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CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912.

PART 1. METALS AND NONMETALS EXCEPT FURLS.

Davip WHITE, Chief Geologist.

INTRODUCTION.

This volume is the eleventh of a series that includes Bulletins 213,
225, 260, 285, 315, 340, 380, 430, 470, and 530, ‘‘Contributions to
economic geology” for 1902, 1903, 1904, 1905, 1906 (Pt. I), 1907
(Pt. I), 1908 (Pt. I), 1909 (Pt. I), 1910 (Pt. I), and 1911 (Pt. I),
respectively. These bulletins are prepared primarily to insure
prompt publication of the economic results of investigations made by
the United States Geological Survey.

As the subtitle indicates, the papers included are of two classes—
(1) short papers giving comparatively detailed descriptions of occur-
rences that have economic interest but are not of sufficient importance
to warrant a-more extended description; (2) preliminary reports on
economic investigations the results' of which are to be published
later in more detailed form.

These papers are such only as have a direct economic bearing, all
topics of purely scientific interest being excluded. They have been
grouped according to localities or subjects treated, and each group
has been issued as an advance chapter as soon as it was ready.

By means of the bibliographies accompanying the several groups
of papers, these volumes also serve as a guide to the economic publi-
cations of the Survey and afford a better 1dea of the work which the
organization is carrying on for the direct advancement of mining
interests throughout the country than can readily be obtained from
the more voluminous final reports. i

Brief abstracts of the publications of the year are given in the
annual report of the Director. The complete list of Survey publi-
cations affords, by means of finding lists of subjects and of authors,
further aid in ascertaining the extent of the Survey’s work in economic

geology. 4
9
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Since 1905 the annual economic bulletin has been printed in two
parts, the second part comprising papers on mineral fuels. These
volumes for 1906, 1907, 1908, 1909, 1910, and 1911 are Bulletins 316,
341, 381, 431, 471, and 531. Bulletin 541 will form Part II of the
“Contributions” for 1912.

The reports on work in Alaska have been printed in a separate
series since 1904, the volumes so far issued being Bulletins 259, 284,
314, 345, 379, 442, 480, 520, and 542. '
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GOLD AND SILVER.

AURIFEROUS GRAVELS IN THE WEAVERVILLE QUAD-
RANGLE, CALIFORNIA.

' By J. S. DiLLER.

INTRODUCTION.

Few mining regions in California have attracted so much general
attention and held it for so long a time as the Klamath Mountains
of Siskiyou and Trinity counties, in the northwestern part of the
State. The placers along Trinity and Klamath rivers were developed
early in the gold rush and have been worked with varying energy
to the present time. The La Grange mine, which is one of the largest
hydraulic placers in the world, is now in the height of its activity.

In order that an account of mining in the Weaverville quadrangle
may have its proper setting it is necessary to consider the general
relations of the mountain ranges in the adjacent portions of Cali-
fornia and Oregon.

THE KLAMATH MOUNTAINS.
GENERAL RELATIONS.

The mountain belt of the Pacific coast in California and Oregon
includes a number of distinct ranges whose distribution and compo-
sition are in part illustrated by the accompanying geologic map
(fig. 1). On the north are the Cascade Range and the Coast Range
of Oregon, separated by the Willamette or Sound Valley as far
south as Eugene. On the south are the Sierrs Nevada and Coast
Range of California, separated by the great valley of California.
About the western part of the California-Oregon boundary, where
all these ranges appear to meet, there is a distinct group of mountain
ridges and peaks extending from a point north of the mouth of Rogue
River in Oregon to Mad River in California. This group constitutes
the Klamath Mountains. It embraces the South Fork, Trinity,
and Salmon mountains of California and the Siskiyou and Rogue
River mountains of Oregon.

These ranges are distinguished largely from geologic data, as will
be more readily understood by referring to the map (fig. 1). The
symbols on the map indicate in general the geologic age of the sedi-
mentary rocks of the Klamath Mountains. To illustrato their areal

11



12 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART I.

distribution more clearly, all details and small areas have been
omitted and outlines have been broadly generalized to cover large
areas of igneous rocks. The map shows at a glance that the forma-
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FIGURE 1.—Geologic map of the Klamath Mountains and adjacent ranges, California. Formations

grouped and details generalized or omitted. ,

tions outlined occur mainly in the northwestern part of California,
but they cover also a small area in Oregon.

The Klamath Mountains and the Sierra Nevada are composed in
the main of essentially the same formations, and in the southern part
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of the Klamath Mountains the formations and lines of structure
trend northwest and southeast, toward the Sierra Nevada, but in
the northern portion they trend southwest and .northeast, toward
the Blue Mountains of eastern Oregon. Besides this general align-
ment of the formations of the Sierra Nevada, Klamath, and Blue
mountains, their mineral resources are similar, a feature in which
they are strongly contrasted with the Cascade and Coast ranges in
Oregon and California.

GEOLOGIC HISTORY.

Little is known of the early geologic history of the Klamath
Mountain region, yet it is evident that in pre-Devonian,! possibly in
Algonkian 2 or late Archean ® time the region was beneath the ocean,
receiving the sediments from which the mica schist and intercalated
crystalline limestones of South Fork Mountain and the Salmon
Mountains north of Weaverville were formed.

The extensive development of Devonian and Carboniferous shales,
sandstones, cherts, and limestones in the Klamath Mountain region
shows that at least a part of the region continued beneath the sea
through the whole or the greater part of the Paleozoic era, but the
incompleteness of the succession and the discordance among the
formations bear evidence of considerable earth movements at several
times during the long period of sedimentation, culminating in the
great mountain-building epoch at the close of the Jurassic. At
times, too, while these sedimentary rocks were forming, especially
before the Middle Devonian and during the later part of the Carbon-
iferous and the greater portion of the Mesozoic, volcanoes were
active in the region, giving rise to extensive sheets of contemporan-
eous lava and tuff intermingled with the sedimentary rocks and in
many places covering them.

About the close of the Jurassic period this complex of sedimentary
and igneous rocks was compressed, folded, faulted and uplifted to
form the Klamath Mountains, and at the culmination of this process
the mass was intruded by coarse granular bodies of plutonic rocks,
such as granodiorite, gabbro, and peridotite, and by many dikes
having, & wide range in chemical and mineral composition.

As a consequence of this intense, varied, and long-continued
igneous action, the heated circulating waters finally formed many
ore deposits within the intruded masses or near their contacts. These
deposits may have been énriched later by descendmg waters from
the zone of oxidation.

Erosion and subsidence during the Cretaceous period reduced the
Klamath Mountains to sea level, and for a brief interval they may

1 Diller, J. 8., Am. Jour. Sei., 4th ser., vol. 15, 1903, p. 343.
2 Hershey, 0. H., Am. Geologist, vol. 27, 1901, p. 245. .
8 Hershey, O. H., Am. Jour. Sci., 4th ser., vol. 30, 1012, p. 273.
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have been completely covered by the ocean, for remnants of a once
continuous sheet of conglomerates, sandstone, and shale are widely
distributed in the region.

At the close of Cretaceous time the Klamath Mountains were
-again uplifted, and with a number of later oscillations and the conse-
quent erosion they have been carved to their present form by streams,
which have concentrated the gold in the auriferous gravels.

AURIFEROUS GRAVELS.
LOCATION AND EXTENT OF THE WEAVERVILLE QUADRANGLE.

The Weaverville quadrangle embraces portions of Shasta and
Trinity counties, northwestern California, extending from Shasta
post office west to the La Grange mine, and from Igo north nearly to
Trinity Center. It is a little more than 34 mileg in length and 26
miles in breadth, and its area is 905.27 square miles. It is bounded
by parallels 40° 30" and 41° north latitude and meridians 122° 30’
and 123° west longitude.

The Weaverville quadrangle is without railroads, but has good
wagon roads connecting it with the main line of the Southern Pacific
at Redding, Red Bluff, and Delta. Redding, at a distance of 52
miles from Weaverville, is the main distributing point.

FIELD WORK AND ACKNOWLEDGMENTS.

The principal area of auriferous gravels in the Weaverville quad-
rangle was roughly outlined on a small scale in 1893 and on a
larger scale in 1910.2 The completion of the topographic map of the
quadrangle in 1911 has made it possible to map these gravels in
greater detail than heretofore. The work was only partly com-
pleted in the summer of 1912, and this is merely a brief preliminary
report. Mr. H. G. Ferguson and I were associated in the field work
and share equally the credit. The map (Pl. T) shows the areal
results concerning the auriferous gravels thus far attained.

For information and assistance in the investigation I wish to
express my hearty thanks to many mine owners and managers, but
chiefly to Messrs. R. C. McDonald, of Trinity Center; J. C. Van Matre,
and M. A. Singer, of Minersville; H. L. Lowden, of Weavemlle and
Thomas McDonald, of French Gulch

TOPOGRAPHY AND PHYSIOGRAPHY.

The Weaverville quadrangle has a mountainous topography.
Like the rest of the Klamath Mountains, it is part of an uplifted
peneplain ® across which the larger streams have cut broad valleys *

1 Fourteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1894, p. 414.

2 Bull. U. 8. Geol. Survey No. 470, 1911, p. 16.

3 Bull. U. S. Geol. Survey No. 196, 1902, p. 15 (Klamath peneplain.)
4 Idem, p. 49 (earlier valleys).
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with even or slightly undulating bottoms so wide as to suggest
secondary peneplains® and then intrenched themselves in deep
canyons ? with terraced slopes.

The relations of these important physiographic features, recording
three cycles of erosion in the Klamath Mountains, are shown in a
cross section of the Trinity River valley (fig. 2) a short distance
south of Minersville, where the canyon of Trinity River, 1,500 feet
in depth, trenches the Sherwood peneplain, well exposed on the long,
even spurs of the west slope of Trinity Mountain and the gentle
eastward slope of the flat table-land northwest of Buckeye Creek.
In the Minersville region the broad divide between Stuart Fork and
Rush Creek is called Buckeye Mountain, but as this local usage
embraces under the one name features important to be distinguished,
I refer herein to the table-land, just mentioned as the Buckeye

w [

. Weaver Bally
8000

Buckeye
Buckeye Plateau c't’:gc Trinity Mts .
wood ! Bk | iy H Clear

River
i

Q'ci*ek I}

FIGURE 2.—Generalized section across Trinity River valley south of Minersville, Cal., showing the rela-
tion of Trinity River canyon to the Sherwood peneplain of Trinity Mountain and Buckeye Plateau
and the Klamath peneplain of Weaver Bally. '

Plateau and to the prominent ridge southeast of Buckeye Creek and
adjoining Trinity River as the Buckeye Ridge.

Although remnants of the Klamath peneplain occur among the
Salmon Mountains in the gentle slopes of the crests and peaks at
altitudes of about 8,000 feet, they are not prominent in the Weaver-
ville quadrangle. Elsewhere, however, as in the long, even crest
of South Fork Mountain and at many other points in the Klamath
Mountains, the Klamath peneplain is conspicuous though somewhat
lower. ‘ ’

The complex history involved in the development of the physio-
graphic features mentioned will not be discussed in detail in this
preliminary report. It is sufficient to say here that all the auriferous
gravel in the Klamath Mountains originated in the development of
these features.

AREAL DISTRIBUTION OF THE GRAVELS.

On the accompanying map (Pl. I) is shown the areal distribution
of the gravels, by solid boundary lines as far as the survey is com-
pleted, but by dotted lines where the survey is incomplete.

1Bull. U. 8. Geol. Survey No. 196, 1902, p. 22 (Sherwood peneplain).
% Idem, p. 58 (later valleys); Bull. Dept. Geology Univ. California, vol. 3, No. 22, 1804, p. 425 (Sierran
canyons).
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The gravels already mapped may be considered as belonging to
three areas. The oldest, largest, and most important is that of the
Weaverville basin, which is associated with the Sherwood peneplain.
This area extends from the La Grange mine to the East Fork of -
Stuart Fork and may have formerly extended to Trinity Center.
Although not now a basin it was at one time and drained directly
southwestward to Weaverville and the La Grange mine. Thesurvey of
this basin is incomplete. The second area is on Trinity River, extend-
ing from Trinity Center to Lewiston. These two areas are in Trinity
County and are not subject to restrictions concerning débris. The
third area is in Shasta County on Clear Creek, a tributary of the
Sacramento, and in it the débris must be controlled.

In the two areas last mentioned the gravels are associated more or
less closely in origin with the formation of the stream canyons, and
are very much younger than most of the gravels of the Weaverville

basin. ‘
WEAVERVILLE BASIN.

The Weaverville basin area is irregularly triangular, being 24 miles
in length if it extends to Trinity Center and 8 miles in greatest width.
The base of the triangular area is near Weaverville and the apex at
‘Trinity Center, but there is a wide interruption in the area due to
recent glacial action along Swift Creek and East Fork of Stuart Fork.
Southeast of Weaverville, in the vicinity of Browns Mountain and
Lowden’s ranch, there are a number of detached areas which have
been included in considering the general form of the mass. Between
East Fork of Stuart Fork and Weaverville, a distance of nearly 17
miles, the deposit is continuous, and has a width of 1 to 3 miles.

This large continuous body is not homogeneous. It varies much
from place to place and consists of two more or less contrasted classes
of material—one including many angular bowlders intermingled with
angular to subangular, locally rounded fragments of sand and clay,
as in glacial till; the other including for the most part well-rounded
fragments, a few bowlders, and gravel commingled with a smaller
proportion of sand and clay, as may occur in fluviatile deposits. The
relations of these materials can not be discussed to advantage until
the survey of the Weaverville basin is completed.

Gravels of the same age as much of the gravel in the Weaverville
basin are now worked in the Red Hill mine, 1 mile west of Trinity
Center, at an elevation of about 2,800 feet above the sea, or 500 feet
above the town. These gravels are very much older than those
extensively mined years ago along the western edge of Trinity Center
and have been affected by profound earth movements which the later -
gravels have not experienced.

The gravel of the Red Hill mine is 100 to 125 feet in thickness.
Besides being partly cemented it is tilted and faulted down into the
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slate bedrock, which belongs to the Bragdon formation. Although
50 per cent of the gravel is less than 2 inches in diameter and the
greater part is well rounded, there are, especially near the bottom, a
number of bowlders from 3 to 10 feet in diameter. Fine whitish sand,
containing large fragments of wood, occurs in places upon the bed-
rock. Much of the gravel, especially in the upper portion, is com-
pletely decomposed and -colored pink. The soft pebbles cut like
cheese. The lower portion contains pebbles and bowlders of con-
glomerate from the Bragdon formation, and these are generally hard
and smooth. \ .

The gold is moderately coarse, and irregular nuggets worth as much-
as $30 are sufficiently smoothed by attrition to indicate transporta-
tion to a considerable distance.

An area of this gravel at least several acres in extent is still
available for mining on the divide between Brush and Hatchet creeks. -
That on the north slope of Hatchet Creek was mined some years ago.
Much of it has been removed by the streams in eroding the present
valleys, the gold thus being concentrated and the later gravels at
lower levels in the same region enriched.

Between Swift Creek and East Fork small placers have been worked
near Davis and Hubbard creeks, branches of the East Fork, about 3
miles north of Bowerman’s ranch, but they show very little gravel.
Their gold is in residual meta—andesﬂ:e (greenstone), not far from 1ts
contact with the slates of the Bragdon formation.

Northwest of Minersville, between East Fork and Stuart Fork, in
the region drained by Strope, Digger, and Mule creeks, a great body
of iragmental material forms some of the prominent flat-topped
divides that belong to the Sherwood peneplain. The material is
bowldery and somewhat angular, resembling glacial till, and it may
be atleast in part of glacial origin. The bulk of it near the surface,
and cspecially near the peneplain level, is completely decomposed, and
in some places the decomposition products are highly colored. In
the region northwest of Minersville the material resembling glacial
till is not covered with gravel.

The general absence or scarcity of gold in this supposed glacial till,
as shown by D. F. MacDonald,! has led many of the miners to call it
‘““dead wash.” The streams cut through the dead wash in places
and derive gold from the underlying bedrock, which in that region is
generally an altered ancient lava, meta-andesite.

The most successful placer mines in the Minersville region have been
limited to the later gravels of the stream terraces about 100 feet
above East Fork, within 4 miles north of Minersville. These bench
gravels, as shown on the map, are entirely distinct from the so-called
glacial till or dead wash of the hills farther west.- The bedrock is

1 Bull. U. 8. Geol. Survey No. 430, 1910, p. 56.
22652°—Bull. 540—14—2
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slate (Bragdon formation) except in part of the Unity mine, near the
west line of sec. 27, where the bedrock is meta-andesite. The gravel
is generally well washed, contains some bowlders, and has a thickness
of 40 to 100 feet, forming a terrace much of which yet remains to be
mined. The water for the mine, which is now said to be under the
control of the Trinity Gold & Hydraulic Dredging Co., is to be sup-
plied from East Fork by a 12-mﬂe ditch carrying 3,000 mmer s inches
to a 300-foot head.

Between Stuart Fork and Rush Creek there is a great body of frag-
mental deposits made up in part-of more or less angular material that
suggests glacial orlgm but mcludmg much gravel that is well rounded
by water. The main belt crossing the Buckeye Plateau lies west of
Buckeye Creek. It has a width apparently of nearly 3 miles and a
depth where greatest of more than 800 feet. Three shafts from 40
. to 195 feet in depth have been sunk on the top portion of this deposit
" to test it for: go]d Little if any gold is said to have been found and
no actual mining tests resulted.

The surface of the Buckeye Plateau is generally reddish soil to a
depth of 15 feet or more, passing downward into a sandy argillaceous
mass in which the forms of rounded to subangular fragments and
some bowlders may be seen and a few well-rounded solid pebbles are
preserved. On the plateau surface there are for the most part only
a few scattered pebbles with here and there a small well-rounded
bowlder, but on the slopes of the ravines cut by branches of Buckeye
Creek, as well as on the plateau borders facing Rush Creek and Stuarts
Fork, well-rounded gravel is in many places abundant and extensive.
Buckeye Creek drains the great body of fragmental material thatforms
the Buckeye Plateau. The main portion of the creek was rich in
placer gold, but it received-its gold chiefly from the east side, where
Dutch and Whitney gulches, draining contacts of slate and porphyry,
were very much richer than the gulches on the west, heading in the
plateau.

Rush Creek, whose present stream bed affords some good placers,
cuts a deep, narrow valley directly across the old channel but does
not reach the bottom.

The greater portion of the gravels of Weaverville basin lies south-
west of Rush Creek, forming the divide between Rush-and Browns
creeks on one side and the branches of Weaver Creek on the other.
In the vicinity of Weaverville the older gravels were in large measure
worked over by modern streams and the gold was concentrated in the
later gravels, which are rich and have been mined for many years.!
The gold of the later gravels is derived chiefly from the older gravels,
but the older gravels are in few places, if anywhere, so rich as to afford
profitable placer ground. This fact explains why the immediate

1 The inactive mines in that region are so numerous that no attempt has been made to map them.
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vicinity of Weaverville has been almost completely washed in placers,
while the gravel divides are as yet untouched.

The lower portion of the deposits in the Weaverville basin is gen-
erally much finer and more firmly cemented than the upper portion.
In the mine formerly known as the Hupp mine it is conveniently used
as bedrock for working the upper portion as a placer.

The La Grange mine and that of the Trinity River Consolidated
Hydraulic Mining Co. (formerly the Hupp mine) are the.most impor-
tant placers in the Weaverville basin. Both of them have been
noticed in earlier publications® of the Survey, and need only be
referred to in this report.

TRINITY RIVER AREA.

The Trinity River area, so far as already mapped, includes the
gravels from Trinity Center to Lewiston. All the gravel of this area
belongs to the later portion of the canyon-cutting epoch. The gravels
of this epoch may.be conveniently referred to as later’gravels, in
comparison with the earlier gravels of the Weaverville basin area.
The Red Hill mine, at the edge of this area, belongs geologically in
the Weaverville basin and has been described on pages 10-11.

In the vicinity of Trinity Center, which has been a great placer
camp for many years, the stream beds are deeply aggraded. On one
side the gravels merge into the glacial material of Swift Creek and on
the other they are covered by the alluvium of the present streams.

On the western border of Trinity Center an old river terrace, once
nearly half a mile in length, has been mined away, leaving a gravel
bluff in places over 100 feet in height. Above this bluff there are
remnants of gravel at intervals on the slope leading up to the Red
Hill mine, in which occur the earlier gravels belonging to the same
formation as those of the Weaverville basin area, described on
page 10. ; C

A short distance north of Trinity Center, on a broad gravel flat
near Trinity River, a bucket dredge has been successfully operated
more or less continuously since 1903. Dredging was suspended in the
summer of 1912 to install a chain of 61 new 734-foot buckets and
otherwise improve the machinery. Considerable ground has already
been covered, and there is enough ahead to keep the dredge at work
for several years. The success of this project has led to prospecting
at other points in the vicinity, especially in the wide alluvial expanse
within several miles south of Trinity Center, but as yet, so far as I
am aware, no new dredging operations have been commenced.

Along Trinity River for more than 20 miles south of Trinity Center
there has been very little placer mining; but at Mooney Gulch begins
a region of greater activity. There is a placer mine on Mooney

1 Bull. U. 8. Geol. Survey No. 430, 1910, pp. 51-56; No. 470, 1911, pp. 16-18,
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Gulch a quarter of a mile above its mouth and a hydraulic mine on
the river at the mouth of Eastman Gulch. Both have been pro-
ductive for some years.

Recently two new projects have been opened in that region with
unusually extensive preparation. These are the dredge of the Trinity
River Dredging Co. and the hydraulic mine of the Trinity River
Mining Co.

The Trinity River Dredging Co. has erected an electric dredge on a
gravel flat of Trinity River at the mouth of Jennings Gulch, about 4
miles above Lewiston. The dredge is said to have a chain of forty-
four 11-foot buckets that can reach a depth of 40 feet. The power-
house is"5 miles farther up Trinity River, near the mouth of Stuart
Fork. The water is brought from Stuart Fork by a ditch 74 miles in
length and delivered at the powerhouse with a head of 285 feet. In
September, 1912, with the power plant already running and the
dredge nearly completed, the company was about to begin operations.
There is a large amount of available ground along Trinity River below
this point, and many of the people of that region are greatly interested
in the success of this dredge. .

A few years ago the Trinity River Mining Co. attempted to drain

the bed of Trinity River at Big Bend, a mile north of Lewiston. A

tunnel 1,385 feet in length was constructed, giving a head of 25 feet,
which was utilized in a turbine and centrifugal pump to force water
directly into pipes for hydraulic mining. The tunnel did not com-
pletely drain the river, but the available water power was used for
hydraulicking some of the gravels in the vicinity. This property has
been leased by the Horseshoe Placer Mining Co., which proposes to
construct a concrete dam at the intake of the tunnel to complete the
drainage of nearly a mile of the river bed.

The gravel of Trinity River for some distance above Lewiston has
been aggraded in places to a depth of 30 feet and affords an opportu-
nity for successful mining beneath the river. Near the mouth of
Deadwood Gulch two shafts were sunk by the side of the river to
a depth of 30 feet, passing through 17 feet of cement underlain. by
8 feet of gravel. The gravel was mined out beneath the river for a
distance of 267 feet. '

CLEAR CREEK AREA.

The bed of Clear Creek from French Gulch to and beyond Stella,
in Shasta County, was washed in many places years ago. At several
points, especially in the vicinity of French Gulch, the mining included
the terraces up to 100 feet. In like manner the beds of Whiskey
Creek and other tributaries of Clear Creek were for the most part
mined long since, so that comparatively little ground is available at
the present time. Only two placer mines were reported in Shasta
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County in 1911. Both were in the vicinity of French Gulch and used
ground sluicing. :

On Clear Creek, as on Trinity River, much of the gold now found in
the gravels is derived from the residual material at the contacts
between the slates (Bragdon formation) and the more ancient lavas,
or the porphyry dikes. ,In many places these contacts may be well
worth washing as placers.

OUTLOOK FOR PLACER MINING IN THE DISTRICT.

The outlook for future placer mlmng in this region is encouraging.
The success of the La Grange mine consists in the economical treat-
ment on a large scale of relatively low grade gravel. The great body
of fragmental material to which that of the La Grange mine belongs
extends northeastward from the La Grange mine to and beyond
Stuart Fork, and may include other bodies of gravel similar to that
of the La Gra.nge mine. It lies parallel to and beneath the great
ditch that supplies water to the La Grange mine, and any other
masses of gravel in the same belt could therefore be easily tested on
an appropriate scale. The streams within the Weaverville basin,
though partly aggraded, would generally afford a fair dumping
ground for the higher gravel, and where the gravel is not too firmly
cemented it might, with facilities equal to those of the La Grange, be
economically mined.

The success of the dredging at Trinity Center and of the placers
north of Lewiston gives confidence to those who are attempting larger
developments at the mouth of Eastman Gulch and at the bend of
Trinity River above Lewiston, and the region may well be regarded
as worthy of investigation by capitalists mterested in dredging and
hydr auhc mining.



GOLD LODES OF THE WEAVERVILLE QUADRANGLE,
CALIFORNIA.

By Hexry G. FERGUSON.

SITUATION AND AREA.

}
The Weaverville quadrangle includes parts of Trinity and Shasta
counties, Cal., and at its northwest corner touches the southern point
of Siskiyou County. It lies between 40° 30" and 41° north latitude
and 122° 30’ and 123° west longitude, and covers an area of 905.27
square miles. The country is mountainous and sparsely populated.
A few small mining camps such as Minersville, Trinity Center, French
Gulch, and Whiskeytown were prosperous towns.in the early days of
the rich placer workings. Along the valley of Trinity River there is
a small amount of farming land. The principal town is Weaverville,
the county seat of Trinity County, with a population of 913. The
city of Redding, on the Southern Pacific Railroad in Shasta County,
serves as a distributing point for the entire quadrangle, except the
‘extreme northeast corner. Daily stages run from Weaverville to
Redding, a distance of 54 miles, and from Trinity Center to Delta.
The extreme southern and western portions of the quadrangle,
including the Igo district, in Shasta County, the Bully Choop and
Eastman Gulch districts, in Trinity County, and the Keswick (Iron
Mountain) copper district already described by Graton,' are not
covered by this report.

FIELD WORK AND PREVIOUS DESCRIPTIONS.

The writer had the opportunity of visiting the principal gold mines
in the course of the areal geologic mapping of the quadrangle during
the field season of 1912 as assistant to J. S. Diller. He is greatly
indebted to Mr. Diller for criticism and suggestions and to all the
mining men of the region for courtesy and hospitality-.

1 Graton, L. C., The occurrence of copper in Shasta County, Cal.: Bull. U. 8. Geol. Survey No. 430, 1910,
p. 71 .
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Very little has been written bearing directly upon the lode deposits
of the region. The geology, physiography, and placer deposits have
been discussed in papers by Diller,! Hershey,? and MacDonald.?

The area immediately to the east has been mapped and described
by Diller  and the copper deposits of the Shasta copper belt by
Graton.® The lode deposits of certain districts north of the Weaver-
ville quadrangle have been described by Hershey ¢ and MacDonald.”
Hershey ® has also discussed the origin of the pocket’ depos1ts which
form a feature of part of this area.

GEOGRAPHY.

The Weaverville quadrangle lies entirely within the topographic
province of the Klamath Mountains. Two streams, Clear Creek and
Trinity River, with their tributaries, drain almost the whole area.
Clear Creek rises in the extreme northeast corner and flows in a
general southerly direction, leaving the quadrangle near Igo, in the
southeast corner. This point is the lowest in the area, having an
elevation of less than 800 feet above sea level. Clear Creek empties
inté6 Sacramento River 5 miles south of Redding. Trinity River
enters the quadrangle from the north at Trinity Center and flows
in a general southwesterly direction. It leaves the area at a point 5
miles southwest of Weaverville and flows northwestward for 60 miles
to Klamath River. The divide between these two streams is the
boundary between Trmlty and " Shasta counties. Two groups of
mountains are consp1cuous features of the topography The Salmon
Mountains, cut in two by Stuart Fork, reach a maximum elevation
of 8,879 feect in an unnamed peak in the extreme northwest corner
of the area. Along the southern border of the quadrangle are the

1Diller, J. 8., Tertiary revolution in the topography of the Pacific coast: Fourteenth Ann. Rept. U. 8.
Geol. Survey, pt. 2, 1894, pp. 397434; Revolution in the topography of the Pacific coast since the auriferous-
gravel period: Jour. Geology, vol. 2, 1894, p. 32; Topographic development of the Klamath Mountains:
Bull. U. 8. Geol. Survey No. 196, 1902; Kiamath Mountain section, California: Am. Jour. Sci., 4th ser., vol.
15, 1903, pp. 342-362; The Bragdon formation: idem, vol. 19, 1905, pp. 379-387; The auriferous gravels of the
Trinity River basin, California: Bull. U. 8. Geol. Survey No. 470, 1911, pp. 11-29. See also Auriferous
gravels in the Weaverville quadrangle, in this volume, pp. 5-15.

2 Hershey, O. H., Metamorphic formations of northwestern California: Am. Geologist, vol. 27, 1901, pp.
225-245; Some evidenco of two glacial stages in the Klamath Mountains in California: idem, vel. 31, 1903,
pp. 139-156; Structure of the southern portion of the Klamath Mountains, California: idem, pp. 231-245;
Sierran valloys of the Klamath region: Jour. Geology, vol. 11,1803, pp. 155-165; The Bragdon formation in
northwestern California: Am. Geologist, vol. 33, 1904, pp. 248-256; The river terraces of the Orleans basin,
California: Bull. Dept. Geology Univ. California, vol. 3, 1904, pp. 423-475.

8 MacDonald, D. F., The Weaverville-Trinity Center gold gravels, Trinity County, Cal.: Bull. U. 8. Geol.
Survey No. 430, 1910, p. 50.

¢ Diller, J. 8., Redding folio (No. 138), Geol. Atlas U. 8., U. 8. Geol. Survey, 1906.

5 Graton, L. C., The occurrence of copper in Shasta County, Cal.: Bull. U. S. Geol. Survey No. 430, 1910,
p. 7L

« ¢ Hershey, O. H., Gold-bearing lodes in California: Am. Geologist, vol. 25, 1900, pp. 76-96.

- 7 MacDonald, D. F., Notes on the gold lodes of the Carrville district, Trinity County, Cal.: Bull. U. 8.
Geol Survey No. 530, 1913 Pp. 9-41.

»= 8 Hershey, O. H., Origin and age of certain gold deposxts in northern California: Am. Geologist, vol. 24,
1899, pp. 38-43; Ongm of gold pockets in northern California: Min. and Sci. Press, vol. 101, 1910, pp. 741-742,
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Bully Choop Mountains, whose highest point, Bully Choop, has an
elevation of 6,964 feet. '

The greater part of the area consists of irregular sprawling ridges,
brush covered or timbered, whose summits are remnants of a deeply
dissected peneplain and which attain a maximum elevation of
slightly over 5,000 feet along the northern.border and grade down
to about 3,500 feet near Whiskeytown. Along the eastern border of
the quadrangle this upland falls off sharply into the north end of the
broad Sacramento Valley.

GEOLOGY.

BROAD FEATURES.

The geologic history of the Klamath Mountains, of which the
Weaverville quadrangle is a part, is summarized in the paperby
J. S. Diller on pages 13-14, and hence a description of the rock
formations will be sufficient for the purposes of the present paper.
In the western part of the area are found older biotite and horn-
blende schists, the former containing leses of crystalline limestone.
In the eastern and central parts the Copley meta-andesite (Devonian
or older)! is overlain unconformably by the Bragdon formation
(Mississippian). Later movements which have affected these have
left their mark in the irregular line of contact of these two formations
and in the contortion of the Bragdon formation. In late Jurassic
or early Cretaceous time? came a period of igneous activity pro-
ducing the complicated series of granitic and porphyritic rocks which
to-day occupy a large proportion of the surface. During Cretaceous
and Tertiary time the region passed through several stages of erosion
and base-leveling.

The accompanying geologic map (PL. IT) was made during the field
season of 1912 by Mr. Diller and the writer and shows the principal
rock formations of the area covered by the season’s field work and
the location of the more important lode mines.

SEDIMENTARY ROCKS.

The oldest sedimentary rock of the quadrangle is a biotite schist,
a portion of the Salmon schist of Hershey,® a small mass of which
outcrops between the serpentine and quartz diorite at the head of
the East Fork of Trinity River. The schist contains some lenses of
limestone that have been completely recrystallized by the intrusion
of the quartz diorite, with the development of much garnet and
epidote. .

Except for the schist the pre-Carboniferous rocks of the quad-
rangle are represented only by the hornblende schist and meta-

1 Diller, J. 8., Redding folio (No. 138), Geol. Atlas U. 8., U. 8. Geol. Survey, 1906, p. 6.
3Idem, p. 10.
3 Hershey, O. H., Am. Geologist, vol. 27, 1901, p. 225.

av-
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andesite described below under ‘‘Igneous rocks.” In the neigh-
boring Redding quadrangle® the Devonian shale and limestone (Ken-
nett formation) are important fossiliferous strata, but they do not ex-
tend into this area. Pebbles of fossiliferous Devonian limestone
are, however, found in the conglomerates of the overlying Bragdon
formation.

The Bragdon formation? consists of conglomerates, sandstoncs,
and carbonaceous slates, the slates greatly predominating. The
Bragdon rests upon the meta-andesite, but there is evidence of
motion almost everywhere along the contact, and only in a few
places is anything in the nature of a basal conglomerate to be seen.
Here and there a feldspathic sandstone forms the base of the Brag-
don. Conglomerates are found in lenticular layers distributed
irregularly throughout the formation. These are in places coarse
and badly assorted and comprise subangular as well as rounded
pebbles. The pebbles consist chiefly of slate, chert, and quartz,
with locally numerous limestone pebbles, some of which are fossil-
iferous, and rarely pebbles of meta-andesite. The sandstone of
the Bragdon is for the most part fine grained. It is dark from the
presence of carbonaceous matter and is everywhere more or less
feldspathic. Faint cross-bedding is occasionally seen. The shales.
constitute the major part of the formation and are fine grained and
in places extremely carbonaceous. They are locally interbedded
with sandstone in thin layers, but more commonly there is a con- -
siderable thickness of shale beds, uninterrupted by sandstone or
conglomerate. Beds of tuff are of rare occurrence. The total
thickness of the Bragdon, as estimated by Diller® in the Redding
quadrangle, is between 2,900 and 6,000 feet. The shale contains
numerous fragmentary plant remains. Fossils (chiefly crinoids)
which indicate a Carboniferous age have been found by Diller in the
conglomerates, sandstones, and tuffs.

Along the contact of the Bragdon with the granodiorite, particu-
larly in the vieinity of Lewiston, contact metamorphism has devel-
oped a series of highly altered rocks, including quartzite and various
types of amphibole and mica schists.

None of the Carboniferous formations which in the Redding quad-
rangle overlie the Bragdon formation extend as far west as this
area, nor do the Triassic, Jurassic, and Cretaceous sediments of the
Redding region enter the surveyed portion of the Weaverville quad-
rangle. Tertiary gravels cover a triangular strip west of Trinity
River and extend from Trinity Center to the Weaverville basin,
and more recent bench gravels follow the present stream courses.

1 Diller, J. S., Redding folio (No. 138), Geol. Atlas U. S., U. S. Geol. Survey, 1906, p. 2.

3 Hershey, O. H., Am. Geologist, vol. 27, 1901, p. 238; vol. 33, 1904, pp. 248-256. Dﬂler,J S., Am. Jour.
Sci., 4th ser., vol. 19 1905, pp. 379-387.

8 Dlller J. 8., Redding folio (No. 138), Geol. Atlas U. 8., U. S. Geol. Survey, 1906, p. 3
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The gravels have been studied in detail by Diller.! Local glaciation
has carved out cirques and glacial valleys in the Salmon Mountains,
and morainal material is found as far into the lowlands as the lower
part of Swift Creek.

- IGNEOUS ROCKS.
COPLEY META-ANDESITE.

One of the oldest rocks of the area is the meta-andesite, of Devonian
age or older,? which covers a triangular area of about 6 by 8 miles
west of Whiskeytown, and which has been exposed by the erosion of
- the Bragdon formation in several smaller patches along Clear Creek
and Trinity River.

For the most part the formation consists of a series of vesicular
lava flows, with minor amounts of tuff and breccia, everywhere
much altered. Commonly the rock has a rusty outcrop and a
green color on fresh fracture. Intense shearing is the rule, giving
a greasy appearance, and it is rare that individual minerals can be
distinguished. Where the rock is spherulitic its appearance is
extremely characteristic, as small spheres of quartz and epidote 2 or
3 millimeters in diameter are closely crowded together. The breccias
are most noticeable on their weathered surfaces, owing to difference
in weathering between the rock fragments, whlch are bleached, and
the matrix, which remains a dull green.

In the typical meta-andesite pyroxene was originally the most
prominent mineral, but it is now almost completely altered, usually
to chlorite and epldote with a little calcite, more rarely to horn-
blende. Plagioclase feldspar is present in varying amounts; both
in phenocrysts and in the groundmass but is likewise much altered
In many places the rock is composed largely of secondary minerals,
chiefly chlorite, epidote, and calcite.

Regional metamorphism has affected the meta-andesite to an
extent which makes it impossible to distinguish the individual flows.
The spherulitic and breccia phases are most abundant in the region
north of Whiskeytown. A specimen from an outcrop of extremely
spherulitic lava shows microscopic grains of quartz, apparently
original, and hence should be classed as a dacite or rhyolite. Frag-
ments of quartz-bearing lava were also found in one of the breccias.
With these exceptions these early lavas seem to be pyroxene andesite.

1 Diller, J. 8., The auriferous gravels of the Trinity River basin, California: Bull. U. S. Geol. Survey No.
470, 1911, pp. 11-29.
8 Diller, J. S., Redding folio (No. 138), Geol. Atlas U. 8., U. S. Geol. Survey, 1906,1) 6.
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HORNBLENDE SCHIST.

The rock here described as hornblende schist, a part of the Salmon
schist of Hershey,' outcrops in the western part of the area from
near Weaverville north to beyond the Globe mine. The rock varies
greatly in texture and composition. In the-Rush Creek region it is
extremely fine grained and the numerous minute hornblende needles
give it a silky sheen. In places the texture is so fine that the indi-
vidual crystals can not be distinguished with a lens. Here and
there are minute biotite plates (under 2 milimeters in diameter)
Under the microscope hornblende is seen to compose from 70 to 90
per cent of the rock. In places it shows partial alteration to serpen- -
tine and chlorite, and the biotite, where present, is chloritized.
Small grains of epidote are locally present in association with the
hornblende. A little quartz is always present, either as small lenses
parallel to the schistosity or in poorly defined bands with the -horn-
' blende. With the quartz is associated in places a little lime-soda
feldspar in small irregular grains. Magnetite and ilmenite are com-
mon accessories.

The coarse-grained type of rock is particularly prominent in the
vicinity of the Globe mine. Here the hornblende is in crystals large
enough to be readily identified by the eye and the rock is diversified
by small bands and lenses of quartz and feldspar.

The hornblende schist is distinctly older than the other intrusive
rocks of the quadrangle, but no data could be obtained as to its age
relative to the meta-andesite.

INTRUSIVE ROCKS.

TYPES AND COMPOSITION.

Approximately half the surface of the quadrangle is occupied by
intrusive rocks of various types, including serpentinized peridotite
and saxonite, quartz diorite, granodiorite, and several types of
porphyries and lamprophyres. The accompanying table illustrates
the difference in mineral content of the different varieties. Their
relations, for the most part, have not yet been determined with
sufficient certainty to allow any definite statement as to their relative
age. All are intrusive into the Bragdon formation and belong
presumably to the ‘same general period of igneous activity. Diller?
places the age of the quartz diorite batholith in the Redding quad-
" rangle as late Jurassic or early Cretaceous.

! Hershey, O. H., Am. Geologist, vol. 27, 1901, pp. 225-245.
8 Redding folio (No. 138), Geol. Atlas U. 8., U. 8. Geol. Suryey, 1906, p. 8.
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Mineral composition of the intrusive rocks of the Weaverville quadrangle.

[0, Lacking; 1,rare or accessory; 2, present in smallamount; 3,common; 4, prominent; 5, comprises greater

part of the rock.]
s| |2 gl 12
Bl B 15| EE .
Name. }_,l; 2 % éx,"(f g ,E %) § x5 'E Distribution.
1 @ S Be|l2 || o% =
Flo(dw |A|H|[<=E™O
Peridotite............... 0] 0|0 0! 0] 002} 5| In northeast and northwest corners.
: Parts of larger areas.
Saxonite................ 00y 0| 0| Of 034 4| Innorthwestern portion.
Quartz diorite. 0-1(0-1| 402} 3] 0| 0| O [ Chiefly in southeastern portion. Part
of large batholith.
Granodiorite............ 2(0-113-4| 310-2{ 0| 0] O Chiefly in southern and western parts.
. : Blends into granodiorite.
Alaskite porphyry...... 3-410-1) 4} 0j0-1| 0| 0| 0| 0| Large area in southeastern portion.
Soda granite porphyry..[ 3 |0-1| 4i0-1{3-4| 0] ¢| 0| O Numerous dikes and small masses.
Yoo . ) Cuts the alaskite porphyry.
Diorite porphyry........[J0<1| 0 [0-1{ 4]0-20-3 [0-2( 0| 0| Cuts Bragdon formation in small dikes.
Dacite porphyry........ 4) 0| 0} 4} 3} 2| 0| 0 0| Found only in two dikes, cutting the
L X Bragdon formation.
Quartz-augite diorite....{1-2| 0| 0| 3{ 1| 0| 4| 0 0| Dikes, chiefly cutting the quartz dio-
rite.
L%pgp;oph re (spessar-| 1(0-1,] 0| 2| 2j4-5| 1| 0| 0! Small dikes, comparatively rare.
ite type).
Lamprophyre (horn-| 0| 0} 0| 0| 0 5{ 1| 0| 0| Singledike only.
blende picrite).
. H
SERPENTINE.

.

West of Trinity River a belt of serpentinized basic rock extends
for about 8 miles along the northern border of the quadrangle, and
reaches southward for about 4 miles. A second and much smaller
area lies at the extreme northeast corner of the quadrangle. Both
are extensions of larger areas to the north. Chromite has been mined
in the serpentine area to the northeast, but none has been found
within the quadrangle and no gold deposits occur within the region
covered by the serpentine.

The rock of the northeastern area is a peridotite containing every-

~where a minor amount of pyroxene. It has a rusty-brown color and
a minute lattice-like surface texture on its outcrop but is dark gray,
nearly black, on fresh fractures. The cleavage faces of the few
pyroxene crystals can be readily distinguished. ~Pyroxene, largely
serpentinized, may form as much as 20 per cent of the volume of the
rock. The remainder is composed of olivine, in part altered to ser-
pentine and secondary magnetite. ‘

In the larger area in the northwest corner of the quadrangle much
of the rock contains a variable but larger amount of pyroxene (ensta-
tite), so that it is generally a saxonite rather than a peridotite. The
alteration product of the pyroxene is more resistant to weathering .
than the meshlike serpentine formed from the olivine, and hence
the weathered surface is very rough and irregular, the pyroxene
grains standing out. in relief. All the sections examined micro-
scopically are more or less serpentinized, and even in the pyroxene-
rich rocks the olivine is somewhat in excess of the pyroxene. Other
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specimens consist entirely of olivine and its alteration products.
The peridotite and saxonite, however, are so intimately mixed that
it was not possible to separate them in the field.

QUARTZ DIORITE AND GRANODIORITE.

The southern and western portions of the quadrangle are to a
large extent occupied by great masses of granitic rock, parts of a
great batholith which underlies a large portion of the Klamath
Mountains. A small area south of Whiskeytown is an extension
from the larger mass mapped by Diller? in the Redding quadrangle.
To the west of this area, separated only by a narrow strip of meta-
andesite cover, is the rock which forms the mass of Shasta Bally, and
farther northwest are isolated patches in the Salmon Mountains. In
the lowlands the rock is deeply weathered, owing to the decomposition
of the dark silicates, and in places is reduced to a quartz and feldspar
. sand. On the steeper slopes, as on Shasta Bally and on the flanks
of Red Mountain, where erosion is rapid, the less weathered por-
tions of the rock stand out as great manoliths. In the more rugged
canyons and glaciated portions of the Salmon Mountains fresh
granodiorite forms prominent cliffs, Whose faces follow the steeply
~ inclined joint planes.

The rock exhibits a considerable Varlety in both textural and
mineralogic characteristics. Its most usual type is a medium-
grained (2 to 4 millimeters) granular rock carrying quartz, plagio-
clase feldspar, little or no orthoclase, and both biotite and hornblende.
As a rule it is even grained, but in places, as along the toll road east
of ‘Whiskeytown, it is distinctly porphyritic, with large corroded
phenocrysts of quartz. Aplitic dikes are not uncommon, and many
hornblendic streaks (schlieren) and irregular segregations rich in
hornblende are found near the borders of the mass.

The ferromagnesian minerals, hornblende and biotite, vary greatly
in their relative proportions; in certain parts of the area biotite is
dominant and hornblende is present in minor amount or completely
lacking, while elsewhere hornblende is the only essential dark silicate
present. The greater part of the feldspar individuals are plagioclase
and many of them show a zonal structure. The usual composition
is oligoclase or oligoclase-andesine with a center of andesine. A
large proportion of the feldspars are untwinned and in some of the
slides examined these are in part orthoclase. Although no thorough
study of the fcldspars has been made it is believed that even where
orthoclase is most abundant it rarely exceeds 10 per cent of the rock.
Orthoclase appears to be most abundant where biotite is the dominant
ferromagnesian mineral. Quartz is present in small anhedral grains
except in the porphyritic phase already referred to, where it occurs

1Redding folio (No. 138), Geol. Atlas U. S., U. 8. Geol. Survey, 1906.
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also as corroded phenocrysts & centimeter or more in diameter.
Accessory minerals are inconspicuous. They include apatite, mag-
netite, ilmenite, zircon, and, in one specimen, garnet. .

ALASKITE PORPHYRY.

Alaskite porphyry ! is a rock of great economic importance in the
extreme eastern part of the quadrangle and in the region to the east,
as it forms the wall rock of the Shasta County copper deposits. In
the Redding quadrangle it covers a large area. In the Weaverville
quadrangle it lies ‘along the eastern border in an irregular north-
south band some 13 miles in length and about 3 miles wide. In its
northern portion it was intruded between the Bragdon formation
and the Copley meta-andesite and in the south it separates the quartz
diorite and the meta-andesite. A small discrete area lies to the
south of Tower House, and dikes were encountered on Clear Creck
north of Cline Gulch and on Van Ness Creek southeast of the Five
Pines mine.

The rock varies greatly in texture. A coarse-grained porphyritic
type that outcrops along the eastern boundary of the area closely
resembles the porphyritic quartz diorite, into which it grades. The
finer-grained type is more usual and is particularly well exposed in

the region north and northeast of Whiskeytown. It is white or light -

green in color, gray in the freshest specimens, and where pyritized is
heavily iron stained on the outcrop. In outward appearance it
resembles a rhyolite, as it has a distinctly platy fracture, due to later
shearing, and shows minute crystals of quartz and more rarely of
feldspar in a dense aphanitic groundmass.

The distinguishing feature of the mineral composition of the
alaskite porphyry is the absence of ferromagnesian minerals. Even
in the freshest specimens, microscopic exammation showed no dark
silicates except small specks of chlorite, which possibly represent
altered biotite, and minute grains of epidote and zoisite, which may
likewise indicate the original presence of a small amount of ferro-
magnesian minerals. The feldspar, both the phenocrysts and micro-
lites in the groundmass, is albite. The groundmass, even of the most
aphanitic type, is holocrystalline and consists of an aggregate of
minute grains of quartz and rods of feldspar.

SODA GRANITE PORPHYRY.

Soda granite porphyry is closely allied to the alaskite porphyry in

mineral composition. Dikes of this rock have been noted by Butler 2
cutting the alaskite porphyry in the Iron Mountain district. Similar

1@raton, L. C., The occurrence of copper in Shasta County, Cal.: Bull. U. S. Geol. Survey No. 430, 1910,
p. 8L
2 Butler, B. S., Pyrogenetic epidote: Am. Jour. Sci., 4th ser., vol. 28, 1909, p. 27,

[
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dikes are common throughout the Bragdon formation and appear to
have a rather close association with the fissure veins in that forma-
tion. The rock is always porphyritic but varies greatly in texture
in different localities. Most commonly the phenocrysts are about
equal in volume to the groundmass, and the groundmass, though
in places extremely fine grained, is everywhere distinctly crystalline.
The phenocrysts named in the usual order of their abundance are
biotite, feldspar, and quartz. Biotite occurs generally in thin
hexagonal plates commonly not over 2 or 3 millimeters in diameter.
The feldspar phenocrysts are euhedral but generally very small, few
of them exceeding 3 millimeters in length. Most of the determinable
feldspars proved to be nearly pure albite. In a few dikes, however,
the prevailing feldspar is oligoclase, and more rarely a little ortho-
clase is present. Quartz crystals are generally less prominent than
biotite and feldspar, but the relative amount varies greatly in the
different dikes. Few of the phenocrysts show good crystal outlines,
and deep embayments due to magmatic corrosion are a characteristic
feature. The accessory minerals are titanite, zircon, magnetite,
and rarely colorless garnet and epidote.* The groundmass is always
holocrystalline but in most places extremely fine grained; it consists
of quartz and feldspar with scattered grains of the accessory minerals.
The feldspar of the groundmass, in most of the slides examined,
seems to have the same composition as the feldspar phenocrysts.

DIORITE PORPHYRY.

Diorite porphyry, locally known as ‘“bird’s-eye porphyry,” forms
prominent dikes in the Bragdon formation, particularly in the French
Gulch and Whiskeytown region. The noticeable feature of the
rock is the presence of numerous white feldspar phenocrysts, some of
them as much as a centimeter in length, in a dark-gray groundmass.
The composition of all the feldspars was not determinable, but in
general they vary between albite-oligoclase and calcic andesine, the
latter being the most common. . Hornblende is the most abundant
ferromagnesian mineral and may generally beseen in the hand specimen
as small needles 1 or 2 millimeters long. Augite or biotite may be
present as well as hornblende, but neither is common and augite is
the rarer of the two. In one dike, however, augite is the only dark
silicate present and exceeds the feldspar phenocrysts in volume.
Small biotite plates are more common, and in a dike near the Wash-
ington mine biotite is the only ferromagnesian mineral present. The
groundmass is extremely fine grained and consists of very minute
feldspar laths with rare specks of hornblende and biotite.

1 Butler, B. S., Pyrogenetic epidote: Am. Jour. Sci., 4th ser., vol. 28, 1909, p. 27.
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DACITE PORPHYRY.

Dikes of dacite porphyry cut the Bragdon formation at Sml’ohs
Gulch, 4 miles north of French Gulch, and on the East Fork of Clear
Creek. Specimens from the dike at Smiths Gulch have been included
in the educational series of rock specimens of the Geological Survey
and have been described in detail by J. P. Iddings.! The prominent
feature of the rock is the presence of large rounded quartz pheno-
crysts, the largest nearly a centimeter in diameter. Phenocrysts of
milky-white oligoclase feldspar are more numerous than those of
quartz. Small biotite and hornblende crystals are also common.

Rock of this type forms several dikes in the Redding quadrangle
and appears to correspond to the granodiorite porphyry of the Head-
light mine, north of Trinity Center, described by D. F. MacDonald.?

QUARTZ-AUGITE DIORITE.

Dikes of quartz-augite diorite occur in the granite area south of
Whiskeytown, near the Mount Shasta, Mascot, and Gambrinus mines,
and on Clear Creek 9 miles north of French Gulch. There is a large
intrusion of a rock of similar composition in the central part of the
Redding quadrangle® The rock also appears to be essentially like
the basaltic dikes which MacDonald ¢ considers to be genetically con-
nected with many of the ore deposits of the region immediately north
of the Weaverville quadrangle.

The rock is dark colored, as the dark silicates exceed in amount the
quartz and feldspar. Wherever seen it is of granular texture, the
grains being about 1 millimeter in size. Augite is the dominant min-
eral but is largely chloritized. It is possible that a little biotite was
also originally present. The feldspar is much altered, but wherever
determinable proved to be andesine. Original quartz occurs in
small amount and is interstitial between the augite and feldspar.

LAMPROPHYRIC DIKES.

A wide variety of basic dikes has been found in the quadrangle,
particularly along the borders of the granodiorite masses. They are
small and inconspicuous and as a rule do not exceed a few feet in
width. Hornblende is the most prominent mineral in both the
phenocrysts and the groundmass and may form as much as 70 per
cent of the volume of the rock. Biotite is the second ferromagnesian
mineral in abundance, though always far less in amount than horn-
blende. In one dike, however, biotite is lacking and in its place
there is a small amount of augite. Plagioclase feldspar, from calcic

1 Bull. U. 8. Geol. Survey No. 150, 1898, pp. 233-236.

2 Bull. U. 8. Geol. Survey No. 530, 1913, p. 13,

3 Diller, J. 8., Redding folio (No. 138), Geol. Atlas U. 8., U. S. Geol. Survey, 1906, p. 8.

4+ MacDonald, D. F., Gold lodes of the Carrville district, Trinity County, Cal.: Bull. U. S. Geol. Survey
No. 530, 1913, p. 14. .
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" andesine to labradorite, forms a large part of the groundmass. Quartz

occurs as a minor constituent in two of the dikes, and a small amount
of orthoclase appears to be present in a third. Chlorite, epidote, and
calcite are prominent as alteration products. The mineral compo-
sitien of the rock appears to agree closely with that of the dike rock
spessartite; as defined by Rosenbusch.!

A very rare type of dike rock is hornblende picrite, which consists
essentially of hornblende.

GOLD DEPOSITS.

PRODUCTION.

Gold was first discovered in the Weaverville quadrangle in 1848;
Raymond 2 states that in the fall of that year Maj. Redding took out
$60,000 worth from the bed of Clear Creek. Lode mining began in
1852 with the location of the Washington mine in the French Gulch
district,® but for many years the output from the lodes was far below
that of the rich gulches and berich gravels. Lode discoveries were
constantly being made, however, and the waning importance of
placers in recent years has been in part compensated by increased
lode production. It is impossible to make any close estimate of the
amount of gold produced from the lode mines of the quadrangle, but
from the fragmentary data available it is beheved that the total is
in excess of $15,000,000.

The following table shows the annual gold and silver production, of
Shaste and Trinity counties. It is believed that from 30 to 60 per
cent of the lode production of each county is derived from mines
within the Weaverville quadrangle.

Value of gold and silver from lode mines in Shaste and Trinity countiés, Cal.
) [From reports of the Director of the Mint.]

Shasta Trinity Shasta | Trinity
County. | County. : County. | County.

.| 8634,632 | $355,773
~.7| 1,014,633 | 281,055
11,050,023 | 219, 653
1,357,350 | 263,939

181,799,578 | 8360,237
906,283 | 330,785
957,602 | 275,342

1 Rosenbusch, H., Mikroskopische Physiographie der massigen Gesteine, Stuttgart, 1907, p. 681.

2 Raymond, R. W., Mining in the States and Territories west of the Rocky Mountains, Washington,
1874, p. 143,

8 Trask, J. B., Reporton the geology of northern and southern California: Rept. California State Geologist,
Sacramento, 1856, p. 49.

22652°—Bull. 540—14——38
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Production of gold lode mines in Shasta and Trinity counties, Cal., in fine ounces, except
as indicated.

[From Mineral Resources of the United States.]

Shasta County. Trinity County.
Year. Number of Number of
Gold. Silver, producing | Gold. Silver. } producing
mines. mines.

234,462 | a($214,028) |............ 14,038 | ($184) |-einnnnn...
.| 31,024 (85,096) b35 9,165 (830) 27
27, 512 8,025 25 17,020 3,759 30
27,133 8,817 17 7,119 1,881 16
23,98 42,465 23 8,713 1,271 19
34,056 66,362 28 8,980 4,057 24
47,532 27,279 28 7,342 2,144 34
| 44,203 8,752 34 6,134 1,502 24
. 38 193 23,585 49 14,411 10,262 24

a Includes gold'and silver production from Shasta County copper mines.
b Includes copper mines.

TYPES.

The principal gold deposits of the quadrangle are fissure veins, as
a rule narrow, with steep dips. Certain minor deposits known as

““pockets’ form a distinct type.

The fissure veins are most numerous in the slate, are more rare in
meta-andesite near the slate, and in both formations are usually
associated with porphyry dikes. Deposits of this type have been
the best producers of the quadrangle. A second type of fissure veins
comprises those which cut the quartz diorite and alaskite porphyry,
particularly in the region south and east of Whiskeytown. As a rule,
basic dikes occur in the vicinity of these deposits. In the Dedrick
district the fissure veins have walls of hornblende schist, and granitic
and alaskitic dikes occur in the vicinity. The pocket deposits are
always on or near the contact of the slate of the Bragdon formation
with another rock, generally meta-andesite.

