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OUTLINE OF REPORT.

Lemhi County, situated in the east-central part of Idaho, has until
recently been difficult of access. With the extension of the railroad
to Salmon in 1910, mining activity in parts of the area took on new
life.

Placer gold was discovered at Leesburg in 1866, and soon there- -
after lode deposits were recognized. Lead-silver deposits were
worked actively in the eighties, but not until the advent of the rail-
road did this industry reach its maximum importance. The total
production of the county is about $20,000,000, two-thirds of which
has come from gold, three-fourths of the remainder from lead, about
$40,000 from copper, and the rest from silver.

Lemhi County is a high mountainous area marked by broad, level-
topped divides generally separating deep, narrow valleys. Near the
close of the Eocene epoch the area was elevated from a lowland of
moderate relief to a plateau about 8,500 feet above the sea. Rem-
nants of this surface constitute the summit areas of the present day,
lying in large part 3,000 to 4,000 feet above the adjacent valleys.
Glaciers covered the highland tracts during Pleistocene time and
extended down the larger valleys to elevations of 7,000 feet, rarely
to 6,000 feet.

The basement rock is a gneissoid granite of Archean age which
outcrops in the northwestern part of the area. Unconformably
above it is a thick and widespread series of Algonkian schists, slates,
and quartzites. These were mapped as a single unit, but it is thought.
probable that they could be subdivided to correspond with the
Prichard slate, Revett quartzite, and Wallace formation of the Ceeur
d’Alene section. Formations of Paleozoic age are confined to the
southeastern part of the county. They rest unconformably upon the
Algonkian and consist of Cambrian quartzite, Ordovician, Silurian (%),
and Devonian dolomitic limestones, and Mississippian limestone, in
all possibly 6,000 feet of beds.

Next in order of age are large batholithic masses of granite, outliers
of that great intrusive mass which crops out continuously over more
than 20,000 square miles in central Idaho. Locally this intrusion
corresponds with quartz diorite, and more commonly with quartz
monzonite, but in most places in Lemhi County it approaches closely

' 11
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"to the composition of normal granite. A study of the physiographic

history of central and eastern Idaho and of the sedimentary record
of adjacent areas leads to the belief that the granite was intruded
at about the close of the Cretaceous period. During Miocene time
thick lacustrine deposits accumulated in valleys which were devel-
oped after the elevation of the Eocene erosion surface.

Dikes appear in all parts of the area, but are most numerous in
the vicinity of granite outcrops. Tertiary lavas, both older and
younger than the lacustrine deposity, extend in a broad belt from
a point near Lemhi Pass southwestward beyond Parker Mountain.

The ore deposits of Lemhi County may be grouped as gold placers
and lodes, lead-silver veins and tabular replacements, copper-bearing
gold veins, cobalt-nickel deposits, and tungsten-bearing veins. Two
epochs of mineralization are recognized—the older late Cretaceous or
early Eocene, the younger late Miocene or early Pliocene. Al the
deposits, except a small group of gold-silver veins, belong to the
earlier epoch. Important placer deposits occur about Leesburg, on
Moose Creek, and along some of the streams which flow from the
Beaverhead Mountains. Lode deposits, on the other hand, are
widely distributed in the county, each of the nineteen mining dis-
tricts containing several.

Gold-bearing veins are inclosed in many types of rock in Lemhi
County, but few of them are far distant from rocks of the granite-
rhyolite family. The gold veins are of two distinct ages. The
younger veins are found in the Gravel Range and Parker Mountain
districts, where they are inclosed in eruptive rocks, principally rhyo-
lites, and in the Blackbird district, where they are associated with
thyolite dikes. In general these veins are strong fissure fillings
characterized by cryptocrystalline quartz, lamellar calcite, and small
amounts of adularia, chalcedony, and opal. They present a banded
structure parallel to the walls. Metallic minerals, nearly always of
microscopic size, are distributed. through the ore in dark crimpy
bands of dull to submetallic luster. Pyrite is the only metallic min-
eral recognized, but a blue-black fine-grained mineral of metallic
luster is even more abundant. Satisfactory chemical analysis of this
material was not possible, but the presence of a strong trace of sele-
nium was established. These veins were promising near the surface
but have not proved profitable in depth.

The most important gold veins are of late Cretaceous or early Eo-
cene age and are widely distributed in the northern, central, and
western parts of the county. They are predominantly veins of coarse-
textured, clear-white quartz, along which ore shoots occur at irregular
intervals. Auriferous pyrite is the characteristic ore mineral, but
with it may be small amounts of chalcopyrite, galena, sphalerite,
and in a few places pyrrhotite and magnetite. Locally the metallic
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minerals are present almost to the exclusion of gangue material, but
in general metallization is moderate. Few bonanzas have been
found in these deposits, although many of the ores are of substantial
grade. The ore of these veins has commonly become base within
100 feet of the surface and at the same time extraction by amalgama-
tion has fallen from 90 per cent or more to 40 or 50 per cent. Con-
siderable evidence (see pp. 62-63) favors the belief that these veins
are genetically related to the great granitic intrusion.

Lead-silver deposits are recognized only in the southeastern part
of the county. They are inclosed in Paleozoic formations and are
thought to be genetically related to the quartz diorite facies of the
granite intrusion. The deposits are irregular tabular bodies with
extensions along bedding and joint planes. At the Leadville mine
the ore is argentiferous galena remarkably free from gangue; else-
where it is a mass of earthy lead carbonate heavily stained with iron
and manganese. Probably 80 per cent of the lead ore mined in
Lemhi County is the product of the oxidation and carbonation of
galena, pyrite, and zinc blende. The ore is remarkable for its even
tenor, averaging about 35 per cent of lead and 15 ounces of silver to.
the ton. The deposits are large and show every evidence of continu-
ity. In most of the mines about 200 feet of oxidized ore remains
between the deepest workings and the water level, below which primary
ore may be expected. It is a matter of considerable importance to
know in what respects the primary ore will differ from that now being
mined. Studies of the volume changes involved in the oxidation and
carbonation of galena, sphalerite, and pyrite lead to the conclusion
that leaching has been important in the oxidized zone. From a con-
sideration of the relative solubility of the oxidation products it
appears that lead has remained essentially stable, that iron has proba-
bly been removed somewhat, and that zinc has been removed in con-
siderable quantities. It follows, therefore, that below the zone of
oxidation lead will decrease appreciably in amount per ton of ore,
iron will increase somewhat, and zinc will probably increase consid-
erably. :

The-.copper deposits of the county have not proved of great com-
mercial importance. They include fissure veins, impregnations along
shear zones in schist, and contact-metamorphic deposits, with irreg-
ular mineralization along sheeted zones as the most common type.
The characteristic ore is coarse quartz, studded and stained with the
alteration products of chalcopyrite and carrying a little free gold.
In many respects these deposits are similar to the older pyritiferous
gold veins, witl. which they are thought to agree in age and genesis.

Cobalt-nickel deposits are confined to the Blackbird district, where
they occur as lenslike bodies and as bunches and disseminations along
fractured zones. In one place nickeliferous pyrrhotite occurs as small
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bunches scattered through a gabbro dike. The deposits are little
developed, but some of them are known to contain about 2 per cent
each of cobalt and nickel.

Tungsten is mined in the Blue Wing district, where it is associated
with zine, copper, lead, molybdenum, iron, and silver minerals in len-
ticular quartz veins. A little gold also is present. - The characteristic
tungsten mineral is hitbnerite.

Sixty-three mineral species are recognized in the ores of Lemhi
County.

The outlook for a steady growth in the mining industry of the county
is bright. . A large tonnage of base gold ore remains. Placers are now
being worked by dredges, which are converting into an asset ground
heretofore valueless for mineral. The annual production of lead-
silver has increased greatly since the advent of the railroad and seems
destined to become the most important in the county. Tungsten
will probably become an asset, but the future of cobalt and nickel
is more uncertain. ' .



GEOLOGY AND ORE DEPOSITS OF LEMHI COUNTY.
IDAHO.

'By Josepa B. UmMPLEBY.

INTRODUCTION.
SCOPE OF REPORT.

