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GEOLOGY AND ORE DEPOSITS OF SHOSHONE
' COUNTY, IDAHO.

By Joserr B. Unmeresy and E. L. Jongs, Jr.

INTRODUCTION.

The Coeur d’Alene district, the most productive mining district
in Idaho and one of the great lead-silver districts of the world, has
undergone rapid development during the 15 years since it was studied
by Ransome and Calkins.® This fact, together with added infor-
mation concerning the geology and mineral deposits in adjacent
areas, is the justification for this report on the ore deposits of Sho-
shone County. It was hoped that by studying the deeper ore bodies
opened since the previous examination and by viewing the deposits in
a broader setting of regional information new light might be thrown
upon their origin and a better basis oftered for intelligent exploration
in adjacent areas.

The investigation was originally planned as part of a broad study
of the ore deposits of Idaho, upon which the senior author had
spent several field seasons. Owing to interruption of the work during
the World War and the subsequent resignation’ of both authors from
the Survey the original plan was abandoned. The investigation of
Shoshone County, however, represented the only important part of
the broad study that had not been recorded in official publications,
so the senior author undertook to complete the manuscript for pub-
lication in this form. The writing has been done at odd moments
taken from other exacting duties, and no opportunity has been
available for conference with his former associate in the field ex-
amination. The report has doubtless suffered as a result, although
the general conclusions were formed during the field work and are
believed to represent the opinions of both geologists.

The field work was done in the spring and summer of 1916, and
the manuscript was begun the following fall. At that time the
sections on copper and zinc deposits were written by Mr. Jones; the
other sections have been written then and since by Mr. Umpleby.

1 Ransome, F, L., and Calkins, F. C., The geology and ore deposits of the Coeur d’'Alene
district, Idaho: U. S. Geol, Survey Prof. Paper 62, 1908.
1
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Acknowledgment of help is always difficult in a large mining dis-
trict, and this is particularly true of the Coeur d’Alene district.
Many eminent geologists and engineers have at different times studied
parts of the district in great detail in connection with litigation, each
leaving an imprint on the geologic thought of the miners and oper-
ators, so that it is quite impossible to give proper credit, even for
observations of unusual interest. The work of Mr. Oscar H. Her-
shey stands out because of his detailed mapping of the Wardner
area. His records are kept up to date and were fully accessible to
the writers at all times during the field work. Mr. Rush White, from
his intimate acquaintance with the Morning mine and many of the
mines on Canyon Creek, rendered great assistance in the collection
of evidence bearing on particular points. The mining companies,
with the single exception of the Day interests, gave full access to
their mines and complied cheerfully with every request for maps
and other detailed records. As litigation was expected in connec-
tion with some of the mines, this is a particularly striking expression
of the confidence of the operators in the Geological Survey. Al-
though it is impossible to list all those who gave freely of their
time and intimate knowledge of certain deposits, it would be un-
grateful not to acknowledge in particular the courtesies of Mr. Stanly
A. Easton, general manager of the Bunker Hill & Sullivan Co.; Mr.
Frederick K. Burbidge, general manager of the Federal Mining &
Smelting Co.; Mr. James F. McCarthy, manager of the Hecla mine;
and Mr. Stanley R. Moore, superintendent of the Success mine. -

LOCATION AND EXTENT OF AREA.

Shoshone County, Idaho, in which lies the well-known Coeur
d’Alene district, comprises a large part of the narrow portion of the
State that extends northward to the International boundary. (See
PL I.) From the summit of the Continental Divide on the east the
county extends west about halfway across the State. It lies within
the greatly dissected plateau region of Idaho, which is characterized
by deep valleys separated by high, timbered divides.

The accompanying map (Pl. I, in pocket) shows the essential topo-
graphic and geologic features of the area so far as they are known,
but as most of the mines are situated within the area covered by the
report of Ransome and Calkins, already cited, and as that report is
no longer available the geologic map accompanying it is reproduced
without modification in this report as Plate II (in pocket).

The main line of the Chicago, Milwaukee & St. Paul Railway
crosses the southern part of the county, the Northern Pacific Railway
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has a branch line to Wallace from Missoula, Mont., and the Oregon
Railroad & Navigation Co. has a branch to Wallace from Tekoa, Wash.
A branch railroad has recently been extended up the valley of Pine
Creek a few miles, affording transportation to the zinc mines of that
area, and another follows the valley of North Fork of Coeur d’Alene
River to the old gold-mining camp of Murray.

The county is about 75 miles in greatest length from north to
south. At the north it is'only about 12 miles wide, but the eastern
border trends southeastward, and along its southern border it is
nearly 60 miles wide.

HISTORY AND PRODUCTION.

Ore deposits were "discovered in Shoshone County in 1878, but
active exploitation began in 1884, during the period when a wave
of prospectors from the gold fields of California spread over the
Rocky Mountain States and discovered deposits in most of the dis-
tricts that have since become prominent in the history of western
mining development. The thoroughness of their search in Idaho is
attested by the comparatively few districts that have been opened
since 1890. Perhaps most of these were known to the early prospect-
ors but because of the base character of the ores were not considered
desirable at that time.

Gold ‘was first discovered in the vicinity of Murray in 1883, and
in the following year $250,000 worth was produced. It was only two
years later when the lead-silver deposits in the vicinity of Wardner
were found, and by 1889 these deposits were yielding annually ore
containing 17,500 short tons of lead and approximately 1,000,000
ounces of silver. Since then neither the lead nor the silver output
of the county has ever been less than this amount. During recent
years about 12,000,000 ounces of silver and 175,000 short tons of
lead have been produced annually. Copper came into prominence
with the opening of the Snowstorm mine in 1904 and attained its
maximum output of 9,000,000 pounds in 1908. Since then the pro-
duction has gradually declined to about 2,500,000 pounds, and most
of it comes from cupriferous lead-silver ores.

Zinc has long been known in the district, but it was first mar-
keted in 1905, when 144,000 pounds was sold. Since then the annual
production has rapidly increased.

The annual production of the district in the principal metals for-
each year since the discovery of the deposits appears in the follow-
ing table:
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Ore sold or treated in the Coeur d’Alene district, Shoshone County, Idaho, 1884—
1920, number of producers, and contcit and total value of gold, silver, copper,
lead, and zinc.®

Num- N
. Zinc
- ber of Silver (fine| Copper |Lead (short Total
Year. Ore (tons). | Gold. & (spelter)
dl?ég;s. ounces). | (pounds). tons). (pounds). value.
$258,375 $258, 375
376, 607 376, 607
182,371 436, 335
152, 276 1,022, 996
211, 867 1,438,227
174,310 2,532,978
165, 360 4,132, 506
06, 700 4, 868, 356
227,370 3,538, 684
04, 84 4, 258,621
362, 365 3,816, 026
381,134 4,016, 049
359, 017 4,703,971
339, 070 6,764,010
268, 937 6; 565, 287
177,803 , 263,
118,935 10, 588, 7
101, 593 8,731, 662
98,410 8, 847, 552
158,146 | 5, 11, 885, 078
46,015 | 6,143,001 | 1, 424 400 18 592 014
38,9087 | 7,292,986 5, 225, 606 17, 198, 856
86,607 | 7,944,338 | 6,393 940 21,133,963
81,696 | 7,266,862 | 7,199,648 18, 888, 203
80,167 | 6,364,552 | 9,042,876 13, 220, 853
89,418 | 6,201,157 | 8,906,944 13, 724, 065
65,076 | 6,703,080 | 6,018,688 14, 416,910
86,035 | 7,383,899 | 2,926,551 16, 306, 680
84,430 | 7,558,314 | 4,386,403 18,313, 604
81,749 | 9,337,100 | 5,007,894 20, 767, 410
64,157 | 12,178,194 | 4, 242, 662 22,728,903
46,433 | 11,158,955 | 1,941, 296 30,119, 424
46,459 | 11,639,841 | 2,370,610 44, 424,716
85,683 | 11,241,126 | 2,876, 911 50, 054, 297
245,450 | 8,447,219 |. 2,706, 535 33,115,903
179,582 | 4815200 | 1,474, 642 3 15,900, 815
121,900 | 6,386,663 571 119 118,105 27 932 326 28 347,791
.................... 6, 155, 331 |184, 752, 844 | 72,806,725 | 2,988,622 |422, 239,310 | 487, 209, 838

¢ 1884-1903, Ransome, F. L., U. S. Geol. Survey Prof. Paper 62, p. 82, 1908. 1904-1920, U. S. Geol.
Survey Mineral Resources.

ORE RESERVES.,

The ore reserves of the Coeur d’Alene district remain about the
same as at the time of the examination by Ransome and Calkins.
Several mines that were active when they visited the district have
since been exhausted, but others of comparable importance have
taken their place and new ore bodies have been found in several mines
then active. The Standard-Mammoth, one of the most productive
deposits of the district for many years, has been abandoned, and the
‘Tiger-Poorman is no longer worked. Since 1904, however, a con-
tinuation of the Standard-Mammoth lode on the Green Hill-Cleve-
land property has been discovered and has yielded much ore. It is
‘now apparently near exhaustion. During the last decade the Hecla
mine has opened several new levels on three ore bodies that in the
aggregate have increased in area with increasing depth. Very rich
.deposits have been found and exhausted in the Caledonia and Senator



ORE RESERVES. 5

Stewart mines. It is not impossible, however, that continuations of
these ore bodies will be discovered beyond the faults against which
they appear to terminate. The Hercules ore body is said to be
smaller on the lower levels, but this is probably offset by important
discoveries in the Tamarack and Custer mines, owned by the same
company. The Morning mine and the Bunker Hill and Sullivan
mine have developed about as much ore on lower levels as on the
upper ones, and both must be considered as holding a very promising
future. Pelhaps the most noteworthy discov ery in the district during
the period since the former report was issued is the great zinc body
in the Interstate-Callahan mine, from which dividends of over
$5,000,000 were paid in three years. Also, on Pine Creek, zinc bodies
of unusual promise have been opened and only partly developed.

Ransome, in his summary of prospects for the district, based on his
observations in 1904, expressed the opinion that the Bunker Hill and
Sullivan mine might reasonably be expected to maintain its rate of
production for 20 years or more. Existing conditions appear to war-
rant the forecast that at least 10 years will elapse before a note-
worthy decrease in mining activity in the Coeur d'Alene district need
be expected. It is likely, however, that zinc will gradually attain a
more prominent. relative position in the mineral output of the
county—not only because the zinc deposits on Pine Creelk are of great
promise but also because a greater proportion of the zinc is being
recovered than formerly and, as Ransome foresaw, several of the ore
hodies become richer in zinc with increased depth.

The gold production of the district, which was a large element
in its output during the first years after its discovery in 1883 but
which gradually became of little relative importance, has recently
taken on new life by reason of the installation of a gold dredge on
Prichard Creek below Murray. The considerable extent of the
gravel deposit at this place warrants the opinion that gold dredg-
ing will be continued for a number of years.

Duung the period of high prices for tungsten in 1915-16 a con-
siderable quantity of this metal was p10duced but from the spotty
nature of the deposits it would seem that the district is not likely to
become an important source of tungsten. Antimony ore also was
produced during the World War, but no large continuous bodies of
it have been recognized, although two or three mines may continue
to yield a small amount for a number of years.

Copper mining has ceased to be important in the central district,
but it is not improbable that the present production of about 2,500,000
pounds a year may be maintained for several years from outlying
parts of the county.

In a rugged country heavily covered with timber and brush, such
as Shoshone County, the probability of finding new deposits must
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be recognized in any attempt to forecast its future output. It is
an eloquent argument as to the possibilities of the county that such
deposits as the Interstate-Callahan, the Caledonia, and the Senator
Stewart ore bodies, situated in the more frequented parts of the
area, could have remained undiscovered for so many years. Much
of the region is almost inaccessible, and away from the main streams
there are few trails to encourage the prospector in exploration.
Almost every part of the county and almost every rock formation
within it is known at some place to be mineralized. Hence it is
almost certain that new discoveries will be made in the future.

TOPOGRAPHY.

Shoshone County is a greatly dissected plateau standing at an
elevation of about 6,000 feet in the southern part of the area and
sloping gently northward to an elevation of about 5,500 feet in the
rorthern part. Low points in the county are 2,142 feet where Coeur
d’Alene River leaves it and probably about the same elevation along
the-lower part of St. Joe River.” Wallace (Pl. III), the county
seat, is 2,728 feet above sea level.

The main river valleys lie athwart the structural axes of the
region and are bordered by steep slopes, which are heavily timbered
except where the demands of mining have stripped them of their
virgin growth or the ravages of forest fires have denuded them. In
most places a dense second growth makes geologic observation ex-
tremely difficult and, combined with the rugged character of the
country, limits travel to a few main highways and a few more trails.

The ridges of the area are even-crested or gently sloping, as shown
in Plate IV, although from points of vantage low stretches in-the
_ sky line, as at Dobson Pass, suggest old river valleys long since
abandoned by streams. Also in places, as along the South Fork of
Coeur d’Alene River between Kellogg and Wallace, breaks in the
contour of numerous secondary divides as they join the main valley
suggest high terraces and if carefully studied might reveal the
details of a complex physiographic history.

A few peaks rise conspicuously above the general summit level;
perhaps the highest are the Three Sisters, at an elevation of 6,900
feet, and Goat Peak, 6,760 feet. In the central part of the county
Kellogg Peak, near Wardner, is a landmark. ™ (See Pl. V.)

The drainage of the area is entirely westward. The norther.
part of the county is drained by Coeur d’Alene River and its North -
and South forks; the southern part by St. Joe River, except for the
extreme southern part, which is drained by tributaries of Clearwater
River.
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Bl o NINEMILE CANYON BURKE CANYON

«— TO KELLogg

VIEW OF WALLACE, IDAHO, FROM THE SOUTH.
Photograph by R. A. Standow.
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CHARACTERISTIC TOPOGRAPHY OF SHOSHONE COUNTY, IDAHO.

View northward across valley of North Fork of Coeur d’Alene River above Mullan. Photograph by R. A, Standow.
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A. VALLEY OF MILO CREEK, SHOSHONE COUNTY, IDAHO.
Town of Kellogg in foreground. Kellogg Peak in left distance.

B. SUMMIT TOPOGRAPHY AS SEEN FROM A POINT NEAR KELLOGG, IDAHO.

View looking north.
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GENERAL GEOLOGY.
SEDIMENTARY ROCKS.

The sedimentary rocks of Shoshone County comprise slate, quartz-
ite, calcareous shale, and strata of intermediate composition, known
as the Belt series, all of Algonkian age. The series is many thousand
feet in thickness, and at many horizons in it ripple marks, clearly
indicating deposition in shallow water, are well preserved. The
subdivision into formations is more or less a matter of convenience,
as few sharp transitions occur in the sequence. In general, however,
the subdivisions recognized in one part of the county may be used
in other parts without serious difficulty. Some of the formations
arve known to vary greatly in thickness between the northern and
southern parts of the area. :

The following summary of stratigraphy is compiled largely from
the numerous reports on the geology of various parts of the county
by Calkins and others.?

PRICHHARD FORMATION.

The Prichard, the lowest formation of the Belt series in Shoshone
County, is best developed in the central and southwestern parts of
the county, where it attains a thickness of at least 8,000 feet with
the base not exposed. It consists of blue shale and slate with sub-
ordinate interbedded gray sandstone and quartzite. In the vicinity
of Kellogg the formation may be subdivided into upper, middle,
and lower members by reason of a massive bed of white and gray
quartzite that occurs within the series. In the Pine Creek area this
quartzite member is 200 feet thick, and farther south, in the vicinity
of Clearwater River, a middle quartzite member, probably the same
one, is 1,500 feet thick. Here the slates above and below the quartzite
have been converted to mica schist and gneiss, a phenomenon at-
tributed by Pardee® to contact metamorphism.

BURKE FORMATION.

Overlying the Prichard formation is a series of pale-tinted sili-
ceous shale and sericitic flagey quartzite which attains a thickness

2 Ransome, I, L., and Calkins, F. C., The geology and ore deposits of the Coeur d’Alene
district, Idaho: U. 5. Geol. Survey Prof. Paper 62, 1908. Calkins, F. C., A geological
reconnaissance in northern Idaho and northwestern Montana: U, S. Geol, Survey Bull.
384, 1909. Pardee, J. T., Geology and mineralization of the upper St. Joe River basin,
Idaho: U. S. Geol. Survey Bull. 470, pp. 39-61, 1910. Calkins, F. C., and Jones, E. L., jr.,
Geology of the St. Joe-Clearwater region, Idaho: U. S. Geol, Survey Bull. 530, pp. 75-86.
1912. Calkins, I, C., and Jones, E. L., Jr,, U. S. Geol. Survey Bull. 540, pp. 167-211,
1913. Jones, E. L., jr., Reconnaissance of the Pine Creek district, Idaho: U. S. Geol.
Survey Bull. 710, pp. 1-36, 1919. Hershey, O. H., Genesis of silver-lead ores in Wardner
district, Idaho: Min. and Sci. Press, vol. 104, pp. 750-733, 786-790, 825-827, June 1, S,
15, 1912,

3 Pardee, J. 1., op. cit., p. 44.



8 GEOLOGY AXD ORE DEPOSH;S OF SHOSHONE COUNTY, IDAHO.

of 3,500 feet in the central part of the county but which appears to
thin southward to about 1,000 feet in the Clearwater basin and here
contains layers of mica schist. For convenience in structural map-

ping in the vicinity of Wardner, Hershey * has used a central purple-
gray bed as the basis for a subdivision into upper and lower members.

REVETT QUARTZITE.

The Revett quartzite overlies the Burke formation and is similar
to it in composition. but the individual beds are much more massive
and more purely siliceous. The thickness of the formation ranges
from 1,200 feet east of Wallace to 1,500 feet in the extreme southern
part of the county and to 2,300 feet at Wardner.

ST. REGIS FORMATION.

The St. Regis formation, made up of quartzitic sandstone and
shale, is characterized by peculiar purple and green colors in the
central part of the county, but toward the south and east the colora-
tion becomes less marked and the formation can not be traced with.
certainty, being difficultly separable from the underlying Revett
quartzite and the overlying Newland formation. The lower limit is
in most places uncertain, as there is almost perfect gradation between
the thin-bedded upper layers of the St. Regis and the underlying
massive members of the Revett. Upward the St. Regis grades into
the thin-bedded shale of the Newland. The St. Regis as mapped
is about 1,000 feet thick and has a comparatively small areal dis-
tribution in the county.

NEWLAND (“ WALLACE ”’) FORMATION.

The Newland, first described in the Coeur d’Alene district as the
Wallace formation, crops out over about one-half of Shoshone
County. It is the thickest formation above the Prichard, in many
places from 4,000 to 6,000 feet of beds being exposed. As a whole
it is made up of thin-bedded calcareous rocks. The basal beds are
greenish and resemble the upper St. Regis in being very slightly
calcareous. Above these beds the number of calcareous sandstones
and shales increases to a horizon near the middle of the formation,
where an abundance of calcareous sandstone Incloses irregularly
spaced beds of impure limestone. In the upper members of the
formation layers of blue shale predominate. These differences may
be used as the basis for recognizing upper, middle, and lower sub-
divisions of the formation. In the southern part of the county the
formation has been metamorphosed over wide areas to mica schist,
hornstone, quartzite, and related rocks.

¢ Hershey, 0. H., op. cit,, p. 2.
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STRIPED PEAKX FORMATION,

The Striped Peak is less widely distributed in Shoshone County
than any other formation of the Belt series. It has been recog-
nized in only a few places in the central part of the county. In
lithologic character it is very similar to the St. Regis, being made up
of lilac-colored quartzitic beds. Along the crest of the peak after
which it is named about 1,000 feet of beds are exposed.

IGNEOUS ROCKS.

The igneous rocks of Shoshone County, with the exception of a few
small patches of basalt in the lower drainage basin of St. Joe River,
are all intrusive. They may be grouped broadly as monzonite,
lamprophyre, and diabase. The monzonite masses are considered to
be outliers of the Idaho batholith, which crops out in a continuous
area of more than 24,000 square miles in the central and southern
parts of the State. This great intrusive mass is younger than any
of the Algonkian or Paleozoic rocks of the region and by several
writers has been considered of late Mesozoic age. Within the bor-
ders of Shoshone County it has caused intense metamorphism in
many places where it comes into contact with calcareous phases of
the Belt series. In some places where no igneous rocks appear at
the surface the development of contact-metamorphic minerals sug-
gests the presence of granitic masses at no great depth.

The monzonite rocks are locally known as granite, but microscopic
examination has shown that plagioclase feldspar enters largely into
their composition. The amount of quartz present is very different in
different places, so that locally the rock might be classified as quartz
.nonzonite, granite, or syenite. On the whole, however, monzonite is
the most applicable term for it.

Diabase occurs in several parts of the area, and the largest mass is
known as the Wishards sill. This sill, which is traceable for more
than 30 miles in the upper drainage basin of St. Joe River, is in-
truded near the middle of the Newland formation. It has been de-
formed along with the inclosing beds and is locally metamorphosed
by the granitic intrusions, thus being clearly the oldest igneous rock
of the region. Elsewhere in the county diabase occurs as narrow
dikes, the rock of which can scarcely be distinguished megascopically
from the lamprophyre in dikes that follow the same system of frac-
tures. Some of the lamprophyres are definitely known to be vounger
than the ore deposits and must be considered differentiates from the
granitic intrusions. It seems likely, therefore, that diabase younger
than the monzonite and much younger than that forming the Wish-
ards sill also occurs in the region.
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In the southern part of the county dikes of granodiorite, porphy-
ritic monzonite, and pegmatite have been reported. Anorthosite
occurs in at least one locality.

The basalt shown in small areas on the geologic map (PL I) con-
sists of remnants of a comparatively recent lava flow that at one
time was possibly continuous with the basaltic lavas of the Columbia
River valley.

The igneous rocks of the area have been carefully described in the
several reports referred to in the first part of this chapter, and it is
not considered necessary to repeat the detailed petrographic de-
scriptions here. On the whole, igneous rocks constitute only a small
proportion of the surface formations of Shoshone County. The
monzonite has played so important a part, however, in the develop-
ment of the ore deposits in this region that particular attention should
be called to its geographic distribution. North of the South Fork
of Coeur d’Alene River several masses of granitic rocks appear at
the surface along the axis of an ill-defined anticline that extends
north-northeast. Farther south, between the South Fork of Coeur
d’Alene River and St. Joe River, there are only a few outcrops of
granitic rocks, although prospectors have reported that an area of
noteworthy size occurs west of the county line. South of the St. Joe,
particularly along the divide between its tributaries and those of
Clearwater River, monzonite is exposed prominently at the surface.
Here there is a broad region of rather intense metamorphism which
is characterized by the development of lime silicate minerals, par-
ticularly in beds of the Newland and Prichard formations. Pardee®
has pointed out that the intensity of the metamorphism increases
toward the west and south.

Adjacent to the northern intrusions Calkins observed metamor-
phism at several places, and a detailed description of the phenomena
in the vicinity of the Success mine is given on pages 146-150.

STRUCTURE.

General features—The structural feattires of Shoshone County
are extremely complex and involve faulting and folding on a large
scale. Previous publications accompanied by detailed maps record
the more important features, although in parts of the county no fully
successful attempt has ever been made to record on a geologic map
the detailed structural relations. The lithologic character of the
rocks is so unusually similar through hundreds and even thousands
of feet of section that the recognition of faults of less than a few
hundred feet displacement is in most places impossible.

& Pardee, J. T., op. cit.,, p. 49.
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All the strata are folded, and over wide areas the average inclina-
tion of the once horizontal beds is in excess of 45°. The north-
western and southeastern parts of the county comprise areas of much
less folding than a north-northeast zone that separates them. It is
along this zone that the oldest rocks appear at the surface, indicating
that although much broken by cross faults and igneous intrusions, the
zone represents a broad anticlinal arch. Toward the south it seems
to bend eastward, but here there has not been sufficient mapping
toward the west to make the broader relations clear.

The most noteworthy structural feature of the county is an east-
west fault or fault zone, known as the Osburn fault, that extends
across the entire county and for many miles beyond both its eastern
and western borders. About 6 miles south of this is another fault
that crosses the county and is known as the Placer Creek fault.

Osburn fault —The Osburn fault, long recognized as an earth
fracture of major importance, is the most pronounced tectonic fea-
ture of the region. The fault crosses the county in a west-north-
westerly direction. It can be readily recognized as far west as the
mouth of Fourth of July Canyon, and it continues eastward beyond
the Continental Divide for a long distance. The geology on op-
posite sides of the fault has been studied in detail for a distance of
about 30 miles, both on the surface and in numerous mine workings.
Throughout this distance it approximately coincides with the old
valley described by Calkins and Jones * as extending from Spokane,
Wash., to Deer Lodge, Mont., a distance of 300 miles.

At Mullan the fault disappears beneath the alluvial floor of the valley, which
is 80 hroad for some distance eastward as to baflle 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 indi-
cated by its direction and position and the fact that, like the Osburn fault, it
effects a downthrow on the south.

The fault has been crossed in numerous mine workings and pros-
pects, and thus an excellent oppmtumty has been afforded to ob-
serve it in detail. In general there is a central mass of gouge a
few feet wide, with numerous paralle]l gouge seams in both the
hanging wall and the footwall. Thus the fault must be considered
a complex fracture with many planes of movement distributed
through a zone locally 100 or 200 feet wide. The fault plane in
every exposure examined dips steeply south. Locally igneous ma-
terial, principally lamprophyre, follows the fault zone, indicating

8 Calkins, I, C., and Jones, E. L., jr., Economic geology of the region around Mullan,
Idaho, and Saltese, Mont.: U. 8. Geol. Survey Bull. 540, pp. 9, 16, 1912,

109496—23 2
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that it existed as a zone of weakness during the period of magmatic
activity in this region.

The apparent displacement caused by the Osburn fault is widely
different in different places, ranging from less than 1,000 feet to
more than 10,000 feet, but even after allowing for such vertical dis-
placements it is impossible to fit the opposite sides together into
anything like a regular arrangement. Anticlines are opposite syn-
clines; major north-south faults are cut off abruptly; and cross
folds that might explain the great differences in apparent displace-
ment are lacking. These difficulties suggested a pronounced hori-
zontal component of movement and led Hershey’ to make a de-
tailed study of the problem. He found that a peculiar purple phase
of the Burke formation, abundant ini the vicinity of Kellogg south of
the fault, was absent from the Burke formation directly north of
the fault but that 12 to 15 miles farther east, in the vicinity of the
town of Burke, this same purple banding characterizes the forma-
tion. The purple coloring in each locality increases in intensity
eastward.” Hershey also correlates several minor structural features
north and south of the fault, each indicating a movement of the
south side from 10 to 16 miles westward relative to the north wall.
Even more convincing than these evidences, however, are certain
broad features brought out by the writers’ work in the Pine Creek
district in 1916. Here the rocks have a domelike structure, with the
Burke and Revett formations flanking the Prichard on the east.
The continuation of this structure north of the fault appears be-
tween Osburn and Ninemile Creek. Also the lead-silver deposits
at Wardner lie east of the Pine Creek zinc-producing belt, and north
of the fault the Canyon Creek lead-silver deposits are about the
same distance east of the zinc deposits on Ninemile Creek. A large
fault in the Pine Creek area, known as the Government Gulch fdault,
may be correlated with some assurance with the Carpenter Gulch
fault, which dips in the same direction and also forms the contact
between Burke and Prichard rocks. As some of the offset struc-
tural features dip east and some of them dip west, yet all of them
indicate a shift to the west, the displacement must be considered an
actual westward shift of the south side relative.to the north side.
This new evidence indicates a horizontal component of movement
of about 12 miles, which accords with Hershey’s conclusion that the
horizontal component “ may have been 10 or 15 miles.”