'

DISTRIBUTION. -
FISSURE VEINS IN THE BRAGDON FORMATION.

Most of the fissure veins in the Bragdon formation lie in the vicin-
ity of the complex of porphyritic intrusives which extends from the
upper part of French Gulch across the divide into Trinity County.
Thefollowing table shows the principal features of the more important
mines of this group, and brings out the similarity in the occurrence
of the veins and their mineral content:



Principal characteristics of the most important fissure veins in the Bragdon formation.

No. on

Wall rocks.

Mine. map Production Vein. Mineralogy. Remarks.
Whiskeytown district.
Truscott.................... 7 | Estimated £60 000, 1887- | Slateand diorite porphyry.| Strike N. 20° E.; dip 60°~ | Quartz, calcite, pyrite,and | Also a small rich stringer §
1912, 80°S. Lenticular, max-{ rare chalcopyrite. Tel- inches wide in porphyry.
imum width 10 feet. lurides reported.
French Gulch district. Follows contact.

Gladstone................... 18 | 82,500,000, 1896-1912....... Slate and sandstone; soda | Strike east; dip -vertical | Quartz with small amount | Vein developed to a depth
granite porphyry in and steep north; local ir- of calcite, pyrite, galena, of 2,000 feet below out-
workings. * regularities. Average sphalerite, and arseno- crop.

width, 2% feet Ppyrite rare. d . .
American. .......o.oeeioen.- 19 | Unknown.... . ............ Slate and sandstone....... Strike N. 80° E. to east; | Quartz, pyrite, and arse- P Not working. No intrusive
dip 80° S. to vertical. nopytite. rocks tsyeen in immediate
vicinity.
Franklin.................... 20 | $350,000, 1907-1912......... Slate and soda granite | Two veins: Quartz, calcite, pyrite, ar- | Veins are near contact but
. porphyry. 1. Strike N. 5° to 30° senopyrite, galena, and cut both rocks.
W.; dip steep east. rare sphalerite.
. . 2. Strike east; dip 70° N.
Washington................. 2 | Estimated between | Slate and meta-andesite. | Two veins: Quartz, no calcite, pyrite, | Veins cut slate and meta-
: $1,000,000 and $2,000,000, Many intrusives, soda 1. Strike north; dip 65° galena, rare arsenopy- andesite. Not controlled
1852-1912. - granite porp h yry, E. rite, and sphalerite. by contact.
quartz - sugite ~ diorite, 2. Strike east; dip steep
and diorite porphyry in north.
the vicinity. .
Niagara...........coco.oo... 23 | Unknown; probably about | Slate, conglomerate, dio- |..... ... ... ... ........... Quartz, pyrite, galena, T Not in operation.
$1,000,000. rite porphyry, and soda rare sphalerite, and ar-
anite’ porphyry on senopyrite.
ump.
Summit..... ... 24 | Estimated $200,000........ Slate and soda granite por- | Two veins, crossing dike. .| Quartz, very small amount | Ore partly oxidized. Vein
phyry. 4 of calcite, pyrite, galena, productive only in por-
sphalerite, and arseno- phyry. Orepockety and
pgrite, manganese OX- very rich in spots.
1dae.
Brunswick............. ... 25 | 870,000, 1879-1912.......... Slate and diorite porphy- | Strike east; dip 60° N..... Quartz with small amount | Vein follows contact rather
3 ry. | of calcite, pyrite. closely. .
Deadwood district. .

Brown Bear................. 26 | Estimated $7,000,000 to | Slate, diorite porphyry | Two  principal _veins. | Quartz, minor calcite, py- | Veins generally close to

$10,000,000, 1875-1912. and soda granite por- Strike N. 80° E.; dip rite, galena, sphalerite, contacts. Complex of

phyry.

north and south.

and rare arsenopyrite.

porphyry dikes and ir-
regular masses.
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Principal characteristics of the most important fissure veins in the Bragdon formation—Continued.

Mine. I‘g’égfl Production. Wall rocks. Vein. Mineralogy. Remarks.
Dog Creek district.

Delta and Trinity........... 28 | 832,000, .. oo Meta - andesite, alaskite { Several small veins. Strike | Quartz, minor calcite, rare
: porphyry, and soda between east and N. 70° barite, pyrite, galena,
granite porphyry; slate E. sphalerite, and rare ar-
short distance above. senopyrite and chalco-
. pyrite. Manganese ox-

Minersville district. ide.

32 | Estimated 8200,000........ Strike west to N. 80° W.; | Quartz, pyrite............. Ore from 37 to $30 a ton.

Fairview....................

Sl%te; meta-andesite near
y.

dip 50°-80° N. Maxi-
mum width 20 feet.

No intrusive seen in
vicinity.

9¢
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The slate wall rock is generally much crushed and sheared, so that
the bedding has been obliterated and the rock altered to a glistening
black slate with a shining luster and markedly schistose structure.
This slickensiding has emphasized the presence of carbon in the slate
by concentrating it along the shear planes, locally in sufficient amount
to blacken the hands. The dikes, however, show no such shearing.
Intrusive porphyries, either soda granite or diorite porphyry, are
found in close association with almost all the veins. Where the intru-
sive is diorite porphyry, in the Truscott and Brunswick mines, the
veins follow the contact of slate and porphyry. In the Summit mine
the vein cuts directly across the soda granite porphyry dike. In the
Brown Bear and Franklin mines the veins, though near the contact,
cut both the soda granite porphyry and the slates, but tend to be
best developed in the porphyry and to finger out in the slates. In
the Gladstone and Washington mines, on the other hand, the veins
arein the slate and do not cut the soda granite porphyry. This leads
to the conclusion that the position of the veins along the contact of
the diorite porphyry is merely dependent on the fact that the con-
tact of two such unlike rocks is a favorable position for fissuring, and
that the ore deposition is genetically connected with the intrusion of
the soda granite porphyry.

The mineral composition is much the same in all the veins. The
gangue is quartz with a minor amount of calcite and small specks of
green mica. Certain sulphides, notably pyrite, galena, sphalerite,
and arsenopyrite, are fairly constant, while chalcopyrite is very rare.
To a certain extent the sulphides vary with the wall rock. Where
the walls are soda granite porphyry, arsenopyrite is always found
both in the ore and in the country rock. Galena and sphalerite are
more common where the walls are slate. Much of the gold is coarse
enough to be easily seen by the naked eye. Manganese oxide is not
a prominent feature of any of the veins of this type, though in the
oxidized ores, such as are mined in the Summit and the upper work-
ings of the Washington, the rich pockets are marked by the sooty
black powder. The surface ores in many deposits were known to
have been exceedingly rich, but have now been largely exhausted.

The veins are fairly persistent both in strike and in dip. The Last
Chance and Monte Cristo veins of the Brown Bear mine have been
drifted for a distance of 1,400 feet and the Gladstone vein for 2,000
feet. The Gladstone vein, moreover, has been developed for 2,000
feet vertically below the outcrop. The ore shoots are generally large
and fairly regular, the maximum drift length being about 500 feet.
The lowest point reached in the Gladstone shaft is about 800 feet

above sea level, and the veins of the Niagara group outcrop on the

Trinity-Shasta divide, 7 miles to the west, at an elevation of about
4,200 feet, which gives a minimum vertical range of deposition of
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3,400 feet. The veins (in meta-andesite below the slate) of the Dog
Creek district have been included in this group because of their
mineralogic similarity but are less persistent in strike and have not
yet been explored to any great depth

The prevailing trend of the fissures is east and west, though with
many minor variations. In the western part of the French Gulch
district there is also a minor north-south series.

FISSURE VEINS OUTSIDE OF THE SLATES.

Most of the important veins outside the slate area are in the Iron
Mountain, Igo, and Bully Choop districts, which were not visited
in 1912. In the Whiskeytown and Dedrick districts the veins are
poorer in sulphides and show a smaller variety of minerals than those
which cut the Bragdon formation. In several veins pyrite is the
only sulphide present. Quartz is the principal gangue mineral and
calcite is comparatively rare.

In the mines of the Whiskeytown district small dikes of an augite-
quartz diorite, with a very large proportion of dark minerals, are
near the veins. In two of the mines, the Mascot and Gambrmus
the altered wall rock is said to carry gold
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Principal characteristics of fissure veins outside of the Bragdon formation.

No. on

Mine. map Production. ‘Wall rocks. Vein. * Minerals. Remarks.
Whiskeytown district. .
Mount Shasta............... 1| $178,000,1897-1911..... ... Alaskite porphyry........ Two veins; strike north- | Quartz, rare calcite, pyrite, | Ore from $4 to 843 a ton.
west; dip varying. mo(liybdenite; no free Dike of basic quartz-
. . old. augite diorite near vein.
MASCOt - - o ceeieeiaeaaaaea 3 NODe.o. e Basic quartz-augite dio- | Two veins; 1. Strike N. | Quartz,pyrite, manganese | Ore said to run $11.85 a
rite, near quartz diorite 55° E.; dip 45° SE.; 2. oxide; ore fargely oxi- ton;  quartz  diorite
contact. Strike N. 50°-62° E.; dized. grades into alagkite por-
dip 60° SE.; width 6 phyry a short distance to
inches to 3 feet. the north.
Gambrinus.................. 4 | 8127,000, 1870-1912........ Alaskite porphyry, near | Four veins; strike N. 50° [ Quartz, pyrite, rare chal- | Altered porphyry said to
meta-andesite contact. 'W. towest; dip50°N. to copyrite, manganese 0x- be auriferous. Basic
vertical. ide, rare albite. quartg-augite diorite dike
. X . near by. L .
Mad OX..oovvinnnnnnnnnaan.. 5| Unknown. ......o.oo.o... Meta-andesite, near alas- | Strike N, 22°-33° E.; dip | Iron-stained quartz, rare | Mine not working. Ore
kite porphyry intrusion. 80° SE. to vertical; calcite; mo sulphides oxidized.
width from knife-edge seen.
to 4 feet.
Dedrick district.
Globe........oooniiiilL = 2 s Hornblende schist......... Strike N. 55°~70° E.; dip | Quartz, albite, rarecalcite, {} Soda granite and alaskite
60° SE.; average width Ppyrite, manganese oxide. 8orphyry dikes near by.
8 feet. re about 810 a ton.
Craig.......oooooiiiiiiit. 2 78 PPN D 6 L T Y Strike N. 70° E.; dip 45°- | Quartz, rare calcite, pyrite,|| Gold more finely divided
60° SE. rare chalcopyrite. than usual.

“IVO ‘TTONVIAVAD TTIIAHEAVIM J0 SHAOT A10D
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POCKET DEPOSITS.

In certain of the deposits of the region practically all the gold is
contained in small scattered pockets near the surface, all of them
being found at or near the contact of the black slate with some
other formation, generally meta-andesite. At three localities, the
Eldorade, Mad Mule, and Five Pines mines, these pockets have
been found of sufficient size or close enough together to justify exten-
sive work along the contact. KElsewhere they have been explored
for only a few feet below the surface. Of the three mines, two, the
Eldorado and the Five Pines, follow the contact of the slate and
" meta-andesite, whereas the pockets of the Mad Mule mine (fig. 3, p. 47)
lie in troughs formed by irregularities in a dike of diorite porphyry.

The Eldorado perhaps represents an intermediate type between the
fissure veins in the Bragdon formation and the typical pocket deposits.
In this mine manganiferous quartz lies along a faulted contact between
meta-andesite and slate, with more or less gouge on both walls. The
movement, although following the contact in a general way, has been
in part oblique to it. Hence the present line of contact is extremely
serrate; sharp wedges of glistening, slickensided black slate enter the
meta-andesite, and small lenticular masses of slate are completely
cut off from the main body. The pockets, from one of which $2,500
. worth of gold was taken, are found either in the gouge on the walls of
the manganiferous quartz or in little irregular veinlets of quartz in the
meta-andesite close to the inliers of slate. So far work has been
profitable only in the upper levels. The fineness of the gold, how-
ever, is notably low, as $14 an ounce is said to be the average value.

In the Five Pines mine the pockets likewise follow a faulted slate
and meta-andesite contact, but here they lie downhill from a vein of
low-grade manganiferous quartz which crosses the contact and near
irregular stringers of quartz in the meta-andesite near the slate.
Along the contact of slate and meta-andesite are patches of calcite
with a small amount of quartz, irregularly mixed with black slate.
The pockets, of which one yielded as much as $45,000 in a distance of
44 feet, are found along the slate contact. Less commonly small
pockets are found in the meta-andesite near the slate, and more rarely
still in small calcite stringers in the slate close to the contact. Near
several of the larger pockets small discontinuous quartz stringers cut
the porphyry. The gold, however, is commonly between the calcite
and slate or along cleavage planes in calcite. Pockets have been
found from the surface to the water level, and always along water-
courses. _

In the Mad Mule mine the pockets lie along the contact of the slat-
with a steeply dipping dike of diorite porphyry, here again in connec-
tion with patches of caicite. The porphyry is somewhat pyritized
and is cut by small quartz stringers that carry much manganese oxide.
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These are looked upon as indicators of rich pockets. The slate is
much sheared, especially along the contact, and as in the Five Pines
mine, the pockets lie along the present watercourses. _

A deposit of similar type in the vicinity of Minersville has been
noted by Diller.t Here gold occurs in calcite lenses in black slate,
which also carry a small amount of quartz. In one hand specimen of
the ore three-fourths of its volume is estimated to be native gold.

The most common type of pocket deposit, however, is that in which
the gold has been followed only a few feet below the surface. These
pockets are found exclusively along the contacts of slate and meta-
andesite, particularly in the region between Trinity Center and
Minersville. Much of the early placer mining consisted in sluicing
these rich surface pockets. This type of deposit has been studied by
Hershey,? who reaches the conclusion that the pockets are the result
of solution of the gold contained in pyritized zones in the meta-andesite
by surface waters, and redeposition by contact with the black slate.
He says, in part:

At the contact the black rock frequently has a shining luster and 4 schistose structure
due to shearing. Thisgives it imperfectly the power of a gouge to deflect underground
waters. The volcanic rock near the contact has generally been decomposed, softened,
and changed to a dull-brown color; it is popularly known as porphyry. In placesthere
is a thin vein of quartz between the so-called porphyry and the black schistose mate-
rial, but generally they are in actual contact or separated merely by a thin seam of
ferruginous dirt. The dirt seam often carries a little free gold, but the pockets are
said to be found near or where seams of quartz penetrate the porphyry downward
from the contact. The gold lies in a thin, flat sheet upon the igneous fock and under
the slate, and in some cases extends a short distance into the former formation, rarely
into the latter. Jt isin the form of coarse and fine grains that have a peculiar smooth
and rounded surface quite unlike the free gold in quartz veins. * * *

The reason that the slate-volcanic rock contact is the great ‘‘pocket” horizon is
that it is there that the gold-bearing solution first reaches a carbonaceous rock—the
carbon precipitates the gold. The water may reach the contact by traveling nearly
horizontally through inclined strata or by ascending under hydrostatic pressure. The
sheared slate so frequently found along the contact aids in holding the solution to it
while the gold is being deposited. Probably also water issuing from the slate carries
the precipitating agent. For a long time the point of union between the precipitant
and the gold-bearing water remains at one place at or near the contact, and thousands
of dollars’ worth of gold is thrown down within a space of a few cubic yards or less.

It seems clear that these pocket deposits, including both those of the
three mines already mentioned and the smaller deposits, are of sur-
ficial orjgin and that the factor determining the deposition of the
gold is the carbon of the black slates, as has been stated by Hershey.
It is believed, however, that the cause of the solution of the gold is
the presence of manganese oxide. Manganiferous quartz is present
in the three mines of the pocket-deposit type. ‘The writer was not
fortunate enough to see any of the smaller pockets that are bemg

<= 1Diller, J. 8. Native gold in calcite: Am. Jour. Sci., 3d ser., vol. 39, 1890,p 160
2 Hershey, O. H., Origin of gold pockets in northern Ca,hforma Min. and Sci. Press, vol. 101, 1910, pp.
741-742.
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worked, but,in all the old workings examined, joints in the meta-
andesite near the slate contact were in most places stained with
manganese oxide. '

W. H. Emmons * has discussed the enrichment of gold deposits in
veins in igneous rocks. In the deposits considered ferrous sulphate
is the precipitant, and, owing to its continual oxidation to ferric sul-
phate through the presence of manganese oxide, it does not precipitate
gold to any extent until the water level is reached. It may be-
assumed, however, that in these deposits the precipitant has been
the carbon of the black slates, whose efficiency is unaffected by its
being in the oxidized zone, and perhaps the calcite of the small
lenses as well. Moreover, as the calcite, which is present in the
larger of these deposits, is dissolved, the acid solution is neutralized
and becomes no Jonger capable of taking gold into solution. Hence
deposition of gold by surface waters is here confined to a narrow zone
close to the surface, and where favorable local conditions control the
flow, as has been most clearly the case in the Mad Mule mine, pocket
deposits of small size but extraordinary richness may be formed. In
the Mad Mule a single plate of gold weighing 100 ounces is said to
.have been found between the calcite and the slate.

That gold is not dissolved to any extent through the agency of
manganese in the presence of calcite, owing to the neutralization of
the acid water by the solution of calcite, is further illustrated by
studies made by Eddingfield > on certain gold-calcite-manganese
ores of the Philippine Islands.

For the formation of such deposits as the Mad Mule the first step
seems to have been the fissuring near the slate contact and the
formation of small veinlets of gold-bearing manganiferous quartz,
some of them carrying calcite. At about the same time came fault-
ing along the contact, with the resultant slickensiding, concentration
of the carbon of the slate along the slickensided surfaces, and the
formation of gouge, with filling of lenticular open spaces along the
contact by primary solutions that deposited chiefly calcite but also
some quartz, pyrite, and arsenopyrite. The formation of the present
pockets did not begin until a topography approaching that of the
present time was attained. The course of the underground water is
to a large extent controlled by the slickensided slate along the con-
tacts and by joint planes in the more massive meta-andesite or
porphyry. These waters are acid owing to the decomposition of the
pyrite in the igneous rock. Whatever calcite may have been present
in the manganiferous quartz stringers was soon dissolved and possibly -
redeposited on the already formed calcite lenses along the contacts.
Later acid waters, following the same channels and no longer neutral-
ized by the calcite, were able, through the agency of the manganese

1 Trans. Am. Inst. Min. Eng., vol. 42, 1911, p. 3. A
3 Eddingfield, F. T., Philippine Jour. 8ci., vol. 8, sec. A, 1913, pp. 125-134.
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oxide, to dissolve the gold carried in the manganiferous quartz
stringers or in the pyritic bands in the meta-andesite,! but not to
transport it to any great distance, owing to the precipitating action
of the carbon of the black slate. Nor can the gold thus deposited be
again readily dissolved, owing to the neutralization of the solution
by the calcite of the lenses along the contact. Thus a shallow zone
of rich deposits is formed, the lower level of which can never be far
from the original source of the gold. Rich placer deposits have been
the rule wherever the streams cut the slate and meta-andesite contact.

MINERALOGY. )
The primary minerals mentioned below have been noted in the
deposits.
GANGUE MINERALS.

Quartz is the principal gangue mineral of all the fissure veins. It
is rarely drusy, and as seen under the microscope it is generally in
small interlocking grains, filled with minute inclusions. Where small
fragments of the wall rock have been replaced'the grain is much finer.

Calcite is almost universally present in minor amounts and is the
printipal mineral of the pocket deposits. Its brown color on weath-
ered surfaces is evidence of the presence of manganese. In the Five
Pines mine the fresh calcite has a distinct pinkish tinge, presumably
due to a high manganese content.

Mica in the form of paragonite or sericite is common as an altera-
tion product in the altered porphyry close to the veins. In the
quartz of a few of the veins, generally close to the walls, are small
specks of a dark-green mineral which appears-to be muscovite, proba-
bly the variety mariposite. Under the microscope a few minute
veinlets of quartz and mica were seen crossing pyrite crystals in the
ore. '

Albite occurs as a minor gangue mineral in the quartz of the Globe
vein and was observed in microscopic grains in the ore of the Gam-
brinus mine. Specimens of vein quartz from the Mount Shasta mine
contain kaolin, which may have resulted from alteration of original
feldspars. . .

Barite in small tabular crystals was observed in ore from the Five
Pines mine and the Red Lion claim of the Delta mine. In the Five
Pines mine it is associated with pink calcite; on the Delta property
it appears in part to replace alaskite porphyry and is cut by small
veinlets of pyrite.

Tourmaline was found only in the ore of the Mountain Monarch
prospect, in small rosettes 4 or.5 millimeters in diameter, composed
of minute acicular crystals.

t Hershey, O. H., op. cit., p. 742.
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METALLIC MINERALS.

Arsenopyrite is common in nearly all the mines in the Bragdon
formation. As a rule, however, it is found in the altered porphyry
rather than in the ore itself and in the neighborhood of the porphyry
rather than in that of the black slate.

Chalcopyrite is a comparatively rare mineral in the gold deposws
but was noted in the quartz of the Gambrinus and Craig gold mines
and, together with pyrite, in the Mountain Monarch and Delta copper

" prospects. '

Covellite was seen only as a coating on some of the pyrlte in the
ore of the Mountain Monarch prospect

Galena is an important mineral in the deposits in the veins in the
slate but is not seen elsewhere. Its presence in the quartz is regarded
as a sign of rich ore. It is more common in the quartz close to the
black slate than near the porphyry wall rocks and is never found
outside the vein.

Gold occurs in the veins both as free gold and in the sulphides.
The free gold is by fai the most important, as the concentrates do
not often exceed 1 per cent of the ore in weight or 6 per cent in value.
In many of the deposits the concentrates are not gonsidered worth
saving, and the pocket deposits contain practically no sulphides.
In many of the fissure veins in the slate the gold is in plates large
enough to be easily visible. Most commonly it is closely associated
with included specks of black slate or occurs near the slate wall rock,
and in a number of places it has been deposited close to galena, or
more rarely sphalerite, in the quartz. In rich oxidized ores, such
as those of the Washington surface workings or the Summit mine,
gold is commonly present in small cavities in the quartz associated
with iron or manganese oxide. In the pocket deposits gold may be
found in irregular plates between the slate and meta-andesite or
associated with manganese oxide in joint planes of the meta-andesite,
but in the larger deposits of this type, such as the Mad Mule and the
Five Pines, it also occurs along cleavage planes of calcite or between
calcite and slate. '

Manganese oxide is found in the pocket deposits and in most
of the fissure veins, though it is less prominent in the veins in the
Bragdon formation than in several of the others.

Molybdenite occurs in small specks in the ore of the Mount Shasta
mine.

Pyrite is the most widespread of all the metallic minerals. It is
found in the quartz of the fissure veins and calcite lenses, in the shear
planes and small fissures in the slates, and in small crystals scattered
through the porphyries, even at a distance from the vein.

{
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Sphalerite occurs only in the veins which cut the slate and is
nowhere prominent. Generally it is to be found in close association
with galena.

Tellurides have been reported from a few fissure veins, but no
indication of telluride minerals was seen in any of the specimens
examined.

The two important gangue minerals, quartz and calcite, seem to
have crystallized simultaneously. In many veins quartz is on the
walls and calcite in the center, but this relation is not at all constant.
In some specimens of oxidized ore the calcite has been dissolved out,
leaving casts of tabular crystals impressed on crystalline quartz,
showing an intergrowth of the two minerals, and certain specimens
show veining of each of these minerals by small stringers of the other.
Of the sulphides arsenopyrite and pyrite have migrated into the wall
rock to.a certain extent, but galena and sphalerite are found only
in the quartz. The gold has been deposited chiefly near the black
slate and to a less extent on the galena and sphalerite. Calcite is
nearly always free from sulphides but is cut by small stringers of
quartz, which in one specimen carry sulphides, and many of the
pyrite crystals are cut by microscopic veinlets of quartz and sericite.

HYDROTHERMAL ALTERATION.

The country rocks adjoining the veins show:comparatively little
alteration that is directly attributable to the ore-bearing solutions.
Where the walls are slate small fragments in the vein are replaced
by an aggregate of quartz, sericite, pyrite, and, rarely, arsenopyrite
grains. The carbonaceous matter remains unchanged and locally
forms a nucleus for the deposition of minute flakes of gold. The
quartz is distinctly finer grained than in the veins. Sandstone near
the veins is impregnated with pyrite, and its feldspar grains are in
part sericitized. Where the soda granite porphyry is in immediate
contact with the vein the chief alteration consists in silicification,
with the development of pyrite and arsenopyrite. At a distance
from the vein the alteration consists in the sericitization of the feld-
spar, with the development of a small amount of secondary calcite
and the chloritization and, to a minor degree, sericitization of the
biotite. Chlorite and small specks of epidote are often found in the
altered wall rocks, but these minerals are not especially prevalent in
the vicinity of the veins.

Studies by B. S. Butler* have shown that near the copper de-
posits a part of the micaceous secondary mineral is paragonite rather
than sericite. As the two are indistinguishable microscopically, the
name of the more common mineral has been used in this paper.

1 Bull. U. 8. Geol. Survey No. 430, 1910, p. 88.
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In specimens of alaskite porphyry wall rock the only alteration
is the development of a small amount of chlorite and scattered
crystals of pyrite. Tourmaline was noted in connection with quartz,
sericite, calcite, and chlorite in the altered meta-andesite of the
Mountain Monarch prospect.

The changes in the meta-andesite—the uralitization of the pyrox-
ene and the development of secondary epidote, chlorite, calcite, and
quartz—are not confined to the vicinity of the ore deposits and are

products of regional rather than hydrothermal metamorphism. Com-

pared with the hydrothermal alteration of the rocks of the Sierra
Nevada camps as described by Lindgren,! there seems to be less
alteration of the walls and a smaller development of the carbonates
and potash-bearing micas in the altered porphyries.

MINING CONDITIONS.

The rich surface ores of the known veins have now been prac-
tically exhausted, but the persistence of ore at considerable depth
has been shown in the development of the Gladstone and Mount
Shasta veins. There is no reason to suppose that these are excep-
tional, and though there is an undoubted decrease in tenor below the
zone of oxidation, it is believed that under careful management
many of the veins could be worked at a profit to considerable depths
in spite of the increase in cost. At the present time the Gladstone
and the Mount Shasta are the only mines which are not developed
almost entirely by tunnels.

The region is particularly favored in its natural features, as the
rugged topography allows extensive development by tunnels. The
ore is free milling and easily crushed, and water power is everywhere
available. In the northern part of the area timber is abundant.

The peculiar pocket deposits of the area have given rise to a class
of prospectors known as ‘“‘pocket hunters.” These men follow care-
fully the contacts of slate and meta-andesite and by systematic
panning discover many rich pockets by tracing the particles of gold
in the soil to their sources. As soon as a pocket is gouged out and
the joint plane or contact where it was found no longer shows colors,
the place is abandoned. Possibly future exploration of pocket zones
along the contact to somewhat greater depths, particularly where
there are calcite lenses, may reveal other deposits of the type of the
Five Pines mine. .

It is impossible to say whether new discoveries of the fissure-vein
type may be expected. Areas in the vicinity of masses or dikes of
soda granite porphyry in slate of the Bragdon formation should bé
prospected carefully. ‘

1 Lindgren, Waldemar, Characteristic features of California gold-quartz veins: Bull. Geol. Soc. Amenca‘
vol. 6, 1875, pp. 221-240.
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Many of the failures in lode mining have been due to the installa-
tion of mills more elaborate than the size of the ore body justified.
The owners of some of the smaller veins which are worked profitably
with a mill of two to five stamps would lose money by attempting to
operate on a larger scale.

MINES.
WHISKEYTOWN (STELLA) DISTRICT.

The Whiskeytown or Stella district is probably second to French
Gulch in total output, though none of the mines are at present large
producers. The mines lie along the edge of a mass of alaskite por-
phyry which borders a larger area of quartz diorite and is intrusive
into the meta-andesite. The slates and conglomerates of the Bragdon
formation appear near the heads of Whiskey and Grizzly creeks.
Numerous small dikes of quartz-augite diorite cut the alaskite por-
phyry and granodiorite, and two larger dikes of diorite porphyry cut
the Bragdon formation in the northern part of the district.

MOUNT SHASTA MINE (1).!

The Mount Shasta mine (Mount Shasta Mining Co., owner; Guy
M. Vail, manager) is in the quartz diorite mass which covers the
southeast corner of the quadrangle and is about 3 miles south of
Whiskeytown and a mile west of the eastern boundary of the quad-
rangle.

The deposit was discovered in 1897 by George Leversay, who, with
his partners, took out 88 tons of oxidized ore that ran $48.44 to the
ton, giving a production of $4,263. It was sold to the Mount Shasta
Gold Mines Corporation, which continued development and mined
altogether from the first six levels (398 feet) a total of 4,072 tons,
averaging $42.69 a ton, or $173,876, giving a total production of
about $178,000.2 The old company failed in 1905, largely through
unfortunate ventures in other directions, and the property remained

" idle until 1911, when the present company began development work

on the seventh level (465 feet). In July, 1912, four men were
employed. :

The country rock of the region is quartz diorite, but the ore deposit
itself lies within an elongate mass of alaskite porphyry about 300 feet

.’wide. This rock is fine grained, dense, and aphanitic. The only

phenocrysts are small quartzes, up to 2 millimeters in diameter, and
rare feldspars. In places, especially near the vein, the rock is much
sheared and has the appearance of a flow-banded rhyolite. Second-
ary quartz has been introduced in lenses along the shear planes.

1 Numbers refer to map (P1. II).
2 Figures furnished by Mr.-G. M. Vail.
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Under the microscope the rock shows small phenocrysts of quartz
and albite feldspar, irregular and broken but fairly fresh. The
groundmass is a microcrystalline aggregate of quartz and feldspar,
the former predominating. Small patches and shreds of sericite and
chlorite indicate secondary hydrothermal action. Irregular but
roughly parallel veinlets of quartz and sericite cut the rock.

Where seen adjacent to the vein (on the seventh level) the por-
phyry is in places partly silicified; elsewhere near the vein it is chlo-
ritized; in both situations a small amount of pyrite has been intro-
duced. The zone of intense alteration of the porphyry does not
extend more than 15 feet from the vein, and the silicified and chlori-
tized porphyry carries no gold. In the siliceous phase the alteration
consists in the introduction of quartz along microscopic but closely
spaced fissures. Calcite appears in small specks, particularly near
the feldspar phenocrysts, and in thread-like. veinlets that cut the
quartz. Where chloritization has been more prominent, chlorite,
with a small amount of calcite, replaces the groundmass and a partof
the feldspar phenocrysts. The quartz and feldspar phenocrysts also
contain shreds of sericite.

About 200 yards northeast of the shaft, near the border of the
alaskite porphyry, is a small outcrop of a very fine grained quartz-
augite diorite which shows a larger proportion of ferromagnesian
minerals as well as a finer grain than the typical diorite of this vicinity.
Augite, almost entirely altered to chlorite, is the dominant mineral.
Quartz and andesine feldspar are subordinate.

The two veins worked are parallel in strike and about 50 feet apart
on the surface. Near the surface the dip of both veins is to the south-
west. The dip of the east vein changes to northeast between the
second and third levels, and that of the west vein between the fourth
and fifth levels. ‘

The ore is white quartz, as a rule so much sheared and fissured as
to be very friable. In places, however, it is firm and massive and is
frozen to the walls. Even where it is most completely shattered
some large individual crystals an inch or more in length may be seen.
A little calcite in small crystalline masses is scattered irregularly
through the quartz. Near the walls and in the altered wall rock
inclosed in the quartz are small patches of sericite. Rarely a little
kaolin is also present.

Pyrite is the only metallic mineral of any abundance. It is found
in bands of crystals in the quartz generally close to the walls and to
a slight extent as an impregnation of the altered alaskite porphyry.
In the shattered white quartz from the seventh level small specks of
molybdenite were seen. This mineral has not been observed in the
ore of the upper levels and so far as known does not occur elsewhere
in the quadrangle. :
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Work at present is confined to drifting toward the north along the
west vein in the expectation of encountering the ore shoot mined on
the level above. The quartz in which the drift was being run in
July, 1912, averaged about $4 a ton.

BLACKSTONE PROSPECT.

About 1,200 feet north of the Mount Shasta mine the Blackstone
prospect, in quartz diorite, shows ore composed of auriferous pyrite
in a gangue of quartz and dolomite cut by minute threads of specu-

larite.
MOUNTAIN MONARCH PROSPECT (2).

The Mountain Monarch is a copper prospect about 2 miles due
south of Whiskeytown, on the flat-topped ridge west of the valley of
Clear Creek. The workings consist of a small shaft on the top of the
ridge at an elevation of about 2,400 feet, filled with water at the time
of visit, and a tunnel in the hill, about 400 feet below the shaft,
which has been driven 720 feet of the 1,200 feet that it has been calcu-
lated is necessary in order to reach the ore body shown in the shaft.

The country rock at a distance from the ore is a much sheared
and epidotized- meta-andesite, in places slightly pyritized along the
joint planes. The prospect is not far from the contact of the meta-
andesite and quartz diorite, and small dikes of alaskite porphyry
cut the meta-andesite in the vicinity of the tunnel, though none were
seen in the tunnel itself.

A few tons of ore has been stacked near the shaft. A part of it is
almost entirely pyrite, in crystalline masses, in which the crystals
vary from minute specks to bodies about 3 millimeters in diameter,
but here and there are small amounts of glassy quartz. Small velvety
feather-like clusters of minute tourmaline needles are common in
parts of the pyrite, especially where the grain is finest. Besides the
pyrite the only other metallic minerals present are rare specks of
chalcopyrite distributed irregularly throughout the ore and a coat-
ing of covellite over a part of the pyrite. Other specimens of the
ore consist of meta-andesite, in part replaced by pyrite and accom-
panied by small clusters of tourmaline needles, chlorite, epidote, and
a little quartz.

No data could be obtained as to the size or.shape of the ore body

or the value of the ore.
" MASCOT MINE (3).

The Mascot mine (Gray & Rossi, owners) lies about 24 miles
southeast of Whiskeytown. The workings consist of two tunnels,
on the upper of which a vein has been followed for about 200 feet.

‘It is planned to crosscut the veins in the lower tunnel and to erect a

10-stamp mill. So far there has been no production.
22652°—Bull. 540—14—4
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The country rock is quartz diorite, here rather deficient in ferro-
magnesian minerals, grading off within half a mile to the west and
northeast into the coarser-grained type of alaskite porphyry. The
diorite is cut by a dike of fine-grained quartz-augite diorite, 100 feet
or more in width. It is similar in mineral composition to that of
the Mount Shasta mine, except that the augite is less altered. A
similar dike about 40 feet wide has been crossed in the lower tunnel.

The two veins lie entirely within the basic dike near the contact
with the diorite. At one point there is also a little quartz on the
contact of the dike, but it has not been worked. One vein strikes
N. 55° E. and dips 43°-52° SE.; the other strikes N. 50°-62° E.
and dips 57°-70° SE. Only the first has been developed. Its width
varies from 6 inches to 3 feet. The quartz is in places much crushed,
and there is always considerable gouge on the hanging wall and
locally on the footwall as well. The quartz is as a rule distinctly
crystalline, and small vugs are common. The ore is entirely oxidized
with the exception of a few partly altered specks of pyrite. Gen-
erally it has a platy appearance, with layers of quartz 2 to 4 milli-
meters thick separated by dark planes of manganese oxide. Man-
ganese oxide is much more prominent than in other mines in the
quadrangle and gives the quartz a dark-gray appearance, diversified
here and there by minute spots of yellow iron oxide.

Two ore shoots have been prospected to some extent by raises.
These are said to be each about 100 feet in length along the drift
and to show a value of $11.85 a ton.

GAMBRINUS MINE (4).

The Gambrinus mine (Shasta Monarch Mining Co., owner; T. W.
Rogers, superintendent), lies on the east bank of Whiskey Creek
directly opposite Whiskeytown. The deposit was discovered about
1870 in the course of placer mining and has passed through several
hands. The earlier work consisted of gophering along rich surface
streaks. The total known production is $127,000, which is exclusive
of an unknown amount obtained by ‘‘smipers” and lessees. The
present company has been in possession for the last three years and
up to July, 1912, had produced about $5,000.

The veins lie in alaskite porphyry near the contact with meta-
andesite. On the opposite side of the stream and a few hundred
feet to the north is an outcrop of a basic dike similar to that at the
Mascot and Mount Shasta mine. :

The alaskite porphyry is of the fine-grained type characteristic of
the vicinity. Near the veins it is a blue-gray rock, much jointed and
stained by iron oxide, carrying small phenocrysts of quartz and
feldspar.

Four veins are exposed on the property. The development work
consists of shallow surface workings and a crosscut from a few feet
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above the stream level, with drifts on the two southwestern veins
and a lower level 40 feet below that was filled with water in July, 1912.
. The veins are approximately parallel and have strikes varying from
N. 50° W. to west and dips from 45° N. to vertical. The three north-
eastern veins all lie within a 60-foot zone. In these veins the quartz
forms irregular lenses in zones of crushed alaskite porphyry, 3 or 4
feet wide. Small grains of albite were observed under the micro-
scope in the quartz near the walls. These crushed zones are per-
sistent and are drifted on when the quartz pinches out. The ore in
the upper workings is oxidized but shows considerable pyrite in the
pan, as well as free gold. The quartz of the northeastern vein carries
no manganese. On the main level there is a small amount of pyrite
together with free gold. Tellurides are reported, but their presence
is doubtful. Small copper stains are seen here and there in the
quartz. The alaskite between the veins is silicified and carries con-
siderable pyrite. Assays of this altered rock for the 27 feet between
two of these veins is reported to have shown a tenor of $8 a ton,
practically all of which was in the pyrite. Under the microscope, the
only apparent change aside from the introduction of pyrite is the
development of chlorite and possibly a slight silicification of the
groundmass. A few patches of coarsely crysialline pyrite occur in
the porphyry. The crystals of pyrite may be as much as 6 or 8 milli-
meters across and are said to be barren.

The southwestern vein is not exposed on the surface and is more
distinct and regular than the other three. It consists of 1% feet of
manganiferous quartz carrying free gold. No calcite was seen in
any of the ore from this mine.

On the lower level, which was not accessible when the mine was
visited, there have been found, according to Mr. Rogers, small amounts
of chalcopyrite with which free gold is often associated.

A 10-stamp mill is now being set up on the property to replace
the small prospecting mill formerly used.

MAD OX MINE (5).

The Mad Ox mine (Caribou Gold Mining & Power Co., Trinity
Center, owner), on the south side of Mad Ox Gulch near its junction
with Whiskey Creek, has not been in operation, for the last two years.
No data could be obtained as to former production or value of the ore.

The vein lies in a zone of intensely sheared meta-andesite 4 to 6
feet wide, near an intrusion of alaskite porphyry. The alaskite where
close to the vein is silicified and in part replaced by calcite. The
strike of the vein is N. 22°-33° E. and the dip between 80° SE. and
vertical. In width the vein varies from a mere streak of gouge to a
maximum of 4 feet. The longest portion of the vein that is wide
enough to stope is about 100 feet long. The ore is somewhat iron
stained quartz with a little calcite but carries no visible sulphides.
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MAD MULE MINE (6).

The Mad Mule mine (Mad Mule Gold Mining Co., of San Fran-
cisco, owner; T. W. Briggs, superintendent), formerly the Banghart,
. is one of the best examples of the pocket type of deposit found
m the quadrangle. The mine occupies almost the whole length of
Mad Mule Gulch, a tributary of Whiskey Creek about 3 miles north
of Whiskeytown. The ground was located and the surface sluiced in
the early fifties. At that time the length of claims allowed was only .
200 feet, and as the deposit continues for nearly a mile the number
of old workings is tremendous. Mr. Briggs estimates that the total
production has been about a million dollars, exclusive of a large but
unknown amount taken out at different times by ‘‘snipers.”

The ore lies close to a diorite porphyry dike which cuts the meta-
andesite, the alaskite, and the slate and conglomerate of the Bragdon
formation.

The intrusive rock is extremely striking in appearance, large white
feldspars, up to a centimeter in length, being thickly studded through

_a fine-grained gray groundmass containing minute hornblende
needles. Away from the zone of weathering, which has a maximum
depth of about 50 feet, the rock is generally fresh and hard. A little
pyrite scattered in small cubes throughout the rock constitutes the
only indication of hydrothermal alteration. Under the microscope
the feldspar phenocrysts appear to be albite grading toward oligo-
clase. The hornblende is completely altered to chlorite, together
with some secondary calcite and a little iron oxide. The groundmass
is made up of minute feldspar microlites. Calcite also occurs in
irregular patches and microscopic lenses and fissures. In many of
these there is an outer border of quartz, suggesting that an open
cavity had been first lined by quartz and later filled with calcite.

At the west end, where the workings have been most extensive,
the dike is about 150 feet wide. Its strike is here generally west,
though with many local variations, and its dip 40°-60° N. Farther
downhill to the east, at an elevation of 1,900 feet, where the com-
pany is running its present tunnel, the width is only about 12 feet
and the dip nearly vertical. The dike, though slightly faulted here
and there, is comparatively free from the intense shearing that
characterizes the slate, meta-andesite, and alaskite porphyry on its
walls.

The alaskite porphyry carries prominent quartz phenocrysts and
is intermediate in grain between the extremely aphanitic type found
on South Fork Mountain and the more granitic phase exposed along
the stage road east of Whiskeytown.

The Bragdon formation as represented in the vicinity of the mine
consists chiefly of black carbonaceous slate, much sheared and sim-
ilar to that found in connection with the ores of the French Gulch
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district. Near the surface iron staining is common, and a few small
circular rosettes of gypsum needles are to be seen on the shearing

planes of the slate.

The workings consist of a large number of tunnels along the walls
of the dike. They are more numerous and, according to local report,

find richer ore on the hanging wall.

Along the contact and in the

porphyry and slate to distances of a few feet from the contact are

small quartz stringers 1 to 2 inches wide.

The quartz is honey-

combed with cavities, many of which are partly filled with sooty

manganese oxide. Many of the cavities
are drusy,with small quartz prisms, 2 or 3
millimeters long, growing out from the
flat faces of larger crystals. Others are
interstitial between larger quartz crys-
tals, and in many of these minute man-

ganese dendrites are arranged along two :

series of lines intersecting in rhombs,
which suggest that the manganese was de-
posited along cleavage cracks in calcite
and that the cavity was formed by the
leaching out of calcite. Other cavities are
in the form of small parallel gashes in the
quartz. These are commonly irregular in
detail, though in a few of them the outlines
are so sharp and clear as to look like cuts
made by asaw. These cavities also appear
to have been formed by the leaching out
of calcite. The slate is, moreover, cut by
numerous small stringers of pyrite and
calcite. According to Mr. Briggs, this
pyrite is auriferous. No arsenopyrite was
found, but some arsenic is said to be
present in the concentrates.
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F16URE 3.—Sketch showing position
of pockets, Mad Mule mine, north
of Whiskeytown, Cal.

So far as could be observed, no work

has been done on veinlets of the type just described.

The ore mined is almost entirely calcite, which occurs at intervals
along both hanging and foot wall in small lenses known as ‘points.”
(See fig. 3.) These points have a variety of forms. The common form
is a flat lens of calcite generally not over 4 inches thick, deposited in the
trough formed by some irregularity in the contact of the dikes and
slates. Most commonly the calcite is not directly in the crotch of the
trough but along one side, tapering out toward the crotch. Such
‘““points” as have been mined on the footwall side of the dike seem to
be most commonly in the reverse position—that is, to be formed
near the top of an arch rather than in a trough. These calcite lenses
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are as a rule not more than 3 or 4 feet in length along the strike and
have been followed upward for as much as 20 or 30 feet. The calcite
is rarely drusy, but here and there small acute rhombohedral crystals
project into open spaces. Very minor amounts of quartz as small
patches are inclosed in the calcite and are apparently contemporaneous
withit. Insome specimens small specks of a green micaceous mineral
were seen. .

Pyrite is the only sulphide present, but it is comparatively rare in
the calcite. It is found in small lines traversing the ore and in scat-
tered cubes. In the troughs, all of which are present watercourses, it
occurs near the ends of the calcite lenses, though within the slate,
as small octahedra, unmodified by other forms.

Gold has been mined only in the ‘“points.”” Most commonly it
forms a thin film on the surface of the calcite at the junction with the
slate, rarely extending to plates of noticeable.thickness. It is said
that the largest single piece of gold taken from the mine was in the
form of a plate nearly a quarter of an inch thick and weighing over 100
ounces. Gold also occurs in much smaller masses entirely within the
calcite, here following the cleavage planes. Invariably, however, it is
close to the slate, being nowhere, as far as could be seen, over half an
inch distant. The intersection of the manganese-bearing quartz
stringers referred to above with the calcite of the ““points’ is regarded
as an indication of a rich pocket.

The ““points” mined have been chiefly on the hanging-wall side of
the dike and all within the upper 600 feet. Moreover, all the ‘“ points”
havebeen found comparatively near thesurface. Few of the tunnels
are more than 200 feet in length, and in the longest, about 1,000 feet
long, pockets had not been mined beyond the first 500 feet, which
would be equivalent to not more than 250 feet in depth below the sur-
face. All these facts indicate that the gold content of the pockets is
related to the present surface. Such an origin is likewise indicated
by the position of the pockets which are closely connected with the
present watercourses.

TRUSCOTT MINE (7).

The Truscott mine (John Martin, owner), formerly the Emigrant, is
situated near the head of Grizzly Gulch, about 2 miles northeast of
the Tower House and a mile west of the head of Mad Mule Gulch.
The mife was discovered about 25 years ago and has produced about
$60,000, of which $12,000 was taken out in the last three years.
The veins have been developed by several tunnels at two levels 40
feet apart. .

The principal vein consists of lenses of quartz along the footwall
contact of a dike of andesite porphyry with black slate. The average

strike of the contact is N. 20° E. and the dip 60°-80° W. The width .

C T
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of the dike is about 300 feet. Some ore has also been found on the
hanging-wall side, but none of it has been developed. :

The ore occurs in large lenses along the contact. The only devel-
oped lens shows a length of about 100 feet and a greatest width of 10
feet. At the end the lens tapers down to a mere streak of black
gouge along the contact. This was followed for about 30 feet and a
second lens encountered. All the quartz is said to be workable and
to carry from $10 to $15 a ton in free gold. The gangue consists of
white quartz with a small amount of calcite, much mixed with black
slate, but without porphyry. The only metallic mineral observed in
the ore was pyrite, though small copper stains were seen and chal-
copyrite is said to be present in small amounts. The pyrite occurs
in minute crystals in the quartz and the slate, but not, so far as could
be observed, in the calcite. Branching out from the main vein into
the porphyry are numerous small stringers of manganiferous quartz.

On the upper level a small vein 4 to 8 inches wide branches off into
the porphyry at a small angle. Here the ore is iron-stained quartz
much mixed with altered porphyry and carrying much visible gold
in association with partly oxidized pyrite. The ore from this small
vein is said to pan between $100 and $300 a ton.

BRIGHT STAR MINE.

A short distance northeast of the Truscott is the Bright Star mine,
which was worked to a small extent during a local boom a few years
ago but is now abandoned.

FRENCH GULCH DISTRICT.
PRODUCTION AND GENERAL FEATURES.
The French Gulch district is the oldest lode-mining district in the
quadrangle, the Washington, the oldest mine in the region, having

been located in 1852. The following fragmentary records of produc-
tion give some idea of the importance of the mines in this district:

Production of French Guich district.

Year ending September, 1854 a............ et eeeeeeetaeieeaeeaeaaaaaaas 853,232

1855 (8 months) G.......-..... 22,132
Year ending July 1, 1869 d.... 50, 044
Year ending July 1, 1871 e.... 44, 639
Year ending May 3i, 1881d... 38, 500
900 €nnersmrrmaeceme e anneeaann 418,622

1010 e. oLl 560,144
1001 e 420, 451

e Production of the Washington mine. Trask, J. B., Report on the geology of northern and southern
California: Rept. California State Geologist, 1856. :

b Chiefly Wsshin%on mine. Raymond, R. W., Statistics of mines and mining in the States and Ter-
ritorics west of the Rocky Mountains, 1870. '

¢ Idem, 1872.

@ Second Rept. California State Mineralogist, 1882. Apparently includes placer production.

e Mineral Resources of the United States.
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The mines of the district lie within the area of slate and con-
glomerate of the Bragdon formation, which begins at Tower House
and extends northward to the border of the quadrangle. With the

exception of the Eldorado, which is more closely connected with -

the pocket type, all the deposits are simple fissure veins and show a
close mineralogic similarity. With one exception all these veins are
closely associated with intrusive soda granite porphyry or diorite
porphyry, chiefly the former.

The principal fissures trend nearly east and west, though a few
have a northerly strike.

ELDORADO MINE (8).

The Eldorado mine (J. G. Connors, owner; Garvin & Gatney,
lessees), is on the west side of Mill Creek about half a mile south
of the Tower House. The property was located by William Paul
about 1885, and the total production has been estimated at $25,000,
of which $3,500 has been obtained by the present lessees between
August, 1911, and July, 1912.

The lode lies along the fault contact of meta-andesite and slate,
which strikes about N. 20° W. and dips 50°-70° E. The only work-
ing now accessible is a 400-foot drift at an elevation of 1,250 feet.
There is much gouge along the contact and a part of the faulting has
been oblique to the original contact, resulting in sharp wedges of
slate that enter the meta-andesite at small angles and small lenses of

much-crushed slate that are included in the meta- andesite at 2 feet:

or less from the contact. ‘

Quartz occurs in small lenses about 2 feet in width along the slate
walls and in the meta-andesite, especially near the slate. The
quartz is somewhat drusy, though the vugs are all small, never.more
than 2 centimeters in greatest diameter. The vein quartz is much
mixed with fragments of meta-andesite, whose uncertain boundaries
imply some replacement A little sericite accompanies the altered
meta-andesite in places. No calcite was seen in any of the ore.

On this level the ore is almost completely oxidized. Sooty man-
ganese oxide partly fills many of the druses. Blotches of iron oxide
show the alteration of pyrite. On.the lower level, 90 feet below,
pyrite was found in the quartz, but is said to have proved barren,
all the values being in free gold.

The gold occurs entirely in pockets in the quartz and gouge. The
richest pocket found, from which $2,500 worth of gold was taken,
was entirely in the gouge between quartz and meta-andesite. Other
rich pockets are in the form of quartz veinlets, generally less than
an inch wide, in the meta-andesite near the infaulted lenses of slate.
These veinlets carry visible gold in association with specks of iron
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oxide and in small flakes lining minute druses. So far as could be
observed, the rich quartz was free from manganese. '

The gold is noticeably light colored and its fineness is much below
the average for the district. It is said that its average value is
about $14 an ounce and-that some of it falls as low as $12. No
intrusive rock has been encountered in the workings, so far as known,
and none was seen on the surface in the vicinity, though the ridge

was not examined in detail.

- GLADSTONE MINE (18).

The Gladstone mine (Hazel Gold Mining Co., owner; J. O. Jillson,
managing director; E. Young, superintendent) lies on the north side
of Cline Gulch, about 5 miles by road from the town of French Gulch.
It was originally located in 1896 by T. Cumming. After the oxi-
dized ore was exhausted the mine changed ownership more than once
and was purchased by the present company in 1901. The produc-
tion previous to 1901 was about $85,000. From February, 1901, to
June, 1912, the production has been, in gold bar, $2,389,491.78; in
concentrates (net), $109,739.90;  total, $2,499,231.68. Under present
conditions the annual production is about $360,000.

The steep topography of the region has made it possible to mine
the upper 1,000 feet of the vein by means of tunnels. The lower
portion is worked from a blind shaft on the main adit (Ohio) level,
which in October, 1912, had reached a depth of 1,080 feet. This
part of the vein is developed by three levels. The exhausted stopes
and upper workings are filled with the waste obtained in crosscutting.

The company owns a power plant on Crystal Creek which furnishes
power for the mill, electric haulage, and outside lighting. The power
for the hoist and pump is supplied by the Northern California Power
Co. There is a 30-stamp mill, four Wilfley tables, and four vanners,
the whole plant having a capacity of about 100 tons a day.

The country rock of the vein consists of slate, sandstone, and con-
glomerate of the Bragdon formation. The slates show great contor-
tion, with much minor faulting and variations of dip. Conglomerate
and sandstone are present only in minor amounts.

The vein itself differs from most deposits of this type in that it does
not cut any igneous rocks. On the adit level several hundred feet
from the vein is a small dike of much altered diabase. The dike is
about 2 feet wide and much broken by the numerous small faults that
cut the slate but do not affect the ore. On the fourth, fifth, and
sixth levels, which were not accessible at the time of the writer’s
visits, the crosscuts from the shaft to the vein encountered a soda
granite porphyry somewhat similar to that seen at the Milkmaid mine
and elsewhere, though more granitic in texture. According to Mr.
Young, this rock occurs in irregular masses about 150 feet south of the
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vein. These vary from a few feet to more than 40 feet in length and
occur nearly vertically one over another. There is a small amount
of gouge at the contact with the slate. No porphyry was found below
the sixth level. Apparently these masses represent irregular apophy-
ses from some large mass below. The most numerous phenocrysts
are biotites from 1 to 3 millimeters in diameter in rough parallel
arrangement. There are also a considerable number of kaolinized
oligoclase feldspar ¢rystals from 2 to 4 millimeters in length. Quartz
is in clear distinet grains, many of which show embayments due to
magmatic corrosion. The groundmass consists of minute crystals of
quartz and feldspar. It also contains a few grains of a colorless
mineral, probably garnet. The alteration shown is entirely such as
could be accomplished by surface waters, and no minerals character-
istic of hydrothermal alteration are to be seen. In fact, there seems
to be little or no hydrothermal alteration of any of the wall rocks as a
result of the introduction of the vein-forming solutions, though in
places thin bands of sandstone are impregnated by pyrite and rarely
the slate near the vein is silicified.

The vein is inclosed in a zone of much crushed slate and sandstone
60 or 70 feet in width, but within this zone the vein itself is irregular.
Where the walls are slate it tends to break up into small anastomosing
veinlets, which must be worked as a whole, involving the mining of
much waste material. In the conglomerate and sandstone the vein
is much more distinctly defined, though narrower. In the crushed
slate the greater proportion of quartz is on the footwall side of the
crushed zone. Gouge is nearly always present on both walls. The
common width of the ore as stoped is 24 feet, though in a few places

_ it reaches a width of 12 feet. Along the adit Ievel the vein has been

followed for a distance of 2,000 feet. The present depth of working
is about 1,000 feet below the adit level and 2,000 feet below the
outcrop.

The strike is east with small local variations. From the summit of
the outcrop to the adit level, 1,000 feet below, the vein is vertical.
From the adit to the seventh level the dip is over 60° S., but below
the seventh level the dip changes to steep north. This change in dip,
together with the fact that the vein is much tighter and no longer
carries the large amount of gouge that characterizes it on the upper
levels, has led to the belief that the vein splits between the sixth and
seventh levels and that it is the northern branch which has been fol-
lowed. It is planned to test this hypothesis by.crosscutting to the
south from the ninth level. _

The ore is, as a rule, massive white quartz, showing in places
minute fissuring but very rarely any tendency toward crystal forms.
According to Mr. Young, the quartz that occurs within conglomerate
or sandstone walls tends to be miore crystalline and vuggy. Such

=
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vugs as were seen were very small, not over a centimeter in length,
and the individual quartz crystals are all under 3 millimeters in
length. Most specimens of the vein quartz have a gray to bluish color
due to the intimate mixture of fragments of slate wall rock with the
quartz. A few small gray bands in the quartz appear to be due to
shearing and consequent smearing out of slate fragments in lines par-
allel to the walls. Calcite is present in small amount throughout the
ore. It is generally in small specks not over 1 or 2 centimeters in
diameter but more rarely forms distinct lenses several inches long.
Sericite is developed to a small degree in the replaced fragments of
slate in the quartz.

The metallic minerals of the ore are pyrite, free gold, galena,
sphalerite, and arsenopyrite. Pyrite is by far the most common of
these. In the quartz itself it occurs in minute crystals less than a
-millimeter in size and almost invariably in close association either
with the included fragments of slate or with the slate of the wall rock.
In thin bands of sandstone in the wall rock pyrite is commonly
present in small amount, scattered through the rock in minute
crystals. In the carbonaceous slate, however, the pyrite does not
occur as an impregnation but most commonly in small veinlets
generally less than 5 millimeters in width, associated with a small
amount of quartz. So far as could be observed, pyrite is not present
in the calcite. The other sulphides, galena, sphalerite, and arseno-
pyrite, are extremely rare and are not found outside of the vein itself.
Galena is present in small cubes, almost always close to the walls.
The largest seen was about 2 millimeters. Sphalerite occurs in very
minute specks and is much less common than galena. The presence
of arsenopyrite is indicated by a small percentage of arsenic in the
smelter returns of the concentrates, and the small white metallic
specks seen here and there in the ore are shown to be this mineral
when examined microscopically. The total of the concentrates
forms less than 1 per cent by weight of the ore milled, although about
6 per cent of its value. Visible gold is of less common occurrence
than in the other mines of the region, but many small specks are
seen in the quartz near the included fragments of slate or the slate
walls. About 94 per cent of the value of the ore is in free gold,
recovered on the plates of the mill.