The present report embodies the results of reconnaissance studies
in the nineteen mining districts of Lemhi County, Idaho. The
necessity of covering approximately 3,200 square miles during a
single field season obviously involves a lack of balance in the observa-
tions on particular localities. Doubtless some areas and mines were
slighted and others received more attention than their relative merits
warrant. During the season, however, all the mines and most of the
prospects were visited; a topographic and geologic sketch map was
prepared (see PL I); notes were taken on the general geology; and a
persistent. effort was made to give ample time to significant points
even at the expense of other work.

In the following pages the geography and history, physiography,
general geology, and economic geology of the county as a whole are
discussed, and afterward descnptlons are given of the several mining
districts, with notes on the mines of each. Thus the general reader
can confine his attention to the first part of the bulletin, but he who
is interested in a particular area should turn to the descriptions of

" individual districts.

FIELD WORK AND ACKNOWLEDGMENTS.

Field work began June 30, 1910, and continued until October 2 of
the same year. Extensive development during the following winter
in the lead-silver deposits made it advisable -to revisit the south-
eastern part of the area for two weeks during 1911. At this time Mr.
George H. Girty, of the Geological Survey, spent three days in com-
pany with the writer in collecting fossils and studying the Paleozoic
stratigraphy about Gilmore.

Courtesies extended by the many mining men of tne county are
too numerous for separate mention but were highly appreciated and
facilitated the studies materially. It would be unappreciative, how-
ever, not to thank Mr. Allen C. Merritt for the opportunity of using
his map of Lemhi County; Mr. J. H. Bacon, chief engineer of the
Gilmore & Pittsburgh Railroad, for access to surveys, profiles, and

: 15
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route map; and the engineering firm of McClung & Crandall for addi-
tional control in the Lemhi Valley. It is also desired to express
special appreciation to Mr. M. M. Johnson, consulting engineer for
the Pittsburg-Idaho Co. and Allie Mining Co., and to Mr. Ralph
Nichols, president of the Latest Out Co., for hastening certain mine
surveys in order that they might be available for this report.

EARLY WORK.

Prior to the present investigation little had been recorded concern-
ing the topography, geology, or ore deposits of the 3,200 square miles
treated in this report. The principal map of the county is that by
Allen C. Merritt. The route map of the Gilmore & Pittsburgh Rail-
road is more accurate for the Lemhi Valley, however, and certain
Forest Service maps portray more closely the area west of Salmon.
For several of the mining districts claim sheets are available, and a
railroad survey extends from Salmon both up and down Salmon
River. In addition to these sources of control, the writer drew from
the field sheets of W. H. Barringer, who mapped Salmon River
below Salmon for the United States Geological Survey. Further, the
Carpenter survey of the International Boundary, and numerous
township plats by the General Land Office were available. Plate I
(in pocket) is compiled from these several sources and from numerous
aneroid readings and triangulations by the writer.

In 1895 the Geological Survey published a report by George H.
Eldridge on his reconnaissance across Idaho, which included a traverse
from Yellow Jacket to Salmon and thence south along Salmon River.
Other than this only a few articles in technical journals and notes in
the reports of the State mine inspector deal with the geology and
mineral deposits of Lemhi County.

Following is a list of the more important articles and publications
on this and near-by areas.

Eummonxs, 8. F., Livingston to the Snake Plains: Compt. rend. Cong. géol. internat.,
5th sess., 1893, pp. 367-374. Describes the geology along the route of travel and the
geologic history of the Snake Plains.

StonE, GEORGE H., An extinct glacier of the Salmon River Range: Am. Geologist,
vol. 11, 1893, pp. 406—409. Describes the glacial geology of the Leesburg basin and
the mountains west of Salmon.

Erprines, Georae H., A geological reconnaissance across Idaho: Sixteenth Ann.
Rept. U. 8. Geol. Survey, pt. 2, 1895, pp. 211-276. Describes the topography and
geology along a route from Boise to Salmon and thence south to Hailey and west to
Boise. The report includes notes on the ore deposits at Yellow Jacket and the placers
of the Leesburg basin and Kirtley Creek.

Goobe, R. U., Bitterroot Forest Reserve: Nat. Geog. Mag., vol. 9, 1898, pp. 387-400.
Contains general description of the reserve and definition of mountain systems.

LinpeREN, WALDEMAR, The gold and silver veins of Silver City, De Lamar, and
other mining districts of Idaho: Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1900,
pp. 75-256. Describes the character and occurrence of the igneous and sedimentary
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rocks and the occurrence and nature of the ore deposits of a large area lying south and
west of Lemhi County.

BeLL, RoBERT, An outline of Idaho geology and of the principal ore depomts of
Lemhi and Custer counties, Idaho: Proc. Internat. Min. Cong., 4th sess., 1901, pp.
64-80. Describes briefly the principal mines of Lemhi and Custer counties, stating
the amount of development, production, and something of the geologic relations.

RusseLy, Isrars C., Geology and water resources of the Snake River Plains of Idaho:
Bull. U. 8. Geol. Survey No. 199, 1902, 192 pp. Describes the topography, the base-
ment geries of rocks, recent eruptives, lacustrine deposits, and resources of the area.

LinpgrEN, WALDEMAR, A geologic¢al reconnaissance across the Bitterroot Range and
Clearwater Mountains in Montana and Idaho: Prof. Paper U. 8. Geol. Survey No. 27,
1904, 123 pp. Describes the topography and the character, occurrence, and geologic
relations of the igneous and sedimentary rocks, the structure of the area, and the char-
acter, occurrence, and development of its mineral deposits. The Gibbonsville and
Mineral Hill districts, Lemhi County, are described hriefly.

Carr, Hexry C., Vein structure in the Monument mine: Min. and Sci. Press, vol.
98, 1909, pp. 557-558. Includes notes on the geology and character and occurrence

of the ores at Meyers Cove (Singiser), Lemhi County, Idaho.

GEOGRAPHY.

SITUATION AND ACCESS.

Lemhi County, Idaho (fig. 1), situated in the east-central part of
the State, lies along the eastern border of that broad area which
proved impassable to the Lewis and Clark expedition. In August,
1805, Capt. William Clark crossed the main divide at Bannock Pass
and proceeded down Lemhi and Salmon rivers nearly to the place
where Shoup now stands. Beyond this point the narrow canyon
and precipitous uplands along Salmon River made progress impossible.
At this time Salmon River was named Lewis River, after the great
explorer and head of the expedition, and it is to be regretted that the
name was not retained, especially as another stream in the State is
called Salmon River.

At present all important lines of trafﬁc extend eastward, although
feasible routes to the west have been located. The most practicable
of these seems to be that followed by the recent railroad survey down
the deep, narrow canyon of Salmon River to Lewiston. This route
has a water grade from Bannock Pass on the east down Lemhi, Sal-
mon, Snake, and Columbia rivers to salt water. The Gilmore & Pitts-
burgh Railroad, popularly supposed to be a link in a transconti-
nental line, was completed in 1910 between Salmon, Idaho, and
Armstead, Mont., the latter being a point on the Oregon Short Line
90 miles south of Butte. From Leadore, Idaho, a branch extends 20
miles south to Gilmore. Stage routes lead from Salmon, the county
seat (see Pl. II, B), a city of possibly 1,500 inhabitants, south to
Challis and west and north to several mining camps and settlements.

74423°—Bull. 528—13—2
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F1GURE 1.—Index map showing location of Lemhi County, Idaho.
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A. SALMON CANYON BELOW SHOUP.

B. SALMON CITY.

Beaverhead Mountains in the distance.
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CLIMATE, VEGETATION, AND ANIMAL LIFE.

Coordinate with Lemhi County’s great range in elevation is its
great range in climatic conditions. Expanses covered with snow tc a
depth of several feet throughout a long winter grade down to lowlands
where sle1gh1ng is seldom possible. 'While travelers in the mountains
are using skees those in the deeper valleys may be complaining of
dust. Unlike many parts of the Northwest, the area is one of abun-
dant precipitation. Almost every mountain canyon is occupied by a
stream that lives throughout the year, affording power for the indus-
trialist, fish for the sportsman, and beauty for the traveler.