In view of the great horizontal component of movement, curvature
of the fault plane suggests problems of particular interest. If the
points where the fault leaves the east and west boundaries of the
area represented on the map of the Coeur d’Alene district (Pl IT)

7 Hershey, O. IT., Origin and distribution of ore in the Coeur d’Alene (private publica.
tion), Min. and Sci. Press, 1916,
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are used to determine a straight line, it appears, after corrections
for dip of the fault plane and differences in elevation of the surface,
that the fault curyes gradually southward, reaching a point 4,200
feet south of its general course in the vicinity of Wallace. Thus as
movement of the hanging wall relatively westward progressed there
was near Wallace a protuberant part of the footwall offering par-
ticular resistance to the movement. The net tendency of the stresses
would be to slice the protruding segment parallel to the general
course of the Osburn fault. Thus may be explained the localization
and intensity of the east-west faulting in the area between Burke
and Mullan and westward beyond Ninemile Creek. But what of
the hanging-wall segment opposite this bulge in the footwall? As
it moved westward it had a tendency to occupy positions succes-
sively farther from the footwall. But lateral pressure was sufficient
to keep the fault fissure closed, and hence there must have been a
crowding forward of this part of the hanging wall to keep in con-
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Fierre 1.—Diagram illustrating the effect of horizontal displacement along the curved
plane of the Osburn fault.

tact with a footwall that curved northward away from it. TFurther-
more, as the net result along the Osburn fault was a relative shift-
ing of the south side westward, there must have been a strong hori-
zontal componert of force in that direction. This, however, was
probably the major component of a stress that operated obliquely to
the direction of movement. Thus it is probable that as the shifting
progressed planes of fracture obligue to the main one would develop,
‘breaking the rocks into slices, and that each slice would advance
more than the one northeast of it. In this way the intense slicing of
the Wardner area and the progressive shifting of the south slices
westward along lines oblique to the Osburn fault may be accounted
for, as illustrated by figure 1.

The peculiar localization of particularly intense faulting in the
Wardner area south of the fault and in the area roughly bounded
by Mullan, Burke, and Ninemile Creek north of the fault, whereas
simple structure is found opposite both of these areas, is a striking
feature of the region and baflling to explain, except as a direct result
of the horizontal movement along the curved plane of this great
displacement in the earth’s crust.
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Placer Creek fault—The Placer Creek fault is also one of great
persistence. It crosses the county in an east-west direction and is
known to cross the Continental Divide. The displacement along
this fault, however, does not seem to be nearly as large as that along
the Osburn fault, although the rocks on opposite sides of it have
not been studied in detail. In general the structural features north
and south of it are in rough alinement, and throughout most of its
course it is bordered by rocks of the same formatlon The fault,
however, has a marked topographic expression, forming low saddles
that may be seen for miles from points of vantage and that establish
its essential continuity. Its east end is known as the Roland fault.

Other faults—The numerous other large Tfaults of this- region
have been described in detail in previous papers, and as the recent
investigation has added nothing of interest concerning them the
description will not be repeated here. It should perhaps be pointed
out, however, that the New Era fault, which Hershey® maps as
cutting the Osburn fault, has been shown by more recent develop-
ment in the Stewart mine to be cut off by the Osburn fault, which
is therefore, so far as known, an uninterrupted fracture.

ORE DEPOSITS.

GENERAL CHARACTER.

The mineral deposits of Shoshone County yield ores of lead, silver,
zine, copper, gold, antimony, and tungsten. Most of the output has
come from the lead-silver deposits, which have been increasingly
productive since their first exploitation, more than three decades ago.
Gold was discovered in 1878 and was of prime importance during the
first decade of mining in the area, which began about 1884. During
a later period copper yielded a large revenue, but now almost no
copper is produced except as a minor product from the lead-silver
ores. Recently large zinc mines have been opened, and numerous
promising prospects indicate that this metal should continue for
many years as an important factor in the mineral production of the
county. Under favorable mavket conditions antimony and tungsten
are mined in comparatively small amounts. :

The deposits of the area fall into two general groups according
to whether the ore-depositing solutions’ ﬁlled preexisting spaces or
made space for themselves by metasomatic replacement of the wall

rock. It is of particular interest that in an area of quartzite and

siliceous slate, rocks commonly found to be relatively resistant to re-
placement, metasomatic processes should have played the dominant
part in the formation of ore bodies. The principal exceptions are

8 Hershey, O. H., Genesis of silver-lead ores in Wardner disﬁ-ict, Idaho: Min. and Sci.
I'ress, June 1, 1912,
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the gold-quartz veins near Murray, which fill fissures in Prichard
slate and follow its bedding planes, forming the bed veins described
in detail by Ransome.” Certain of the deposits near Wardner also
occupy fissures that may have stood open at the time of deposition,
although here the marked irregularity of the walls clearly indicates
that replacement took part in their development,

The deposits belong to the comparatively rare group of lodes in
which siderite is the dominant gangue mineral but are different from
other known members of the group, as they are inclosed principally
in quartzite. Deposits closely resembling them occur in the Sieger-
land district of Westphalia, where lodes as much as 20 meters wide
traverse arenaceous clay slate, sandstone, and graywacke of Devonian
age. The ore consists of siderite, quartz, sphalerite, galena, and small
amounts of copper and cobalt minerals, deposited in the order
named.'® Siderite is a gangue mineral in the deposits of Leadville
and Redcliff, Colo., and Pioche, Nev., the Iglesias lodes in Sardinia,
sparingly in the Baudwin mines of Burma, and in the Dome, Texas,
and Wood River districts, Idaho. In most of these districts the sid-
erite was formed early in the general period of ore development and
was later fractured and replaced by sulphides, as discussed on
pages 135-138. '

Throughout the lead mines of the county a definite sequence of
mineral deposition is recorded, the succession being siderite, quartz,
sphalerite, galena. The numerous siderite lodes (pp. 31-32) are con-
sidered as representing an early condition of most of the other lodes,
and the history of the zinc deposits is believed to be essentially simi-
lar to that of the lead deposits up to the time when lead was intro-
duced. It is recognized, however, that in different parts of the area
the different stages of deposition varied in relative importance, so
that by no means all the lead deposits would have made zinc mines
at one stage in their history. On the other hand, the prevalence of
sphalerite as rounded cores in galena and the replacement contacts
between galena and the older minerals make it clear that the stage
of lead deposition was accompanied by the removal of considerable
material that had been earlier deposited in the lodes.

DISTRIBUTION.
GEOGRAPHIC DISTRIBUTION.

The mineral deposits of known importance in Shoshone County
are grouped in a comparatively small area in the drainage basin of
the South Fork of Coeur d’Alene River. North of the river are the

® Ransome, F. L., and Calkins, F. 'C., op. cit., p. 141,
10 Beyschlag, W, Krusch, P., and Vogt, J. 11. L., Ore deposits (translated by & T.
Truscott), vol. 2, p. 800, London, 1916.
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large mines near Mullan and Burke and on Ninemile Creek; south
of it are the Wardner and Pine Creek deposits. Numerous prospects
are widely distributed over the areas north and south of the prin-
cipal deposits, but none of them have proved to be important sources
of production. North of the principal mineral area are the Empire
Copper, Jack Waite, and numerous mines east of Murray; to the
south are several groups of deposits in the St. Joe basin described by
Pardee and by Calkins and Jones in the reports already cited. Thus
mineralization is known to have extended sporadically over most of
the county.

Although the mineral deposits are widely distributed, the differ-
ent metals distinctly favor certain broad areas. Gold deposits occur
principally in the vicinity of Murray and in a small area east of
Kellogg. Copper is disseminated in beds east of Mullan and occurs
in lodes over a broad area north of St. Joe River and east of Avery.
Other localities are on Sliderock Mountain, Black Prince Creek, and
the Little North Fork of Coeur d’Alene River. The principal de-
posits of lead ore are near Wardner and in an area embracing Mullan
and the upper drainage basin of Ninemile Creek. Lead deposits of
secondary importance occur in the general vicinity of Murray,
along a strip between Wardner and Wallace, on Slate Creek, and
on Pine Creek. Zinc is closely related to lead in distribution but
in general overlaps the lead area from the west. The most con-
spicuous illustration of this overlap is in the Morning mine, near
the eastern limit of the predominantly lead-bearing area. Here the
west end of the lode is much higher in zinc than the east end, al-
though the deposit as a whole is more valuable for lead than-for
zine.

GEOLOGIC DISTRIBUTION.

Mineral deposits occur in all the rock formations of the county,
but without exception all the large mines are situated in the areas of
more marked structural disturbance. The large mines south of the
South Fork of Coeur d’Alene River form a group about 15 miles west
of those north of the river. They are also south of the Osburn fault,
which, from several distinct lines of evldence, 1s believed to repre-
sent a horizontal displacement of comparable extent in the same
direction. Between 2 and 3 miles still farther south is the Placer
Creek fault, also with southward dip, which extends entirely across
the county. The marked curvature of this fault seems to preclude
a horizontal component of movement equal to that of the Osburn
fault, although its known extent of more than 40 miles proves it to
De an earth fracture of great magnitude. Innumerable minor dis-
placements, doubtless related to these major ones in origin, occur
in an east-west zone, north and south of which the rocks are much
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less disturbed and individual formations are continuous over wide
areas, as may be seen from Plate I. It is particularly noteworthy
that the great deposits of ore are confined to the general zone of most
pronounced structural disturbance. The ore bodies, however, do
not follow the major faults but distinctly favor minor fractures,
few of which represent sufficient displacement to cause a noteworthy
offset of formations at the surface.

The deposits show a further grouping with respect to structure.
A Dbroad anticline, much older than the east-west faults, crosses the
productive part of the area in a northeasterly direction. It is shown
by a central belt of Prichard rocks, conspicuously interrupted by
cross faulting, which is bordered by younger rocks both to the
northwest and to the southeast. The principal ore bodies occur on
the eastern flank of this anticline, in the general zone represented
by the upper Prichard, Burke, and Revett rocks but locally extend-
ing into the Newland formation, as at the Gold Hunter mine. A
narrow belt east of the axis of the anticline embraces the several
areas of granitic rock which occur in the central part of the county.
The principal mines, however, are not coextensive in distribution
with the area of igneous intrusion but rather are near the southern
member of the chain of granite masses, and if the Wardner area
were shifted back to its original position near Wallace they would
be well to the south of it.

On combining the features of structural control described above
it appears that the principal ore deposits of the county are roughly
grouped about the intersection of an axis of uplift and igneous
intrusion with a broad zone of remarkably extensive faulting. The
relations are further discussed in the sections on geologic structure
and ovre genesis (pp. 10-14, 141-150).

The principal ore bodies are inclosed in the Prichard (upper part),
Burke, and Revett formations, although ore has been deposited in
all the rock formations of the area. In general the gold and zinc
deposits are in the Prichard, the lead-silver deposits in the Burke
and Revett, and the copper deposits in the Revett. Among the zinc
deposits the Interstate-Callahan, Rex, Success, and the lodes on Pine
Creek are in the Prichard formation, but the Helena-Frisco is in
the Burke, and the Morning, a lead mine but still an important
source of zinc, is in the Revett. The lead deposits are distributed
through an even wider stratigraphic range. The Hypotheek, Jack
Waite, Paragon, and Monarch, the upper levels of the Callahan,
Rex, and Success, and probably the lower levels of the Hercules
are inclosed in Prichard slate or quartzite. Inclosed in Burke
quartzite are the Standard-Mammoth, Greenhill-Cleveland, Tiger
Poorman, and Hecla, and parts of the Bunker Hill and Sullivan.
The Revett quartzite is the country rock of the Morning lode and
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most of the great lodes near Wardner. The principal lead deposit
in the St. Regis is the Carbonate Hill, and in the Newland the Gold
Hunter. The copper deposits of the Snowstorm belt are all in the
Revett quartzite, but toward the south copper is found widely in
the Newland formation and locally, as at the Carney copper mine,
in the St. Regis. ’

No deposits of large size are known in areas of granitic rocks,
although enough sulphide has been deposited within granitic walls
to indicate the age relation of the two phenomena. The Success,
Frisco, Sunset, Lily, American, and Nellie Pollar deposits all show
sulphides deposited along fractures and as irregular replacement
bodies in monzonite or syenite. In some of them lime silicates are
intimately associated with the sulphide minerals.

GENERAL FEATURES OF THE ORES.

The ores of Shoshone County yield lead, silver, zinc, and copper,
together with minor amounts of gold, antimony, and tungsten.
Silver is invariably associated with the galena, although a silver
content greater than about one-third of an ounce to 1 per cent of
lead usually indicates the presence of tetrahedrite. (alena, sphal-
erite, siderite, and quartz are present in most of the deposits but in
widely variable relative amounts. The great ore body of the Bunker
Hill and Sullivan mine consists of fine-grained galena, in places
laminated as a result of shearing, distributed through siderite in
interlacing seams and irregular replacement bunches. Sphalerite
and quartz are present in very subordinate amounts, and tetrahedrite
is rarely visible. In the Morning mine an ore of similar appearance
contains about equal amounts of sphalerite and galena, and the
Hecla ore, which is valuable only for lead and silver, contains quartz
almost to the total exclusion of siderite. The prevalence of sphal-
erite in numerous deposits is illustrated by the Interstate-Callahan
lode, which yields about four times as much zinc as lead and is low
in silver and in which quartz is the principal gangue mineral. Stib-
nite has been detected in a few of the lead-silver lodes but attains
commercial importance only in deposits in which other sulphides
are scarce. Scheelite is confined to the gold veins. The copper ores
consist either of bornite, chalcocite, and chalcopyrite disseminated
in a coarse-textured bed of Revett quartzite or of mixed sulphides
which occur in lodes inclosed in various formations of the Belt
series. Only the former have been worked extensively. ‘

The magnetic sulphide of iron, pyrrhotite, is common in the ores
of the area, particularly in the zinc ofe from Pine Creek and in
some of the lead-silver ores of Canyon Creek. Closely associated
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with it in several places is magnetite, although this mineral attains
its maximum development in the Success and Helena-Frisco mines,
where lime silicates are abundant. Most of the ores contain pyrite.

In general, the ores of the county are fine grained, and the min-
erals are intimately mixed. Tor this reason losses in milling have
been rather high, although the recent introduction of flotation in
most of the plants has greatly increased the percentage of recovery.
Most of the lead ores, as sent to the mills, contain from 8 to 11 per
cent of lead and 3 to 12 ounces of silver to the ton, although several
of the companies save a small percentage of crude ore of shipping
grade. In places, as in the Yankee Boy and in parts of the Cale-
donia deposits, the ore is much richer in silver than elsewhere and
tetrahedrite is abundant. The zinc ores, as mined in 1916, show a
much wider range in tenor than the lead-silver ores. At that time
the Interstate-Callahan was milling ore containing about 25 per cent
of zine, 6 per cent of lead, and 2 ounces of silver to the ton, which
contrasts notably with ore from some of the other mines containing
8 per cent of zinc and about 2 per cent of lead. The copper ores of
the area are principally of low grade, but their highly siliceous
character, together with a relatively large amount of gold and
silver, has made them desirable to the smelters. Much of the Snow-
storm ore contained 4 per cent of copper and 6 ounces of silver and
0.1 ounce of gold to the ton, although its ¢ average yield was lower.
The National ore is of much lower «rrlde The mining of antimony
and tungsten has involved hand sorting to so great an extent that no
adequate information is available as to the tenor of the ores. Both
the stibnite and scheelite occur in bunches almost free from gangue
or other minerals.

The relation between the several types of ore is one of relative
importance of the major constituents and the abundance, meager
development, or absence of the minor constituents. By contrasting
extreme types an essential difference in genesis is suggested, but, as
concluded by Ransome ' in the following quotation, this suggestion
is probably erroneous:

The contrast between such a deposit as that of the Granite [now the Success]
mine, with its characteristic contact-metamorphic featurves, and the galena-
siderite bodies of the Bunker Hill and Sullivan mine is striking and at first
slance suggests that the two kinds of deposit are genetically dist'ncet. Yet
careful study of the whole district modifies this first impression. The ores of
the Custer and Helena-Frisco mines, which are also in part associated with
metamorphic silicates, supply a link between the ores of the Granite and

Sixteen-to-One [now the Rex] mines and those of the Canyon Creek mines,
while the occurrence of pyrrhotite in the Tiger-Poorman and Standard-Mam-

1 Qp. cit, p. 109,
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moth mines and in the Highland Ch'ef prospect south of Wardner, as well
as the presence of magnetite in the Morning ore, suggests that sharp mineralogi-
cal distinction between the ores of Ninemile Creek and those of W dl(hl(l
\vou]d be difficult, if not impossible.

Even the gold-quartz veins. which are the most distinet group of
deposits in the county, contain as accessory constituents all the impor-
tant ore minerals found in the lead, zinc, and copper deposits.
Variations from them to other types, however, are much more abrupt
than between the other types. Between the gold ores and the copper
ores a gradation may be recognized, as several veins near Kellogg
and in the southern copper area may be considered equally valuable
for each metal. On the other hand, the abundance of copper in the
(‘aledonia and Black Bear Fraction deposits suggests a further
transition to the lead-silver lodes. Also some of the lead deposits,
such as the Terrible Edith, containing about $2 to the ton in gold,
suggest a gradation directly to the lead-silver ores. The general
aspect of the Terrible Edith, however, is so wholly different from
that of the Golden Chest vein, near by, that doubt is at once cast
upon the significance of gold in determining a genetic relation be-
tween this deposit and the gold veins. Possibly those veins should
be considered a genetically distinct element in the mineralization of
the county, as suggested by Ransome,? but of this there is abundant
room for doubt. Gradation to the lead-silver deposits may be repre-
sented by the copper-gold lodes.

Oxidized ore has long since ceased to play an 1mp01tant part in the
metal production of the county, although some still comes from the
Caledonia, Sierra Nevada, and Hypotheek mines. Cerusite and na-
tive silver are the principal valuable constituents. The common
gangue is porous limonite, bound together by a honeycomb of quartz
and cerusite crystals and containing many vugs lined with these min-
erals, together with scales and wires of native silver and locally
native copper, malachite, and azurite.

MINERALOGY.

The mineralogy of the ore deposits of the Coeur d’Alene district
has been discussed in detail by Ransome,'® and it is only necessary
here to give a digest of his observations supplemented by data re-
vealed by more recent development and the extension of the studies
to include other parts of the county. The common rock-forming
minerals are not mentioned except as they bear a definite relation to
ore deposition.

2 0p. cit, p. 143,
13.0p, cit., pp. 90-103.
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In all; 45 mineral species have been recognized in the ores of the
county. Of these 13 are primary metallic minerals, 19 are primary
constituents of the gangue, and 13 have resulted from processes of
oxidation. The quantitatively important constituents of the ore, how-
ever, are much fewer in number. Four sulphides—galena, sphalerite,
pyrite, and chalcopyrite—in-widely different relative amounts in dif-
ferent places, occurring in a gangue of siderite and quartz, character-
1ze most of the deposits. Locally barite is important as a constituent;
of the gangue, and in places tetrahedrite and stibnite are abundant.
Lime silicate minerals occur only here and there. In the oxidized
zone cerusite and limonite are abundantly developed.

The essential features of the mineralogy and some idea of the rela-
tions and distribution of the individual species are shown in the fol-
lowing tabular summary, in which the letters indicate the occurrence
of the mineral—D, dominantly; A, abundantly; S, sparingly; R,
ravely.
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CLASSIFICATION.

Ore deposits may be classified in many ways, according to the
object in view. To the student of ore genesis a genetic classification
has most advantages, and even in writing for the general reader there
1s much justification for grouping the deposits genetically. The
most important problem in the study of ore deposits is to determine
their origin, for a knowledge of the genesis of deposits of different
types and their consequent characteristics 1s vitally necessary to
intelligent exploitation, particularly in the early stages of develop-
ment, and to the search for new deposits. Thus a genetic classifica-
tion, because it contributes most to our knowledge of ore deposits,
has noteworthy advantages, but in discussing a small area in which
few types are represented close adherence to such a grouping may
eliminate subdivisions which would elucidate the presentation. On
the other hand, a classification to be most helpful to the miner, the
metallurgist, and the average investor in mining properties must
take into careful account the form and substance of the ore bodies
and the nature of the inclosing rock. _

In the later discussion the deposits are grouped by the kind of
inclosing rock with primary subdivisions by genesis and form, and
secondary subdivisions by substance. The major grouping is not fol-
lowed out consistently, for to separate deposits inclosed in slate,
siliceous slate, and quartzite would involve unwarranted repetition.
It serves ‘the useful purpose, however, of bringing together those
deposits which show definitely the relative age of the ore deposits
and the granitic intrusions. ‘

Classification of the ore (ieposits of Shoshone County.

Deposits in igneous rocks. .
Deposits in sedimentary rocks:
Disseminated deposits:
Copper deposits.
Sphalerite and galena deposits.
Pyrite deposits.
Siderite deposits.
Contact-metamorphic deposits.
Replucement deposits along fissures and fracture zones:
Lead-silver deposits,
Zinc deposits.
Copper deposits.
Antimony deposits.
Siderite deposits.
Fissure fillings:
Gold veins. : :
Tungsten veins. :
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DEPOSITS IN IGNEOUS ROCKS.

No large deposits of ore occur in igneous rocks in Shoshone County,
although several prospects in such rocks are noteworthy because of
their significance in showing the age relation between the mineral-
ization and the igneous activity of the region. The Success and the
Frisco are the only large deposits that show any replacement of
igneous rock, and both of these are predominantly in sedimentary
beds. Locally in the Success mine apophyses from the monzonite are
traversed by the ore, as for example between stations 300 and 308 on
the 300-foot level (fig. 2), where a 10-foot dike nearly at right angles
to the course of the ore body is exposed in opposite sides of a stope
from which ore was extracted to a width of about 12 feet. Another
equally clear example of ore cutting the monzonite appears on the
same level near station 324, where an offshoot from the main ore body
replaces a 4-foot dike and extends into the quartzite beyond.

The Frisco lode extends westward nearly to the igneous contact,
and although the main lode does not reach the monzonite on lev els
that were accessible in 1916, veinlets of sphalerite together with much
disseminated pyrite and less sphalerite were observed in the main
monzonite mass on the 1,600-foot level west.

In the American prospect, immediately west of the Success mine,
quartz and galena veinlets traverse monzonite in which sericite,
chlorite, and pyrite are developed. Relations similar to these but
more like those in the Success mine occur in the Clark mine, on Sun-
set Peak, and in the Lily and Nellie Pollar prospects. east of Murray.
The ore at the Lily prospect, consisting of galena with associated
chalcopyrite, has been formed by the replacement of syenite (Pl
VII, p. 41) adjacent to a 2-inch clay seam which separates it from
Prichard slate. The bunches and veinlets of sulphides are most
numerous next to the gouge seam, but they are also present. though
in diminishing numbers, to a dlstqnce of 20 feet out into the svemte
as shown in two crosscuts 65 feet apart.

The Hecla lode on megascopic inspection seems to replace a lam-
prophyre dike, but microscopic observations fail to support this view.
Ore and dike follow the same fracture zone, and in places the dike’s
irregular border suggests that it is replaced by ore minerals. Micro-
scopic examination of specimens from such places, however, as Ran-
some ** has stated. shows the contact to be an intrusive one with
marginal chilling of the igneous material, minute dikelets of which
extend into the ore. It is also noteworthy that none of the numerous
ore seams that cut across the quartzite partings in the lode traverse
the minette dike, and many of them may be seen to terminate
abruptly against it. On the other hand in the Frisco mine the dike

1 Op. cit, p. 176.
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clearly cuts across the vein instead of following the fissure previously
followed by the ore-depositing solutions.

These dikes are of particular significance in considering the
genesis of the deposits, because they are clearly younger than the
main granitic intrusions and represent late phases of the magmatic
activity. In age, therefore, the ore deposits are closely related to the
principal igneous rocks of the region.

In the southeastern part of the county siderite veins carrying chal-
copyrite cut the diabase of the Wishard sill, but as this diabase is
metamorphosed by the monzonite intrusion it represents an earlier
period of igneous activity, and the occurrences can not be considered
an exception to the above statement.

DEPOSITS IN SEDIMENTARY ROCKS.

The ore deposits of Shoshone County are almost nnique among
‘mineral deposits in that they are characteristically replacement de-
posits in quartzite. The Burke and Revett formations, which in-
clude the purest quartzites in the region, contain the principal lodes,
although recently large bodies of zinc ore have been found in
Prichard quartzitic slate.

The mineral occurrences are diverse in character, and no sharp
lines of demarkation can be drawn between the several types. Tor
purposes of systematic discussion, however, they are grouped as dis-
seminated deposits, contact-metamorphic deposits, replacement de-
posits along fissures and fracturés, and fissure fillings. Each of
these groups is further subdivided according to the metals for which
they are worked. In reading the following sections, therefore, it
should be kept in mind that the grouping of the deposits is merely a
breaking up of a complex whole in order to facilitate discussion.

Disseminated Deposits,

Ore minerals are widely disseminated in the rocks of Shoshone
County, as might be expected in an area in which replacement of
quartzite has played the dominant part in the formation of immense
ore bodies. It is probable that all the minerals found in the lodes
occur at some place in disseminated form, although only the copper
minerals have yielded disseminated deposits of commercial value.
Galena and sphalerite occur thus in the east end of the Bunker Hill
and Sullivan mine and in narrow zones along ore bodies elsewhere in
the district. Pyrite is widely disseminated in places, as illustrated
in Plate VIII (p. 52). The most abundant and widely distributed
mineral of all, however, is siderite, the characteristic gangue mineral
of the deposits. This occurs in all formations but is most abundant
in the sericitic quartzite in areas of pronounced folding and faulting.

109496—23——3
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Certain other minerals, considered in the section on metamorphism
(pp. 38-41), which occur in clusters and isolated crystals, evidently
“have been formed through metasomatic replacement of the sedi-
mentary material by substance contained in liquid or gaseous solu-
tions.”® Of these minerals tourmaline, biotite, chlorite, scapolite,
garnet, magnetite, amphibole, and pyroxene occur locally.

COPPER.

Disseminated copper deposits, described more fully on pages 115-
118, occur in the vicinity of the Snowstorm and National mines and,
according to Huston,® extend thence northwestward for about 7
miles in certain beds of the formation involved in the Granite Peak
syncline. The same writer reports their presence in the Newland,
St. Regis, and Revett formations, although only in the Revett have
commercial deposits been opened. The two principal deposits are in
the Snowstorm and National mines, situated about 1} miles apart.

The Snowstorm deposit, unique as a large producer of copper ore
in a region characterized by large deposits of lead, silver, and zinc,
was first exploited in 1903 and ceased to produce in 1915. The mine
was opened to a depth of 1,600 feet by four tunnels. It develops a
shoot of disseminated copper minerals in a steeply inclined stratum
of medium-grained hard white quartzite of the Revett formation.
The northward continuation of this particular stratum is not defi-
nitely traceable, but it may possibly be opened by the Snowshoe,
Missoula Copper, and National workings, and if so has a length of
about 1} miles. The southern limit of the copper-bearing stratum
seems to be the Snowstorm fault, which, as forecast by Ransome,”
cuts off the ore body.

The fault is more properly a fault zone in which the north fault
plane is the largest and by bringing different beds of the Revett
into contact cuts off the ore zone. Other faults in the zone bring
St. Regis beds into contact with Revett beds, the relation implying
a reverse movement. Ore has been extracted along a bed 40 feet
wide for a distance of 700 feet and down nearly to the 900-foot level.
The pitch of the ore shoot is nearly vertical near the surface, but a
short distance below it changes to a low eastward pitch. As the
fault and copper-bearing stratum converge eastward, it thus happens
that a section of nearly barren quartzite lies beneath the ore shoot
in the western part of the mine and separates it from the fault.