In the upper workings three separate ore shoots were mined.
Below the adit level the two western shoots had joined and between
the sixth and seventh levels the third ore shoot joined the others
(fig. 4). The maximum drift width of any ore shoot was about 500
feet near the junction of the central and westernmost shoots, and
the minimum slightly less than 200 feet.

In the oxidized zone, which, according to Mr. Young, reached a
depth of only about 75 feet, scattered patches of very rich ore were



60 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART I

encountered. Below this zone, however, the tenor of the ore has
been rather even, the only noticeable change being a slight increase
in the amount of arsenopyrite. The ore as milled runs about $10 a
ton, but this is lower than the value of the quartz, as a large amount
of waste must always be milled and everything which when panned
shows an estimated tenor of $3 or over is mined. The good ore of
the ore shoots carries from $30 to $50 a ton, and some small stringers
and patches may run up into the hundreds of dollars.

This mine has been developed to a greater depth than any other
in the Weaverville area, and the fact that ore has been followed for
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FIGURE 4.—Section along Gladstone vein, near French Gulch, Cal., showing position of ore shoots.

a vertical distance of 2,000 feet should be a good indication for the
persistence in depth of other deposits of this type.

AMERICAN MINE (19).

The American mine was located in 1887. The surface ores were
very rich, and it is reported that $2,000 was obtained from ore
crushed in a hand mortar.! The workings occupy the ridge north of
Cline Gulch between Clear Creek and J-I-C Gulch and consist of
tunnels at several elevations between 2,500 and 3,150 feet. The

1 Eighth Ann. Rept. California State Mineralogist, 1888. -
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mine has not been in operation for several years and many of the
tunnels are caved. The production is unknown.

The country rock is slate and conglomerate in the upper workings
and entirely slate below. Near the vein it is much fissured and dis-
turbed but maintains a general dip to the south at varying angles.
No igneous rock was seen either in the workings or on the dumps.

The vein lies in a narrow zone of much-crushed slate and varies in
width from a feather edge to a maximum of about 3 feet. It has
been stoped only in the eastern portion. The strike is from N. 80° E.
to easi and the dip from vertical to 80° S.

The unoxidized ore, so far as could be seen from the specimens
picked from the ore bin, closely resembles that of the Gladstone
mine in general appearance. Like the Gladstone ore, mueh of it has
a bluish-gray color, due to specks of carbonaceous matter from the
slate, and contains many small angular fragments of slate surrounded
and partly replaced by quartz. The quartz contains numerous vugs
and shows a crystalline form more-commonly than that of the Glad-
stone ore. Most of the crystals appear to have grown outward from
the slate fragments included in the vein. No calcite was seen in any
of the specimens collected.

The metallic minerals appear to be rather less in quantlty than in
the Gladstone ore.” Arsenopyrite, pyrite, and gold were the only
metallic minerals seen. All of them were found close to the wall or
near included fragments of slate. .Arsenopyrite is the most common
and is found in fair-sized crystals (2 millimeters or less) in the quartz
and at the contact with the quartz and slate, both the walls and the
included fragments. Pyrite is not common and occurs only close to
the wall and in the slate. Gold was seen in small plates and imperfect
crystals close to the contact of quartz and slate and in the dark bands
in the quartz.

FRANELIN MINE (20).

The Franklin mine (Western Exploration Co., owner; H. F. Musser,
manager) is on the north side of French Gulch, about 3 miles north-

- west of the town. It is developed by adit levels at elevations ‘of

1,950 and 2,055 feet, connected by a raise on the vein, and by a lower
level 130 feet below the main level, reached by a winze. Drifts have
been run on the vein in all three levels. As far as possible the stopes
have been filled with waste. The large proportion of waste which it
is necessary to mine brings down the value of the ore milled to about
one-third of the assay value of the quartz. The ore is crushed in a
10-stamp mill on the neighboring Milkmaid property, and the con-
centrates are saved on four vanners. The mine is said to have been
located in 1852, and is therefore one of the cldest in the State. The
earlier production is unknown. The production for the last five
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years, according to Mr. Musser, was $350,000. In July, 1912, a force
of 14 men was employed, and two lessees were Working on the east
end of the vein on the lower level.

The vein cuts both the slate and a mass of mtruswe soda granite
porphyry. A few hundred feet to the north the slate overlies a mass
of meta-andesite. Dikes of diorite porphyry and quartz diorite
porphyry outcrop a short distance to the south. The slate is here
much sheared and crushed, having a glistening appearance due to the
close slickensiding.

The intrusion of soda granite porphyry is irregular in form, but
appears to occupy the valley of French Gulch at this point and to
extend for about 1,500 feet northward. As seen in the mine workings
the northegn contact dips to the north, the upper workings being in
slate and the lower in soda granite porphyry. The slate, except for
the crushing and shearing, does not show any alteration near the vein.
The porphyry, on the other hand, is altered and impregnated by
arsenopyrite and pyrite. Under the microscope this change is seen
to consist of the sericitization of the feldspar, with some development
of secondary calcite, and the complete alteration of the biotite to a
mixture of chlorite and sericite with specks of epidote. Sericite
shreds also occur in the groundmass, which may be somewhat silici-
fied as well.

Two veins have been followed to some extent in the Frankhn
workings; onewith a strike of N.5°-30°W.,and a steep dip to the east,
the other with a strike approximately west and a dip about 70° N.
The intersection of the two veins has not been discovered. The
northward-striking vein is in the extreme western part of the work-
ings and has been stoped on the main level for about 70 feet only.
A short distance above the level it passes out of the porphyry and into
the slate, where it splits up into a series of small stringers. The other
vein has been followed in all for 700 feet on the main level, where the
walls are porphyry, and for smaller distances on the upper and lower
workings. In the upper level (105 feet above the main level) the
walls are slate and the vein less defined than in the dacite porphyry.
Bésides the two main veins small stringers have been gophered for
short distances. The maximum width of the vein is 4% feet, but in
places it narrows to a few inches. Above the upper level there are
old workings on the hillside, now inaccessible, from which, it is said,
extremely rich oxidized ore was taken.

The gangue minerals are quartz and calcite. Much of the quartz
presents a faintly mottled grayish appearance, probably due to the
inclusion of minute particles of carbonaceous matter from the slate
wallrock. Fragments of almost completely replaced dacité porphyry
are likewise common. Calcite is less abundent than in the Gladstone
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ore but is present in small patches in the quartz. The proportlon
of calcite in the ore appears to be increasing in depth.

The sulphides in the ore, in the order of their prominence, are
arsenopyrite, pyrite, galena, and sphalerite. Arsenopyrite occurs
in small well-formed crystals rarely over 3 millimeters in length. Its
characteristic position is close to the porphyry walls or in scattered
crystals in the altered porphyry close to the vein. Arsenopyrite also
occurs in small quartz stringers in the porphyry,but was not seen in
the larger veins. The pyrite.is also found with the arsenopyrite as
an impregnation of the porphyry, but is more prominent where slate
forms the wall rock. Although more prevalent in the wall rock than
in the quartz, it is more general in its distribution than arsenopyrite.
In the vein itself the pyrite is usually present as small specks and
crystals, closely associated with sphalerite and to a less extent with
galena. Galena and sphalerite are entirely confined to the vein.
Galena is the more abundant of the two minerals, and though its most
common position is near the walls or included fragments of slate it
also occurs in small irregular patches a few millimeters in diameter
in the quartz itself, entirely without relation to the walls. Sphalerite
is similar to galena in its distribution. Neither mineral shows dis-
tinct crystal outlines. Altogether the sulphides, according to Mr.
Musser, the superintendent, amount to about 0.75 per cent of the
weight of the ore and carry $150 to the ton in gold.

Visible gold is more abundant in this ore than in the average ore
of this type. In all specimens examined, in which the gold is present
in sufficient size to be visible with a hand lens, it is in close association
with the galena.

The oxidized ores were all mined in the early days, and no data
could be obtained as to their value or the depth to which oxidation
extends. .

The ore of the main vein, which runs at its best about $45 a ton,
is in rather irregular pay shoots that pitch steeply to the south. The
best ore is commonly found where the vein is in the slate close to the
porphyry contact. In the lowest level, 130 feet below the adit and
about 200 feet below the point where the vein crosses the slate and
porphyry contact, the ore is said to decrease in value, although it
presents the same general appearance.

o

MILKMAID MINE (21).

The Milkmaid mine adjoins the Franklin on the east and is under
the same ownership. No work has been done for several years, and
the production is unknown.

The rocks in the vic'niity consist of soda granite porphyry similar
to that at the Franklin mine, diorite porphyry, and much-sheared
slate of the Bragdon formation. Both porphyries a,re intrusive into
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the slate, but their relative ages could not be determined. The soda
granite porphyry is a part of the mass exposed at the Franklin. The
diorite porphyry is a dark-gray aphanitic rock. The only minerals
visible under the hand lens are phenocrysts of white feldspar, some
of them as much as 5 millimeters square, which are thickly scattered
over the rock:

In one tunnel a vertical vein striking N. 10°-30° E. near the contact
of the slate and diorite porphyry had been stoped to some extent.
What ore was seen consists of quartz intergrown with a little calcite
and rare pyrite. To the south is an incline shaft apparently following
another vein. The dip of the incline is 44° and the direction N. 60° E.
The quartz on the dump is very glassy in appearance, shows vugs with
crystals two centimeters in length, and is iron stained.

WASHINGTON MINE (22).

The Washington mine (Washington Gold Mining Co., owner; Max-
well & Ketch, lessees), covers the greater part of the hill between the
two forks of French Gulch. The mine was located in 1852 and is said
to be the oldest in the county and one of the oldest in the State.
From September, 1853, to September, 1854, its output was $53,232.
At the close of 1855 the workings consisted of three levels of 522, 222,
and 97 feet and three shafts of 34, 12, and 23 fathoms.! In 1869
there was a 22-stamp mill on the property and the production was
$45,722.2 1In 1871 a production of $31,153 was reported.> In 1890
the total production up to that date was reported as between $500,000
and $600,000.4 The exact total is unknown, but persons familiar
with the district estimate it at one to two million dollars.

No regular work has been done for several years, but lessees have
been at work more or less regularly in different parts of the property.
The equipment consists of a 10-stamp mill run by water power and two
- vanners. There are numerous tunnels, many of which are now in-
accessible, connected by raises. The workings honeycomb the hill
from the creek level at about 2,000 feet to a point near the summit, at
about 2,900 feet.

The lower workings are in the meta-andesite, which is overlain by
slate. These rocks are cut by a great number of intrusions of soda
granite porphyry and diorite porphyry, which vary from sheets a few
inches in thickness to dikes and irregular masses up to 200 feet or
more thick. The meta-andesite extends up as high as the sublevel
150 feet above the lower main-tunnel elevation (2,400 feet). Owing

1 Trask, J. B., Report on the geology of northern and southern California: Rept. Cahfomla State Geologist,
1856.

2 Raymond, R. W., Statistics of mmes and mining in the States and Territories west of the Rocky
Mountains, 1870. .

8 Idem, 1872.

4 Tenth Ann. Rept. California State Mineralogist, 1890.
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to movement at small angles to the contact, irregular wedges of one
rock penetrate the other and give the meta-andesite the appearance
of an intrusion into the slate.

The intrusive porphyries in the vicinity of the veins consist of a
biotite-bearing diorite porphyry that outcrops in two large sills in the
southern fork of French Gulch, soda granite porphyry that forms a
large mass to the south of the main (2,500-foot) tunnel, numerous
small sills and dikes on the point of the ridge to the west, and diorite
porphyry that outcrops near the mill about 500 feet south of the
workings. The biotite-bearing diorite porphyry resembles the soda
granite porphyrysocommonin the region, except for the lack of quartz
and the more calcic nature of the feldspars. The soda granite por-
phyry is in every respect closely similar to that exposed in the Frank-
lin workings and is probably a part of the same mass. The diorite
porphyry shows numerous white-zoned feldspars (as much as a centi-
meter in length) in a dark groundmass.

Two veins have been worked on the property. One of these strikes
about north and dips 60°-70° E. and appears to cut off the other,
which strikes a few degrees north of east and dips at varying angles
to the north. The north-south vein is a well-marked fault plane
with a large amount of gouge, in which occur lenses of quartz having
a maximum width of about 10 feet. The other vein pinches and
swells to a considerable degree, but the ore as mined in few places was
over 4 feet wide. Small stringers and veinlets branching off in every
direction, have been followed in the hope of encountering rich pockets.

The ore is quartz with a small amount of sulphides. The two
veins are similar, but the ore of the north-south vein may contain
slightly more blende and less galena than the east-west vein. Quartz
is the most abundant gangue mineral. It is white and massive,
having in places a somewhat glassy appearance, and is compara-
tively free from the included carbonaceous matter which gives the
gray color to the quartz of neighboring mines. Calcite occurs only
in small specks in the quartz, and sericite was seen only under the
microscope, in minute quartz veinlets which cut the pyrite.

The metallic minerals include pyrite, galena, blende, and arsenopy-
rite. Pyrite is by far the most prominent and is not, as in the Frank-
lin ore, associated principally with the wall rock but is distributed
throughout the ore, generally in small and rather distinct fissures in
the quartz, usually not over 3 centimeters in length and 3 or 4
millimeters in width, and associated with small amounts of galena
and in places with a little blende. Pyrite also occurs in small patches
or individual crystals, the latter generally less than a millimeter
square, and to some extent as an impregnation of the wall rock.
Galena is found in small fissures associated with a larger amount of
pyrite and to a less extent in small specks, about a millimeter wide,

22652°—Bull. 540—14—5
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In the quartz, principally near the walls. Sphalerite follows the
galena very closely but is far less in amount. Arsenopyrite was seen
at only one point where soda granite porphyry had been completely
silicified and impregnated with pyrite and arsenopyrite. The
arsenopyrite is in very minute (0.5 millimeter or less), well-formed
crystals, for the most part grouped close to fairly well-marked planes
in the altered rock. Small crystals were also seen in small quartz
veinlets which cut the silicified porphyry. Visible gold in the
primary ore is found only in close association with the galena, and the
presence of galena is looked upon as a sign of valuable ore.

The oxidized ore that was first mined was exceedingly rich and
ran as high as $600 a ton. The first mining work done consisted
in sluicing the rich and decomposed material on the outcrop. At
present two lessees are working stringers of oxidized and pa,rtly
oxidized ore on the upper part of the hill. These veinlets occur in
close connection with the numerous small dikes of soda granite
porphyry, and contain in places small pockets of very rich ore
Where completely oxidized the ore is a white quartz with irregular
reddish stains of iron oxide. Small honeycomb-like cavities 1 or 2
centimeters in length are scattered throughout the rock, representing
the oxidation of the sulphides. All these cavities contain more
or less iron oxide and are irregularly flecked with small leaf-like
plates of gold, at the largest 3 or 4 millimeters in length.

Of the two principal veins the north-south vein was chiefly worked
near the surface but was not found profitable below an elevation of
2,500 feet, and the east-west vein was principally worked below this
level. On the latter vein the ore shoot appears to pitch west.

NIAGARA MINE (23).

The Niagara or Black Tom mine occupies a part of the same hill
as the Washington but lies farther west. The property was located
in 1857 but has not been worked for some years. The total produc-
tion is estimated at somewhat under a million dollars.

The workings consist of several tunnels on both the north and south
sides of the ridge. On the dumps, besides slate and conglomerate,
are fragments of both diorite and soda granité porphyry, the latter
in part more or less completely silicified, leaving phenocrysts of glassy
quartz in a chalcedonic groundmass. So far as can be judged from
the accessible lower workings, diorite porphyry forms the larger
portion of the mass. Fine-grained quartz-augite diorite outcrops
on the road near the lower tunnel, and a few pieces were found on the
lowest of the several tunnel dumps.

Such ore as was seen was quartz, without any calcite. The usual
sulphides are present in small amounts. Pyrite is most widely
distributed, as it is found in the quartz, in the small stringers in the
slate, and disseminated in minute crystals in the porphyry. Most

\
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commonly, however, it is in close association with the galena, here
and there completely surrounding small fragments of that mineral.
Arsenopyrite is in places in small crystals in the vein but is more
commonly scattered through the altered porphyry in the wall.
Galena and sphalerite are most abundant near the slate wall rock and
include fragments of slate.

SUMMIT MINE (24).

The Summit mine (Joseph Porter and the Wheeler estate, owners;
Allen & Alexson, lessees) is near the top of a spur running eastward
from the county divide, about midway between the Brunswick and
Niagara mines. Since 1907 the lessees have taken out about $30,000.
The estimated total production is about $200,000.

A dike of soda granite porphyry from 25 to 40 feet wide cuts the
slates and is itself crossed by two veins. The porphyry is rather

 finer grained than other rocks of this type and shows prominent
biotite and feldspar phenocrysts, 1 to 2 millimeters in dlameter, but
no quartz

The veins have been developed by three adit levels at vertical inter-
vals of about 40 feet. The ore is quartz with a very subordinate
amount of calcite and, near the walls, specks of metallic sulphides,
pyrite, galena, sphalerlte, and arsenopyrite, together with gold. For
the most part the quartz is similar to that of other veins in. the vicin-
ity, massive and in part of a grayish tinge, but in places containing
vugs 6 or 8 inches across. The oxidized ore shows staining by
manganese as well as iron oxide. Of the sulphides, sphalerite is per-
haps the most common and occurs in small crystals with galena and
pyrite in the quartz at distances of less than a quarter of an inch from
the wall. Arsenopyrite is in its usual position in the porphyry, close
to the quartz, and in one specimen occurs in small streaks in the
quartz near the wall. Visible gold in the vein itself was seen only in
association with the arsenopyrite rather than around its usual nucleus
of galena. In the large vugs gold is seen on many of the quartz
crystals themselves, and in one specimen small flakes are inclosed in a
large crystal, though possibly along a small fissure in the crystal.

Although one of the veins has been followed for as much as 300
feet, very little good ore has been encountered outside of the porphyry
dike. Here ore running as high as $150 a ton is found in small ore
shoots 20 feet or less in length along the drift, although on the second
level the western vein showed workable ore all the way across the
dike. Outside of the dike only a few small ore shoots have been
worked. The richest ore mined, according to Mr. Alexson, was one
3-ton lot that milled $423 a ton.

The ore must be carted from the mine to the Washington mill on
French Gulch, and hence mining is comparatively expensive.
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BRUNSWICK MINE (25).

The Brunswick mine (Brunswick Mining Co., of French Gulch,
owner; H. D. Lacey, manager) is 2 miles south of the group of mines
in French Gulch, on a steep ridge between Sawpit Gulch and Summit
Gulch. The elevation of the tunnel is slightly less than 4,000 feet.

The mine was first located in 1879 and has been under its present
ownership since 1906. The total production has been about $70,000,
of which $45,000 was produced since 1906. There is a 10-stamp mill
on the property, but it is not in operation, as the company is confining
its attention to development work. In July, 1912, two men were
employed. ’

The accessible workings consist of a tunnel that cuts entirely through
the ridge and a drift along the vein. It is planned to prospect the
vein at depth by a crosscut from the north side of the ridge at an
elevation of 3,300 feet. The Bragdon formation is here less distorted
than is common in the neighborhood of the veins and consists largely
of black slate with a few conglomerate beds.

The only intrusive is a dike of augite-bearing diorite porphyry over
100 feet in width which strikes nearly east and west, though with a
rather irregular contact, and dips about 60° N. The rock resembles
that exposed on the Washington and Milkmaid properties, consisting
of large white feldspar crystals in a gray groundmass, but the ground-
mass shows many minute augite prisms.

The ore lies entirely within the porphyry at a distance of 1 to 10
feet from the northern contact and consists of small lenses of quartz
and rarely calcite in a narrow crushed zone. To a large extent the
ore is oxidized and the white glassy quartz shows honeycombed
cavities formed by the leaching out of pyrite and possibly also of
calcite. These cavities, and the quartz as well, are deeply stained
with iron oxide and also contain small black specks and streaks of
manganese oxide. The only metallic mineral present is pyrite.

Not enough work has yet been done to indicate the size or inclina-~
tion of the ore shoot. According to Mr. Lacey, the best ore so far
found runs about $10 a ton.

ACCIDENT MINE (26).

The Accident or Sybil mine was idle in July, 1912. It lies at the
north edge of the complex of dikes which marks the position of the
group of mines near the head of French Gulch. Soda granite por-
phyry similar to that of the Franklin and diorite porphyry similar to
the Brunswick dike cut the slate. The ore for the most part lies in
the diorite porphyry near the contact of the slate, but in places the
workings follow the contact itself, which here strikes about N. 80°
- W. and dips about 50° N.
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The ore consists of blue-gray quartz with patches and streaks of
white calcite, the latter sometimes as much as half an inch in width.
The quartz has a mottled gray color, but the calcite is milky white
and cut by veinlets of quartz and arsenopyrite 1 millimeter wide.
There is the usual association of metallic minerals—arsenopyrite,
pyrite, galena, and blende. Arsenopyrite is probably the most com-
mon. Its characteristic positions are as a band about a millimeter
wide of very minute crystals bordering the calcite and in still smaller
veinlets cutting the calcite, and in larger crystals (3 millimeters or
less) scattered through the altered porphyry wall rock. Rarely small
crystals appear in the quartz. Pyrite occurs commonly in irregular
patches of crystals in the quartz, and to a less extent is present in
millimeter-sized crystals in the altered porphyry near the vein.
Galena is scattered through the quartz in patches and is commonest
near the walls. Sphalerite is usually close to galena, but is less in
amount and tends to be more generally scattered through the vein
than the galena. Gold, wherever in plates large enough to be visible,
is always close to the small patches of galena. Except for the small
quartz and arsenopyrite fissures traversing the calcite, the sulphides
occur only in the quartz or wall rock.

THREE SISTERS MINE.

The Three Sisters mine has evidently been abandoned for several
years. The vein worked must be near a contact of soda granite por-
phyry with the slate, as both rocks are present on the dump. The ore
is & white quartz with small veinlets of calcite that have weathered
to a dark-brown color, implying the presence of manganese. Arseno-
pyrite and pyrite are the two metallic minerals present. The arseno-
pyrite is most closely associated with the altered porphyry, and the

pyrite with the slate.
HIGHLAND MINE.

The Highland mine, at the head of Dutch Gulch, has a recorded
production of $4,322 for 1869 * and $9,650 for 1871.2 It has been
idle for years, however, and was not visited.

SHIRTTAIL MINE,
The Shirttail mine, in the meta-andesite area on Drunken Gulch,
was idle in July, 1912, and was not visited.
DEADWOOD DISTRICT.
LOCATION AND PRODUCTION.

The Deadwood district is separated from the French Gulch district,
to the east, only by the county line. For all practical purposes it is
a part of the same district. The geologic conditions are identical.

1 Raymond, R. W., Statistics of mines and mining in the States and Territories west of the Rocky
Mountains, 1870.
2 Tdem, 1872. b
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Dikes of porphyry of varying texture and composition cut the slates
of the Bragdon formation-and the veins are found in close proximity
to the intrusive rocks.

The production of the district for 1909 * was 2,415 tons, valued at
$31,094, and for 1910 2 2,723 tons, valued at $49,158. This gives an
average tenor of $17 to $18 a ton.

Only one of the several mines of the district, the Brown Bear, was
visited. Others are the Blue Jay, Lappln, Vermont, and Goodyear
& Richards.

BROWN BEAR MINE (27).

The Brown Bear mine (Thomas McDonald, part owner; Barney
McDonald, superintendent) is in the village of Deadwood, on the
north side of Deadwood Gulch. The property was discovered in
1875 and has been worked ever since. The present Brown Bear
property is a consolidation of several mines and taken as whole it
has undoubtedly been the largest producer in the quadrangle; its
total production is estimated by Thomas McDonald as between
$7,000,000 and $10,000,000.
~ The mine has been opened by crosseut tunnels at depths of 340,
395, 420, 520, 640, 725, and 1,080 feet below the outcrop, besides
several smaller old workings between the outcrop and the upper level.
As two principal veins have been developed to a maximum distance
of 1,400 feet, besides drifts on minor veins, and the longest crosscut
is about 2,300 feet, it follows that there are several miles of workings.
In the short time available it was impossible to make more than a
very hasty examination of a comparatively small part of the mine.

There is a 10-stamp mill with two Wilfley tables, capable of han-
dling about 20 tons a shift. In September, 1912, the force consisted
of four miners and seven lessees.

The country rock is slate of the Bragdon formation, cut by a large
number of irregular intrusions that represent different types, includ-
ing both diovite and soda granite porphyry.

There is almost everywhere evidence of motion along the slate and
porphyry contacts. At only one place was an intrusive contact
without gouge seen. The veins lie for the most part in slate but also
cut the porphyry. Besides numerous small veins and stringers two
principal veins bhave been worked; these are parallel and have an
average strike of N. 80° E. The northern vein, the Monte Cristo, dips
steeply to the north; the Last Chance, 200 feet south of the Monte
Cristo, dips south at angles between 60° and 80°. The width is as
a rule not over 2 feet, more commonly about 6 inches, but stopes
have been taken out to a width as great as 22 feet. Two small veins

1 Mineral Resources U. 8. for 1909, pt. 1, U. S. Geol. Survey, 1910.
2 Idem for 1910,
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developed to some extent on the lower levels have strikes of N. 20°
W. and N. 50° W.

The ore shoots on the Last Chance vein appear to pitch at a rather
flat angle to the east. The veins show slipping along both walls and
there is always some gouge present, locally as much as 3 inches.
The gouge carries fragments of quartz and a little gold. It is very
rare that the ore is frozen to the wall. :

Quartz is the principal gangue mineral. Much of it has a cloudy
blue-gray color and in many places it is banded, owing to inclusions
of slate parallel to the walls. Calcite is comparatively rare in the ore
and is more commonly seen in the small irregular stringers in the
slate and porphyry near the veins. Manganese oxide is noticeable
in the surface quartz. The sulphides consist of pyrite, galena,
sphalerite, and arsenopyrite. The concentrates carry about $100 in
gold to the ton but form a very small percentage of the ore. Pyrite
is the most common sulphide and is found both in the vein and im-
pregnating the slate and porphyry walls. Small stringers of pyrite
cut the slates near the veins, and the joint planes of the slate and
porphyty are in places heavily pyritized. Galena and sphalerite show
no tendency to migrate into the country rock and are found in the
vein, their presence generally indicating rich ore. Although they are
rare in the ore as a whole, in a few places the vein is almost entirely
made up of these two minerals and pyrite. Arsenopyrite is almost
exclusively confined to the altered porphyry, where it occurs both in
crystals scattered through the rock and in extremely minute crystals
along joint planes. Visible gold is common. All the gold seen was
in the quartz close to either an included fragment of slate or a patch
of galena. Tts fineness is about 0.840. The best ore of the present
workings runs over $100 a ton and the general run of ore as stoped
is between $20 and $50.

DOG CREEK DISTRICT.

The mines of the Dog Creek district are all within the areas of
meta-andesite which lie near the heads of Dog Creek and Stacy
Creek. On Dog Creek, just east of the quadrangle, is a mass of
intrusive alaskite porphyry. Many dikes of soda granite porphyry
cut the meta-andesite and the overlying slates of the Bragdon

formation.
DELTA MINE (28).

The Delta group of 30 claims (Delta Consolidated Mining Co.,
owncer; S. D. Furber, manager) lies near the head of Dog Creek,
about a mile northeast of the Toll House. The recorded production
has been $32,000, which does not include the earlier arrastre work-
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ings. A narrow-gage railroad was built from the mine to the town
of Delta over which a small amount of ore was shipped to the smelter.

The country rock of the veins is’meta-andesite, which is cut by
numerous dikes of feldspathic dacite porphyry and a few dikes of
alaskite. The slates cap the hills above but are not reached by the
veins. A short distance east of the quadrangle is a large mass of
intrusive alaskite porphyry.

Numerous small veins have been developed for short distances on
different claims. These vary from 1 to 2 feet in width and strike
between east and N. 70° E. The dips are vertical or steep to the
north. Branching is common and the veins tend to taper out within
short distances. The workable ore is in irregular shoots and carries
between $8 and $10 a ton in gold. _

The usual ore is quartz, generally dark blue-gray in color except
where oxidized, with a small amount of calcite and scattered specks
of barite. The principal sulphide is pyrite, but small amounts of
galena and blende are also present in the unoxidized ore. One of
the veins contains small patches of arsenopyrite crystals that are
said to have an extremely high gold content. In certain of the veins
chalcopyrite is prominent. The sulphides, so far as seen, are asso-
ciated only with the quartz and are never found in the calcite.
Pyrite, however, is present in the altered wall rock as well. Usually
the other sulphides occur in small lines cutting the quartz or in
irregular patches. Gold visible to the naked eye is seen only in the
oxidized ore, where it occurs in manganese-stained cavities in the
quartz or with streaks of iron oxide. '

Recently copper deposits have been discovered on the property.
The ore is supposed to be similar to that of the Shasta copper belt in
that it is a replacement of an alaskite dike by copper sulphides.
Where seen, the ore consisted of specks of pyrite and chalcopyrite in
a gangue of grayish quartz and calcite. In several places there are
outcrops of a cellular limonitic gossan that carries a small amount of
gold. Where prospected by a tunnel 100 feet below this gossan the
ore is a much-altered rock, possibly originally alaskite porphyry,
carrying pyrite and barite. It assays about $2 to $3 a ton in gold
and is supposed to carry copper as well.

COPPER SNAKE PROSPECT.

The Copper Snake prospect (W. B. Glenn, owner), on Stacey
Creek about 2 miles southwest of the Toll House, consists of three
small prospect tunnels on a somewhat faulted quartz vein. Not
enough work has been done to determine the size, though it appears
to be of greater width than the average vein of this region. The
vein lies between walls of meta-andesite and soda granite porphyry.
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The ore is a mottled grayish quartz carrying irregular masses of
chalcopyrite and a subordinate amount of pyrite. A small amount
of calcite is found near the footwall. Free gold, some of it in valuable
pockets, has been found near the surface, particularly in connection
with streaks and patches of manganese oxide. Some of the sulphide
ore, according to Mr. Glen.n, carried 0.6 ounce of gold and 4 ounces of
s1lvcr to the ton and 15 per cent of copper.

STACEY MINE (29).

The Stacey mine (J. C. Brown, owner) adjoins the Copper Snake
on the south. The total production has been about $45,000, entirely
from small pockets.

The country rock of the vein is meta-andesite, much altered in the
immediate vicinity of the vein. The lower crosscut shows a flat-
lying mass of feldspathic soda granite porphyry with irregular
boundaries.

The vein is from 1 to 8 feet wide and strikes about N. 15° W. At
its northern limit it is cut off by a vertical fault with a strike of N. 30°
E. The ground to the northeast is now being explored in the hope
of picking up the continuation of the vein.

The ore is chiefly quartz, which is highly manganiferous and accom-
panied by small amount of manganiferous calcite. The pockets so
far found have been in close association with patches or streaks of
manganese oxide. No pyrite or prominent iron oxide staining was
seen in the ore. .

MINERSVILLE DISTRICT.

With the Minersville district is included the country along Trinity
River between Trinity Center and PapooseCreek. Numerousirregular
folds have brought the meta-andesite to the erosion level reached by
Trinity River and its branches, and there are many small patches of
meta-andesite whose contacts’ with the slate have furnished rich
pocket deposits. The contacts in the vicinity of Minersville have
been particularly productive, and besides supplying the pockets have
furnished much gold to the placers of this neighborhood.

FIVE PINES MINE (30).

The Five Pines mine (Five Pines Mining Co., owner; Lester Van
Ness, manager) is situated on the northeast side of Van Ness Creek
about 13 miles above its mouth. The property was discovered in
1896 by H. J. Van Ness and has produced a total of $275,000. The
equipment consists of a two-stamp mill, but the gold is so coarse
that, according to an estimate by Mr. Van Ness, 80 per cent of the
total product has been recovered by hand mortar and pan.

The ore lies along a contact of meta-andesite with the overlying
slate and sandstone. The meta-andesite occurs as a low dome, the
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center of which has been cut through by Van Ness Creek. The con-
tact pitches gently to the northeast and southwest and much more
steeply to the northwest and southeast, giving the area a roughiy
ellipti(:a,l shape with axes about one-half and one-quarter of a mile
inlength. The nearest intrusive rock is a dike of fine-grained alaskite
porphyry which crosses Van Ness Creek a mile southwest of the end
of the andesite area.

The dip of the slates and sandstones.is most irregular and vari-
able but in general is away from the meta-andesite. There has been
motion along the contact of the slates and meta-andesite, as is shown
by the crushing of the slates and the gouge along the contact.

The ore is found in a series of pockets which lie along the slate -

and meta-andesite contact on the northwest and southeast limbs of
the anticline, but not at the crest. The mine includes two distinct
deposits; the determining feature of each is the presence of a vein of
very low grade manganiferous quartz which cuts the slate and under-
lying meta-andesite. Associated with the vein are many small
quartz stringers. '

The gold occurs in calcite along the contact of the slate and meta-
andesite. Although the calcite, somewhat mixed with quartz, is
nearly continuous along the contact and carries everywhere small
amounts of gold, the principal returns are obtained from small but
very rich pockets in the calcite. The best of these pockets yielded
$45,000 in a vertical distance of 44 feet, and other pockets yielding
$15,000 and $10,000 have been mined. All these pockets have been
found close to the contact of the slate and meta-andesite, but the ore
is everywhere much mixed with slate. The low-grade quartz vein and
the numerous small stringers of quartz determine the position of
the pockets, as all so far found are at or near points where the
quartz stringers or vein meet the quartz at the slate and meta-
andesite contact. Some ore is found in the meta-andesite, but it is
nowhere farther than 4 feet from the slate. More rarely small
pockets have been found in the slate where small stringers of calcite
cross the slate and sandstones.

The gangue minerals are calcite, quartz, and barite, the first by
far the most abundant, particularly in connection with the rich
pockets. In a few of the specimens collected it shows a distinct
pinkish tinge, presumably due to manganese. Quartz is intimately
mixed with the calcite. The surface ore is honeycombed from the
solution of the calcite and is in places stained by manganese oxide.
Barite was seen in minute tabular crystals in the pink calcite.

Sulphides are rather rare and include only pyrite and arsenopy-
rite. Both are said to be auriferous, but owing to their low tenor
they are not saved. Arsenopyrite is the more common of the two
and occurs in minute crystals along shear planes of the black slate
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close to the calcite, and more rarely in small radial clusters in the
calcite itself. Pyrite was seen chiefly in the slate but also in the
calcite close to the slate.

Visible gold is not present in the quartz but occurs in the calcite
or between the calcite and black slate. In the calcite it appears to
be deposited along the cleavage planes and was not seen far from .
the slate. A hand specimen of ore from this mine on exhibition in
the rooms of the State Mining Bureau at San Francisco shows calcite
in which the cleavage planes are outlined with gold, the planes being
~ so close together as to give the effect of as great a volume of gold as
of calcite in the specimen.-

The main adit is 77 feet above the level of Van Ness Creek and 225
feet below the highest outcrop. The contact has been followed down
from the adit level for a distance of 225 feet, or to about 43 feet below
the stream. A level has been opened at 125 feet down the incline, or
about 10 feet below the stream, and pockets have been found in the
ground between this and the adit level. No work has yet been done
on the lower level, so that it is not certain whether the pockets
actually extend below the present water level.

According to Mr. Van Ness all the rich pockets were along water-
courses, and the work so far done shows that in deposits of this type

gold may be looked for at least as deep as the water level.
)
MOUNTAIN VIEW PROSPECT (31).

The Mountain View prospect (Fred R. Geddings, owner) consists
of several irregular tunnels on the ridge south of Little Bear Gulch.
The tunnels are in meta-andesite below the slate; only the upper one
follows the contact. Small veins of white quartz, in places deeply
stained with manganese oxide, have been followed and stoped to
some extent. The largest of these veins is about a foot in width.
When crushed and panned the quartz shows free gold in fine colors.
The ore has been worked in an arrastre on Little Bear Creek, but the
total production is unknown.

‘FAIRVIEW MINE (32).

The Fairview mine (Fairview Mining Co., owner; W. Waldo,
lessee) is on the east bank of Trinity River 2 miles southeast of
Minersville post office. The ground was located by Mr. Waldo in
1897 and worked by the company from 1901 to 1908 and by the
present lessee since 1910. Mr. Waldo estimates that the total pro-
duction has been about $200,000. A 40-stamp mill was built during
the period of company operation but was never run at its full capacity.
The mine is opened by tunnels at four levels, only the lowest of which
is now accessible. .
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The vein as far as worked is entirely in slate and has a strike
ranging from west to northwest. The dip is 50°-80° N. The
contact of slate and meta-andesite dips about 45° E. It is not
known whether the vein pinches out or is faulted at the contact,
but from the facts that there has been movement along the contact,
as may be seen on the accessible adit level, and that none of the
stopes reach the meta-andesite, it is believed that the vein is most
probably‘ cut off by a fault. At the third level the vein splits, and
in the present workings between the third and fourth levels one
branch is about 40 feet to the south. The vein is irregular in out-
line and its maximum width is about 20 feet.

The ore shoots so far stoped pitch at a low angle (about 20°) to
the east and consist of small bands about a foot wide close to the
slate walls. The ore as mined runs from $7 to $30 a ton. Occa-
sionally very rich pieces of ‘“specimen ore’’ are found at the contact
of the quartz with the slate. The quartz is much mixed with slate
fragments. A few manganese stains were seen. There is a small

amount of pyrite present but no other sulphides. The pyrite is®

said to be practically barren.
DEDRICK DISTRICT.

The country rock of the mines of the Dedrick district near the
village of Dedrick, in the northwestern part of the quadrangle, is
hornblende schist, which here forms a broad belt, cut by masses of
quartz diorite and dikes of porphyritic rocks. The high relief allows
much of the miné development by tunnels. The district was for-
merly a much larger producer than at present, but renewed opera-
tions on two of the mines promise to give it a more important place
in the near future.

GLOBE (33), BAILEY (34), AND CHLORIDE MINES,

The Globe, Bailey, and Chloride mines (Globe Consolidated Min-
ing Co., owner; C. E. Lamb, manager), are situated on the hill
northwest of Dedrick and about 4 miles northwest from the summit
of Weaver Bally. Only the Globe (33) is now in operation. The
present equipment is a small 10-stamp mill on the east side of the
mountain, at an elevation of about 6,500 feet. Power is supplied
from the company’s plant above Dedrick. The principal difficulty
is shortage of water during the summer and heavy snows through-
out the winter, which prevent the working of the mine between
November and Apnl ,

The vein lies in a belt of hornblende schist between two areas of
grapodiorite. The schist is composed of hornblende with a minor
amount of quartz. Near the Globe mine the strike of the schistose



GOLD LODES OF WEAVERVILLE QUADRANGLE, CAL. 71

banding is N. 55° W. and the dip 60° SW., practically the same as
for the whole hill. In a few places small pegmatitic lenses follow
the trend of the schistosity. Near the Globe vein a small dike of
diorite porphyry cuts the schist and near the Chloride workings
are dikes of alaskite porphyry and soda granite porphyry.

The Globe vein is opened by tunnels at elevations of 6,310 and
6,175 feet. The upper tunnel is the longest and has been driven a
distance of 1,700 feet, nearly through the hill.

The vein consists of a series of quartz lenses in a zone of much-
sheared schist, striking S. 55°-70° W. on an average dip of 60° SE.
The intense shearing and consequent drag of the schists make it
appear as if the ore lenses were parallel to the schistosity, whereas
in reality the strike is nearly at right angles to it. The lenses have
an average length of about 200 feet, a maximum of 400 feet, and a
width of 8 or 10 feet. The widest portion of the largest lens is 36
feet wide. Parallel lenses in both footwall and hanging wall have.
been crosscut but not yet developed. The longest interval without
quartz between any two lenses is about 50 feet, though it is rare
that such an interval exceeds 20 feet. Where the quartz pinches
out a well-marked zone of talcose material about a foot wide leads
to the next lens. Under the microscope this material is seen to be
an aggregate of chlorite, sericitized feldspar, calcite, and a little
quartz and pyrite.

The ore is white quartz, much shattered and friable and generally
stained with iron and manganese oxides. Another nonmetallic
mineral is albite feldspar, which, however, is extremely rare. It
occurs only in contact with small fragments of schist included in
the quartz, and is much kaolinized. These included fragments of
schist are sharp and angular and there is no evidence of replace-
ment. Calcite is present in small amount.

Pyrite is the only sulphide present and is found in irregular
patches, generally near the hanging wall. It is auriferous and is
saved, though no concentrates have yet been shipped. The gold
of this mine is more finely divided than usual and is not in large
enough pieces to be visible to the naked eye. About $14 a ton is
recovered on the plates. The ore shoots within the lenses are
irregular, but the best ore is generally found along the hanging
wall. The presence of spots and streaks of manganese oxide is
also regarded as a favorable indication. ‘

The Bailey mine (34) lies about a mile to the southeast of the
Globe, on the west side of the divide. The upper workings are
caved, but a tunnel is being run 60 feet below the lowest of these to
crosscut the Globe vein at an elevation of about 5,720 feet. In
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September, 1912, this tunnel had a length of 1,100 feet and was
expected to reach the Globe ore at about 200 feet farther. At 600
feet from the mouth a 5-foot vein of white quartz carrying a little
calcite was crossed. This appears to be the same as that of the
upper workings.

The workings of the Chloride mine were entlrely caved, but so far
as could be seen from the dump and ore bin the ore and country rock
are similar to those of the Bailey and Globe.

The company is now erecting a modern stamp mill and cyanide
plant north of Dedrick. When the Bailey tunnel reaches the Globe
vein it will become the working level of the mine and winter work
will then be possible.

CRAIG MINE (35).

The Craig mine (Cralg Mining Co., owner; C. E. Lamb, manager) is

about 2 miles southeast of Dedrick and a mile west of the border of
"the quadrangle. It is opened by tunnels 70 feet apart, the longest

of which is about 1,100 feet long.

The vein is entirely within the hornblende schist, which here
strikes N. 55° W. and dips 70°-85° S. About half a mile to the west
is an intrusion of dacite porphyry. The granodiorite lies about a mile
to the east.

As in the Globe mine, the vein is a series of quartz lenses and cuts
the schist at almost a right angle. The quartz, however, nowhere
entirely pinches out, as in the Globe, but varies from 3 inches to 6
feet in width. The gangue consists of quartz with a very sub-
ordinate amount of calcite. The quartz is white and dense in the
wider parts of the vein; elsewhere it is banded with altered and partly
replaced schist and in places is a cloudy gray in color. Calcite was
seen only in small patches close to the walls.

Pyrite is the principal sulphide mineral and is much more plentiful
than in the Globe. As a rule, it is close to the walls and in the partly
replaced schist included in the vein. Much pyrite is scattered
through the white quartz, however, some of it in large crystals.
These large crystals, some of which are over an inch square, are
broken and veined by quartz. A small amount of chalcopyrite is
scattered through the quartz with the pyrite.

It is said that the ore averages above $20 a ton but is extremely
streaky and irregular. Visible gold is rarely seen. :

A 10-stamp mill and cyanide plant are being erected on the

property.
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SUMMARY.

During late Jurassic or early Cretaceous time the Paleozoic rocks
of the Weaverville quadrangle were intruded by masses and dikes of
igneous rock. Among the most important of these is the batholith of
quartz diorite and granodiorite, which was followed by a series of
* silicic and basic dikes. .The period of fissuring and ore deposition
followed the intrusion of the dike rocks, and the veins appear to be
genetically connected with certain types of dike rock, partlcularly the
soda granite porphyry

Native gold is the principal valuable mineral of the veins. The
sulphides are auriferous, but their total volume is too small to form
an important part of the ores.

The fissure veins in or near the slate of the Bragdon formatmn are .
usually associated with dikes or masses of soda granite porphyry.
The vein filling is made up of quartz and calcite, with small amounts
of galena, sphalerite and arsenopyrite, as well as free gold, which is
locally present in flakes large enough to be readily visible. The veins
are persistent both in dip and strike and below a shallow zone of sur-
face enrichment show no marked change in character with depth.
The rich surface zone is probably due in great part to the solution of
the calcite, which has left the quartz correspondingly enriched, and
to a less extent to solution and redeposition of the gold.

Comparatively few of the veins in the quartz diorite and alaskite
porphyry were studied. In these calcite is less common and pyrite is
almost the only metallic mineral present.

The pocket deposits are found almost entirely along faulted con-
tacts of the slate and meta-andesite. It is believed that these depos-
its are of surficial origin, and that the gold originally present in small
quartz veins or in pyrite has been taken into solution by the acid sur-
face waters through the agency of manganese oxide and precipitated
by the carbon of the slates, and that the process of pocket formation
was facilitated by the neutralization of the descending auriferous
waters through the solution of calcite.






MINERAL RESOURCES OF THE INYO AND WHITE
MOUNTAINS, CALIFORNIA.

By Aporpr KNoPF.

INTRODUCTION.

The first chain of mountains east of the southern part of the Sierra
Nevada is known as the White Mountain Range; the southern por-
tion of it is termed the Inyo Mountains and the northern portion the
White Mountains. Since 1860 mining kLas been in progress in this
region, but the period from 1869 to 1877 comprises the years of
greatest activity, for it was then that the mines of Cerro Gordo,
in the Inyo Mountains, were yielding the great output of base
bullion that made this locality the only notable producer of silver-
lead ore in the State of California. Gold ores have also been im-
portant, and recently zinc carbonate ore has been developed on a com-
mercial scale.

The previous knowledge of the geology and ore deposits of the
range has been brought together by Spurr from various scattered
sources of information,* and W. T. Lee, on the basis of his own work,
has briefly described the geology of Owens Valley and the origin of
the valley with reference to the confining mountain ranges.

The present report is based on field work in progress from July
6 to October 18, 1912, during which time that portion of the White
and Inyo mountains lying within the Bishop, Mount Whitney, and
Ballarat quadrangles was geologically surveyed, special attention,
being given to the phenomena of mineralization and to the mining
districts contained in the area. During this work the writer was effi-
ciently assisted by Mr. Edwin Kirk, who devoted special attention to
the stratigraphy and paleontology of the range.

The following pages present a short summary of the general geol-
ogy of the range, followed by a description of the metalliferous min-
eral resources which is as detailed as the present mining develocpments
warrant. The region with which this report is concerned covers
essentially the southern 75 miles of the range.

18purr, J. E., Descriptive geology of Nevada south of the fortieth parallel and adjacent portions
of California, 2d ed.: Bull. U. 8. Geol. Survey No. 208, 1905, pp. 206-212.

2Lee, W. T., Geology and water resources of Owens Valley, California: Water-Supply Paper U, S.
Geol. Survey No. 181, 1906, 28 pp.
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GEOGRAPHY.

The Inyo and White mountains form the east wall of Owens
Valley in Inyo County, Cal. (See fig. 5.) Together they consti-
tute a single continuous chain, 110 miles long, the Inyo Mountains
forming the southern portion, and the White Mountains the northern
portion. The line of demarkation has usually been placed along the
Saline Valley road, which crosses the range east of Big Pine. The
arbitrary character of this division was recognized by J. D. Whitney,!
and his opinion has been concurred in by all subsequent observers.
Local usage has tended in recent years to sanction the employment
of “White Mountains” as a name for the entire range, although the
extreme southern portion is by preference still known as the Inyo
Range.

The range trends northwest and southeast; on the south it is sepa-
rated from the Coso Mountains by a broad depression and on the
north it terminates in White Mountain, whose white granite scarp
is a prominent landmark visible for many miles. The average ele-
vation of the range is 10,000 feet. Its western face slopes off abruptly
toward Owens Valley, forming a scarp which is but little less pro-
nounced than that of the Sierra Nevada, on the west side of the
valley. The western border of the range is thus determined by the
floor of Owens Valley, and is as a whole remarkably straight. The
eastern border is not so sharply marked, and the boundary on this
side is somewhat indefinite. Along the northern portion of the range
¥Fish Lake Valley clearly determines the eastern limit, but between
this valley and Saline Valley there is an irregular mountainous area
not clearly separated from the White Mountains on the west or from
the ranges on the east. Along the southern portion the deep elliptical
depression known as Saline V-alley, whose floor lies 2,500 feet lower
than that of Owens Valley, sharply separates the Inyo Range from
Jthe Ubehebe Range to the east. The flank of the Inyo Range is here
exceedingly steep and rugged, being comparable with the great
escarpment of the high Sierra.

Owens Valley, separating the White Mountain Range from the
Sierra Nevada on the west, is long and narrow. Its floor ranges from
2 to 8 miles in width, and the distance from crest to crest of the con-
fining mountain chains ranges from 40 miles at the north end to 25
miles at Owens Lale near the south end, the minimum being 15 miles
between Bishop and Big Pine.? The elevation of the floor of the val-
ley decreases from about 8,000 feet above sea level at the north end to
3,600 feet at Keeler, on Owens Lake, the lowest point in the valley.

1 Geol. Survey California, vol. 1, 1865, p. 456.
2Lee, C. H., An intensive study of the water resources of a part of Owens Valley, Cal.: Water-Sup-
ply Paper U. 8. Geol. Survey No. 294, 1912, p. 9.
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TRANSPORTATICN AND MINING CONDITIONS.

The Nevada & California Railroad, a narrow-gage line, formerly
the Carson & Colorado but now a part of the Southern Pacific system,
traverses Owens Valley along the entire front of the White Mountain
Range; it connects with the Tonopah branch at Mina, Nev., and its
southern terminus in Owens Valley is Keeler. A broad-gage branch
of the Southern Pacific has in recent years been built northward into
the valley from Mohave, primarily to aid in the construction of the
Los Angeles Aqueduct, and connects with the narrow-gage line at
Owenyo. Mines situated on the western flank of the range are there-
fore favored by proximity to railroad transportation facilities. On

account of the ruggedness of the mountains, roads are difficult t6 con-
struct, and the few that have been made are characterized by exces-

sive grades—a noteble example being that to the Cerro Gordo mine,
in which a rise of 4,500 feet is accomplished in 8 miles. Pack trails
furnish the only feasible means of access to many mines and prospects,
and in former days, before the rich surface ores had been exhausted,
ores were commonly packed by mules to arrastres and mills situated
at water, or to the valley for shipment to smelters. This is occasion-
ally attempted at present.

Two roads cross the range, both of which start from Big Pine, in
Owens Valley. One goes to Deep Spring Valley, the distance being
28 miles; the other goes to Saline Valley, 65 miles distant, and
crosses three divides, the highest at an altitude of 7,500 feet. In
addition to the handicap imposed on the mining industry by the
difficulties of transportation, there is a scarcity of water, fuel, and
forage. In places above 7,000 feet in altitude pifion is fairly abun-
dant, but it is usually expensive to get out.

A favorable factor, especially for mines situated on the west
flank of the range, is the abundant supply of hydroelectric power

which is being developed on the west side of Owens Valley. Three -

companies are in the field. The transmission line of the Nevada-
California Power Co., supplying power to Goldfield, Nev., crosses
the White Mountains by way of Silver Canyon and Wyman Creek.

. GENERAL GEOLOCGY.

SUMMARY STATEMENT.

The White Mountain Range is built up of a thick series of sedi-
mentary rocks, including bedded andesitic lavas, all of which are
intruded by large masses of granite.

Sedimentary and igneous rocks occur in nearly equal volume and
essentially form the bulk of the mountains. Locally, however, as
on the west flank of the range, there are lake beds of early Pleisto-



MINERAL RESOURCES OF INYO AND WHITE MOUNTAINS, CAL. 85

cene or Pliocene age, and northwest of Deep Spring Valley and at
the south end of the range, southeast of IKeeler, basalt sheets attain
considerable prominence.

The pre-Pliocene sedimentary formations range in age from Lower
Cambrian to Triassic. They are composed largely of limestone,
sandstone, and shale; limestones predominate, and, because lime-
stones of like appearance recur in the successive formations, it is
difficult to discriminate the formations, and reliance must be placed
mainly on the evidence of their fossil contents. In mapping the
sedimentary rocks five broad subdivisions were employed—Cam-
brian, Ordovician, Devonian, Carboniferous, and Triassic.

The rocks are faulted and greatly folded—in places overturned—
and are much metamorphosed by extensive intrusions; consequently
the stratigraphic relations as a rule are obscure. The volcanic rocks,
already referred to as making up part of the stratigraphic sequence,
form a prominent belt along®the west flank of the southern part of
the range. They are of Triassic age.

The intrusive igneous rocks are predominantly of granite character,
ranging from diorite to granite. Hornblende-rich varieties verging
toward hornblendite are found in the precipitous slopes of the range
southeast of New York Butte. Dikes of diorite porphyry are of
common occurrence in the sedimentary rocks surrounding the gran-
itic masses; and in the foothills east of Keeler dikes of dense- gralned
siliceous rock (felsite) are common, generally lying parallel to the
stratification of the inclosing rocks.

SEDIMENTARY ROCKS.
CAMBRIAN SYSTEM.

The oldest rocks of the region are limestones, dolomites, quartzitic
sandstones, and slaty shales of Lower Cambrian age. They are pres-
ent principally in the White Mountains and extend southward along
the east flank of the Inyo Mountains as far as Waucoba Mountain.

The stratigraphic column, determined by piecing together a num-
ber of incomplete sections, is, according to Edwin Kirk, as follows:

Section of Lower Cambrian rocks in White Mountain Range.

Feet.
Arenaceous limestones and slates________________________ 1, 300
Upper sandstone serieS—___ . ___ . ___ .. 2, 500
Coral limestone Series__ . o 2, 600
Lower sandstone Series__ e~ 3,000
Massive white limestone________________________________ 2, 000



86 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART I.

The massive white limestone is a notable member of the Cambrian
section. It is best shown on Wyman Creek, where it is transsected by
the stream gorge, which exposes a belt 4,100 feet wide, or approxi-
mately 2,000 feet thick. The basal member is a bluish dolomite mar-
ble carrying obscure circular fossil remains. The subjacent rocks,
which are conformably below the marble, consist of alternating lime-
stones and slates, highly folded and contorted and therefore not
susceptible of measurement. The estimate of 11,400 feet as the
thickness of the Cambrian rocks is for this reason regarded as a
minimum.

The rocks overlying the massive limestone—the lower sandstone
series—consist predominantly of dark fine-grained quartzite or
highly indurated sandstone. Thin argillitic or phyllitic partings are
common. Cross-bedding and extensive ripple-marked surfaces, as
is well shown in Black Canyon, are characteristic features. In
places, as in Black and Silver canyons; a pronounced slatiness has
been imposed on the rocks, commonly at a considerable angle to the
stratification. :

The rocks above the lower quartzitic sandstone series consist of an
alternation of limestones and shales, aggregating 2,600 feet in thick-
ness. Certain of the limestone beds are crowded with the remains of
Lower Cambrian corals (Archzocyathine).!

The upper sandstone series resembles the lower sandstone series;
it is best shown on the summit of the range south of the Saline Val-
ley road. It is overlain by black slates, which weather with a pro-
nounced red tint, and by arenaceous limestones containing trilobite
fragments.

ORDOVICIAN SYSTEM.

The Ordovician rocks overlie the Cambrian conformably and con-
_ sist of a basal series of heavy-bedded limestones, aggregating 3,600
feet in thickness, succeeded by 800 feet of quartzite, shale, and lime-
stone. They are best exposed along Mazourka Canyon, on the west
flank of the Inyo Mountains, where their stratigraphic relations are
partly determinable; thence they extend across the mountains, but
along the east flank of the range south of Waucoba Mountain they
are so folded, overturned, faulted, and brecciated and are so in-
truded by igneous rocks that their stratigraphy is probably impos-
sible of determination.

In the upper portion of the Ordovician were found Hormotoma,
Fusispira, Diplograptus, and Amphion. In addition to these there
were a number of other gastropods, ostracodes, and brachiopods not
vet identified by Mr. Kirk.

1'Waleott, C. ., Am. Jour. Sci., 3d ser., vol. 49, 1895, p. 141.
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DEVONIAN SYSTEM.

Above the Ordovician rocks are 1,400 feet of impure limestones,
cherty in places, which are assigned to the Devonian. They are
conglomeratic at the base of the section but rest in angular accord-
ance on the subjacent Ordovician rocks. They are best exposed in
the foothills east of Citrus.

The fossils found in these rocks include Striatopora, Cladopora,
Ptychophyllum, and Chonetes. Concerning these Mr. Kirk reports:
“This 1s an assemblage of fossils which strongly suggests Silurian
but which I think may be more safely called Devonian. Fossils
specifically identical with these have been found in the White Pine
district of Nevada and have always been listed as Devonian by
Walcott and others.”