Over much of the county a dense growth of medium-sized evergreen
trees rises above a surface clad thickly with grasses and small shrubs.
This growth extends from the lowest valleys to the highest summits,
but though thus independent of elevation, it is not uniformly dis-
tributed. The great areas of Miocene lake beds are notably lacking
in trees, as are also numerous talus slopes adjacent to rugged quartzite
summits. The absence of forests on the talus slopes is 6bviously due
to the constant shifting of the surface material, but its absence on the
lake beds is less readily explained. Here, however, sagebrush and
" the grasses of semiarid regions abound, clearly indicating a dearth of
moisture, thought to be due to imperfect cementation in the detrital
material formmg the beds. -

The forest trees available for economic use are the yellow pine
(Pinus ponderosa Lawson), the Douglas fir (Pseudotsuga tazifolia
Britt), the lodgepole pine (Pinus contorta Loudon), and the Englemann
spruce (Picea englemanni Englemann).!  Of these the yellow pine has
the widest distribution and supplies the only first-class lumber pro-
duced in the county. It isthe predommant type in the northern and
western parts of the area, where ““it forms pure stands on south slopes,
tops of ridges, and all dry situations.” The average tree is about 30
inches in diameter and 120 feet high. Next in importance is Douglas
fir, which yields only rough lumber, ties, poles, and fencing, although
producing the best quality of fuel wood. It generally grows in open
scrubby stands on north slopes and in moist places up to 8,000 feet
elevation. The trees are somewhat smaller than the yellow pine.
Lodgepole pine, although a small tree, commonly about a foot in
diameter, is important because of its wide distribution and great range
of uses. It grows on the higher areas throughout most of the county.
The Englemann spruce has a wide range in altitude, but is confined
to moist canyons and creek beds and is commonly in toc " all stands
to be of commercial importance. ‘

In few parts of the West not included in a game reserve is large game
so abundant as in central Idaho, the inhabitants of the forest having

1 McLean, F. T., Silvical report of Salmon National Forest for 1910, unpublished, but typewritten
copy in files of the Bureau of Forestry.
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been more or less effectively preserved by the comparative inaccessi-
bility of the region. Within a few hours’ travel from any of the
mining camps west of Salmon it is possible to kill a deer. Goats
and sheep are less numerous, but many are killed each season, and
numbers of bear, wolves, coyotes, mountain lions, and, less commonly,
lynx annually fall victims to the hunter or are ensnared by the
trapper. Antelope and elk have become rare, and the State is endeav-
oring to revive them by absolute protection, instead of the limited

protection afforded to most of the other species.

* MINING.
GENERAL CONDITIONS.

Of the many conditions affecting mining, only the lack of suitable
means of transportation has served as a serious handicap to develop-
ment. Prior to the spring of 1910 Red Rock, Mont., and Dubois,
Idaho, were the nearest railroad points, and these represented a haul

- of more than 70 miles from the properties situated advantageously

-

and of more than deuble that distance from other mines. Even now,
with the railroad terminus at Salmon, the western and northern parts
of the county are benefited but little so far as marketing ore is con-
cerned. Except the lead-silver deposits the ores are not of sufficiently
high grade to warrant a long wagon haul. If transportation charges
were made reasonable, however, it is almost certain that several
properties in the eastern and northern parts of the county would
become substantial producers. :

The climate is in no sense prohibitory to successful and cheap
mining, timber is abundant, and water power is practically unlimited.
Deep valleys adjacent to most of the deposits make it possible to

attain 1,000 to 2,000 feet of depth without recourse to deep shafts.

HISTORY.

Lemhi County, like most of the Rocky Mountain mining districts,
owes the discovery of its mineral wealth to the great army of gold
seekers that invaded the Sierra of California about the middle of the
last century and thence penetrated to all the mountain areas of the
West. Mining history attests the thoroughness of their search, for
no important placers have been discovered since, and most of the lode
deposits since worked were known to them. In 1862 a group of
these men, following the constantly shifting centers of excitement,
went, to Florence, Mont., thence to Alder Gulch, and then to Elk
Creek, where in the spring of 1866 a party of five outfitted and started
into the then unknown area of Lemhi County. Nate Smith led the
expedition, which included Lydge Mulkey, F. B. Sharkey, William
Smith, and Caleb Davis. Only F. B. Sharkey, a resident of Sunfield,
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Idaho, survives. Their first location was on Napias Creek, in the
north-central part of the county, a short distance above the mouth
of Wards Creek gulch. Leesburg, for some years a prosperous
camp, sprang into existence near by, and across the road from it
Grantsville thrived for a time, each named by Civil War veterans.
Starting in several directions from Leesburg, prospectors soon dis-
covered the placers of Moose Creek, Gibbonsville, Bohannon Bar,
and Yellow Jacket, the first lode deposit being located at Yellow
Jacket in September, 1868. Most of the gold veins which have since
'become important were discovered during the next 15 years. Lead-
silver was discovered in 1880 at Nicholia, copper in 1883 at Copper
Queen mine, cobalt-nickel in 1901 at Blackblrd and tungsten in 1903
at Ima.

During the early years of mining in Lemhi County supplles were
freighted from Fort Benton, Mont., and later from Corinne, Utah.
Not until 1882, when the railroad reached Red Rock, Mont., was the
necessary wagon haul less than 250 miles; from that year until 1910
it was about 100 miles. The extension of the railroad to Salmon has
produced a substantial increase in mining in the territory along its
'route, the activity being especially marked by the lead-silver pro-
‘duction of the last year, by recent activity at the Copper Queen mine,
‘and by the installation of a large dredge on Kirtly Creek, which will
iincrease the copper and gold output for the county. In the region
west and north of Salmon the railroad has not proved to be of great
benefit, for the wagon haul is still so long as to prohibit the shipment
of the common grade of ores.

'

PRODUCTION.

The total production of Lemhi County to January, 1911, is esti-
mated at $20,000,000. Official records are available for the period
from 1881 to 1910, but the important placer operations were carried
on before 1881 and little reliable information concerning them is to
be had. At that time many individuals worked many properties,.
~ gold dust was used instead of money, and gambling was rife. Long-
time residents of the county place the early placer production at
$7,000,000 to $30,000,000, but the area of ground worked, the reported
richness, and the known production since 1880,lead the writer to the
opinion that $6,000,000 is probably a fair estimate for the period
prior to 1881. From 1881 to 1910, inclusive, the production included
$7,702,256 from gold, $1,862,081 from silver, $32,563 from copper,
and $3,822,270 ! from lead. The figures for 1911 show a marked
increase in the amount of lead and silver, and a new metal, tungsten,
was added to the list.

1 About 81,500,000 of this amount is based on'estimates. See pp. 84,91.



22  GEOLOGY AND ORE DEPOSITS OF LEMHI COUNTY, IDAHO.

Considered by districts, Mackinaw has been the chief source of
gold producing about $6,250,000. The Gibbonsville district is next
in importance, with about $2,000,000, and then follow the Mineral
Hill, the Indian Creek, and the Yellow Jacket, all of these districts
being in the western and northern part of the county. In the pro-
duction of lead-silver the Nicholia district led with an output of
$2,500,000 up to the close of 1910, but the Texas district, with an
equal production at the close of 1911, was probably ahead at the end
of 1912. The Junction and Spring Mountain districts, each with an
output of approximately $100,000, constitute the remaining lead-
silver districts, all of which are situated in the southeast part of the
county. COpper has been derived almost exclusively from the Cop-
per Queen mine, in the McDevitt district.

The production of Lemhi County for the years 1904 to 1911, inclu-
sive, as published annually by the United States Geological Survey
in Mineral Resources of the United States, is as follows:

Mine production of gold, silver, and associated metals in Lemht County, Idaho, in 1904-
1911, inclusive.

Gold. Silver. Copper. Lead.

Year.
Quantity. | Value. | Quantity. | Value. | Quantity.”| Value. | Quantity. | Value.

DEEP MINES.