The principal unoxidized ore consists of quartzite impregnated
with minute particles of bornite, chalcocite, chalcopyrite, and tetra-

15 Calkins, F. C., U. 8. Geol. Survey Prof. Paper 62, p. 32, 1908.

16 Huston, George, The copper beds of the Coeur @’Alene: Min. and Sci. Press, vol. 110,
pp. 145-147, 1915, .

17 Op. cit.,, p. 152.
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hedrite. The richest ore is of a uniform dark-gray color; the leaner
ore is lighter and finely specked. Oxidized ore largely predomi-
nated down to the 600-foot level, although in some places secondary
minerals occur down to a depth of 1,600 feet. Malachite is the chief
product of oxidation; cuprite occurs in small amounts. The finely
disseminated minerals replace the siliceous cementing substance of
the quartzite, sericite, and siderite, and to a much less extent the
grains of quartz and feldspar.

The structural relations of the Snowstorm deposit are discussed
at considerable length in the report by Calkins and Jones,'® based
on field work in 1912. As a result of their study they believe that
it “ seems reasonable to hope that a continuation of the pay shoot
may be found below the No. 4 tunnel level.”

The deposit of the National mine occupies a gritty quartzite bed
in the Revett formation from 40 to 50 feet thick. It strikes north-
west and dips about 45° SW. The tunnel penetrates the Newland,
St. Regis, and Revett formations, and the ore-bearing stratum is
a part of the Revett. It crosses several faults, the largest of which
strikes east-west and dips south. This fault separates the St. Regis
from the Revett and probably limits the ore body, though at a con-
siderably greater depth than now attained.

The ore minerals are distributed irregularly through the quartzite
stratum but so far as known do not occur north of a quartz vein
which has a general northwesterly course and a nearly vertical dip.
This vein ranges from a few inches to 4 feet in width and contains
scattered chalcopyrite, pyrite, and a little galena. The shoot of dis-
seminated ore is about 250 feet long as worked in 1916, although on
the ends ore grades into sparsely mineralized quartzite through so
wide a zone that the length of stopes is largely controlled by the
price of copper. Most of the ore is fine-grained gritty gray quartzite
minutely specked with chalcocite and chalcopyrite. The sulphides
occur for the most part interstitially, but they also replace the quartz
and feldspar grains. Both the disseminated chalcocite and chalco-
pyrite appear to be primary minerals, as chalcopyrite characteristi-
cally forms an envelope around chalcocite and no instance was ob-
served of chalcopyrite partly replaced by chalcocite. In a crushed
zone along the footwall chalcocite occurs in seams and minute vein-
lets cutting disseminated ore, and this chalcocite is clearly a product
of secondary concentration. In polished section it may be seen to
replace chalcopyrite. Throughout the mine the ore is of much lower
grade than the Snowstorm ore, and only under particularly favor-
able conditions has profitable extraction been possible.

Other occurrences of disseminated copper minerals have been dis-
closed by the Snowshoe and Missoula Copper prospects. In the

187, S. Geol. Survey Bull. 540, pp. 205-207, 1914.



30 GEOLOGY AND ORE DEPOSITS OF SHOSHONE COUNTY, IDAHO.

Snowshoe the copper-bearing stratum is about 30 feet thick and con-
tains sparsely and irregularly disseminated copper minerals at two
horizons in the Revett quartzite. The abundance of mineralization
in the principal bed is closely related to its abundance in a quartz
vein which traverses the bed. In places where the vein contains
much iron and copper sulphide the same minerals occur in the
adjacent quartzite in diminishing amounts to a distance of 30 feet
or more.
SPHALERITE AND GALENA.

Minute grains and clusters of galena and sphalerite occur adjacent
to most of the veins and it is probable that systematic microscopic
examination of the wall rock throughout the area would show these
minerals, particularly sphalerite, to be much more widely dissemi-
nated than is now known. The most extensive known deposit of them
is in the east end of the Bunker Hill and Sullivan mine, as described
in congiderable detail by Hershey.?* Here sphalerite is much more
abun.lant than galena and is scattered through steeply dipping beds
of the Revett quartzite from 5 to 30 feet thick and in ill-defined
patches irregularly spaced. The best exposures are in the middle
Blue Bird tunnel. Here also are numerous narrow veins of pyrite,
containing scattered bunches of brilliant galena and a few crystals
of pyrite and patches of sphalerite. Thin sections show all grada-
tions between the sulphides in the veins and those in the wall rock,
but in the wall rock sphalerite is locally most abundant, whereas in
the veins pyrite predominates. Sericite and sparse siderite occur in
both and were in part formed contemporaneously with the sulphides.
Most of the disseminated sphalerite is interstitial with respect to the
grains of quartz, but some of it clearly replaces quartz, projecting
as irregnlar embayments into rounded grains of the quartz. Galena
envelopes the zinc sulphide and rarely may be seen to traverse grains
of it. Chlorite, in no place abundant, is intergrown with sericite in
scattered nests and clusters of crystals. Tourmaline has been re-
ported,?® but none appears in material examined by the writers.

Specimens containing disseminated sphalerite, generally subordi-
nate to pyrite, were collected in the Ontario, Senator Stewart, Hecla,
Morning, Helena-Frisco, and Success mines. In some of them galena
also is present, and in those from the Helena-Frisco and Success
mines magnetite occurs in disseminated form. Magnetite, chalcopy-
rite, and galena occur in a specimen from the Carbonate Hill mine.
The disseminated minerals seem to be most common in the more
gritty quartzite beds, but in the Helena-Frisco and Success mines

18 Hershey, O. H., Genesis of lead-silver ores in Wardner district, Idaho: Min and Sci.
Press, vol, 104, pp. 750-753, 786-790, 825-827, June 1, 8, 15, 1912.
2 Hershey, 0. H., op. cit.,, p. 762.
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they occur with much pyrite in sericitic slaty material and in the
granitic rocks. Many of the thin sections from these mines reveal
minute quartz veinlets adjacent to which the disseminated specks of
sulphide are more closely spaced.

PYRITE,

Pyrite is very common along the margins of ore bodies throughout
the county, grading irregularly outward from a massive form that
is clearly a part of the lode into disseminated grains which vanish
within distances of 25 feet or less. In thé Bunker Hill and Sullivan
mine, however, it is much more widespread, as is indicated by Plate
VIII (p. 52). In most places where pyrite is abundant in the lodes
it is also disseminated in the wall rock. In the Bunker Hill and
Sullivan mine it attains greatest prominence in the general area of
the Blue Bird seams, though by no means confined to their imme-
diate vicinity. Here, however, the beds are steeply inclined, and
solutions following the narrow Blue Bird fractures had abundant op-
portunity to depart from them and work upward along the beds of
quartzite. If the disseminated pyrite worked outward from these
seams during their formation, as is believed, it is noteworthy that the
sphalerite and galena which they contain did so locally. This, how-
ever, is not an unusual phenomenon, for in many gold deposits
pyrite has been deposited much farther from the fissures than any
other of the ore minerals.

Some thin sections of the ore minerals show that siderite was
formed contemporaneously with pyrite, although much of it may
be a little older, as shown where the two minerals form intersecting
veinlets.

The disseminated pyrite occurs in minute cubes, many of them
perfectly formed, which stud the sericitic matrix of the quartzite
and, though seldom distinguished megascopically, impart to it a
dark-gray color. Many of the cubes transgress the boundaries of
quartz grains and locally exceed the largest quartz crystals in size,
clearly showing that they were formed by metasomatic replacement.

In the drainage basin of St. Joe River pyrite occurs disseminated
in many localities, not only in the Burke and Revett formations and
the underlying quartzite and schist but also in the Newland beds.

SIDERITE.

Siderite, the characteristic gangue mineral of the Coeur d’Alene
lodes, is widely distributed in disseminated form. In discussing its
occurrence Ransome 2 says:

81 0p, cit, p. 97.
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The mineral, though especially abundant near certain areas of intense
mineralization, is by no means confined to the ore bodies or to their immediate
vicinity but is widely distributed through the quartzite rocks in the district.
Mr. Calkins finds, however, that although siderite has a much wider distribu-
tion than the ores, yet it is most abundant where the rocks have been most
folded and fissured.

In the Canyon Creek area siderite is abundant in the Burke and
Prichard formations; near Wardner in these formations and also
in the Revett and St. Regis; and in the upper St. Joe River basin
siderite is “generally disseminated in the sandstone of the strata rep-
resenting the lower part of the Newland (‘ Wallace’) formation.” 2

The mmeral is clearly due to replacement of the inclosing rock
as determined by Calkins,?® who says:

Siderite occurs in individuals of varying size; but probably the majority of
them are larger than the clastic grains of the rock, the mineral being in places
crystallographically continuous for a diameter of several millimeters. The
form of the individuals varies much in regularity. The outlines of many of
them, especially of the larger grains, appear ragged, but in such cases the
boundaries are seen on close examination to be determined in large part by
rhombohedral planes. In other individuals the rhombohedral form of the
crystals is more marked, in some being perfect. It is an important fact that in
any specimen the crystallographic boundaries can be seen cutting sharply across
quartz grains, which proves that the siderite has been developed by inolecular
replacement of the quartz and not by filling in of cavities. The larger grains
in the sandstones and quartzites frequently inclose grains of quartz and, much
less commonly, scales of sericite. It is thus evident that the siderite replaces
the fine-grained cementing material more readily than the larger grains of
quartz.

The disseminated siderite is seldom preserved in rocks at or near
the surface. The mineral readily breaks down under the influence of
weathering into limonite, which in larger part, as rusty specks or
patches, occupies the position of the original siderite grains and gives
a most characteristic mottled apjcarance.

Contact-Metamorphic Replacement Deposits.

Contact-metamorphic replacement deposits are not well developed
in Shoshone County, although a number of the lodes fulfill part of the
criteria of contact metamorphism and evidently were formed under
comparable conditions of temperature and pressure. It is probable
that had the mineralizing solutions invaded a series of limestones
instead of quartzites and siliceous slates this group would have been
much more fully represented. In a limestone area much of the ma-
terial entering into the lime silicates is present in the invaded rocks,
but in quartzite the lime, in addition to the silica and iron, which

1 pardee, J. T., Geology and mineralization of the upper St. Joe River basin, Tdaho:
U. 8. Geol. Survey Bull. 470, p. 43, 1910.
27, 8. Geol. Survey Prof. Paper 62, p. 97, 1008.
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are commonly in excess in contact zones even in limestone, must also
have been supplied by the magma. Furthermore, quartzite is less
susceptible of irregular replacement than limestone.

In view of these considerations the contact deposits are of particu-
lar importance in a systematic study of the mineralization of the
county, even though they have contributed comparatively little to its
total production. .

The Success mine, formerly the Granite, is an important producer
of lead and zinc ores and the principal representative of the group
of contact deposits. The Gem and Frisco lodes locally contain lime
silicates in intimate association with metallic sulphides and magnetite
and are considered to be closely related to typical contact deposits in
origin. Similar relations exist in the Rex and Sunset depesits on
Ninemile Creek and probably also in the Copper Prince deposit in
the “southern copper area.”

GEOLOGIC RELATIONS.

The deposits occur in Prichard slate, in Burke quartzite, and in
the calcareous shales of the Newland formation at or near their
contact with granitic rocks. _

The Success mine, on the East Fork of Ninemile Creek about
5 miles north of Wallace, is in the central part of a narrow tongue
of Prichard slate and quartzite which extends eastward for nearly
a mile into the monzonite mass west of Gem. In the vicinity of the
mine the sedimentary beds are metamorphosed to biotite schist,
micaceous quartzite, and dense greenish quartzite, and each type
contains variable amounts of garnet, pyroxene, biotite, muscovite,
and locally chlorite and epidote. The structure of the beds is in
many places difficult to decipher, but in general they strike north-
west and dip 30°-85° SW. The Prichard rocks are intricately tra-
versed on nearly all the thirteen levels of the mine by tongues and
dikes of the monzonite, as is well illustrated on the 300-foot level.
(See fig. 2, p. 26.) In places the monzonite apophyses are traversed
by the ore, as is clearly shown between stations 300 and 308 on this
level, where a 10-foot dike nearly at right angles to the course of the
ore body is exposed in opposite sides of the stope at a point where
ore was extracted to a width of about 12 feet. Another equally
clear example of ore formed subsequently to the monzonite appears
on the same level near station 824, where an offshoot from the main
ore body replaces a 4-foot dike and extends into the quartzite be-
yond.

On the 100-foot level, 191 feet above the 300-foot, the ore body,
retaining its width of 33 to 5 feet, crosses a southwestward-dipping
monzonite dike. This relation continues for 60 feet below the level,
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but thence downward no ore has been found in the monzonite,
although ore has been mined in the adjacent quartzite for more than
100 feet deeper. Above the level the stope continues between granite
walls for 40 feet without diminution in width. As there is notably
less fracturing within the dike than beyond it, the history is inter-
preted as (1) shearing, (2) intrusion of the dike, and (3) renewed
shearing accompanied or followed by replacement of the wall rock,
both quartzite and monzonite, by ore.

The relations below the 100-foot level described above suggest that
the quartzite was more easily replaced by the mineralizing solutions
than the monzonite, which is clearly shown by hand specimens to
have been locally replaced. This suggestion is borne out by the de-
posit as a whole, for, although the monzonite has been intensely
altered in places, the total volume of it which has been replaced by
ore, compared with the other rocks, is negligible. Of the several
types of rock in the mine, most of the ore is inclosed in mica schist,
a notable amount in the micaceous quartzite, very little in the dense
greenish quartzite, and still less in the monzonite.

The Sunset mine, near the summit of Sunset Peak, develops a lode
from 2 to 10 feet wide which extends from the monzonite westward
almost at right angles to its contact, across a patch of eastward-
dipping Burke beds into the underlying Prichard formation. All
the known ore is inclosed in the sedimentary beds, although on an
adjoining claim to the east a small tunnel reveals seams of galena
and pyrite in the monzonite. The main tunnel follows the mon-
zonite contact for several hundred feet but diverges from it before
reaching the lode, and in no place along the lode has the contact
been explored. Garnet, a greenish pyroxene, and epidote are present
in much of the material on the dump, in some specimens in intimate
association with sulphides. The granitic rock, which here has the
composition of syenite, contains much secondary epidote and pyrite.

The Frisco lode extends from the irregular monzonite mass on a ,
general course almost at right angles to its border. The deposit (de-
scribed on pp. 100-102) is not typical of contact metamorphism, yetin
parts of the mine actinolite, epidote, and magnetite are so intimately
associated with the ore that it is believed to have formed under con-
ditions closely approaching such phenomena. It is noteworthy, on
the one hand, that a lamprophyre dike, considered to be a basic dif-
ferentiate from the monzonite, cuts cleanly across the lode, and on
the other that the monzonite is locally replaced by epidote, pyrite,
and sphalerite.

The Gem lode is probably a faulted segment of the Frisco and bears
similar relations to the monzonite.

The Rex lode, situated in the same area of the Prichard formation
as the Success, is not in immediate contact with the monzonite at
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any place in the mine as now developed, although a small stope on
the North vein, 200 feet from the Rex lode, has hornblende mon-
zonite on the hanging-wall side. Both lodes extend westward almost
at right angles to the gengral course of the monzonite contact. Meta-
morphism is recorded by a local intimate association of epidote.
garnet, and blue amphibole with the sulphides.

The Copper Prince deposit is in the greatly metamorphosed New-
land formation, which occurs widely in the vicinity of the granitic
masses of the southwestern part of the county. The lode, which is
traceable for about 2,000 feet, is inclosed in the sedimentary rock in
most places but locally occupies a shear zone along the igneous con-
tact. The deposit was not visited during the recent examination.
and available information does not include data on the detailed re-
lationship of sulphides and lime silicates. Its assignment to this
group is provisional.*

DISTRIBUTION AND FORM.

In each of the contact-metamorphic and closely related deposits
the position of the ore bodies is controlled by a zone of shearing or:
crushing, which, except at the Copper Prince, extends almost at right

-angles to the igneous contact. Even though such zones of fractur-
ing have served to direct the ore-forming solutions, the size of the
ore bodies is due largely to replacement of the inclosing rock. The
ore bodies are in general irregularly lenticular, and in most of them
the vertical axis is much greater than the horizontal. In many places
the ore shoots branch in the plane of the shear zone, giving more
than one stope on certain levels. In the Rex lode, for example, there
are two prongs to one general ore shoot. The eastern one has been
stoped down to No. 2 level ; the western one down to the 100-foot.
level and in part between the 100 and 300-foot levels. On the eastern
prong a little stoping has been done from the 300-foot level also, but
below, on No. 5 and No. 6 levels, development indicates that the two
shoots have merged. A similar irregularity is shown in the outline
and distribution of ore bodies in the Helena-Frisco mine and in the:
Copper Prince deposit.?

The form and distribution of the ore bodies of this group of de-
posits are well illustrated in the Success mine. Here the distribution:
of the ore bodies is controlled by the shearing planes of biotite schist,
although the ore is by no means confined to such planes. This mem-
ber of the Prichard, from 10 to 20 feet thick, strikes a little west
of north in the southeastern part of the mine, but farther north

24 Pardee, J. T., Geology and mineralization of the upper St. Joe River besin, Idabo:
U. S. Geol. Survey Bull, 470, pp. 49-50, 1911.
% Idem.
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turns abruptly westward and terminates against the monzonite in
the vicinity of the shaft. Here it dips about 80° S., but toward
the southeast it gradually flattens to a dip as low as 45°. '

The ore occurs in lenses in the biotite schist and in the micaceous
quartzite above and below it. The lenses attain their maximum de-
velopment near the bend in the formation, and here an outer and an
inner series occur—the former principally in the schist and the
latter in the overlying micaceous quartzite. Toward the west the
ore extends into the monzonite for a short distance in places, but
toward the southeast the mineralization dies out through a series of
1solated lenses on the same general zone. Most of the lenses in the
productive part of the zone are connected either by merging in places
along their periphery or by oblique or transverse bodies. Thus if a
stope sheet were made by projecting the worked parts of the de-
posits to a common plane, the ore body would appear as a vein. On
the other hand, cross sections and plans of separate levels bring out
the essential characteristics of the irregular replacement phenomena
controlled by the distribution of a zone of shearing in the com-
paratively thin biotite schist member of the Prichard formation.

" The principal ore body was found on the curved part of the zone -
and was worked continuously from the surface to the 1,200-foot
level. It was largest on the 500-foot level, where the sill floor was
60 by 100 feet; above and below this level it ranged from 125 to 235
feet in length and from 16 to 18 feet in width.

Within the lenses there are many residual masses of country rock,
locally giving faces the appearance of a sulphide-cemented breccia.-
Elsewhere great isolated blocks or “horses” occur in the ore bodies.
In most places these are mined as a necessity of the shrinkage system
employed, but locally they stand in stopes now worked out. Evi-
dence of fissuring along the zone of shearing is entirely lacking,
although it seems likely that some relative displacement of the
quartzites above and below the schist accompanied the development
of schistosity. The importance of replacement in. the creation of
the ore bodies is shown by innumerable expansions of ore directly
across the schistosity with veinlets extending out along the cleavage
planes. Wider parts of the ore bodies in many places extend beyond
the limits of the biotite schist into the micaceous quartzite ahove
and below, and locally lenses of considerable size occur many feet
beyond the limits of the schist.

The Sunset, Rex, and Helena-Frisco dep051ts are entirely similar
to the Success except that they cut across the inclosing beds and their
distribution seems to be more nearly independent of the composition
of the wall rock.
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THE ORES.

- The ore from the contact and related deposits is valuable prin-
<ipally for zinc and lead. The Success, Rex, and Helena-Frisco were
formerly worked for lead but have yielded an increasing amount of
zine in depth and should now be considered zinc mines. The Copper
Prince is a copper deposit.

The ore of the Success mine, which was studied in greater detail
than any other of the group, may be considered as representative
of all the deposits except the Copper Prince. As extracted by a
shrinkage system without sorting, it contains from 8 to 10 per cent of-
zine, 2 per cent of lead, and about 1% ounces of silver to the ton.
Sphalerite is the dominant mineral, but magnetite, pyrite, galena,
and quartz are present in most places. The characteristic gangue is
quartzite or biotite schist replaced to a greater or less extent by lime
silicate minerals. The sulphides are distributed throughout the ore
body in blebs, bunches, lenses, and connected areas of ramifying
habit. The galena was clearly formed later than the sphalerite,
which it traverses as veinlets and connected patches. Pyrite is scat-
tered through the sphalerite in isolated crystals or small groups of
crystals and may be contemporaneous with it. It is noteworthy,
however, that the pyrite extends into the surrounding rock much
farther than the sphalerite, in the monzonite replacing the horn-
blende to a distance of at least 200 or 300 feet from any known ore
body. Magnetite is intimately associated with the sphalerite and
may be nearly contemporaneous with it, although in one of the
specimens studied the magnetite is distinctly the older.

Sericite is associated with the sulphides irrespective of whether
they replace quartzite, schist, or monzonite. In the quartzite it oc-
curs as veinlets cutting the quartz grains and interstitially between
them; in the schist as flakes parallel to the schistosity; and in the
monzonite as isolated flakes and felted aggregates in feldspar areas
and as veinlets. A pleochroic carbonate with the low index higher
than Canada balsam but much lower than siderite, and hence prob-
ably a ferruginous calcite, accompanies the sericite in one of the
specimens. Where a veinlet of calcite intersects one of sericite the
latter invariably cuts the former, and where the two minerals occur
in the same veinlet the sericite occupies the medial plane. Quartz
occurs both in veinlets cutting the ore and in microscopic intergrowth
with the several sulphides.

Silicate minerals occur in much of the ore in microcrystalline indi-
viduals and aggregates closely intergrown with the sulphide min-
erals. In the monzonite garnet, pyroxene (probably hedenbergite),
a blue amphibole, epidote, chlorite, and rarely tourmaline occur in
minute microscopic grains. Garnet is the prevalent contact mineral
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in the quartzite and schist, but epidote, diopside, and chlorite are
present in most places in variable amounts. An intimate intergrowth
of the silicate minerals and sulphides is shown in many parts of the
deposit.

METAMORPHIC PHENOMENA.

General features—Unlike the results of metamorphism in lime-
stone areas, only slight changes in general aspect are shown by the
quartzite rocks here found. Even where the metamorphism is in-
tensest the texture is little changed, and difference in color, combined
‘with a slightly increased specific gravity, is the principal indication
of transformation. Where garnet is abundant the color is either
pink or light amber; where epidote or a pyroxene is abundant the
color is greenish. Minor amounts of these minerals do not noticeably
affect the gray or greenish-gray color of the quartzite, although such
material has a flinty aspect due to advanced recrystallization of the
siliceous mass and readily suggests the name hornstone, which may
be appropriately applied to it.

In the Newland rocks traversed by the Copper Prince deposit
the metamorphism has accomplished changes more like those char-
acteristic of limestone areas. Garnet, scapolite, pyroxene, and am-
phibole are in many places developed to such an extent that the sub-
divisions of the Newland formation lose their normal lithologic
character and mapping of them is extremely difficult.

Locally the monzonite is metamorphosed near its periphery, par-
ticularly in the Success and Helena-Frisco mines. It gives rise to a
rock somewhat resembling the intensely metamorphosed quartzite
but in most places retains sufficient of the monzonite pattern to be
easy of identification. Where the transformation is less advanced
the rock has a dull appearance due to alteration of the feldspar
crystals and is usually specked with pyrite, which replaces horn-
blende. Thus within some of the deposits two common types of
metamorphism occur—exomorphism, or the transformation of the
invaded rock, and endomorphism, or the metamorphism of the in-
trusive rock. These phenomena were observed in all the deposits
except the Copper Prince but were studied in detail only in the
Success mine. A record of observations made on this deposit may
be considered fairly representative of the group.

Ewzomorphism.—The Prichard rocks throughout the Success mine
have been “ completely recrystallized to an aggregate of interlocking
quartz grains which inclose variable proportions of pale-green mono-
clinic pyroxene, green-brown biotite, white mica, * * * and
garnet.” 2*  Although the metamorphism is general throughout the
tongue of slate and quartzite which extends into the monzonite,

28 Ransome, F. L., op. cit., p. 185.
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different beds have been affected differently. Garnet is most
abundant in the fine-grained greenish quartzite, which occurs princi-
pally in the eastern part of the mine. Sericite is conspicuously
developed in the micaceous quartzite above and below the schist and
to a less extent in the other rocks. Diopside occurs principally in
the biotite schist. Tourmaline appears in one of the slides of green-
ish quartzite. The biotite in the schist and the muscovite in the
adjoining quartzite are oriented parallel to the foliation and prob-
ably were formed in principal part incidentally to the shearing
stresses that caused the development of schistosity. The.lack of
shearing within the monzonite where it truncates these beds leads to
the conclusion that the development of the schistose zone and of the
biotite and muscovite incident thereto preceded the intrusion. The
development of the sericite, garnet, pyroxene, and epidote, however,
was a distinctly later phenomenon. These minerals occur in irregu-
lar bunches, veinlets, and ill-defined patches connected by stringers
of similar material. Their general distribution is controlled by the
zone of shearing, but in many places they lie athwart the foliation,
whose planes terminate abruptly against them as against the sul-
phide bodies.

The areas of moderate metamorphism are more extensive than
those of replacement by ore, but areas of intense metamorphism, in
which lime silicates constitute 50 per cent or more of the mass, seem
to be much smaller than the ore bodies. The rocks are more intensely
metamorphosed in the east end of the mine than elsewhere, but most
of the ore occurs in the west end.

The essential contemporaneity of the sulphides and silicates is
proved by specimens from several parts of the deposit, which abund-
antly bear out Ransome’s conclusion ** that “the association of the
ore minerals with the metamorphic silicates is so close that the con-
clusion of their contemporaneous genesis is unquestionable.” In a
few places (see Pl. VI) the sulphides form veinlets in the meta-
morphosed rock, suggesting that the sulphide deposition continued
after the cessation of lime silicate development. The relation, how-
ever, is believed to be exceptional, although the amount ¢f material
available for microscopic study does not warrant a definite conclu-
sion. The deposit is not favorable for paragenetic studies without
the aid of the microscope, as the contact-metamorphic rock in most
places is megascopically uncertain of identification and impossible
of classification. The metamorphic silicates in most specimens occur
in exceptionally minute grains, a magnification of 50 to 250 diameters
being necessary to the recognition of separate crystals. Interlocking
with these in low-grade ores are equally small grains of sphalerite,
pyrite, and less commonly galena.

2 0p. cit., p. 185, pL 10.
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Endomorphism.—The most interesting result of the recent investi-
gation of the deposit is the recognition for the first time of clear evi-
dence of endomorphism. The monzonite in many places in the mine
has been changed from a fresh hornblende-bearing rock into an in-
tensely sericitized pyrite-bearing rock and locally into an intimate
intergrowth of sulphides and metamorphic silicates. This conclusion
is opposed to that of Hershey,” who states that most of the sulphide
patches in monzonite “ have fragments of schist attached, indicating
that they are inclusions ” and thus are not discordant with his general
proposition that “ the veins are older than the intrusion of the ad-
jacent monzonite.” It agrees in general with the view of Ransome,*
who states that the ore “ was deposited shortly after the intrusion of
the monzonite and is a phase of contact metamorphism.” His obser-
vation, however, based on relations as exposed in 1904, that “ the ore
is strictly confined to the sedimentary rock,” now requires modifica-
tion. :

The diversity of opinion of the previous writers as to the relative
age of the ore and the monzonite justifies a rather complete assem-
bling of the evidence for the writers’ conclusion that the meta-
morphism and metallization were subsequent not only to the injection
of the magma but to the chilling and solidification of its outer part.