CARBONIFEROUS SYSTEM.

The Carboniferous is extensively developed in the southern part
of the Inyo Mountains, attaining a thickness very roughly estimated
at 5,000 feet. Portions of the section were measured carefully at
several points in units aggregating 3,000 feet, but at no place was a
complete section found.

The rocks comprise limestone, shale, and some quartzite, the lime-
stone predominating. A conglomerate marks the base of the Car-
boniferous, indicating an unconformity between it and the underly-
ing Devonian, but the strata rest' in angular accordance on the
subjacent rocks.

The lower portion of the Carboniferous section consists largely of
heavy-bedded limestones; the upper portion consists of thinner-
bedded limestones, ranging on the average from 6 inches to 2 feet.
The upper 2,000 feet of the Carboniferous rocks, as exposed south-
west of Cerro Gordo, weather in brilliant tints and resemble closely
the overlying Triassic rocks, from which, however, they are readily
distinguished by the presence of Fusulina. 4

The top of the Carboniferous section is characterized by the pres-
ence of a massive conglomerate composed largely of chert fragments,
but at many places this conglomerate is faulted out, so that the con-
tact of the Carboniferous and the Triassic is commonly a fault
contact. :

Locally the Carboniferous is fossiliferous, containing the following
forms, among others: IFusulina, Productus, Derbya, Amplexus, and
Goniatites.

TRIASSIC SYSTEM.

The Triassic rocks consist predominantly of thin-bedded lime-
stones and calcareous slates, together with some hard, massive black



88 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART I.

shales occurring mainly north of Union Wash. The rocks weather
as a rule in rather brilliant tints, buff and terra cotta prevailing.

The strata are faulted and closely folded and are overturned at
many places; they were evidently far more susceptible to dyramic
deformation than the older and more massive formations. Owing
to this complex folding the thickness of the Triassic rocks could not
be determined accurately, but 5,000 feet seems not an overestimate.
The rocks form a belt extending southward from the Reward mine
along the west flank of the Inyo Mountains.

Collections of fossils made by J. P. Smith show that this belt in-
cludes rocks of Lower Triassic and Middle Triassic age.!

QUATERNARY SYSTEM.

LAKE BEDS.

Along the foothills of the White Mountains east of Alvord there
is exposed, especially as viewed from Owens Valley, an assemblage
of beds strikingly different in aspect- from the surrounding bedrock
formations. The strata are brilliant white or light gray and are
dissected by numerous gulches and sharp ravines, so that a sort of
badland type of topography is produced.

The beds of this formation consist of shales, sandstones, conglomer-
ates, thin limestones, and arkose grits. All of these, except the lime-
stones and grits, are soft and loosely coherent. They are evenly and
persistently stratified and dip westward at gentle angles. Locally
the beds, including even the conglomeratic members, are crowded
with fresh-water fossils. They were therefore laid down in a lake,
and for this lake Walcott,? who first described the beds, has proposed
the name Waucobi.

Beds possibly of lacustral origin occur east of Citrus and also
southeast of Keeler. Along the Keeler-Darwin road, in the broad
basin between the Inyo and Coso mountains, is an extensive exposure
of what is very probably a series of lake beds. They consist of loose
granitic detritus, as a rule rather coarse. Stratification is not well
developed, though some beds of arkose grit, 1 to 2 inches thick, are
firmly enough cemented to form distinct strata. Pumiceous rhyolite
tuffs become prominent toward the top of the section, especially along
the flanks of the Coso Mountains. The volcanic members are well
shown east of the divide between Owens Lake and the drainage to
the south. A breccia of rhyolite pumice forms beds ranging from a
few inches to 30 feet in thickness. In the thicker beds the pumice

1 8mith, J. P., Comparative stratigraphy of the marine Trias of western America: Proc. California Acad.
Sci., 3d ser., vol. 1, 1904, pp. 350~351, 356-357.

2 Walcott, C. D., The post-Pleistocene elevation of the Inyo Range and the lake beds of Waucol:i embay-
ment, Inyo County, Cal.: Jour. Geology, vol. 5, 1897, p. 340.
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fragments attain a length of 6 inches. Slabs of coarsely crystalline
gypsum an inch or so thick were noted but are not well enough
exposed to show whether they are contemporaneous chemical precipi-
tates. These rocks strike north and south and dip 10°-14° W.
Fossils found by Walcott in the lake beds east of Alvord were iden-
tified by W. H. Dall, who reported: “Any of them might be recent or
Pliocene ; my impression from the mass is that they are Pleistocene.” *
As the lake beds are unconformably overlain by indurated conglom-
erate, locally containing slabs of the underlying lake-bed grit, and as
this conglomerate itself has been considerably dissected, it seems
probable, from the length of the erosional history thus involved, that
the lake beds are of early Pleistocene age or even of Pliocene age.?

ALLUVIAL DEPOSITS.

o

Deposits of gravels and sands occur throughout the White and
Inyo mountajns and on both flanks of the range. The most notable
accumulation of this kind is afforded by the series of ancient alluvial
cones best developed at Black and the adjoining canyons along the
front of the White Mountains. The alluvial deposits here form the
foothill portion of the range, extending up to an elevation of 6,600
feet, or 2,600 feet above the floor of Owens Valley.

As observed from a distance of a mile the alluvial deposits appear
to be fairly well stratified, a feature that has led some observers to
call them “lake beds,” but actual examination at the outcrops shows
that the seemingly even stratification is at best a rough, uneven, dis-
continuous layering.

By far the best developed of the old alluvial cones is that in Red-
ding Canyon; it is, moreover, deeply dissected and the canyon affords
a number of fine vertical sections that show the constitution and
structure of the deposit. It consists of angular gravels, unshingled,
unsorted, and rudely layered. A noteworthy characteristic is the
large number of granite bowlders, 6 feet in diameter being a common
size, though some attain a size of 12 feet. The deposit is semi-
indurated, so that great masses spall off. A striking feature, also
determined by the partial cementation of the gravels, is produced by
the earth pillars or “ toad stools ” capped by granite bowlders. Near
the mouth of the canyon, at an altitude of 4,500 feet, there occurs an
intercalated bed of white rhyolite pumice breccia 24 feet thick, which
is rather well stratified. In appearance and composition thlS bed
coincides with those found at the top of the lake-bed series along

1 Walcott, C. D., op. cit., p. 342.
2 See also Trowbrldge, A. C., The terrestrial deposits of Owens Valley, California: Jour. Geology, vol.
19,1911, p. 725.
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the western flank of the Coso Mountains, and this lithologic resem-
blance suggests synchronous deposition. The pumice bed and the
associated alluvial beds dip 7° W., but a short distance farther west
the dip steepens to 16°, and this abrupt steepening indicates that the
beds have been deformed since they were laid down.

Pumiceous rhyolite occurs in the sand beds or loose sandstones at
McMurray Springs and forms a conspicuous white stratum in the
alluvial gravels at Devils Gate, on the Saline Valley road. Along
this road the old alluvial gravels extend continuously to the summit
of the range at an altitude of 7,500 feet, and even across the divide
down at least to 7,300 feet. Here, as noted along the June Smith
cut-off, the gravels are cemented by a white matrix composed largely
of particles of pumiceous rhyolite. Rhyolite tuff is also embedded in
the coarse gravels, capped by basalt sheets, occurring on the east
flank of the Inyo Mountains northwest of Willow Creek.

" The gravels east of Alvord rest unconformably on the lake beds
of the Waucobi embayment. Owing to the fact that the lake beds
are poorly lithified few characteristic rock fragments derived from
them occur 'in the overlying deposits, so that it is in many places
difficult to determine that an unconformity actually exists. Fur-
thermore, the lake beds, because of their loose and incoherent char-
acter were easily reworked, and the material thus derived was
incorporated in the overlying deposits without essential change of
appearance and now forms the matrix of the gravels. In this way
deposits simulating littoral phases of the lake beds were formed, so
that the discrimination of true lake beds from terrestrial deposits
is no easy matter.

Well-rounded gravels, with which rhyolite tuff is commonly asso-
ciated, occur generally below the basalt sheets that form cappings
on the high summits in the eastern part of the White Mountains
and in the Inyo Mountains southeast of Keeler. They occur at ele-
vations as high as 8,300 feet. In places they cap the divides between
such deep intermontane depressions as Deep Spring and Eureka
Valley. From the fact that these gravels are thoroughly water worn
and are locally auriferous it seems probable that they represent old
river channels and may be older than the material of the alluvial-
cone type.

The present series of alluvial cones that form so prominent a
feature along the east wall of Owens Valley were derived largely
from the erosion of the older alluvial cones. They head in the
deep canyons penetrating the west flank of the range and attain
elevations ranging from 2,000 to 2,500 feet above the floor of the
valley.
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IGNEOUS ROCKS.
ANDESITES.

Andesitic rocks. form a belt extending
along the west flank of the Inyo Mountains
from Union Wash to a point near the south
end of the range. They are of volcanic ori-
gin and comprise a stratified series of lavas,
breccias, and tuffs. Thick sheets of lava pre-
dominate at most places, so that as a rule it
is difficult to ascertain the internal structure
of the volcanic series.

East of Swansea the volcanic belt is ap-
proximately 10,000 feet wide. The general
_attitude of the beds is steep, the dip on the
east side of the belt, where it is clearly de-
terminable, being 70> W. If the belt repre-
sents a closely appressed syncline, as is in-
dicated by the general structure of the range,
then the probable thickness of the andesitic
series is 4,500 feet. (See fig. 6.) This esti-
mate doubtless gives a minimum thickness,
for both contacts along the line of the meas-
ured section are fault contacts, although the
amount of faulting that has taken place
along them seems small.

The andesites are highly porphyritic, car-
rying numerous large phenocrysts of plagio-
clase feldspar. They are more or less thor-
oughly altered and are consequently of some
dull, subdued color—grayish green, dull red-
dish, etc. They are well exposed on the
Cerro Gordo road, where heavy sheets of
conspicuously porphyritic andesite are
shown, reddish on weathered surfaces and

“bluish gray on fresh fractures. A roughly
schistose or sheared structure has been im-
pressed on the volcanic rocks, especially on
the tuffs and other pyroclastics.

Intrusive rocks have invaded the andes-
ites—granites. in the area northwest of the
Burgess mine; aplite in dikes and as a large
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mass east of Swansea, as shown in figure 6; and diorite porphyry in
dikes intersecting them at several localities.

- The age of the andesitic series is probably late Triassic. The evi-
dence on which this determination is based was foynd in the ridge on
the south side of Union Wash, where the basal portion of the volcanic
series, consisting: of andesitic breccias, interleaves with the under-
lying limestones of Middle Triassic age. Angular fragments of
these limestones are common inclusions in the breccias. It is there-
fore certain that the andesitic series is younger than the Middle
Triassic limestones, and the most probable interpretation of the facts
at hand is that Middle Triassic sedimentation in this locality was
terminated by a great outburst of volcanic activity.

GRANITIC ROCKS.

Granitic rocks occur in large volume in the White and Inyo
mountains. Extensive areas are exposed on the east side of the
White Mountains, but on the west flank only small masses occur, as
that in Redding Canyon and those east of Alvord. About half of
the Inyo Mountains shows granite at the surface, and it occurs in
great amount on both sides of the range. Many unmistakable fea-
tures indicate, moreover, that granite underlies the remainder of the
range at no great depth.. These features are the occurrence of aplite
intrusions at considerable distances from surface exposures of gran-
ite; the prevalence of diorite porphyry dikes, - many of which closely
approach diorites in granularity; and the occurrence of masses of
garnet rocks, which are ascribable to the metamorphic effects pro-
duced by underlying granitic intrusions.

The average granitic rock is a quartz monzonite composed of pla-
gioclase, orthoclase, quartz, hornblende, and biotite. From this
average the granitic rocks range on the one hand to varieties that
may appropriately be termed granite, such as the mass east of
Citrus, and on the other hand to quartz diorite, diorite, and horn-
blendite. The dark heavy hornblende-rich varieties are especially
prevalent in Daisy Canyon, on the east flank of the Inyo Mountains,
and along the crest of the range northward from New York Butte.

The intrusive character of the granites is made apparent most
plainly by the extensive contact metamorphism that they have in-
duced in the inclosing sedimentary rocks. This effect is displayed
most notably, perhaps, in the great belt of chiastolite hornfels
formed as a result of the recrystallization of a belt of shale occurring
in the lower part of the Carboniferous section of Mazourka Canyon.
The belt of chiastolite-bearing rock has a length of over 10 miles,
extending from the foothills southeast of Citrus to and beyond Santa
Rita Flat, and attains a width of over 1 mile at Barrel Springs.



MINERAL RESOURCES OF INYO AND WHITE MOUNTAINS, CAL. 93

The chiastolite, which is recognizable by its characteristic carbon-
aceous crosses, is present across the entire width of the belt, but
toward the granitic contact the matrix in which the chiastolite prisms
are embedded becomes more crystalline, and locally tourmaline be-
comes associated with the chiastolite as another visible constituent
of the hornfels. ‘

The age of the granitic intrusions, so far as it is determinable in
the White Mountains, is post-Cambrian and pre-Pliocene. In the
Inyo Mountains the age is determinable as post-Triassic and pre-
sumably pre-Pliocene. It is believed that all the intrusive masses are
essentially of the same age, although this surmise is not susceptible
of proof, and that they were probably intruded contemporaneously
with those of the Sierra Nevada, which forms the opposite wall of
Owens Valley. That successive intrusions did in fact take place
within the Inyo Mountains was definitely determined at one locality
at least. Southeast of Mount Whitney station a white granite,
which is devoid of ferromagnesian minerals except rare flakes of
biotite and is characterized by an abundance of subhedral quartz
crystals, forms a prominent knob projecting out into Owens Valley
as a spur from the main range, and a gray biotite-quartz monzonite
forms the foothills of the main range. The two granitoids contrast
strikingly, and the white granite proves to be the younger intrusive

"mass. The white granite carries considerable plagioclase and is
therefore in all probability a salic differentiate of the quartz monzo-
nite magma, genetically coordinate with aplite and intruded shortly
after the main intrusion.

APLITE.

. Dikes of fine-grained equigranular white rock termed aplite occur
around the peripheries of the granitic intrusions, both in the granite
itself and in the surrounding rock. They are composed almost wholly
of feldspar and quartz. They were noted as particularly abundant
in the zone of garnetization of the limestones adjacent to the granite
mass north of Antelope Spring; these aplites show in places a small
amount of purple fluorite. East of Swansea, as already mentioned,
aplite intrudes andesitic rocks.

PORPHYRY INTRUSIONS,

Dikes and irregular masses of porphyry occur throughout the Inyo
Mountains, cutting all the different formations of pre-Pliocene age,
both igneous and sedimentary. They are particularly numerous in
the vicinity of the large granitic masses and are there of obviously
more crystalline texture. In the field most of the dikes would be
"designated diorite porphyry, because they show porphyritic plagio-
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clase crystals embedded in a microcrystalline groundmass, but mi-
croscopic examination reveals the fact that some, such as that occur-
ring northwest of Cerro Gordo, should be called monzonite porphyry.
The distinction, however, is of no great importance. The dikes
traversing the sedimentary rocks exhibit strongly chilled margins,
which thereby take on an andesitic appearance.

The greater prevalence of the dikes and their more highly de-
veloped crystallinity in the neighborhood of the great granitic masses
shows that they belong to the closing manifestations of the intrusive
activity of the quartz monzonite magma. '

FELSITE.

Felsite dikes were noted only in-the southern part of the Inyo
Mountains, more particularly in the lower slopes of the range east
of Swansea and Keeler. They are dense-grained rocks containing
minute inconspicuous phenocrysts of feldspar and resemble dense
quartzite—a resemblance that is not diminished by the fact that
they are generally intruded parallel to the stratification: of the in-
closing rocks. Under the microscope they show small sporadic ortho-
clase phenocrysts embedded in an extremely 'fine grained ground-
- mass of quartz and orthoclase; ferromagnesmn minerals are totally
absent.

Some of the larger intrusions of felsite were slightly impregnated
with pyrite, and the oxidation of this mineral has caused the outcrop°
to take on a rusty orange-colored tint.

RHYOLITE.

Breccia and tuff composed of pumiceous white rhyolite occur at
many places throughout the region, as described in part in the sec-
tion on the older alluvial deposits. The greatest thickness noted is
200 feet, as shown on the Saline Valley road 8 miles north of Rattle-
snake Cabin, where the rhyolite tuffs are overlain by heavy flows of
basalt.

The rhyolite is composed of a highly vesicular glass, silky in ap-
pearance on fresh fracture, holding phenocrysts of quartz, sanidine,
and biotite. The quartz predominates, sanidine and probably other
feldspars are common, but biotite is rare and is generally absent.

BASALT.

Basalts were erupted during two separate periods—the earlier in
early Pleistocene time and the later in geologically very recent time.
The earlier basalts form a prominent part of the range southeast
of Keeler, and the whole south end is buried under lavas. At an
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altitude of 6,300 feet the floor on which they were erupted—a nearly
horizontal surface—is well shown. Beneath the basalt, sheets as
exposed here is a 10-foot stratum of tuff composed of pumice frag-
ments of oxidized, highly vesicular basalt; the tuff itself rests on
gravel deposited unconformably on the eroded edges of the Triassic.
The horizontal lava sheets are step-faulted, as is graphically shown
in the deep canyons eroded back into the basalt plateau, and it seems
probable that the simulated appearance of a great lava flow descend-
ing from the plateau down to the level of the broad pass between
the Inyo and Coso mountains is due to a great number of such step-
faults.

Basalt sheets overlie the lake beds in places in the intermountain
area between the Inyo and Coso mountains; they overlie ancient
alluvial cones on the east side of the Inyo Range, and form a con-
spicuous series of plateaus sloping southeastward on the east side
of the White Mountains at altitudes ranging from 5,500 to 10,500
feet. The thickness of these basalt cappings is about 125 feet.

The basalts are highly olivinitic varieties. A specimen from the
head of South Fork of Crooked Creek is characterized by abundant

- phenocrysts of olivine and of augite in irregular stellate groups;
feldspars do not occur among the porphyritic constituents but only
in the groundmass, which is composed of augite, labradorite, and
magnetite.

A large basalt flow of very recent origin was extruded at the base
of the mountains northeast of Aberdeen, in Owens Valley. It
flowed out over Recent alluvium and is exceedingly vesicular and
scoriaceous. The basalt is an olivine-bearing variety, rather feld-
spathic, so that the holocrystalline form is dark gray. It is essen-
tially similar in appearance to the earlier basalts. Ejection of cin-
ders closed the eruption. This basaltic outburst was in all probability

* contemporaneous with the outpouring of lavas and the formation

of cinder cones on the opposite side of Owens Valley, along the flank
of the Sierra Nevada.

MINERAL RESOURCES.
PRINCIPAL ORES.

°®

The metalliferous mineral resources of the Inyo and White moun-
tains in the order of their present importance are zinc carbonate,
argentiferous galena, gold-quartz, and copper ores. Formerly ar-
gentiferous galena ore was the principal resource, the famous mines
at Cerro Gordo alone having yielded $7,000,000 in silver and lead.

HISTORICAL NOTE.

Mining began in 1861, when the Russ mining district was estab-
lished in that portion of the range east of Independence, From 1869



96  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART I

to 1877 the region enjoyed a_period of great activity, for it was then
that Cerro Gordo was yielding its: great output of base bullion.
The completion of the Colorado & Carson Railroad to ‘Keeler in
the early eighties served to.stimulate the mining ‘industry to some
‘extent, although not as much as was expected, and the region never
regained the prominence it held during the flush days of Cerro
Gordo. About 1907 a revival of interest in the mineral deposits of
the Inyo Mountains took place, the most notable result of which
has been the.development of zinc ore on a commercial basis. Mining
and prospecting were not active in the White Mountain Range
during 1912 except at Cerro Gordo, which yielded practically the
entire output of metal of the region—zinc, lead, and silver. .

OCCURRENCE.

The ore deposits occur most abundantly in the southern part of
the range—that is, in the Inyo Mountains—and the preponderant
part of the metallic output has come from that part of the range.

This distribution of the mineral resources coincides with the dis-

tribution of intrusive granite, which, as already pointed out, is far
more abundant in the southern part of the range than in the northern; .-
or White Mountain, part. The zinec, lead, silver, and copper de-
posits occur as a rule in limestone; the gold deposits seem closely
linked to the presence of granite, occurring chiefly in the marginal
zone of the granite masses or in the country rock immediately ad-
jacent to them. Ore deposits have not been found in the central
portions of the larger granitic areas. - :

ZINC ORES.

OCCURRENCE AND ORIGIN.

Zinc ore composed essentially of the carbonate smithsonite occurs
at Cerro Gordoj; in fact it was the discovery of this ore, whose pres-
ence was previously unsuspected, that led to the recent revival of
mining at that camp. It has been found nowhere else in the Inyo
Mountains. The zinc¢ ore forms pipes and irregular masses lying
principally in the limestone footwall of the old galena stopes; it
occurs immediately below the lead-ore bodies formerly worked and
extends as far as 100 feet laterally from them.

The origin of the zinc ore is essentially as follows: The primary
ore in the deposits formerly worked for lead and silver consisted of
galena containing a small amount of admixed sphalerite; oxidation
converted the sphalerite to the soluble zinc compound, zinc sulphate,
which was then carried by downward-moving water into the footwall
of the lead-ore body; here a reaction took place between the zinc-
bearing solution and the limestone, and the zinc was precipitated as
the carbonate smithsonite.
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© . CERRO GORDO MINE.
LOCATION.

The property now known as the Cerro Gordo mine is a consoli-
dation of the Union and Santa Maria mines, the two mines that fur-
nished the bulk of the output of argentiferous lead ore to which Cerro
Gordo owes its fame. Cerro Gordo has been the only notable pro-
ducer of silver-lead ore in the State of California; its present im-
portance, however, is due mainly to the discovery of bodies of zinc
carbonate ore, which oceur as footwall appendages to the lead cham-
bers formerly worked..

The mine is situated near the summlt of the Inyo Mountains, east
- of Owens Lake. At the Belshaw or principal shaft the altitude is
8,500 feet—nearly 5,000 feet above the town of Keeler, the terminus
of the Nevada & California Railroad. In an air line the mine is 5%
miles northeast of Keeler; by wagon road it is 8 miles, and the
grade from the valley is steep. The mine lies immediately below the
. bold scarp on the west flank of Cerro Gordo Peak, which rises to an
elevation of 9,217 feet and is a prominent landmark as seen from
Owens Valley. :
: S HISTORY.

Cerro Gordo, according to Loew,* who visited the mines in 1875,
was discovered in 1866 by Mexicans—Pablo Flores and his com-
panions. By others the date of discovery is given as 1861. Be
that as it may, the deposits were worked by the Mexicans on a small
scale only, the ores being smelted in vasos, and the district did not
become notably productive until its mines were taken over by
Americans in 1869. The Union mine came into the possession of
M. W. Belshaw and V. Beaudry; the Santa Maria and allied prop-
erties were shortly afterward acquired by the Owens Lake Silver
* Mining & Smelting Co., of New York. The ores were smelted at
three reduction works. Those from the Union mine were treated at
Belshaw & Judson’s furnaces, situated above the portal of the Omega
tunnel, and at Beaudry’s furnace, just west of Cerro Gordo camp;
those from the Santa Maria mine were smelted at the Owens Lake
Silver Mining & Smelting Co.’s furnaces at Swansea, near the shore
of Owens Lake.

Scarcity of water, scarcify of fuel, and high transportation
charges made mining and reduction costs large; nevertheless the
period from 1869 to 1876 was one of great activity. Water was
piped to Cerro Gordo from a distance of 11 miles, the lift being 1,875
feet; charcoal burned from pifion and mountain mahogany, which
grow in scattered stands in’ the higher portions of the Inyo Range,
cost at the furnaces at Cerro Gordo 324 cents a bushel; all freight

1 Loew, Oscar, U. 8. Geog. Burveys W. 100th Mer., 1876, p. 62.
22652°—Bull. 540—14—-T
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had to be hauled across the desert from Los Angeles, a distance of
275 miles, at a cost of 3 to 6 cents a pound.

In 1871 the production of the district was $300,000, the recovery
being only 50 to 55 per cent of the lead. In 1872 3,220 tons of base
bullion carrying 140 to 150 ounces of silver a ton was produced,
which, with silver at $1.2929 an ounce and lead at 6 cents a pound,
aggregated $977,255 in value, or approximately $303 a ton.! Eilers,
who visited Cerro Gordo in 1872 and described the metallurgical,
processes in use there, estimated that the ore of the Union mine,
though the average content was not precisely ascertained at the
works, contained about 34 per cent of lead, the slag carrying 15 per
cent of lead.? Quartzose silver ores, obtained from the Ignacio, Bel-
mont, and other mines in the vicinage of Cerro Gordo, were added
in small quantity to the furnace charge for the purpose of concen-
trating their silver in the lead. Economy of fuel was obtained by
means of “ an almost unprecedented loss of lead.” Eilers concluded
that “the whole management of the works is rather calculated to
create the suspicion that the proper composition of the charge is not
understood. It is certain that either by an addition of iron oxide
to the present charge, or by omitting the addition of the quartzose
silver ores altogether, far better results might be obtained than at
present.”

These suggestions seem to have borne some fruit, for the old
slag dumps, as sampled by the present management of Cerro Gordo,
show a content of not over $5 a ton in silver and lead ; only by sorting
out material containing unfused lumps of ore it is possiblg to obtain
a product averaging $15 a ton.

It is recounted that at one time in 1873 $2,000,000 worth of bullion
was corded up on the shores of Owens Lake awaiting transportation
out of the valley, and bars of base bullion were even used to con-
struct cabins as temporary shelter for the miners.

Litigation commenced at this time. The San Felipe Co., most
of whose stock was owned by the Owens Lake Silver M1n1n<r &
Smelting Co., claimed discovery title to the Union mine, and a verdict
was rendered in its favor. The case was then appealed to the United
States Supreme Court, where it lay for several years.

The maximum annual output—5,600 tons of base bullion—was
made in 1874. From December 1, 1873, to November 1, 1874, the
Union mine produced 12,171 tons of ore of an average assay content
of 47 per cent of lead and 87 ounces of silver to the ton.

* According to M. W. Belshaw,* for the period February 1 to October
1, 1876, the total cost per ton for mining and reduction was $19.96.

1Statistics of mines and mining in the States and Territories west of the Rocky Mountains, 1873, p. 26.
. 2Idem, p. 356.

3Idem, p. 355.

¢ Fourth Ann. Rept. California Min. Bur., 1884, p. 225.
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The quantity of ore treated was 9,950 tons; the-lead produced was
1,325 tons. The recovery was 64 per cent of the lead assay and 90
per cent of the silver assay. According to these figures the ore as
mined carried 21 per cent of lead and was therefore of considerably
lower grade than that mined a few years earlier.

It is impossible to give an accurate figure for the total output of
Cerro Gordo during its most prosperous years. The figures now
current in Owens Valley range around $20,000,000, but these esti-
mates surely show the generous influence of time and tradition.
The estimates given in contemporary or nearly contemporary reports
range from $6,500,000 to $15,000,000. The total output of base
bullion from 1869 to 1876, inclusive, obtained by summing up the
yearly production given in Raymond’s annual statistics of mines and
mining in the States and Territories west of the Rocky Mountains,
is approximately 22,500 tons. On the assumption that the average
value was $300 a ton—as in 1872—the value of the total output of
Cerro Gordo during its most prosperous period was $6,750,000, or,
in round numbers, $7,000,000.

The mines, although consolidated after the settlement of the liti-
gation, were shut down about 1877, mainly, it would appear, because
the large bonanza bodies of argentiferous galena had been worked
out. In the early eighties the Carson & Colorado Railroad, a narrow-
gage line which connected with the Central Pacific Railroad at
Reno, was completed to Keeler and was expected to revive the
mining industry at Cerro Gordo. The mine, however, was worked
- spasmodically by lessees until it was acquired by the Great Western
Ore Purchasing Co., in 1905. A small production was made by this
corporation in 1907. Subsequently the property was taken over by
the Four Metals Mining Co., which erected a 200-ton smelter just
east of Keeler and built an aerial tramway from the mine to the
smelter. This company attempted to smelt the old slags from Cerro
Gordo and to work the mine, but went into insolvency. The present
operators, who had obtained from the Four Metals Mining Co. a
lease to extract the zinc ore of the mine, then took over the property
by purchase of the bonds of the insolvent corporation. During
1912 litigation was in progress concerning the ownership of the
property.

To whom belongs the credit of recognizing the occurrence of zinc
ore at Cerro Gordo is not known. Its discovery in important quan-
tities and its exploitation on a commercial base are due to L. D.
Gordon, of the Cerro Gordo lease.

DEVELOPMENTS.,
\ .

The underground Workings‘ are said to aggregate 20 miles in
length. . The Belshaw shaft, from which five levels have been driven,
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is, 900 feet deep, and from the 900-foot level a winze extends down
to the 1,150-foot level. .

An aerlal tram connects the mine with the smelter which is situ-
ated half a mile east of Keeler. The nominal capacity of the tram
is 50 tons a day, but this is frequently lowered by breakdowns. The
difference in elevation between the terminals is approximately 4,500
feet ; nevertheless the tram must be driven by a steam engine. Crude
oil is at present employed as fuel in the operation of the hoist and
the tram, but if developments warrant it electric power will be
obtained from one of the hydroelectric power companies operating
in Owens Valley.

Despite the considerable depth of the mine, the water level has not
been reached. In the lower levels there was (in September, 1912) a
slow trickling or “ sweating ” -from the walls of the drifts.

GENERAL GEOLOGIC FEATURES.

The prevailing rock at the mine is a dense, fine-grained white
marble; with this are associated some interstratified slate and a
number of dikes of diorite and of monzonite porphyry which lie
parallel or approximately parallel to the stratification of the inclosing
beds. .

The rocks in the immediate vicinity of ‘the mine are part of a
formation of Carboniferous age which is extensively developed in
the surrounding area. This formation consists principally of lime-
stone, with some interstratified shale or slate and quartzite. A belt

of shale, probably 300 feet thick, lies northwest of the mine, and is .

underlain by fine-grained white quartzite, 100 feet thick. The
strike 1s N. 30° W. and the dip 45° W. The shale is in places highly
fossiliferous, carrying Derbya, Goniatites, pelecypods, and other
forms, which fix its age as Carboniferous.

The intercalated beds of shale and quartzite prove useful horizon
markers and show that faulting of a complicated character has taken
place, centering particularly at the Cerro Gordo mine. If the
attempt is made to trace the 100-foot quartzite member from the
northwest toward the mine, it is found that near the mine the
quartzite is cut out by a fault, trending northeastward. The dis-
placement of the fault is of large and unknown magnitude, and the
.details are obscured by talus covering the rocks. The fault zone
appears to be made up of a number of diversely oriented blocks. For
example, some 600 feet north of the shaft house there is an outcrop
of blue crinoidal limestones interbedded with quartzitic strata, strik-
ing east and west and dipping 50° S.; 50 feet southwest of this expo-

sure the rocks strike N. 15° W. and dip vertically, and other similarly
~ discrepant measurements can be obtained—facts indicating that the
fault zone is probably made up of a mosaic of small blocks,
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East of the mine the limestones as a rule dip eastward, the dip
averaging 45° E. on Cerro Gordo Peak and flattening farther east,
being practically horizontal near the Newtown mine. At this locality
a remarkably fine example of a bedding fault breccia is shown. The
breccia, lying between two beds of limestone, consists of long slabs of
dark-gray limestone and a light-buff variety held in a matrix of very
coarse white calc spar, individuals of which show cleavage surfaces 6
to 8 inches broad. The breccia is locally 4 feet thick. On the face
of the cliff southwest of the Newtown shaft house a reverse fault of
10 feet displacement is well shown. The value of quartzite beds as
indicators of faulting is illustrated effectively on the slopes behind
the Newtown mine. Here within a length of a few hundred feet
the rocks are intersected by four faults, marked by fault breccias,
with displacements, as measured on the interstratified beds of
quartzite, that range from a few feet to 75 feet. One of these fault
breccias carries numerous fragments of gossany iron oxide.

The examination of the geologic: structure around Cerro Gordo
therefore shows that the rocks have been subjected to severe faulting.
Some of this faulting took place prior to the formation of the-ore
bodies and some after the ore bodies had been formed, but the post-
mineral faults are probably of much smaller magmtude than those
of premineral origin. Underground examination in the Cerro Gordo
mine is confirmatory of the facts shown by the study of the surface
geology, for many faults are exposed in the workings. The cor-
rect elucidation of the faulting may prove to be a matter of highest
practical importance, for a possibility exists that valuable ore bodies
may have been cut off by faults and that the faulted segments were
not found by the former operators. In working out the character
. and amount of displacement along the faults, the diorite porphyry
and other dikes should prove of great help.

Northwest of Cerro Gordo monzonite porphyry forms a small mass
intrusive into the surrounding shale. The porphyry is characterized
by an abundance of feldspar phenocrysts and hornblende prisms, the
phenocrysts being in certain parts of the mass so closely crowded
as to give the rock a granitic appearance. The specimen examined
microscopically was found to show essentially these features: Plagio-
clase (Ab,;,An,) forms the predominant phenocryst and is asso-
ciated with phenocrysts of orthoclase and hornblende; the porphy-
ritic constituents are inclosed in a groundmass composed of ortho-
clase and quartz and forming but a small proportion of the whole
rock. Titanite, which is rather abundant, apatite, and magnetite
are the accessory minerals.

This intrusive mass of monzonite porphyry is in all probability
an unroofed upward extension of the granitic mass that underlies
the whole Inyo Range at no great depth. Although along the crest
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granite is not encountered for a distance of 10 miles north of Cerro
Gordo, yet toward the east, where the range drops off abruptly
toward Saline Valley, 7,000 feet below, great quantities of granitic
rock are exposed. Furthermore, masses of garnetized limestone
occur at several mines and prospects west and southwest of Cerro
Gordo, as at the Ignacio, Ventura, and others—a fact which indicates
that the rocks at Cerro Gordo at the time of the intrusion of a
granitic mass, now unexposed, were situated near the outermost
limit of the zone of metamorphism produced by the invasion.

In the mine occur dikes which appear to have been originally sinii-
lar to the monzonite porphyry northwest of Cerro Gordo. They
have, however, been altered by three distinct kinds of metamorphism,
successively applied—(1) alteration by shearing, (2) alteration ac-
companying the primary mineralization, and (3) alteration by oxi-
dation and by the downward percolation of sulphate solutions. Any
one of the alterations produced by these processes might be sufficient
to obliterate the original features of the dikes; it follows, therefore,

i ,,///// :
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F1gurp 7.—Diagrammatic section along the line of the Union tunnel, Cerro Gordo, Cal.
1, Slate; 2, marble; 3, monzonite porphyry.

that the precise identification of some of these rocks is impossible;
in fact, certain narrow dikes, which are considerably sheared, are
difficult to distinguish from sate.

One of the most prominent dikes in the mine is that cut in the
Union tunnel, in the footwall crosscut of the Santa Maria pit, where
it is 50 feet wide, and in the Zero level. The dike apparently con-
forms in the main with the strike and dip of the bedding of the in-
closing rocks. (See fig. 7.) In the Union tunnel, however, the con-
tacts are much shattered. The west contact strikes N. 15° W. and
the east contact N. 35° W., both being nearly vertical. The dike is
overlain by a shale belt 105 feet wide and is underlain by massive
white marble. In the Zero level, which is several hundred feet south
of the Union tunnel, the dike lies within the shale belt and therefore
probably cuts across the trend of the formation at a narrow angle.
The dike is of conspicuously porphyritic appearance, owing to the
prevalence of large tabular feldspar crystals; it is considerably
sheared and is deeply stained by oxides of iron and manganese.
Specimens from this dike are unsuitable for precise determination;
some material from the 400-foot level, taken near the intersection
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by the San Felipe quartz vein, was found to be a porphyry much
altered by carbonatization.

Other dikes differing considerably from the monzonite porphyry
were noted in the underground workings. They range in different
dikes from 4 to 25 feet in thickness; on the 900-foot level one of these
. dikes was found to be intrusive into the monzonite porphyry. They
are gray, fine-grained granular diorites carrying numerous small
black prisms of hornblende; a characteristic feature is the presence
of corroded phenocrysts of quartz, although these are rare and widely
scattered. One of the best-preserved dikes is that shown on the 400-
foot level, 200 feet north of the shaft. Under the microscope, how-
ever, even this proved to be highly altered and to consist of epidote,
chlorite, feldspar, and sericite.

LEAD ORE BODIES,

The lead ore bodies of Cerro Gordo consist of lenticular masses dis-
tributed through a zone 2,000 feet long and several hundred feet
wide. The predominant rock of the ore-bearing zone is a white,
finely saccharoidal marble, essentially a pure calcite rock, which on
fresbly fractured surfaces shows a slight bluish tint. Slate and
igneous rock—the dikes of diorite and porphyry—as already de-
scribed, occur also within the ore-bearing zone, but the ore bodies
are inclosed principally in the marble. Certain important ore bodies,
however, rested on a footwall of slate, as, for example, that taken
out from the Santa Maria pit.

The rocks of the ore-bearing zone strike in a north to northwesterly
direction and dip on the average 70° SW.; the ore bodies conform to
the trend of the inclosing rocks. To cite an example, the Jefferson
stope—the stope farthest southeast—strikes N. 85° W. and dips
75° SW.

.The lead ore bodies formerly worked attained thicknesses of 40
feet. The Jefferson stope is from 3 to 20 feet wide and averaged 70
feet in length; the Union stope, from which $38,000,000 worth of
silver and lead is supposed to have been extracted, extended down
to the 550-foot level. According to Raymond *—

The Union, the highest on the mountain side, has undergone considerable
development during the past year. On the surface the ore body strikes about
S. 30° . and dips steeply to the southwest, but at the level of the main work-
ing tunnel, which strikes the Union at a depth of about 175 feet from the
surface, the ore body begins to stand nearly perpendicularly and continues so
for a depth below this level of 165 feet, the lowest point reached in September,
1872. At a depth of 200 feet below the tunnel a branch leaves the main ore

body toward the west. Its dip is very flat, and it has been followed over 100
feet, always in very excellent ore, the greater part of which is galena. This

1 Raymond, R. W., Statistics of mines and mining in the States and Territories west of the Rocky Motin-
tains, 1873, pp. 18-19.
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branch is about 3 feet thick, It is thought and hoped by the owners of the
Union that it will eventually run into the Santa Maria, and as.the Union has
the older title the independent existence of the Santa Maria would in that
case be endangered. The longest level on the vein in the whole. nmine is the
one driven at a depth of 200 feet below the tunnel, and even this one is little
over 100 feet long. But the ore deposit, as developed by this level and the
work done in the 65 feet below, is of extraordinary extent, being in many
places 40 feet wide and nowhere less than 15. At the same time the ore is
very solid, being either reddish-yellow carbonate or pure gray carbonate, lying
in great blodges in the former. The masses of the latter kind have frequently
a diameter of from 3 to 6 feet and always show a concentric arrangement—
that is, every mass of this kind which has been cut through by the excavations
shows concentric rings around an interior nucleus (generally a small lump of
unaltered galena), the rings being somewhat darker than the main mass.
This arrangement presents a beautiful aspect and, though common with gray
carbonate of lead when lying in a ferruginous gangue, it is not often seen
on as large a scale as exposed in the Union. The carbonate ores of the Union,
on account of their friability termed ‘“fuse ores” by the miners, average,
as delivered to the furnace, about 25 ounces of silver per ton, and the galena
from 50 to 80 ounces.

During 1912 lead ore was being mined on the 700-foot level, where
it formed a shoot as much as 5 feet wide. It consisted largely of
galena, though considerably oxidized, so that cerusite was common,-
forming a yellowish ocher mixed with anglesite. A small quantity
of chrysocolla occurred here also; in fact, chrysocolla is persistent
throughout the mine, though nowhere abundant. Linarite, the deep
azure-blue double sulphate of lead and’ copper, and brochantite, a
basic sulphate of copper, are found here occasionally. The massive
galena contains a small amount of dark-brown or black sphalerite—
a fact of great importance in connection with the origin of the zinc
carbonate ore. .

A shoot of lead ore recently uncovered at the surface, averaging
1 foot or so in width, consists predominantly of galena but contains
also some tetrahedrite, sphalerite, and pyrite. The galena has a
distinct sheared structure, which is circumfluent around the sphal-
erite and tetrahedrite. This structure was evidently produced by
the crushing of galena into small flat lenticles lying in parallel
orientation. Oxidation products, among which bindheimite was
the most notable, occur to a small extent associated with the primary
lead ore, though not so abundantly as on the 700-foot level. Com-
pleteness of oxidation at Cerro Gordo was obviously not determined
wholly by depth but was dependent largely on the perviousness of
individual ore shoots to oxidizing solutions. Adjoining the lead ore
is several feet of zinc carbonate that has replaced the marble wall-
rock. .

The predominant primary mineral in the ore bodies of Cerro
Gordo is galena; as minor constituents occur sphalerite, tetrahedrite,
and pyrite. By oxidation a multitude of secondary minerals have
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formed—cerusite, anglesite, bindheimite, smithsonite, calamine, hy-
drozincite, aurichalcite, chrysocolla, linarite, brochantite, caledonite,
limonite, and others. Cerusite and smithsonite are of economic im-
portance; the others are of mineralogic interest only. Linarite de-
serves mention because of its striking beauty, and Cerro Gordo is in
fact a locality well known for this rare mineral; aurichalcite, another
comparatively rare mineral, is also noteworthy because it occurs
locally in some abundance as small veinlets traversing zinciferous
limonite; it is of delicate blue and bluish-green color, though fading
on continued exposure to light, and characteristically forms rosettes
and fanlike groups of pearly luster.

SAN FELIPE VEIN,

The San Felipe vein cuts diagonally across the silver-lead ore-
bearing zone, trending N. 45° W. and dipping 70°-80° SW. It
traverses both marble and porphyry -and ranges from a fraction of an
. inch to 18 inches in thickness. The main ore mineral noted is tetra-
hedrite, with its oxidation products, azurite and malachite, inclosed
in a gangue of barite and quartz. The ore is said to carry $100 a

ton in silver.
ZINC ORE BODIES,

Occwrrence and character—The zinc ore forms irregular masses
and pipes occurring in the limestone walls of the old lead stopes,
principally in the footwall. The form of the ore bodies is deter-
mined partly by structural features, such as stratification, jointing,
and the fracturing that took place after the formation of the lead
ore masses. The zinc ore is frozen tightly to the limestone, but there
is no gradation between them, although the ore originated clearly by
replacement of the limestone.

The first zinc ore taken out was that found in the footwall of the
old Union stope; from this 5,000 tons were extracted. On the 400-
foot level a pipe 5 feet in dameter and 150 feet long was discovered
that aver'lged more than 40 per cent in metallic zinc. As the zinc
mineral in the ore is malnly smithsonite, whose theoretic percentage
of zinc is 52, the ore is very pure; considerable quantities have actu-
ally contalned as much as 50 per cent. The pipe headed toward the
Union’ stope, and with increasing proximity to the old stope there
was a notable increase in limonite and kaolin. Near the head of the
pipe extensive masses of limonite, including bodies of pure white
kaolin as much as 4 feet in thickness, were found. The same phe- -
nomenon occurs throughout the mine; the zinc ore becomes, by
progressive disappearance of the iron, increasingly purer with in-
creasing distance from the old lead ore bodies. Bodies of zinc ore
extend in places at least 100 feet laterally from the lead ore.
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The zine ore consists essentially of the carbonate smithsonite; the
impurities with it are limonite and calcite. The ore is of fine-
grained texture and dead-white color and hence is known as “dry
bone.” It is characteristically laminated; the lamine range from
pearly imperceptible thickness to one-half inch and are curiously
convoluted, the convolutions being governed by no discernible law.
Vugs are common, and are lined with crystalline smithsonite and
calamine. Calamine also occurs to some extent in the form of
laminz, and these show a radial fibrous structure. Hydrozincite
occurs rarely, chiefly as small botryoidal groups implanted on crys-
talline smithsonite.

The ore as shipped averages 35 per cent of zinc, the gangue con-
sisting of calcium carbonate and hydrated iron oxide. The ore
carries neither silver nor gold. The total production of zinc ore
to January 1, 1913, was 10,000 tons.

Origin—The primary ore bodies as a rule have undergone exten-
sive oxidation. During this process sulphates of lead, zinc, iron,

- and copper were formed, together with sulphuric acid, which, acting
on shale or porphyry, took alumina and silica into solution. The
lead sulphate, being insoluble, remained in place and was later trans-
formed into cerusite; the copper also did not travel far, but was
precipitated as chrysocolla or as a basic sulphate. Thus in the first
stage the zinc and iron were separated from the other metals and,
being contained in a solution acting under the influence of grarvity,
naturally tended to sink into the footwall of the lead ore bodies.
Here the solution came into contact with the calcitic wall rock and
a further separation took place. The free sulphuric acid present
was immediately neutralized and the ferric iron was precipitated
as hydroxide according to the equation—

Fe,(S0,),4-3CaC0,-+-3H,0=2Fe (OH),+3CaS0,+3CO,.

This reaction has been studied by Meigen, who finds that ferrie
iron is, even at 15° C., rapidly and completely precipitated as hy-
droxide from its solutions by calciter He finds further that fer-
rous iron and zinc are precipitated more slowly. According, then,
to the extent that the iron contained in the solution was in the fer-
ric state, the zinc, which is later precipitated as carbonate, will be
proportionately free from iron.

At Cerro Gordo the zinc ore is as a rule remarkably free from
iron, indicating, as one possibility, that the iron in the downward-
percolating solutions was mainly in the ferric condition. This would
be so, if during oxidation there had been available an excess of

1Meigen, W., Beitrige zur Kenntnis des Kohlensauren Kalkes: Ber. Naturforsch. Gesell. Freiburgl
Br., vol. 13, 1903, p. 76.



MINERAL RESOURCES OF INYO AND WHITE MOUNTAINS, cAaL. 107

oxygen—a condition likely to arise, among others, owing to the
comparatively small amount of pyrite that underwent oxidation in
the primary deposits.

After the precipitation of the ferric iron the ferrous iron and the
zinc would be precipitated as carbonates. At Wiesloch, Baden, for
example, ferrous carbonate is mingled with zinc carbonate in all
proportions up to 50 per cent, although the main ore bodies are rela-
tively pure zinc carbonate.! By subsequent oxidation the ferrous
carbonate may be converted to limonite, and in this way iron-stained
zinc carbonate ores would be produced. The separation of the zinc
from ferrous iron would be determined by two factors—the concen-
tration of the solutions in zinc and ferrous iron and the relative pre-
cipitability of the carbonates of zinc and ferrous iron. The solu-
bility of zinc carbonates and of ferrous carbonate, measured in gram-
equivalents per liter,? is respectively 1.7X10~* and 6.2)X10-% From
these figures it can be inferred that the iron is more easily precipitable
and that this favors the segregation of the zinc from the iron. When,
however, the concentration of the zinc becomes high relatively to the
iron, both metals must come down together. No experimental data
are available concerning the fractional precipitation of a mixture of
sulphates of zinc and ferrous iron by means of calcium carbonate, but
the geologic evidence seems to show that the fractionation as carried
out in nature is very complete, provided, as already pointed out, that
the thorough $eparation of the zinc and iron is not due to the previous
complete precipitation of the iron as ferric hydroxide.

One of the most striking features of the ore depos1ts of Cerro
Gordo is the localization of the zinc as carbonate in high-grade
bodies in comparison with the small proportion of zinc blende con-
tained in the primary ore. The zinc carbonate, as shown in the
preceding paragraphs, was derived from the blende by a process
involving oxidation, solution, migration, and precipitation ; neverthe-
less the proportion of blende in the unoxidized lead ore now encoun-
tered in the mine is extremely small, ranging perhaps from 1 to 2
per cent. The lead ore bodies formerly worked may have been more
" highly sphalerite-bearing than any ore now visible, but, this seems
unlikely because in no account hitherto published concerning Cerro
Gordo is the presence of sphalerite recorded. It is believed, there-
fore, that the primary ore found now is an index of the primary ore
occurring formerly in the mine. In the shoot of primary ore recently
uncovered at the surface the galena contains only a small quantity
of sphalerite; nevertheless the galena is bordered by a layer of smith-
sonite several feet thick. From a consideration of the foregoing

18chmidt, A., Die Zinkerz-Lagerstitten von Wiesloch, Baden: Verhandl. Naturh.-Med. Ver zu
Heidelberg, neue Folge, vol. 2, 1880, p. 399.
2 Data supplied by R. C. Wells, U. 8. Geological Survey.
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facts it would appear that the zinc, sparsely distributed throughout
the primary lead ore, was effectively segregated and concentrated to
a remarkable extent during the formation of the secondary ore.

PRACTICAL DEDUCTIONS,

Some deductions of practical importance follow almost obviously
from a recognition of the principles governing the formation and
origin of the zinc carbonate ore bodies. Certain of these deductions
had been recognized at Cerro Gordo as criteria for the search for
undiscovered bodies of ore, although the theoretic foundations on
which they were based were not known. These deductmnq are, stated
summarily :

1. The zinc carbonate bodies can occur only in the marble, most
likely in the footwall zones of primary lead ore deposits. The largest
zinc deposits will therefore be found most probably in the footwall
country rock of the old lead stopes.

2. Zinc ore is especially likely to occur below bodies of hydrated
iron oxide situated along the periphery of the primary ore masses—
the iron oxide bodies marking the heads of the channels along which
the sulphate solutions commenced to migrate into the limestone wall
rock. The zinc ore will not necessarily be situated vertically below
these masses of iron oxide but may occur diagonally or otherwise as
governed by the structural features of the wall rock.

3. Conversely, bodies of lead ore, if not already mined out, may
be found on the upward extenswn of zinc ore deposits, above the iron
oxide masses.

4. Zinc ore is likely to be found as far down as the downward limit
of the zone of oxidation, the bottom of which has not yet been reached.

The discovery of zinc carbonate ore at Cerro Gordo is another
striking illustration of what has been happening in recent years at
many of the other silver-lead mining camps in the Western States.
Oxidized zinc ores were formerly unsought or were thrown over the
dumps unrecognized ; only in recent years have they been recognized
or their value appreciated. At Leadville the zinc carbonate ores
were long unrecognized, but Leadville is now the largest producer of
oxidized zinc ore in Colorado; in the Kelly or Magdalena district, in
New Mexico, the zinc carbonate ores were long unrecognized, but the
Kelly district is now the largest producer of zinc ore in New Mexico;
Yellow Pine illustrates the same fact for Nevada; Cerro Gordo illus-
trates it for California ; and according to recent reporf; the abundance
of zine ore in the old stopes at Tintic, Utah, is proving a surprise to
the operators there.

These facts render it highly probable that other valuable deposits of
zinc carbonate will be discovered in association with galena ore bodies
inclosed in limestone, which were formerly worked for their lead and
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silver. As shown by the occurrence of zinc ore at Cerro Gordo, a
fact pointed out in the discussion of the origin of the ore (pp.
106-108), the primary ore bodies need not have contained a large
proportion of sphalerite in order to have given rise to commercially
important deposits of zinc carbonate.

LEAD-SILVER ORES.
GENERAL CHARACTER.

Argentiferous galena ores occur at a number of localities scattered
throughout the region, but only at Cerro Gordo and vicinity has there
been a notable production. The ore bodies form irregular lenticular
masses inclosed, as a rule, in .limestone country rock; in fact, the
important productive ore bodies are all inclosed in rock of that kind.

Oxidation has partly altered the galena to the carbonate cerusite,
and if the ore originally contained zinc blende, the possibility exists
that bodies of zinc carbonate ore were formed during the process of
alteration, as already discussed in detail under the description of
the Cerro Gordo mine.

MINES AND PROSPECTS.
GIBRALTAR PROSPECT.

The Glbraltar prospect is situated 3 miles north of Antelope
Spring, in Deep Spring Valley. The prospect was located in 1886,
and it is stated that a number of years ago 10 tons of ore was sent to
the Selbey smelter; this ore carried $34 to the ton in lead and silver.
The country rock at the prospect is a tremolite-bearing white fine-
grained marble. The lode trends N. 85° E. and stands vertical. The
large open cut on the property exposes a zone about 4 feet wide
carrying the small irregular stringers of ore; and 100 feet above is a
short tunnel in which the lode ranges from 6 inches to 1 foot in thick-
ness. The ore consists of galena, sphalerite, and tetrahedrite. The
oxidized ore shows a little azurite stain, but this is exceedingly rare.

MONTEZUMA MINE.

The Montezuma Mining & Smelting Co.’s property lies near the
foot of the White Mountains, 9 miles by road southeast of Big Pine.
The Montezuma is one of the old mines of the region and is described
in the report of the Director of the Mint for 1883. At that time there
was exposed at or near the surface a large amount of argentiferous
galena.lying almost horizontal. The ore contained 30 ounces of silver
to the ton and 38 per cent of lead.. A smelter had been built on the
railroad at Elna and the ore was hauled there for treatment. This
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smelter has since been abandoned. It was found later that the ore
is difficult to treat on account of its low grade and considerable ad-
mixture of zinc blende. The mine was idle during 1912.

Buff-weathering and gray-weathering limestones of dense texture,
which on fresh fracture are white with a bluish cast, constitute the
prevailing country rock in the vicinity of the upper tunnel. As seen
within the tunnel the rocks are intensely shattered and broken, and
in one drift a porphyry dike, which seems to have been originally a
diorite porphyry, was, because of the intensity of dynamic disturb-
ance, kneaded to a putty-like mass and powerfully slickensided.
The ore seen on the dump carries finely disseminated galena, sphaler-
ite, and pyrite, together with a few coarse particles of tetrahedrite;
the galena and sphalerite occur in approximately equal amounts and
are in part intimately intergrown. The gangue in which these min-
erals are inclosed consists largely of dolomite with which some quartz
is associated. The oxidized ore shows azurite, lead carbonate, and
iron oxide.

' ESTELLE MINING CO.'S CLAIMS.

The Estelle Mining Co., organized in August, 1902, owns 29 claims
situated south and southwest of the Cerro Gordo mine. During the
last four years the energies of the company have been devoted to
driving a crosscut tunnel, now 4,400 feet long, with the intention of
undercutting the iron oxide cropping on the Morning Star claim,
which is situated 1,700 feet above the portal of the tunnel. The tun-
nel, known as the Dellaphene, intersects Carboniferous rocks con-
sisting mainly of limestones. A considerable number of fault zones
have been encountered, the most extensive being 200 feef, in width. At
3,750 feet from the portal drifts have been turned off both north and
south for several hundred feet along one of these fault zones. This
fault zone is traversed by a number of quartz veins of irregular size
and description. TLocally the quartz contains tetrahedrite, galena,
sphalerite, and pyrite in amounts in the order named. The ore is
said to carry 20 ounces to the ton in silver. The outcrop on the
Morning Star claim, which the Dellaphene tunnel is projected to
undercut, is said to assay $14 in gold and 17 ounces in silver to the
ton across a width of 45 feet. The developments on the Morning
Star claim consist of a tunnel 420 feet long, from which a winze has
been sunk 225 feet, giving a total depth of 500 feet below the apex.
From this winze levels have been run at depths of 35, 70, 120, and 220
feet. A crosscut tunnel traverses what may be called the ore-bearing
zone, exposing 35 feet of hydrous iron oxide and limestone, 60 feet
of limestone, and then 20 feet more of limestone stained with iron
oxide. The iron oxide contains a few small lumps of galena.
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MONSTER MINE.

The Monster mine, discovered in 1907, is situated on the east flank
of the Inyo Range northwest of Saline Valley It is reached either
by a trail over the summit of the mountains from Mazourka Canyon
or by the Saline Valley road from ‘Alvord. The principal develop-
ments consist of two tunnels and a number of open cuts.

The general country rock consists of a stratified series of hme-
stones, probably of Ordovician age, striking N. 75° E. and dipping
steeply to the north. Several hundred yards south of the mine occur
dark knotted schists, representing thermally metamorphosed argil-
laceous sediments, intruded by granite.

UThe ore body-at the point of discovery was an irregular lens of
nearly solid galena 3% feet wide and approximately 40 feet long.
The general trend of the body of ore as seen in the upper tunnel,
which is 75 feet long, is northwest. The galena has been nearly
completely removed, but at the far end of the tunnel some galena
remains embedded in quartz veinlets reticulating through the lime-
stone. The ore makes in bunches in the limestone but is everywhere
associated with quartz, although the galena tends to segregate and
form pure masses. A new tunnel was driven below the upper tunnel
and is approximately 150 feet long, but not. much ore was encountered .
in it. At the portal of the lower tunnel the country rock is a mot-
tled blackish limestone transfixed by tremolite fibers; the rock is
coarsely brecciated throughout the length of the tunnel. The lime-
stone in the ore-bearing zone is a buff-weathering variety which is
white with a slight yellowish cast on fresh fracture; it is severely
brecciated. ‘

The ore seeh on the dumps consists almost entirely of galena. It
contains a very subordinate proportion of pyrite and even less
tetrahedrite, which is to be found only on close search; no sphalerite
or other zinc mineral was noted. The oxidized ore consists largely
of cerusite, in places finely crystallized, but shows also a little chryso-
colla and blue and green bas1c sulphates of lead and copper—linarite
and caledonite.