Fineounces. Fineounces. Pounds. Pounds.
9,952 8205, 726 44,168 | $25,286 5,000 8625 | 1,827,400 879,949
3,309 68,403 38,936 23,517 |oeeiineanfeiiiiaa 1,796,000 84,412
3,7177.51 78,088 36,324 24,337 40,000 7,720 | 1,144,000 65,208
2,502. 83 51,738 50,444 33,293 52,461 10,492 | 1,932,356 102,415
1,785.13 36,902 22,825 12,098 10, 366 1,368 700, 622 29,426
5,115.17 | 105,740 5,564 2,893 46,246 6,012 132,071 5,679

2,466.26 | 50,082 | 150,119 | 81,064 54,887 | 6,971 | 6,526,474 | 287,165
4,240.84 | 87,666 | 382,004 | 202,959 | 300,660 | 48,832 | 16,854,022 | 758,471

46,222 307
29,768 421
27, 844 129
32,474 128
35,780 167
24, 068 i
15,979 66
33,523 135 . .
............ 930,903 |.o.veruunn..| 406,265 |.oee.oeoon.| 82,020 |o...........] 1,412,725
PHYSIOGRAPHY.

EXISTING TOPOGRAPHY.

Lemhi County is a high mountainous area consisting of broad,
level-topped divides, generally separating deep narrow valleys. The
Continental Divide, which forms the north and east boundaries of the
area, is the summit of a high, narrow range, which from the scanty
evidence available seems to be largely, if not entirely, a product of
erosion. In the vicinity of Shoup the headwaters of Bitterroot
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River have crowded the crest line several miles to the south, and
above Gibbonsville North Fork of Salmon River, acting in the |
opposite direction, has crowded it sharply north, thus forming an S,
conspicuous on any map of the State boundary.

The divide is known to continue southeast without an important
break to Beaver Canyon, where the Oregon Short Line Railroad
crosses it. Northward the range splits, the eastern part continuing
as the Continental Divide and the western part as the Bitterroot
Mountains. For this section of the Continental Divide, between
the Bitterroot Mountains and Beaver Canyon, the name Beaver-
head Mountains is here proposed. The name is suggested by
Beaverhead County, Mont., which comprises a considerable part of
the divide; Beaverhead River, which drains much of its eastern
slope; and Beaverhead National Forest, which is coextensive with

a greater part of it.

West and south of Salmon River the mountains are carved from a
high plateau made up of rocks of diverse composition. The same
type of topography is seen in the Lemhi Range, although there the
dissection is further advanced.

Of the several valleys that of Salmon River is the most important,
though smaller than some of the others. (See Pl. II, A4, p. 18.)
Near the mouth of Pahsimeroi Valley, at the southern boundary of
the county, the river enters a deep, narrow canyon which continues
to a point within 8 miles of Salmon, where it opens out into a broad
intermontane depression. This depression continues downstream for
20 miles and then merges into a canyon even narrower and more
rugged than the first. The Lemhi Valley, in contrast to this erratic
topographic feature, is broad and open, bordered by precipitous walls
which gradually diverge headward and continue beyond an imper-
ceptlble divide, as the ides of Birch Creek valley. The Pahsimeroi
Valley is similarly a wide depression and is occupied by an even
smaller stream. _

PHYSIOGRAPHIC DEVELOPMENT.

.

General features.—Throughout the area there is striking accordance
in the elevation of interstream tracts, which, when seen from slight
prominences above their level, present the semblance of a broad
plain extending southeast, southwest, and north to the horizon.
Eastward the Beaverhead Mountains, which in their northern part
stand a little above the general level, cut off the view. From such
a vantage point an observer would scarcely suspect the area to be
furrowed by narrow valleys in places to depths of 5,000 feet. Sig-
nificant details of contour are the spurs which extend from the main
divides and terminate in square shoulders along the major valleys,
features which are not to be explained by structure but point to the
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dissection of a once nearly level surface. Also significant are certain
rock-cut terraces which parallel the plateau surface at slightly lower
levels. One of these is on the west side of the Lemhi Range at Spring
Mountain.

The surface rocks are gne1ss granite, and sharply folded schists,
slates, quartzites, limestones, and dolomites, yet the plateau surface
extends across all these rocks, truncating the resistant and nonresis-
tant alike. This uniform truncation of upturned strata over broad
areas can have resulted only from profound erosion, which during
its later stages operated at elevations where differences in rock
resistance no longer produced noticeable differences in surface con-
tour. Itisconcluded, therefore, that the surface of this area has been
reduced to one of gentle contours and since elevated. (Seefigs.2 to 4.)

F1GurE 2.—Eocene erosion surface southwestward from a point 3 miles west of Gib-

bonsville. The rocks are closely folded schists and slates of Algonkianage. Drawn
from photograph.

Erosion surface.—Were the flat-topped divides of the area used to
determine a plane it would be found to record minor flexures, some
faulting, and a broad anticline extending east and west through the
Texas district. Such a plane, however, would probably prove much
more nearly level than the structure of the Miocene lake beds
(see p. 38) would indicate. The broad east and west anticline above
referred to is post-Miocene, for it involves a gradual increase in the
elevation of the lake shore that follows the Lemhi Valley and of the
mountain crests from Salmon southeast to Gilmore. Near Gilmore
-the summits stand at about 10,500 feet, but about Salmon they are
commonly at 8,500 feet, which is about the normal elevation of the
summits throughout the region.
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Correlation.—It is not proposed in the present paper to enter on
the broad, physiographic problem, but in order to date this surface of
erosion it is necessary to form some idea of its extent. The same
surface has been observed by Lindgren * in the Clearwater Mountains
and in west-central Idaho; by Calkins 2 in the Cceur d’Alene, Cabi-
net, and Purcell ranges; and what is probably the same surface by
Willis'® in the Lewis, Livingston, and Galton ranges, Mont., by the
writer * at Republic, Wash., and by Dawson ® in the Interior Plateau
of Canada.

Throughout this broad area the surface of recognized similarity
varies in elevation from 4,500 feet to 10,500 feet, although elevations
of 6,000 to 7,000 feet are the more common.. In Canada and eastern

F1GURE 3.—Eocene erosion surface northeastward from Gibbonsville. Some of the val-

leys are 4,000 feet deep. Drawn from photograph.
Washington the surface has been recognized as Eocene and assigned
to the same epoch as that in Lemhi County, which in turn is contin-
uous with the west-central Idaho and Clearwater Mountain areas.
The other localities mentioned above presumably present the same
surface, a deduction resulting from considerations outlined in the
next section.

1 Lindgren, Waldemar, The gold and silver veins of Silver City, De Lamar, and other mining districts
of Idaho: Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1900, p. 77; A geological reconnaissance across
the Bitterroot Range and Clearwater Mountains in Montana and Idaho: Prof, Paper U. S. Geol. Survey
No. 27, 1904, pp. 13-14.

? Calkins, F. C., and MacDonald, D. F., A geological reconnaissance in northern Idaho and northwestern
Montana: Bull. U. 8. Geol. Survey No. 384, 1909, pp. 14, 16.

3 Willis, Bailey, Stratigraphy and structure, Lewis and Livingston ranges, Mont.: Bull. Geol. Soc. Amer-
" iea, vol. 13, 1901, p. 349. ’ ’

4 Umpleby, J. B., Geology and ore deposits of Republic mining district: Bull. Washington Geol. Survey
No. 1, 1909, p. 11.

6 Dawson, G. M., The physiogruphical geology of the Rocky Mountain region in Canada: Trans. Roy.
Soc. Canada, 1890, p. 13. ’
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Age of the surface.—Sediments assigned to the Miocene on fossil
evidence occupy a broad erosion valley developed after the area had
assumed its present elevation. (See p. 36.) Obviously, the old
erosion surface is pre-Miocene. '

Vast volumes of sediments must have resulted from the reduction
to a gentle topographic feature of the broad area known to have
been eroded, and herein lies the possibility of further defining its age.
The surface cuts Carboniferous beds, and as it is pre-Miocene only
Mesozoic and early Tertiary deposits need be considered. Post-
Paleozoic formations in the Northwest earlier than those of late Cre-
taceous time seem to bear no genetic relation to the plateau region as a
whole. The Triassic sea occupied part of the same area, and Jurassic

FIGURE 4.—Eocene erosion surface southward from Copper King Mountain. Cutacross
granite, quartzite, slates, and schists. Drawn from photograph.

deposition occurred a little farther east. The late Cretaceous is
strongly developed in the adjoining areas to the east and much of
the material was presumably derived from highlands to the west.