As previously stated and as illustrated in figure 2 (p. 26), it is
clear that ore bodies cut apophyses of the monzonite and ave of later
development. This conclusion is borne out by the evidence of hand
specimens, thin sections, and polished surfaces. Plate VII, A4, is a
photograph of a specimen that shows no included sedimentary rock
and consists of sphalerite, pyrite, and galena in a gangue of meta-
morphosed monzonite, in which magnetite is locally abundant. Thin
sections prove the essential contemporaneity of the metamorphic
silicates and sulphides. In one part of the specimen an aplite dikelet
cuts the monzonite and is itself cut by a seam of pyrite, magnetite,
sphalerite, and galena. Throughout part of its extent magnetite,
sphalerite, and galena ave collected along the contact of the dikelet
with the inclosing rock. In many parts of the speciinen the sulphides
have irregular replacement contacts against the monzonite, which
is cut locally by minute veinlets of the sulphides. Thin sections were
made from the other part of the specimen at points corresponding
to those marked A, B, C, and D in the illustration. Thin section A
consists of the garnet andradite, a green and blue pleochroic am-
phibole, hedenbergite, sphalerite, pyrite, magnetite, galena, and
locally quartz. The silicates and sulphides occur predominantly in
interlocking grains, but in a few fields sphalerite and galena form
veinlets. Section B consists of an intergrowth of garnet, epidote,

28 Op. cit,, p. 18.
2 QOp. cit.,, p. 185.
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ORE IN MONZONITE AND SYENITE.

4. Monzonite partly replaced by sphalerite (sp), galena (G), pyrite (P), magnetite (part of

black area), and lime silicates after injection of an aplite seam shown at hin sections
were cut at A, B, C, and D. From point near shaft on 860-foot level, Success mine.
3/, natural size.

B. Sphalerite, galena, and pyrite replacing monzonite (light). Success mine, 300-foot level.

4/5 natural size.
(. Galena and chalcopyrite (black areas) replacing syenite. From the Lily prospect.

ural size.

4[5 nat-
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hedenbergite, green and blue pleochroic amphibole, pyroxene, garnet,
and sericite in the feldspar areas. Section C is made up of minute
interlocking crystals of garnet, blue-green amphibole,*® hedenbergite,
epidote, sericite, biotite, olivine, and chlorite. The slide from point
D consists of much less altered monzonite, in which feldspar forms
perhaps 80 per cent of the mass. Sericite is the dominant alteration
product and occurs in seams, flecks, and patches in both orthoclase
and plagioclase areas. Chlorite occurs in seams and with what ap-
pears to be iron oxide in areas corresponding in distribution to the
hornblende of the fresh monzonite. Sphalerite occurs in seams and
with pyrite along one edge of the section.

The specimen described above was taken in a stope from the 860-
foot level, but others equally conclusive of metamorphism and ore
deposition after marginal solidification of the monzonite were col-
lected from the 100, 300 (fig. 2), and 1,000 foot levels.

The endomorphism at the Success mine is perhaps more intense
than elsewhere in the county, but specimens from the other contact
deposits show similar phenomena, and in certain places where horn-
stone is abundant, although lime silicates were not observed, there
is a similar age relation of ore and igneous rock. In the American
prospect, immediately west of the Success mine, seams of quartz,
galena, and specularite traverse monzonite in which sericite, chlorite,
and pyrite are developed. Similar relations occur in the Lily and
Nelly Pollar prospects, east of Murray. In the Lily the ore consists
of galena with associated chalcopyrite replacing syenite adjacent to
a 2-inch clay gouge which separates it from Prichard slate. The
bunches and seams of sulphides are most numerous next to the gouge,
but they ave present in diminishing numbers to a distance of 20 feet
from it in two crosscuts 65 feet apart. The Sunset, Rex, and Helena-
Frisco deposits are more like the Success, in that lime silicate min-
erals are locally well developed as alteration products of the mon-
zonite.

Replacement Deposits Along Fissures and Fraeture Zones.

Nearly all the ore deposits of present economic importance in
Shoshone County were formed by replacement along fissure and
fracture zones. Irregular contact deposits, such as occur commonly
near igneous contacts in limestone areas, are poorly represented, and
fissure fillings, typified by many veins elsewhere in the State, are here
but meagerly developed. To this group belong most of the gold
deposits near Murray, which have been almost abandoned for many
years.

30 The ambhibo]e is optically positive, has positive elongation, extinction to 30°, and is
strongly pleochroic in X yellowish to greenish, Y yellowish-blue, and Z blue tones.



42 GEOLOGY AND ORE DEPOSITS OF SHOSHONE COUNTY, IDAHO.

The more important deposits of the area, appropriately termed
lodes, are great lenses elongated vertically and very irregular in
detailed outline. Along many of them stringers and bunches of
sulphides extend sporadically into the wall rock well beyond the
limits of profitable mining. Locally, as in the Morning and Stand-
ard-Mammoth mines, great horses occur completely surrounded by
ore, and in almost any stope unreplaced remnants of country rock
may be found in the lode. Most of the fracture zones record more
than one movement, later minerals occupying seams that traverse
minerals formed earlier. It is these recurrent movements during the
general period of ore deposition that make the broader facts of
paragenesis particularly easy of recognition. None of the move-
ments seem to have caused notable displacement of the strata, although
in an area of formations of great thickness, made up of many beds
almost identical in appearance, an offset of 100 feet or more may
not be detected. Movements during deposition, however, were cer-
tainly small, as they resulted in a shattering of the older minerals
without developing a gouge in them.

LEAD-SILVER DEPOSITS.
IMPORTANCE.

The lead-silver deposits of Shoshone County have contributed pre-
dominantly to its total production, to the end of 1920, of $487,299,838
worth of metals. Of this amount more than half has come from
lead, and about one-fourth from silver, principally associated with
the lead. Although gold was discovered first and was the only metal
produced during 1884 and 1885, lead and silver became noteworthy
factors in 1886 and with only a few periods of reversal have steadily
increased in output. In 1904 copper became important in the coun-
ty’s production, but it has greatly decreased since the closing of the
Snowstorm mine. In 1905 zinc entered the list of metals produced,
and it is this metal, if any, which may finally eclipse lead as a re-
source of the region.

There is every reason to believe that a large production of lead will
continue for many years. The Bunker Hill and Sullivan, Morning,
Hecla, and Hercules mines all have large ore reserves and probable
reserves, and increased output from them has largely offset a decrease
due to the failure or diminished production in recent years of the
Tiger-Poorman, Standard-Mammoth, Last Chance, Helena-Frisco,
and other smaller mines. New discoveries will probably further
prolong the period of lead mining in the county, for in an area where
such deposits as the Senator Stewart, Caledonia, and Tamarack and
Custer lay hidden during 20 years or more of intense mining activity,
other notable discoveries must be expected.
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DISTRIBUTION,

The most valuable lead-silver deposits in Shoshone County occur
near Wardner, where the Bunker Hill and Sullivan, Senator Stewart,
Caledonia, Sierra Nevada, and Last Chance are the principal mines,
and in the area around Burke, which includes the Greenhill-Cleve-
land, Standard-Mammoth, Helena-Frisco, Hecla, Tiger-Poorman,
Marsh, and Hercules deposits. A belt extending eastward from the
Burke area includes the Morning, Alice, and Gold Hunter as the
principal representatives. On Ninemile Creek and the head of
Carbon Creek are the Tamarack and Custer, Idora and Tuscumbia,
Sunset, and California. Outlying deposits that have afforded some
production are widely scattered and include the Hypotheek, west of
Pine Creek; the Jack Waite, near the head of Eagle Creek north of
Murray; the Monarch, Bear Top, and Paragon, near the head of
Prichard Creek; the Carbonate Hill, on Willow Creek; and several
minor deposits south and west of Wallace. In the Pine Creek dis-
trict lead is prominent in several of the zinc prospects, and on Slate
Creek, a tributary of St. Joe River, many of the prospects contain

galena.
RELATION TO ROCKS OF DIFFERENT OHARAOTER.

The lead-silver mines are predominantly in the Burke and Revett
formations, but there are numerous exceptions. The Gold Hunter
is in the Newland, the Carbonate Hill in the St. Regis, the Hypotheek
in the middle Prichard, the Monarch, Jack Waite, Paragon, and
Murray Hill in the upper Prichard, and the Evolution in the lower
Prichard. No lead mines have been opened in the monzonite, but in
several places, notably at the Success mine and the Lily prospect,
seams of lead ore traverse it. Besides the principal deposits there
are numerous others in each of the groups. There is no persistent
difference in the character of the ore in any way related to the in-
closing formation, and it seems probable that the preponderance of
lead mines in the Revett and Burke is due primarily to the occur-
rence of these formations in the two areas that contain loci of lead
mineralization. The absence of lead mines in most areas where these
formations crop out shows that the local concentration of immense de-
posits in them is not a consequence of the character of the rocks
themselves. Neither is the localization due to folding or faulting.
The area near Burke is not greatly faulted, and the folds are more
open there than in many other parts of the region. On the other
hand, the Wardner area is closely folded and broken by faults in a
manner comparable to the partings in schist. Areas of nonproduc-
tive Burke and Revett rocks are known which represent all grada-
tions between these structural extremes. Surely this means that the

109496—23——4
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fundamental cause of the localization of the ore bodies is neither the
character of the inclosing rock nor the extent of fracturing, although
both unquestionably exert a modifying influence. These features
are further discussed in the section on ore genesis (pp. 141-150).

The distribution of ore bodies is in part related to rock texture,
as pointed out by Ransome,** who observed that

The rock most favorable to the formation of large bodies of lead-silver ore
is undoubtedly a fine-grained sericitic quartzite in which the quartz grains
instead of closely interlocking are separated * * ¥ by considerable inter-
stitial material, largely sericite. A large part of the Revett quartzite, how-
ever, is not particularly sericitic and has grains that interlock after the manner
of typical quartzite, Such rock seems to be less favorable to the deposition
of lead-silver ore than the more sericitic variety, which, while not perhaps the
most characteristic part of the formation, is very abundant, particularly in
the lower beds. Even in those deposits which occur in the Prichard formation,
it is noteworthy that the quartzitic beds are the ore bearers and that nearly
all the prospects are in the upper. part of the Prichard, in beds that partakg of
the character of the overlying Burke formation.

‘Although the general truth of these observations has been borne
out by the active exploitation of the decade since they were
made, several noteworthy exceptions are now known. Unquestion-
ably solutions following any fissure that traverses rocks of different
character will replace certain beds more readily than others, but
some of the great ore bodies recently opened, notably the Interstate-
Callahan, are in dense quartzitic shale, the particles of which are
minute and closely assembled. Also several of the mines on Pine
Creek contain deposits which réplace compact slates. These facts
lead to the broad conclusion that given a fissure or fracture zone
followed by ore solutions, any rock in the region may contain com-
mercial deposits. Up to the present time no large lead-silver mine
has been opened in Prichard slate, but the writers can discover no
reason which appeals to them as valid why such deposits may not
be found. Neither has lead-silver ore been found in commercial
quantities in the granitic rocks; for this the explanation may be as
follows: It is shown on page 25 that veinlets of galena and other
sulphides traverse the monzonite, but it does not follow that the
monzonite had entirely solidified at the time the ores were deposited.
How far solidification had progressed is not known, and hence it
can not be foretold to what distance from its margin ore may be
found in the monzonite masses. In at least two places, however,
lamprophyre dikes, doubtless late differentiates.from the magma,
traverse ore bodies, thus showing that magmatic activity continued
at least locally after lead-zinc deposits of large size had been
completed.

# Ransome, . L., op. cit., pp. 106-107.



REPLACEMENT DEPOSITS ALONG FISSURES AND FRACTURES. 45
CHARACTERISTIC FEATURES.

The lead deposits characteristically replace quartzite and consist
dominantly of galena in a siderite gangue with subordinate quartz.
Pyrite and sphalerite are present in variable amounts, pyrrhotite and
chalcopyrite occur locally, and in a few lodes barite is conspicuously
developed.

The deposits are tabular, the replacement having progressed from
fissures, as in the Morning, Standard-Mammoth, and other mines;
from partings in a sheeted zone, as in the Hecla and Gold Hunter;
or from fractures in a crushed zone, as in the March shoot of the
Bunker Hill and Sullivan mine. In some of the lodes a banded
arrangement of the minerals indicates recurrent opening of the frac-
{ures, a feature typified by the Blue Bird seams of the Wardner
area.

The prevailing strike of the lead deposits is about N. 70° W., with
steep dip to the southwest. There are, however, many exceptions
to this attitude. The Alice, Lily, Senator Stewart, Sierra Nevada,
East Caledonia, and Jersey fissures of the Bunker Hill and Sullivan
mines strike northeast. The principal Bunker Hill and Sullivan ore
body strikes N. 42°-45° 'W. With the exception of this ore body,
which dips 38° SW., and the Sierra Nevada, which is locally almost
flat, the lodes are nearly vertical. Variations from the vertical in
very few of the fissures exceed 20°, and in most of the principal mines
the dip is southward.

The ore bodies are distributed along fissures that were doubtless
formed incidentally to the faulting of the region, but none of them
show evidence of marked displacement, as pointed out by Ransome.??
The region strikingly illustrates the fact that great faults are not
generally mineralized, a fact recognized as due to the heavy gouge
accompanying them. The ore shoots, many of them exceptionally
large, occur without any recognizable order of distribution along the
fissures. They vary widely in form and in size. In the Canyon
Creelk area the ore shoots are tabular and wedge out on the ends into
fissures that are in many places almost devoid of ore minerals, but
in the Last Chance and parts of the Bunker Hill and Sullivan mines
the ore grades out into country rock both along the walls and at the
ends of the shoots. The March shoot of the Bunker Hill and Sulli-
van mine is unique among the ore bodies of the county. It follows
a triangular block of shattered quartzite bounded by faults known
locally as the Sullivan, Flint, and Upper Cate. The shoot has been
followed from the surface to the fourteenth or lowest level in the
mine, a distance on the pitch of the shoot of about 4,000 feet, and
throughout it holds closely to the same block of quartzite, nowhere

% Op. cit., p. 134 and elsewhere.
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passing below the Sullivan nor above the Upper Cate faults but in
places extending from its normal position in the hanging wall of the
Flint fault to positions well in its footwall.

MINERALOGY.

The lead-silver ores consist predominantly of argentiferous galena
in a gangue of siderite or quartz, or both. Associated with the
galena are sphalérite, pyrite, pyrrhotite, chalcopyrite, stibnite, tetra-
hedrite, and magnetite. In a few of the deposits barite is conspicu-
ously developed, and locally calcite is abundant. The siderite
throughout the district is manganiferous. Silver accompanies the
galena in all the deposits, and the tetrahedrite in most places is rich
in silver. In'concentrating the ores more zinc than lead is lost, and
in such tailings the ratio of silver to lead is higher than in the
original ores, suggesting that some silver occurs in the sphalerite.
This may not be true, however, because in wet concentration tetra-
hedrite slimes much more easily than galena and a greater percent-
age of it goes into the tailings.

The several minerals occur in nearly all proportions in different
deposits. The Hunter lode and the east end of the Morning lode are
particularly high in barite. Tetrahedrite, widely distributed in the
lead-silver deposits, is particularly abundant in the Caledonia and
Hypotheek and the deposits between Wallace and Wardner. Chal-
copyrite is present in most of the veins in small amounts and is a
noteworthy mineral of the ores from the Hypotheek mine, the Lily
prospect, the Black Bear Fraction, and parts of the Caledonia.
Pyrite is nearly everywhere present but occurs in very small amounts
in the March shoot of the Bunker Hill and Sullivan mine, in the
Jack Waite, and in much of the Standard-Mammoth lode. Sphaler-
ite also is universally present in the lead-silver ores, but in amounts
which differ widely in different lodes and in different parts of the
same lode. An increase in the amount of zinc with increased depth
is generally recognized by the mine operators of the area, although
detailed data are not available. During the years 1915 and 1916 the
high price of zinc encouraged its recovery, and the production for
these years affords an idea of its relative amount in some of the
deposits. None of the principal mines near Wardner contain enough
zinc to warrant its recovery, although in most of the lodes sphalerite
can be recognized. In the Canyon Creek mines and those near
Mullan zinc is more abundant. During 1915 and 1916 the Morning
and the Greenhill-Cleveland each produced about 1 ton of zinc to 7
tons of lead ; in the Helena-Frisco the ratio was nearly 2 of zinc to 1
of lead. The Gold Hunter contains a much lower proportion of zinc
than the Morning, and on the other hand the Success contains a



REPLACEMENT DEPOSITS ALONG FISSURES AND FRACTURES. 47

higher proportion than the Helena-Irisco. From this the step to
typical zinc mines is short, the Interstate-Callahan containing be-
tween 4 and 5 per cent of zinc to 1 per cent of lead. It is noteworthy
that there is a complete gradation from deposits carrying galena
almost to the exclusion of other sulphides, such as the March shoot
of the Bunker Hill and Sullivan, through lead-zinc and zinc-lead
deposits to rich zine deposits in which lead is of minor consequence.
But more noteworthy still is the occurrence of such a gradation
within the same lode. The Morning mine contains much more zinc in
proportion to lead in the west end than in the east end, a feature
readily observable in the lower levels in 1916. In many of the west
stopes the galena occurs as seams and veinlets in a sphalerite mass,
whereas the east stopes in many places show-sphalerite only as ker-
nels and patches in the galena. This is the more significant because
the deposit is entirely within the Revett formation, whereas the other
deposits in the Revett are low in zinc. Except for this lode, one of
the most productive in the county, and the Hypotheek and Jack
Waite, lead mines in the Prichard formation, the deposits may
be grouped roughly as zinc in the Prichard, zinc and lead in the
lower Burke, and lead in the upper Burke and Revett. With such
exceptions—the Morning is an ore body about 1,500 feet long and has
been explored to a vertical depth of 3,400 feet without sign of im-
poverishment—significance can not be placed upon stratigraphie dis-
tribution of lead and zinc. There may be some relation between the
character of beds and the type of ore deposited in them, but that
there is any fundamental dependence of one upon the other is dis-
proved by the Morning, Hypotheek, and Jack Waite lodes.

PARAGENESIS OF THE PRIMARY ORE MINERALS.

The paragenesis of the minerals of the lead-silver deposits is
essentially the same whether the dominant gangue, which determines
the subtypes, is siderite, quartz, or barite. The prevailing order of
deposition of the principal minerals as seen in the stopes and con-
firmed by a study of polished surfaces was siderite, quartz, sphalerite,
galena. The relative abundance of these four minerals and barite
gives rise to the different types of lead and zinc deposits. In the
March shoot the siderite and galena stages were dominant; in the
Hecla the galena and quartz; in the Jersey fissures the quartz and
galena, with an earlier siderite filling largely obliterated by the
quartz; in the Gold Hunter the siderite, barite, quartz, and galena
stages were dominant; in the Greenhill-Cleveland the quartz, galena,
and sphalerite; and in the west end of the Morning the siderite,
quartz, sphalerite, and galena. From this the transition is short to
such a typical zinc lode as the Interstate-Callahan, in which the
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sphalerite stage is dominant but the other three are well represented.
Each of the four minerals is present in all the deposits, except that
sphalerite may be absent in the Hypotheek lode, and in dominant
amount each has the same age relations. Recurrence of conditions
favorable to the deposition of each of the minerals, particularly of
siderite and quartz, occurred in several of the lodes, but the relative
volume of the particular mineral deposited as a second generation is
nowhere large. Thus in the Standard-Mammoth, Morning, and
Hecla lodes seams of quartz cross ore in which galena has a mesh-
like distribution in older quartz and siderite. Where sphalerite
occurs in galena areas it is in the form of rounded kernels, but in
quartz and siderite areas it forms veins, patches, and connected areas
of irregular outline. .In many places the four principal minerals
seem to be nearly contemporaneous, as in the alternating bands of
them in the Blue Bird ores.

The age relations of the accessory minerals are not so clear, but as
discussed in the general section on paragenesis (pp. 135-138) all of
them with the possible exception of magnetite and pyrrhotite are be-
lieved to fall between the end members of the series discussed above.

SCOPE OF DESCRIPTIONS.

In the following sections emphasis is placed on the geologic condi-
tions surrounding the principal lodes, the form and distribution of
the ore bodies, and the ores. Only casual mention is made of de-
velopment, production, and history; mine workings, with few ex-
ceptions, are not described. These features have been covered in
previous reports, and the situation has not greatly changed. The
reader is referred to the extensive record contained in the reports by
Ransome and Calkins®® and by Calkins and Jones®* and in the
papers by Hershey.®®* The development accomplished since the ex-
amination in 1904 upon which Professional Paper 62 is based is
briefly outlined. A few new discoveries have been made, and these
are more fully described. The deposits are grouped as in the earlier
and more detailed report, and about the same order of subdivision
is followed in order to facilitate reference from one report to the
other. : ’

33 Ransome, K. L., and Calkins, F. C., The geology and ore deposits of the Coeur d’Alene
distriet, Idaho: U. 8. Geol. Survey Prof. Paper 62, 1908. .

s Calkins, F. C., and Jones, E. L., jr., Economic geology of the region around Mullan,
Idaho, and Saltese, Mont.: U. S. Geol. Survey Bull. 540, pp. 167-211, 1914,

%5 Hershey, O. H., Origin of lead, zinc, and silver in the Coeur d’Alene: Min. and
Sci. Press, vol. 107, pp. 489—493, 529-533, 1913 ; Genesis of lead-silver ores in Wardner
district, Idaho: Min. and Sci. Press, vol. 104, pp. 750-753, 786-790, 825-827, 1912;
Origin and distribution of ore in the Coeur d’Alene (private publication), 1916.
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. LODES NEAR WARDNER..

SITUATION AND DEVELOPMENT,

The principal lodes occur within a zone well up on the rugged
slope south of the valley of the South Fork of Coeur d’Alene River
and nearly parallel to it. The zone extends from a point east of
Milo Creek across the head of Deadwood Gulch to a point east of
Government Gulch, a distance of about 2} miles. It nowhere ex-
ceeds half a mile in width. The principal mines along this zone
from east to west are the Bunker Hill and Sullivan, Last Chance,
Sierra Nevada, Caledonia, Ontario, Senator Stewart Silver King,
and Crown Pomt

The mines are opened prlnmpally by tunnels flom Milo, Dead-
wood, and Government gulches and by the Kellogg tunnel, 1§ miles
long, from the main valley west of Kellogg. From this tunnel there
are direct connections with openings from each of the three gulches.
The part of the Punker Hill and Sullivan mine now principally
worked is developed by a 1,000-foot shaft whose collar is on this
level ; the other mines are shallower.

PRODUCTION.

The production of the principal mines in the vicinity of Wardner,
as shown in the following table, is particularly interesting when it
is realized that the large output of the Senator Stewart, Caledonia,
and Ontario came from deposits that were prospects at the time of
Ransome’s examination in 1904. At that time the area had been
actively exploited for 19 years. Surely this is sufficient justification
for a belief that other deposits of no mean importance will be dis-
covered.

The magnitude of such a dep051t as the Bunker Hill and Sullivan
is shown not only by its total production. The Miller stope, on the
March ore shoot above the thirteenth level, is yielding 8,950 tons
to the vertical foot; the Cameron, on the same shoot above level
No. 12, yields 7,000 tons to the vertical foot, and to the end of 1915
had produced 760,120 tons of ore. In 1904 practically all work was
being done above the No. 9, or Kellogg tunnel level, and a yield of
6,000 tons per foot was obtained; below this level the average yield
has been about 10,000 tons to the vertical foot. At present one-
seventh of the Bunker Hill ore is obtained above the No. 9 level
and six-sevenths below that level.
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Production of principal mines near Wardner, Coeur d'Alene district, Idaho.

Bunker Hill & Sullivan Mil}ing & Concentrating Co.

Concen- Ratio of
Year. Crude ore. | trating concen- Silver. Lead.
ore. tration. X
Tons. Tons. Per cent. Ounces. Pounds.

Priort01904.... e e 8,338,632 | 621,326,000
1904 22,110 $17,722 7.55 1,149,719 62,300, 897
1905 36,570 | 342,470 6.40 1,556,252 79,608, 970
1906 , 720 344,340 5.93 1,623,629 83,139,790
1907 9,290 313,040 4,46 1,415,367 71,440,320
1908 3,960 | 358,190 4.59 ] 1,228,014 | 66,938 801
1909 2,150 341,420 5.05 1,179, 412 65,466, 571
1910....... 1,330 425,140 5.89 1,219,472 66, 275,921
1911, ... 1,790 464,750 6.74 1,250,058 68,740,718
1912.. 2,120 427,740 7.26 1,170, 860 65,057, 000
1913.. 179 6, 7,48 1,209,3 70,935, 265
3 440,919 7.85 1,161,324 70,663, 236
1915, ¢ eoneinenenrnreceeeaneaeneaenenadeeenannas 454, 7.59 1,208,284 | 74,584,741

6104,219 | 24,667,010 |............ @ 23,791,377 | a 466,478,230

@ The tonnage of ore is for the years 1904 to 1915, inclusive; the production for the life of the mine.

Last Chance mine.

; ;
8,261 | 180,383 7.5 781,111 | 35,945,600
8137 | 162,058 7.8 625,688 | 31,315,600
8917 | 162,119 8.1 586,405 { 30,191,000
5928 | 158,872 8.3 473,473 25,195,800
6,828 | 144,162 7.8 490,347 | 25,556,

7,052 | 176,198 6.7 756,020 | 35,553, 600
7,905 | 179,545 7.4| 1,020,191 | 36,003,000
5322 | 104,928 0.2 1,047,201 | 32,507,000
7789 | 222,511 11.0 581,301 | 29,910,000
6,268 | 263,632 13.7 501,245 | 27,227,794
6,180 | 299,920 13.9 508,873 | 31,359,074
2,812 | 133,368 13.0 243,655 | 14,110,024
1,204 54, 550 1.7 127,009 6,586, 516
83,503 | 2,332,252 |.......... 7,832,609 | 361,462,308

b For the period prior to 1914 the figures are for the 12 months ending Aug. 31, for 1914 the 16 months end-
ing Dec. 31, for 1915 the calendar year, and for 1916 the 5 months ending May 31.

Stewart Mining Co.

55,637 8.22 325,037 8,429,906
145, 561 8.59 806,380 21, 580, 641
179, 505 8.08| 1,202,212 | 29,167,762
170,188 7.16 | 1,581,235 | 30,340,088
189,615 6.11| 2,648,422 | 45,656,486
177,323 7.74| 1,652,236 | 29,510,188
33,151 9.02 199, 607 3,421,546
950,980 |....ooone... 8,415,189 | 168,106,617
¢ Apr. 23, 1910, to Jan, 1, 1911,
dJan. 1, to July 1, 1916.
Caledonia Mining Co.®
1904, i ree e eaeanas 4,042 18,420 5.67 572,196 6,866,040
1915, . e eoeeeeeeieiaeaerarianaanraann 6,954 35,996 4.35.] 1,251,896 | 11,248 400
10,996 54,416 |...eenunnn. 1,824,092 |* 18,114,440

¢ Production under present management. The mine began producing in 1909 and, according to the
records of the county assessor, produced 18,880 tons of ore, valued at $988,453, prior to 1914. This is the only
mine in the district in which copper is a constituent of noteworthy commercial importance. In 1914 the
mine produced 246,000 pounds of copper, and in 1915, 668,000 pounds.
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Production of principal mines mear Wardner, Coewr d'Alene district, Idaho—Con.