The ore was taken on pack animals over the Inyo Mountains to
Mazourka Canyon, where it was hauled by team to the railroad at
Citrus. It was carefully sorted and is reported to have carried $100
a ton in silver and lead. The property was not worked in 1912.

GOLD ORES.

’
GENERAL CHARACTER AND OCCURRENCE.

The gold deposits of the Inyo and White mountains are mainly -
small, narrow quartz veins. The greatest depth attained on any of
the veins, so far as known to the writer, is 300 feet. The surface
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ores are thoroughly oxidized and are of comparatively high grade,
ranging from a few dollars up to $100 a ton. The mineralogic fea-
tures are simple; the primary ores carry a small amount of sulphides,
commonly pyrite or galena, with subordinate sphalerite and chalco-
pyrite, inclosed in a coarse white quart gangue. Primary barite
was noted in one ore.

The veins occur either in the borders of the granite intrusions or
in the surrounding country rock at no great distance from the granite
This is so uniformly true that it suggests strongly a genetic connec-
tion between the veins and the granite.

A large number of veins have been found and developed, have
contributed their quota to the output of the region, and are nayy
exhausted. During 1912 opportunities were not favorable for the
study of this class of deposits; consequently a more extended treat-
ment of them here is not advisable, and the details concerning the
mines and prospects that were accessible must be sought under the
special descriptions.

Many of the deposits were discovered by Mexicans in the sixties
and worked by means of arrastres during the succeeding decades.
The most important, gold-producing area was probably the Beveridge
district, on the summit of the Inyo Mountains northeast of Lone
Pine. The Keynote, situated at an altitude of 10,000 feet, at a point
accessible only by a mule trail, was the most productive mine; for a
time its output exceeded $10,000 a month.* Much ore was taken out
from other mines, but records of production are not available.

As a whole the veins have not, however, given rise to a steady gold-
quartz mining industry, and during 1912 the exploitation of this
kind of ore was nearly at a standstill. The Reward, the largest gold-
quartz mine in the range, was idle during the year, pending change
of ownership.

Placers, especially those of Mazourka Canyon, were formerly of
some importance? The gold was separated by passing the gravel
through dry. washers. The best ground has been exhausted, and in
1912 a few men working on the rims of. the auriferous channels and
at the heads of the gullies were able to make only bare wages by
dry washing.

MINES AND PROSPECTS.
GOLDEN SIREN PROSPECT.

The Golden Siren prospect is situated in the White Mountains at
an altitude of 10,500 feet, near the head of North Fork of Crooked
Creek. The main shaft is reported to be 90 feet deep, intersecting

1 Rept. Dlrectbr of the Mint upon the production of the precious metals in the United States for the
calendar year 1883, 1884, p. 159.
2 Thirteenth Ann Rept. Cahforma State Mmeraloglst 1896, p. 182.
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the vein at 45 feet. The country rock is a white marble of Cambrian
age, which is intruded by the granite outcropping a few hundred feet
east of the shaft. The ore is of two kinds—quartz and iron oxide.
The vein sampled over a width of 5 feet is said to average from $14
to $18 a ton in gold.

BLIZZARD EXTENSION PROSPECT.

The Blizzard Extension prospect, which is a scant 3 miles south of
the Golden Siren, is situated on the north flank of Mount Blanco
at an altitude of 10,800 feet. The developments consist of an incline
and a few small open cuts; the incline is 60 feet long, and a drift,
26 feet long, was driven at a depth of 45 feet. The geologic features
are essentially like those at the Golden Siren. The country rock is a
white marble of Cambrian age, and a large mass of intrusive granite
lies a few hundred yards north of the property. The vein strikes
N. 80° E. and dips steeply south. It consists, as seen at the surface,
of 3 to 6 inches of quartz carrying oxidized sulphides, but it is said
'to be 2 feet wide in the drift and to average $13 a ton in gold. On
the dump considerable gossany iron oxide has accumulated ; much of
this material was doubtless formed by the reaction of iron-bearing
solutions (derived from the oxidation of the primary sulphides origi-
nally inclosed in the quartz) on the limstone wall rocks.

During 1912 a road 5 miles long was being constructed to Roberts’s
ranch, on Wyman Creek, at an altitude of 8,200 feet. Here a small
stamp-milling outfit, to be driven by an overshof, wheel, was being

installed. ‘
WATERFALL PROSPECT.

The geologic features at the Waterfall prospect are unlike those
seen anywhere else in the White and Inyo mountains. This prospect,
located in 1906, is situated at an altitude of 7,400 feet, 3 miles north
of Antelope Spring, in Deep Spring Valley. The general limestone
country rock lies within the zone of contact metamorphism of the
near-by intrusive mass of granite, and as a result has been consid-
erably altered, chiefly by marmarization and the development of
tremolite and other minerals. The gold-bearing deposit, as shown
by open-cut workings, consists of a belt of tremolitic white marble
traversed by fluoritic veinlets. The fluorite is of pronounced purple
color and imparts to the gold ore an unusual and striking appearance.
The veinlets range from a fraction of an inch to several inches in
thickness. The larger veinlets are quartzose and contain coarse
orthoclase, muscovite, and fluorite, and are thersfore pegmatitic in
composition and appearance. The belt or zone traversed by these
veinlets trends north and south and is between 10 and 20 feet thick.
The hanging wall is a stratum of black micaceous hornfels. The

22652°—Bull. 540—14——S8
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purple fluoritic ore is said to assay $18 a ton in gold. Neither gold
nor other metallic mineral is visible, except rare specks of pyrite.
The proportion of fluoritic veinlets to the whole mass of limestone
traversed by them is small, and at one point only are the veinlets
possibly numerous enough to bring the whole mass up to ore grade.

GRAY EAGLE PROSPECT.

The Gray Eagle prospect is situated on the south side of Redding
Canyon, on the west flank of the White Mountains, at an altitude
of 7,000 feet. The vein, which occurs at the contact of the granite
and limestone, lies nearly horizontal and has a maximum thickness
of 8 inches. The quartz carries considerable iron oxide; the sulphide
ore shows some chalcopyrite and pyrite associated with iron oxide in
‘a quartz gangue. At the immediate contact a small mass of oxidized
ore was found carrying some galena. In the underground workings
massive garnet rock is found at the contact, and also rock showing
columnar epidote several inches long. These contact rocks are tra-
versed by small quartz strmgers carrying a minor quantity of chal-
copyrite.

GOLDEN MIRAGE PROSPECT.

The Golden Mirage prospect lies west of the Gray Eagle at an
altitude of 6450 feet. It comprises a number of workings opened
on a quartz vein inclosed in the granite. At the lower open cut is
shown 2% feet of solid milk-white quartz, and the.vein is seen to
strike N. 20° E. and to dip 40° E. Leached cavities in the quartz
indicate the presence of former sulphides, which consisted princi-
pally of large cubic crystals of iron pyrite. The vein is irregular
in thickness; 2% feet is the maximum and 1 foot is probably a gen-
erous average. The gold content is spotted and is generally highest
in the honeycombed rock; it is reported to average perhaps $5 a ton

for the whole vein.
X-RAY MINE.

The X-Ray mine is an old property, having been worked by the
Mexicans in the sixties. The present owners obtained it by reloca-
tion after its abandonment by the former owners. This mine is
situated on the west side of Redding Canyon, near the Gray Eagle
and Golden Mirage prospects, all of which are now under the same
ownership. The vein is inclosed in granite and on the south end,
which is near the contact of granite and sandstone, ranges from a
fraction of an inch to 8 inches in thickness. In the incline driven
. on the vein it dips 16° N. and trends N. 70° E. Toward the north
end the vein is as much as 1 foot thick, but 3 inches is probably the
average thickness. The walls are well defined. - In view of its nar-
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rowness, the vein is remarkably persistent and continuous. The shoot
of ore on the south end is said to be nearly 600 feet long. During
1912 five carloads of ore were shipped from this and the other two
claims under the same ownership.

EUREEKA MINE.

The Eureka mine is situated on the east side of Owens Valley at
the foot of the Inyo Mountains, 9 miles northeast of Independence.
The California & Nevada Railroad (Southern Pacific system) passes
the mine. The property consists of four patented claims, which were
located in 1862, the year following the Kearsarge Pass mining excite-
ment. About 1864 a 20-stamp mill was erected on Owens River,
which flows near the property; the river was dammed and a water
wheel set up, but within a year the mill burned down. The settle-
ment that sprang up here was known as Chrysopolis, but it has long
been obliterated. '

The principal developments at the Eureka mine consist of a shaft
and a tunnel undercutting the deposit at a depth of 100 feet. The
prevailing country rock is a fairly coarse hornblende-biotite granite,
which is intersected by a number of dikes of dark fine-grained
diorite porphyry. These dikes as a rule are highly schistose, whereas
the granite is massive. The dike intersected. in the tunnel is 15 feet
wide; it is roughly schistose and the inclosing granite is somewhat
sheared along the contacts. The dikes in general consist of black
fine-grained rock which, owing to the presence of small white feld-
spars, exhibit an obscure porphyritic texture. Under the micro-
scope the porphyritic feldspars are found to consist of plagioclase
and the groundmass to be made up of a fine intergrowth of feldspar,
finely flaked biotite, and sericite. A specimen of granite, or, more
precisely, quartz monzonite, taken from the bottom of the winze at a
depth of 140 feet,- was determined microscopically to be composed
of plagioclase, microcline, quartz, and biotite, with which are asso-
ciated considerable secondary epidote and calcite.

The ore body consists of a mass of granite interlaced with quartz
stringers: lying between two dikes of diorite porphyry, which con-
verge at a narrow angle toward the south. The surface ore is highly
oxidized, containing much red and brown iron oxide and showmg in
places some blue copper silicate, chrysocolla. Coarse gold is not
uncommon and is readily panned from the oxidized ore. The ore is
sorted and shipped to the smelter; recent shipments are reported to
have averaged $77 a ton in gold.

On the present small scale of working necessarily the richer ore
alone is taken out. Single stringers are followed, and because of
their irregular and discontinuous character this makes mining ex-
pensive. Investigations with a view to determining the practicability
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of mining the whole mass of granite and its included quartz stringers
are reported to have been undertaken.

0
BLACK EAGLE MINE.

- The Black Eagle mine is situated on the west flank of the Inyo
Mountains at an altitude of 8,300 feet, 4 miles in an air line éast of
~ Citrus. The developments consist of a shaft 310 feet deep and a
number of levels. The ore body is a narrow quartz vein situated at
the contact of granite and limestone but is inclosed principally in the
granite. The vein trends N. 70° E. and dips nearly vertical but
Wlth a slight inclination to the south On the third level the total
length 1s 400 feet.

The vein material is quartzose, though carrying a little barite
intergrown with the quartz and undoubtedly of primary origin:
pyrite is the only sulphide noted and its oxidation has given rise to
‘earthy hematite, limonite, and ferruginous jasper. The ore is
usually of high grade; by sorting, a product can be obtained that
carries $100 a ton in gold. During the operation of the mine the ore
was packed on mules at a cost of $4 a ton to a small steam-driven
stamp mill at Willow Sprmors, 2,800 feet lower down on the flank of

the range.
REWARD AND BROWN MONSTER MINES,

The Reward and Brown Monster mlnes, usually spoken of together
as the Reward mine, are the property of the Reward Consolidated
Gold Mining Co. The Brown Monster was formerly known as the
Eclipse, and the Eclipse mill of six stamps was built in 1870. After
change of ownership a 30-stamp mill was erected, which was driven
by water power generated by water diverted from Owens River.
The mill is reported to have produced $200,000, when the property
became involved and was sold under an execution.! Subsequently
this mill was dismantled and the present mill of 20 stamps was built,
situated near the mine openings and connected with them by a gravity
tram.

In 1911 the mine and plant were overhauled and an ‘electric trans-
mission line 4} miles long was -constructed across Owens Valley to
furnish power. After a short run the mine was closed in the spring
of 1912, pending change of ownership.

The Reward mine is favorably situated, being on the east side of
Owens Valley and less than 2 miles from Manzanar station on the
California & Nevada Railroad.

The working tunnel of the Reward mine, which opens on Reward
Gulch, intersects the vein at 750 feet from the portal; from the inter-

1Rept. Du'ector of the Mint upon the production of the precious metals in the United States (luring
the calendar year 1883, 1884, p. 160,
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section a level, known as the seventh, follows the vein for a distance
of 300 feet. Above the seventh level, which is the lowermost in-the
mine, are six others, ranging from 300 to 500 feet in length. The
workings on the Reward vein are all on the south side 6f Reward
Gulch; those on the Brown Monster vein are on the north side and
a short tunnel has been driven to connect them with the main working
tunnel of the Reward mine. The Brown Monster vein is developed
by an incline on the vein several hundred feet long and by several
short drifts to the north.

The country rock in the vicinity of the Reward mine consists of
a stratified series of limestones of Carboniferous age; to the south-
west of the mine Triassic rocks appear, forming the low hills pro-
jecting through the alluvium of Owens Valley. The strata strike
in a generally northwesterly direction, but as they have been in-
tensely folded the dips are extremely variable. The folded structure
is displayed in diagrammatic perfection on the north side of Reward
Gulch; in the bottom of the gulch the strata stand vertically, but”
near the level of the Brown Monster outcrop they are sharply bent
and dip west at an angle of a few degrees.

A few hundred yards east of the mine, at an altitude of 5,000 feet,
is exposed intrusive diorite which is part of the great granitic mass
making up the western flank of the Inyo Mountains for a consider-
able distance northward from this locality. In consequence of the
intrusion the limestones in the vicinity of the mine have been con-
siderably metmorphosed and are either tremolite-bearing marbles
or dense-textured lime-silicate hornstones. Dikes and sills have been
injected, one of which is particularly noteworthy because, being
easily traceable on the surface, it furnishes an index of the character
and amount of the faulting that the Reward vein has undergone;
this sill is 10 feet thick and is approximately 50 feet above the
vein. A limestone bed 1 foot thick, lying above the diorite sill, has
- as a result of metamorphism been recrystallized to a coarse-grained
aggregate of diopside, tremolite, and calcite.

The Reward vein is approximately conformable to the bedding
of the inclosing rocks. The hanging wall, as seen above the outcrop,
is a stratum of dark-blue siliceous limestone 5 feet thick; locally it
is considerably brecciated. The outcrop of the vein can be traced
for a distance of 400 feet south of the gulch; here the vein forks
and the branches pinch out abruptly. Near the surface the vein
lies nearly flat, but as measured at the face of the lowermost drift it
dips 40° NE.; the strike here is N. 40° W. The vein swells and
pinches abruptly, ranging from a few inches to 10 feet in thickness;
the average thickness is 4 feet.

The ore is a coarse white quartz generally devoid of sulphides.
On some of the levels the Reward vein shows large solid bunches of
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coarsely crystalline galena; other sulphides noted were pyrite, chal-
copyrite, and sphalerite, but these are extremely rare, and the total
quantity of sulphides constitutes a small fraction of 1 per cent of
the ore. O'ndatlon products occur to some extent—limonite, fer-
ruginous jasper, ‘chrysocolla, cerusite, anglesite, the deep azure-
blue linarite, and the bluish-green caledonite, the last two of which
are rare basic sulphates of lead and copper.

The Brown Monster vein can be traced more or less continuously
for a distance of 1,000 feet northwestward from Reward Gulch. In
the underground workings the vein displays the same general fea-
tures that it shows along the outcrop; in places it is a solid and well-
defined quartz vein and in others it is mixed with country rock.
In the upper levels the vein dips 25° E., but in depth it steepens
and near the bottom of the incline the d1p increases abruptly to 50°.
The vertical depth attained on the vein is 200 feet.

The ore is a quartz practically barren of sulphides. Locally the
‘quartz carries blebs of pyrite and, rarely, chalcopyrite, galena, and
- sphalerite. Minerals resulting from the oxidation of sulphides
originally present are limonite, which is by far the most abundant,
calamine, chrysocolla, and wulfenite, but their amount is small.
Well-formed crystals of orange-yellow wulfenite occur in vugs in
the quartz at the north incline. In the face of the fifth level the
secondary minerals are well shown, constituting replacement -prod-
ucts of country rock inclosed in the vein. They comprise calamine .
in fine radial groups, some of which attain half an inch in diameter,
hydrous iron oxides, ferruginous jasper, chrysocolla, and wulfenite.

The underground workings of the Reward and Brown Monster
mines are dry and oxidation has extended down to the lowest levels,
although the larger masses of sulphides, occurring on the upper
levels, such as the bunches of galena in the Reward vein, have
escaped alteration.

Considerable ore is exposed in the workings of the Reward mine
and is stated to average $12 a ton in gold and silver.

Reward Gulch is eroded along a shear zone 40 to 50 feet wide,
the crushed and broken character of the country rock being excel-
lently shown in the main working tunnel of the Reward mine. It
is therefore a matter of importance whether the Reward and Brown
Monster veins are two distinct veins or are the faulted segments of
a single vein displaced about 200 feet horizontally along the line of
Reward Gulch. The limestone strata or groups of strata match on
opposite sides of the gulch, and the diorite sill previously mentioned,
which serves as a more easily recognizable indicator than the lime-
stones, crosses the gulch without essential displacement. The power-
fully slickensided country rock encountered in the Reward tunnel
is therefore the product of oscillatory movement, and as a further
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consequence it follows that the Reward and Brown Monster veins
are two distinct and independent veins. Faults along which dis-
placement has occurred have, however, affected the veins, as shown
along the outcrop of the Brown Monster vein and in the workings
of the Reward vein, the dislocations ranging from 1 foot to 6 feet.
The faulted blocks have been invariably downthrown on the south
side. On the north side of Reward Gulch the diorite sill is cut by
two faults, both of which displace the sill 15 feet vertically and
produce a fault segment 20 feet long.

Several hundred feet stratigraphically above the Reward vein is a
bedded quartz vein 2 feet thick; the hanging wall is limestone and
the footwall is a diorite sill. The vein carries a moderate quantity
of galena and some chrysocolla. In the main mass of diorite near
its contact with the invaded limestone is a quartz ledge 6 inches thick
carrying galena. The ore is of similar character to that of the
Reward vein and is of interest as establishing the fact that the
mineralization took place after the intrusion of the diorite.

BURGESS MINE,

The Burgess mine is situated on the summit of the Inyo Range at -
an altitude of 9,200 feet. It is reached by a trail from Mount Whit-
ney station and by wagon road from Swansea, but supplies are usu-
ally brought in by pack train over the trail. In the mine the rocks
strike N. 80° W. and dip 65° W. The,vein conforms in strike and
.dip with the inclosing rocks. These are mainly limestones of Triassic
age, and crushed specimens of ammonites are readily found in the
limestones north of the shaft. Dikes of diorite porphyry are common
in the vicinity of the mine.

The ore is a milky-white quartz carrying galena; by sorting, a
product high in gold is obtained. The developments consist of two
shallow inclines, the principal one of which was operated by a gaso-
line hoist. During 1912, however, the mine was idle, though it is
said that the owners intend to reopen it.

COPPER ORES.
OCCURRENCE AND CHARACTER.

Cupriferous contact-metamorphic rock occurs in limestone at a
number of places where the limestone abuts upon the margin of the
intrusive granite west of Mazourka Canyon. In the unoxidized con-
dition this material consists essentially of garnet carrying a small
quantity of chalcopyrite, but because of the prevalent oxidation the
copper is now present mainly as films and thin veinlets of chrysocolla.
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On account of the small extent of garnetization and the trivial
quantities of copper contained in them, most of the deposits of this
type in this region are not of economic importance.

! GREEN MONSTER MINE.

- The most notable deposit of contact-metamorphic copper ore is
that exploited at the Green Monster mine, situated 1} miles north
vof Citrus. The total production of this property, it is reported, is
300 tons of 12 per cent copper ore, carrying $4.50 a ton in gold and
silver. In 1912 the property changed ownership, and it was the
intention of the new owners to develop it systematically. The de-
velopments so far made (1912) consist of a number of open cuts,
short tunnels, and drifts.

" Geologically the mine is situated at the contact of intrusive aplite
and limestone that is probably of Carboniferous age. The aplite,
which is a white, even-grained rock of fine texture composed of
feldspar and quartz, penetrates the limestone in irregular fashion
and has produced considerable metammphlsm in the invaded rock,
as shown by the formation of garnet masses. At the upper work-
ings of the mine the buckled arch of an anticline is exposed; the
west limb, which is the more regular, strikes N. 10° E. and dips 30°
W.; the east limb stands vertical.

The copper ore occurs in the garnetlzed zone; it s hlghly oxi-
dized, so that-the facts coficerning its origin and distribution are
much obscured. It is associated with iron oxides and occurs in such
a form that its presence must be determined by chemical means.
Chrysocolla, which is found subordinately, is the only copper min-
eral definitely recognizable. In the outcrop there is much yellowish-
green mineral, to whose prevalence the mine doubtless owes its desig-
nation. This mineral is in part earthy in texture, and in part
shows a fibrous, woody structure. , Some of this fibrous material was
investigated chemically by W. T. Schaller and proved to be a hydrous
ferric silicate analogous to chloropal.



THE ORE DEPOSITS OF KIRWIN, WYOMING.
By D. ¥. Hewerr.

INTRODUCTION.

In comparison with the other States the Rocky Mountain region of
Wyoming contains few metalliferous mining camps. Moreover, not
many of those that have been started have survived the initial period
- of develoment, and consequently the metalliferous production of the
State, except that of iron, is small in proportion to that from its other
resources. Next to the Grand Encampment district, which yielded a
fair amount of copper ore from 1898 to 1908, and the South Pass dis-
trict, which has a record of producing $450,000 in gold from 1868 to
1872, Kirwin was, until a few years ago, thought to possess possi-
bilities of steady production that made it comparable to many camps
in Colorado and other Rocky Mountain States. Since 1907, how-
ever, with decreasing activity this hope has faded. With the ex-
ception of a few prospects, upon which a little work is done each
summer, the district is practlcally abandoned.

Ore was first discovered in the region in 1890 by Will Kirwin, but
the financial depression of the next few years served to retard de-

velopment until 1902, when vigorous exploration was undertaken by
several companies, and the town of Kirwin soon had a population of
. about 200. The boom culminated in 1904, since when activity has
steadily decreased. A snowslide in February, 1907, swept away the
boarding house and storehouse of the last operators, and from that
time to the present very little work has been done.

As often happens, Kirwin has been the scene of much ill-advised
mining practice, with the result that the possible merit of the camp
has not been fully demonstrated. Between 12,000 and 15,000 linear
feet of tunnels and shafts have been opened, of which approximately
5,000 feet represents three crosscut tunnels. The purpose of these
tunnels was to explore, at depths ranging from 500 to 1,500 feet, veins
which had not been properly prospected near their outcrops.
Although such practice may be justified in localities where the char-
acter and extent of the ore shoots are well understood, it is rarely
successful in new districts in which the veins and shoots have been.
but slightly explored. At Kirwin these long tunnels have been aban-

doned without attaining any definite object.
: o 121
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The following report is based on a week’s examination of the dis-
trict during July, 1912.  In most of the underground workings the
examination was hindered by water, falls of rock, and bad air, and
in the higher prospects by snow. The work was, however, furthered
by the hospitality and cooperation of Mr. C. E. Tewksbury, in
charge of the operations of the Wyoming Mining & Milling Co.,
which maintains a crew at work during the summer months.

Contour interval 250 feet
P ”
/ g
Quartz monzonite Dike Vein
stock a -~ andesite
d- dacite

MGure 8.—Map showing prospects near Kirwin, Wyo. 1, Elkton; 2, Galena Ridge tun-
nel; 3, Little Johnnie; 4, Manila; 5, Oregon; 6, Nonety-nine shaft; 7, Ninety-eight
shiaft; 8, Rose Hannibal; 9, Long Horn tunnel; 10, White Dog; 11, Portland; 12,
Smuggler; 13, Bryan; 14, Pickwick; 15, Tumalum; 16, Molly Logan.

SITUATION AND SURFACE FEATURES.

Kirwin is situated near the headwaters of the north fork of Wood
River, a tributary of Greybull River, about 38 miles southwest of
Meeteetse, Park County, Wyo. During the summer weekly mail
service is privately maintained from Sunshine, 15 miles southwest of
Meeteetse. Daily stages ply between Meeteetse and Cody, on the
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Chicago, Burlington & Quincy Railroad, and Meeteetse and Basin,
on the Thermopolis branch of the same road.

The town, now abandoned, lies at an altitude of 9,200 feet, and
above it ridges rise precipitously to 12,000 feet. The topographic
features of the region are well shown on the Kirwin sheet, published
by the United States Geological Survey, of which figure 8 is a partial
reproduction. The deep, narrow valley of Wood River is the most
prominent feature of the area. The high flat-topped ridges to the '
northwest and southeast are spurs from the main divide of the Absa-
roka Mountains, which separates the drainage basin of Wind River
on the southwest from the tributaries of Owl Creek and Greybull
River on the northeast. This flat-topped character of the ridges
throughout the northern portion of the Kirwin quadrangle suggests
the previous existence of an extensive surface of low relief, which
may be correlated with that which has been recogmzed in the Bighorn
Mountains.! The numerous basins in which rise the ‘tributaries of
Wood River possess all the features of glacial cirques and many
contain perennial snow fields of fair size.

Timber line is well defined and ranges from 10,000 to 10,300 feet;
below this altitude the growth of timber is generally heavy and fully
sufficient to meet the demands of an active mining industry.

GEOLOGY.

The rocks exposed within the area represented by figure 1 are
wholly igneous and constitute a portion of the great thickness of
lavas and volcanic breccias that cover several thousand square miles
in northwestern Wyoming. These rocks have been studied in detail
in the Yellowstone Park? and in the region adjoining it on the
east.® They have been shown to lie upon an eroded surface of folded
sedimentary rocks, which range in age from Cambrian to late Creta-
ceous. In the lower valley of Wood River, 15 miles northeast, the
basal beds of the volcanic rocks rest upon sandstones of Wasatch
(Eocene) age.

On the basis of his work Hague made a s1xfold classification, as
follows, beginning at the base: (1) Hornblende andesite breccias, (2)
augite andesite breccias and flows, (3) basalt flows, (4) hornblende
andesite breccias, (5) augite andesite breccias, and (6) basalt flows.
The aggregate thickness of these rocks is approximately 11,000 feet,
of which the second group constitutes about 4,000 feet. Though this
classification applies to a large area in the vicinity of the Yellowstone
Park, Hague points out that at least two members, the first and

1 Darton, N. H., Geology of the Bighorn Mountains: Prof. Paper U. 8. Geol. Survey No. 51, 1906, p. 69,

2 Hague, Arnold, Iddings, J. P., and others, Geology of the Yellowstone National Park, Wyoming:
Mon. U. S. Geol. Survey, vol. 32, pt. 2, 1899.

3 Hague, Arnold, Absaroka folio (No. 52), Geol. Atlas U. 8., U. 8. Geol. Survey, 1899.
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fourth, which contain hornblende in excess of augite, are of minor
areal distribution. :

The vertical section exposed in the vicinity of Kirwin is approxi-

mately 4,000 feet thick-and is composed of flows and breccias of
several types of andesite. Both hornblende and augite andesites
were noted, but the former occur in far greater abundance. By com-
parison w1th the sequence recognized by Hague, this section should
correspond to the second member of augite ande31tes, but the relative
absence of these types indicates that the section in the region of Kir-
win does not strictly conform to that-observed 30 miles northwest.

Collections of fossil flora from the basal beds of the breccias on
Lamar River in'the Yellowstone National Park have been deter-.
mined to be at the base of the Neocene.! There is good reason for
believing that the breccias in this portion of the Absaroka Range are
of the same age.

The section exposed on the east slope of Mount Crosby is composed
of flows and breccias, the latter greatly predominating. The breccias
are separable according to composition and texture into numerous
members which in good exposures appear to have regional dips of a
few degrees to the east. Locally members of the group incline from
the horizontal as much as 30°, but this attitude is exceptional. The
most common variety of breccia contains about 50 per cent of angular
to subangular fragments of one or more kinds of andesite suspended
in a matrix of a different type, though the fragments locally consti-
tute as much as 90 per cent of the mass. No tuffaceous rocks were
“found in the section exposed at Kirwin.

The rock penetrated by the Tumalum shaft at the base of Mount
Crosby has been examined in thin séction under the microscope.
Three-fourths of the mass is pale-green andesite porphyry with
numerous small white phenocrysts of feldspar and many patches of
green epidote, and one-fourth consists of angular fragments of pale-
purple andesite, ranging from half an inch to 2 inches in diameter.
Under the microscope the matrix contains abundant sodic labradorite,
both in angular grains and terminated crystals, here and there
largely replaced by epidote, minor amounts of chlorite resulting from
the alteration of hornblende, and traces of green glass. The frag-
ments contain predominant sodic labradorite, a little of which has
been altered to epidote and calcite, traces of biotite, chloritized horn-
blende, apatite, and glass. The texture of both rocks is porphyritic.
The relationship here observed, in which the matrix contains abun-
dant epidote while the fragments are relatwely fresh, prevails
throughout the district. Alteration of this type is essentially that
known as “ propylitic,” which occurs in many mining districts in the
extrusive andesitic rocks of the Western States. Fragments of a

1 Hague, Arnold, Yellowstone Park folio (No. 30), Geol. Atlas U. 8., U. S. Geol. Survey, 1896, p. 2.
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dense white latite are common on the south slope of Mount Crosby.
At an altitude of 10,400 feet on the east slope of Mount Sniffel there
are two zones of limestone breccia, 5 to 20 feet thick. The frag-
ments are angular to subangular and if they were transported by
water can not have moved far from their source.

The breccias are cut by intrusions of two classes, dikes and stocks,
which constitute, however, a very small portion of the surface of
the district. The dikes range from dacite porphyry, in which the
minerals in order of abundance are sodic labradorite, hornblende,
quartz, biotite, magnetite, and apatite, to typical hornblende ande-
site porphyry, in which quartz and biotite are absent. Altogether
12 dikes were observed, though there may be more in the outlying
portions of the area covered by figure 8, as these were not examined
in detail, and the discrimination of these masses from the breccias
requires close examination of the surface.

The second class of intrusion is represented by a single example,
the stock on the east slope of Brown Mountain. This stock is com-
posed of a light-gray granular rock which under the microscope is
determined to be quartz monzonite. The proportion of the mineral
constituents varies greatly from place to place within the mass.
Specimens from the north end contain plagioclase in excess of ortho-
clase in the ratio of 2 to 1 and augite greatly exceeding hornblende,
whereas those from the center and southwest portion contain these
minerals in practically the reciprocal proportions. Quartz, biotite,
and magnetite are relatively constant throughout, and zircon and
apatite are accessory minor constituents.

The only evidence of more than one period of intrusion in the
district lies in the association of two dikes on the ‘east slope of
Spar Mountain. At this point a narrow dike of hornblende ande-
site porphyry intersects and is hence more recent than a large dike
of dacite porphyry. There is no evidence that this relation pre-
vails throughout the district.

No dikes of basic rocks were seen in the district.

ORE DEPOSITS.

The ore deposits at Kirwin exemplify the transition between two
types, the dominance of the characteristics of one or the other being
approximately in proportion to the size of the deposit. The smaller
deposits are fillings of simple fractures or fissures accompanied
by slight alteration and metallization of the wall rocks; the larger
deposits are narrow fracture zones or groups of fractures, several
of which, though usually the outer pair, contain the greater por-
tion of the metallic minerals. In the larger deposits the brecciated
rock between the walls is locally silicified and contains small quan-
tities of disseminated metallic minerals. There is, moreover, every
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transition from relatively unmineralized fractures or sheeted zones to
those veins which contain enough metallic minerals to encourage
exploration. Replacement of the rock beyond the walls by metallic
minerals is uncommon and unimportant. Structurally the deposits
are essentially similar to those that have been termed “lodes” in
the Silverton district, Colorado,' to whlch this district is in many
ways similar.

In some places in the district the rocks over several acres are
stained with limonite that is not related to definite fracture zones or
veins. . The largest of these areas lies at an altitude of 10,000 feet
on the west slope of Dundee Mountain and has been explored by
two tunnels. The breccias are silicified and, though there is much
disseminated pyrite, no well-defined veins have been found.

The courses of the sheeted zones are, with but few exceptions,
nearly rectilinear, and figure 9 shows the directions of those which
have been recognized during this examination. In this summary only
zones having an areal extent in excess of several acres have been
included. Of nine sheeted zones, eleven dikes, and eighteen veins
which were found, eight zones, six dikes, and eleven veins coincide
within 5° of three planes, (1) N. 15° W., dipping steeply east;
(2) N. 60° W., dipping 75° NE.; (3) S. 70° W., dipping 80° N.
In considering the significance of an apparent coincidence of these
directions it must be recognized that the number of observations is
small, and that there is a probability that all the veins and dikes
are not known; further, that joint systems are in places relatively
local and elsewhere relatively extensive, hence there is a tendency to
give undue weight to the less widespread systems.

As bearing on the relative age of the stock, joint systems, dikes,
and veins it should be noted that one vein has been explored in the
monzonite stock and that the mass is extensively fractured parallel
to two of the joint systems. Furthermore, the large dike on Spar
Mountain is intersected by two veins (Smuggler) and a smaller
dike, whereas the other dikes, though superficially much fractured,
fill joints of the systems mentioned and are not intersected by them.
At least one vein, the Tumalum, is intersected by a dike, and the
exploration of each of four others has shown the presence of a par-
allel dike in one of the walls,

The simplest inference consistent with these observations is that
there were at least two general periods of intrusion, between which
extensive joint systems were established and veins formed. It should
be remembered, however, that the simplest interpretations in the
geology of ore deposits are seldom complete and may be highly
misleading. The conclusions are stated merely to indicate probable
relationships.

1 Ransome, F. L., Economic geology of the Silverton quadrangle, Colorado: Bull. U. S. Geol. Survey
No. 182, 1901, p. 4.
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. These fissures are obviously relatively simple, and it is interesting
to note that in the Silverton district, according to Ransome,* “the
massive lavas and indurated flow breccias seem to have a general
tendency toward relatively simple fissuring, such as results in fissure
veins of moderate size and regularity or in sheeted zones.”

North

. South

Figurp 9.—Diagram showing approximate coincidence of directions of veins, dikes, and
important sheeted zones near Kirwin, Wyo. Observations indicated by full lines.
Veins In inner circle, dikes in middle circle, sheeted zones in outer circle. Figures
show number of observations. :

No evidence that would suggest the presence of extensive faults in
the district has been observed. :

The veins, with few exceptions, outerop in local depressions in the
ridges and are not conspicuous, though marked in places by iron
oxide stains and copper carbonates, especially malachite. The walls,
as a rule, are well defined and bounded by a thin selvage, and the

/

1Ransome, F. L., op. cit., p. 54.
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distance between them ranges from a few inches to a maximum of
4 feet. Between the walls there is usually one and in some places
two bands of sulphide minerals, ranging in width from 1 to 14 inches,
which tend to follow one or both walls, as the case may be. The
sulphide minerals either show crustification, indicating growth in
open spaces, or are disseminated in minute grains in such a manner
as to indicate replacement of the breccia. Locally the relation of
the sulphides indicates that one has been formed later than another,
either by filling many minute fractures in the grains or the spaces
between grains or by replacement of the fractured minerals.

The following minerals were identified in the unaltered portions of
the veins of the district, the order being approximately that of the
abundance in which they are found; Pyrite, chalcopyrite, sphalerite,
galena, tetrahedrite; molybdenite, stephanite, and specular hematite.

The minerals found in the superficial or oxidized zone are limonite, -

malachite, azurite, cuprite, and native gold. Quartz, locally of the
amethystine variety, is the principal gangue mineral, though calcite,
dolomite, siderite, and barite are present in most of the veins. Adu-
laria was not noted, but as it is a prominent constituent of some of
the veins of the Sunlight district, 40 miles northwest, which possess
many features in common wth those at Kirwin, it may be sparingly
present. The proportion in which the sulphide minerals occur in
the veins varies greatly throughout the district. It ranges from as
much as 95 per cent in the Pickwick vein, where pyrite is the only
sulphide, to less than 5 per cent in the Oregon vein, where sulphide
minerals occur in approximately the ratios sphalerite: galena : pyrite=
10:3:2, with traces of chalcopyrite. :

Observations of hand specimens of material from several of the
veins, collected both underground and from dumps, suggested that
some of the minerals were not deposited contemporaneously with
others that constituted the greater portion of the vein. With a view
to interpreting the order in which the minerals were deposited in
these veins, several polished sections of material from the veins have
been examined in detail under the microscope. A typical specimen
from the Bryan No. 3 vein is reproduced in figure 10, ¢, and shows an
area of relatively pure chalcopyrite adjoining another composed of
grains of pyrite with a minor amount of quartz in which there are
many minute veinlets of chalcopyrite. The area of chalcopyrite
contains many minute round grains of pyrite, in places grouped in
clusters, whereas in the other area chalcopyrite either tends to
envelop pyrite fragments completely or occurs as a network of minute
veinlets penetrating large grains of pyrite. These relations suggest
that the clusters of round grains represent the residuals of larger
pyrite grains which have been almost completely replaced by chal-
copyrite and that this replacement has been incomplete in the

¢
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adjoining area, They also suggest the inference that, here at least,
chalcopyrite was formed at a period distinctly later than the
pyrite. Underground conditions, unfortunately, did not permit de-
tailed observations bearing on the economic significance of these
features. The chemical formula of chalcopyrite is CuFeS,, whereas
pyrite is FeS,. When chalcopyrite replaces pyrite there may be
mere addition of one atom of copper to the pyrite molecule, in which
case there will be an increase in volume of 81.7 per cent, or there may
be addition of copper with the corresponding loss of iron and sulphur.
If a fractured grain of pyrite, such as is shown in figure 10, @, were
replaced by chalcopyrite by the addition of copper to the free sur-
faces without corresponding solution of a portion of the pyrite, there .
should be evidence of an increase in volume, such as the swelling of
the outer fragments away from the mass. The absence of any evi-
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Fi1coRR 10,—a, Specimen’ from Bryan No. 3 vein, showing chalcopyrite (black), pyrite.
(white), and quartz (stippled). b, Specimen from Tumalum vein, showing pyrite
(white), tetrahedrite (black), and quartz (stippled).

‘Millimeters

dence of increase in volume shows that increase in volume caused by
the replacement of pyrite by chalcopyrite has been accompanied by
solution of a corresponding volume of pyrite. The specimen is a
good illustration of replacement not involving change in volume.:
The Tumalum shaft is filled with water, so that it was not possible
to examine the vein. In the material on the dump two distinct types
of mineral associations were found. One type, which is illustrated
by most of the material, shows an aggregate of fragments of pyrite
and quartz, the interstices of which are filled with tetrahedrite. (See
fig. 10, ). Many of the fractured grains of pyrite have clearly been
broken from grains of corresponding shape near by. None of the
pyrite grains show the network of fractures which would be a feature
of replacement, and there is no evidence that this process has taken
place. A few of the pyrite fragments contain minute grains of

! 8oe Lindgren, Waldemar, The nature of replacement: Econ. Geology, vol. 7, 1912, p. 534.
22652°—Bull. 540—14——9 ‘
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galena, and there is a little chalcopyrite associated with the tetra-
hedrite. .

The second type of association shown on the Tumalum dump is
that of galena with sphalerite and pyrite. Galena tends te com-
pletely envelop both aggregates of pyrite grains and small masses of
sphalerite and to fill many of the interstices between the pyrite grains
as well as fractures in the sphalerite. The associations indicate the
deposition of galena in minutely fractured sphalerite and pyrite.
Material from the oxidized zone of the Little Johnnie vein contains
a small proportion of sulphide minerals, pyrite, and chalcopyrite in
quartz which in places shows crusted growth. Stephanite occurs as

- erystals lining and in places almost filling small quartz-lined cavities.
The stephanite is clearly the last mineral that was deposited in the
vein.

The foregoing observations are obviously isolated and the rela-
tions indicated can not be urged to the exclusion of all others, but
taken with other observations in the field they suggest certain infer-
ences. In most of the veins of the district the primary ore probably
consisted of pyrite with minor amounts of sphalerite and chalcopy-
rite. In the two veins which have been most extensively developed,
the Bryan and Tumalum, the primary minerals have been crushed
and a secondary group of sulphide minerals deposited—chalcopyrite
in the Bryan No. 3 vein and tetrahedrite and galena in the Tumalum
vein. Whether these secondary minerals have been formed by the
process of downward enrichment or by ascending deep-seated waters
can not be stated. The proof of formation by downward enrich-

" ment involves data which are not available,® but it is at least possi-
ble that the second period of mineral deposition in the Tumalum
vein is related to a second period of intrusion of dikes, as previously
indicated. This does not appear to be the cause of the stephanite of
the Little Johnnie vein, which is probably due to downward enrich-
ment.

" In only four places in the camp has sufficient work been done to
demonstrate with relative assurance the horizontal extent of an ore
shoot, these being Bryan, Pickwick, Tumalum, and Oregon. In
only one of these, the Bryan, has the vein been explored sufficiently
on more than one level to determine even approximately the limits
of a shoot, so that it is evident that only the most general statement
can be made about the attitude of the shoots in the vein. The hori-
zontal extent of the shoots ranges from 50 to 250 feet, and the Bryan
shoot coincides with the dip of the vein.

The value of the ores in the district lies mainly in the gold con-
tent, and only rarely in silver. No assays have been made in connec-
tion with this examination. Information placed at the writer’s dis-

B Ransome, F. L., Criteria of downward enrichment: Econ. Geology, vol. 5, 1910, p. 205.
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posal by Mr. C. E. Tewksbury indicates that selected material from
some veins has yielded 200 ounces of silver a ton and from others 15
ounces of gold a ton, though such results must be regarded as ex-
ceptional. It is doubtful if the average tenor of any vein is even
approximately known, for there has been very little stoping. The
only shipment known to have been made from the district was a
carload taken from the upper or No. 2 Bryan tunnel and is reported
to have yielded a net return of $65 a ton after all transportation and
smelting charges had been deducted.

PROSPECTS.

The most ambitious project of the district is the Galena Ridge
tunnel, 2,327 feet long, for the driving of which compressed air drills
and electric haulage were installed. Bad air prevented access in
1912. The tunnel is reported to have cut the Little Johnnie vein
explored on the surface and some other small veins. No drifts were
run on the veins from the tunnel level.

The Bryan vein is opened by tunnels 1, 2, and 3, which are 80,
480, and 880 feet long, respectively. From the lowest tunnel there
are also about 1,200 feet of drifts. Four veins were cut, two of which
have been explored. Vein No. 3 attains a maximum width of 4 feet
and at its widest part contains two bands of sulphide minerals,
which were estimated to constitute 15 per cent of its bulk. Vein
No. 4 is a simple filled fracture and attains a maximum width of 10
inches, between well-defined walls. The sulphide minerals were esti-
mated to exist in approximately the proportions pyrite: chalcopy-
-rite: sphalerite=20:5:1, with traces of galena and molybdenite.

The Pickwick vein has been explored by a crosscut tunnel 610 feet
long from which a drift follows the vein for 300 feet. The vein is
a simple fracture filled with pyrite, and has a maximum width of
14 inches. Ruby silver (proustite) is reported from surface work-
mgs, and silver is said to have constituted the principal value of the
vein material.

The workings of the Tumalum vein are ﬁlled with water, but are
stated by Mr. Tewksbury to comprise a shaft 250 feet deep, from
which drifts extend 230 feet east along the vein. The vein in places
is 4 feet wide and contains pyrite with small amounts of galena,
sphalerite, chalcopyrite, and tetrahedrite. Assays as high as $90 a
ton in gold are reported.

The Molly Logan tunnel is not accessible on account of bad air,
but is reported to be 1,400 feet long. It was driven in the hope of
cutting a vein which was explored on the surface 600 feet higher,
but was abandoned without attaining that object.

The Oregon vein is opened by a tunnel 340 feet long. It ranges'
from 4 to 20 inches in width between well-defined walls and contains
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sphalerite, galena, and pyrite in the proportion 10:8:2, with traces
of chalcopyrite. The gangue is siderite and quartz. Selected ore is
reported to have contained as much as 200 ounces of silver a ton.

The Long Horn tunnel has recently been driven by the Wyoming
Mining & Milling Co. In July, 1912, it was 1,170 feet long, but
no veins had been cut.

There are a number of other short tunnels and shafts in the dis-
trict, most of which were wholly or largely inaccessible on account
of caves, water, bad air, and snow. None appear to have explored
veins notably different from those described.

COMPARISON WITH OTHER DISTRICTS.

Spurr,! in the report.upon the Tonopah district, has pointed out
that a number of mining districts throughout western North Amer-
-ica have several features in common. These features are kind of
" country rock, age and structure of veins, vein minerals, and charac-'
ter of rock alteration. The Kirwin district belongs to this group.
The similarity, however, as is unfortunately often the case in metal-
liferous districts, is qualitative rather than quantitative and is by no
means to be construed as implying the existence of ore bodies of
similar size and richness in each of the districts. Compared to many
of these districts, of which only a few are mentioned by Spurr, Kir-
win is characterized by fewer and smaller intrusive rock masses,
by less complete and less extensive rock alteration (in some of the
districts, such as Silverton, alteration is locally marked), and by
narrower and less persistent veins in which the ore shoots appear
to be relatively small. The absence of extensive metallization at
Kirwin may be due in part to the absence of large intrusive masses
of siliceous igneous rocks.

FUTURE OF THE DISTRICT.

" The region in which Kirwin lies is difficult of access, and owing -
to its scanty natural resources there appears to be little reason for
anticipating better transportation facilities in the near future.
From what is to be seen in the district it seems unlikely that there
will be developed masses of low-grade ore large enough to warrant
the installation of elaborate milling plants. The only ores that
have thus far been produced are of medium or high grade, but in
quantities too small to warrant costly equipment or operation on a
large scale.

Mining, however, is full of uncertainties and it would be unsafe
on the basis of a brief examination to predict that none of the Kir-
win deposits will ever prove to be important.

18purr, J. E., Geology of the Tonopah mining district, Nevada: Prof. Paper U. S. Geol. Survey No,
42,1905, p. 267.
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COPPER DEPOSITS NEAR SUPERIOR; ARIZONA.
By F. L. RansoME.

INTRODUCTION.

The little hamlet of Superior is in the south-central part of
Arizona, in Pinal County. About it centers the present activity of
the Pioneer district, in which the first mining locations, the Silver
Queen and Silver King, were recorded in 1875. In a straight line
Superior is 11 miles northwest of Ray (see fig. 11), but the inter-
vening country is rugged, and Florence, 30 miles distant by road, is
the usual point of rail shipment. . The group of rough hills and moun-
tains within which the district lies has no generally recognized name,
although certain parts, such as the Superstition Mountains, have
received distinctive ‘appellations. It constitutes a northward pro-
longation of what, south of the Gila, is known as the Tortilla Range
and it may appropriately be included under the same désignation.
To the northeast it merges into the Pinal Range and on the south-
west it overlooks the lower and more open country around Florence
and Phoenix. Superior is on the north bank of the westward-flowing
Queen Creek, at the west base of a prominent and precipitous ridge

known in part as Apache Leap.

The following notes are the result of only two days spent in the
district, a time obviously too short for a thorough investigation of
the geology and ore deposits, yet long enough to yield information

» which it is hoped may be worth recording.

GENERAL GEOLOGY.

The generalized geologic column of the region adjacent to Globe
and Ray is shown in figure 12. At the base is the Pinal schist, cut by
various pre-Cambrian granitic intrusions, some of which are of wide
extent. Resting on the evenly worn surface of these ancient rocks
in ascending series are (1) the Scanlan conglomerate, (2) the Pioneer |
shale, with generally some arkosic sandstone at its base, (3) the
Barnes conglomerate, (4) the Dripping Spring quartzite, (5) a
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cherty dolomitic limestone * with a flow of rusty vesicular basalt at

“the top, (6) an upper quartzite} (7) generally rather thin-bedded

limestone with subordinate shale, carrying Devonian fossils, (8)
thicker-bedded Carboniferous limestone, (9) andesite, andesite brec-
cia, and tuff, supposedly of Cretaceous age, (10) the Whitetail con-
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FIGURE 11,—Outline map of Superior, Ariz., and vicinity.

glomerate, a heterogeneous accumulation of imperfectly rounded
fragments, probably Tertiary in age, (11) dacite, with some asso-
ciated tuff, probably Tertiary, and (12) the Gila conglomerate, a

thick deposit of variable fluviatile gravels, with local silty facies,

probably of early Quaternary age. For full descriptions of these

1 Names will be given to these formations in a.forthcoming report on the geology and copper deposits
of the Globe-Ray region.
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-formations the reader is referred to the geologic literature on the
region.!

The age of formations 1 to 6 is not yet. deﬁmtely known, as they
have yielded no fossils within the Globe-Ray region. Without much
question they are in part Cambrian, but some of the lower beds may
be older than that period and there is a possibility that the upper
quartzite may be post-Cambrian. In this part of Arizona no uncon-
formity has been recognized anywhere in the series between the Scan-
lan conglomerate and the Carboniferous limestone, but reconnais-
sance work to the north, between Globe and Payson, suggests that
one may be present. .

In addition to the sedimentary and volca,mc rocks mentioned
the region contains some post-Carboniferous but pre-Tertiary
intrusive rocks. The most abundant of these are diabase, which
forms great irregular sheets and masses, especially in the pre-
Devonian stratified rocks, and bodies of porphyritic to granular rocks
ranging in composition from quartz monzonite or granodiorite to
granite. These granitoid rocks are exemplified by the Schultze gran-
1te and associated porphyry of the Globe quadrangle, the granodlonte
at Troy, and the quartz monzonite porphyry at Ray. They are
younger than the diabase and are closely assoclated with the dissemi-
nated copper ores of this region.

The important formations exposed at Superior are, in ascending
order, an intrusive sheet of diabase, the upper of the two pre-De-
vonian quartzites, the Devonian limestone, the Carboniferous lime-
_stone, and, finally, a flow of dacite, which forms the crest of Apache
Leap and is the prevailing rock over a rough desolate country for 5
or 6 miles to the east. The general dip of these rocks is 35° E. The
Devonian here appears to be fully as thick as in the Ray quadrangle

“and is similar in lithologic character, the uppermost bed being a shale
which weathers into small yellowish flakes.

At the almost entirely deserted settlement of Silver King, which
lies in a westward-opening embayment in the hills, at the north
end of the Apache Leap ridge, 24 miles north of Superior, the same
formations as at Superior are exposed on the inclosing hillsides, but
the rock close to the settlement is an intrusive mass of quartz diorite
porphyry. This is surrounded by Pinal schist, which appears to
occupy a considerable area of the hilly ground to the northwest, and
it is intrusive also into diabase, just north of the Silver King mine.

A prominent structural feature near Superior is a strong fault
(see fig. 18) which strikes a little west of north. The line of this

1 Ransoms, F. L., Geology of the Globe copper district, Arizona: Prof. Paper U 8. Geol. Survey No. 12,
1903; Globe folio (No 111), Geol. Atlas U. 8., U, 8. Geol. Survey; Geology of the Globe district: Min,
and Sci. Press, June 3, 1911, p. 747. The descriptmm in the publications cited will be supplemented by
those in the Ray folio, now in preparation.
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fault is plainly visible north of the village and passes a few feet west’
of the Queen mine. The fault plane dips west, apparently at about
60°, and the-displacement is normal. By this movement Carbonifer-
ous limestone west of the fault has been brought against diabase and
quartzite east of it. The dislocation is believed to be younger than
the dacite and is probably responsible for the steep west front of
Apache Leap. The fault itself is concealed by alluvial deposits south
of the Queen mine. :
MINES.

The most noted mine in the vicinity of Superior is the Silver King,
which was opened in 1875 and for many years produced high-grade
silver ore from a deposit of the form commonly called by miners a
“ chimney.” The mine ceased to be regularly productive about 1888
and has been continuously idle since 1898. In 1912 the ground was
relocated, on the contention that it had been abandoned by its former
owners. The production of the Silver King is variously reported
as between $10,000,000 and $15,000,000. The lower figure is probably
too high, but the Silver King Mining Co. is known to have paid
dividends up to July, 1887, amounting to $1,950,000. The mine was
worked through three shafts. The main shaft and large, compact
stopes worked by square setting extend to a depth of 800 feet, below
which a winze connects with the 950-foot level of the No. 2 shaft,
which was used for pumping. The workings are now full of water.

The Queen or Silver Queen mine, about three-fourths of a mile
north of Superior, although opened as early as the Silver King, and
credited with some production about 1880, has only recently become
important through the activity of the Magma Copper Co. The de-
posit, which occurs along a nearly east-west dike, is opened to a
depth of 800 feet, with short levels at 200, 400, 500, 650, and 800 feet
below the collar of the vertical shaft. The 200-foot level is merely an
adit, 500 feet long, from which hoisting is now done instead of from
the collar of the shaft, which is on the crest of the steep spur crossed
by the dike. The ore from the Queen mine is hauled in wagons to
Florence, two days being required for the 30-mile trip, at a cost of $5
a ton. The return rate on supplies is $7 a ton.

The Lake Superior & Arizona mine has its principal adit, the
Carlton tunnel, on Queen Creek a few feet above the stream bed.
The tunnel pursues a devious course ‘for nearly 2,000 feet to the
north-northwest, following in general the contact between the De-
vonian limestone and the underlying quartzite. At its north end
the tunnel connects with a 26° incline about 1,800 feet long (see fig.
18), from which some short levels have been run along bedding planes
in the limestone. The Holt tunnel, at the head of the incline, opens
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to the surface just north of Superior. This is the most exfepsively
developed mine in the district, but although some oxidized copper
ore was found in it, the quantity was discouragingly small, and work
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Ficure 13.—Sketch map showing claims and the general ge(.Jlogic relations of the mines
near Superjor. From-data furnished by the Magma Copper Co.

was abandoned a few years ago. It is reported that since the visit
on which this paper is based exploration has been resumed.
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' SPECIAY: FEATURES OF THE ORE DEPOSITS.
FORM AND OCCURRENCE OF THE ORE IN THE QUEEN MINE.

The ore of the Queen mine has been deposited in a nearly east-west
dike of porphyry, which is so altered and decomposed that its original
character is obscured. Apparently the rock was a rather fine grained
quartz diorite porphyry. The width of the dike is variable, but
probably nowhere exceeds 40 feet. In places small tongues of the
intrusive rock extend into bedding planes, and other minor irregu-
larities are due to slight faults, mostly slips along the bedding of
the stratified rocks. The dike dips to the north, generally at 60° to
70°. The beds, which it cuts nearly at right angles to their strike,
dip 32° E.

The dike occupies a fault fissure along which the major move-
ment appears to have taken place before or during the intrusion.
The movement was “reverse ” in terms of fault nomenclature, or, as
commonly stated, the footwall went down in relation to the hanging
wall. Consequently an observer walking east on a level driven along
the dike has on his right hand rocks higher in the stratigraphic
.column than those on his left. Moreover, in consequence of the
general easterly dip. of thé beds, after he first sees limestone on the
right hand, he must continue eastward for 400 to 450 feet before he
reaches the same stratigraphic horizon on the left. The dip slip—
that is, the component of fault movement that is measured in the fault
plane in the line of dip—is roughly estimated as between 500 and
600 feet. By keeping these simple geometric relations in mind the
reader will readily understand the following description of the ore
bodies. The old work in the Queen mine was confined to ground
above the original water level, which stood at a depth of about 400
feet. Some oxidized ore was taken from these upper workings, but it
was left to the present company to show that this was insignificant
in comparison to the rich sulphide ore below. Too little work had
been accomplished in 1912 to place the shape and extent of the ore
bodies beyond question, but such data as were obtainable indicated
the existence of two distinct pay shoots lying in those parts of the
dike where quartzite forms one wall and pitching to the east in the
plane of the dike at approximately the same angle as the dip of the
quartzite beds. These relations are shown diagrammatically in figure
14, which is a north-south section across the dike in the meridian of
the shaft. In the plane of this section part of the upper body has
suffered oxidation. As a rule these two prisms of ore are nearly or
quite as wide as the dike, may measure 100 feet or more vertically
from top to bottom, and, in the line of pitch, extend to depths that
had not been determined at the time of visit. Apparently the best
ore lies near the upper part of the quartzite, and in some places the

22652°—Bull. 540—14——10
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dike contains good ore for short distances above the line of intersec-
tion of the upper surface of the quartzite with the side of the dike.