The distribution of Eocene sediments, however, is far more suggestive.
(See fig. 5.) They surround the plateau area in such a manner that
their derivation from it, at least in large part, seems obvious. The
great volume of these deposits could not have resulted from the
plateau region after its last elevation, for two reasons. (1) It is very
doubtful if the plateau is sufficiently dissected to afford the volume
of material represented by the Eocene beds, and (2) all the great
valleys which developed after the last great elevation drained west-
ward and in all probability have done so throughout their history.
This is true of the Rocky Mountain trough, the Purcell trough, and
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the Snake, Salmon, and Columbia River channels. It seems, there-
fore, only possible that the extensive Eocene deposits on the east
could have been derived from the plateau region during that period
of erosion which resulted in its reduction well toward base-level.
Whether or not that great cycle of erosion began with the Eocene
may be an open question, but that it closed with the Eocene, and
therefore that the surface is of Eocene age, seems practically beyond
doubt.

The Eocene sediments of the Northwest record four more or less
distinct stages. This may mean either that the area supplying the
material was affected by successive uplifts or that slight warpings
or ‘perhaps only piracy caused the courses of the principal streams
to change from time to time. The latter view is the more probable,
for beds representing successive stages in the Eocene epoch for the
most part occupy different areas.

Early Eocene elevation.—A comparison of figures 5 and 6 brings out
the remarkable accordance in the extent of the plateau area and in
the distribution of granitic rock which may reasonably be assigned
to the late Cretaceous or early Eocene age. Many of the granitic
areas are shown definitely to be portions of the same batholith, but
the age of others has not been determined. The magnitude of the
masses which entered at about the same time, however, is almost
inconceivable. It does not seem possible that such a volume of
molten rock could enter the outer zone of the earth without being
accompanied by a profound elevation of the surface; yet nowhere
is there a record of such elevation until Eocene time. The Triassic
and Jurassic seas probably crossed parts of the area now occupied by
the granite, and within the configuration of the Cretaceous shore lins,
as commonly defined, there are no features indicating a pronounced
highland centering in Idaho. Thus, prior to the Eocene, there is no
evidence of special elevation in the area now common to granitic
outcrops and the old erosion surface.

From these lines of evidence it is concluded that the probability
is strong that the intrusion of the granite accompanied the broad
elevation which was reduced to gentle topographic forms during the
Eocene epoch; and therefore that the great granite mass which
attains its greatest development in Idaho is of late Cretaceous or
early Eocene age.

Bearing of Eocene erosion surface on economic problems.—Over
much of the plateau region no geologic datum plane is recognized
between the Algonkian and the Pleistocene. All the ore deposits
and associated igneous activity were well removed in time from both
of these periods, and hence the economic geologist is frequently at
a loss to date his deposits. The Eocene erosion surface, however,
constitutes a widely recognizable datum plane, separating two great
periods of mineralization. As the older deposits are later than the
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granite, the age of the granite is important, and if the above sug-
gestion of a genetic relation between it and the Eocene surface can
be established, the numerous pre-Oligocene ore deposits found in
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FIGURE 5.—Map showing distribution of Eocene deposits in the Northwest. Adapted from geologic map
of North America.

Idaho are confined to the late Cretaceous or early Eocene. The later
deposits are inclosed in or associated with eruptive rocks, which
occupy valleys developed after the elevation of the Eocene surface.
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If the Oligocene epoch is allowed for the development of these
valleys the later deposits are post-Oligocene. They are further limited
in age by Pleistocene glaciation and by the amount of erosion which
preceded the glaciation but followed the development of the veins.
Thus the later period of mineralization is Miocene or early Pliocene.

o
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FIGURE 6.—Map showing distribution of outcrops of granitic rocks in the Northwest. These are strik-
ingly coincidentin distribution with the plateau area. Adapted from geologic map of North America.

POST-EOCENE TOPOGRAPHY.

The post-Eocene geography of the area has changed greatly from
stage to stage. The marked discordance in degree of development
of the valley of Salmon River from place to place, and in the Lemhi
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and Pahsimeroi valleys with reference to it, has been indicated (p. 23).
It has also been pointed out that the Lemhi Valley increases in width
toward the head of its stream and beyond, and that many of its tribu-
taries run headward until they reach the valley flat, where they
assume a normal inclination downstream. Prairie Basin is a high
rolling tract, isolated by a broad area of Tertiary lavas, which may
conceal a former connection with the Pahsimeroi Valley.

All the above-mentioned features are independent of structure and
point clearly to profound drainage changes. The valleys now partly
filled by Miocene sediments were undoubtedly formed by rivers which
flowed southward and joined Snake River through the present chan-
nels of Birch Creek and possibly Little Lost River. These relations
prevailed until erosion began to operate on the lake beds, when the
head of the basin was tapped by Salmon River. Since then the
drainage has been to the north and west. The explanation of the
restricted valley occupied by Salmon River from a few miles above
Salmon nearly to the entrance of the Pahsimeroi is not altogether clear
but probably is to be explained by headward erosion. The broad
valley of the Pahsimeroi, like that of the Lembhi, is thought to have
been formed by a southward-flowing stream.

Pleistocene glaciation on all elevations above perhaps 8,000 feet,
and along the larger drainage line down to 7,000 and rarely to 6,000
feet, developed deep U-shaped valleys and countless cirques in the
higher mountains. (See also p. 40.)

GENERAL GEOLOGY.
AGE AND SUCCESSION OF THE ROCKS.

The rock formations of Lemhi County comprise a basement of
Archean gneiss, a widespread unconformable series of intensely meta-
morphosed schists, slates, and quartzites of Algonkian age, and an
unconformable series of Paleozoic formations, which are preserved
only in the southeastern part of the county. The Mesozoic is not
represented by stratified rocks, but intrusions of granite probably
of late Cretaceous or early Eocene age occur at several places in the
area, attaining their maximum development west of Leesburg.

An Eocene erosion surface is recognized on most of the summits at
elevations greater than that of the next younger rocks, which are
Miocene lake beds and Miocene and Pliocene lavas. Glacial débris
covers much of the highland areas and extends down the larger
valleys to elevations of 7,000 feet, rarely to 6,000 feet.

SEDIMENTARY ROCKS.
ALGONKIAN SYSTEM.

Algonkian sedimentary rocks are widespread and of great thickness
in Lemhi County. Although, owing to the limitations of hasty recon-
* naissance work, they are here considered a unit, their lithologic varia-
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A. EAGLE PEAK. B. HOT SPRING 3 MILES WEST OF COPPER KING MOUNTAIN.

Portion of a quartzite cliff along Salmon River near entrance to canyon. Photograph by Percy Anderson.
Photograph by Percy Anderson.
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CAMBRIAN QUARTZITE CLIFF AT HEAD OF MEADOW LAKE CIRQUE, TEXAS DISTRICT.

Beds extending one-third of the way up the left slope are Ordovician.
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tions are so great that detailed work will be sure to lead to several
broad subdivisions. Indeed, at present it is possible to recognize sev-
eral of the subdivisions of the Algonkian of Montana and Idaho assem-
bled in tabulated form by Calkins.!

The rugged range that forms the Beaverhead Mountains is carved
out of these rocks from Agency Creek northward, and most of thelevel-
topped highlands west of Salmon River are formed by their truncated
- edges. (SeePL III, A.) Within their general area they are in places
widely concealed by lake beds and lava flows, and elsewhere are dis-
placed by granite and dikes.

The Algonkian sedimentary rocks are uniformly though not in-
tensely metamorphosed. Crumpling or intricate foliation is seldom
seen, and in most places bedding structure may be recognized. Yet,
in general, crystallization of the constituents has taken place, biotite
and sericite being most commonly developed. Some garnet and
chiastolite and more amphibole have been formed.

Therocks have had an eventful history, recorded in intricate jointing

and extensive shearing. Faulting is indicated by breaks from one -

type of rock to another along the strike and by changes of attitude
within short distances.