Ontario Mining Co./

Concen- | Ratio of .
Year. Crude ore. | trating concen- Silver. Lead.
ore. tration.
Toms. Tomns. Per cent. Ounces. Pounds.

58 2,130 8.94 & X
1,588 43,593 7.13 207,744 9,674, 256
1,054 71,838 9.69 353,742 8,654,352
2,350 86, 460 10.48 491, 874 11,461, 952
1,668 79, 551 11.05 444,884 9,135,600

252 28,338 9,30 164,328 3,471,198
6,970 | 31,910 |............ 1,744,009 42,664, 044

/ Data cover the life of the mine.

Sierra Nevada Consolidated Mining Co.?

37,024 9.54 74,594 3,286,530
77,457 6.37 356,631 | 12,083,856
48, 832 12,04 142)433 094,786

............ 163,313 [.oovvennnes 573,658 | 19,405,172

¢ Production under presont management. The mine was idle for a number of years prior to 1913.
GEOLOGIC RELATIONS.

In a discussion of the geologic relations of the Wardner ore bodies
too much credit can not be given to the vast amount of work done
by O. H. Hershey, geologist for the Bunker Hill & Sullivan Co., and
the several geologists who at different times have studied the deposits
incidentally to litigation. Few mining companies have more com-
plete geologic records than the principal company operating in this
district. A glass model with structure shown on every level and
vertical sections at 100-foot intervals was prepared and is kept up
to date by Mr. Hershey. In this way the detailed structure of the
large block of ground honeycombed by workings is intimately known,
and any inconsistencies in the correlation of faults or lodes are soon
discovered and the errors corrected. By working agreement or by
overlapping management Mr. Hershey keeps similar records of most
of the adjoining mines. These data were available to the writers
during their examination of the district and contributed more largely
than their own work to their present knowledge of the deposits. To
give credit on particular points is impossible, but it may be said
frankly that the recent examination contributed very little that is
new on the details of structure. By no means all the structural
details, particularly those of the surface and levels above No. 9, were
checked by the writers, but in regard to the many that were.there
is little room for disagreement. Only on the interpretation of the
facts are noteworthy differences of view held. These differences are
stated freely, not in a spirit of criticism but solely in the hope of
furthering our knowledge of ore genesis. Instead of nine distinct
periods of faulting caused by regional forces operating differently
and in different directions and ten separate stages of mineralization,
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as held by Hershey,*® the writers recognize not over two distinct
periods of faulting—those common to the entire region (see pp.
11-14 and fig. 3)—and only one general period of mineralization.
The slicing of the Wardner area into a great number of thin slabs of
steeply dipping beds, with minor cross faulting, is conceived to have
been incident to readjustments along the curved plane of the Osburn
fault during a long period in which the 12-mile relative displace-
ment of its sides was accomplished. Many of the structural com-
plexities are elucidated by recognizing the area as part of the east
limb of a broad anticline crossed in the vicinity of the mines by a

{5 Keltogg Pk

t 2 [} 1MILE

FIcURR 3.—Traces of faults in the Wardner area. (After Hershey.)

sharp east-west syncline and these folds traversed obliquely by
parallel faults, most of which have notable horizontal components of
displacement. Thus the faults of the Wardner area, with the possi-
ble exception of certain fragmentary ones, such as the Good Luck,
Forest Bell, and Monument, which have a prevailing north-south
strike, are believed to date from the third general period of struc-
tural disturbance. :

The ore of the Bunker Hill and Sullivan, Last Chance, and Sierra
Nevada mines lies principally in the Revett formation, but the Cale-
donia, Senator Stewart, and Crown Point are in the Burke. With
increased depth the Bunker Hill and Sullivan ore bodies are gradu-

% Hershey, O. H., Genesis of lead-silver ores in Wardner district, Idaho: Min. and Sci.
Press, vol. 104, pp. 750~753, T86-790, 825-827, 1912.
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ally passing into steeply dipping Burke beds. The ore bodies of the
Bunker Hill and Last Chance mines are confined to a block of
ground bounded by the Sullivan, Buckeye, and Iron Hill faults,
shown on Plate VIII. Within this slablike block, approximately
6,000 feet long by 1,000 feet or less wide, which strikes N. 45° W.
and is inclined about 40° SW., the ore bodies are irregularly dis-
tributed, although in a general way they occur near the footwall, or
Sullivan fault. In no place has the ore been found to extend beyond
this footwall, but in some of the fissures of the Last Chance mine it
extended beyond the Buckeye fault. Many minor faults, some of
which displace the lodes, traverse this mass of quartzite, but none
have sufficient throw to break the general continuity of the block.
Important among them are the Upper Cate, Lower Cate, Flint,
Dull, Last Chance, Ollie McMillin, and Jackson faults. A general
idea of the faulting within the block is shown in Plates VIII and
IX, comprising a geologic map of No. 9 level and two vertical sec-
tions through the Bunker Hill and Sullivan mine, kindly furnished
by Mr. Hershey. The Lower Cate fault passes through the March
ore shoot on many levels but has caused no serious displacement of
it, although the combined movement on the Upper Cate and Lower
Cate faults offsets the Jersey fissures about 800 feet to the west on
the south side. On level No, 12 the two parallel Jersey fissures are
about 100 feet apart and the east one is offset nearly 80 feet by the
Last Chance fault, which is at right angles to their course, but the
west one is not displaced. The Blue Bird seams are ribbon-like in
structure, indicating recurrent opening of the fractures during their
development. It is also noteworthy that the deposits exemplifying
the three principal types of mineralization recognized by Hershey—
the Bunker Hill, Blue Bird, and Jersey—have different strike and a
slightly different assemblage of minerals. All these facts show
clearly that faulting movements of no small importance progressed
concurrently with mineralization.

The Caledonia vein occupies a northeast fissure centrally situated
in a mass of Burke quartzite bounded on the north by the Osburn
fault and on the south and west by the New Era fault. The vein is
extremely crooked and is cut by numerous faults of minor dis-
placement; it dips southeast. On the 950 level the vein terminates
against a fault zone which has not been recognized on the surface or
elsewhere in the mine. This vein is of considerable interest because
it lies well to the north of the so-called Wardner footwall, or Sullivan
fault, which was originally believed to be the northern limit of
commercml mineralization.

The Senator Stewart vein has about the same strike and dip as the
Caledonia and lies west of it in a Burke area bounded by the
Osburn, Lower Cate, and New Era faults. The vein is set down on



54 GEOLOGY AND ORE DEPOSITS OF SHOSHON E COUNTY, IDAHO.

the west by three strike faults, so that more than one segment ap-
pears on several levels. At a depth of 735 feet below the outcrop:
it is cut off by the New Era fault, which dips about 35° W. The
faulting movement dragged fragments of the ore in commercial
quantities locally to a distance of 80 feet up on the fault plane. On
the northeast the vein is cut off by the Osburn fault, and on the
southwest by the Lower Cate fault, also called the Ontario footwall.
The position of the New Era fault between this vein and the Cale-
donia suggests that they may be parts of the same deposit. Further,
Hershey ** has suggested that the Caledonia is probably a portion
of the Sierra Nevada, which lies well to the south and is cut off on
the northeast by the Cate faults. It is perhaps a reasonable working
hypothesis that the Senator Stewart is a central segment of a vein
which once included the Caledonia and the Sierra Nevada. It is also
possible that the Crown Point and Silver King veins, well to the
west, may be faulted parts of the Senator Stewart, although this
seems less likely. Tn depth the west end of the Senator Stewart vein
passes into Ontario ground and is worked by the Ontario Co. The
problem of locating the faulted ends of the Stewart vein, an ex-
ceptionally rich deposit cut off sharply on three sides by faults, is
well worth attempting. The limited time available to the writers
for the examination of local problems makes it impossible for them
to do more than outline this problem, but in approaching its solution
the investigator should be guided by the facts that much, perhaps
most, of the displacement on the Osburn fault probably preceded the
vein formation, and that in the Bunker Hill and Sullivan mine the
net result of movements on the Upper Cate and Lower Cate faults
is an offset of about 800 feet to the west on the south side of the
Jersey fissures, which have similar strike, dip in the same direction,
and are of the same general type as the Stewart vein. Postmineral
movement on the Lower Cate fault has been more pronounced than
on the Upper Cate, so that the chances of finding another segment of
the Stewart vein would seem to be greatest in the block between these
two faults at some point west of the vein as now known.

The Crown Point and Silver King veins dip northward and are
cut off by the Osburn fault, which dips about 50° S. In the former
much work has been done on the assumption that the fault might pos-
sibly be older than the ore, but this work has conclusively proved that
an important part of the movement on the fault is younger. West
of the Crown Point in the same general relation to the Osburn fault
is the Black Hawk vein.

1t is obvious that much of the faulting in the Wardner area is older
than any of the lodes and that some is clearly younger, while evidence

37 Hershey, O. ., Genesis of lead-silver ores in Wardner district, Idaho: Min. and Seci.
Press, vol, 104, p. 789, 1912,
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of faulting concurrent with ore deposition is equally conclusive.?
The development of a 12-mile displacement of the earth’s crust must
be a slow phenomenon, probably characterized by innumerable ad-
vances separated by periods of accumulating stress. It is reasonable,
therefore, to conceive that the general period of movement along the
Osburn fault exceeded in duration that of ore deposition, even though
concurrent with it in the main.

South of the Osburn fault ore has also been found in the Alhambra
mine, on Elk Creek, in the Newland and Revett formations, here
separated by a mineralized fault. The ore solutions clearly followed
the fault zone and replaced the rocks on both sides.

North of the Osburn fault there are several minor deposits which
have been rather fully described by Hershey.”® They are zinc, zinc-
lead, and gold-copper veins, mostly in the Prichard formation; the
East Caledonia, a lead deposit, is in the Burke. The Prichard here
is divisible into two slate members separated by a quartzite member
about 75 feet thick. Most of the prospects are in the middle and
upper members, but a few occur in the lower member. The Evolu-
tion vein, carrying galena, pyrrhotite, and some sphalerite and
copper in a ferruginous calcite gangue, is probably lower in the
Prichard than any of the others. Some faulting occurs in the area
north of the Osburn fault, but it is vastly less prevalent than in the
area south of the fault, as shown by the almost unbroken outcrop of
middle Prichard quartzite. .

Dike rocks are fairly abundant in the Wardner area. North of
the Osburn fault both light-colored and porphyritic cdikes and fine-
grained basic dikes are abundant. In most places they are so greatly
decomposed that microscopic examination adds little to field deter-
minations. The acidic dikes are probably near monzonite porphyry
in composition, and the basic dikes are principally lamprophyres.
Hershey has pointed out that the acidic dikes are older than the ore
deposits and the basic dikes are younger. In places along the Osburn
fault crushed lamprophyre appears in the gouge or in the rock adja-
cent to it. The dikes are in no place known to be accompanied by
noteworthy contact metamorphism.

FORM AND DISTRIBUTION.

The general distribution and structural relations of the lodes have
been discussed in the previous section. Here the form and distribu-
tion of the ore bodies within the lodes will be considered. Plates X
and XTI give a general idea of mining operations and the distribu-
tion of ore bodies in this area.

3 Hershey, 0. H., Genesls of lead-silver ores in Wardner district, Idaho: Min, and Sci.
Press, vol. 104, p. 750, 1912,

‘= Hershey, O. H., Origin and distribution of ore in the Coeur d’Alene (private publica-
tion), 1916.
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In considering the deposits it is convenient to recognize three sets
of lodes, all of which are believed to represent one general period of
mineralization. The types of lodes here recognized have been desig-
nated by Hershey*® the Blue Bird, Jersey, and Bunker Hill. Hershey
distinguishes several other phases 6f the mineralization, but as they
are either closely related to these in character or grade into them
. they will not here be considered separately.

Blue Bird lodes—The Blue Bird lodes are made up of narrow
veins of ore minerals from a fraction of an inch to 2 feet or more in
width. In most places the intervening quartzite, which contains
disseminated siderite and pyrite but only locally any sphalerite or
galena, is mined, the value of the material depending on the close-
ness of the spacing of the lead-bearing seams. The lodes strike about
N. 70° W. and dip 80°-80° SW. This phase of the ore deposition
was not well illustrated in stopes accessible at the time of the exami-
nation by the writers, but Hershey’s statement concerning it is full
and detailed and is quoted in part:

The Blue Bird solutions primarily circulated along cracks in the quartzite,
possibly attacking the walls somewhat; but it is true throughout the mine,
with one important exception, that fissure filling and not metasomatic replace-
ment of the quartzite was the predominant characteristic of tife Blue Bird
stage. ¥ * * Some of them [the eracks] are only bedding-plane slips,
though most of them cut the bedding at small angles. A characteristic feature,
especially in the Last Chance mine, is the presence of many veinlets of ribbon
quartz. The quartz is of a fine-grained, hard, slightly bluish type. A rather
fine grained pyrite, a rather light colored zinc blende, some galena, and a little
siderite tend to be distributed along fine parallel lines, giving the rock a banded
appenrance.

Four principal ore shoots, or sections in which the lead-bearing
veinlets are so closely spaced as to warrant mining, may be distin-
guished. Descriptions by the same author follow:

- The most eastward, the Hatton, has heen stoped from the surface to the
Cedar level of the Bunker Hill mine and has produced about 160,000 tons of
ore. A great group of more or less connected stopes represents the Roberts
shoot, which extends from the surface to a vertical depth of about 700 feet and
has probably produced about 600,000 tons of ore. The heart of the Fan ore
shoot was one of the most persistent and straightest orc hodies in the district
and is represented by a nearly continuous series of large filled stopes in the
Last Chance mine and a new stope in the Bunker Hill mine. It extends from
the base of the oxidized zone to a vertical depth of 1.000 feet and has produced
probably over 100,000 tons of ore. The most westward shoot, the Edna, is
exceedingly irregular but can be traced from the base of the zone of oxidativn
to a vertical depth of 1,300 feet and to that depth will produce probably
150,000 tons of ore.

In the east end of the Bunker Hill and Sullivan mine the Blue
Bird fractures are steeper than a large siderite-pyrite vein called the

40 Hershey, 0. H., Genesis of lead-silver ores in Wardner district, Idaho: Min. and Scl.
Press, vol. 104, pp. 787, 788, 825, 1912
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Motor seam. The solutions rising along them were diverted along
the Motor seam and transformed it into ore from the place of inter-
section to the surface. On the No. 9 level the filling is a mass of
nearly barren siderite and pyrite, but above a level 50 feet higher
more than 700,000 tons of excellent ore had been mined prior to 1912.

The Buckeye type of Hershey “ is a product of the Blue Bird stage
that is confined to the vicinity of the Buckeye fault” and is best
developed in an area in the east end of the mine, where fractures
are widely spaced and disseminated sphalerite, pyrite, and galena
are associated with a little chlorite and sericite. Specimens examined
for Mr. Hershey by A. C. Lawson contained also an occasional crystal
of tourmaline, but this mineral has not been recognized in sections
examined by the writers.

To the west the Blue Bird type gradually loses its pyritic content
and consists of galena, quartz, and a little sphalerite as a cement in
brecciated quartzite (“Ontario type”).

Bunker Hill lode—The Bunker Hill lode contains the most pro-
ductive ore bodies in the Wardner area, having produced up to 1912
over 2,584,000 tons of ore and at present affording more than three-
fourths of the tonnage of the district. The ore differs from the
average Blue Bird ore in containing much less pyrite, but it is
similar in mineral assemblage to the Blue Bird ore found in the
west end of the mine. Structurally the principal ore body, the March
shoot, is roughly related to a triangular block of quartzite bounded
by the Sullivan, Flint, and Upper Cate faults. It has been followed
from the surface to the No. 14 or lowest level opened, a distance on
the pitch of the shoot of more than 4,000 feet. Below No. 9 level
the relation to the three faults is not very close. The Sullivan fault
dips more steeply than the ore, on No. 10 level being 300 feet in the
footwall, and on No. 11 level a drift extending nearly 600 feet into
the footwall has not cut it. On lower levels it has not been exposed.
The Flint fault, which strikes northeast and dips northwest, holds
closer to the ore shoot. On levels Nos. 11 and 12 most of the ore is
east of the line of the Flint fault, but on No. 13, as on No. 9, and
again on No. 14, the fault forms the footwall. A bend in the Upper
Cate fault arches over the March shoot from the surface to the
lowest level opened and seems to have been the prime factor in
directing the solutions. This inverted trough pitches southwest
with the shoot, and nowhere does the ore depart far from it, although
on No. 14 level, only partly opened at the time of visit, there is some
suggestion that the Upper Cate fault is becoming flatter than the
March shoot. The Lower Cate cuts through the ore shoot on levels
10, 11, and 12 but does not displace the ore because the direction
along which it moved is here parallel to the pitch of the shoot. The
relations below No. 9 level are shown in Plate XII, prepared by the
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writers, but with certain areas not safely accessible to them filled
in from a glass model prepared by Mr. Hershey and others.

In several places branches from the continuous March shoot extend
to the side and upward. In reference to the principal ones Hershey
writes as follows: ¢ ’

From a point below Bunker Hill No. 8 level to No. 12 level an arm extending
along the Ikey seam southeastward from the March shoot had produced about
248,000 tons up to June 1, 1910. Another Bunker Hill ore shoot came to the
surface in the Scrafford open cut; the original discovery of lead in the district
was made on it. Before the Lower Cate faulting it was merely a northwest
wing to the March shoot, with which it merged in depth. The total production
has been about 378,000 tons. The Iast Tyler is another Bunker Hill shoot.

Jersey veins.—The Jersey “ fissures,” as they are known in the dis-
trict, may more accurately be termed veins than lodes, although re-
placement has played a considerable part in their formation. In
general aspect they approach typical fissure fillings more closely
than any other of the lead-silver deposits. They also differ from
the Bunker Hill and Blue Bird lodes, although containing the same
minerals, in having quartz instead of siderite as the predominant
gangue constituent.

These veins include the Jersey and its faulted segment the Barr,
the N and its continuation the Francis, and the Sierra Nevada, Sena-
tor Stewart, and Caledonia, probably faulted parts of the same vein.
The veins in general strike east-northeast and dip south-southeast.
They are much more disturbed by faulting than the veins of either
of the other groups, but it is not impossible that this is merely due to
their course, which is transverse to the direction of recent faulting,
rather than to a marked difference in the age of their formation.

The Jersey vein, nearly worked out at the time of the writers’

-examination, is described by Hershey #* as follows:

The Jersey fissure, which has been extensively mined in the Last Chance
mine and is now being stoped in the Bunker Hill mine, originally extended
from the vicinity of the Bunker Hill fault to beyond the Buckeye fault. Start-
ing at the surface in upper Burke strata, with depth it passes the Tyler fault
into the hard pyritic lower Revett. * * * The main ore shoot averages
several hundred feet in length and is clearly traceable from Bunker Hill No, 9
level to the Last Chance O level, 2,000 feet on the dip. It has a straight course,
almost due south, which is practically straight down on the dip of the vein
as a whole. In ascending, the main ore shoot gradually improved to a point
a little below where it passed from lower Revett into upper Burke quartzite.
and thence there was a gradual decrease. This was connected with the develop
ment of a great cencave curve, which becomes of less radius as height is
attained. * * * The production of the Jersey fissure when it has been
exhausted down to Bunker Hill No. 9 level will considerably exceed 400,000
tons.

4 Genesis of lead-silver ores in Wardner district, Idaho: Min. and Sci. Press, vol. 104,

. 825, 1912,

42 Op, cit., pp. 788-789.
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Parallel to the Jersey vein in a general way and about 200 feet

northwest of it on No. 9 level is the N, a very crooked vein with two

principal ore shoots, now worked out, which produced up to 1912
about 100,000 tons of ore.

On the northeast both the Jersey and the N are cut off by the
Upper Cate fault. Between this and the Lower Cate fault, the veins
have not been recognized, but about 800 feet to the southeast, below
the Lower Cate fault, from above level No. 11 down to the 14th or
deepest level, two similar veins with similar strike and dip and
similarly spaced are being mined. The relations are shown in
Plate XTII. IHere the southeast vein is known as the Barr and the
other as the Francis. In their western parts the Barr and Francis
veins are parallel between levels Nos. 11 and 12, but between Nos.
10 and 11 the Barr is steeper than the Francis. On levels 11, 12,
and 13 the two veins merge northeastward, but both become barren
of lead before reaching the point of junction. From level No. 12 in
the vicinity of the Dull fault a shoot 60 feet long and one set wide
begins at a point 150 feet beyond the end of the main Francis shoot
and continues thence to the March shoot.

The Sierra Nevada vein as described by Hershey 4
has the form of an anticline whose axis strikes S. 435° W. and descends 85
{feet in 800 fect, until it reaches the Oakland fault, after which it pitches more
steeply. * * * The main ore shoot occupied the nearly flat poriion near the
axis of the anticline, with somwe lenses probably 6 feet thick., * * * The
vein is extremely crooked and is cut off on the northeast by the Cute faults.

The Caledonia vein, situated in an area of Burke quartzite north

of the Cate fault zone and about 2,600 feet from the Sierra Nevada,

is also crooked and is cut by numerous faults of small displacement.
Ore occurs in one principal shoot about 400 feet long and several
small and poorly defined shoots along the same zone northeast and
southwest of it. At the time of visit stoping was being done at vari-
cus places between the 500-foot and 950-foot levels.

The Senator Stewart vein, about 2,000 feet west of the Caledonia,
beyond the New Era fault, has similar strike and dip and is made
up of the same minerals. Ore within it was widely distributed,
occurring partly in the Ontario mine, against the Lower Cate fault
on the southwest, thence to the Osburn fault on the northeast and
down to its termination against the New Era fault. The ore follows
a narrow fissure whose formation was accompanied by extensive
crushing; locally the vein is as much as 30 feet wide.

The Silver King and Crown Point veins, although dipping north-
ward, should probably be included in the Jersey group. In the

¢ Op. cit, p. 789.
109496—23——5
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Silver King bunches of ores were found in the shattered quartzite
that forms the hanging wall of the Osburn fault. The Crown Point
vein above the point where it is cut off by the Osburn fault contained
considerable ore in an irregular sheet from 1 to 20 feet thick which
dipped 20°-30° NE.

THE ORES.

In considering the ore deposits of the Wardner area, three prin-
cipal types may be recognized %o advantage, even though all contain
the same minerals deposited in the same sequence and differ only
in the relative amounts of the minerals. In the Jersey veins quartz
is the dominant gangue, and in the Bunker Hill and Blue Bird lodes
siderite is vastly preponderant. There is much pyrite in the Blue

"Bird and little in the Bunker Hill. Tetrahedrite, presumably ar-

gentiferous, is most abundant in the Jersey veins, but in different
members of the group it has a wide range in relative amount. In
the Blue Bird lodes of the east end of the area more sphalerite occurs
than elsewhere, and this is the area in which disseminated sphalerite
and a little galena are most abundantly developed. Also in the east
end of the area some lodes are made up almost exclusively of siderite
and pyrite.

The Bunker Hill ores consist essentially of galena in a siderite
gangue, with quartz, sphalerite, pyrite, tetrahedrite, and chalco-
pyrite in accessory amounts. The ore is typically a replacement of
quartzite, and the boundaries of the ore bodies are exceedingly irregu-
lar in details. Ransome’s description of the ore ¢ applies equally
well to the deeper levels now opened. He says:

The best ore from such stopes [the March stope on No. 9] consists of rather
fine grained masses of galena with subordinate siderite. This grades into ore
in which the siderite exceeds the galena, and this into barren quartzite, The
ore is principally a replacement of the Revett quartzite, but the replacement
is closely connected with fissuring, and some of the galena was deposited in open
spaces. A typical mass of ore of moderate richness shows a base of pale-
brown siderite traversed by countless reticulating veinlets of galena. In the
poorer ore these veinlets are fairly distinct and show only slight metasomatic
enlargement of the original cracks. But in the richer ore they coalesce into
bunches of solid galena. It is plain that the quartzite wag first fissured and
replaced by siderite. Subsequently the siderite was shattered and solutions$
deposited galena in the intersecting figsures and, by metasomatic replacement,
in the siderite of their walls. Where the little fissures were particularly
numerous and the other conditions for deposition favorable, the siderite has
been wholly replaced by galena. But the process was not entirely so simple.
Some of the galena is traversed by stringers of siderite, and by veinlets of
galena of different (usually finer-grained) crystallization from the mass of the
ore. Moreover, here and there galena directly replaces the quartzite. It is
evident, therefore, that there has been some recurrence of conditions favorable

4“7, 8. Geol. Survey Prof. Paper 62, p. 162, 1908.
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‘to the deposition of galena and siderite and probably also of quartz, pyvite,
sphalerite, and other metasomatic minerals. In the Bunker Hill stopes quartz
and pyrite are usually most conspicuous in the transition zone from ore to
country rock,

According to the observations of the writers, pyrite in the main was
deposited with the siderite and occurs in isolated crystals or groups
of crystals scattered through its mass. When the siderite was frac-
tured most of the cracks passed around the pyrite crystals, apparently
because they were stronger than the crystals of carbonate, but in
many places the pyrite is fractured and crossed by seams of the
galena. Sphalerite also was an early mineral to form, and no second
generation of it was observed. It occurs characteristically as rounded
kernels in galena areas, but in many places appears in irregular re-
placement contact with the siderite. It seems that when the lead
was deposited it replaced the carbonate more readily than the zinc
sulphide, thus working around it and attacking its irregular pro-
tuberances. Quartz followed the siderite and pyrite in the main
and clearly replaces these minerals. In turn it is replaced by galena,
which traverses it along fractures with enlargements irregularly dis-
tributed, and probably also by sphalerite. It is clear that the
sequence of mineral deposition in the Bunker Hill ores, as seen in a
large way in the stopes and confirmed by polished surfaces, is sid-
erite, with accompanying or slightly later pyrite, quartz, sphalerite,
and galena, with a recurrence in very subordinate amounts of each
of the minerals except possibly sphalerite.

The Blue Bird ore differs from the Bunker Hill ore in consisting
largely of fissure fillings having more quartz, much more pyrite, and
locally more zinc. The ore of this group of lodes, however, differs
markedly in different places. Locally, as in the Last Chance mine,
quartz exceeds siderite, but elsewhere siderite is preponderant. Py-
rite is notably scarce in the west end of the mine, but abundant else-
where. Where pyrite is sparse in the lodes it is nearly absent as a
dissemination in the quartzite, and where sphalerite is abundant in
the lodes it also occurs in disseminated form. Accompanying the
lodes are innumerable small veinlets, bunches, and blebs of pyrite,
galena, and sphalerite. These narrow veinlets are mostly isolated
from important lodes in the east end of the area, but where they
intersect earlier siderite bodies they open into large ccmmercial
shoots, as in the Motor seam. In many places the veinlets that make
up the lode system are too narrow and too widely spaced to permit
mining. Characteristically they have a ribbon structure due to bands
of quartz alternating with bands of siderite, pyrite, galena, and
sphalerite. Locally all the sulphides occur in the same bard, but in
most places bands are made up predominantly of one or two of them.
Bands of pyrite commonly separate bands of quartz. The galena
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occurs mostly in siderite layers, but in places it cuts across both quartz
and siderite. Exposures in the Flood level show the order of deposi-
tion to be siderite, quartz, pyrite, sphalerite, and galena, which seems
to be the characteristic sequence. In places such ore is traversed by
veinlets of quartz and pyrite. Where both siderite and pyrite occur
in the same veinlet pyrite is either of the same age as the siderite or
younger.