CHARACTER OF THE ORE IN THE QUEEN MINE.

The minerals composing the ore of the Queen mine are chalcocite,
bornite, chalcopyrite, pyrite, and quartz. The usual oxidation prod-
ucts are found above the original water level and a very little covellite
was noted in some of the lower-grade material, said to come from the
800-foot level. The ore is sorted and the better grades, shipped as
crude ore, carry from 15 to 35 per cent of copper, with some gold and

silver. In 1912 the mine, then just
N Porphyrydike S beginning its present period of activ-
N ity, produced 129 tons of ore averaging
26 per cent of copper and carrying an
average content of 0.07 ounce of gold
and 0.29 ounce of silver to the ton. In
the first-class ore chalcocite and bornite
are the .principal minerals. These
occur as mixtures in various propor-
tions and as nearly pure masses, par-
ticularly of chalcocite. The chalcopy-
rite is less abundant and is generally
associated with pyrite, which is almost
absent from the best ore.

In the richer parts of the ore bodies
the substance of the dike has been

Sulphideore  Alterad metallized almost entirely replaced by masses

- popbymywithsome  of solid sulphides Wlth comparatively

- water level little quartz, and to trace the stages

00 0 100 200 300 aooFeet OFf this replacement it is necessary to
1608 14 North . sonth soction study the leaner material, such as is
acfoss the Queen dike, showing 1NOW thrown on the dump. In the least
the general relation of the ore cupriferous material pyrite is the prin-
shoots o geologic structure. cipal sulphide and occurs with quartz
in an intricate tangle of veinlets that traverse the porphyry in
all directions. The boundaries between the veinlets and’ the
porphyry are not entirely sharp and it is clear that the pyrite
and quartz have not only filled the cracks and openings in the
rock but have to some extent replaced the porphyry. The gradations
between this lean material and ore are twofold, one essentially-struc-
tural and the other mineralogic. Where the fissures are numerous
and in part of considerable size and where consequently the porphyry
has been subject to vigorous metasomatic attack at many adjacent
points the original material of the rock has been replaced by pyrite
with generally rather subordinate quartz and probably a small pro-
portion of chalcopyrite. Mineralogically the pyritic material grades
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through various mixtures of pyrite, chalcopyrite, bornite, and chalco-
cite into nearly pure chalcocite. All the sulphides mentioned occur
also in disseminated form through the altered porphyry in the:
vicinity of the fissures.

As seen in place or in ordinary hand specimens, the ore shows only
here and there a suggestion that the various sulphides may not be
contemporaneous in origin, a suggestion so faint that to the casual
observer the ore appears to be a mass of sulphides and quartz con-
fusedly intergrown during a single period of crystallization. The
study of polished sections
under the microscope, how-
ever, reveals a more interest-
ing relation.

The general sequence of
the sulphides proves to be
pyrite, chalcopyrite, bornite,
and chalcocite. The first
mineral to be deposited in
the fissured porphyry was
pyrite.  Subsequently this
mineral was minutely and ir-
regularly cracked and chal-
copyrite was deposited as a
mesh of microscopic veinlets
in the pyrite. (See fig. 15.)

FRG T AT N
In places the walls of these T /2 Millimetegy -
V_elnlets are Smooth and dis- Fieurp 15.—Microdrawing of polished surface of
tinct, but as a rule the out- ore from the 800-foot level of the Queen

. . mine. Outlined with camera lucida. p,
hne Of the chalcopymte as Pyrite; cp, chalcopyrite; b, bornite; cc, chal-

seen in polished sections is cocite; g, quartz; white area, hole or pit In
rough and more or less in-  Sectiom: .

definite. It is clear that many of the original cracks have been
enlarged by the metasomatic replacement of pyrite by chalcopyrite.
The structure, illustrated in figure 15, appears to correspond to that
which L. C. Graton and Joseph Murdoch?® have characterized as the
“exploding bomb” structure. ’

After the deposition of the chalcopyrite the vein material was
again cracked, and many of the fragments were considerably dis-
placed. The resulting cracks and interstices, many of them wide,
were filled with quartz, which forms the gangue of the sulphides.

The physical relation of the bornite to the chalcopyrite presents
some perplexing features. In many places the two minerals are
intimately associated in a structure that is strongly suggestive of

1 The sulphide ores of copper—some results of microscopic study: Trans. Am. Inst. Min, Eng., New York
meeting, February, 1913, advance ed., p. 45, fig. 2.
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contemporaneous intergrowth (see figs. 16 and 17), such as has been
carefully described by F. B. Laney.! No structure seen in the Supe-
rior ores, however, has exactly the appearance of ordered irregularity
peculiar to a typical micrographic intergrowth such as is illustrated
in plate 68 of Laney’s paper. Moreover, further search shows that
in some places the bornite traverses the chalcopyrite in veinlets that
are obviously coincident with cracks. Very rarely, and generally for
very short distances, these bornite veinlets may have smooth, par-
allel sides. As a rule, however, the boundary between bornite and.
chalcopyrite is very irregular, and all gradations may be found
between distinct veinlets of bornite and isolated shreds and particles
of bornite distributed thickly through the apparently unfissured chal-
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F1curE 16.—Microdrawing of polished surface of ore from the 800-foot level of .the Queen
mine, Outlined with camera lucida. Shows remnants of pyrite (p), surrounded by
chalcopyrite (cp) with bornite (b) in areas suggestive of intergrowth with chalco-
pyrite, Chalcocite (cc) in a distinct veinlet.

copyrite. There is a similar unbroken transition between the struc-
ture in which chalcopyrite is the host mineral and one in which
bornite contains only a few scattered particles of chalcopyrite.
Although some of the bornite is thus clearly younger than the
chalcopyrite, which it traverses in veinlets and has in part meta-
somatically replaced, the possibility that there may be two genera-
tions of bornite remains to be considered. The only support to this
view is the intimate association of some of the bornite and chalco-
pyrite in apparent intergrowths unconnected with visible fissuring.

1 The relation of bornite and chalcocite in the copper ores of the Virgilina district of North Carolina and
Virginia: Proc. U. S. Nat. Mus., vol. 40, 1911, p. 519, pl. 68.
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On the other hand, undoubted replacement veinlets of bornite may
be fringed with precisely such apparent intergrowths or may die out
as veinlets, to be continued along the same general line by a vague
zone of bornite flecks in the chalcopyrite. Finally, the general
arrangement of the bornite as a layer intervening between chalco-
pyrite and pyrite on the one hand and chalcocite on the other, as
appears from the study of broad polished faces of the ore, reenforces
the conclusion that the bornite is younger than most of the
chalcopyrite. .

The relation of the bornite to the quartz gangue is not as a rule
very clearly shown, but a :
few of the bornite veinlets P
in chalcopyrite have a me- {////

dial sheet of quartz which

was the first filling of the %%}( ’é
Z

fissure. The bornite was de-
posited later, chiefly by re-
placement of the chalcopy-
rite along the walls of the
original quartz film. The
bornite in a general way
shows a pronounced tend-
ency to occur near the pe-
riphery of quartz areas as
seen in section, but this
tendency has been obscured
in part by the subsequent
development of chalcocite
along the same paths at the

expense of the bOI'Illte. FIcURE 17.—Microdrawing of polished surface of
The relations betwe en ore from the 800-foot level of the Queen mine.

chaloocite and bornite are Sl wih comer it Chulopnt
‘very similar to those be- bornite (b). The bornite in part seemingly in-
tween bornite and chalcopy- teql;grgl‘;’:,exgthb;h:;;‘;fgx:‘ (o). quartz velnlet
rite. After the deposition of : -

the bornite fresh cracks were opened in the ore. Some of them appear
to have been filled by a second and minor infiltration of quartz, al-
though it is not certain that these quartz-filled veinlets do not belong
to the earlier and main period of gangue formation. Be that as it
may, many fresh cracks were certainly formed in the ore and were
filled with chalcocite. Every contact between quartz and sulphides
was searched by the copper-bearing solutions, and layers of chalcocite
were deposited by replacement of the adjacent sulphide—in some
places pyrite, in some chalcopyrite, but in most places bornite. (See
figs. 17-19.) This deposition of chalcocite along the contacts between

Y2 Millimeter
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quartz and older sulphides has been noted by Laney* and a similar
feature in silver ores has been described by E. S. Bastin.? Precisely
as in the case of the bornite and chalcopyrite so with the chalcocite
and bornite; there are all gradations from distinct chalcocite vein-
lets to apparent intergrowths between chalcocite and bornite. In
one part of a polished section the bornite appears full of irregular
flecks of chalcocite such as would ordinarily be considered as form-
ing an intergrowth with the bornite; a slight shift of the section
may bring into view an alignment of flecks which at once prompts

. Vo Millimeter

FIGURE 18.—Microdrawing of polished surface of ore from the Queen mine. Outlined
with camera lucida. Characteristic irregular quartz veinlets (g) bordered by chalco-
cite (cc) which has developed from bornite (b).

the suggestion that their occurrence is related to fissuring; and
another change in the field may perhaps show the linear zone to pass
into a distinct microscopic fissure filled with chalcocite and fringed
with an irregular border of the same apparent intergrowth. Even
more clearly than in the case of bornite in chalcopyrite, the chalco-
cite in bornite differs on close inspection from thoroughly typical
micrographic intergrowths. The little areas of chalcocite as seen in
thin section are as a rule sharply and irregularly acuminate, as if
the replacement had begun at the intersection of some very minute
cracks and had extended out along those cracks for short distances,

1 Op. cit., p. 518. .
3 Metasomatism in sulphide enrichment: Eoon. Geology, vol. 7, 1913, p. 53, fig. 5.
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while here and there are distinct suggestions of replacement along
microscopic fractures.

The conclusion appears to be highly probable, if not inevitable,
that all the chalcocite is younger than the bornite and that all the
bornite is younger than most of the chalcopyrite, the reservation in
the case of chalcopyrite being demanded by the existence of a very
little chalcopyrite that has been deposited in veinlets with the chal-
cocite at or about the same time. It follows that, in the alteration of
the relatively unstable minerals chalcopyrite and bornite to the final
stable form chalcocite the change is not limited to the walls of

Vs Millimeter o

Frcurs 19.—Micredrawing of polished surface of ore from the Queen mine. Outlined
with camera lucida. Bornite (b) showing infiltration of quartz (g) in irregular vein-
lets (perhaps when sulphide was chalcopyrite), followed by the formation of chalco-
cite (cc) at the expense of the bornite. Illustrates gradation between chalcocite
formed along a fissure and chalcocite developing in the bornite without distinet fis-
suring and In forms suggestive of contemporaneous intergrowth.

visible cracks or openings, but takes place within the apparently

solid mass of the older mineral. Graton and Murdoch* apparently

refer to the same phenomenon when they state that © with bornite it
appears that as soon as the solutions reach one portion of a grain
the whole area may become unstable and break down, so that instead
of finding the usual growing veinlet of the secondary mineral travers-
ing and gradually replacing the one undergoing alteration, we often
find in the case of bornite indefinite areas over part or all of which
minute particles of the secondary minerals have developed.” The

1 Op. cit., p. 23.
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change from bornite to chalcocite, however, can hardly be merely
an.internal rearrangement, but involves chemical interchange, at
least to the extent of removal of the iron present in bornite. The
sulphide minerals are probably permeable to solutions through
openings too small to be seen by the ordinary microscope; in fact,
were this not the case the formation of more than a molecular film
of chalcocite on the walls of a fissure in bornite would be impossible,
unless we admit that ions carried in solutions in the fissure may be
handed on by chemical reaction from one molecule to another into
the solid substance of the inclosing mineral. Moreover, in this con-
nection it is well to remember that observations are made on pol-
ished opaque surfaces and that exceedingly minute cracks might have
their edges burred by the mechanical action of polishing and so
become superficially closed and invisible. Such cracks might not
be revealed even by the etching which brings cleavage structure to
light. Furthermore, such a section may in places be nearly parallel
with a crack, so that wide areas of apparent intergrowth may be
only a short distance from a crack lying perhaps only a fraction of
a millimeter below the surface of the section.

If the origin of the apparent intergrowths in the ore of the Q,ueen
mine is correctly inferred, it follows that secondary processes in sul-
phxde ores may produce structures which it is difficult and perhaps
in some cases impossible to distinguish from contemporaneous inter-
growths.

Covellite was noted in one hand specimen and a very little was
seen in the polished sections. It is clearly secondary after pyrite and
chalcopyrite, but apparently in this deposit represents an exceptional
and transient stage in sulphide alteration.

ORIGIN OF THE QUEEN ORE.

It has been shown that the principal minerals of the Queen ore
body were deposited in the following order: (1) Pyrite, (2) chalco-
pyrite, (3) quartz, (4) bornite, (5) chalcocite, possibly preceded by
minor deposition of quartz and accompanied by an insignificant
second generation of chalcopyrite.

The visit on which these notes are founded was altogether too
brief to throw any particular light on the original source of the ore
materials. It may reasonably be assumed on the basis of our general
knowledge of ore deposition that some of the earlier minerals were
deposited by ascending hot solutions. The term primary is com-
monly applied to such minerals, but the word denotes merely a
sequential relation and as used by writers on ore deposits is often
vague and may be actually misleading. I prefer to distinguish them
as hypogene minerals., Similar objection may be made to secondary
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as it is frequently used, often tautologically with enrichment. The
suggestion is offered that minerals deposited by generally downward-
moving and initially cold * solutions may be termed supergene 2 min-
erals. It has been shown, for example, that chalcopyrite in the
Queen ore is secondary in its relation to pyrite, yet both sulphides
are perhaps hypogene. On the other hand, certain deposits of chal-
cocite in the red beds of the Southwest may be primary in the sense
that the chalcocite has not replaced an older sulphide, and yet the
deposit may be supergene in origin. As regards the Queen ore, the
problem of chief interest and one open to at least a preliminary
attack with data now available is to determine which constituents
of the ore are hypogene and which are supergene.

Observation of microscopic sections establishes the depositional
sequence but can not alone supply the answer to this question. It
can not tell us at what point in the sequence the work of ascending
waters ended and the work of descending waters began. Light must
be gained from the circumstances of occurrence and from chemical
considerations.

The field relations at the Queen mine are as yet imperfectly known.
All the sulphides are present on the 800-foot level and the downward
vertical gradation from rich ore to lean pyritic sulphide, if it occurs,
is something that only deeper mining can expose to observation.
Nevertheless, chalcocite appears to be the dominant sulphide on the
upper levels, under the oxidized zone, and bornite and chalcopyrite
form a larger proportion of the ore on the 800-foot level. This alone
is suggestive of a supergene origin for the chalcocite, and in connec-
tion with what is known of other occurrences of this sulphide, par-
ticularly in the same region, such origin may be accepted without
much question.

On the other hand, chalcopyrite (exclusive of the insignificant later
generation) may on similar general grounds of probability be elimi-
nated from the doubtful zone and assigned to the hypogene group.
Its close association with pyrite and the fact that it is older than the
quartz gangue point to hydrothermal deposition. Graton and Mur-
doch,® on the basis of wide metallographic observation, have con-
cluded that the structural association of pyrite and chalcopyrite ex-
emplified by the Queen ore is invariably “ primary,” and R. C. Wells*
has shown that in “simple precipitative reactions” chalcopyrite is
not likely to be deposited from acid solutions, such as are generally

1Tt should be remembered, however, that under certain conditions considerable heat may be generated
in the process of sulphide oxidation.

2This word is obviously of hybrid construction, but the philologically more correct epigene is already
too fully occupied in other uses to serve the present need.

8 Op. cit.

4 The fractional precipitation of sulphides: Econ. Geology, vol. 5, 1010, p. 13.
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active in downward enrichment. With reference to the last state-
ment, however, it must be said that the metasomatic replacement of
pyrite by copper sulphide through the agency of sulphate solutions
is perhaps not a simple precipitative reaction, at least so far as
regards the iron which is already on the ground, ready to combine
with copper as chalcopyrite, and that, moreover, under some circum-
stances supergene chalcopyrite certainly does form. Graton and
Murdoch* suggest that this mineral when “secondary” probably
belongs to the deeper part of the zone of enrichment, where the solu-
tions may be deficient in acid. It is noteworthy, however, that accord-
ing to the Stokes equation for the formation of chalcocite from
pyrite by neutral cuprous sulphate, sulphuric acid is abundantly gen-
erated by the actual process of chalcocitization.

There remains to be considered the bornite, concerning which, so
far as relates to the question of its hypogene or supergene origin, the
available evidence is admittedly inconclusive. If it is hypogene, then
its formation was separated from that of the other hypogene sul-
phides by fissuring, deposition of the quartz gangue, and renewed fis-
suring. If it is supergene, it was formed directly in advance of the
chalcocite by the same sulphate solutions that generated that mineral.
Although the bottom of the bornite has not been reached, the ore
with abundant bornite grades in some directions into leaner material
and clearly represents local concentration in the lode. This con-
centration is suggestive of supergene origin. The bornite is more
abundant in the lower part than in the upper part of the ore body,
and this fact gives additional force to the suggestion. Finally, the
apparent occurrence of the rich ore in two shoots each related to one
of the two zones of juxtaposition of the quartzite with the dike
accords best with the view that the bornite was formed by descending
solutions. The quartzite, it is to be observed, is the principal water-
bearing stratum, and just above it, at the base of the Devonian lime-
stone, occur lenticular layers of copper-bearing sulphides which in
their oxidized and leached form will be referred to presently in con-
nection with the Lake Superior & Arizona mine. It is not unlikely
that the solutions which found their way along the quartzite carried
copper dissolved from some of these lenticular bodies and added their
burden of this metal to that carried by waters which moved more
directly downward through the dike. If a mingling of .solutions,
such as is here suggested, was an important factor in the localization
of the ore shoots, evidently the vertical range of each ore body must
have depended to some extent on the hydrostatic relations of the water
in the dike to the water in the quartzite and on the relation of surface

1 0p. cit., p. 38.
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supply to deep drainage. It is entirely possible that, as the mine be-
comes more extensive, the ore in the two shoots may be found to
merge in places across the interval which has been found unproduc-
tive in the present workings. As yet too little is known to permit
the laying of heavy stress on the supposed distinctness of the two ore
shoots seen in 1912. Furthermore, present conditions do not justify
the assumption that the formation of chalcocite and other sulphides
took place only below water level. It is probable that oxidation and
the water level that limits it have advanced downward on. the chalco-
cite zone and that the chalcocite has itself been oxidized in part, dis-
solved, and reprecipitated. Two essential conditions for important
sulphide enrichment appear to be the absence of free oxygen in the -
zone of deposition and the existence of deep drainage. These condi-
tions may exist above the water level, and the depth to which deposi-
tion may extend below that level would seem to depend largely on a
deep and slow movement of the underground water sufficient to re-
move the solution which has lost its copper and to bring fresh sup-
plies of that metal down from above.

On the whole the evidence now available is believed to indicate
that the high-grade ore of the Queen mine is the product of down-
ward sulphide enrichment.

OCCURRENCE OF ORE IN THE LAKE SUPERIOR & ARIZONA MINE.

At several horizons within about 20 feet of its base the Devonian
limestone has been brecciated along bedding planes, and this breccia-
tion is associated in surface exposures with considerable limonite,
manganese oxide, and some quartz and hematite. In places this
brecciated material is irregularly veined with malachite and chryso-
colla. Near the mouth of the Carlton tunnel this ferruginous layer
is about 4 feet thick and about 20 feet above the base of the Devonian.
What apparently is the same rusty layer is visible for considerable
distances along the mountain side both north and south of Queen
Creek. Underground workings, however, show that the brecciation
is not everywhere at the same stratigraphic horizon, and some of the
brecciated masses are lenticular. Although some bunches of oxidized
copper ore have been found in the brecciated layers, most of these
have a porous character and appear to have been leached of their
copper. Whether this has been carried down the dip and concen-
trated in workable bodies of ore below the level of the Carlton
tunnel is a question that the present workings do not satisfactorily
answer. The conditions.at the Queen mine. indicate that in this dis-
trict the possibility of enrichment to a considerable depth below the
water level should be fully considered.
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ORE BODY OF THE SILVER KING MINE.

The Silver King mine was well described by W. P. Blake* 30
years ago, but his original publication is not readily accessible.
Accordingly, although the present paper is concerned mainly with
the copper deposits, and although the old mine, being full of water,
could not be reexamined, a brief descriptive summary of the condi-
tions under which the ore occurred will perhaps be of sufficient
interest to warrant its inclusion here.

The eruptive mass which incloses the ore is a quartz diorite por-
phyry or closely related rock. It presents some rather noticeable
variations, which Blake distinguished as “ porphyry,” “sienite,”
and “ granite,” although they appear to be merely facies of one in-
trusive body which is probably of Mesozoic age.

The ore body formerly cropped out at the top of a little hill about
75 feet high, composed of much-altered yellowish-brown to greenish-
gray porphyry. Stoping was carried to the surface and a crater-
like pit from 100 to 125 feet in diameter marks the site of the former
outcrop. Here and there in the porphyry walls of the pit may be
found small veinlets of rich, partly oxidized silver ore, but, so far
as can be seen from the surface, the ore body was not part of a vein,
and there is nothing to suggest that it was determined by the inter-
section of two or more persistent fissures. It apparently was a com-
pact plexus of veinlets inclosed in comparatively unfissured porphyry.

Blake’s description and the maps of underground workings show
that the ore body was a stockwork about 130 feet in maximum diam-
eter, with a general dip of 70° W. The stockwork was disposed
about an irregular core or axis of milk-white quartz, containing
some bunches of rich ore but as a whole comparatively barren. This
material is abundant and conspicuous in the mine dump and evi-
dently constituted at times the bulk of the waste. The ore consisted
of altered porphyry traversed in all directions by innumerable vein-
lets carrying stromeyerite, tetrahedrite, galena, sphalerite, chalcopy-
rite, and pyrite in a gangue of quartz with some barite. The min-
erals named were noted in 1912 on the dump, but Blake lists and
describes also native silver, argentite, bornite, calcite, and siderite.
Bornite, chalcopyrite, and pyrite are said to have been comparatively
rare. Blake makes the interesting observation that stromeyerite and
highly argentiferous tetrahedrite with more or less argentite were
the most important constitutents of the ore on the upper levels,
whereas argentiferous sphalerite had become the principal ore min-
eral on the seventh level. Native silver, associated with stromeyer-
ite and sphalerite, was abundant on that level, according to the same

1. Description of the Silver King mine of Arizona, New Haven, 1883, 48 pp., with illustrations.
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observer. He also describes the metallic minerals as occurring gen-
erally along the medial plane of the veinlets, a characteristic that is
verifiable in specimens collected on the dumps in 1912. Apparently
the deposit was not deeply oxidized and veinlets seen in the open pit
in 1912 showed sulphides present with cerargyrite, malachite, and
azurite. Blake notes also native copper, cuprite, “ oxides and carbon-
ates of lead and possibly embolite, the chlorobromide of sﬂver also
the argentite, in pure black lumps »

From the fact that water is now flowing from the collar of the No.
2 shaft the original water level was probably close to the surface.
The quantity of water pumped to keep the mine clear near its maxi-
mum development in 1887 was 10,941 gallons a day.® Blake states
that at the time of his visit (1882 or 1883), when the mine was 714
feet deep, only 2,000 gallons a day was pumped, a,ll of which entered
the mine at the ﬁrst or 114-foot level.

In the early stages of development, before there was a railroad in
Arizona, some rich ore was shipped under great disadvantages.
Blake states that some of this carefully sorted ore averaged $1,000 a
ton, and as late as 1887 the superintendent, Mr. Arthur Macy,
reported assays up to 447 ounces of silver to the'ton in ore consisting
chiefly of tetrahedrite. Subsequently two 20-stamp mills were built
at Pinal, 5 miles from the mine. Some idea of the character of the
ore during a rather late stage in the activity of the mine is obtainable
from the company’s report for 1887, wherein it is stated that mill No.
1, employing wet crushing and concentration, treated 2,698.75 tons of
ore with an average content of 21.08 ounces of silver to the ton. The
product was 577,813 tons of first-class concentrates averaging 834,135
ounces of silver to the ton and 31 per cent of lead. Of the total silver
contents, 53.95 per cent was native silver. In addition the mill turned
out 1,261.55 tons of second-class concentrates carrying 31.77 ounces of
silver to the ton, chiefly combined in zinc blende and galena. Mill
No. 2, in which chloridizing, roasting, and pan amalgamation were
employed, treated 4,840.08 tons of first-class ore, averaging 32.47
ounces of silver to the ton of roasted pulp, 1,913.51 tons of second-
class concentrates, and 3,875.34 tons of old tailings with an average
content, of 12 ounces of silver to the ton. The superintendent states
that whereas previously the ore treated in this mill had carried 50
per cent of its silver in native condition, the proportion for the year
covered by the report had fallen so notably and the bullion, not with-

_standing an extraction of over 96 per cent of the total silver, had
become so base that he had stopped this method of treatment and was
experimenting with an old lixiviation plant previously used.

1 Report of the Silver King Mining Co. for 1887, San Francisco, 1888.
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Various explanations are given locally for the failure of this inter-
esting deposit below the 800-foot level, some stating that the ore body
was faulted, some that the ore changed in character and grade. .The
latter is probably true. The worked-out part of the deposit appears
to have been a striking example of deep downward enrichment. If
so0, the time may come when the old mine will be reopened and its
low-grade hypogene ore utilized. ' ’



COPPER DEPOSITS OF THE WHITE MESA DISTRICT,
ARIZONA.

By James M. Hrur.

GENERAL FEATURES OF THE DISTRICT.

Location.—The White Mesa mining district, sometimes called the
Keams district, is in the Navajo Indian Reservation, Arizona, 100.2
miles N. 9° E. of Iflagstaff and 34.8 miles N. 10° W. of Tuba City,
as measured on the Land Office map of Arizona issued in 1909. It
lies in unsurveyed territory but is approximately in T. 37 N., Rs.
9 and 10 E., Gila and Salt River meridian. It covers an area about
5 miles east and west by 3 miles north and south, though some claims
not visited by the vwriter are located about 3 miles west-northwest of
the main group. ’

Roads and tramsportation—To reach the district the main Lees
Ferry road is followed north from Flagstaff to a tank about 10
miles north of Willow Springs and 18 miles northwest of Tuba City,
at the base of Echo Cliffs. From this point a rough road ascends
the cliffs and reaches the surface of the lower mesa through a gap
in the ridge at its western edge. The road then turns almost due
north. The distance from Flagstaff to the claims by road is between
135 and 140 miles and is increased a few miles if a detour is made
to Tuba City. For at least two-thirds of the.distance the roads are
fair, but in the remaining third it is necessary to go through deep
sand that makes heavy freighting well-nigh impossible. The- trip
from Flagstaff to the claims by team occupies from 6 to 10 days, and
the cost of freighting small lots is probably about 3 cents a pound,
or $60 a ton. It is possible for an automobile to go from Flagstatf
as far as the tank at the base of Echo Cliffs, about 18 miles from the
deposits, in less than a day.

Topography.—The district is on a low divide that runs east and
west for a number of miles across the relatively level plateau extend-
ing from Echo Cliffs to the Colorado River canyon at an elevation of
approximately 6,250 feet. Between the cliffs and the main claims of
the district the level of the plateau, which in this paper is called the
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lower mesa, is broken by small hills and shallow drainage lines
marked by low cliffs. Five miles south of the district there is a
bowl-shaped depression about 75 feet below the general level.

The east-west divide has an average elevation of 6,400 feet, though
at least two points attain a height of 6,500 feet. These two peaks
are marked by United States land monuments 1 and 2 and are about
in accord with the highest mesa at the extreme east end of the miner-
alized area.

The middle mesa, 6,400 feet in altitude, is much dissected, as a
consequence of which it is irregular in detail and marked by numer-
ous high and low cliffs and by benches at various elevations. '

General geology—The Lees Ferry road at the base of Echo Cliffs
passes over red, purple, and bluish-green shales and thin-bedded im-
pure limestones and is probably near the top of this series, for as soon .
as the ascent of the cliffs is begun massive dark-red sandstone appears
which continues nearly to the base of the hills on either side of the
gap through which the road passes upon the lower mesa. This sand-
stone is 400 to 500 feet thick and is composed of rather massive
members which exhibit some cross-bedding. The red sandstone forms
the floor of the south end of the lower mesa.

Above this red sandstone lie strongly cross-bedded, light-colored,
very friable sandstones, that stand up as low hills and cliffs at least
270 feet high. The hills are the remnants of the lower part of a
series that is exposed at the summit of Echo Cliffs, where it shows
at least 350 feet of white, buff, and light-red sandstones without
fossils, and is everywhere marked by intricate cross-bedding. In
these sandstones the sand grains, though fine, are distinct. They are
set in a white, pink, or buff-colored matrix which weathers very
rapidly, leaving the heavy sand that covers so much of the area.
The matrix is essentially clay, in which there is some very finely
comminuted quartz. To recapitulate, the stratigraphic series of the
mesa, beginning from the top, is about as follows:

White to buff friable sandstones, very strongly cross-bedded, forming the
higher hills on ‘which the copper claims are located. This is probably to be
correlated with the lower portion of the La Plata sandstone (Jurassic) of
southwestern Colorado and southeastern Utah.

Red sandstones, rather massive, with thin conglomerate lenses near central
and upper portions. Forms lower part of Echo Cliffs. Probably to be corre- .
lated with the Dolores formation (Triassic) of southwestern Colorado and
southeastern Utah.

Green, purple, and red shales, thin bedded and containing some beds of con-
glomeratic limestones, exposed under Echo Cliffs along the Lees Ferry road.
Permian (?).

Structure—~On White Mesa the light-colored sandstones lie flat,
apparently being undisturbed by either tilting or faulting. They
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are so strongly cross-bedded that local observations for dip and
strike give widely varying results, though the true bedding is es-
sentially horizontal. The only openings are joint planes, some of
which seem to have had an influence on the deposition of the ores.

At Echo Cliffs the massive red sandstone and underlying shales
have an apparent dip of about 20° ENE. - This dip appears to be
localized along the cliffs, for near the rim of the lower mesa the red
and white sandstones are practically flat.

ORE DEPOSITS. :

The copper ores found in this region are chrysocolla and mala-
chite, locally, with a very minor quantity of azurite. Chrysocolla
is by far the most widely distributed copper mineral, occurring as a
greenish-blue cement to the sandstone. Malachite, the next in

* abundance, is in places associated with very dark brown hematite

and forms small irregular mases in the chrysocolla ore. In a very
few places it occurs alone. These two minerals may be said to con-
stitute the ore, as the azurité is very scarce. The specific gravity
of the ore is about 2.61, and 4 ton of it occupies about 124 cubic feet.

The. ores occur in the lower middle portion of the white cross-
bedded sandstone as rather small, very irregular bodies of blue
color, distinct from the barren rock into which -thoey grade. In a
few places there are veinlike forms having lateral and vertical di-
mensions longer than their width, but even in these the margins are
not sharply defined, there being a gradation between ore and rock.
In some places the ore occurs on either side of small open crevices
that appear more like joint planes than fissures, but the largest num-
ber of ore bodies occur as small bunches in the sandstone in which
there are no apparent openings.

On close inspection the greenish-blue color is seen to be due to
the color of the matrix of the sandstone; in other words, the ore
minerals have replaced the original cementing material of the sand-
stone—an impure clay probably containing a large amount of kaoli-
nite. The quartz grains themselves have not been attacked, though
in one slide of the ore some of the grains are seen to be cracked, and
chrysocolla has been deposited in the openings:

Where hematite occurs it replaces the matrix of the sandstone in
the same manner as the copper silicate.

The ore bodies occur through a vertical range of 250 feet. The
lowest deposits noted are on the Nestor claim, at an elevation of
about 6,250 feet, and the highest on the Butte Valley claim, on ‘the
rim of the upper mesa at an elevation of 6,500 feet.

22652°—Bull. 540—14——11
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ECONOMIC CONDITIONS.

Water—On the road from Flagstaff to the prospects water has to
be carried by the freight teams, as there are only five places where it
can be obtained, as follows:

1. At the Halfway House there is a natural tank in the bottom of
the canyon, about 600 feet east of the road.

2. An artificial tank 1} miles southwest of the new bridge over the
Little Colorado contains water most of the year.

3. Willow Springs.

4. At the point where the road to the claims leaves the Lees Ferry
road there is a cement tank about a small seep.

5. Five miles south of the claims and about 1 mile west of the .
road there are two wells which give a small but contmuouq supply
of water.

No water has been found nearer to the deposits than the two wells
last mentioned. Because of the extreme porosity of the sandstone it
will be impossible to develop water tanks in the district unless they
are entirely lined with. cement, which would make the cost almost
prohibitive.

It might be possible to obtain water by deep wells, though a 212-
foot shaft has encountered none. Probably to reach water the wells
would have to go down to the underlying limestone, a distance of 700
to 800 feet.

Development—Nothing in the way of real mining has been done
in the district. There are prospect holes in many places, usually in
groups of four to eight pits in a small area around the most promis-
ing exposure of ore on each of the claims. These pits are usually
4 by 6 feet in cross section and average from 24 to 10 feet in depth.
Open cuts are numerous in the faces of low benches showing ore, and
there are a number of trenches from 2 to 6 feet deep where that
method of prospecting was most available. There are some short
tunnels, but in only one of these was any considerable amount of
ore uncovered. Several shallow shafts have also been put down in
ore; the deepest of them is about 30 feet.

Work of this kind, while it discloses the ore on and near the sur-
face, does nothing to determine whether there is any at greater depth.

Quantity of ore—It is very difficult to make any fair estimate of
the amount of ore in these deposits, because of their extreme irregu-
larity and the impossibility of telling in advance of actual develop-
ment work where ore will be encountered or where an ore body will
give out.

The size of the ore bodies exposed by the present development is
extremely diverse, ranging from 1 cubic foot up to 10,000 cubic feet,

\
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but most of the bodies so far demonstrated contain from 100 to 200
cubic feet of ore.

Value of the ore—The value of the ore bodies is extremely vari-
able, depending on the degree of replacement. Some bodies are of
a very faint bluish-green color, and samplés taken from them carry
from 0.5 to 3 per cent of copper. The larger part of the ore shown
- by the cuts is a rather deep greenish-blue material which assays be-
tween 5 and 8 per cent of copper. Ore of this class contains small
amounts of dark-green malachite-bearing material, with some hema-
tite which is of higher grade. A sample of this ore from the Pais-
Lee-Chee claim assayed 14 per cent of copper, and it is possible that
by picking even higher assays might be obtained.

Other considerations.—Mining costs would be rather low if it were
- not for the high cost of supplies, The'ore can hardly be smelted, on
account of its extremely siliceous character. Certainly it can not be
smelted on the ground, because of the lack of flux. It is probably
more amenable to leaching. Any leaching process, however, requires
abundant water, which has not yet been developed on the ground and
which would in all probability be very expensive to obtain. Under
present conditions these ores can not be profitably worked, but it is
possible that with better transportation a small quantity of copper
could be won from the deposits.



SURVEY PUBLICATIONS ON COPPER.

The following list includes the principal publications on copper by
the United States Geological Survey or by members of its staff. In
addition to the publications cited below, certain of the folios of the
Geologic Atlas of the United States contain discussions of copper
resources. This list does not include publications on Alaska, a list of
which is given in Bulletin 542, the annual report on progress of the
Survey’s investigations in Alaska for 1912.

The Government publications, except those to which a price is
affixed, can be obtained free by applying to the Director, U. S. Geo-
logical Survey, Washington, D. C. The priced publications may be
purchased from the Superintendent of Documents, Government
Printing Office, Washington, D. C. The publications marked
‘““‘Exhausted’” are not available for distribution but may be seen at
the larger libraries of the country.
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ECONOMIC GEOLOGY OF THE REGION AROUND MULLAN ,
IDAHO, AND SALTESE, MONTANA.

By F. C. CaLkins and E. L. Jongs, Jr.

INTRODUCTION.

The field work of the authors in 1912 was devoted chiefly to thex
geologic mapping of the northern part of the quadrangle bounded by
parallels 47° and 47° 30’ N. and meridians 115° 30’ and 116° W. and
embracing parts of northern Idaho and northwestern Montana. This
unit in the regular quadrangle system overlaps the southeastern
part of the Ceeur d’Alene quadrangle, whose general and economic
geology was studied about eight years ago and described in a Sur-
vey publication;' and a welcome opportunity was thus afforded to
gain information concerning recent developments in a part of the
Ceeur d’Alene mining district. About a month was accordingly de-
voted to this revisory work, which consisted mainly in the study
of mines and prospects near Mullan, Idaho, but included a cursory
visit to several prospects near Wallace and some review of the areal
geology. '

The season’s work also comprised the examination of many pros-
pects in an area surrounding Saltese, Mont., which has long been the
scene of mining exploration but in which no steadily productive mine
has yet been developed. Virtually nothing has been published con-
~ cerning this area, although two brief papers give some account of the
region to the south and southwest of it.> The location of the area
discussed in this paper is shown in figure 20.

The present paper is intended to give a brief account of the eco-
nomic information thus gathered, with so much of the geography and
geology as seems pertinent to the main object. Any usefulness that
it may have should be credited in large measure to the aid and facili-
ties offered by the mining men of the region. Among those to whom
special acknowledgment is due are the officers of the Morning, Snow-
storm, and Gold Hunter mines. Mr. George Huston, of Mullan,

1 Ransome, F. L., and Calkins, F. C., Geology and ore deposits of the Coeur d’Alene district, Idaho:
Prof. Paper U. S. Geol. Survey No. 62, 1908. ‘

3 Pardee, J. T., Geology and mineralization of the upper St. Joe Basin, Idaho: Bull. U. 8. Geol. Survey
No. 470, 1911, pp. 39-61. Calkins, F. C., and Jones, E. L., jr., Geology of the St. Joe-Clearwater region,
Idaho: Bull. U. 8. Geol. Survey No. 530, 1913, pp. 75-86. 16
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generously gave many hours to our guidance and-has kept us informed
by letter on developments that have oecurred since we left the field.
Many prospects in the area represented by the geologic map
(PL. ITI) were not visited, and the reader should not infer that any
prospect not described is necessarily unimportant. It is believed,
however, that the properties visited illustrate the main features of
the ore deposits.
) GEOGRAPHY.

TOPOGRAPHY.

Mullan and Saltese lie in the heart of that broad zone of moun-
tainous topography - which forms the western part of the Rocky
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FIGURE 20,—Index map showing (by-shading) location of region around Mullan, Idaho,and Saltese, Mont.

Mountain system north of the Snake River Plains. In the vicinity
of these towns few of the summits exceed 6,500 feet in height, and the
panorama from any commanding viewpoint suggests a surface of
low relief that has been elevated and throughly dissected by streams.
The valleys of this general region are relatively narrow and intricately
branched. The smaller ones have no characteristic trend, but most
of the larger ones have a general course near east-west or southeast-
northwest, and this rule is strikingly exemplified in the area here -
discussed.
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This area is crossed from east to west by a depression of more than
local interest, which follows, with comparatively slight deviations, a
straight line extending east-southeastward from Spokane, Wash.,
to Deer Lodge, Mont., a distance of 300 miles.. Clark Fork of Colum-
bia River flows westward in this depression from Deer Lodge to
St. Regis, Mont., where it turns abruptly eastward and makes its way
through a narrow gorge to another long transmontane valley. The
western part of the depression is occupied by Spokane River and the
Ceeur d’Alene and its South Fork. The section between Clark Fork
and the head of the Cceur d’Alene might appear, from inspection of
a small-scale map, to be occupied by St. Regis River. In reality,
however, the connecting link between the valleys of these two major
streams is a trough that parallels the St. Regis Valley a short distance
to the north, extending from St. Regis to the broad and deep saddle at
the head of the Coeur d’Alene. This trough will be referred to in the
following pages as ‘‘the old valley,” for this term suggests its evident
origin. Its general form is that of a mature stream valley, such as
must have been excavated by a river comparable in size and age with
the South Fork of the Ceeur d’Alene. The work of such a stream is
further attested by deposits of well-rounded gravel, containing bowlders
whose source was evidently west of the present State boundary and
covering remnants of the ancient valley floor. The valley has been
abandoned, however, by the stream which carved it and is now
drained by several tributaries of St. Regis River. The course of
these tributaries is in general transverse to that of the old valley.
The largest is Packer Creek, which enters the St. Regis at Saltese and
whose relation to the depression is typical. The main trunk of
Packer Creek is only a mile long and flows in a narrow canyon through
a range of rather high hills; this trunk has three main branches, one
of which flows due south from the mountains to the north, one west-
ward about parallel to the axis of the trough but somewhat south of
it, and another at first east along the axis and then southeast against
the south slope. Farther west Randolph and Brimstone creeks
likewise make their exit from the valley by way of transverse canyons.
The erosion of these streams and their many tributaries has entrenched
the floor of the old valley to a depth amounting in some places to
several hundred feet, and one effect of this erosion has been to form,
along the middle of the valley, a little range of rounded hills, the
most conspicuous of which is Meadow Mountain, between the North
and East forks of Packer Creek.

Considered in its entirety, this 300-mile depression has sqme of
the characteristics of the physiographic type which Daly* calls a

1 Daly, R. A., The nomenclature of the North American Cordillera: Geog. Jour., vol. 27, 1906, p. 596.
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trench. According to Daly’s definition, a trench is a ‘“long, nar-
row intermontane depression,occupied by two or more streams
* * * galternately draining the depression in opposite directions.”
The application of some such term as ‘‘Ceeur d’Alene trench’’ to the
feature under discussion might be desirable on the ground of con-
venience and because it would serve to emphasize the importance of
this depression, but it is not formally proposed, for the term ‘“trench”’
connotes a regularity of cross section that is not present here.

The geographic importance of this long depression cutting across
a large part of the Rocky Mountains has long been practically rec-
ognized by its utilization as a route of travel. Most of it is now
occupied by railways.” These were preceded by the old Mullan
Road, and this, in turn, by more or less definite Indian trails. The
graded floor of St. Regis Valley, however, has generally been used in
preference to the dissected floor of the old valley farther north.

The geologic history of this depression is very imperfectly known.
It is clearly of considerable age, for it coincides in part with rem-
nants of valleys that can not be later than Tertiary. Its location
has been determined in large measure by faulting, this being de-
monstrably true of the part with which this paper especially deals.

TIMBER.

The entire region was once covered with a heavy stand of timber,
much of which was of excellent quality, but only a very small pro-
portion of this growth remains alive. Much has been cut by lum-
bermen and miners and a great deal more has been destroyed by
repeated fires, so that no considerable areas of virgin forest are now
standing except in the extreme eastern part of the area and near the
Bitterroot divide, north of St. Paul Pass. Great numbers, of fine
trees, especially in Montana, killed by the fires of 1910 are still
usable, however, and have been sold to lumber companies, who are
working on a large scale to remove and utilize them. The fires have
depressed the general prosperity of the part of the area lying in
Montana and have perhaps been the cause of the failure to produce
ore from some properties, for they not only increased the difficulty
of obtaining mine timbers but destroyed buﬂdmgs of considerable

value.
SETTLEM'ENTS AND ROUTES.

The three important settlements of the region here considered. are
Wallace, Mullan, and Saltese. Wallace, which has a population of
about 3,000, is the seat of Shoshone County and the metropolis of
the Ceeur d’Alene miining district. Mullan, another flourishing min-
ing center, has a population of about 1,700. Saltese, with about 350
inhabitants, is a supply point for prospectors. Taft, a few miles
farther west, is a still smaller hamlet.
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The main line of the Chicago, Milwaukee & Puget Sound Railway
crosses the area, closely paralleled east of Taft by the Coeur d’Alene
branch of the Northern Pacific Railway, whose terminus is at Wal-
lace. Wallace is connected with Spokane by the Oregon-Washing-
ton Railroad & Navigation Co.’s line. Roads and ‘trails are fairly
numerous. An automobile road, that has been completed recently,
follows the old valley for several miles. The Bitterroot divide is
followed by a good trail and 1s accessible by a carefully graded road
between the Monitor mine and Saltese.

GEOLOGY.
PRINCIPAL FEATURES.

The dominant rocks of the area (Pl. III) belong to the Belt series, of
Algonkian age, which has a great development in northern Idaho
- and northwestern Montana. /This series consists of many thousand
feet of fine-grained sedimentary rocks, including quartzites of vary-
ing purity, shales, and impure limestones, which appear to have been
deposited, for the most part, in shallow water. Old as they are, these
rocks have, on the whole, undergone but little metamorphism. - They
are very extensively and thoroughly metamorphosed in the basin of
Clearwater River,' but about Saltese they show their usual lack of
conspicuous alteration. The formations represented here comprise
all those described in the early report on the Ceeur d’Alene district
except the lowest. They have the same general characteristics here
as in the Ceeur d’Alene district, but show some noteworthy variations
even within the limits of the area here described.
- Igneous rocks are scarce within this area. The most abundant is
-diabase, the largest mass of which forms a great sill in the Algonkian
sedimentary rocks. There are also some small dikes, chiefly of
lamprophyric character. Light-colored granular intrusive rocks, such
as occur a short distance northwest of Mullan and in the Clearwater
basin to the south, are absent. .

The structure is moderately complex on the whole, but differs in
complexity from place to place. Its most significant feature is a
fault zone coinciding with the trench. )

A great part of geologic time is in this area unrepresented by
sedimentary deposits, of which there are none intermediate in age
between the Algonkian sedimentary rocks and some presumably
Tertiary gravels that form small patches on the floor of the trench
and were evidently laid down by the fairly large stream that once
occupied it. These gravels are not of economic importance except in
the negative sense that they conceal the rocks beneath, which may be
metalliferous, and they will therefore receive no more than this pass-
ing mention. The more recent stream gravels, on low terraces and

1 Calkins, F. C., and Jones, E. L., jr., op. cit.
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- flood plams and the extinet alpine glaclers which have carved cirques
on the north and east sides of the main divides and left some rather
inconspicuous moraines, may similarly be dismissed: More detailed
description must be accorded to the older rocks and the structure by
reason of their intimate relation to the ore deposits.

ALGONKIAN SEDIMENTARY ROCKS.
BELT SERIES. .
" RAVALLI GROUP.

The three lowest formations of the Belt series in this area compose
the Ravalli group. Named in ascending order they are the Burke
formation, the Revett quartzite, and the St. Regis formation. The
Ravalli group is overlain by the Newland (‘‘ Wallace’’) formation. In
other areas it is underlain by the Prichard formation, which is not
present in the areas discussed in this paper.

-Burke formation.—The Burke formation, the lowest formation of
the Ravalli group, consists in general of fine-grained, light-colored
thin-bedded siliceous rocks. Its most abundant and characteristic
rock is a light greenish-gray flagey impure quartzite or siliceous
shale, which derives its tint and a certain degree of softness from
the presence of sericite, a white mica in a state of fine division. The
lowest beds exposed in the area include some material with a darker
bluish tint, and the upper part contains quartzite which is rather
thick bedded and contains but a moderate amount of sericite; this
makes it difficult to draw a sharp line between the Burke formataon
and the overlying Revett quartzite. The thickness of the Burke was
estimated in the early study at 2,000 feet, and the present review has
given no basis for a correction of this estimate. This formation
occupies a large area north of the trench and northwest of Mullan. -

Revett quartzite—The Revett quartzite, the middle formation of
the Ravalli group, is somewhat similar to the underlying Burke for-

‘mation, but consists of thicker-bedded and more purely siliceous
rocks. The lower middle part comprises some hard and brittle,
almost glassy quartzite. The upper part, however, is perceptibly
sericitic and greenish and .therefore similar in a measure to parts of
the underlying Burke formation and the overlying St. Regis forma- -
tion, though thicker bedded than the Burke and lacking the distinctive
coloration of the St. Regis. The formation is about 1,200 feet thick.

8t. Regis formation.—The St. Regis formation, the upper formation
of the Ravalli group, as developed in the Cceeur d’Alene district, is
composed of indurated shales and quartzitic sandstones characterized
by shallow-water markings and by comparatively pronounced tints
of green and purple. Neither of these hues predominates distinctly
over the other, but the purple tint is the more characteristic. In
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some beds it is pale and dull and perceived with some-difficulty by
observers not accustomed to look for it; in others it is rich and dark,
though not brilliant. These tints are typically displayed in the
vicinity of Mullan, where the uppermost beds of the St. Regis are dark
bluish-purple slates in sharp contrast with the green slates of the
lower part of the Newland (‘“Wallace”) formation. The dull-
lavender quartzitic sandstones in the lower part of the St. Regis are
less distinct from the greemsh -gray rocks of the upper part of the
Revett.

This distinctive coloration of the St. Regis formation is much less
marked farther east. The uppermost beds of the formation are
certainly paler near Borax, on the St. Regis, than they are on Mill
Creek, and near Saltese the purple tint of these beds is so faint that
there is real difficulty in fixing a boundary between them and the
slates of the Newland formation. The coloration of the lower beds
is still more indefinite; they are in general greenish and thicker bedded
than the upper beds and therefore approach the upper Revett rocks
in character. The railway section between Saltese and Deborgia and
still farther east exposes so great a thickness of these dull-greenish
~ impure quartzites as to give the impression that any distinction here

between the St. Regis and the Revett would probably be impossible.
To the north of the old valley, however, the Revett quartzite and the
Burke formation are extensively exposed, each with a lithologic char-
acter that is typical and fairly distinct from that of the St. Regis.
The thickness of the St. Regis near the northeast corner of the area
described is about 1,000 feet. Its thickness farther south is appar-
ently greater, but is difficult to measure owing to the indefiniteness
of the lower limit.

NEWLAND (“WALLACE’) FORMATION.

The Newland is the thickest formation in this area and occupies
the greatest portion of its surface, bemg the principal country rock
south of Cceur d’Alene and St. Regis rivers.

In the original reports on the Cceeur d’Alene district it was mapped
and described as the llace formation, but it has since been cor-
related with the Newlandformation to the east, and the local name
(Wallace formation) is no longer used.

The formation as a whole consists of thin-bedded rocks which are
for the most part calcareous. The rocks contain carbonates of mag-
nestum and iron as well as of calcium, but the calcium seems the most
abundant. The formation comprises three members which are fairly
distinet in general character, but which grade into one another and
are not, distinguished on the map.

The lowest member is characterized by the prevailingly green color
of its rocks. The strata immediately above the St. Regis consist of



174  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART I.

obscurely banded slates, of a rather bright apple-green color, which
are very slightly calcareous their separation from the St. Regls being
determined rather by convenience than by strict logic. Higher in the
formation the proportion of limy material is greater, as is indicated
by the yellow color assumed by the rocks when weathered; numerous
bands of whitish calcareous sandstone and a few strata of blue and
white argillite make their appearance. The part of the formation in
which the green color is strongly preponderant constitutes what may
conveniently be called the lower member.

The middle member contains greenish beds but is characterized
" more especially by blue and white banded argillite and an abundance
of calcareous sandstone or quartzite, together with some impure lime-
stone. In its upper portion the limy and sandy layers diminish in
quantity, and finally it passes into a blue, regularly banded non-
calcareous shale. This in turn is overlain by a comparatively small
thickness of green rocks very similar to those at the base of the
formation.

The blue shale forming the major part of the upper member pre-
sents remarkable variations in thickness. In the basin of St. Joe
River, to the south of the area here described, it is apparently not
less than 5,000 feet thick, but near-Striped Peak, southwest of Wallace,
its thickness is insignificant. The thinning of these beds has not been
continuously traced and its cause is still obscure. ’

The lower member of the formation also is of very uneven thick-.
ness, being apparently much thicker near Saltese than near Mullan,
although the structure is not understood with sufficient thoroughness
to permit reliable stratlcrr&phlc measurements. The total thickness
of the Newland formation in the middle part of the Cceur” d’Alene
district, where the upper member is almost unrepresented, was esti-
mated as 4,000 feet, but this is certainly less than the combined
thickness of the lower and middle members near Saltese.

STRIPED PEAK FORMATION.

The Striped Peak formation occupies only a small part of the area
mapped. It consists of shales and sandstones with shallow-water
markings, and is remarkably similar to the St. Regis formation. The
prevailing color is greenish gray, but some beds are purple.

-

, IGNEOUS ROCKS. . -

Diabase.—The largest mass of diabase in the region is the Wishards
sill, a sheet 400 or 500 feet in maximum thickness, which is inter-
calated in the middle member of the Newland formation. It per-
sists at the same stratigraphic horizon for a remarkable distance,
having been traced from the head of Placer Creek southeastward to
St. Joe River, 30 miles away. The constancy of its stratigraphic



REGION AROUND MULLAN, IDAHO, AND SALTESE, MONT. 175

position proves that it was intruded before the Algonkian rocks were
deformed, and it has been folded and faulted with them. It is of
great use in deciphering structure, because it is more readily followed
than any stratum of the sedimentary series, being generally conspicu-
ous for its dark tone, bold outcrops, and the scantiness of the vegeta-
tion growing on it.

The rock has the normal appearance of diabase. Its general color
is black to dark gray with a tinge of green; its texture is coarse to fine.
The minerals visible to the naked. eye are white feldspar, dull green-
ish-black augite and amphibole, and black iron ore of metallic luster.
The feldspar forms crystals that give Many narrow oblong sections.
No olivine is visible, even under the microscope, which reveals con-
siderable amounts of quartz, alkali feldspar, and biotite.

The shaly rocks of the Newland formation are distinctly meta-
morphosed by this largest diabase intrusion, but the métamorphism
is limited to a distance of a few yards across the bedding.

This diabase also forms some thinner, inconspicuous sills in the
Newland formation, one of which, near the boundary between the
middle and lower divisions, was seen in several places south of Saltese.
Diabase dikes have not been found in the area more especially con-
sidered here, although there is one on the south side of Ward Peak,
penetrating rocks that underlie the Newland formation.

Other intrusives.—No other igneous rocks than the diabase form
large or conspicuous masses, and none are shown on the geologic map.

In the nclmty of Mullan there are numerous dikes of rocks that
were classified in the report on the Ceeur d’Alene district as lampro-
phyres. Superficially these resemble the fine-grained ‘portion of
the diabase in being dark and of crystalline texture, but they are
distinguished from diabase by the presence in them of abundant small
needle-like crystals of black hornblende, and their feldspar does not
show well-defined outlines. Biotite is somewhat conspicuous in most
specimens.

Several of these dikes are crossed by the Hunter tunnel. One or
two others crop out in the vicinity of the Gettysburg prospect, and
one is cut by the workings of the Morning mine. One or two are
penetrated by the workings of the Star prospect, west of the Morning.
In this same prospect are two or three dikes of a greenish-gray por-
phyry, which are possibly. offshoots from the monzonite intrusion
exposed near Gem, about 2 miles to the northwest, but the rocks are
too badly decomposed to supply conclusive petrographic evidence of
such a relation.

A thin sill of decomposed basic igneous rock resembling dlabase is
intercalated in the St. Regis formation on Willow Creek and pene-
trated by the Carny Copper prospect.
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STRUCTURE.

The most remarkable tectonic feature of the region is the fault or
fault zone that has determined the location of the long depression of
which the valley of the South Fork of Cceur d’Alene River and the
old valley are parts. It was found in working out the areal geology

of the Coeur d’Alene district that the South Fork approximately
- coincides with the great Osburn fault, which was traced continuously
from Mullan to Wardner and which apparently persists for many
miles farther west. At Mullan the fault disappears beneath the
alluvial floor of the valley, which is so broad for some distance east-
ward as to baffle any effort to trace the fault directly, and the upper
part of the valley, which is narrower, has not been fully examined
for evidence of the continuation of the fault to the east. The old
valley, however, is clearly located on a fault or fault zone whose
identity with the Osburn fault, though it can not be absolutely proved,
is strongly indicated by its direction and position and the fact that,
like the Osburn fault, it effects a downthrow on the south. Between
Wallace and Mullan the rocks on the south side of the Osburn fault
belong chiefly to the Newland formation, while those on the north
side are quartzite of the Burke formation and Revett quartzite. The
areal relations along the old valley indicate a throw of the same
order of magnitude; the rocks on the south belong to the St. Regis
formation, and those on the north are ascribed to the Burke and
Revett. This is the main evidence of the fault, but it is corroborated
by abundant evidence that the old valley coincides with a zone of
fracture. Breccias abound on the slope to the north, and every pros-
pect exhibits a remarkable amount of shattering in the country rocks.
The poor exposures in the deeply decayed rocks on the floor of the
trench make it difficult to follow the line of the fault precisely, but
the main fracture is apparently north of Meadow Mountain and the
knobs aligned with it.

The course of this great fracture, which may, without serious
risk of error, be called, as a whole, the Osburn fault, is’a con-
venient line of reference in characterizing briefly the other structural
features of the reglon, Whlch are by no means thoroughly Worked
out.