The base of the Algonkian as exposed near Shoup is a fine-grained
micaceous schist, locally including:abundant fragments of the under-
lying gneiss. It gives way in a short stratigraphic distance to quartz-
ite beds which alternate with those of schist and slate for 200 or
'300 feet. About Ulysses, 8 miles northeast of Shoup, the rocks are
little different, but around Gibbonsville there is vastly more clayey
material, the series being made up of dark thin-bedded slates and
subordinate amounts of quartzite, which in many places grades into
them. Bedding is fairly well preserved, although jointing is very
intricate and metamorphism is well advanced. Biotite, the chief
metamorphic mineral, is mostly oriented parallel to the bedding,
although in places it conforms to cleavage planes which lie at 45°
thereto.

In contrast to these predominant argillites to the north, gray-
banded quartzites prevail in the Eureka district and along the Beaver-
head Mountains east and northeast of Salmon. In the former locality
the quartzite is dark gray, with faint banding resembling fine lamina-
tions, but in the latter it is uniformly light gray. In both localities
the quartzites are fine grained and compact with rather thick bedding.
A quartzite resembling that of the latter locality occurs about the
Black Eagle mine in the Yellow Jacket district, although the best
exposures of this phase of the series are along the south branch of
Carmen Creek, especially in the cirque walls north of Fremont Peak.

! Ransome, F. L., and Calkins, F. C., The geology and ore deposms of the Ceeur d’Alene district, Idaho:
Prof. Paper U. S, Geol ‘Survey No. 62, 1908, p. 27. )
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Still another facies of the older rocks occurs in the mountains east
of Baker and is well exposed in Pratt Creek canyon, near its mouth.
Here a steep cliff, possibly 700 feet high, is formed by thinly bedded
horizontal layers of quartzites, argillites, and schists, the individual
members ranging in thickness from 1 to 5 feet and being conform-
able throughout. These beds are distinguished from those before
described by their thin bedding and by the veinlets of calcite which
occupy some of the joint planes. It is probably this phase which is
extensively developed, though poorly exposed, in the southern part
of the Yellow Jacket district. The rocks are not known in contact
with the Cambrian system, but as they occur in general parallel to
and not far from the outcrop of the Cambrian formations it is thought
that they are near the top of the Algonkian system.

Detailed correlations can not be based on as incomplete work as
the present, but purely as a working hypothesis it might be suggested
that the rocks above described correspond to the Prichard slate,
Revett quartzite, and Wallace formation of the Cceur d’Alene sec-
tion.! Broadly, there is no doubt that they are to be correlated with
the known Algonkian sections of Idaho and Montana.

PALEOZOIC ROCKS.
CAMBRIAN SYSTEM.

. Cambrian quartzite outcrops along the crest and east slope of the

Lemhi Range, from the vicinity of McDevitt Creek southward beyond
the limits of the reconnaissance. The higher peaks of this part of
the range, those which rise as high as 10,800 feet above sea level, are
carved out of this formation. North of the Lemhi Valley the quartz-
ite continues, crossing the Beaverhead Mountains a little south of
Lemhi Pass.

The formation was studied only in the vicinity of Meadow Lake,
where it is uniformly a clear-white fine-grained quartzite, more than
2,000 feet in thickness. (See Pl. IV.) A notable feature is the ab-
sence of conglomeratic and even of granular facies. Individual grains
can not be distinguished with the unaided eye, and fresh surfaces have
arather opalescent appearance. 'When microscopically examined, the
individual grains are seen to be well rounded and to average about
0.3 millimeter in diameter, the largest' measured being only 0.5 mil-
limeter. Recrystallization was unimportant in the metamorphism
of the original sandstone, the firmer cementation being due to an
infiltration of silica into the interstices between the grains rather
than to a crystallographic addition to them. The quartziteisremark-
ably free from mica or other common impurities.

No fossils were obtained from this quartzite. Throughout its

! Ransoms, F. L., and Calkins, F, C., op. cit., pp. 25, 27.



SEDIMENTARY ROCKS. 33

though local variations to the north and south were noted. Below
it stratigraphically are the greatly folded and extensively recrystal-
lized Algonkian schists, so that, although an unconformity between
the two was not seen, there is abundant ground for believing that
one exists. Conformably above the quartzite is the Ordovician dolo-
mitic limestone. (See Pl. IV.) Added to these local relations, the
general presence of quartzite at the base of the Cambrian in many
localities to the south and east, and its absence in the Ordovician,
leads to the conclusion that it is of Cambrian age.

ORDOVICIAN SYSTEM.

The Ordovician is represented by a massive dolomitic limestone
which rests conformably above the Cambrian quartzite, and hence
outcrops in the Lemhi Range along its eastern margin. As exposed
in the steep wall east of Meadow Lake, 2 miles west of Gilmore, the
formation is about 500 feet thick and is made up of massive beds
“separated by poorly defined partings. Fossils are scattered through-
out, but near the base and top they are especially abundant.

The formation here considered is assigned to the Ordovician on the
basis of fossils collected from the beds. Edwin Kirk, of the United
States National Museum, examined two lots of material from these
beds. His report is as follows:

From the bottom of 500-foot massive blue limestone outcropping in the east side of
Meadow Lake cirque:

Crepipora cf. ampla. Halysites gracilis. .
Stromatoporoid (indeterminable). Rhynchotrema (probably copax).
Streptelasma rusticum. Rhynchotrema anticostiensis.
?Calapcecia cf. huronensis. Poorly preserved gastropod (indeter-
Heliolites sp. minable).
Columnaria alveolata. Endoceras sp.

~ Frém upper part of same massive blue limestone:
Columnaria alveolata (poor). Halysites gracilis.
Stromatoporoid (indeterminable). Diphyphyllum sp.

These two lots seem to indicate unquestionably the Richmond age of the beds con-
‘taining them. They include several species that are found in beds of similar age in
New Mexico, Colorado, Utah, and Wyoming.

SILURIAN (1) SYSTEM.

Beds supposed to be of Silurian age rest conformably above the
Ordovician dolomitic limestone in the Lemhi Range, but differ from
it in being light gray in color. They are about 200 feet thick as ex-
posed in the west wall of the Meadow Lake cirque, the only locality
where they were examined. The beds are meagerly fossiliferous
near the top.

Concerning the fossil material gathered from these beds, Mr. Kirk
says: : ’
74423°—Bull. 528—13—3
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The lot is possibly referable to the Silurian, though the material is in a much poorer
state of preservation than that constituting the preceding two (Richmond) lots. The
gingle specimen from this locality consists of the external mold in dolomite of some
branching coral. 1t may have been a Syringopora. No structure is shown.

DEVONIAN SYSTEM.

The Devonian is an important division in the southeastern part of
Lemhi County, both by reason of its thickness and because of the
ore deposits included in it at Gilmore. It rests conformably above
the Silurian, and the Mississippian is supposed to lie conformably
above it. The beds are well exposed along the divide between
Liberty and Silver Moon gulches but are so disturbed (P1. V, A) that
accurate measurement of their thickness is impossible. They are
also well exposed along the divide between Liberty Gulch and
Meadow Lake Gulch and thence east along the north wall of Liberty
Gulch. They were studied principally along the latter course.

The rocks consist predominantly of beds from 1 to 20 feet thick,
although they include massive beds at two horizons at least—one
about 400 feet from the base and the other near the top. Blue and
light-gray dolomitic limestone predominate, but there are numerous
beds of slate and some of quartzite. In many parts thin laminations
are conspicuous. Narrow siliceous bands are numerous in the shale
parts, and much of the limestone itself is siliceous. The Devonian
as exposed here is at least 2,000 feet thick and, as the position of its
contact with the Mississippian was not determined, it may be much
thicker.