The Blue Bird lodes afford abundant evidence in their character-
istic banding of repeated reopening of the cracks along which the
solutions traveled.

The Jersey ores characteristically contain considerable quartz,
which replaces siderite formed along fissured and sheared zones.
The sulphides, chiefly galena, replaced both the siderite and the
quartz from cracks which are irregularly distributed and in many
places very closely spaced. Sphalerite, tetrahedrite, and chalcopyrite
occur in patches, rounded kernels, and veinlets which cut the siderite
and quartz and are themselves cut, at least in many places, by
galena. Sericite occurs locally as nests in the quartz. It is probably
the greater amount of tetrahedrite in the Jersey ores that gives
them a silver content unusually high for the district. In the Barr
vein the siderite stage was less pronounced than in the Francis, so
that the ores of this vein consist more largely of quartz and galena.
Eastward the Francis and Barr converge, but from the relations at
their point of union it is impossible to recognize any evidence show-
ing a difference in age of the two veins. The quartz from both
merges and continues unbroken beyond; certainly they are essen-
tially contemporaneous. On levels 12 and 13, however, the Last
Chance fault (Pl. XII) offsets the Barr vein as much as 100 feet
but does not affect the Francis, only a little more than 100 feet
farther north. This can not be explained by strike and dip rela-
tions, because the two veins are essentially parallel at this place and
the fault is transverse to them. It seems most reasonable to con-
clude that the Barr fissure is older than the principal displacement
on the fault and the Francis fissure younger but that the mineraliza-
tion of both is younger. Similar age relations may exist between the
Jersey and N, southwest of the Cate fault zone, and the Francis
and Barr, their continuations respectively to the northeast of the
Cate faults and 800 feet southeast.

The Caledonia vein is similar to the Barr and Francis but contains
more tetrahedrite with consequent increase in copper and silver.
Indeed, this is the only lode in the district that yields copper in
noteworthy quantity, although in most of the other Jersey veins
copper is reported by the smelters. The ore is primarily valuable for
its silver and lead. Galena, clearly formed later than the tetrahe-
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drite, which it traverses in seams and rounded kernels of which it
incloses, is confined to central portions or shoots in the tefrahedrite-
bearing ore. Chalcopyrite occurs with the tetrahedrite. The
dominant sequence of formation of the primary minerals is siderite,
probably accompanied by pyrite, quartz, sphalerite, chalcopyrite
and tetrahedrite, and galena. In the Caledonia vein oxidation has
progressed further than elsewhere in the Wardner district. Much
iron and manganese oxides, cerusite, native silver and copper, a little
pyromorphite, covellite, azurite, malachite, and massicot occur at
many places between the surface and the 950-foot or lowest level to
which ore has been followed. Argentite is rare, and neither anglesite
nor cerargyrite was observed. In oxidation the siderite is leached,
leaving a skeleton of quartz that affords many cavities filled or lined
by the secondary minerals. Cerusite in beautiful crystals as much
as' 1} inches in length is very abundant. In general pyromorphite
and massicot occur near the surface, native silver on the intermediate
and lower levels, and native copper in the lower 200 or 300 feet. It
is noteworthy, however, that pyromorphite in well-formed crystals
attached to fresh galena has been found on the 900-foot level and
massicot down to the 850-foot level.#* Pyromorphite was found
developed in well-formed crystals on the mine timbers of an
abandoned drift on the 200-foot level by Mr. Rush White, mining
engineer, of Wallace, Idaho. The explanation for the desper oxida-
tion in the Caledonia mine than elsewhere in the district seems to be
the large number of minor faults transverse to the vein.

The Senator Stewart ore is similar to the Caledonia, but contains
less copper and silver and shows only slight oxidation. In view of
the probable fault relations between the two veins, it is noteworthy
that silver is relatively much more abundant in the lower Stewart
levels than in the upper ones. In the upper levels there was less
than 1 ounce of silver to 1 per cent of lead, and in the lower levels
considerably more than 1 ounce. In the vein a little barite occurs
locally.

The Sierra Nevada, Crown Point, and Silver King ores all show
a high silver ratio, and quartz is an abundant constituent of the
gangue. In the Sierra Nevada ore oxidation similar to that in the
Caledonia is extensive.

LODES NEAR MULLAN,

SITUATION AND DEVELOPMENT,

Two principal deposits near Mullan are of major importance—
the Morning, 2 miles north-northwest of Mullan, and the Gold

48 Specimen in collection of E. V. Shannon, Y. M, C. A. Building, Kellogg, Idaho.
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Hunter, 1 mile northeast of Mullan. Other veins that have afforded
some production include the Alice, on Ruddy Gulch, 23 miles west
of Mullan; the You Like, 1,000 feet south of the Morning and
parallel to it; and the Carbonate Hill, on Willow Creek about 2.
miles above its mouth.

The Morning lode is worked through a tunnel 11,000 feet long,
which also cuts the You Like. The tunnel corresponds to the 800-
foot level, 2,200 feet vertically below the outcrop of the vein, and
from it a shaft extends 1,050 feet to the 1,850-foot or deepest level.
The Hunter lode is worked through a vertical shaft 800 feet below
the No. 6 tunnel, an adit 4,230 feet long which cuts the lode 1,600
feet below its apex. The level numbers are carried from tunnel
No. 5, which is 400 feet higher, so that the deepest level is known as
No. 12. The Alice vein is developed by a main adit, the 100-foot
level, and a shaft extending 600 feet deeper. Development on the
Carbonate Hill consists of about 3,000 feet of tunnel and drifts.

PRODUCTION.

The production of the principal lodes is shown in the accompany-
ing tables. Records for the Alice are not available, but its pro-
duction has probably not been much in excess of $100,000. Details
of production are shown only for the years since the date of Ran-
some’s report. The extent to which zinc has entered into the output
of the Morning mine since 1911 is particularly noteworthy. This
is due to a modification in concentrating methods, to an increase in
zinc with depth, and to an increased extraction from the west end of
the lode, in which zinc is much more abundant than in the east end.

Production of the Morning mine, 1895-1916.9

Ratio of
Year.d Crude ore. Cti;gcentrat- concentra- | Silver. Lead. Zine.
g ore. tion.
Tons. Tons. Per cent. Ounces. Pounds. Pounds,
............ 4,467,653
8.6 415,976
8.7| 554,450
8.8 240,409
9.1 531,298 667,
10.1 432,760 | 26,746,600 ).... ... ...
10.4 624,765 35,180, 040 497,480
10.4 726,686 | 44,710,880 | 2,375,800
9.3 671,641 | 42,489,860 | 5,960,540
7.7 714,064 | 42,985,740 | 6,030,420
7.3 685,949 | 37,967,360 | 4,837,420
7.5 526,310 23,471,088 3,638,172
139,029 | 3,189,029 |............ 10,591,961 | 497,148,366 | 23,339,832

., 61887-1895, no record. The production of the You Like lode is not separated from the Morning lode
in records available to the writers, but its contribution has been comparatively very small.

b Figures for 1906 are for 10 months ending Aug. 31; 1907-1913, 12 months ending Aug. 31; 1914, 16 months
ending Dec. 31; 1915, the calendar year; 1916, 5 months ending May 31.
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Production of the Gold Hunter mine, 1907-1915.9

Ore ex- Ore ex-
Year. tracted | Grossvalue. Year. tracted |Gross value.

(tons). (tons).
b 49,453 $172,616 1 1912......c0viininvennnnns 114,803 $263,420
1908 37,667 206,663 || 1913......coviiiiiiaanne. . 489,148
.. e 61,979 149,014 (1 1914, ... oooveiiiiiianaennn 110,543 421,318
82,481 308,360 (| 1925. .. ccieeinanannnnans 118,764 614,590

86,191 366,957

775,881 | 2,992,086

a Production prior to 1907, as given by Ransome, 160,249 tons, containing 606,475 ounces of silver and
9,563,642 pounds of lead. Later production from statenents filed with the county assessor and compiled
by tho Wallace Miner, issues of Dec. 30, 1915, and May 11, 1916.

GEOLOGIC RELATIONS.

The lodes near Mullan occur higher in the stratigraphic series than
any other of the principal deposits in Shoshone County. The Morn-
ing lode, in which zinc equals or exceeds lead in many stopes, occurs
in the Revett formation; the other large zinc deposits are in the
Burke or Prichard. The Gold Hunter lode is in the Newland (“ Wal-
lace”) formation, a few thousand feet higher stratigraphically than
the other principal lead-silver lodes, which traverse the Burke and
Revett quartzites. The Carbonate Hill lode is in St. Regis quartzite.

The Morning and You Like lodes follow well-defined shear zones
which strike west-northwest and, where not vertical, dip steeply
northeast, forming a large angle with the bedding of the quartzite,
which in general dips east. Calkins and Jones*® observed that

The bedding of the country rock near the veins is steeply inclined and re-
markably variable in strike, as if the strata had been raised to a nearly vertical
position by pressure in one direction and afterward crumpled by pressure acting
nearly at right angles to that direction.

The quartzite near the lode is distinctly sericitic, and locally a
little chlorite is developed along the innumerable parallel planes of
the shear zone. No igneous rock was seen in the part of the mine
now being worked, although a small lamprophyre dike is known to
occur in the eastern part on the upper levels, To the west, in the
adjoining Ivanhoe and Star ground and on the course of the same
shear zone, a monzonite porphyry dike at least 25 feet wide is exposed
in the face of a 1,600-foot west drift from a prospecting tunnel about
2,500 feet long that starts in Grouse Gulch.

Evidence of displacement due to the shearing movement that
formed the ore zone is not clear, owing to the similarity of the quartz-
ite beds of the Revett formation. A distinct gouge from 3 inches to
2 feet thick.follows the ore, in most places near the south wall, and
strongly suggests postmineral ‘movement, although so far as could
be observed the walls on opposite sides of the ore body match closely.

4 Calkins, F. C., and Jones, B. L., jr.,, Economic geology of the region around Mullan,
Idaho, and Saltese, Mont.: U. S. Geol, Survey Bull. 540, p. 180, 1914,
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The gouge is characteristically tough and sticky, although locally it
has a granular texture due to an abundance of minute fragments of
ore and quartzite. The gouge seam continues as a fairly distinct
feature beyond the limits of the ore bodies.

Fractures transverse to the lode are nowhere important except in
the eastern part of the mine, where a north-south fault brings the
Newland and Revett formations into contact on the surface. In the
lower workings this fault must be well beyond the limits of known
ore bodies. On the 1,650-foot level a drift extending 700 feet beyond
the easternmost slope has not cut the fault, although a number of
minor slips possibly related to it cross the shear zone.

The Hunter lode traverses a block of the greenish slate of the lower
Newland brought against the Revett quartzite on the south by the
White Ledge fault. “ 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.” 7 This fault crosses the main tunnel 140
feet north of the shaft and continues downward through the mine.
Between these faults but south of the lode is another fault paralle] to
them which has a small downthrow on the north. The lode is much
more complex than the Morning lode, owing to the greater fissility
and more widely distributed fracturing of the inclosing rock. In
general the lode strikes about west-northwest and dips about 80° S.
The lode adjacent to it dips'steeply south. The fault that crosses the
tunnel north of the shaft seems to terminate the ore body on the
east and has been followed down through the mine to the lowest
level. It is not well exposed in present workings but where seen
strikes about northwest and dips at a moderately steep angle south-
west. Thus the line of intersection of the fault and the lode slopes
westward. On the main tunnel or 400-foot level the fault is cut 140
feet north of the shaft, on the 600-foot level about 25 feet south of
the shaft, and on the 800-foot level about 120 feet south of the shaft.
On the 1,200-foot level there is a wide zone of intense shearing, and
it is impossible to identify the particular gouge which represents
this fault. The only place where the ore and fault were seen in contact
was on the 600-foot level at a point 175 feet east of the shaft. Here
there is a strong suggestion that unbroken ore seams turn into the
plane of the fault in a zone 3 feet wide, about two-thirds of which
is made up of ore minerals. Near the footwall of the fault zone, how-
ever, is a tough gouge seam from 1 to 4 inches wide, which is not
crossed by ore seams. There is thus some suggestion of postmineral
movement along a premineral fault that may have limited the ore
deposition on the east.

4 Calkins, F. C., and Jones, E. L., jr., op. cit., p. 185.
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The Alice, like the Morning and Gold Hunter lodes, is north of
the Osburn fault but, unlike them, is very close to it. Three veins
are recognized—the Alice, Mary J., and Meed Tunnel—the first two
parallel to the fault and the third somewhat oblique. There are
numerous slips, doubtless related to the Osburn fault, some of which
are younger than the ore and offset it and some older whose gouges
have served as effective barriers to the ore-depositing solutions. The
ore follows ill-defined breccia zones, but individual ore bodies are of
comparatively small extent; the largest is said to have yielded ore
to the value of $70,000.

In the Carbonate Hill lode the mineralized rock consists of narrow
and irregular quartz-siderite vcinlets, many of which lie in the bed-
ding planes, and of irregular replacement deposits along fissures,
which contain most of the galena and sphalerite, attain a width of
3 or 4 feet in places, and afford bunches of ore distributed irregu-
larly along the main drift for several hundred feet. Pyrite and
locally chalcopyrite occur in the ore, and magnetite together with
chlorite was observed at several places disseminated in the rock
adjacent to the sulphide-bearing seams.

FORM AND DISTRIBUTION.

The ore bodies of the Morning and Gold Hunter mines are quite
different in form and distribution, although both are tabular re-
placement deposits of large size. The Morning ore shoot, outlined
in a general way by the stope sheet (fig. 4), forms an immense lens
which is worked by continuous stopes as long as 1,600 feet and to a
depth of about 3,200 feet below the surface without diminution in
the extent of the ore body. The downward course of the ore shoot
in general is nearly parallel to the line of dip of the vein. JIn the
west end the lode splits about a great horse described in the two pre-
vious reports. On the 200-foot level the horse is 35 feet wide and
separates two branches of the lode, each 10 feet wide. Above this
level the horse is about 800 feet long, but below this level it shortens,
and near the 1,050-foot level the branches unite, forming ore to a
width of 40 feet. On the 1,450-foot level west another horse has
been found which had not been fully delimited at the time of visit
but seems to be about 300 feet long and on the east end causes the
vein to branch, forming an angle of about 20° between the parts.
The north branch bends south on the eighth floor above the level,
at a point 240 feet from the east end of the horse, and reaches the
plane of the south branch on the tenth floor; thence the line of junc-
tion pitches eastward to the main level. The extent of the horse
below this level had not been determined at the time of visit.

The width of ore in different places in the mine ranges from a few
inches to 40 feet or more, the prevalent width being perhaps 9 to 12



68 GEOLOGY AND ORE DEPOSITS OF SHOSHONE COUNTY, IDAHO.

feet. Barren places and parts too low in grade to be worked at a
profit are of minor extent but have been found throughout the lode
and are fairly abundant near its ends.

The Hunter lode (P1. XTII) is much more irregular in outline and
the ore bodies are distributed through a much shorter although a
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Fioure 4.—Longitudinal section through the Morning mine, showing the principal stopes.

wider zone. In the upper levels the lode consisted of three principal
veins, which in depth merged with more or less distinct bodies dis-
tributed in a zone about 600 feet long and 100 feet wide. On the
600-foot level the three veins, known as the north, middle, and south
veins, are fairly distinct. The north vein is here 40 feet and the
south vein 60 feet from the middle one. On the 800-foot level only
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two veins are recognized, and on the 1,200-foot level development
at the time of visit had not defined the limits of the ore.

Within each of the veins on most levels there is more than one
ore body, the-outlines of which are exceedingly irregular in detail.
Many bunches and patches of the ore minerals are too small to be
mined at a profit.

THE ORES,

The Morning ore is valuable for lead, silver, and zinc and the
Hunter ore for lead and silver. Siderite, accompanied by quartz
and a little barite, is the dominant gangue mineral in both lodes
aside from residual wall rock.

The Morning ore ranges in different parts of the lode from ore in
which fine-grained massive sphalerite with a meshlike distribution
of galena forms blocks 10 to 15 feet wide to ore of medium coarse
grain in which galena predominates. In general the ore in the west
end of the lode is fine grained, with sphalerite in excess of galena,
and the ore in the east end is coarser, with argentiferous galena in
excess. Barite is more abundant in the east end, and quartz, if any
difference exists, attains its greatest development in the west end.
Siderite, though varying markedly in relative amount from place to.
place, was not observed to exhibit a persistent variation from east
to west. In most places the sulphides are distributed fairly uni-
formly across the lode, but locally there is a footwall and a hanging
wall vein of somewhat different mineral composition. On the 1,200-
foot level east of the shaft a hanging-wall vein is 4 feet wide, and
about 65 per cent of this width is sulphide, in which galena is notably
in excess of sphalerite; a footwall vein, 20 feet away, is 8 feet wide,
and in it sphalerite and galena in nearly equal amounts make up
perhaps 40 per cent of the mass. The intermediate ground is trav-
ersed by seams of the sulphides, which also occur in the walls, so
that in mining a width of 20 to 30 feet is broken. Throughout the
Jode galena is the youngest mineral formed in noteworthy quantity.
Tt has a meshlike distribution through sphalerite and the older side-
rite and quartz. Sphalerite is more characteristically in veins and
bunches but locally forms a fretwork in the gangue minerals.
‘On the whole quartz is younger than siderite, although much of
it is so intergrown with the carbonate as to indicate contemporaneous
deposition. Pyrite and locally pyrrhotite and magnetite accom-
panied both the siderite and the quartz. Calcite occurs in places
and apparently formed contemporaneously with the iron carbonate.
Barite in most places occurs as a fairly definite streak or as streaks
from 1 inch to a foot or more wide. It envelops rounded masses of
siderite and extends as hook-shaped protuberances into the siderite.
In most places there is no evidence of difference in age between quartz
and barite, but where one cuts the other the quartz is the younger.
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Tetrahedrite occurs in some of the ore, but its age relations are not
known. The galena-depositing solutions attacked the materials of
the preexisting ledge matter in the following order, as shown by con-
tact relations and enlargements along galena veinlets: (1) Siderite
(and calcite), (2) quartz and sphalerite, (3) quartzite, (4) barite,
which in most places was fully resistant.

The same paragenetic relations hold throughout the lode, whether
lead or zinc predominates and regardless of textural types. In
several places recurrence of conditions favorable to quartz deposi-
tion is shown by veinlets of quartz cutting galena, but these later
veinlets nowhere attain quantitative importance. In one place on
the 1,200-foot level east a 2-inch seam of clean sphalerite of normal
dark-brown color traverses galena-siderite ore, a relation not ob-
served in the Wardner district. The wider veinlets that extend off
into the wall rock are predominantly sphalerite replaced by galena,
and in the narrower ones consist of clean galena. In the main ledge
also sphalerite, except as traversed by the minute galena seams, forms
nearly clean masses locally 10 feet or more wide and continuous for
many feet, but galena is nowhere found except in the small veinlets
cutting other ore minerals and in bodies obviously due to enlarge-
ment or coalescence of the veinlets. It appears that the galena solu-
tions traversed a mass most minutely shattered, whereas sphalerite
was deposited in more widely spaced and very much larger openings.

The Gold Hunter ore differs from the ore of the Morning Lode
principally in the relative abundance of the minerals. It is valuable
for lead and silver, sphalerite though widely distributed occurring
in small amounts. To 1 per cent of lead there is about 1 ounce of
silver. Pyrite is more abundant here than in any of the other lead-
silver mines of the county, except in the Blue Bird lodes of the Ward-
ner area. Stibnite occurs as nests of acicular crystals in quartz.
Barite forms dull white bands alternating with fine-grained galena
and associated sulphides, which apparently were deposited along
shearing planes in it. Locally oblique veinlets of the galena cut
across barite bands. Quartz occurs in bunches, bands, and rounded
kernels, some of which are embedded in barite. Siderite is clearly
older than the galena and probably older than the quartz. The Gold
Hunter differs from the Morning lode in that the openings formed
during the general period of mineralization were almost entirely
parallel to the vein walls, so that intersecting veinlets, the most satis-
factory criteria of mineral sequence are but meagerly developed.

LODES ON GANY[?N CREEK.
SITUATION AND DEVELOPMENT.

The lodes on Canyon Creek northeast of Wallace include the Green
Hill-Cleveland-Standard-Mammoth, the Tiger-Poorman, and the
Hercules, on the north side of creek, and the Marsh, Hecla, and
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Helena-Frisco, on the south side. They are distributed along the
canyon from a point near the town of Gem to a point above Burke,
a distance of 3 or 4 miles.

Most of the lodes are worked through tunnels and vertical under-
ground shafts, but the Hecla and the Tiger-Poorman are opened
from shafts starting at the surface. The Green Hill-Cleveland, the
western continuation of the Standard-Mammoth lode, is worked
through the Standard shaft, 2,250 feet deep. From the shaft a tunnel,
used for transporting men and supplies, connects with the surface
at Mace, and another, the old Mammoth No. 9, leads tc the loading
bins between Mace and Gem. Between the 1,200 and 2,000 foot levels
the two mines are connected by drifts. The Hecla lode is developed
to a depth of 1,712 feet below the collar of the shaft; the Helena-
I'risco to 1,600 feet below the No. 6 or tunnel level; the Tiger-Poor-
man to 2,200 feet; and the Hercules through an 8,000-foot tunnel
which taps the lode at a depth of 2,000 feet and from which a shaft
bhad been sunk 500 feet farther at the time of visit. The Marsh
mine is worked through a 900-foot shaft which opens from a tunnel
from the Green Mountain claim. It was flooded at the time of visit.

Production of the principal mines of the Canyon Creek group.

Hecla.
¢ |
Ratio o
Year. Crude ore. C?ﬁcentmt concentra- |  Silver. Tead. Zine.
g ore. tion.
Tons. Per cent. Qunces. Pounds. Pounds.
........................ 2,042,726 | 67,418,922

100, 631 7.16°| 7537437 | 17778042 |

93,431 8.52 538,390 18,764,978 |...

51,991 8.44| 280885 | 10,876.250 | ..
100, 748 9.51| 481475 | 18348112 |.o

98, 903 9.35| 4920420 17,562,222 |
102, 865 7.05 493, 830 18, 865, 146 |.
100,760 7.76 | 491,745 | 19,137,960

99,305 7.46 | 507,236 | 18,832 534

90, 851 6.98 | 500,200 | 18,057 823 |,
112,646 7.41 ; 24,017,867 |-
184,209 7.52 | 1,195,841 40,217,573

1,141,430 | ooovuennn. 8,212,679 | 291,678,329 |............

Tiger-Poorman.®

343,160 | 13,900,000 |..
317,726 | 12,832,600 |-
287,032 | 11,169,300 |.

3,107 108, 600
1,907 62,200
3472 | 92,400 ¢ 23,656
1,910 60,600 |
1,481 45,282 |
500,285 |.oevnenn.... 1,281,840 | 50,616,482 23,656

a The gross production prior to the end of 1905, as given by Ransome, was 811,794 tons, containing
89,199,398 pounds of lead and 286,424 ounces of silver. i

b For the period prior to 1914 the figures are for the 12 months ending Aug. 31; for 1914, the 16 months
ending Dee. 31; for 1915, tho calendar year; and for 1916, the 5 months ending May 31.

¢ Lessec’s ore only.
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Production of the principal mines of the Canyon Creek group—Continued.
Standard-Mammoth.d

Ratio of
Concentrat- : ops
Year. ru Te. | ) - ver, Tead. .
ea Crude o ing ore. cont(igrln]fra Silve d Zinc
Tons. Tons. Per cent. Ounces. Pounds.
754 373,567 7.9 1,891,740 | 45,877,400
4,367 357,865 8.8 1,747,333 | 44,146,000
5,087 332,911 5.81 2,632,209 | 58,854,200
2,917 293,533 5.2| 2,420,768 | 50,599,600
8,275 278,025 6.41 2,021,660 | 45,393,000
13,182 | 264,218 7.6 | 1,775,541 | 42,502,600
9,009 201,891 7.1| 1,348,642 | 33,537,520
13,914 209,236 7.9 1,630,922 | 36,725,600
10,910 194,319 9.9 ! 1,159,196 | 27,333,600
1,161 22,728 831 174,931 3,565,200
P O R 1 1,572 725,000 ..
69,602 | 2,528,283 |............. 16,804,514 | 388,559,720 |............
! i

d Prior to absorption by the Federal Co. the Mammoth paid $2,945,000 ard the Standard more than
$1,500,000 in dividends. Ransome gives the production from the consolidation by the Federal Co. to the-
ond of 1905 as 850,102 tons of ore containing 109,697,511 pounds oflead and 4,473,860 our ces ofsilver.

‘d Tor ]t)he p;lriod prior to 1914 the figures are for the 12 months ending Aug. 31; for 1914, the 16 months.
ending Dec. 31.

f Subsequent to 1914 included with Greenhill-Cleveland production.

Greenhill-Cleveland.

2,831 36,313 7.8| 365,669 | 6,060,310 |............
13,723 | 179,752 6.7| 1,859,588 | 29,341,427 | 1,083,005
13,013 | 177,698 6.4 | 2085000 | 33,327,453 | 5,701,051
9,308 | 161,013 7.8 | 1,363,550 | 23,022,071 | ¢ 3,800,581
1,962 31,022 7.5 257,000 | 4,666,930 357, 060+

40,837 | 585,798 [............ 5,931,716 | 96,418,211 | 10,941,787

g Subsequent to 1914 includes Standard-Mammoth production.

Helena-Frisco.

1897 (5 months) to 1906 1,042,640 |.. 3,806,801 | 108,728,324 |............
7... . 55,846 |-, 106,990 | 6,758,658 | 2,244,655
May-Dec., 1915 b 43,513 36,411 | 1,620,040 | 2,479,174
Jan.-May, 1916...... . 43,850 15,381 | 1,018,018 | 2,670,650+
...... ...| 1,185,849 | ..........| 4,135,583 | 118,126,840 | 7,394,479

& From 1908 to May, 1915, the upper levels were worked intermittently on a small scale by lessees. Pro--
duction for this period is not available.

Hercules Mining Co.

Shipping G Shipping
Year. ¢ prm?uct Gross Year. product Gross
(tons). value. (tons). value.

40,816 | $2,846,758.
60,550 | 4,147,609
49,441 | 3,000,174

31,309 | 1,922,486 300,036 | 19,300,750
34195 | 2,174,045

i Production prior to 1907 as given by Ransome, 62,648,676 pounds of lead and 3,920,838 ounces of silver. -
Later production from statements filed with county assessor and compiled by the Wallace Miner, issuies 0!
Dec. 30, 1915, and May 11, 1916.

GEOLOGIC RELATIONS.

The lodes along Canyon Creek are all inclosed in the Burke forma--
tion, which forms both walls of the canyon for about 5 miles east of
the monzonite mass at Gem, or in transition beds between the Burke-
and the Prichard. The formation in general strikes north and.
forms an anticline whose axis is in the vicinity of Mace. Thus in_
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the Hecla mine the beds dip eastward at angles of 70° to 85°, and
in the Standard-Mammoth and Green Hill-Cleveland they dip west-
ward at comparable angles. Farther west the beds are upturned
and surface exposures show a steep eastward dip. This general re-
lationship is of particular interest, as the lodes have a course almost
at right angles to the axes of folding, and if the type or degree of
mineralization is controlled by stratigraphic position persistent east-
west variations should appear along each level in lodes like the
Standard-Mammoth, which has been stoped continuously for more
than 2,000 feet. The west end of this lode on any particular level
is perhaps 1,800 feet higher stratigraphically than the east end.  The
deeper levels are in the transition beds between the Prichard and
the Burke formations, where, according to Hershey,*® lead deposits
are supposed to give out. Below the 1,250-foot level the ore body
pitches westward on the east end but the west end is nearly vertical
(fig. 5).