The structure is s1mpler south of the Osburn fault than north of
it. The largest structural feature of the southern area is an anti-
cline, well shown by the map southwest of Mullan. This fold
becomes indistinct to the east, but there is some plication along
the general line of its axis as far as the longitude of Saltese. The
area between the Bitterroot divide and St. Regis River is occupied
chiefly by the southwest flank of this anticline, and here south-
westerly dips are remarkably persistent. Farther south there is
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rather complex folding, some of which is clearly expressed by the
sinuous trace of the Wishards sill. ‘

In the area mapped south of the Osburn fault few conspicuous
faults have been found except at the extreme west, and the only
important fault newly mapped in 1912 is that designated the Roland
fault. This causes a large displacement of the folded Wishards sill
near Roland and is probably the same fault that displaces the sill
about 200 feet on the divide. Brecciation, saddles in the spurs,
and sharp discordances of dip in the strata mark the line connecting
the points at which the fault cuts the sill. The Roland fault might
have failed of detection, however, had it not been for its clear effect
on.the diabase intrusion, and there are indications of other faults
which may be considerable, although the evidence of them is not very
tangible. A few of the more distinct lines of fracture lying in the
Newland formation are shown on the map. An indication of fault-

g, which there was no opportunity to trace farther, is afforded by
the strong jog in the St. Regis-Newland boundary northwest of
Taft.

The structure north of the Osburn fault is characterized near smd
west of Mullan by very complex faulting, which is not fully repre-
sented on the map. The fractures range in strike from east-west
to north-south. No folds can be traced here for any considerable
distance. The structure along the old valley is of the same general
character, but the slight variations in the prevailing quartzitic
- country rocks and the poor exposures make it very difficult to work
out structural details. The quartzitic zone is flanked on the north
by an area of the Newland formation, in which there is an eastward-
pitching syncline.

ORE DEPOSITS.
GENERAL FEATURES AND GROUPING.

The ore deposits of the northern part of the zone described in this
report are chiefly valuable for lead and silver, and the potential
value of the prospects in the southern part depends mainly on their
copper content. No sharp division can be made, however, between
a silver-lead belt and a copper belt, for copper deposits, typified by
that of the Snowstorm mine, northeast of Mullan, occur in the north-
ern part of the area, and there are at least two lead prospects in the
southern copper belt. The prevailing form of the deposits is that
of fissure veins, mostly trending east-west to northwest-southeast;
but in this respect again the copper deposits of the Snowstorm type
are exceptional, for their minerals are finely disseminated in the
country rock. The prevailing gangue mineral throughout the
region is siderite, the Snowstorm deposits once more furnishing

22652°—Bull. 540—14——12
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the most conspicuous exception to the rule. In view of these
diversities and others, it is convenient to recognize the following
more or less distinct subdivisions of the region:

1. The area of silver, lead, and zinc deposits north of the river
near Mullan—the Mullan area.

2. The area of silver, lead and zine dep031ts along the old valley
in Montana—the Packer Creek area.

3. The area of sideritic copper veins south of Ceeur d’Alene River
and the old valley—the southern copper area.

4. A zone south and southeast of Mullan transitional in character
between 1 and 3—the Willow Creek area.

5. The zone of disseminated copper north of the South Fork of
Cceur d’Alene River—the Snowstorm copper area.

MULLAN AREA.
GENERAL FEATURES.

The deposits studied north of the river near Mullan are fissure veins
. whose walls are more or léss indefinite owing to metasomatic replace-
ment. Their chief valuable mineral is galena, but some of the deposits
contain a large amount of sphalerite. Silver is an important source
of profit and is apparently derived from argentiferous galena and tetra-
hedrite. The gangue is mainly siderite, but quartz is also abundant
‘and in some properties is the predominating gangue mineral. Copper
‘minerals other than tetrahedrite are of merely sporadic occurrence.
The most productive property in this area is the Morning mine.
Second in importance is the Gold Hunter, a comparatively small but
steadily productive and apparently profitable mine. The Alice
mine, west of Mullan, has shipped ore but has not yet entered the
class of steady producers The remammg propertles in the area are
prospects of varying degrees of promlse

MORNING MINE.

DEVELOPMENT.

The Morning mine, whose mill and adit are on the South Fork of
Ceeur d’Alene River, about half a mile below Mullan, is the largest.
property of the Federal Mining. & Smelting Co. and is second only:
to the Bunker Hill & Sullivan among the mines of the Ceeur d’Alene
district as a producer of lead and silver. Since 1904, when it was
visited by Ransome,! it has been much developed and has added
zine to its products. About 1,200 tons of ore a day is now being
taken from the mine.

1 Prof. Paper U. 8. Geol. Survey No. 62, 1908, p. 164.
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Information supplied by the company concerning the production
of the mine for the years subsequent to 1906 is given in the following
table:

Production of the Morning mine, 1906 to 1912, inclusive.

: Ratio
Concen- | Ship-
trating | ping | Total || silver. | Lead. Zinc.
ore ore H
. . tion.
Tons. Tons. Tons. | Perct.| Ounces. | Pounds. | Pounds.
10 months ending Aug. 31, 1906. .| 248,617 14 | 248,631 8.8 | 415,976 | 25,812,200 |..........
12 months ending Aug. 31, 1907...| 332,452 48 [ 332,500 8.7 554,450 | 34,940,600 {.-........
12 months ending Aug. 31, 1908...| 147,321 279 | 147,600 8.8 | 240,409 | 14,825,000 |..........
12 months ending Aug. 31,1909.../ 359,257 118 | 359,375 9.1 | 531,298 | 33,667,400 |..........
12 months ending Aug. 31,1910...[ 342,615 685 | 343,300 10.1 | 432,760 | 26,746,600 |..........
12 months ending Aug. 31, 1911. .. 347,827 | 13,373 | 361,200 | 10.6 [ 624,765 | 35,180,040 | 497,480
12 months ending Aug. 31, 1912...| 374,030 | 27,270 | 401,300 | 11.2 | 726,686 | 44,710,880 | 2,375,800
4 months ending Dec. 31, 1912.....| 124,446 | 8,354 | 132,800 10.8 { 230,451 | 15,041,920 | 1,557,440
2,276,565 | 50,141 (2,326,706 9.7 (3,756,795 (230,924,640 | 4,430,720

The ore that is now being mined comes almost wholly from the

- Morning vein, which is about 11,000 feet north of the portal of tunnel
No. 6. A relatively small amount of ore is being taken from the
You Like vein, about parallel to the Morning vein and 1,000 feet
south of it. At least two other veins are cut by the tunnel, but neither
shows much promise at the intersection and neither has been devel-
oped. The portions of these veins that are being worked are chiefly
in the ridge between Mill Creek and Grouse Gulch. In 1904 both
productive veins were reached by tunnel No. 5, between whose portal
on Mill Creek and the mill, which had its present location, ore and
supplies were hauled by a narrow-gage surface railway. The present
adit, tunnel No. 6, which runs nearly north under the crest of the
ridge, was completed in 1906 and transportation is now effected by
powerful electric motors, which bring the ore directly to the bins.
The equipment both on the surface and underground is impressively
substantial. -

The mill is perhaps the most interesting in the Cceur d’Alenes, but
only its salient features can be touched on here. It comprises two
virtually separate plants. In one the galena is concentrated by gravi-
tational methods; in the other sphalerite, which, being of nearly the
same specific gravity as siderite, is not amenable to such methods, is
concentrated by flotation. The processes employed to save the
galena are highly elaborated and involve repeated grinding, much of
the material being finely ground in Hardinge conical pebble mills.
The Macquisten flotation process?! is the one employed to save the
sphalerite. The mill losses of both lead and zinc are still considerable.
They are probably carried off for the most part in the large amount
of slime which results from' the repeated grinding. At the time of

" visit experiments were being made on other flotation processes, which

 Described by O. B. Hofstrand, Bull. Am, Inst. Min. Eng. No. 73, 1913.
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are likely to be installed in the near future and to result in a much
higher saving than that hitherto obtained.

The workings above tunnel No. 5 are now inaccessible, and the level
of that tunnel is the datum from which the depth of later workings
is reckoned. Seven levels have been driven on the Morning vein at
intervals of 200 feet below tunnel No. 5. Tunnel No. 6 is on the 800-
foot level, and the lowest depth attained is 850 feet lower, where a
station was being cut out at the time of the recent visit. The lowest
stopes are on the 1,450-foot level, which is about 2,600 feet below
the highest stopes and nearly 3,000 feet below the highest point of
the outcrop. On the You Like vein there are drifts at 200-foot inter-
vals down to the tunnel level, below which the vein has not been

followed.
GEOLOGIC CONDITIONS.

The Morning and You Like veins are both nearly vertical and
strike about west-northwest. The rock in which they occur is
quartzite that varies considerably in hardness, purity, and thickness
of bedding but which apparently all belongs to the Revett quartzite.
Some of the purest and thickest-bedded quartzite is exposed in the
west You Like drift on the 800-foot level (No. 6 tunnel) and on
the walls of the great station on this level near the Morning lode.
Even this quartzite is for the most part somewhat sericitic, however,
and most of that adjacent to the lode is distinctly so. On the whole
the most sericitic and flaggy~rock is that in the eastern part of the
mine, which probably belongs to the uppermost part of the Revett
quartzite. No igneous rock was observed in the walls of the vein in
the workings now accessible, although a small lamprophyric dike
appears in the eastern part of the workings and another basic intru-
sion is cut in the outer part of the tunnel.

The bedding of the country rock near the veins is steeply inclined
and remarkably variable in strike, as if the strata had been raised to
a nearly vertical position by pressure in one direction and after-
ward crumpled by pressure acting nearly at right angles to that
direction. The general strike is a little west of north and the gen-
eral dip easterly, so that the rocks in the eastern part of the mine
are the youngest. The ore bodies occupy narrow shear zones rather
than sharply defined fissures. Considerable attention was given to
the question of how much movement these shear zones represent.
The presence of gouge along the slips in the lode and adjacent country
rock is proof of some displacement, and the difference in the character
and attitude of the rocks on either side of the veins is in many places
so sharp as to suggest that the amount of this displacement may
have been considerable. With respect to the Morning vein this
suggestion could not be definitely confirmed, and the sharp, steeply
pitching folds visible in the crosscut between the two shafts show,



REGION AROUND MULLAN, IDAHO, AND SALTESE, MONT. 181

indeed, how the observed relations might be explained without
faulting. On the You Like vein appreciable faulting has demon-
strably occurred, for near its intersection with the tunnel, where it is
narrow and well exposed in the roof, the beds on either side clearly
fail to match. It is not probable, however, that the movement on
either vein has been comparable in magnitude with that of most of
the faults.shown on the geologic map of the district. .

~ Fractures transverse to the veins are neither numerous nor im-
portant except in the extreme eastern part of the mines. Here the
You Like vein in particular is thrown a few feet by several small
faults whose general strike is about north-northwest to north-south.
The vein is farther north on the east side of most of the faults than
on the west side. These small faults are probably subsidiary to a
larger one, recognized in 1904,! which brings the Newland formation
on the surface against the Revett. It is shown on the map accom-
panying Professional Paper 62 as striking about northwest, but its
true strike appears on review to be more nearly north and south. A
thin basic dike parallels the fault a few yards to the east. The
ground east of the Morning mine has been well prospected without
revealing any vein comparable in size to the Morning vein except
the Hunter lode, which is so far south that its correlation with the
Morning vein is at least highly questionable, for it would postulate a
horizontal displacement of about half a mile.

CHARACTER OF THE ORE BODIES.

©

The Morning vein is essentially simple in structure except for a
large horse, which was noted in the previous report. In a great cave
on the 200-foot level the horse is about 35 feet wide and each of the
two branches of the vein is about 10 feet wide. The length of the
horse is about 800 feet in the upper workings. This horse apparently
persists downward nearly to the 1,000-foot level, where two branches
of the vein appear to have coalesced and here the stopes have their
maximum thickness of about 40 feet. The vein is described by
Ransome as being inconspicuous and practically barren where it is
cut by tunnel No. 5, and it has the same unpromising character at
its intersection with tunnel No. 6 but widens in both directions from
that point. /

The You Like vein is of simple tabular form without large inclu-
sions. Its thickness is considerably less than that of the Morning
vein, being at the maximum about 10 feet.

The ore of the two veins is alike in most characteristics. Its chief
constituents are shown by analysis by the chemists of the company
to be present in approximately the following proportions: Siderite,
50 per cent; quartz, 25 per.cent; galena, 11.5 per cent; sphalerite, 11 to

1 Prof. Paper U. 8. Geol. Survey No. 62, 1908, p. 166.
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12 per cent; calcite, 3 per cent; pyrite, less than 1 per cent. In addi-
tion, small quantities of barite, magnetite, chalcopyrite, tetrahedrite,
and probably pyrrhotite are present, the barite being locally abundant
and conspicuous. Magnetite and chalcopyrite are nowhere easy of
recognition. The quartz probably belongs in part to the country
rock. The vein structure shows that it was only partly formed by
the filling of fissures and partly by replacement of the wall rocks.
Its limits are not sharp, although the limit of commercial ore is fairly
definite, and there are discontinuous subsidiary veins which are too
small to mine. The ore presents widely varying degrees of richness.
Some of it consists of solid masses of galena and sphalerite almost
unmixed with gangue, and in some the minerals are disseminated in
country rock.

A more or less distinet banding is characteristic of the veins as a
whole, but the bands are discontinuous and irregular and afford no
obvious clue to the order in which the minerals were deposited.
The Morning vein is cut by longitudinal slips, some of which are
very persistent. The following is a section across one of the richest
parts of the Morning vein on the 1,400-foot level. The bands are
named in order from north to south.

Section of Morning vein.

Sheared quartzite, vertical and striking about northwest, with a

little ore. Feet.
Ore (galena and sphalerite)......... ¥- s 3-13
Sheared country rock and ore in nearly equal parts.............. 1
Ore with a little siderite, quartz, barite, and country rock...._... 1
Ore (galena and sphalerite, intimately mixed, with almost no

231101 1) H N R 7
Smooth slip, vertical and striking N. 60° W.
Ore with much siderite, €tC..ceeeeenae i 1
Crushed country rock with a httle 10) 1
Ore, medium grade, rudely banded, with small transverse faults.. 13
Lean ore (crushed country rock with stringers).................. 13
Slip, vertical, N. 45°-55° W. , 15

Crushed quartzite, nearly barren.
STAR MINE.

The Star mine, owned by'Messrs. Finch, Campbell, Moffatt, and
others, is in Grouse Gulch at the foot of the spur between its princi-
pal forks. It is of interest because it shows what are believed to be
the westward continuations of the Morning and You Like veins. It
- is developed by a tunnel about 3,500 feet long and by several very
extensive drifts. .

The sedimentary rock penetrated by these workings is quartzite,
some of which is extremely hard and thick bedded and all of which

Ve
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probably belongs to the Revett quartzite. The drifts cut several
small dikes of a gray porphyry and a dark lamprophyre, both of which
probably bear a genetic relationship to the monzonite that is exposed
near Gem, about 2 miles to the northwest. The general dip is about
70° E., but the strike is extremely variable. Fissures, mostly of
northwesterly trend, are very numerous.

The best showing is in the Morning vein east of the main tunnel,
which in places contains 4 feet of fairly good concentrating ore. A
widening of the vein is apparent in some places where it is joined by
other fissures formed prior to the mineralization, and some vein
material makes off in fissures of this character. In the easternmost
accessible workings the vein seems to have divided into several small
branches. A vertical fault converging westward with the vein has
cut it off a short distance east of the tunnel, but its westward con-
tinuation is believed by Mr. Moffatt to be represented by a vein found
at the face of the tunnel. The study on which this paper is based
hardly suffices to prove or disprove this supposition. The fault,
however, though very distinct, is probably not of large throw, for it
has displaced a porphyry dike which it cuts only about 20 feet. A
long drift in the general direction of the Morning vein west of the
tunnel has not revealed any commercial ore. It follows here one and
there another of a system of sinuous branching fissures, among which
it is difficult to identify the representative of the Morning vein.
The conditions along the drift that goes westward on the supposed
You Like vein are somewhat similar, although this drift follows a
straighter and- more definite fissure along which some faulting has
clearly taken place.

A short drift has also been run westward on a fissure intermediate
between the Morning and You Like, but it reveals little, if any, ore.
It perhaps corresponds with a fault that is very conspicuous on the
surface. '

The ore from the Morning vein contains galena in a gangue con-
sisting chiefly of quartz with very little siderite. It is accompanied
by small amounts of sphalerite and pyrite. The scarcity of siderite
here is a notable contrast to its abundance in the Morning mine and
seems to illustrate the general rule first deduced by Ransome,* that
this mineral becomes less abundant in the veins as the monzonite is
approached. ‘

GOLD HUNTER MINE.

ECONOMIC FEATURES.
The lode worked in the Gold Hunter mine (commonly called simply

“The Hunter”) is about 1 mile northeast of Mullan, in the ridge
between Mill Creek and Hunter Gulch. In 1904, when the mine was

1 Ransome, F. L., Prof. Paper U. S. Geol. Survey No. 62, 1908, pp. 136-137.
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~visited by Ransome,! the workmg adit was tunnel No. 5 in Hunter
‘Grulch, but the present adit is tunnel No. 6, whose entrance is at the
mill near the South Fork of Ceeur d’Alene Rlver, on the east edge of
Mullan. Through this tunnel, which is nearly a mile long, ore and
supplies are transported in and out of the mine by electric motor.

No figures of production for the years subsequent to 1906 are
available. -

The lowest workings in 1904 were 200 feet below the level of tunnel
No. 5, which is about 4,000 feet above sea level. The adit, or tunnel
No. 6, is about 400 feet lower than No. 5, and drifts have been run at
75, 205, 285, and 405 feet below the adit. At the time of the recent
visit a small amount of stoping had been done on the 205-foot level
and almost none below it.

The amount of ore mined per da,y at the time of the recent visit was
about 340 tons. In the mill about 40.tons a day is picked out of the
sorting belt as waste and crude ore, the crude ore amounting to about
3 tons a day. The bulk of the ore is concentrated by means of Hartz
jigs, Wilfley tables, and Frue vanners. The constitution of much
of the ore necessitates fine grinding, which is accomplished by means
of Huntington mills. The only unusual feature of the process is the
saving of an iron concentrate, which is used as a flux and which con-
tains more silver than the average ore. No zinc is saved, and the
proportlon of that metal is kept below 10 per cent so that no penalty
is exacted at the smelter.

GEOLOGIC FEATURES.

Rocks and structure.—Review of the surface exposures and study of
the tunnel section, which was not available in 1904, afford a basis for
some correction of the mapping in the vicinity of the Hunter mine.
The principal error relating to this vicinity in the map accompanying
Professional Paper 62 is the ascription of the country rock of the
lode to the St. Regis formation; it belongs in reality to the lower
part of the Newland formation, as was suspected by Ransome.?

The principal structural feature in the outer part of the tunnel is a
synclinal fold with St. Regis rocks in the trough and Revett quartzite
on the sides. This main fold is much complicated by minor plications
and by fractures, on many of which there seems to have been thrust
faulting with upthrow on the north side. The north side of the
syncline abuts against one of the most persistent faults of the district,
the White Ledge fault. Where it intersects the tunnel this has a
nearly east-west strike and is nearly vertical. It marks a fairly sharp
change in the country rock, that on the south being rather hard
and thick-bedded quartzite and that on the north a fine-grained.
pale-green, somewhat calcareous slate. Otherwise the fault might

1 Prof. Paper U. S. Geol. Survey No. 62, 1908, p. 168. 2 Idem, p. 169.
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easily be overlooked, for it is extremely tight and inconspicuous,
although its throw at this point can not be less than half a mile. ' The
rock immediately north of it in the tunnel probably belongs to the
lowest part of the Newland formation, for it is suoceeded within a
short distance by dull-purplish slate alternating with green bands,
belonging to the St. Regis formation. These rocks in turn are cut
off on the north by a fault whose throw is probably less than that of the
White Ledge fault, yet great enough to bring bluish-banded slate of
the middle part of the Newland down against the green slate of the
lower Newland. This fault, which is a normal one dipping about
40° N., is probably identical with one that crosses Paymaster Gulch
near its mouth and is therefore designated the Paymaster fault.
The greenish slate of the lower Newland reappears, however, a short
distance north of the fault and is the country rock of the Hunter lode.
Another fault bringing middle Newland down on the north is shown by
surface indications to cross the ridge about 400 feet north of the lode,
but this has not been penetrated by the mine workings The general
dip of the beds north of the White Ledge fault is southward and
very steep.

The sedimentary rocks in the tunnel are cut by several small dikes
of a black fine-grained rock whose most prominent constituent is
hornblende in the form of minute needle-like crystals. None of
these dikes are seen in the lode, and their relation to the ore is con-
sequently unknown. :

Form of lode.—The Hunter lode is more complex in structure than
most others in the Cceur d’Alenes, a character probably due to the
unusual fissility of its country rock. On the No. 5 tunnel level and
above, where it was studied by Ransome, the lode comprises three
important veins. In the workings now accessible there are only two
principal veins, whose precise relation to the three of the upper
workings is not clear. The workable ore bodies. are ramified and ill
defined, and much ore is distributed in masses too small and discon-
tinuous to be minable. The commercial mineralization is confined to
a zone that is about 100 feet broad on the adit level, but the total
breadth of the mineralized zone is about twice as great. The total
length of the productive zone is about 640 feet in the active workings,
and the maximum length of any individual slope is about 300 feet.

At least five ore bodies are exposed in the present workings—two
in the north vein and three in the south. The general pitch of all the
shoots is nearly vertical.

The largest ore body is probably the northwest one, developed by

.the ““Ryan crosscut’’ stope above the adit level.. In a part of this
body there was about 40 feet of good ore, but the stope length of the
broad part is only about 50 feet. On the east end the vein is split by
a horse into two wings, both of which contain good ore; on the west
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the same condition seems to exist, but here only the north wing is
minable, so that in effect the vein narrows abruptly in this direction.
The cause of this narrowing, locally referred to as a ‘“break,” is not
very obvious. The ‘‘break’” does not coincide with any clean-cut
fault, separating good ores from barren country rock, but is merely
arather abrupt change from commercial ore to poor ore. Close exam-
ination shows, however, that such ‘‘breaks’’ coincide approximately
with fissures striking about N. 30°~40° W. The broad part of the ore
body was therefore probably formed by replacement of the prism of
shattered rock produced by the intersection of twe zones of fissuring.
The outlines of the stopes suggest that there was some slight displace-
ment of the veins on the cross fissures, but its effect is blurred by sub-
sequent mineralization and by the lack of definition in the ore body.
The vein is not seriously displaced by cross faults in any part. of the
mine. The northeast ore body, opened by the ‘‘north stope,’’ shows
a similar branching into ‘‘wings.”” The north and Ryan crosscut
stope are connected on the higher levels.

The most southeasterly ore body was worked in the ‘‘iron stope,”
probably so called because of the large proportion of pyrite it con-
tained. This body was not over 10 feet wide in the accessible work-
ings and tapered out a short distance below the No. 5 tunnel level.
The principal ore body of the south vein is in the south-central part
of the workings. It is developed in the bench stope, which extends
upward from the adit level into the old abandoned levels, and the
so-called ‘‘south stope’’ that extends 200 feet below the ad1t level is
evidently in a downward continuation of the same shoot. The Ryan
stope, a little farther west on the south vein, extends about 100 feet
up from the No. 6 tunnel level, and some work has been done on the

lower levels in what appears to be the same relatively small ore body.

Although ore has been found on the lowest levels yet attained,
little exploration has been done on these and the quantity of ore
available below the adit tunnel is unknown.

Character of ore.—The chief valuable constituent of the Hunter
ore is galena, and the gangue is chiefly siderite. Quartz and barite
are other abundant gangue minerals, barite being more abundant than
in any other producmg mine of the region. Metallic sulphides of
minor economic importance, though occurring in considerable
quantity, are sphalerite and pyrite. Pyrite is rather more abundant
than in most other mines of the district and seems to be particularly
s0 in the margins and ends of ore bodies. Sphalerite is certainly less
abundant than in the Morning mine and has shown no very notable
increases with depth. Stibnite is widely though unevenly and
sparsely distributed and is invariably inclosed in quartz. Tetra-
hedrlte, which has been an 1mportant constituent of the ore in the
mine as a whole, is said to occur in the lower levels.

°
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Conspicuous banding roughly parallel to the walls is rather more
characteristic of this lode than of others in the Coeur d’Alenes. The
bands, few of which individually are more than a foot thick, are
distinguished by prevalence of siderite, quartz, country rock, or barite
as the matrix of the ore minerals, and also by the varying abundance
_ of the ores. The best ore now being rained is a streak of barite and
galena along the north side of the north vein. For the width of a foot
or two in many places these two minerals alternate in irregular bands
with little admixture.

ALICE MINE.

The Alice mine is located in Ruddy Gulch, about half a mile north
of the South Fork of Cceur d’Alene River. The workings of this mine
consist of & main adit on the 100-foot level; 200, 400, and 600 foot
levels; a shaft; and a short surface tunnel known as the Mud Tunnel.
At the time of visit the 600-foot level was inaccessible because of
water in the shaft. The mine is worked from the shaft, the tunnel
on the 100-foot level being boarded up and apparently long in disuse.
The tunnel, however, affords an interesting geologic. section. It
starts south of the Osburn fault, which it crosses about 300 feet from
the entrance. Up to the fault the tunnel is driven in a banded blue
and black shale interbedded with quartzitic layers, belonging to the
Newland (“Wallace’) formation. Toward the fault the.formation,
which near the tunnel entrance presents a fairly regular dip, becomes
crushed, folded, and faulted. North of the fault the tunnel enters
into hard brecciated quartzite, which is thought to be Revett. Here
again the characteristics of the formation are somewhat masked by
shearing, brecciation, and silicification. All the other workings of
the Alice mine are situated north of the Osburn fault. On the 400-
foot level two drifts have been run to the fault, but at the time of
visit the loose ground had caved and the drifts were inaccessible.

The ore occurs in three veins or, more properly, brecciated zones
in the quartzite. These veins are known as the Alice, Mary J., and
Mud Tunnel. The Alice and Mary J. veins are approximately parallel
to the Osburn fault, but the Mud Tunnel vein makes a small angle
with the Mary J. These brecciated zones are of no great persistence
along either their strike or their dip. Numerous small faults and
slips run through the brecciated quartzite in various directions.
Some of them cut the ore off sharply, or the deposit may be limited
by two intersecting slips, which are the walls of the vein. The Mary J.
vein, which has been stoped on the 100 and 200 foot levels, has not been
disclosed by the development work on the 400-foot level. The Mud
Tunnel vein, which is exposed in the short surface tunnel and on the
100-foot level, has not been encountered in the lower workings. The
~ Alice vein, however, persists to the lowest workings of the mine. The
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workable parts of these veins are of small extent, the -ore occurring
in bunches or lenses.. The Alice vein, for instance, which on the main
level has been followed for over 1,000 feet, has been stoped in but
two places, one stope being about 100 feet long and of slight vertical
extent, and the other a very small stope in which the ore was ex-
tracted from the trough of two intersecting faults. The Mary J.
vein has been stoped for a distance of 100 feet along the strike and
through a vertical distance of 95 feet. Other stopes have been made
on the several levels. A stope on the Alice vein on the 400-foot level
is said to have produced ore to the value of $70,000.

The ore deposits in the brecciated zones consist of metallic sulphides
and quartz veins. The principal sulphide is galena, but green stains
on the walls indicate the presence of copper. The galena occurs both
as replacement deposits and as narrow fissure fillings in the brecciated
quartzite. It does not seem to be a constituent of the quartz veins
proper, although secondary silica is prominent in the mineralized
zones. In places the ore bodies are from 12 to 14 feet wide and have
a lead content of 8 per cent. Cerusite is another ore mineral of these
deposits, and probably equals the galena in amount. The mineral
owes its presence to the porous nature of the brecciated quartzite.
It was noted on the 400-foot level and is said to extend to the deepest
workings. Siderite does not occur in the mineralized zones, the
Alice being the only lead mine in the Cceur d’Alene district in which
siderite is not an abundant gangue mineral.

Several periods of movement are apparent in the mineralized zone
in the Alice mine. An idea of the disturbances accompanying and
subsequent to the mineralization is best gained by a study of the
Mary J. vein on the 200-foot level. The vein is about 12 feet wide
in the center of the stope but narrows toward the east and west
ends. The north wall of the vein is a slickensided plane trending
N. 60° E. and dipping 80° S. Against this wall a narrow seam of
black gouge shows ground galena, then follows a barren quartz
vein about 2 feet thick, and next is the ore, consisting of brecciated
quartzite in which occur seams of galena and its oxidized products,
along with the secondary silica. On the south wall another slip
dips to the north and strikes in such a direction as to cause a thinning
of the ore body to the west, as well as to limit it in depth.

The ore is concentrated at the mine. A mill with a capacity of 125
tons a day was, at the time of visit, treating 75 tons a day. Owing
largely to the absence of siderite and sphalerite in the ore, the mill
treatment is simple and a saving of 75 to 85 per cent of the valuable
metals is effected. The ore is crushed, screened, and first treated on
jigs. The middlings from the jigs are reground and treated on Wilfley
tables and Frue vanners. The concentrates consist of galena and
cerusite.
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VINDICATOR PROSPECT.

The lower tunnel of the Vindicator prospect has a conspicuous
dump at the side of the railroad a few rods east of Deadman Gulch,
and there is another tunnel about 300 feet uphill to the north. The
" upper tunnel has tapped the vein at a distance of 225 feet from the
portal. The vein as there exposed has a maximum observed thick-
ness of about 1 foot and is ore bearing for a length of at least 60
feet; it contains some fairly good galena ore in a gangue consisting
chiefly of quartz. High returns in silver are said to have been
obtained from the oxidized ore near the surface. The vein follows:
a zone of fissuring along which there has been considerable postmineral
movement. The country rock is green slate belonging to the Newland
or the St. Regis formation. The strike of the vein is east and west
and the dip about 50° N., its attitude being but slightly different
from that of the stratification.

The. lower tunnel, although it is about 1,000 feet long and has
passed well beyond the point at which it sho_uld intersect the ore
body if the attitude of the vein in the upper tunnel persisted down-
ward, has not reached a vein, nor even any fissure that appears to
represent the vein as known above. The failure of the vein to
appear in the lower tunnel is probably the result of faulting. A
normal fault with relative upthrow on the north would evidently
displace the vein in such a fashion that its north segment would
be farther north on the tunnel level than if no faulting had occurred;
and if the displacement were of this kind, the vein should be reached
by a prolongation of the tunnel. It is possible, however, that the
movement was in the contrary direction and that the north segment
of the vein may be below the lower tunnel. Present knowledge
hardly warrants a decided opinion as to the more-probable direc-
tion of displacement, but some further exploration to the north
appears to be warranted. It is of course uncertain whether the ore
‘body if found would prove large enough to be workable.

PACKER CREEK AREA.
GENERAL FEATURES.

The Packer Creek area comprises a large number of prospects dis-
tributed along the trench determined by the Osburn fault zone. The
deposits of this area are fissure veins of the same physical character
as those at Mullan, and their mineralogic features resemble to a cer-
tain extent those of the Mullan area. Galena is the most generally
distributed mineral, but argentiferous tetrahedrite is relatively more
abundant than near Mullan, and the silver tenor is correspondingly
high. Copper and gold are also present in appreciable quantity.
The copper seems for the most part to be a constituent of tetrahedrite
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but is partly in chalcopyrite. The usual gangue minerals of the
area are siderite and quartz, but at least one baritic vein occurs; this,
however, has not been explored sufficiently to demonstrateits value.

The most fully developed properties of the area are on either a very
narrow zone or a single fissure extending parallel to the general direc-
tion of the trench and north of the main fault. The country rock of
this lode apparently belongs for the most part to the Burke formation
but probably comprises some Revett quartzite. The structure is
complex and characterized by extreme crushmg The Last Chance
property, which typ1ﬁes these deposits, is the only one that has
- shipped much ore; it is reported to have made a net profit of about
$200,000 but is now idle. To the east of it are the Ben Hur, Bell,
‘Tarbox, and Meadow Mountain, showing similar ore; to the west are
the Bryan and Syndicate, less clearly related to it in character and
structure.

A somewhat isolated deposit, which is discussed with those of the
Packer Creek basin for convenience, is that of the Silver Cable mine,
which contains a high proportion of zinc.

SILVER CABLE MINE.

The Silver Cable property is near the head of Brimstone Creek, a
short distance northeast of the pass at the head of the old valley.
It is developed by means of three tunnels. The country rock of the
ore body is gray sericitic quartzite, which apparently belongs to the
Burke formation. The general strike of the beddmgls about east-west
and the dip steep, being in places overturned. The vein strikes a little
north of east. Its ores are chiefly galena and sphalerite; a little tetra-
hedrite is said to be present, but pyrite is scarce. The ore resembles
that of the Morning vein more than that of the principal prospects in
the Packer Creek basin. An assay of representative ore is said to
give 11 per cent of zinc and 24 per cent of lead.

The best showing of ore is in the highest tunnel, where there is a .
well-defined vein about 4 feet thick, with some small horses. The
vein is partly oxidized on this upper level, and some cavities in it
contain a good deal of well-crystallized lead carbonates. On the
intermediate level the ore is less abundant and comparatively little '
work had been done prior to our visit, but exploration was being
pushed there at that time and is reported to have met with some
success. On the lowest level the main crosscut did not show any
ore; the lode was picked up in a drift to the northeast but appar-
ently dies out toward the east.

SYNDICATE PROSPECT.

The Syndicate prospect is on Rat Creek, 1 mile west of the Bryan
mine. The workings consists of an adit 225 feet long, whose average
course is N. 75° E., and several drifts extending in a northerly direc-
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tion aggregating 300 feet in length. The country rock is hard white
and greenish sericitic quartzite, greatly crushed and faulted. A
quartz-siderite vein from 3 to 6 feet wide, which strikes N. 75° E.
and dips vertically, is exposed in the adit but is cut off at the face by
a northwestward-trending fault. A band of ore from 6 to 8 inches
wide on the north wall of the vein cortains tetrahedrite, chalcopyrite,
galena, and pyrite. The ore is said to yield high returns in silver.

BRYAN MINE.

The Bryan is one of the more extensively developed properties in
the basin of Packer Creek, although it has not made shipments. It
is on a tributary of the West Fork of Packer Creek, at the end of a-
wagon road from Saltese, about 5 miles distant. It has three adits,
with a vertical range of about 500 feet. About 2,500 feet of hori-
zontal work has been done, and the lowest tunnel is connected with
the one above by a raise.

The country rock penetrated by these Workmgs consists of more or
less sericitic quartzite, and probably represents both the Burke for-
mation and the Revett quartzite. The structure is too complex and
too imperfectly understood to be characterized satisfactorily and
briefly. The beds dip steeply, and are considerably folded. In
places they are traversed by broad zones of crumpling and mashing
as well as by more sharply defined fissures, most of which have a
northwesterly strike.

The principal vein strikes about N. 60° E. and has a steep dip to
the south. Tts chief gangue mineral is siderite, which is cut by
small veins of quartz. The ore minerals are pyrite, galena, and
gray copper. The maximum thickness of this sideritic vein is about
5 feet,. but in places it pinches to a thin dark seam by postmineral
shearing. In the highest tunnel (No. 1) this vein is cut off on the
east by a fault of northwesterly strike and a dip of 45°-65° NE. The
displacement caused by this fault is not known. It has not been
identified with certainty on the lower levels; a fault of similar direc-
tion is followed by a drift on the No. 2 level, and this causes only a
small offset of the east segment to the north. The fault has appar-
ently not been cut on the lowest level. Difliculty in the discussion
of this fault is caused by the lack of an accurate mine map.

Some of the richest ore is not obtained from the main vein but
from a smaller branch, which has been followed in the raise. Some
ore in the raise is said to assay 38 per cent of lead and 16.8 ounces of
silver to the ton, but these figures would not be representative of the
vein as a whole.
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U. S. MINE.

. The U. S. mine is just across the gulch from the Last Chance and
on the same lode. It is of interest as having produced some ore, but
it is now abandoned and its lower workings are inaccessible. The
upper tunnel shows a vein about 4 feet in maximum thickness, which
pinches out in places between two strong gouges. The country rock
is quartzite of the Burke formation, thoroughly crumpled and
shattered. The vein matter is strongly oxidized, being apparently
similar to that of the Last Chance.

LAST CHANCE MINE.

The Last Chance mine is located on a trlbutary of Packer Creek
about 3 miles north of Saltese. The workings consist of two tunnels,
an intermediate level, a shaft, and several open cuts, but the only
accessible entrance to the mine is through the main tunnel, which is
probably 200 feet below the outcrop of the south vein. The forest .
fires of 1910 destroyed the entrance timbers to the other mine work-
ings, so that caving has resulted, and although parts of the upper
workings are still accessible from raises in the lower level, the caved
condition of many of the workings leaves much to be inferred in
regard to the rock structure. No work has apparently been done in
the mine for several years. The main tunnel trends N. 70° E. for
275 feet and then branches, each branch in turn having several
drifts. Two veins or probably faulted members of the same vein
occur, one in each branch of the tunnel workings. A considerable
quantity of ore has been stoped from each of these ore bodies above
the main level. The production of the mine is said to be in excess of
$200,000.

The structure is complex. The green thin-bedded quartzites of the
Burke formation are extremely folded and faulted. In general the
formation strikes northwesterly with steep southerly or vertical dip,
but flat-lying and northward-dipping beds were also observed. The
veins have undergone the same deformations as that of the quartzite
beds. In a raise from the south branch of the main tunnel the vein
strikes east and west and ‘has a vertical or steep southerly dip, but
on the main level it conforms to the flat-bedded structure except
where it is cut off by a northwestward-trending fault. In the north
branch the vein strikes N. 50° W. and has a vertical dip. '

*'The ore of the Last Chance consists of galena, pyrite, tetrahedrite,
and stibnite in a gangue of quartz and siderite. The outcrop of the
deposit shows the oxidized products of these ore minerals in spongy
limonite. Galena is the most abundant mineral. The antimonial
compounds are sparsely distributed but where present give a high
tenor in silver. The average ore is of high grade and is valuable
chiefly for its lead and silver content.



REGION AROUND MULLAN, IDAHO, AND SALTESE, MONT. 193

BEN HUR PROSPECT.

The Ben Hur property is on a small tributary of Packer Creek
about 3 miles north of Saltese and occupies the ground covering the
vein between the Last Chance and Bell prospects. The workings on
the Ben Hur consist of three tunnels, two of which, situated near the
outcrop of the vein, have not been worked for several years and are
now inaccessible. A 1,100-foot tunnel taps the vein several hundred
feet below the lead of the upper workings. The developments on
the vein, which strikes about N. 70° W., consist of west and east
drifts. In the west drift work has been discontinued and the ground
is caved in several places, but the east drift was being extended at
the time of wisit.

The greenish sericitic quartzites of the Burke formation are well
exposed in the tunnel section. They show intense folding and
faulting, to which is attributed the shalelike appearance of the
quartzites. A syncline is apparently exposed in the tunnel, as north
and south dips were noted on the sides of a greatly contorted zone in
which are flat-lying beds.

The mineralization revealed in the lower workings consisted of the
deposition of irregular bunches of quartz and siderite and the replace-
ment of a quartzite bed, along a fault plane, by fine-grained sulphides
and secondary silica. The impregnated quartzite bed is about 8
inches wide and is fairly regular in width in the east drift, but its form
in the west drift could not be determined because of the timbering in
that portion of the mine. Stibnite, galena, pyrite, and chalcopyrite
were noted in specimens from this vein. = Of these minerals stibnite
is the most abundant. The minerals are strained in appearance
owing to movement along the fault. No assay of this ore was made,
but it is said to carry silver. Specimens from the dumps of the upper
workings indicate ore entirely different from that of the vein in the
lower tunnel but very similar to the ore from the Last Chance, Bryan,
and other prospects on this vein. Galena and cerusite in porous
limonite resulting from the oxidation of siderite were noted, but the
antimonial minerals, stibnite and tetrahedrite, were not observed.
This property has made no ore shipments.

BELL PROSPECT.

The Bell prospect is a short distance east of the Ben Hur. The
workings are not extensive on this property and are now inaccessible
owing to fire and caving. The oxidized ore on the dump contains
scattered pieces of galena. The surface showing is very similar to
those of other prospects situated on this vein.

22652°—Bull. 540—14——13 '



194  CONTRIBUTIONS TO ECONPMIC GEOLOGY, 1912, PART I

. TARBOX MINE.

The Tarbox mine is on the west side of the Mlddle Fork of Packer
Creck, about 3 miles from Saltese. A 500-foot shaft has been sunk
on the vein, but the mine buildings were burnt in 1910 and the mine
has since been idle, its shaft being filled with water. The ore on the
dump is of the same general character as that in the Last Chance and
Bell properties; it consists mainly of siderite, quartz, galena, and.

pynte
MEADOW MOUNTAIN.

The Meadow Mountain property is in a small gulch tributary to
Packer Creek, about half a mile north of the prominent isolated hill
after which it is named, in the same zone of mineralization with the
other principal prospects of Packer Creek basin. It is developed by
five adits, in only two of which has any considerable work been done.

The country rock consists of grayish flaggy sericitic quartzite, which
probably belongs to the Burke formation. The general strike is
northwesterly. The most remarkable geologic feature is the preva-
lent crushing, buckling, and contortion of the strata. A crosscut on
the No. 5 level extends northwestward more than 300 feet beyond
the vein in soft muck, showing traces of bedding only here and there.
No walls to this-great breccia were found; it is not even clear in what
direction the zone of crushing trends.

The workings appear to cut two veins. The more southerly con-
tains much pyrite and is apparently of low grade. A little stoping
has'been done in the north vein, which shows some good galena ore.
This vein appears to be much faulted and has not been followed for
more than 100 feet. The present development, however, is not suf-

ficient either to prove or to disprove the value of the property.
 BARITE VEIN,

A vein consisting chiefly of barite runs about parallel to and a few
rods north of the West Fork of Packer Creek and has been opened
by several shallow prospect holes. The vein is apparently a little
over a foot thick. Rusty cavities and masses of limonite in the barite
probably represent siderite for the most part. The vein shows no ore
in the weathered portion thus far explored, but the association of
galena with barite near Mullan is common enough to encourage deeper
prospecting.

HEMLOCK PROSPECT.

~ The Hemlock property is on the West Fork of Packer Creek near
its mouth, about a mile and a half distant from Saltese. It is well
south of the zone on which the Bryan and Last Chance mines are
located. The country rock is grayish impure quartzite, which prob-
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ably belongs to the St. Regis formation. The main development is
a drift extending about 300 feet along a vein whose strike is almost
exactly east and west. A spur to the south near the portal enters an
apparently distinet vein, but this is probably the same vein repeated
by faulting. The vein is affected by other minor faults.

The portion of the vein exposed in the principal drift has an aver-
age thickness of about 20 feet, and it is apparently about twice as
thick as this in the outer part. It is of the common sideritic char-
acter and makes a dark-brown gossan, which is exposed in the road
cutting. The siderite is cut by small veins of quartz. The under-
ground workings show that some galena is inclosed in both siderite
and quartz and that the lead sulphide forms little stringers in the
quartzitic country rock, as it so commonly does in the Ceeur d’Alene
mines. Considerable pyrite is present. The ore as yet in sight is of
low grade, but the showing warrants further development.

SOUTHERN COPPER AREA.
TYPICAL FEATURES.

Most of the ore deposits south of Ceeur d’Alene and St. Regis rivers
are of a very simple type. They are well-defined, nearly vertical fis-
" sure veins in which the gangue is chiefly siderite, together with some -
other carbonates and a little quartz, and the primary ore chiefly chal-
copyrite and pyrite. The country rock of most of them belongs to
the Newland formation, though some are in the St. Regis. It is note-
worthy and probably significant that this copper area is roughly coex-
tensive with the area in which the Wishards sill is prominently
developed.

Thé only property of this area from which ore has been shipped is
the Monitor mine, a few rods west of the Bitterroot divide southwest
of Saltese. The mine is now idle. Many claims have been patented
within a few miles of the Monitor; of those in its near vicinity the
St. Lawrence, Richmond, Alpina, and Alice are the most developed.
Others farther southeast along the divide were not examined. There
are evidently several nearly parallel sideritic veins in this vicinity.

Several prospects have been developed near St. Regis River, but
some of these have not been visited. The Agnes prospect, south of
Saltese, presents an isolated occurrence of galena. The prospects
visited on Placer Creek, near Wallace, may be regarded as belonging
in the same copper area, although one of them—the Vienna-Interna-
tional—is valuable chleﬁy for its lead.

An 1nterest1ng fact of paragenesis observed in many prospects of
this area is the clear priority of siderite to quartz. This is suggested
by the presence of many quartz veinlets cutting siderite. It is strik-
ingly demonstrated by the occurrence of abundant perfect siderite
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crystals, commonly 1 or 2 inches in diameter, partly embedded. in
quartz which has evidently filled cavities lined with druses of the
carbonate. Chalcopyrite is inclosed in both quartz and siderite.

PROPERTIES NEAR SALTESE.

Monitor.—The Monitor mine has shipped about 500 tons of ore but
has been idle since the summer of 1910, when the hoist and buildings
were destroyed by fire. The workings are, therefore, not accessible,
but the exposure in the throat of the shaft and the material on the
dump give some information as to the character of the lode. The
vein matter as exposed at the surface is a typical gossan—a soft,
porous mass consisting mainly of limonite with some quartz and a
little malachite in druses and along joints. The principal vein is
nearly 15 feet thick and about vertical, though its walls are not quite
. parallel. It contains inclusions of the Newland country rock, which
* is also seamed by small subsidiary veins. The dump contains some
oxidized ore that.is richer in copper carbonates and some unoxidized
ore showing chalcopyrite and pyrite in a gangue of siderite, calcite,
quartz, and a white micaceous mineral.

Richmond.—The Richmond prospect is on a vein-a short distance
north of that exposed in the Monitor mine. It is developed by three
shafts on the summit of the Bitterroot divide. The principal shaft
is about 175 feet deep and a drift about 350 feet long has been run
at the bottom of it. An adit was being driven, at the time of visit,
from the west slope of the divide with the purpose of tapping the vein
at a depth several hundred feet greater.

The vein is of the same general character as that of the Monitor
mine and is thoroughly oxidized to the base of the present workings.
The greater part consists of a paste of limonite derived from the
decomposition of siderite. This is traversed by veins of quartz,
mostly parallel to the walls, which enwrap pseudomorphs after
siderite crystals. Joints and small cavities in the gossan are lined
with malachite, but the copper content of the material seen is evi-
dently small. The vein is from 5 to 10 feet wide, dips very steeply
to the north, and strikes N. 75° E.

Copper Age.—The Copper Age property is. developed by a tunnel
just east of the divide and a short distance south of the Monitor mine.
About 700 feet of the vein has been exposed. It is nearly vertical,
strikes N. 65° W., and apparently has an average thickness of about
10 feet. The chief gangue mineral is siderite, which is not much
oxidized, except in the outer part of the adit. A very little chalco-
pyrite and chalcocite is present. :

Manhattan.—The Manhattan prospect, about 14 miles northwest
of the Monitor mine, is developed by an adit and drifts aggregating
700 feet in length. It shows a large vein of siderite and quartz, in
which no commercial ore was noted.
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Alice.—The Alice prospect, on Kelly Creek, is developed by about
650 feet of drifts. The workings show two apparently distinct veins
about 25 feet apart, which strike about N. 85° E. and dip 70° N.
The north vein is the larger and attains a width of 6 feet in places.
The veins show the usual character for this locality, the ore being
pyrite and chalcopyrite, in a gangue of siderite, quartz, and calcite.
It is mostly unoxidized. The tenor is rather low.

Alpina.—The Alpina property is also on Kelly Creek and taps a
vein about 500 yards farther north than those of the Alice prospect.
The adit is a crosscut about 300 feet long, and runs northward to a
drift about 1,200 feet Jong. The vein strikes N. 85° E., dips 65° N.,
and is about 2 feet thick. The copper mineral is chalcopymte, whlch
is apparently more abundant than in the other prospects visited.
The ore is said to assay well in gold.

Bald Mountain.—The Bald Mountain prospect is at the head of the
South Fork of Dominion Creek, a short distance east of the Idaho-
Montana boundary. The workings consist of an adit, 1,500 feet long,
driven S. 35° W, near the end of which drifts extend to the south and
east for several hundred feet. Banded shales and quartzites of the
middle part of the Newland formation comprise the sedimentary
rocks. The average strike is N. 34° W. and the dip 55° SW. From
an excellent section in the adit the thickness of the Wishards sill was
found to be 350 feet. The shales are metamorphosed to hornstones
for 200 feet or more on either side of the sill. Several narrow fissures
are exposed in the workings. In general they follow bedding planes,
but one in the rocks, northwest of the sill, strikes east and west with
apparently vertical dip, and this is occupied by a vein which carries
chalcopyrite, sparsély disseminated, in- a quartz-siderite gangue.
The vein is several feet wide in the drift, but is apparently of no great
persistence, as the extension of the strike of the vein in the adit shows
only a few narrow siderite veins in a crush zone.

Switchback.—The principal opening of the Switchback prospect
is just below the Monitor road and 2 miles southwest of Saltese. It
consisted of a drift about 150 feet long at the time of visit. The
country rock is green shale belonging to the lower part of the Newland
formation. The vein averages only a few inches in thickness and con-
sists principally of siderite with a little chalcopyrite. The ore is said
to carry more than $2 a ton in gold. A tunnel 170 feet below the
first one was being started at the time of visit.

Agnes.—The Agnes property is on Big Sunday Creek, about 2 miles
south-southwest of Saltese. Its chief interest consists in the fact
that it reveals an apparently isolated occurrence of galena in an area
characterized mainly by copper deposits. The property is developed
by three adits, in two of which the vein is shown; the third has not
reached the vein. The total extent of the workings is about 800 feet.

°
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The country rock is greenish slate of the lower part of the Newland
formation dipping steeply southwestward. It is cut by many fissures,
most of which strike about north-northwest. -

The vein is composed mainly of siderite and quartz but contains
a little irregularly distributed galena and chalcopyrite. Its greatest
observed thickness is about 8 feet, but it varies considerably. In the
middle tunnel the vein is clearly seen to be cut off, a short distance
beyond the point at which it is first encountered, by a fault that
strikes a little west of north and dips 80° W. In the south tunnel,
which is about 20 feet lower than the middle one, the same fault is
recognizable, marking a distinct change in the gountry rock; but the
vein, though exposed in the outer part of the tunnel, was not traced as
far east as the fault and appears to have pinched out.

Exploration has failed to find the vein east of the fault, but the
work has not been done to good advantage. The work most likely to
be successful would perhaps be the opening of a drift southward along
the fault on the middle tunnel level, where the vein is largest. The
wisdom of driving the north tunnel seems doubtful in view of present
uncertainty regarding the position of the vein.

Taft—The Taft prospect is on the south bank of St. Regis River a
mile west of Taft. It is developed principally by means of a tunnel
running S. 60° E. along a zone of fissuring. The most conspicuous
fissure dips steeply to the south.. The country rock belongs to the
Newland formation. The fissure zone contains a little sideritic vein
rock, but no sulphides were seen, although assay returns of $2 to the
ton in gold and 2 per cent of copper are said to have been obtained.

Boston Colby.—The Boston Colby property is about half a mile west
of Saltese, between the Northern Pacific and the-Chicago, Milwaukee
& Puget Sound Railway tracks. The workings consist of a tunnel
driven S. 20° W. for 900 feet and drifts along a vein startmg at a point
500 feet from the entrance and aggregating 450 feet in length. Near
the intersection of the tunnel and drifts is a large excavation probably
intended as a site for continuing development on the vein in depth.

The thick-bedded greenish quartzites with interbedded shales ex-
posed in the tunnel probably belong to the St. Regis formation.
They strike uniformly northwest and have an average dip of 50° SW.
Two faults are cut by the tunnel, both of which lie in the bedding
planes of the quartzite. One of these faults occurs at the end of the
tunnel and is accompanied by gouge from 6 inches to 3 feet thick;
the other is that containing the vein. Whether or not there has been
considerable movement along these faults is difficult to determine
because of the great similarity of the beds throughout the tunnel
section. A strike fault has displaced a portion of the vein near the
intersection of the tunnel and drifts.
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The vein is from 4 to 10 feet in width in the west drift but in the
east drift pinches out to a narrow gouge seam. The vein minerals
consist of quartz, siderite, limonite, pyrite, and chalcopyrite. The
siderite is largely altered to a porous mass of limonite, slightly
copper stained, especially developed on the footwall side of the vein.
The sulphides are sparsely distributed, and unless the ore contains
considerable quantities of other metals than the copper it is probably
too lean to be successfully milled. The deposit, however, as judged
from the porous copper-stained ]Jmonlte may prove in depth to
have a zone of ennchment

PROSPECTS SOUTH OF WALLACE.

Several prospects are located along Placer Creek on or near a
major fault which nearly coincides with that stream and can be
traced for a long distance west. The workings here described are
about 2 miles south of Wallace. :

Vienna-International —The Vlcnna-Internatlonal near the mouth
of Flora Gulch, is the easternmost .of these prospects. The workings
consist of a shaft and two tunnels. At the time of visit the shaft
was inaccessible and its depth was not determined. The tunnels
are not over 700 feet each in length. The workings are all in banded
shales and quartzites of the middle part of the Newland formation,
which in general trend N. 50°-60° W. and dip 70° S. Several faults
accompanied by gouge were noted in the bedding planes. The basis
of the prospecting is a quartz-siderite vein from 3 to 5 feet wide,
which strikes approximately east and west and has a vertical dip.
The vein in the west drift of each tunnel was apparently cut off by a
northwestward-trending fault. The ore on' the dump, which appar-
ently came from the shaft, shows scattered bunches of galena, pyrite,
and chalcopyrite in a quartz-siderite gangue. The material seen,
however, is apparently too poor to be concentrated with profit.

Castle Rock.—The workings of the Castle Rock property consist
of a tunnel driven S. 35° W. for 565 feet, with a short drift to the
west. The tunnel is for most of its length in thick-bedded white
Revett quartzite. Near the end of the tunnel is a fault whose strike
is N. 50° W. South of the fault are white barided quartzites with
interbedded thin blue or black layers. The strike of this formation
is N. 60° W. and the dip 60° N. North of the fault the Revett
quartzite strikes N. 70° E. and dips 45° S. Two siderite veins are
exposed in the tunnel. One near the entrance strikes N. 65° E.,
~dips 75° S., and is 95 feet wide as seen in the section but probably
about 40 feet wide at right angles to its strike. The vein is not
homogeneous throughout but contains inclusions of quartzite. Sider-
ite and pyrite are the most abundant minerals in the vein. Scattered
bunches of qh9,lcopyr1’ce were noted, but the average copper tenor of
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the vein is probably low. Galena is said to occur in' the vein, but
none was noted. A shipment of 32 tons sent to the Pend Oreille
smelter is said by Mr. Graham, one of the owners, to have yielded
copper 2.61 per cent, lead 3 per cent, silver 3 ounces, gold $2.75, iron
34 per cent, a total value of $15.75. The other siderite vein, exposed
near the end of the tunnel, is about 16 feet wide. It strikes N.
50° W. and has a steep or vertlcal dip. A httle gray oopper was
noted in the seams of this vein.

Smart Aleck.—The Smart Aleck property is sﬁ;uated a short dis-
tance west of the Castle Rock. The workings consist of a short tun-
nel which follows a quartz-siderite vein, probably the same as that
exposed near the face of the Castle Rock tunnel. The vein strikes
about N. 60° W. and has a steep south dip. Its maximum width is
10 feet. Gouge occurs on the north or footwall side of the vein, and
the association of minerals is the same as in the Castle Rock vein.
The country rock on the footwall side of the vein is hard brecciated
Revett quartzite.

Horn Silver.—The Horn Silver property is located about 1,000 feet
west of the Smart Aleck.. The workings consist of a rather 1rregula,r
. tunnel driven on a quartz-siderite vein. The vein strikes approxi-
mately N. 60° W. and dips 75° S. Crosscuts to the south disclose
quartzite breccia followed by dark clay gouge of considerable thick-
ness and next by bluish-black shales or slates with interbedded quartz-
itic bands, the formation being apparently similar to that seen south
of the fault of the Castle Rock tunnel. The vein is of variable width
and is net as well defined as in the Castle Rock. The maximum
width is 10 feet. Massive white Revett quartzite constitutes the coun-
try rock on the north side of the fault.

WILLOW CREEK AREA.
GENERAL FEATURES.

The area designated by the above name, for want of a better, is a-
relatively narrow strip paralleling the river southeast of Mullan. It
is characterized primarily by a peculiar alteration of the St. Regis
country rock, which has been impregnated with chlorite and thus
changed in color from the usual pale tints of green and purple to a rich
dark green. This alteration is associated with and may be due to a
thin basic sill which has been intruded into the St. Regis. It appears
to have a genetic relationship to the formation of sulphides. Theonly
prospects of this area studied during the recent visit are the Carbonate
Hill and the Carny Copper. The ores of these prospects are sulphides
of copper, iron, lead, and zinc, in. a gangue whose most, characteristic
minerals are siderite and barite. The copper mineralization which
allies this area to the southern copper area appears in the Carbonate
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Hill prospect te be distinct from the lead and zinc mineralization by
which it is allied to the Mullan area, but the relative age of the several
ores was not determined.