The exact areal extent of the Devonian within Lemhi County
was not determined. Its outcrops are to be expected only east of
a line extending from Sprmg Mountain north to the vicinity of
Lembhi Pass. ‘

Two lots of fossils were procured from these beds Mr. Kirk
referred them to E. M. Kindle ‘‘as evidently having Devonian
- affinities.” The lot obtained about 200 feet above the base of
the formation ‘‘contains nothing but indeterminable fragments,
though apparently falling with” the other lot. The collection
from a stratigraphic horizon approximately 2,000 feet from the
base ‘‘contains corals hitherto referred by Kindle to the Jefferson-
limestone (Devonian). The only form well enough preserved for
identification is a Cladopora which may be called C. labiosa with a
question.”

CARBONIFEROUS SYSTEM.

MISSISSIPPIAN SERIES.

Mississippian beds crop out about the mouth of Long Canyon,
in the southeastern corner of the county, and presumably thence
southward beyond the limits of the reconnaissance. The point to the
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A. DEVONIAN BEDS ALONG DIVIDE BETWEEN SILVER MOON GULCH AND LONG CANYON,
TEXAS DISTRICT.

B. TERMINAL MORAINE AT MOUTH OF MEADOW LAKE CANYON.

Miocene lake beds in background and Beaverhead Mountains in distance.
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north where they cross into Montana was not determined. Through-
out their known area they dip predominantly to the east. Their con-
tact with the Devonian beds below was not recognized, and, as the
known outcrops of the two divisions are perhaps half a mile apart, it is
possible to assign only minimum values for the thickness of each.
The upper limit of the Mississippian is even more uncertain, for
the Miocene lake beds lap over its eroded edges. Thus only a com-
‘paratively small part, possibly 300 feet of the section, is known
definitely to be of Mississippian age. Here the rocks are made up
of massive blue limestone, which at one horizon is rich in fossils.

A suite of fossils was collected near the base of the Lemhi Range,
just north of Dry Gulch. George H. Girty has examined the material
and his report is given below:

After careful examination of the collection which youand I made in the Carbonifer-
ous limestone south of Gilmore, Idaho, I am able to distinguish the following species:

Lithostrotion martini, E. and H. Clisiophyllum teres Girty.
Lithostrotion portlocki McCoy. Composita sp.
Syringopora surcularia Girty. - Fenestella sp.

Some of the identifications are more or less doubtful. The fauna belongs in the
upper Mississippian coral horizon of Utah and Idaho.

CENOZOIC DEPOSITS.
TERTIARY SYSTEM.

MIOCENE LAKE BEDS.

Distribution and thickness.—From a point near the mouth of Fourth
of July Creek, in the north-central part of the county, southeast-
ward at least 90 miles, and presumably much farther, extends a
belt of lacustrine beds averaging about 8 miles in width. Similar
deposits occur in a small area in the Moose Creek basin to the west
(fig. 7), and others probably lie beneath the wash which mantles the
floor of the PahsimeroiValley in the south. The Prairie Basin may be
another such area, although evidence of this is not satisfactory.

The maximum thickness of these lake beds is not known, but
Salmon River in the vicinity of Salmon has cut into them to a depth
of 1,800 feet. On Bohannon Bar placer workings have exposed the
eroded edges of the beds for about 2 miles, and throughout they
show a uniform dip of 20° to 22° E. As a hasty traversé failed to
reveal duplication by faulting, it is supposed that about 4,000 feet of
beds are present in this exposure.

Great as these measurements are, it is believed that the maximum
thickness of the beds is attained only near the head or south end of
the Lemhi Valley. The depression in which they were formed evi-
dently drained southward (p. 23) and less post-Miocene erosion has
taken place at the head of the valley. To the south, in Custer County,
deposits of the same age and of similar origin are present.
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Relations and constitution.—The Miocene lake beds occupy the bot-
toms of deep, narrow valleys, bordered by precipitous walls 2,000 to
5,000 feet high. The origin of these valleys is of particular interest.
They may be regarded as possibly due (1) to erosion, (2) to down-
faulting, or (3) to down-folding. Of these' alternatives, the first,
erosion, is believed to have been the dominant factor in their produc-
tion. Thesecond and third are untenable because certain of the valleys
lie athwart the structure axes of the region. Direct observations show
that the valleys are very clearly not the product of down-folding, but
the down-faulting hypothesis can not be so certainly refuted in this
way because of the possibility that the lake beds conceal the faults
along the sides of the valleys which they occupy. The sides of Lemhi
Valley beneath the lake beds, as exposed to a depth of 600 or 700 feet
- in places, are undoubtedly irregular surfaces of erosion, but it is con-
ceivable that these are simply modified portions of fault scarps. If,
however, the valleys are due to down-faulting they must have been
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FIGURE 7.—Section at lower end of lake beds, Moose Creek valley. Scale approximate.

blocked out prior to the deposition of the lake beds and after the
elevation of the Eocene surface, for the lake which occupied the Lemhi
Valley is shown by its shore line to have stood at its maximum
2,800 feet beneath the plateau surface. The elevation to which the
lake beds lap up on the older rocks is essentially the same on the
_narrow and on the wide divides between streams which cross the
contact—an accordance which, as the rocks are of diverse resistance
to denuding processes, should not prevail if the upper littoral deposits
have been greatly eroded at these places. But there is another reason
for believing that this is approximately the old shore line. In the
vicinity of the divide between Lemhi River and Birch Creek, where
even in the central portion of the valley the Miocene deposits are but
slightly trenched, the marginal lake beds are essentially the same
distance (2,800 feet) beneath the plateau level as at Salmon City,
where present streams have cut into them to a depth of 1,800 feet.
Thus, even if the valleys are due to faulting it does not invalidate the
conclusion concerning the age of the Eocene erosion surface (p. 26).
In keeping with their deposition in inclosed basins bordered by
precipitous walls, the Miocene deposits vary greatly in composition
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and texture, consisting chiefly, in any given place, of fragments of
rocks making up the adjacent highlands.  As these rocks are largely
slates, schists, and quartzites the beds are dominantly shales, sili-
ceous shales, and sandstones. Along the margins and near the north
end of the basin, however, heavy conglomerates are locally present,
and in the upper part of the lake beds tuffaceous material is abun-
dant. The beds are commonly thinly laminated and vary in color
from light gray to buff and maroon.

Four or five lignitic layers, two of which were worked with indif-
ferent success prior to the advent of the railroad, crop out around
Salnion and Baker. The lake beds also furnish a commercial build-
ing stone from a quarry near Salmon. It is a medium to coérse
grained sandstone containing numerous flakes of biotite and some
fragments of feldspar. In color it varies from light gray through
flesh-pink to intense maroon, which in places grades into reddish
yellow. o

A detailed section of these Miocene beds was not worked out, but
a general idea of their stratigraphic variations may be conveyed by
describing exposures between the north limit of the deposits, where
their base appears, and the head of Lemhi Valley, their highest
exposure.

Eleven miles north of Salmon three massive conglomerate beds
aggregating about 125 feet in thickness are exposed along the road
for 3 miles. They are made up of subangular waterworn material,
most of it measuring less than a foot in diameter but including some
bowlders 4 or 5 feet across. The cement is silica with some iron
oxide. Southward, through transitions not exposed, these con-
.glomerate beds dip beneath thinly bedded sandstones and siliceous
shales of buff color. "Along the river near Salmon the shales and
sandstones continue, but side traverses to the west reveal eastward-
dipping beds, with the quarry sandstone conspicuous about halfway
up the slope. Farther west intense maroon shales give way to the
black shales which inclose the lignite. In the latter locality altered
rhyolite, possibly a part of the series, is widely exposed.

Between Salmon and Baker the shaly lignitic bed crops out along
the river, and east of it similar beds are exposed in the placers along
Bohannon Creek. From Baker southward for 50 miles there are few
good exposures although abundant small outcrops prove the con-
tinuity of the lake beds. Near Gilmore, however, more than 200
feet of the section appears in some exposures. As seen in the rail-
road cuts in this vicinity, the beds present chalk-white slopes cut
across regularly bedded layers of light bluish-gray fine volcanic ash,
in places almost pumiceous enough to float. The bedding is shown
by slight changes in color, the individual bands ranging from half
an inch to 4 inches in thickness. In places thin layers of pebbles,
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consisting of limestone, slate, and quartzite, are interbedded with
the tuff, and inother places pebbles and sand are intermixed with it.