The Tiger-Poorman lode crosses beds which dip east at an average
angle of 65°. The ore shoot separated into three parts on the 1,700-
foot level, two of which continued to the 2,000-foot level and one to
the 2,200-foot level, below which ore was not found (fig. 6). The
ore body as a whole had nearly vertical sides above the 1,800-foot
level and extended to the greatest depth below the middle prong.
The inclosing beds on the lower levels are said to be Prichard slate,
so that any close stratigraphic control of ore deposition should cer-
tainly be expressed in a marked eastward pitch of the ore, at least
within the transition zone between the Burke and Prichard beds.

The Hecla ore bodies show similar independence of the type of
the inclosing formation, although this mine is not yet deep enough
to show critical relations. The Helena-Frisco lode (fig. 7), compris-
ing three shoots separated by faults and known as the Gem, Frisco,
and Black Bear, is inclosed in the Burke formation near the mon-
zonite contact. The beds here predominantly dip east at steep angles.
The middle shoot has been found productive to the 2,200-foot level;
the others to about the 1,000-foot level. Admission to the Hercules
mine was refused to the writers, but this mine is understood to contain
three ore shoots along a lode which crosses steeply dipping beds.
Two of the shoots apex at a depth of 1,000 to 1,500 feet and unite
with the main shoot to form an ore body 1,800 feet long on the No.
5 tunnel level. Development has extended for 500 feet below this
level, and there is said to be some evidence of further extension of
ore to the east, although lower levels have not been so promising.

- Lamprophyre dikes were observed in the Hecla, Helena-Frisco,
Standard-Mammoth, and Greenhill-Cleveland mines. In the Helena-

¢ Hershey, O. H., Origin and distribution of ore in the Coeur d'Alene (private publi-
cation), p. 23, 1916.
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Frisco a basic dike 3 feet wide, with exceptionally sharp contacts,
cuts across the lode in a small stope west of the shaft on the 1,600-
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foot level. The vein here consists of innumerable seams and bands
of sphalerite in a light-gray quartzite. The dike consists of scattered
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phenocrysts of augite and small grains of magnetite in an aggregate
of interlocking hornblende and plagioclase crystals. It is classified
as camptonite. Two dikes not in contact with ore were observed
in the Standard-Mammoth mine east of the shaft. One of them
crosses a flat fault of reverse throw that puts slate above quartzite
with discordance in dip. Another dike, 5 feet wide, appears in op-
posite sides of the stope above the 2,050-foot level and west of the
shaft. As stoping has here been completed, its age relation to the
ore is not known. Microscopic examination shows the rock to be
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Figune 6.—Longitudinal section of the Tiger-Poorman mine.

camptonite, similar to that in the Helena-Frisco mine, but with the
augite greatly altered to minutely crystalline aggregates, largely
sericite, serpentine, and amphibole.

A dike averaging perhaps 2 feet in width follows the Hecla lode
more or less continuously, the ore occurring on one or both sides of
the dike. Locally the ore seems to replace the dike material, but thin
sections from such places show the contact to be an intrusive one,
with marginal chilling of the igneous material and minute dikelets
of it extending into the ore. The dike is clearly younger than the

109496—23——6
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vein, as pointed out by Ransome*® Hig description of materials from
the upper levels, however, indicates a rock notably different from that
collected by the writers. He describes “a holocrystalline aggregate
of abundant phenocrysts of hornblende in a groundmass of the same
mineral, with calcic plagioclase in minute laths.” The four speci-
mens studied by the writers, two of which are of exceptionally fresh
material from the 900 and 1,600 foot levels, contain biotite pheno-
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Ficure 7.—Section of the Frisco mine, showing principal stopes below the No. 3 level.

crysts in an orthoclase-biotite groundmass. A little augite may be
represented by aggregates of secondary calcite, serpentine, and chlo-
rite. Hornblende is rare, and no feldspar with higher index than
Canada balsam was observed. This rock is minette, whereas the
specimens studied by Ransome are odinite, “ hornblende being too
abundant for kersantite.” As the dike has been continuous down
through the lode, it seems necessary to conclude that it changes from
a hornblende-plagioclase rock above to a biotite-orthoclase rock below.

“ . 8. Geol. Survey Prof. Paper 62, p. 176, 1908.



LODES ON CANYON CREEK. ™

Faulting of the Canyon Creek lodes is not a prominent feature of
their geologic relations. The Standard-Mammoth lode terminates
against a fault above the 1,250-foot level, which Ransome concluded
to be premineral, a conclusion borne out in recent years by fruitless
search for a continuation of the ore east of it. On the west end, well
over in the Greenhill-Cleveland property, the lode on the 1,450-foot
level terminates against a north-south fault which dips 80° E. The
lode, only meagerly mineralized at this point, leads to the fault on a
course N. 70° W. and runs north for a short distance along the
fault plane. The fact that the vein quartz is not brecciated at the
turning point strongly suggests that the fault is older than the min-
eralization. This age relation is further suggested by exploration
beyond the fault, where two crosscuts to the south, 200 and 300 fect
long, and a 2,000-feot crosscut to the north have failed to reveal
a continuation of the lode.

The Helena-Frisco lode consists of three parts, locally known as the
Gem, Frisco, and Black Bear veins, separated by faults or cross fis-
sures, which cause offsets to the north on the east side. Ransome *°
raised the question whether this might not be a result of premineral
faulting, basing his query on a mineralogic difference between the
veins. Nothing was observed during the recent examination which
throws light on this problem, although the operators agree in consid-
ering the three veins as fault segments of one nearly east-west lode.
The Tiger-Poorman lode ended sharply on levels 8 and 12 against the
O’Neil Gulch fault, but on other levels it failed to reach the fault.

FORM AND DISTRIBUTION.

The lodes of the Canyon Creek group are tabular replacement
deposits which strike north of west except the Hecla, which strikes
northwest, and dip southwest except the Standard-Mammoth-Green-
hill-Cleveland, which dips very steeply northeast. The ore shoots
are distributed along the lodes without apparent relation to curva-
ture or cross fissuring. Between them the lode is marked by more
or less shearing and in many places by interrupted seams of quartz
or siderite. Locally on their margins, as in part of the Greenhill-
Cleveland mine, the productive shoots merge into crushed rock con-
taining much pyrite.

The Tiger-Poorman ore body separates downward into three limbs
and the Standard into two limbs, as shown in figures 5 and 6. In
the Hecla and Hercules lodes a converse relation occurs, three shoots
being recognized on the lower levels, whereas only one was found
above. The two additional shoots cut on the lower level of the
Hercules mine are said to apex 1,500 feet below the surface.”* In

® Op. cit, p. 180.
& Bell, R. N., oral communication,
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the Hecla mine the upward limit of the middle shoot is between the
600 and 900 foot levels. The east shoot has been explored on the 300
and 900 foot levels. Above the 300-foot level it is developed by .a
raise for 600 feet, but below the 900-foot level drifts have not been
extended o it.

In much of the Tiger lode, according to Ransome,?
the ore occurs in a series of overlapping or imbricated, nearly vertical fissure
zones, * #* Three of these are usually recognizable and are known as
No. 2, No. 3, and No. 4 ore shoots. Each successive shoot is usually found by
crosscutting to the right when the ore in the shoot worked shows signs of
pinching, the crosscut in many cases following a linking fissure. On some
levels, however, branches from one ore shoot extend obliquely to the other and
no crosscutting is necessary. .

The Hecla lode contains three shoots distributed along a nearly
vertical zone of intense shearing which strikes N. 40° W. The north-
west ore shoot, upon which the early work was done, has been worked
out from the surface down to the 900-foot level and developed to
the 1,600-foot level. It pitches east at a steep angle, approaching
within 40 feet of the middle shoot, a westward-pitching body, on
the 1,200-foot level. Here there is some suggestion that the shoots
overlap, the middle one lying southwest of the other. Development
on the two lower levels, however, had not demonstrated such a rela-
tion at the time of visit. On the 1,200-foot level the combined shoots
have a stope length of more than 1,300 feet and an average width
of perhaps 6 or 8 feet, although ore seams which extend into the
walls obliquely or follow shearing planes parallel to the main ore
body are sufficiently abundant to warrant mining to a width of 10
or 12 feet in most places and locally to a width of 30 feet or more,
In most exposures perhaps one-half of the ore in the middle part of
the lode is of shipping grade owing to the presence of seams of
fine-grained galena which attain 2 or 3 feet in width. Adjacent to
this ore narrow seams occur largely along the innumerable shearing
planes in the quartzite. Very little ore has been extracted from the
middle shoot, although it has been rather fully developed between
the 900 and 1,600 foot levels, and no ore has been taken from the east
shoot except in exploring it on the 800 and 900 foot levels. On the
former it is 850 feet long. In no place do any of the numerous ore
seams that cut across the sheeted quartzite of the lode traverse the
minette dike, and many of them may be seen to terminate abruptly
against it. Ore occurs on one or both sides of the dike, which in
most places must be broken in mining.

The Standard-Mammoth lode, including its westward continuation
in the Greenhill-Cleveland mine, differs but little from the lodes
already described. It contains one great ore body nearly 2,000 feet

52 Qp. cit., p. 173.
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long on most levels, which has been worked continuously to a ver-
tical depth of more than 3,500 feet and ranged from 5 to 15 feet in
width. Below the 1,650-foot level two limbs, 225 and 450 feet long
on the 2,050-foot level, are recognized. The ore largely replaces
sheared quartzite, although crevice and fissure filling, as in most
of the Canyon Creek group, played a noteworthy part in its develop-
ment. Ransome® observes that “a very characteristic feature of
the lode is the presence of numerous nearly horizontal stringers of
quartz which are later than the mass of the ore.” This feature is
almost entirely absent in the lower levels now accessible. In one
stope above the 1,050-foot level quartz seams later than the other
minerals were noted, but here most of the quartz is contemporaneous
with or older than the sulphides; elsewhere in stopes now open quartz
represents an early stage of mineralization.

The Helena-Frisco lode as here considered embraces three veins,
the Black Bear, Frisco, and Gem, separated by faults and probably
segments of a once continuous fissure. Recent studies throw no
light on the problem of whether the faulting preceded or followed
mineralization. The Black Bear Fraction vein may be a fourth seg-
ment separated from the Black Bear by an oblique fault, but as
present exposures only suggest the possibility of such a relationship,
1t is here considered a part of the Black Bear vein.

The lode contains five ore shoots, two each on the Black Bear and
(Gem veins and one on the Frisco. On the west the larger Gem ore
body ended against the monzonite and was worked nearly to the
1,200-foot Frisco level. It attained a maximum length of about 800
feet but below the 600-foot level rapidly shortened downward. East
of it a shoot averaging about 125 feet in length was worked nearly
to the Frisco 1,000-foot level. The principal shoot of the lode is
the Frisco, and it is almost coextensive with the Frisco segment of
the fissure. It was a body from 10 to 12 feet wide and about 800
feet in average length and was worked to the 2,200-foot level. The
Black Bear shoot was more irregular in outline, although better-
defined walls gave it a more veinlike aspect. It filled a fissure from
2 to 3 feet wide somewhat interruptedly to a depth of 700 feet. On
the Black Bear Fraction, a property under different ownership, is
a shoot of ore only partly blocked out which averages between 5 and
6 feet in width and is at least 300 feet long where explored from a
2,500-foot tunnel at a depth of about 2,000 feet. The ore shoot is
developed by two raises from this level, each reaching 200 feet, an-
other raise 70 feet up, an upper tunnel 600 feet long at a level 1,180
feet higher, and a few surface cuts. The vein, which strikes N.
70° W. and dips 78° SW., consists of numerous seams and veinlets
of sphalerite, galena, and chalcopyrite in a quartz-siderite gangue.

5 Op. cit.,, p. 178.
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The ore contains 6 to 8 per cent of lead, 10 to 15 per cent of zinc, and
between 2 and 3 ounces of silver to the ton. '

THE ORES.

The lead ores of the Canyon Creek group are unusually rich in
silver among the Coeur d’Alene deposits, although the ratio of
silver to lead shows a wide range in different deposits and in differ-
ent parts of the same deposit. The contents as set forth in the
following table are derived principally from statistics of produc-
tion and consequently do not reveal local variation within indi-
vidual deposits.

Relation of silver and lead in Canyon Creek lodes.
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It is apparent from the above table that the west end or the
Greenhill-Cleveland part of the Standard-Mammoth lode contains
much more silver in proportion to lead than the east end, also that
the Black Bear Fraction or eastern extension of the Helena-Frisco
lode is lower in silver than the main shoot in the Frisco mine. The
variation in the amount of zinc in different members of the group
1s such that the Helena-Frisco as now worked produces almost twice
as much zinc as lead. The Tiger-Poorman, Standard-Mammoth,
and Hercules have produced little or no zinc. Recently a zinc vein
oblique to the lead vein has been found in the Hecla. In the Green-
hill-Cleveland the ratio of zinc to lead is about 1 to 9, and in the
Black Bear Fraction 2 to 1. There is a general belief among the
operators of mines along Canyon Creek that sphalerite increases
with depth, although examination at any one stage in development
affords little basis for such a conclusion, owing to a marked dif-
ference in the relative amount of sphalerite in different parts of the
same stope.

Chalcopyrite, pyrite, and pyrrhotite are present in most of the
lodes, and magnetite occurs in the Helena-Frisco. Chalcopyrite
attains its maximum development in the Black Bear Fraction, where
in raise No. 1 it is fairly abundant in intimate association with ga-
fena and sphalerite, which replace quartz and quartzite. Much of
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the Helena-Frisco ore contains visible chalcopyrite, though nowhere
in economic quantity. In the Standard-Mammoth lode chalcopy-
rite occurs locally in small amounts; in the other lodes it is ex-
ceptional. Pyrite is nearly everywhere present but in widely dif-
ferent amounts. It is more widely disseminated in the quartzite
than any of the other sulphides and is almost universally present
in the lodes, being particularly abundant in the peripheral parts
of ore bodies. Above the 2,050-foot level on the Mammoth claim
pyrite occurs almost to the total exclusion of galena and sphalerite
in many places, but on the 2,250-foot level on the same shoot it is
not a conspicuous element of the ore. Here the ore is principally
sphalerite in a siderite gangue and occurs as innumerable narrow
seams in firm quartzite. Ransome® reports pyrrhotite “in con-
siderable quantities in the lower levels of the Tiger-Poorman and
Standard-Mammoth mines” and as “a minor constituent of the
Helena-Frisco ore.” The Tiger-Poorman, now flooded, has been
worked little since his visit, but the Standard-Mammoth has been
continued 1,200 feet deeper, and on these lower levels, now alone
accessible, pyrrhotite was suspected in only a few places, and none
of it is present in the material collected for detailed examination.
Also in the Helena-Frisco lode pyrrhotite is rare in stopes now being
worked, but magnetite, not mentioned by Ransome, is locally con-
spicuous and a magnet reveals it in crushed portions of much ore
that is apparently devoid of it. It occurs intimately mixed with
steel galena in seams that traverse dark-brown sphalerite. In one
specimen nests of fibrous actinolite occur in magnetite-galena areas.
Siderite occurs in conspicuous amounts in the Standard-Mammoth
lode and greatly exceeds quartz on the deepest levels. In the Hecla
lode, however, quartz is the dominant gangue mineral in the lower
part of the mine, and siderite only locally exceeds it in amount on the
upper levels. Here calcite is developed to a minor extent. No car-
bonate was observed in the west end of the Helena-Frisco lode, but in
the Black Bear Fraction siderite is locally as abundant as quartz.
The paragenetic relations of the minerals of the Canyon Creek
lodes are not as clear as those in the other lead-silver deposits of
Shoshone County. In many of the lodes there is abundant evidence
of the recurrence of conditions favorable to the deposition of a par-
ticular mineral or group of minerals. Quartz in general is younger
than siderite and in part contemporaneous with it, but in the Hecla
and Standard lodes quartz seams traverse the lode and extend into
the wall rock. In the Helena-Frisco ore the quartz is the oldest
mineral now in the lode. It is replaced by sphalerite, which is trav-
ersed by seams of galena, and in the west end on the 1,800-foot level
by seams of galena and magnetite intimately intergrown and locally

5 Qp. cit, p. 109,
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containing felted aggregates of actinolite. In the side of the drift
near by a veinlet of vesuvianite was observed cutting monzonite,
through which pyrite and a little sphalerite are disseminated. Mag-
netite seen elsewhere in the lode is older than sphalerite and is not
associated with lime silicates. The relations are considered as proof
of a later pulse of mineralization characterized by higher tempera-
ture and more complex solutions than that which initiated deposition
along the lode and formed most of it.

The position of chalcopyrite and tetrahedrite in the sequence of
mineral deposition is not definitely known, although the former is
clearly older than galena and younger than quartz. Pyrite may have
had a long period of formation, but most of it was developed about
contemporaneously with siderite. Throughout the group galena
is younger than sphalerite and, except for a second generation of
quartz developed in places, is clearly the last mineral to form in the
lodes. This relationship is clearly apparent in the stopes, where
seams and bands of galena traverse the lode in a most intricate man-
ner. In many polished specimens the evidence is conflicting owing
to postmineral movement along the lodes which has modified contacts
in minute detail.

LODES ON NINEMILE CREEK.

The most valuable mines on Ninemile Creek and the head of Beaver
Creek, immediately to the north, are primarily zinc producers, and
their lodes are described elsewhere (pp.90-105). . There are,however,
several which have yielded more lead than zine. These are the Tama-
rack and Custer, Sunset, Idora, Tuscumbia, and several others not
now active. Formerly the Callahan, Rex (Sixteen-to-One), and Suc-
cess (Granite) mines were worked for lead, but now zinc is the chief
metal of their ores.

The deposits, except the California, which is inclosed in the Revett
quartzite, occur in the Prichard and Burke formations. In general
they are steeply dipping lodes which strike north of west.

The Tamarack and Custer mine, controlled by the Day interests, is
an old mine reopened in 1913 and active since that time except for
short periods of idleness. During the three years prior to 1916 the
mine produced ore to the gross value of $2,600,921, principally from
lead. As access to the mine was not granted the only information
available is that recorded by Ransome.®® Prior to 1904 it produced
ore of a total gross value of $600,000. The lode occurs in Burke
quartzite high up on the west slope of Custer Peak. It is a well-
defined fissure containing galena and a little chalcopyrite and pyrite
in a quartz gangue.

The Sunset mine, near the summit of Sunset Peak, develops a
lode 2 to 10 feet wide which extends from the monzonite on the east

®% Op. cit., pp. 182, 183,
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across a patch of Burke rocks into underlying Prichard on the west.
A tunnel starts on the south slope, runs mostly through monzonite
1,800 feet to the vein, and thence follows it westward 1,260 feet to
the surface northwest of the peak. At the northwest portal a ver-
tical shaft extends to a level 600 feet lower. All the ore is in sedi-
mentary rock, although a claim to the east contains seams of galena
and pyrite in the monzonite. On the 400-foot level from the shaft
two lodes are developed, both with poorly defined walls and only a
meager sprinkling of sulphides. The better material consists of an
intimate mixture of sphalerite, galena, pyrrhotite, chalcopyrite, and
magnetite, together with quartz as seams and bunches in the quartz-
ite. Garnet appears in much of the material on the tunnel dump,
and a greenish pyroxene is present in some of it. The silicates, to-
gether with the magnetite and pyrrhotite, are in most intimate inter-
growth with sphalerite and in some specimens with galena and chal-
copyrite, clearly indicating conditions of high temperature and in-
tense pressure at the time of deposition. Mineralogically the ore is
of contact-metamorphic type, but as it follows a fissure across beds of
diverse composition and extends almost at right angles to the igneous
contact, it is classed as a high-temperature vein rather than as a
contact deposit. It is particularly noteworthy that the monzonite
is pyritized and sericitized and contains lead and zinc in seams at a
point near by. This suggests that the Sunset lode if prospected up
to the monzonite contact might reasonably be expected to extend into
it. Certainly the mineralization, at least in part, occurred after the
marginal solidification of the monzonite.

Northwest of the Sunset mine, on the headwaters of Carbon Creek,
are several lodes on the Idora and Tuscumbia groups of claims.
Two lodes in the upper of two tunnels on the Idora group have been
worked intermittently for a number of years and afforded a small
production. They are inclosed in gray and blue Prichard slate,
which dips east at low angles. The deposits are of the normal
metasomatic fissure type and from 3 to 4 feet in width. The maxi-
mum length of stopes is about 300 feet on ore of medium to coarse
grain consisting of galena, sphalerite, pyrite, and sparse chalcopy-
rite in a quartz-siderite gangue. Pyrite is abundant locally. The
ore as mined contains from 5 to 6 per cent each of lead and zinc and a
little less than 8 ounces of silver to the ton.

The California mine, situated in the canyon of Black Cloud Creek,
a tributary of Nigemile Creek from the west at a point about 2 miles
from its mouth, was not producing in 1916 and has been worked
only intermittently in recent years. All told it has produced perhaps
$250,000. It occurs in a down-faulted block of the Revett formation,
whereas the other deposits in the Ninemile area are all in the Prich-
ard, except the Sunset, which is in the lower part of the Burke. The
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ore occurs in a lode with poorly defined walls and consists of galena,
pyrite, and quartz. Much of the quartz occurs in stringers that
extend into the wall rock.

OTHER LEAD-SILVER LODES OF SHOSHONE COUNTY.

Lead-silver deposits well removed from any of the three groups
described above are widely distributed in Shoshone County. They
have not contributed much to the production of the county, although
in an area of less intense activity several of them would attract con-
siderable attention. As outliers of highly productive deposits they
are of particular interest in defining the broad area in which lead dep-
osition took place and in which there is ground for reasonable hope
that new discoveries will be made.

PINE CREEK.

The Hypotheek mine, near the head of French Gulch west of Pine
Creek, produced about $90,000 between June, 1916, and January 1,
1917, from concentrates averaging 50.65 per cent of lead and 6.23
ounces of silver and 0.125 ounce of gold to the ton, and crude ore con-
taining 75 per cent of lead and 8.4 ounces of silver and 0.0036 ounce of
gold to the ton. The lode was known as early as 1887, but yielded
little until the recent discovery of a lead shoot in its west end beyond
a transverse fault. It is developed by a shaft 1,100 feet deep. It
strikes N. 70° W. and dips 70° SW. and traverses slate and quartzite
of Prichard age. The lode is characteristically a fissure filling, al-
though in many places it comprises a network of quartz veinlets in
slate. The principal ore shoot is west of a fault that strikes N. 40°
W. and dips steeply southwest. It is 400 feet long and from 5 to 6
feet in average width above the 900-foot level, but on the 1,100-foot
level it splits into limbs, of which the longest is 75 feet in length.
East of the fault and in its footwall the vein consists of quartz and
carbonate in which are small and sporadic bunches of chalcopyrite,
pyrite, gelena, tetrahedrite, and arsenopyrite. The west shoot is
oxidized down to the bottom of the present workings, which extend
to a level 700 feet lower than the bed of Coeur d’Alenc River. The
ore is a mass of iron and manganese oxides with reticulating crusts
of quartz and cerusite and scattered nodules of galena coated with
cerusite crystals along with rare massicot and malachite. It averages
about 9 per cent of lead. Another vein 175 feet north of the main one
is explored for several hundred feet on the 1,100-fdot level. It con-
tains a shoot 100 feet long of galena, pyrite, chalcopyrite, and tetra-
hedrite in a gangue of quartz, calcite, and siderite.

Several other deposits in the Pine Creek area contain notable
amounts of lead and silver, and it is possible that further development
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will show some of them to be more valuable for lead than for zinc.
At present, however, they are considered zinc deposits and are de-
scribed as such (pp. 105-109). All are inclosed in the Prichard for-
mation. TFor purposes of cross reference mention shonld be made of
the Douglas, in which, to judge from data now available, the lode con-
tains about 6 per cent of lead and 20 per cent of zinc; the Constitu-
tion, whose ore as shipped contains 10 per cent of lead and 27 per cent
of zinc; the Highland Surprise, with ore containing 3 per cent of
lead and 16 per cent of zinc; the Northern Light, 5 per cent of lead
and 8 per cent of zinc; the Little Pittsburg, 5 per cent of lead and 9
per cent of zinc; and the Denver, where assays show 31 per cent of
lead, 20 per cent of zinc, and 19 ounces of silver to the ton.

MURRAY,

The Jack Waite mine is near the head of Eagle Creek, about 6
miles north of Murray. It is inclosed in Prichard beds at horizons
probably between 3,000 and 4,500 feet below the base of the Burke
quartzite. The vein strikes N. 55° W. and dips 52° SW., crossing
the bedding of the inclosing slates and quartzites, which dip 20°-40°
NE. The deposit is a quartz-filled fissure that ranges from a frac-
tion of an inch to 10 feet in width and averages perhaps 4 feet. A
gouge seam marks the fissure, and in many places quartz has been
deposited along both sides of it, leaving the gouge almost entirely
unreplaced. The developments consist of two principal tunnels, of
which the lower one reaches the vein by a crosscut 943 feet long and
thence explores it toward the southeast for 1,500 feet. Two principal
quartz shoots are revealed by this drift, one 250 feet long and another
about 300 feet long. Galena replaces the quartz sparsely in the first
shoot, but in the second it is locally abundant and in one place is be-
ing stoped for a distance of 70 feet along the level. Beyond this are
two other shoots, one 18 and the other 30 feet in length. An upper
tunnel 365 feet higher enters on the vein and follows it for 1,500 feet,
opening the two quartz shoots seen on the lower level. The west
shoot contains ore for 75 feet and the east shoot for about 50 feet.
On the surface the vein crops out in the bottom of a narrow gulch
up to an elevation 500 feet higher than the upper tunnel. Here the
ore consists of quartz spattered with cerusite and locally pyromor-
phite, together with much unoxidized galena. Beneath the surface
the ore consists of galena and a little sphalerite, which clearly re-
place the quartz. The ore as shipped, after being hand-picked, con-
tains about 60 per cent of lead, 3 per cent of zinc, and 6 to 10 ounces
in silver to the ton. Few shipments had been made at the time of

visit, but active development work was in progress and shipping has
been started since.
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Several prospects in the vicinity of the Jack Waite are only
slightly developed and were not visited. In Oregon Gulch a strong
Jode occurs along the Murray Peak fault. It is about 6 feet wide,
as shown in several open cuts and shallow pits, and consists of quartz
containing much pyrite and pyrrhotite and a little galena and
sphalerite. A similar ledge occurring in alinement with the Murray
Peake fault and possibly a continuation of the one just described
crosses Pricliard Creek a short distance east of Murray. It is known
as the Gold Back ledge. The developments consist of an open cut
and a tunnel 700 feet long. The open cut exposes a wide zone,
through which quartz and associated sulphides are distributed in
bands separated by slate and so spaced that perhaps 60 per cent of a
zone 10 feet wide is quartz. The sulphides include pyrite, sphalerite,
galena, pyrrhotite, and chalcopyrite, all in small amounts and ir-
regularly distributed. Assays yield about 80 cents in gold to the ton
and a little silver. The inclosing rock is Prichard slate.

PRICHARD CREEK.