CARBONATE HILL PROSPECT.

The Carbonate Hill property is on Willow Creek about 2 miles
southwest of Mullan and a short distance south of the railroad. It
was undeveloped in 1904 but now shows considerable promise of
becoming a producer of lead and zinc. About 2,500 feet of work has
been done on the property, as a result of which the lode is fairly well
exposed.

The country rock of the deposit belongs to the St. Regis formation
but is altered in the manner described on page 200.

The ore of the Carbonate Hill prospect does not form any contin-
uous well-defined vein but is distributed in bunches and veinlets with
a diameter that rarely exceeds 6 inches. The maximum breadth of
the zone of commercial mineralization appears to be less than 20 feet,
although it is difficult to estimate from present developments. The
ore zone shows considerable fissuring about parallel to its west-north-
westerly trend but no important cross fractures.

The chief valuable mineral in the ore is rather coarsely crystalline
sphalerite of a pale resinous appearance. Galena is second in abun-
dance. Chalcopyrite constitutes a rather small proportion of the ore,
occurring chiefly in a single vein about 3 inches thick and free from
the sulphides of zinc and lead. The principal gangue minerals are
siderite and quartz, but calcite or dolomite and barite are also present.
Pyrite is present in considerable quantity. The ore would mostly
require concentration and presents the problem of economically
separating sphalerite from siderite, the best solution of which appears
to be offered by flotation methods.

CARNY COPPER PROSPECT.

The Carny Copper property is on the slope east of Willow Creek
about opposite the Carbonate Hill. The principal opening is an adit
about 1,500 feet long, which was hastily examined; there are higher
workings which were not visited. The country rock belongs to the
St. Regis formation and has in large part been colored a dark green
by chlorite. A thin sill of basic igneous rock is penetrated by the
inner part of the adit.

The vein differs considerably in character from the lode of the Car-
bonate Hill, being wide and well defined; it strikes east and west and
dips steeply northward. The gangue mmorals are siderite, quartz,
and barite. The primary ore minerals found in the lower tunnel are
chalcopyrite, pyrite, galena, and magnetite. The chalcopyrite is
partly replaced by chalcocite. The magnetite is embedded in siderite,
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together with pyrite, and is notably abundant in parts of the vein.
The most promising part of the vein is a baritic streak about 4 feet
wide containing considerable galena, though hardly enough to consti-
tute commercial ore. It is noteworthy that the lower tunnel shows
considerably less copper ore and more lead than the upper. '

SNOWSTORM COPPER BELT.

\

LOCATION AND PROPERTIES.

The Snowstorm copper belt runs northwestward along the south
" slope of the ridge north of the South Fork of Ceeur d’Alene River
at an average distance of about a mile and a half from that stream.
Its only productive mine is the Snowstorm, the bulk of whose ore
comes from a quartzite stratum about 40 feet thick, in which cuprifer-
ous sulphides and carbonates are disseminated. The copper-bearing
stratum appears to extend for a considerable distance northwestward
and is apparently tapped by the Snowshoe, Missoula Copper, and
United Copper prospects; but its tenor is uneven and it has not yielded
ore of proved commercial quantity and quality except in the Snow-
storm mine. In the National tunnel of the United Copper prop-
erty, however, it shows good promise. The Copper King prospect,
farther west, is conveniently grouped with those mentioned because
of its position and its copper content. It does not show, however,
the continuation of the Snowstorm ledge and contains considerable
galena, so that it may be regarded as illustrating the transition
from the copper belt to the lead-bearing area. East of the Snow-
storm mine the ledge is faulted down and its eastern continuation has
not been found, so far as known. The so-called East Snowstorm
and Pandora prospects are in higher beds south of the fault and no
commercial ore was seen in them. Some prospects north of these
were not visited.
SNOWSTORM MINE.

ECONOMIC FEATURES.

The Snowstorm mine is of especial interest because it is-still the
only producer of copper in the district, because of the uncommon
character of its ore, and because it presents an important practical
problem of geologic structure. It is for the last reason in particular
that a reexamination has been desirable, for the great amount of
development work done since 1904 has revealed structural details
that were not then apparent.

'The mine is situated in Daisy Gulch, which emptles into the
South Fork of Cceur d’Alene River, about 3 miles above Mullan.
The present working adit is a tunnel 4,750 feet above sea level, near
the entrance of which has been erected a large boarding house and
several other buildings used in working the mine. The ore is trans-



REGION AROUND MULLAN, IDAHO, AND SALTESE, MONT. 203

ported by aerial tramway to Larson, at the mouth of the gulch,
where there is a station on the Ceeur d’Alene branch of the Northern
Pacific Railway. Larson consists of buildings owned by the Snow-
storm Mining & Milling Co., including the mill and the principal
- office. In the fall of 1912 about 100 men were employed at the
mine and about 50 at the mill.

Information supplied by the company concerning the production
of the mine in recent years is given in the table below Each yearly
interval begins on July 1.

Production of Smowstorm mine, 1906-1912.

Year. Total. Copper. Silver., |Total value.

| Tons. | Pounds. | Ounces.
1000-7. .o 76,224 | oooveiiei e
87,503

19078, e e eie et aeaaaan ol 87,803 ..,
19089, Lo IIIIIIIIIIIIIII 7| 119)816 |10,363; 438 | 734,068 | 81,202,872
1009-10.... .. | Tor368 | 7,125,105 | 605,075 922, 686

1010-11. . oo ) 34464 | 2,653,036 | 267.2 350,064
1011 12{ L (N 29 964 | 2,029,474 | 202, 5! 323,639
Concentrates. . 130.67 44,973 2,287 7,307

The low production of 1910-11 and later is explained by the fact
that most of the company’s efforts in this period have been devoted
to exploration and development work. The gross production of the
mine to December 1, 1911, was $8,944,000.

The ore of the Snowstorm mine consists of small particles of
copper minerals disseminated in quartzite. That which was being
mined at the time of the former examination, in 1904, was for the
most part oxidized and consisted largely of carbonate. A leaching
plant that was being constructed in that year for the treatment of
the ore was operated successfully for several years. It was found,
however, that the sulphide ore, which preponderated in depth, could
not be treated economically by a leaching process, and the leaching
plant has been replaced by a concentrator whose present capacity
is about 100 tons a day. Much of the ore is still shipped crude,
the separation of crude ore from milling ore being effected partly
in the mine by ‘“shovel sorting” and partly by hand sorting. The
proportion shipped crude varies according to the demand for siliceous
ore of this kind.

The tenor of the crude ore in copper is about 3.5 per cent. Owing
to its high proportion of silica—about 90 per cent—it finds no steady
market, but is sold in small lots to smelters that need silica. The
fact that the use of siliceous converter linings is decreasing makes the
ore more difficult to dispose of than formerly.

The concentrating ore contains about 2.75 per cent of copper and
is concentrated to a product that-contains 20 to 25 per cent. The
concentmtes‘ are all sent to the Tacoma smelter.
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The ore is concentrated by ordinary wet gravitational processes. .
The chief difficulty arises from the minute division of the ore min-
erals, which necessitates very fine grinding. The saving was not
much better than 50 per cent at the time of visit, but has since
been increased by the installation of certain improvements.

It appears from the figures of production that the ore yields on
an average about 2 ounces of silver for each 20 pounds (that is, for
each ‘“per cent”) of copper, but that the silver is more liable than
the copper to oss in concentration, the silver ratio in the concentrates
being about half as great as in the average ore.

THE ORE.

"The principal unoxidized ore of the Snowstorm mine consists of
quartzite impregnated with minute particles of bornite, chalcocite,
and chalcopyrite. The richest ore appears of a uniform dark-gray
tone; the leaner ore is lighter and finely dappled or speckled. A
relatively small proportion of the copper ore occurs in veins and
bunches associated with quartz, these being especially abundant in the
eastern part of the mine. Tetrahedrite is said to be a constituent
and is the probable source of the silver. Although the greater part of
the ore now in sight is of the disseminated sulphide variety, the
oxidized ore, which was the chief product in early years, is still being
minéd. In this the sulphides have been converted chiefly to mala-
chite but partly to cuprite. The carbonate ore is greenish brown,
being stainéd by limonite. The most thoroughly decomposed ore is
soft and of a bright-red color that suggests a high content of cuprite,
but this material is said to be in reality very poor in copper, and the
color is therefore probably due in the main to iron oxide. Malachite
with some azurite forms thin films on joint faces. The walls of some
drifts on the No. 3 tunnel level are gorgeously colored with these
carbonates, although the ore here is lean. Some oxidation has
occurred as far down as No. 4 tunnel, more than 1,600 feet below the
outcrop, but the carbonate ore is not abundant below the 600-foot
level.

UNDERGROUND WORKINGS.

The Snowstorm ledge is tapped by four tunnels. The No. 1 tunnel
is disused; No. 2 is blocked but connected with the surface by an air
shaft; No. 3 is the working adit; and the No. 4 level is the one on
which most of the exploration has been done in recent years, although
much ground has also been explored on the No. 3 tunnel level.
Drifts have been run on the 100-foot (tunnel No. 1), 400-foot (tunnel
No. 2), 600-foot, 700-foot, 800-foot, 900-foot, 1,000-foot, and 1,100-
foot (tunnel No. 3) levels. Tunnel No. 4 is 535 feet below tunnel No.
3 and therefore about 1,600 feet below the outcrop.

'
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GEOLOGIC CONDITIONS.

The workable ore of the Snowstorm mine occurs for the most part
in a stratum of Revett quartzite, about 40 feet thick, which may
conveniently be referred to by the term in use at the mine—‘‘the
ledge.” This ore-bearing stratum is distinguished lithologically from
the rock immediately above and below by its harder and grittier
character. The quartzite of the ledge is thick bedded and medium
grained and contains very little sericite; the portion not colored by
the copper minerals is almost pure white. The rock immediately
above and below the ledge is more flaggy, finer grained, softer, and
more greenish, the last two characteristics being due chiefly to the
presence of sericite in considerable quantity. The lower limit of the
ledge is the more sharply defined. It is marked by an abrupt change
in the character of the rock and in most places by a slip, which, how-
ever, appears to be no more significant than the innumerable bedding-
plane slips found everywhere in this region at the contact of soft beds
with hard and which in few places contains more than an inch of
gouge. The country rock below this ‘‘footwall” contains a little
ore in places, but on the whole the coincidence of the contact between
hard and soft quartzite with that between commercial ore and the
practically barren underlying rock is remarkably close. The upper
limit of the ledge is less definite with respect to both lithologic char-
acter and tenor, and in working westward successive beds on the
hanging wall have been abandoned as too poor to work.

"The reason for the remarkably definite limitation of the ore to a
comparatively thin stratum of quartzite is far from clear. A partial
explanation is indeed suggested by the behavior of the mine waters,
which evidently circulate with much greater freedom in the harder
and purer quartzite than in the softer and more sericitic rock. It is
natural to infer from this that the ore-bearing solutions flowed
through the purer quartzite, which became impregnated by them
because of its relatively porous texture. But this conclusion does not
explain the fact that a great part of the quartzite penetrated by the
mine workings, though apparently identical in character with: the
matrix of the copper minerals, is nevertheless quite barren.

The bedding of the Revett quartzite in the mine and consequently
the ledge itself dip steeply south-southwest. A few hundred feet
south of the ledge, on the surface near the workings, is a reversed
fault whose general strike is east and west and which has a steep dip
to the north. The relations are such that in depth the ledge is cut
by the fault, and the segment south of the fault is relatively depressed.

These structural features. were stated and illustrated diagram-
matically by Ransome?® in the report that was based on the exami-

1 (leology and ore deposits of the Coeur d’Alene district, Idaho: Prof. Paper U. 8. Geol. Survey No. 62,
1908, p. 150. .
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nation made in 1904. Chiefly on the basis of the geologic mapping,
which was done by F. C. Calkins, the fault was said to be between
Revett and St. Regis beds; its throw was estimated as not less than
700 feet, and its dip was shown as being such that the ore-bearing
stratum would probably be cut off about 100 feet below the level of
tunnel No. 3.

It now appears, from facts of whichsomewere overlooked and others
inaccessible to observation in 1904, that this description of the struc-
ture, though true in essence, is incomplete and open to some quan-
titative correction. The extensive workings on the No. 4 tunnel level,
which had hot been begun in 1904, show that the structure is more
complex than was supposed and that the movements ascribed to a
single fault should rather have been ascribed to a fault zone, of which
the fault that was recognized was the northernmost member. The
throw of this particular fault is probably less than 700 feet, for the
rock on the south side of it in the mine belongs chiefly to the upper
‘part of the Revett quartzite rather than to the St. Regis, and the
ledge has been found on the No. 4 tunnel level in a position which it
couId not occupy if the quantitative elements of the former interpre-
tation had been correct.

The recent reexamination made this much apparent; but it was not
complete, inasmuch as the weather prevented a review of the surface
exposures, and therefore an attempt to interpret the structure in
detail would still be premature. Even the downward course and the
throw of the northernmost fault are still somewhat problematical.
The structural facts of chief practical importance, however, are fairly -
clear from the exposures on the No. 4 tunnel level. Two segments of
the ledge appear on this level, cut apart by an east-west fault, which
may be the northernmost main one; but if so, the general dip of this
fault, which averages about 70° above No. 3 tunnel, must become
vertical below that Jevel. Another considerable fault, which brings
St. Regis beds against Revett, is about 500 feet south of the one just
mentioned in the eastern part of No. 4 tunnel level. Westward it
converges slightly toward the other. Between these two faults are
others that strike more nearly north and south, but the ledge is suffi-
ciently exposed to show that a large part of it south of the main
Snowstorm fault is unaffected by important fractures and could
readily be opened. :

The ledge, however, is not all composed of commercial ore. The
portion rich enough to work at a profit—the ore shoot—has a maxi-
mum stope length of about 700 feet. It has a pitch of about 90° near
the surface, but this quickly changes to a low eastward pitch. As the
strike of the bedding and main fault converge toward the east, it fol-
lows that the ore shoot is cut off at less depth than the ]edcre and
practically no commercial ore has been found below the 900-foot
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level. The portion of the ore shoot south of the main fault, if the
shoot persists across that fracture, is presumably below the level of
tunnel No. 4. :

The element of uncertainty implied in the last sentence is one that
should be frankly considered. Although the structural relations
prove that the ledge is older than the faulting, it seems possible and
has indeed been suggested that the concentration which produced
commercial ore is later than the fault, and that the ore forming the
shoot was deposited by downward-moving waters, which were
dammed by the fault gouge. If this were true, the ore shoot, which
has thus far proved productive, would not continue beneath the fault.
Some plausibility is given to this hypothesis by the freedom with which
water circulates in the crevices of the brittle quartzite of the ledge
and the relative impermeability of the thicker fault gouges. The
drifts on the No. 4 tunnel level in the quartzites north of the faults—
that is, above them—are comparable to a vast cold shower bath,
The tunnel south of the faults is relatively free from water, and some
of the points at which the drifts cross wide gouges are the driest places
in the mine. The gouges undoubtedly act as dams, and concentra-
tion might conceivably be due to the retarding effect of the gouge
upon the mineralizing solutions. If this were true, however, evidence
of the fact should be presented by the distribution of the ore. It
might reasonably be expected, in such a case, that the ore shoot would

-extend along the intersection of the fault with the ledge. As a matter
of fact, no such relation between the ore shoot and the fault is appar-
ent. The only modification of the ore that seems to be related to the
faulting is the occurrence of copper veins in the eastern part of the.
workings. = This occurrence, however, is probably due to reconcen-
tration of the ore in fissures contemporaneous with the major faults,
and the disseminated ore of the pay shoot was evidently formed in a
different way. It therefore seems reasonable to hope that a con-
tinuation of the pay shoot may be found below the No. 4 tunnel level.

SNOWSHOE PROSPECT.

The Snowshoe property is near the head of Gentle Annie Gulch,
about half a mile west of the Snowstorm mine and but a short dis-
tance east of the Lucky Calumet. The workings consist of a tunnel
1,400 feet long, driven N. 60° E., near the end of which a drift runs
for about 400 feet in an irregular course, averaging,S. 70° E. The
first 400 feet of the tunnel is driven in fine-grained green quartzites
and shales, in which are a few dark-colored bands. This formation
gives way to purple shales and quartzites, undoubtedly St. Regis,
which continue to the Snowstorm fault, 150 feet from the drift.
Beyond the fault the thick-bedded white Revett quartzite occurs.
Numerous faults or slips, most of them accompanied by gouge,
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were noted in the tunnel section. They are, in the main, conform-
able to the bedding planes, but some cross at small angles. The
Snowstorm fault is accompanied by brecciation and gouge.

The ore consists of pyrite, chalcopyrite, chalcocite, etec., sparsely
~disseminated in the thick-bedded hard Revett quartzite exposed in
the drift, the mineralization being the same as in the ores of the
Snowstorm mine, but leaner.’ This zone has been proved for the
length of the drift, and its. width is from 30 to 40 feet as measured
‘along the tunnel section, but the beds dip about 60° S., making a
correction necessary.

LUCKY CALUMET. -

The Lucky Calumet property is situated near the head of Gentle
Annie Gulch, about a mile west of the Snowstorm mine. The work-
ings consist of a tunnel about 1,700 feet long, driven N. 50° E., and
drift about 300 feet long, driven N. 40° W., from a point 100 feet
from the breast of this tunnel. The southeasterly extension of the
drift, from which comes a large flow of water, is bulkheaded.

From the entrance for a distance of 600 feet the tunnel is driven

through purple shales and quartzites of the St. Regis formation,
then for about 200 feet through green quartzites, and finally into
the typical hard, massive white Revett quartzite. The strike of
the formation is uniformly northwest, but both north and.south
dips, due to folding and faulting, were noted in the outer half of the
tunnel. About 800 feet from the tunnel entrance a brecciated zone
and loose ground, requiring lagging, suggest a considerable fault,
probably the westward extension of the Snowstorm fault.
" Little evidence of mineralization was noted in this tunnel. Evi-
dently the exploratory work is done in the hope of striking the sup-
posed continuation of the Snowstorm ore body. In the drift rust
specks were noted in the massive quartzite, but none of the dis-
seminated copper sulphides characteristic of the Snowstorm deposit.
Assessment work at the time of visit was much impeded by the
heavy flow of water in the quartzite.

MISSOULA COPPER.

"The Missoula copper property is at the head of Deadman Gulch,
‘about 14 miles northwest of the Snowstorm mine. The workings
consist of a tunnel and drifts aggregating 4,500 feet in length, with
a connecting shaft on one of the drifts. The shaft is probably sev-
eral hundred feet in depth. The main tunnel trends N. 30° E. for
1,900 feet and about N. 70° E. for 700 feet. From this tunnel sev-
eral drifts follow quartz veins or slip planes. The entrance of the
tunnel is in the purple shales of the.St. Regis formation, but these
soon give way to greenish thin-bedded quartzites of the upper part
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of the Revett quartzite, and the green quartzites in turn are under-
lain by the typical thick-bedded hard white Revett quartzite. The
strike is in general northwesterly, with dip to the south, but as the
distance from™ the tunnel entrance is increased the strike gradually
swings more to the north. At the entrance of the main tunnel the
strike is about N. 55° W., but at the breast the strike is N. 20° W.
Numerous faults and minor slips occur in the bedding planes and a
smaller number cross the strata. These disturbances were usually
accompanied by the formation of quartz veins.

The ore consists of a mineralized quartz vein and disseminated
sulphides, which are exposed in a drift 1,250 feet from the entrance
on the tunnel level. The  drift runs northwesterly and follows a
quartz vein, which varies from a few inches to 2 feet in width.
About 500 feet from the entrance to this drift a shaft and near by a
raise are located. The shaft and raise were not examined. The
vein contains scattered bunches of galena and chalcopyrite and is
richest in the vicinity of the shaft, but nowhere does it give indications
in itself of being a commercial deposit. A peculiar feature of miner-
alization attendant on the rich part of the quartz vein is the occur-
rence of finely disseminated sulphides in the hard quartzites on either
side of the vein. This type of ore is very similar in appearance to the
leaner ores of the Snowstorm mine. In the drift 75 feet northwest of
the shaft these disseminated sulphides extend only a foot or two on
either side of the vein, but in a drift which extends south from the
shaft this type of mineralization extends for a distance of 30 feet.
The dip of the quartzite here is about 30°S. About 150 feet south-
east of the shaft no disseminated sulphides were noted and the
quartz vein is apparently barren. At a point about 550 feet from
the tunnel entrance finely -disseminated- copper and iron sulphides
were noted in the hard quartzites, but their occurrence at this point
is both sparse and of very small extent.

UNITED COPPER MINE.

The United Copper property is in Deadman Gulch, the entrance to
the main adit, known as the National tunnel, being near and between
the main forks. The examination of this mine consisted of a single
hasty visit in which only the lowest level was examined. Mr. George
Huston has obligingly supplied considerable information regarding
progress since this visit and has sent good specimens of representa-
tive ore. This description, however, must still be madequate to the
prospective importance of the property.

The National tunnel is about 4,300 feet long and its direction is a
little east of north. At the time _of visit the only other work on this
level consisted of a short dr'ft to the east, a few hundred feet from the
face of the main tunnel. Since that time considerable more work has

22652°—Bull. 540—14——14 '



210  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART I.

been done, development having been stimulated by a strike of what
promises to be commercial ore.

The prevailing dip of the country rock is southwestward, and in
going northward into the tunnel one encounters successively the New-
land, St. Regis, and Revett formations. These are broken by numerous
fissures, along some of which considerable faulting has taken place.
A short distance south of the drift the tunnel is crossed by a zone of
brecciation marking, in the opinion of Mr. Huston, a fault between
the Revett and St. Regis formations, with downthrow on the south
and strike approximating east and west.

The drift, at the time of visit, was being driven along a fissure zone
in which there was some quartz containing small amounts of chalcopy-
rite and chalcocite. These minerals were also disseminated in the coun-
try rock, but in a manner somewhat differing from that characteristic
of the Snowstorm ledge; the particles were comparatively large but
rather sporadic in distribution and not abundant enough to constitute
commercial ore. Shortly after this time a vein of chalcopyrite several
inches thick was encountered, and somewhat later the drift pene-
trated the ore on whose development the future of the property is
likely to depend. This ore is essentially similar to that of the Snow-
storm mine and consists of a stratum of quartzite speckled with
minute particles of chalcopyrite and richer sulphides. The tenor is
less than that of the best Snowstorm ore and probably does not run
more than 3 per cent of copper, together with 3 ounces of silver and a
negligible quantity of gold. The proportion of chalcopyrite is larger
than in the Snowstorm mine, where enrichment has apparently been
more extensive. The Unlted Copper ore shows clear evidence of re-
placement of chalcopyrite by chalcocite, as Was pointed out by
Mr. Huston. The ore body is about 50 feet thick and has been shown
to be at least 350 feet long. As its strike is northwest and its dip
south, it must converge toward the east with the fault mentioned above.
As the dip of this fault is southward, however, the ore can probably be
followed downward to a considerable depth.

COPPER KING MINE.

The Copper King property is on the West Fork of Deadman Gulch,
northwest of the United Copper. The principal development is on -
the lowest level, which alone was hastily examined. The main tunnel
is about 5,000 feet long and drifts and other crosscuts aggregate several
thousand feet in addition.

As in the National tunnel, the prevailing dip is southwestward,
although there has beén some folding and faulting. The rocks in the
outer part of the tunnel belong to the Newland formation, which is
succeeded on the north by the St. Regis ; the Revett guartzite has not
been penetrated, .
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" The principal ore body observed is a vein striking about west-
northwest and dipping 40° S. Its average thickness is only about
1 foot. It contains galena, sphalerite, chalcopyrite, and pyrite in a
gangue consisting chiefly of quartz and calcite. The wall rocks are
slightly mineralized. The size of the lode, however, is apparently not
sufficient in the workings seen to permit proﬁtable extraction. There
_ seems to be some difficulty in finding the vein east of the main tunnel.

According to Mr. Huston considerable work was done subsequent to
our visit on an ore body south of that mentioned. This consisted of a
band of country rock strongly impregnated with chalcopyrite and.
galena. This ore would be difficult to concentrate economically. Its
thickness is about 2 feet. At last accounts this ore body had been
found .to be cut off by a fault and had not been found on the other
side of it.



THE LEAD-SILVER DEPOSITS OF THE DOME DISTRICT,
IDAHO. ‘

- By Josepr B. UMPLEBY.

SITUATION AND HISTORY.

The Dome mining -district, situated in the northeast corner of
Blaine County, Idaho, consists of the southern part of the area known
in the early history of the region as the Hamilton mining district. It
is reached by triweekly stage from Arco, a station on the Mackay
branch of the Oregon Short Line Railroad, about 50 miles distant by
the road commonly traveled. This road leads down the valley of
Little Lost River to the Snake River Plains and thence along the
margin of the plains to  Arco, situated near the mouth of the valley
of Big Lost River. A route 15 miles shorter, but with a grade too
steep for heavy traffic, leads across the range of mountains that sep-
arates the valleys of Big and Little Lost rivers.

Lead-silver ores were discovered in the district about 1880, and
during the following decade most of the deposits now recognized
were worked. At that time the ore was hauled 75 miles to a smelter
at Nicholia, near the head of Birch Creek. Only high-grade ores
could be handled, and from these possibly $75,000 was produced,
mostly from the Great Western group of claims, which has been idle
for many years.

The chief interest in the district at present centers in the Wilbert
mine, formerly the Daisy Black. This property was located many
years ago, but made its first production about 1906, when two hand
jigs were installed and a few tons of concentrates were shipped. In
the fall of 1911 H. S. Knight, A. S. Ross, and associates, of Salt Lake
City, purchased the property, organized the Wilbert Mining Co. (Litd.),
and built a 100-ton concentrating mill which made -its first run in
May, 1912. By July 20, 1912, the date of the writer’s examination,
the mill had handled about 2,400 tons of ore and produced 300 tons
of concentrates which carried 51-to 53 per cent of lead and about
9 ounces of silver to the ton. The saving during this run was a little
less than 70 per cent, or about 10 per cent below that estimated for
the mill. By the end of the year the mill had produced concentrates
which yielded approximately 1,500,000 pounds of lead and 10,000
ounces of silver, ;

Coae
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FIELD WORK AND ACKNOWLEDGMENTS.

This paper records the more important observations made during
a visit of four days in July, 1912. The work was part of an extensive
reconnaissance in southeastern Idaho north of Snake River, anda
fuller account of the deposits of the district will appear in the general
report.

The field work was greatly facilitated by the underground maps
and general information courteously supplied by Mr. H. S. Knight,
general manager of the Wilbert Mining Co., and to him the writer
desires to express his appreciation. Thanks are also due to Mr.
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FIGURE 21.—Reconnaissance map and section of the central part of the Dome mining district, Idaho.

Charles A. Peet for supplying points of topographic control. Mr.
C. H. Gray, assistant throughout the general reconnaissance, helped
in the construction of the map shown as figure 21.

TOPOGRAPHY.

The district comprises a segment of the western slope of the high
range which separates the valley of Little Lost River from that of
Birch Creek. From the margin of the broad basin in which Little
Lost River flows the slopes rise abruptly to elevations of more than
10,000 feet in the eastern portion of the district. In the northern
portion Pass Creek, a tributary of Little Lost River, has cut a deep
canyon far into the mountains and is the only stream readily avail-
able for local development of power. A canyon of comparable size,
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but containing only an intermittent stream, extends eastward in the
central portion of the district. This canyon is shown on figure 2.
About a mile farther south is still another large canyon, in which is
situated the Great Western group of claims.

GEOLOGY.
FORMATIONS.

The rock formations exposed in the district are made up predom-
inantly of quartzite, but interbedded with the quartzites is a distinct
shale member, and above them are massive beds of magnesian lime-

-stone.” So far as known the workable ore deposits occur wholly
within the quartzite areas. Three distinct quartzite formations are
indicated on the map, and for convenience in reference they will be
designated as upper, middle, and lower. It is probable that, had
time permitted, the upper quartzite could have been subdivided into
at least three parts.

The lower quartzite is the oldest formation exposed in the vicinity

of the mines. It is a massive or semimassive white rock which has a .

wide range in texture, but in most places is pebbly, with subangular
pebbles of quartz up to a quarter of an inch across, cemented by finer
siliceous material. The total thickness of this formation is not
known, although beds at least 200 feet thick are exposed in the north
side of the canyon below the Wilbert mine.

A shale formation possibly 150 feet in thickness overlies.the lower
quartzite, though in some places the beds are overturned and the
shale underlies the quartzite. This shale has been compressed, at
least locally, until the bedding planes are in most places obscured by
slaty cleavage and schistosity, which are the characteristic features-
of theformation. The rock is greenish grayin color and breaksreadily
into irregular plates which commonly have curved surfaces. Its
metamorphism was accompanied by considerable recrystallization,
giving rise predominantly to chlorite and sericite.

Above the shale formation is the middle quartzite, which, as
measured in the canyon above the Wilbert mill, is 475 feet thick.
This formation is readily recognized by its maroon color, which con-
trasts sharply with the prevalent light grays of the other quartzite
formations. The lower part of it is made up of thick beds, some of
which are intricately cross-bedded. but the upper layers are thin and
- regularly stratified.

Next younger is an assemblage of quartzites which are here mapped
as the upper quartzite. These strata are at least 800 feet thick,
although their full thickness is probably not exposed in the area
studied. The lowest beds of this assemblage comprise 25 feet of
milky-white fine-grained quartzite, overlain by 6 feet of dark-gray
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medium-grained quartzite, then 10 feet more of the milky-white
variety, which grades into a brownish-gray facies containing numerous
annelid borings, the total to this horizon representing a thickness of
about 170 feet. This portion would be the lower division if the upper
quartzite series were subdivided. Above the brownish-gray quartzite
is 80 feet of thin-bedded clear-white fine-grained quartzite, which from
local evidence might also be considered a distinct unit. This is over-
lain by 550 feet of massive quartzwe beds of light-gray color and fine-
grained texture.

Above the quartzite series are massive beds of Imagnesian llmestone,
which were not examined carefully, as they occur at a considerable
distance from the known deposits of ore. These limestones are un-
questionably several hundred feet thick and constitute the predomi-
nant rock near the center of the range east of Wilbert.

It is believed that the quartzites are of Cambrian age and the mag-
nesian limestones are Ordovician, a belief based on relations noted

elsewhere during the general reconnaissance rather than on local

evidence.
STRUCTURE.

The dominant structural features in the central part of the district
are a number of normal faults which strike about N. 30° W. and an
overturned fold along which thrust faultmv has taken place.
The thrust fault (or faults) has about the same strlke as the normal
faults, but it dips southwest, while they dip northeast. Both. types
of displacement have thrown younger beds on the northeast against
older beds on the southwest. It is thought that the two types of
faults represent distinct epochs of disturbance, and that the folding
and thrust faulting took place first.

The overturned fold may perhaps be studied most easily in the
vicinity of the Wilbert mill. Here the shale is bounded on the west
by the lower quartzite and on the east by the middle quartzite, rocks
quite different in appearance. On the west the dip is easterly and on
the east it is westerly. Exposures in the group of prospects along the
road from the mill to the mine clearly show that the shale extends
beneath the middle quartzite, and numerous exposures west of the
mill indicate that the lower quartzite extends beneath the shale. The
overturn has thus been from the southwest -toward the northeast, as
shown in the section on figure 21. The fault along the northeast side
of this fold was not adequately studied, but seems to have a definite
relation to the ore deposits. Indeed, some of the ore bodies exposed '
" on the lowest level of the Wilbert mine appear to be along this fault.
Northwest of the mine the fault may be traced with a fair degree of
certainty well beyond the limits of -the area mapped, but to the
southeast it is not known to cross the canyon, although as there is
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generally little accompanying breccia it might readily be overlooked
in this area of uniform rock.

The maximum displacement of this fault can not be more than a
few hundred feet and may be less than 100 feet. The rocks in the
footwall are not greatly disturbed, but those in the hanging wall are
most intricately fractured, and it is in this fractured zone that the
Wilbert ore bodies occur.

Four distinct normal faults of considerable extent are shown on
the map.. Two of these have dropped the magnesian limestone
against the upper quartzite and the other two have appreciably
offset the lower quartzite and shale contact. The age relation of
these displacements to the folding and thrust faulting is shown
clearly in the Wilbert mine, where the ore bodies, which formed
along fractures related to the thrust faulting, have been offset by
many normal faults of minor throw.

ORE DEPO SITS

\

DISTRIBUTION AND 'DEVELOPMENT.

There .are four local centers of prospecting and mining in the
Dome district, - but of these only the Wilbert group of claims has
been actively exploited in recent years. About 2 miles north of the
Wilbert mine is the Johnson preerty, where 300 feet of development
work has been done on a number of small veins in magnesian lime-
stone.  The Great Western mine, 1} miles south of the Wilbert,
comprises about 2,000 feet of tunnels and is reported to have pro-
duced early in the hlstory of the district $50,000 from silver-rich lead .
ores. It hasnot been worked for a number of years, and most of the
workings are said to be inaccessible. About 34 miles south of this
mine are the South Creek properties, from which a few small ship-
ments have been made. The Wilbert property consists of 13 claims,
two of which are patented, and is developed by about 2,500 feet of
tunnels, raises, and crosscuts. Only the Wilbert and Johnson
deposits were examined. '

-

CHARACTER,

The following description of the ores and’ their occurrence is based
entirely on observations made in the immediate vicinity of the Wil-
bert mine. The ore here found occurs as veins, stringers, and dis-
seminations in the fine-grained upper quartzite, most of the produc-
" tion coming from the disseminated lead-silver ores. :The known ore
bodies are very erratic in size ana distribution, although they are all -
related to a general zone of fracturing and, except where offset by
faults, are usually connected by stringers. The shoots commonly
strike N. 20°-30° W. and dip either to the east or to the west at
angles varying from 20° to 80°. The mine is opened on three levels,
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with upper and lower intermediates between the two lower tun-
nels, as shown in section by figure 22. The uppermost ore body
crops out a short distance above tunnel No. 1 and extends down--
ward on a dip of about 60° SW. to a point 10 feet below level No. 2,
where it is cut off by a flat-lying, westward-dipping fault. All the
ore bodies found between this fault and the lower intermediate level
are flat-lying and of irregular shape, but in the main dip eastward.
On the lowest level, No. 3, a fairly distinct fissure, along which are
two ore shoots separated by-75 feet of comparatively barren ground,
has been followed for 350 feet. The south shoot is 60 feet long and
varies in width from a few inches to 2 feet. The north shoot has
been explored for 180 feet. This shoot contains ore.of excellent -
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FIGURE 22.—Transverse section through the Wilbert ore bodies, Dome district, Tdaho, along
line of tunnel No. 3.
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grade and occurs as a fairly distinct vein from a mere stringer to 3
feet in width, averaging perhaps 2 feet. Both. shoots strike about
N. 20° W. and dip 60° NE. The two shoots found on the third
level probably extend to the lower intermediate level, 55 feet above,
where two bodies of similar ore occur in normal relation to them.
"The south shoot presents a peculiar feature above the lower inter-
mediate level, where it rises toward the north in the plane of the vein
at an angle of about 20°. This portion of the shoot has been fol-
lowed upward by an incline for 150 feet, and its average cross section
so far as known is said to be about 7 feet by 6 to 20 feet. Both of
these ore shoots are out of the plane of the transverse section,
figure 22, ' :
Another shoot of ore crops out near the portal of the Cave tunnel,
but the development here has not been sufficient to define its atti-
tude.. The portal of the Cave tunnel is situated 300 feet N. 17° W.
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of portal No. 2, at practically the same elevation. Just south of it a
considerable tonnage of ore has been taken from an open cut in loose
surface rock. The ore occurs as chunks from the size of a walnut to
several feet across. . Immediately beneath this open cut & short drift
south from the Cave tunnel enters a flat-lying body of ore 3 feet
thick which is inclosed in manganese-stained quartzite and averages
about 25 per cent of lead. Its boundaries have not been defined.

RELATION OF THE ORE DEPOSITS TO GEOLOGIC STRUCTURE.

An adequate account of the deposits would involve the considera-
tion of many structural problems, but the short time allotted to the
work in this district made it impracticable to attempt even local
detailed studies of structure. Certain broad relations, however, were
worked out which should serve as primary control in the -interpre-
tation of local detailed observations. The Wilbert, ore bodies occur
along the zone of sharpest bending in an overturned anticline.
The rocks here were greatly fractured during the development of
the overturned fold, and in some places, perhaps in most places, the
formations along the crest of the fold broke and a thrust fault resulted.
In the small gulch nortk of the Wilbert mine a fault of this kind is
clearly shown, and in the mine itself several small ones have been
identified.

After the compressional stresses that caused the folding and the
thrust faulting the area was subjected to tensional stresses, which
gave rise to the normal faults indicated on the map.

The ores were deposited along fractures developed during the epoch
of folding, and in many places were offset during the epoch of normal
faulting. The form -of the ore bodies is therefore determined by the
extreme irregularity of the earlier fractures, and their position is
determined both by these fractures and by subsequent faults. In
many places the later faulting has found expression as small move-
ments along the earlier fracture planes, thus causing a brecciation
of the ore where no offset is seen.

THE ORES.

The ore of the Dome district is of especial interest, because in
much of it the ore minerals occur as minute grains disseminated in
quartzite. Ore of this variety has a “pepper and salt” appearance,
but the relative amounts of the light and dark grains are very differ-
ent in different places and locally within distances of a few inches.
In most places the ore bodies of this type blend with the inclosing
rock by imperceptible gradation through a zone from a few inches
to 5 feet wide. Poorly defined bands of fairly pure galena cut in
various directions through the irregular masses of disseminated ore
and in places coalesce into rather distinct veins made up of thin
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- lenses and stringers of galena and anglesite. In the Wilbert mine
the disseminated ore is characteristic of the flat bodies between tun-
nels No. 2 and No. 3, and the thin lenses and stringers occur exten-
sively in the shoots developed on the lower intermediate level. Still
another ore type is represented in the north shoot opened on level
No. 3. Here galena forms the cement in a quartzite breccia, which
occurs along a fault zone. The quartzite of the breccia is in many °
places not mineralized, a fact that seems strange in view of the
exceptional extent to which galena has been deposited in the wall
rock of the upper levels. :

The mineralogy of the ore is simple, galena and its oxidation
products, anglesite and cerusite, being the only abundant minerals.
The galena occurs as the dense variety commonly known as steel
galena, and its oxidation products are similarly fine grained. A few
crystals of calamine were seen on level No. 3, suggesting the presence
of sphalerite as a primary mineral, and here also a few copper staine
and a little linarite (hydrous copper-lead sulphate) suggest the pres-
ence of some copper sulphide. These minerals, however, are negli-
gible in amount.

Thin sections of the ore studied with the microscope show that the
galena of the disseminated ore replaced the cement and to some extent
the quartzite grains in a fine-textured quartzite.” Some of the unal-
tered quartzite has a lime-silica cement, but in those beds in which
the ore occurs the cement seems to have been entirely siliceous.
Specimens of the disseminated ore effervesce slightly in acid and
show in thin section a small but rather evenly distributed amount
of cerusite on the outer margins of anglesite areas, many of which
contain cores of galena. This carbonate, the only one noted in the
sections of ore studied, is clearly of secondary origin.

In the disseminated ore anglesite, the sulphate of lead, is by far the
most abundant metalliferous mineral. Sections of it usually show
irregular cores of the galena from which it was formed. The altera-
tion of galena to anglesite necessitates a volume increase of approxi-
mately 52 per cent (computed on the basis of average specific gravi-
ties), and the change from galena to cerusite an increase of only 28
per cent. In these deposits anglesite occurs so commonly as a band
between a core of galena and a rim of cerusite that it is probably safe
to assume that here at least it is generally an intermediate stage in the
alteration of lead sulphide to lead carbonate. The volume change
in the alteration of any given grain of galena is therefore first a 52
per cent increase in volume and then a 24 per cent decrease, the net
result when carbonation is complete being a 28 per cent increase.
The maximum possible increase of 52 per cent.is probably never
realized, for it is likely that cerusite begins to form before a given
grain of galena is completely changed to anglesite. There is, how-

°
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ever, a cycle of volume change in the direction stated. The writer °
believes that this increase in volume followed by a marked decrease
during alteration accounts for the ‘‘sand carbonate’” ores of many
mines, so named because of the loose assemblage of the cerusite grains.
In this deposit the volume changes which accompany the alteration
of galena to anglesité and of this in part to cerusite appear to have
had a decided influence on the coherency of the inclosing rock and to
account for the loose, sandy condition of the plumbiferous quartzite,
as opposed to its firmness and close texture where not metalized.

The ores found in the Wilbert mine are very different in tenor, the
disseminated ore containing from 12 to 20 per cent of lead and the
vein ore, made up of lenticular masses and stringers, from 20 to 30
per cent of lead. During the month of December, 1912, when the
mill handled 50 tons a day, the average tenor of the ore was 23 per
cent—somewhat higher than that for previous months. Recent
developments, however, have encouraged the management in-the hope
to keep a mill feed of 20 to 23 per cent of lead. Ore of this grade
usually contains about 34 ounces of silver to the ton.

ALTERATION OF THE WALL ROCK.

A conspicuous and noteworthy feature of these deposits consists in
the abundant oxides of iron and manganese which characterize the
wall rock for several feet away from the ore bodies. These oxides
are most abundant next to the ore and where observed grade out to
unaltered quartzite within a distance of 10 to 50 feet. The.altered
wall rock is striking in appearance, a bright yellow groundmass of
iron oxide being studded thickly with small specks of dendritic man-
ganese. The oxides occur not only along the innumerable fracture

surfaces, but throughout the rock as interstitial fillings between the
" quartz grains. Calcite generally accompanies the metallic oxides.
Perhaps its most common situation is along the cleavage cracks, but
in places it occurs also interstitially between the quartz grains. In
many parts of the hand specimens where no carbonate is visible, even
with the aid of a hand lens, a drop of acid causes vigorous effer-
vescence, indicating that the calcite is present but is concealed by the
oxides.

The occurrence of these oxides and calcite in the wall rock is in
every particular comparable to the occurrence of the lead minerals in
the disseminated ore. Both seem to have replaced a siliceous cement
in the quartzite. This analogy, together with the definite decrease
in their amount with increasing distance from the ore bodies and the
ill-defined boundary between such rock'and the bodies of dissemi-
nated ore, points rather conclusively to the development of some
manganese-iron-carbonate mineral or minerals in the wall rock as an
accompaniment of the primary mineralization. It is believed that
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these manganese and iron oxides must be regarded as a product of
metasomatic alteration closely comparable to the well-known devel-
opment of calcite adjacent to fissure veins.

The prlmary metasomatic mineral or minerals from which the
oxides of iron and manganese and possibly also the calcite have been
formed were not observed in any of the specimens. By inference,
however, it seems probable that the primary metasomatic mineral
was manganiferous iron carbonate. Siderite, a mineral which com-
monly contains manganese, is abundant in the gangue of many of the
lead-silver deposits of Idaho and in the Cceur d’Alene district? it
has been shown to replace quartzite to an important extent.

.GROUND-WATER LEVEL.

The level of ground water is well below the present lowest mine
workings. 'The bottom of the canyon at the Wilbert mill is approxi-
mately 400 feet below the lowest level of the Wilbert mine and only
1,000 feet away along the strike of the steeply dipping quartzite beds.
The canyon at the mill is dry throughout most of the year, the stream
which rises near its head sinking about 2 miles above the camp.
Thus in the vicinity of the mines the elevation of ground-water level,

: though not susceptible of close determination from surface observa-
tions, is at least below the level of the bottom of the canyon at
Wilbert.

SUMMARY AND PRACTICAL CONCLUSIONS.

The principal points of interest in this preliminary paper and the
practical conclusions which may be drawn from it are as follows:

1. The Wilbert deposits contain important bodies of plumbiferous
quartzite, a type of lead ore which, so far as the writer is aware, has
not been previously described.

2. The mineralizing solutions caused noteworthy ‘metasomatic
alteration of the quartzite for 10 to 50 feet or more from the ore
bodies, replacing the cement of the quartzite with some mineral (or
mmerals) which on breaking down gave hmomte and pyrolusute and
possibly also calcite.

3. The loose, sandy condition of the disseminated ore is thought
to be due to the volume changes which accompany the alteration of
of galena to cerusite, with anglesite as an intermediate stage.

4. The Wilbert ore bodies were formed “after the folding of the
rocks of the district but before they were displaced by normal
faults. They present many structural problems which it is believed
should be considered in the light of these two epochs of disturbance—
one older than the deposits and the other younger—particularly

1 Ransome, F. L., and Calklns F. C., The geology and ore deposits of the Cogur d’Alene district, Idaho:
Prof. Paper U. 8. Geol. Survey No. 62, 1908, pp. 95, 97.



222  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1912, PART I.

because many of the later movements have taken place along the
old fracture planes, which in a large part determined the sites of ore
deposition.

5. Manganese oxide in this district appears to be invariably pres-
ent in the wall rock adjacent to the lead-silver ores, and hence may
be considered an encouraging indication, both in prospecting and in
mining. This statement, however, can not be taken to mean that
manganese is everywhere accompamed by lead ore, but rather that
lead ore appears to be everywhere accompanied by manganese.

6. The elevation of ground-water level in the district is not known
definitely; but in the area of which figure 21 is a map it is certainly
below the level of the bottom of the gulch, or at least 400 feet below
tunnel No. 3 of the Wilbert mine.



" THE YELLOW PINE MINING DISTRICT, CLARK COUNTY,
NEVADA. ~

By James M. HmL.

INTRODUCTION.
- FIELD WORK.

During the summer of 1912 the writer was detailed to visit a

number of widely separated mining districts in Nevada and north-

» eastern California. The work was entirely of a reconnaissance na-

ture, and the results are far from complete. The last nine days of

September were spent in the Yellow Pine district, Nevada’s new and

largest zinc camp. This report is based on a hasty inspection of most
of the mines in an area of approximately 384 square miles.

The writer was fortunate in obtaining the services of Mr. Richard
Feaster, whose acquaintance with the mines, roads, water holes, and
people of the district did much to expedite the work. The mining
men of the district extended many courtesies. Their open hospi-
tality was much appreciated, and their interest in the work was such
that all of them gave generously of their time and information. Par-
ticular thanks are due to Messrs. Fred A. Hale, C. D. Coates, George
A. Fayle, John Frederickson, and Harvey Hardy.

In the preparation of this report the writer received assistance
from a number of his colleagues in the Geological Survey and wishes
here to express his thanks to them, particularly to Messrs. W. T.
Schaller, E. S. Larsen, and J. B. Umpleby for mineralogic and petro-
logic determinations, to Mr. George H. Girty for the determination
of the fossils, and to Messzs. Adolph Knopf and C. E. Siebenthal for
criticism. -

LOCATION AND ACCESSIBILITY.

The Yellow Pine mining district, sometimes called the Good
Springs district, is in the southwestern part of Clark County, Nev.,
near the California Iine. It covers the southern part of the Spring
Mountain Range. The mines lie on both sides of the ridge over an
area 24 miles north and south by 16 miles east and west. This region
is in the northern part of the Ivanpah and the southern part of the

223
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(4
Las Vegas quadrangles as mapped by the United States Geological
Survey. (See Pl. IV.) The center of the district is 85 miles south-
west of Las Vegas, the supply point for the greater part of southern
Nevada. - ‘

The San Pedro, Los Angeles & Salt Lake Railroad, commonly
called the Clark road, runs along the east side of the district, afford-
ing excellent transportation facilities for the mines on that side of
the mountains. Jean is the principal shipping point, though the
Potosi mine hauls its ore to Arden and some of the ore from the mines
at the south end of the district goes to Roach. Good Springs, the
principal town in this region, about 8 miles northwest of Jean, is
now -connected with the main line by the narrow-gage “ore road ”
belonging to the Yellow Pine Mining Co. It has a population of
about 200 persons.

The settlement of Sandy (Ripley post office) is practically aban-
doned. It was built about the cyanide mill of the Keystone mine.
At the Potosi live about 30 miners and nearly as many teamsters
and laborers connected with the property. There are numerous
small camps in all parts of the district, and visitors are always
welcome at any of them.

The roads in this region are very good, considering the rugged
character of the topography. The main routes of travel are: The
road from Arden to the Potosi mine, the main road from Jean to
Good Springs and Sandy, the road southeast from Sandy through
State Line Pass to Roach, and the road north from Good Springs
that connects with the Arden road southwest of Cottonwood Springs.

WATER SUPPLY.

The Yellow Pine district is more favorably situated for water than
some of the mining camps on the desert. In both the Mesquite
Valley, to the west, and the Ivanpah Valley, southeast of the moun-
tains, a practically limitless supply of water can be obtained from
wells 10 to 50 feet deep. The water in the Mesquite Valley is so
close to the surface that several people have started dry farms.

In the mountains water is scarce. The only springs are shown on
Plate IV. At Good Springs all the water, which is of excellent"
quality, is pumped. Potosi Spring yields plenty of good water for
domestic use, but it is doubtful if there is sufficient to supply a
concentrating mill using wet methods.

Most of the camps are without natural water supply and nearly
all the drinking water used in the district is hauled from Good
Springs or the Potosi Spring. The water from the wells at Sandy
is strongly mineralized and not fit for drinking.
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CLIMATE AND VEGETATION.

The Yellow Pine district is on the desert and its climate is typical
of the dry region.- The winters are relatively cool, and on some days
the temperature approaches the zero mark. From May to October
there are some very hot days, but the average temperature is not
oppressive. Most of the precipitation falls as rain in the summer,
though in the winter there is sometimes a light fall of snow, which
does not last long. The prevailing winds are from the southwest.
The daily range of temperature varies from 20° to 58° F., being
perhaps a little more marked in the late spring and summer.

The vegetation is scant except on the slopes of Potosi Mountain
above an elevation of 5,500 feet. Below this level sagebrush, grease-
wood, and several varieties of cactus are all that is seen. The wood
of the so-called Joshua tree, a species of yucca, is extensively used
for domestic fuel at Good Springs.

North of the district, in the vicinity of Charleston Peak, there was
at one time a heavy stand of yellow pine, but lumbering operations
have greatly depleted it. Some few pines grow near the summit of
Potosi Mountain, with juniper and cedar.

At Wilson’s ranch an irrigated tract produces good crops of alfalfa
and fruits, and at Good Springs a few fruit trees are kept alive by
careful watering. Apples, pears, peaches, and figs are the principal
fruits grown. The Mesquite Valley farms were largely abandoned in
the fall of 1912, owing, it is reported, to the difficulty of irrigating.
The soil is so loose, porous, and dry that ordinary ditches will not
carry the water for any great distance.

HISTORY OF MINING AND PRESENT CONDITIONS.

The first mining in this district of which there is any record was
done by the Mormons about 1860 at the Potosi mine, which is called
by some the Old Mormon mine. Lead ores were mined and smelted
here to be later cast into bullets for uss in the Mormon wars against
the Indians or the United States troops. The mine is located on the
west side of Potosi (Olcott) Mountain, just south of the old Salt
" Lake and San Bernardino trail, remnants of which are still to be seen
in the gulch northeast of Potosi Mountain. The discovery of this
mine led to prospecting which resulted in the opening of several
lead-silver deposits, a few copper prospects, and at least one gold
mine, the Keystone, which is reported to have produced about
$1,000,000. '

From the time of the earhest discoveries to 1906 the Yellow Pine
district was a small though rather steady producer of lead, sﬂver,
gold, and copper. For a number of years a heavy gray-white mate-
rial accompanying the lead ores was considered country rock and
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- was thrown on the dumps. In 1906 Connie Brown, an engineer from
Socorro, N. Mex., made a professional visit to Good Springs and
recognized this material as similar to some of the zinc ores mined
at Magdalena, N. Mex. Trial shipments of the zinc ore were sent
to the Missouri zinc smelters, but the shippers were disappointed in
their returns. Prospecting was continued, however, and mixed zinc-

~ lead oxidized ores were found at many places.

The Yellow Pine mine was the first producer of good grade zinc

ore, and after much experimentation the company has finally evolved
a process whereby it is possible to separate the lead and zinc of the
medium-grade ores into readily marketable products.

At the present time there are about 300 miners in the Yellow Pine
district. The only companies operating their own mines in Sep-
tember, 1912, were the Yellow Pine, Ninety-nine, and Potosi. Most
of the work is done by lessees on small scattered deposits. The pro-
duction from this source is considerable.

PRODUCTION,

“Records of production: of the Yellow Pine district prior to 1902
are very incomplete. Since 1902 the United States Geological Sur-
vey has reported the production of the several States by mining dis-
tricts, but the figures prior to 1906 are not particularly reliable.
The subjoined table of production of the Yellow Pine district is taken
from the volumes of Mineral Resources published by the Survey.

Production of Yellow Pine district, Neveda.

) : Copper Lead Zine Total
Year. Gold. oénﬁge%).‘ (pounds).| (pounds). | (pounds). | value.

.................................. 844,174
21,800 28,000 [-.....oo... 55,
.................................. 47,961
.......... 200,063 | 685,659 71,335
67,341 | 625,175 | 2,885,246 234, 550
93,000 | 187,310 | 1,879,432 151,156
42,144 | 720,285 | 1,115,851 101,482

122,025 | 1,263,837 | 2,707,071 227,707
173,719 | 1,617,224 | 3,548,032 324,100

196,515 | 101,779 | 521,411 | 5,138,247 | 15,834,643 1,453,715

The decrease in the gold production since 1905 is due in large part
to the closing of the Keystone mine. There is no record of the pro-
duction of zinc prior to 1905; in fact, the shippers of lead-silver ores
did not know of the presence of this metal and were probably pen-
alized to some extent for such zinc as was shipped with the lead.
Up to 1911 the zinc produced was derived entirely from crude sorted
ore. In the latter part of 1911 the Yellow Pine Mining Co: started
the operation of an 80-ton separating mill, which materially added

&
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to the production of the district, as it was then possible to mine in
that company’s property the mixed zinc-lead ores which were avoided
as much as possible at other places. .

PREVIOUS DESCRIPTIONS.

The literature bearing on the geology and ore deposits of the
Yellow Pine district is very meager. The following list comprises
practically all that has been published on the region:

Owen, J. R. N., Manuscript notes to the California Boundary Commission,
1861, Geol. Survey California, vol. 1, Geology, 1865, p. 471.

Raymond, R. W., Mining statistics west of the Rocky Mountains, 1871, p. 168.

UC. S. Geog. Surveys W. 100th Mer., vol. 8, Geology, 1875, pp. i24, 166, 179, 180.

Spurr, J. E.,, Origin and structure of the Basin Ranges: Bull. Geol. Soc.
America, vol. 12, 1901, pp. 235-236.

~—— Geology of Nevada south of the fortieth parallel: Bull. U. 8. Geol. Sur-
vey No. 208, 1903, pp. 164-180.

Bain, H. F., A Nevada zinc deposit: Bull. U. S. Geol. Survey No. 285, 1906,
pp. 166-169.

White, Douglas, Zinc mines of southern Nevada: Proc. Am. Mining Congress,
Goldfield, Nev., 1909, pp. 401411,

Gregory, N. B., Yellow Pine district, Nev.: Eng. and Min. Jour., vol. 90, Dec.
31, 1910, pp. 1308-1309.

Hillen, A. G., Zinc in Nevada: Los Angeles Min. Rev., Sept. 24, 1910, p. 72.

Hale, I". A., Yellow Pine district, Nev.: Eng. and Min, Jour., Apr. 22, 1911,
p. 804.
. ——Developments in the Yellow Pine district, Nev.: Min. and Eng. World,
Nov. 4, 1911, p. 915.

" ——Yellow Pine mill, Good Springs, Nev.: Eng. and Min. Jour., vol. 44, July

13, 1912, p. 68. .

~—— The Yellow Pine mill: Salt Lake Min. Rev., July 30, 1912, p. 33.

——Yellow Pine mining district, Nev.: Mexican Min. Jour., vol. 15, No. 6,
Dec., 1912, p. 29.

Mineral Resources U. 8., 1905, n. 270; 1906, p. 297; 1907, pt. 1, p. 369; 1908,
pt. 1, p. 474 ; 1909, pt. 1, p. 396; 1910, pt. 1, p. 509; 1911, pt. 1, p. 669.

TOPOGRAPHY.

The range called Spring Mountain is a rugged, irregularly shaped
~ group of mountains, separatéd from the Kingston Range on the
south and west by State Line Pass and Mesquite Valley. The moun-
tains have a general north-south trend, but on the west side there
are several long, rugged east-west spurs. The east front of the
range is marked by very abrupt slopes<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>