to M. W. Mouat. The
discovery pit is not in bedrock, but in this 100 feet there are
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several apparent outcrops showing chromite streaks and a boul-
der 10 feet in diameter that contains 6 chromite seams from 1
to 4 inches thick an Inch to 4 feet apart, between which there
1s some disseminated chromite.

Streaks of chromite from a few inches to a foot wlde can be
found at various places on the slope above this pit, marking
the general continuity of the chromite-bearing zone, but trench-
ing did not expose chromite in place below an altlitude of 7,670
feet on the ridge south of Mountain View Leke. From this alti-
tude two chromite-bearing zones can be traced westward for sev-
eral hundred feet. The lower one ranges from 5 to 12 feet in
width; the upper one, 250 feet farther north; 1s from 1.5 to 6
feet wide. Both conslst of layers of chromite-rich rock sepa-
rated or bordered by layers of chromite-rich harzburglte.

These zones strike N. 60°-70° W. and dip 60°-80° NE. Irregular
streaks and patches of chromite can be found southeast of the
main zones for a distance of nearly 1,000 feet.

The strike and dip of the two zones, i1f projected eastward,
would apparently connect them with the previously mentioned
outcrops lower down on the slope. Two similar zones, howsver,
lie north of the projected'line in the cliffs about 1,000 feet
west-southwest of Mountain View Lake, on the north side of the
ridge that separates the Mountain View drainage from that of
Verdigris Gulch. Near the base of these cliffs 1s a wide zone
of chromite-rich layers alternating with harzburgite containing
disseminated chrqmite. In one measured section there is a
width of 52 feet that contalns 17 layers very rich in chromite
from 1 inch to about 2 feet wide alternating with harzburgite
containing much disseminated chromite, but most of the chromlte
1s concentrated 1n a zone ranging from 8 to 20 feet in width.
About 200 feet west of this zone and higher in the cliffs 1s a

zone of chromite-rich layers and disseminated chromite ranging
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in width from 3 to 6.5 feet. These two zones can be followed
for about 800 fest. At the southwest or upper end, some 300 to
400 feet from the cregt of the ridge, the strike of the zones

1s N. 75°-80° E., and their dip 1s 60°-70° NW. Above this
point they disappear under slide rock, and they do not appear
on the other side of the ridge. Downhill to the northeast the
strike swings to N. 10°-15° E. and the chromite disappears un-
der talus and wash in the gulch that runs into Mountain View
Lake from the west. North of the lake the contact of the ultra-
mafic and banded zones strikes approximately west.

The relation of this rich ore exposed in the cliff to the
chromite farther south, on the ridge and beyond, 1s not known.
The fact that the ore in the cliff strikes at right angles to
the contact between the ultramafic and banded zones to the
north and disappears to the south is hard to explain. It may
be the result of deformation before the complex was completely
consolidated, or it may be due to later faulting. The same
question arises in regard to some chromite bands near Iron
Mountain, several miles to the west, which are also at a large

angle to the strike of the ultramafic zone..

O