The Monarch lode, 5 miles southeast of Murray, on the south side of’
Prichard Creek, has been explored to a depth of 1,465 feet below the-
discovery shaft. The inclosing rocks are the quartzite and slate which
form the transition beds between the Burke and Prichard formations.
The developments include a crosscut tunnel 3,292 feet long, which.
reaches what is probably the Monarch ledge at a distance of 2,371 feet.
from the portal and a heavy fault gouge at 2,669 feet. Idere a drift
1,000 feet eastward follows the fault, which dips 60°-75° S. and is in
about the position which the ledge would occupy if unfaulted. A
crosscut to the north in the east end of the mine reveals the ledge 200:
feet in the footwall of the fault. Other tunnels are known as No. 1
and No. 2, respectively 1,331 and 1,112 feet above the 1,400-foot or-
lowest level. Several intermediate levels are connected with the main.
ones by winzes and raises. Ore was stoped from the surface to a.
depth of 1,000 feet and to a height of about 200 feet above the 1,400--
foot level. The fault mentioned above must pass between these points:
and probably accounts for a marked lack of alinement of the upper-
and lower sets of stopes, but as this part of the mine was not safely
accessible at the time of visit no detailed observations were made.
As shown by stope maps the ore body pitched about 60° X. and was:
stoped for an average length of about 175 feet. The lode strikes.
N. 50° W. and stands nearly vertical above the fault, but below the-
fault it dips 80° NE. The ore as seen in a few places on the 1,400-foot
level consists of galena,some sphalerite, and a little pyrite in a quart
gangue. In places there is much disseminated siderite in the quartz--
ite beds.
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The Lily prospect contains a small lead deposit in a syenitic phase
of the monzonite mass on Granite Gulch southeast of Murray. The
developments include a few surface cuts and a tunnel 300 feet long on
a fault contact between monzonite and Prichard slate, The ore is
all on the syenite side of the fault and occurs as stringers and bunches
scattered through the outer 20 feet of the igneous rock.

The Jewell prospect, on Cement Gulch north of Prichard Creek,
consists of seams and bunches of galena in monzonite. Little work
has been done on it, but the occurrence is of unusual interest because
it furnishes another specific example of the mineralization following
the granitic invasion.

Farther east, in the drainage basin of Paragon Gulch, there are
several mines—the Chicago-T.ondon, Murray Hill, and Paragon—
which although producing some lead are more valuable for zinc and
are described in the section dealing with that metal. North of these
the Bear Top mine,.now idle, is in Prichard rocks near the base of
the Burke formation. The ore consists of galena and sphalerite asso-
ciated with pyrite and chalcopyrite in a quartz-calcite gangue.

On Granite Creek the Giant ledge and the Cedar Creek prospect,
both in the Prichard formation, are now being exploited. In previous
years each produced some lead ore.

Q AREA EAST OF POTTSYILLE.

The eastward extension of the area characterized by lead-silver de-
posits is represented by several prospects and small mines in Montana.
The lodes are distributed along the trench determined by the Osburn
fault, and in them galena is the most abundant ore mineral, although
tetrahedrite is relatively abundant. The usual gangue minerals are
siderite and quartz, and in one lode barite is prominent. The Last
Chance mine, 3 miles north of Saltese, Mont., with a reported produc-
tion of $200,000, is the only one that has shipped much ore. The de-
posits as described by Calkins and Jones®® include also the Silver
Cable, Ben Hur, Bell, Tarbox, Meadow Mountain, Bryan, U. S. Hem-
lock, and Syndicate.

SLATE CREEK.

South of Mullan several prospects, described by Pardee,”” have
been opened on narrow lodes in the Slate Creel area, tributary to St.
Joe River. The lodes are inclosed in the Newland (“ Wallace”) for-
mation and consist of galena, pyrite, sphalerite, and chalcopyrite
sparsely scattered through a siderite gangue. The principal pros-
pects are known as the Silver Spray, Sailor Boy, and Mastodon.

# Calkins, F. C.,, and Jones, E. L., jr., Economic geology of the region around Mullan,
Idabo, and Saltese, Mont.; U. S. Geol. Survey Bull. 540, pp. 192-198, 1914.

©? Pardee, J. T., Geology and mineralization of the upper St. Joe River basin, Idaho:
U. S. Geol. Survey Bull. 470, pp. 60-61, 1911.
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PLACER CREEK.

Several prospects are situated along Placer Creek about 2 miles
south of Wallace. The Vienna-International explores through two
tunnels and a shaft a siderite quartz vein from 3 to 5 feet wide in-
closed in the middle of the Newland formation. Galena, pyrite, and
chalcopyrite occur in scattered bunches. The Castle Rock workings
reveal two immense siderite veins inclosed in the Revett quartazite.
They strike north of west and dip south. The north vein is about
40 feet wide and the south one about 16 feet. Siderite and pyrite
are the dominant minerals, but chalcopyrite and galena occur in
scattered bunches and erratically distributed seams. The main
Castle Rock vein is probably exposed in the Smart Aleck property
a short distance to the west. Here its maximum width is 10 feet.
About 1,000 feet west of the Smart Aleck is the Horn Silver prop-
erty, which contains a quartz-siderite vein about 10 feet wide in
which the sulphides, principally pyrite and galena, are very sparsely
distributed. This group of deposits is described by Calkins and
Jones.® ‘

WALLACE AND WARDNER.

The area between Wallace and Wardner contains several deposits
which have been worked intermittently since the discovery of mineral
deposits in Shoshone County, but none have been continuously profit-
able. In 1904 none of the deposits were being worked, but in 1916
the Evolution, Yankee Boy, Polaris, Big Creek, and Sllverado were
worked on a small scale. Most of the lodes are 1nclosed in the New-
land (“Wallace ”) formation and are characterized by a bunchy
distribution of ore high in silver. They strike north of west and dip
south. '

The Big Creek mine, which has produced about $12,000, is west of
Big Creek on a lode that follows the Alhambra fault. The devel-
opments comprise about 4,500 feet of work, of which 3,100 feet is in
a lower tunnel that enters from the canyon side at an elevation of
about 4,000 feet. The ore consists of tetrahedrite, galena, and some
argentite and chalcocite in a gangue of siderite and quartz. Locally
the ore is almost pure tetrahedmte in veins from the thickness of a
knife blade to 2 feet wide. Such material assays from 30 to 32 per
cent of copper and from 1,200 to 1,400 ounces of silver to the ton.
As shipped the ore runs about 260 ounces of silver to the ton and 5
per cent of copper. Unlike most of the deposits of the group the ore
is in the Revett formation.

The Yankee Boy mine, on the west side of the ridge between Big
Creek and the head of Polaris Gulch, has been worked intermittently

8, 8. Geol. Survey Bull. 540, pp. 199-200, 1914.
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for a number of years, and from it about 20 carloads of ore have been
shipped. One car averaged 285 ounces of silver to the ton and 9 per
cent of lead; others were much lower in silver. The developments
comprise a lower tunnel 1,700 feet long and another 500 feet higher,
800 feet long. The ore occurs in two parallel fissures, one of which
contains an ore shoot 30 feet long and the other two shoots 80 and
200 feet long. The short shoot, struck in a raise at a point 340 feet
above the lower tunnel, is now being worked. It is about 23 feet
in maximum width but feathers out at the ends. The ore minerals
are pyrite, galena, and tetrahedrite in a quartz-siderite gangue.

The Polaris mine, east of the Yankee Boy, was being reopened 1n
1916 after being idle for 16 years. An old shaft is flooded, and only
a new development tunnel, 1,500 feet long, is accessible. According
to Ransome *® there are two ore shoots, one 50 feet long and 1 foot
in width and another 150 feet long and 6 feet in maximum width.
The ore consists of tetrahedrite, pyrite, and galena in a siderite-
quartz gangue. Ore as shipped contained about 180 ounces in silver
to the ton, 10 per cent of copper, and 8 per cent of lead.

East of the Polaris is the Silverado, developed by a tunnel 4,200
feet long from a point near the floor of the main valley west of Os-
burn. The vein as seen in a raise near the face of the tunnel is about
10 inches wide, but it is said to be wider in a shaft that was being
pumped out at the time of visit. The ore consists of tetrahedrite and
a little galena and pyrite, together with quartz and siderite.

Across the valleys of the South Fork of Coeur d’Alene River, about
half a mile west of the Silverado, is the Evolution mine, which con-
tains a vein of particular interest because it probably occurs lower
in the Prichard formation than any other deposit in the county. Two
parallel veins about 150 feet apart strike N. 40° W. and dip 40°-50°
SW. They are developed by a vertical shaft, now flooded, 265 feet
deep and by a tunnel several hundred feet east of the shaft. The tun-
nel includes 200 feet of crosscut and 500 feet of drift along the north-
east or main vein. This vein is an irregular filling of calcite with
subordinate quartz and ranges from 10 to 30 feet in width, as indi-
cated by the openings. Much of the vein is oxidized, but in the last
100 feet of drift primary ore is exposed. It consists of calcite and
some quartz through which patches, seams, and bunches of sulphides
are sparsely distributed. These consist of pyrite, sphalerite, galena,
and chalcopyrite, the last visible only microscopically, in such inti-
mate association that essentially contemporaneous deposition of them
can scarcely be doubted from material now available. Pyrite is more
widely distributed, however, than the other sulphides, and average
material containing it is said to run about $2 in gold and 1.2 ounces

U, 8. Geol. Survey Prof. Paper 62, p. 188, 1908.
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of silver to the ton. The magnetic iron sulphide, pyrrhotite, was not
noted in the tunnel but is fairly abundant in certain parts of the
dump from the shaft.

ZINC DEPOSITS.

GENERAL FEATURES.

The known zinc deposits of Shoshone County are practically con-
fined to the Coeur d’Alene district and its neighbor, the Pine Creek
district. Even in these districts, however, the presence of zinc in
the lead ores was long regarded as undesirable and resulted in penal-
ties being imposed on the treatment of the ores. Prior to 1905 no
zinc ore was produced in the Coeur d’Alene district. In that year
the Success mill of 150 tons began concentrating sphalerite ore which
carried 20 to 25 per cent of zinc. In 1906 the Sixteen to One mine
(Rex) produced considerable zinc ore, and a little was sorted from
the Hercules and shipped. At this time preparations were made at
the Helena-Frisco mine to concentrate the zinc ores. The total zinc
output of the district in 1906 was 2,054,990 pounds.

The Morning mine became a zine producer in 1910, and it was here
that flotation methods on a commercial scale were first employed in
Shoshone County in the separation of galena and sphalerite. Many
other lead-zinc mines followed in adding flotation units to their mill
equipment, and the zinc production steadily increased and was greatly
accelerated in 1914 by high prices for both lead and zinc.

The greatest increase in the zinc production of the district, however,
was due to the exploitation of the extensive zinc deposits of the Inter-
state-Callahan mine, begun in 19138. In that year ore from this mine
to the value of $264,644 was extracted, but in 1915 the output was
valued at $4,540,671. Since 1915 the production has diminished year
by year, the value for 1920 being $1,876,974. The production of
zine in Shoshone County for 1916 was 86,238,283 pounds, valued at
$11,555,930; for 1917, it was 77,724,221 pounds, valued at $7,927,871;
for 1918, 43,661,314 pounds, valued at $3,973,180; for 1919, 15,994,229
pounds, valued at $1,167,579; and for 1920, 27,932,326 pounds, valued
at $2,262,518. :

Exploitation of deposits in the Pine Creek district prior to 1916
was greatly retarded because of the difficulty of separating the min-
erals of its complex zinc-lead ores, and poor transportation facilities.
Advances in flotation practice have largely solved the concentration
problem. In 1917 railroad surveys were made from Pine Creek Sta-
tion (on the Coeur d’Alene branch of the Oregon-Washington Rail-
road & Navigation Co’s. line) up Pine Creek to the Highland-Sur-
prise and Constitution mines, and construction began in the fall of
that year, but after several miles of grade had been built the work
was suspended in 1918. Mining suffered in consequence of this delay;
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the Anaconda Copper Co. relinquished its lease on the Douglas mine
which it had operated in 1917, and the Highland-Surprise, a large
producer in former years, was idle.

The outlook for continued heavy production of zinc ore in the
Coeur d’Alene and Pine Creek districts is assured, although in some
of the mines, notably the Helena-Frisco, Greenhill-Cleveland, and
Success, the bottoms of the ore deposits are apparently close at
hand. Production from the Pine Creek district, however, will prob-
ably more than offset these losses, and no doubt other deposits will
be found. Large areas of the Prichard formation have been but
little explored, and the fact that ore deposits have been opened in
depth that have no outcrop should encourage exploration in this
formation, especially in the country adjacent to known deposits in
zones of shearing and faulting.

The zinc deposits of the Coeur d’Alene region occur principally
in two areas situated north and south of the Osburn fault. The
center of the southern area is about 12 miles west of the center of
the northern area along the fault. The northern area extends north-
eastward from the vicinity of Wallace in the Canyon Creek and
Ninemile Creek basins, on either side of exposures of quartz mon-
zonite for 12 miles, nearly to the Bitterroot divide. In this zone
are the Helena-Frisco, Greenhill-Cleveland, Success, Rex, Interstate-
Callahan, Ray-Jefferson, and Paragon zinc-lead producers, and among
the mines whose chief product is lead are the Hercules, Tamarack
and Custer, Monarch, and Bear Top mines. The Morning mine, a
large producer of both lead and zinc ores, is somewhat isolated from
the northern area. The southern area is in the Pine Creek basin
and contains the Highland-Surprise, Constitution, Douglas, Little
Pittsburg, Nabob, and Northern Light zinc-lead mines and numer-
ous prospects. ¢

Outside these areas, particularly in parts of the Prichard forma-
tion, there are several prospects on zinc deposits, but none of them
have opened commercial deposits.

These two areas of mineralization, the Canyon Creek and Nine-
mile Creek basins on the north and the Wardrer and Pine Creek
districts on the south, are believed to have been adjacent originally,
but through cumulative horizontal movements along the Osburn
fault the country on the south side was shifted west a distance of
about 12 miles. This view % was first advanced by O. H. Hershey,
geologist for the Bunker Hill & Sullivan Mining & Milling Co,
and is supported by the more recent investigation by the writers,
as discussed elsewhere (pp. 11-13). An inspection of the geologic

© Hershey, O. H!, Origin and distribution of ore in the Coeur d’Alene (private publi-
cation), pp. 4-5, 1916.
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map shows that in places on opposite sides of the Osburn fault
synclines are in line with anticlines or vice versa, and that the ap-
parent vertical displacement may range from 1,000 feet to more
than 10,000 feet within a short distance. If like structural fea-
tures in the same formations are brought together, however, the
horizontal shift on the south side of the fault is made apparent.
This movement was, in part at least, subsequent to the intrusion of
the monzonite, as shown by crushed lamprophyre along its plane,
and as ore deposition closely followed the intrusion, the faulting
in part should be considered subsequent to or concurrent with the
ore deposition.

The zinc deposits are contained in Algonkian rocks of the Belt
series. In the Coeur d’Alene district, beginning at the lowest forma-
tion, the Belt series consists of the Prichard, Burke, Revett, St. Regis,
Newland, and Striped Peak formations. In the northern area the
zinc deposits are contained principally in Prichard slates and the
Burke quartzite, although the Morning lode rocks traverse Revett,
but in the southern area the deposits are contained solely in the
Prichard formation.

The zinc deposits of the northern area have a significant relation
to the areas of monzonite, the outcrops of which extend in a north-
easterly direction in the Canyon and Ninemile Creek basins to the
Prichard Creek basin. These deposits consist of metasomatic fissure
veins and one contact-metamorphic deposit. On the west flank of
the intrusive rock the Success deposit, clearly of contact-meta-
morphic origin, occurs in a tongue of Prichard rocks that extends
into the monzonite. North of the Success the Rex and Interstate-
Callahan veins lead westward from the vicinity of the monzonite con-
tact. On the east flank of the intrusive mass are the Helena-Frisco
and Greenhill-Cleveland lodes. The Helena-Frisco ends at the mon-
zonite, where it partakes of the nature of a contact deposit, the meta-
morphosed wall rocks containing abundant contact silicate minerals
and magnetite being a constituent of the ore.

The Morning lode is several miles east of the nearest surface ex-
posure of monzonite, but a monzonite dike was cut in the adjoining
property to the west. This lode well illustrates change in character
of ore with depth. Prior to 1910 only the lead-silver content of the
ore was saved, but with increasing depth the zinc content increased,
and since 1910 it has added materially to the mine revenue. On the
lower levels also zinc is more abundant in the west end of the mine—
the end toward the center of igneous activity and also of ore deposi-
tion—than in the east end.

All the Jodes of the northern zinc area have a prevailing west-
northwest direction and generally steep southerly dips. They occupy
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fissures of shear zones which are not themselves faults of consider-
able displacement but which were probably formed contempora-
neously with the great west-northwest faults of the region.

INTERSTATE-CALLAHAN MINE,

The Interstate-Callahan group lies across a high ridge betweer
the East Fork of Ninemile Creek and Carbon Creek and Missoula
Gulch, tributaries of Beaver Creek. The present working tunnel,
at an elevation of 4,509 feet, is driven from the Ninemile Creek
side and cuts the productive veins at a depth of 1,200 feet below their
outcrop. The property was acquired by the operating company in
June, 1912, from the Callahan brothers, who had devoted 20 years
to the exploitation of the Callahan and Manhattan veins, mainly
through tunnels driven from the Carbon Creek side. It is reported
that during this time 42 tons of hand-picked ore was shipped whose
average content was 70 per cent of lead and 40 ounces of silver to the
ton. In order to reach greater depth on the Callahan vein as well
as to provide an accessible outlet for the ore the company immedi-
ately after acquiring the property began the No. 4 tunnel from
Ninemile Creek. In driving this tunnel the Interstate vein was
found, and the immense shoot of high-grade zinc ore in this vein had
up to 1916 provided most of the revenue of the company. The pro-
duction increased rapidly after the mine was placed on a working
basis. In 1913 the gross value of the ore was $264,644; in 1914,
$828,961; in 1915 the Interstate-Callahan surpassed any other mine
in the Coeur d’Alene district, with a gross value of $4,540,671, and
a net profit of $2,921,488. The production for 1916 continued to be
large though not so great as for 1915, the gross value of the ore,
largely zine, being $3,983,522, with dividends paid during the year of
$2,789,940. Production decreased gradually during 1917, 1918, and
1920, the gross value of the ore for 1920 being $1,876,974. The
Jecrease in earnings of the company was due largely to the enormous
decline in the price of spelter and the abnormally high cost of
operating expenses.

Four veins have been cut by the mine developments. All have a
general west-northwesterly course and a nearly vertical dip. These
veins, which occur in a belt 800 feet wide, are from south to north
the Interstate, Callahan, Blue Grouse, and Manhattan. The veins
are metasomatic fissure fillings that cut beds of siliceous blue slate
of the Prichard formation a short distance west of a large intrusive
mass of monzonite. The contact between the slate and monzonite,
as shown in No. 4 tunnel, is a fault contact whose general course is
north. The slates are greatly contorted near the veins, but their
general dip in the tunnel section is at moderate angles to the east.
Notwithstanding their proximity to the monzonite mass to the east
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the slates show little evidence of metamorphism. In view of the
general metamorphism of the sediments where they are in intrusive
contact with the monzonite this lack of metamorphism in the Inter-
state-Callahan mine may indicate that the slates were outside the
zone of metamorphism at the time of the monzonite intrusion and
were subsequently faulted to their present position.

In the east end of the mine, on levels 4, 5, and 6, a monzonite por-
phyry dike cuts the slate beds, and here an interesting age relation
is shown between igneous intrusion, faulting, and ore deposition.
This relation is best shown on the 600-foot level, where the dike, from
4 to 15 feet thick, trends nearly east and dips steeply north, making
a small angle of intersection with the vein. Both dike and vein are
faulted, and the wedge ends of dike and ore are offset along the
plane of the fault for 80 feet. Fragments of porphyry and drag
ore appear along the fault plane. The dike itself has clearly been
replaced by galena and sphalerite and is therefore older than the ore.
Near the fault the ore is greatly sheared. The sequence of events
was (1) the intrusion of the monzonite porphyry dike, (2) the forma-
tion of a fissure across the dike and deposition of the ore, (3) fault-
ing along the dike with a horizontal displacement along the fault
plane of 80 feet.

In the west end of the Interstate ore shoot on No. 3 Callahan
tunnel level, 800 feet below the surface, a lamprophyre dike about
2 feet wide cuts across the vein, thus proving that it was intruded
after the ore depos1t10n

Of the four veins only the Interstate has been sufficiently exploited
to prove the extent of the ore, and curiously enough this vein has no
prominent outcrop and its large ore shoot was discovered in driving
No. 4 tunnel for the Callahan vein. It was then explored on other
levels, the lowest of which, No. 6, proved to have a depth of more
than 1,600 feet. The Interstate vein shows a remarkable extension in
stope length in depth. On No. 3 Callahan tunnel level it is 700 feet
long; on the 350-foot level, 230 feet below No. 3 tunneél, 1,000 feet
long; on No. 4 level, 460 feet below No. 3, 1,200 feet long; and on No.
6 level, 450 feet below No. 4, 1,000 feet long. The ore ranges in thick-
ness from 4 to 40 feet and probably averages 12 feet. The Callahan
vein, which has a short, pointed ore crest near the surface, expanded to
a length of 145 feet on No. 3 level. On No. 4 level the Callahan vein
had been explored in June, 1916, for 200 feet only, but it shows
strongly at each end of the drift and is from 4 to 10 feet wide. A
shaft was being sunk on the vein from this level. On No. 6 level it is
only slightly developed. The Blue Grouse and Manhattan veins at
the time of visit had only been partly developed on No. 6 level, but
it is reported that some ore had been shipped from shallow workings
on the Manhattan vein.
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The Interstate vein in general is well defined, but veiniets lead off
for a short distance from the main ore body into the walls. There is
little gouge in the vein and no evidence, except for the fault along the
monzonite dike, previously described, of movement subsequent to
the deposition of the ores; consequently the walls stand well, and
the extraction of the ore does not require the immense consumption:
of timbers necessary in most of the other Coeur d’Alene mines. The
“waste fill” system is used in mining. A floor of 2-inch plank is
laid on top of the waste, and the ore as it is shot down is hand sorted
and wheeled to the chutes. The waste is obtained from the vein and
from waste raises driven into the walls.

The ore of the Interstate vein consists dominantly of clean brown

sphalerite of medium grain which breaks in slabs very similar to the
blocky slates. Both ore and waste become thickly coated with dust
in the stopes, and it is sometimes necessary to wash off this dust in
order to separate the high-grade shipping ore from the mill feed and
waste. The shipping ore, which is sorted by hand, makes up 10 to 15
per cent of the mine output. It assays about 50 per cent of zinc, and
the mill feed, after hand sorting, shows 25 per cent of zinc, 6 per cent
of lead, and 2 ounces of silver to the ton. Galena is much more
abundant toward the ends of the ore shoot and in veinlets leading
into the wall rocks than in the main ore shoot. Pyrite occurs in
places in the vein and in the wall rocks but is nowhere abundant.
Pyrrhotite was not observed in the ore below No. 4 tunrel, but it was
noted in some specimens obtained from the Interstate vein above No.
3 level. The galena occurs as veinlets in sphalerite and was therefore
deposited in the vein after the sphalerite. A remarkable feature of
the Interstate vein is the small amount of gangue minerals; of these
quartz predominates, and it is most abundant at the ends of the ore
shoots. A little siderite is commonly present, and in places small
seams of calcite and a green mineral, probably chlorite, occur with
the quartz. The quartz is of an earlier generation than the ore, for
it is replaced by sphalerite and galena.
" The Callahan vein contains a much higher proportion of lead to
zinc than the Interstate vein, but at the time of visit no stoping was
being done on the lower levels and the tenor of the ore was not learned.
From the upper workings many carloads of ore were shipped whose
average content was 70 per cent of lead and 40 ounces of silver to the
ton. The Manhattan and Blue Grouse veins on No. 6 level are com-
posed principally of clean brown sphalerite, but some lead ore was
shipped from the upper part of the Manhattan vein..

SUCCESS MINE,

The Success mine, formerly the Granite, is on the southeast side
of the East Fork of Ninemile Creek in the long, narrow tongue of
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Prichard rocks that extends into the intrusive body north of Burke
known as the Gem monzonite. The Granite claim was located in 1885.
For many years the chief products of the mine were lead and silver,
but since 1906 the value of the zinc output has greatly exceeded that
of lead and silver. The proportion of zinc to lead concentrates now
produced is probably greater than 10 to 1. From 1907 to 1915 the
mine produced ore to an approximate gross value of $2,750,000, and
of this amount $1,250,000 was produced in 1915.

The Success mine ®* is of unusual interest because of the close rela-
tion of its ore bodies to igneous intrusion, and it affords the only ex-
ample of a large contact-metamorphic deposit in the Coeur d’Alene
district. The deposits are exploited by three tunnels and a shaft.
The lowest tunnel and main haulage way, tunnel No. 3, is 700 feet
below the outcrop and extends from the east bank of Ninemile Creek
for 1,200 feet to the shaft. The shaft is sunk about 600 feet below
tunnel No. 3, but the lowest stope is 500 feet below the collar on the
1,200-foot level. .

The ore deposits are largely contained in highly metamorphosed
rocks of the Prichard formation, and in much smaller part in mon-
zonite or syenite.

In the vicinity of the mine the sedimentary beds are metamor-
phosed to biotite schist, micaceous quartzite, and dense greenish
quartzite, and each type contains variable amounts of garnet, pyrox-
ene, biotite, muscovite, and rarely chlorite and epidote. The beds in
general strike northwest and dip 30-85° SW., though in places they
are greatly disturbed and the bedding planes are obliterated. The
sediments are intricately traversed on several levels of the mine by
tongues and dikes of monzonite. In places the monzonite apophyses
are traversed by the ore, examples of which were noted on the 100
and 300 foot levels. Most of the ore, however, is inclosed in mica
schist, a notable amount in the micaceous quartzite, and smaller
amounts in the dense greenish quartzite.

The distribution of the ore bodies is controlled by a zone of shearing
in the biotite schist member of the Prichard, though the ore bodies
are by no means confined to it. The schist member, from 10 to 20
feet thick, strikes a little west of north in the southeastern part of
the mine, but to the north it turns abruptly westward and terminates
against the monzonite in the vicinity of the shaft. Here it dips about
80° S., but toward the southeast it gradually flattens to a dip as low
as 45°. The ore occurs in lenses in the biotite schist and in the mi-
caceous quartzite above and below it. The lenses attain their maxi-
mum development near the bend in the formation, and here an outer
and inner series occur—the former principally in the schist and the

¢t Umpleby, J. B., Genesls of the Success zinc-lead deposit, Coeur d'Alene district,
Idaho : Econ. Geology, vol. 12, pp. 138-153, 1917.
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latter in the overlying micaceous quartzite. On the west the ore abuts
against the monzonite or extends into it a short distance in places, but
on the southeast the mineralization dies out through a series of
isolated lenses in the same general zone. Most of the lenses in the
productive part of the zone are connected either by merging in places
along their periphery or by oblique or transverse bodies. Thus if a
stope sheet were made by projecting the worked parts of the deposits
to a common plane, the ore body would appear as a vein. On the
other hand, cross sections and plans of separate levels bring out the
essential characteristics of the irregular replacement phenomena.
The principal ore body was found in the curved part of the zone and
was worked continuously from the surface to the 1,200-foot level.
It was largest on the 500-foot level, where the sill floor measured 60
by 100 feet; above and below this level it ranged from 125 to 235
feet in length and from 16 to 18 feet in width.

The ore from the mine, extracted by the shrinkage system without
sorting, contains from 8 to 10 per cent of zinc, 2 per cent of lead,
and about 1} ounces of silver to the ton. Sphalerite is the dominant
mineral, but galena, magnetite, pyrite, and quartz are present in most
places. The characteristic gangue is unreplaced quartzite or biotite
schist. The sulphides are distributed through an ore body in blebs,
bunches, lenses, and connected areas of ramifying habit. The galena
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