These exposures suggest broad changes in the character of the
deposits at different stages, from conglomerates at the base through
alternating sandstone and shale members to tuffaceous beds at the
top. The lignitic beds are interpreted to mean that the lake surface
reached its maximum level through a series of stages, for though
many of the carbonaceous bands are doubtless drift phenomena,
others are thought to represent marsh conditions. .

Deformation.—The Miocene lake beds are broadly though not
intensely deformed. Both folding and faulting have taken place,
but the latter is not general, having been noted in only two places.
Near the coal mine west of Salmon a duplication of the coal bed
indicates a downthrow on the west of possibly 400 feet. In the
‘Leadville mine, near Junction, a fault with at least 300 feet displace-
ment throws the lake beds against the ore body. Several offsets of
a few feet were noted in exposures about Salmon and near Gilmore.
Folding has affected the beds, but on the whole they are much more
nearly horizontal than the other stratified rocks of the area.

The beds dip in various directions but generally away from north-
south axes. About Salmon they incline 20° to 25° E. along both the
east and west side of the basin, but toward its center they incline
north or south. An east-west syncline, perhaps 100 feet deep, is
exposed in the east bank of Salmon River from Salmon almost to
Carmen Creek. Above the mouth of Carmen Creek the dip is 20° E.
but flattens within a short distance to 10° and near the east limit
of the beds is slightly west.. One of the most important movements,
however, is recorded by the broad east-west anticline which forms
the divide between the Lemhi River and Birch Creek drainage basins.
The anticline corresponds with the gradual increase in elevation of
both the Eocene surface and the shore line of the lake from Salmon
to Gilmore, the increase being about 2,000 feet.

Age.—The lake beds occupy broad deep valleys developed in the
Eocene surface after its elevation at or near the close of the Eocene
epoch. Considerable time must have been required for this excava-
tion, for the streams not only worked headward long distances but
they removed vast volumes of material, and it is probably safe to
assume that this interval of erosion occupied most of the supposedly
short Oligocene epoch. Thus from purely physical relations the beds
would probably be assigned to the Miocene or Pliocene, preferably
to the former because of the amount of erosion which has taken
place in them. Fossil evidence also points to the Miocene. A small
suite of material collected 2 miles south of Salmon was examined by
F. H. Knowlton, whose report follows:

This collection is small, conéisting of about 20 small pieces of matrix, and repre-
gents at most only three forms. These are a broad-leaved grasslike monocotyledon,
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which is not further déterminable, and two forms of conifers, Sequota angustifolia
Lesquereux and Taxodium? cf. T. olriki? Heer. ’

Unfortunately neither of these conifers is a very good time marker, for both have a
great vertical range. The species first mentioned has been found in the Ohgocene
Miocene, and somewhat doubtfully in the Pliocene, but it is more abundant in the
Miocene. The other form, if correctly identified, would appear to indicate upper
Miocene age. No dicotyledons are present in this collection. )

In 1895 I reported on a small lot of material submitted by George H. Eldridge from
the vicinity of Salmon, and presumably from a locality near that which afforded the
present material—in any event from the same beds. Owing to the confused condition
of the collections, caused by moving, I have not been able to review this earlier col-
lection, but I am inclined to think that what was then identified as Sequoia langs-
dorfi is probably the same as that called S. angustifolia in the present material, Fur-
thermore, since that report was made additional information has been acquired con-
cerning the vertical distribution of Glyptostrobus europzus, which, though common
in the Eocene, is not confined to that series. I am therefore inclined to go a step
further than at first and to regard these lake beds as Miocene in age, This is not a
positive determination, for the material is not sufficiently abundant nor characteristic,
but it seems that in all reasonable probability the beds may safely be called Miocene.

Correlation.—It has been shown above that both physical relations
and fossils point to the Miocene as the time during which these lake
beds were deposited. Correlation with other Miocene formations
in the State is therefore feasible, especially with those which have

similar physiographic relations. The Payette formation, widely
exposed along Snake River between Salmon Falls and Weiser and
on to the west in eastern Oregon, was described first as Miocene !
and later as Eocene? It is made up of detrital material from the
highlands adjacent to the erosion valley in which it was deposited.
Tuffaceous material is also conspicuous in parts of the formation.
The thickness as recorded by Lindgren is more than 1,000 feet in
the vicinity of Boise and the base is not exposed. Locally the strata
are inclined as much as 50°, and the old shore line is thought to vary
in elevation over broad areas as much as 2,000 feet.> This opinion
is based on exposures near Hailey, which occur at elevations of 6,000
to 6,900 feet, or 2,000 feet higher than the shore line in the vicinity
of Boise. It will be noted that the Hailey exposures correspond well
in elevation with the upper limit of the lake beds in Lemhi County,
and as their character is the same, the two are probably to be corre-
lated. Russell ¢ thought that the Payette formation extends east-
~ward beneath the basalts of Snake River, saying that the known
data favor ‘“the hypothesis that beneath the surface lava sheets in

1 Lindgren, Waldemar, The mining districts of the Idaho Basin and the Boise Ridge, Idaho; with s
report on the fossil plants of the Payette formation, by ¥. H. Knowlton: Eighteenth Ann. Rept. U. 8,
Geol. Survey, pt. 3, 1898, pp. 633, 720 et seq.; The gold and silver veins of Silver City, De Lamar, and other
mining districts in Idaho: Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1900, pp. 93-99. Russell, I. C.,
Geology and water resources of the Snake River Plains of Idaho: Bull. U. 8. Geol. Survey No. 199, 1902,
pp. 50-58.

2 Lindgren, Waldemar, Silver City folio (No. 104), Geol. Atlas U. 8., U. 8. Geol. Survey, 1904, p. 2; Nampa
folio (No. 103), idem, U. S. Geol. Survey, 1904, p. 2.

3 Lindgren, Waldemar, Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1900, p. 95.

4 Op. cit., p. 69.
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its eastern part extensive beds of clay, sand, etc., do occur.”” It is
thought that this supposition is strongly supported by the relations
of the lake beds of Lemhi County.

Deposits known as the Idaho formation, laid down in valleys cut
in the Payette, appear along Snake River in Idaho. They are of
Pliocene age, though similar to the Payette and in places grading
into it. Deposits of this age were not recognized in Lemhi County,
although it is possible that the part of the lake beds above the lignitic
strata may correspond to them.

Extent of the Miocene lake.—The present studies add a large area
to the known Miocene and Eocene (?) lakes of Idaho. Itis altogether
probable that the entire upper valley of Snake River was occupied
by an immense sheet of water into which countless streams draining
rugged adjacent areas carried vast volumes of detrital material and
on whose surface volcanic ash was showered. Westward the lake
may, as outlined by Lindgren,* have extended well into Oregon; and
eastward it is possible that it reached beyond the Beaver Head
Mountains into Montana. At least, beds of similar make-up occur
west of Armstead, Mont., and extend beyond the Continental Divide
into Idaho in the vicinity of Bannock Pass.

QUATERNARY SYSTEM.

PLEISTOCENE DEPOSITS.

Topographic features characteristic of glaciation are conspicuous
at elevations greater than 7,500 feet, although tongues of ice extended
down many of the valleys to 7,000 feet and down a few to 6,500
and even 6,000 feet (Panther Creek). Probably the largest single
body of ice occupied the Mackinaw district, where an area of 200
square miles was probably entirely covered. Another large ice
field, possibly connecting with this by way of Baldy Mountain,
occupied the highland about Prairie Basin, where the terminal
moraine crosses Panther Creek at an elevation of 6,000 feet. Within
these areas rolling surfaces, lakes and marshes, valley trains, U-
shaped valleys (which give way to V-shaped valleys below), striated
bowlders, and the like are common.

The canyons heading against the. Beaverhead Mountains and
Lemhi Range north of Junction, are narrow up to altitudes of 7,000
to 7,300 feet, where they abruptly widen, the sides becoming steeper
and the floors broad and hummocky. These features continue until
the walls merge into a steep-sided amphitheater or cirque, within
which a little lake may be expected though not always found. South
of Junction, owing to the altitude of the main valley, many of the
mountain valleys are glaciated through their entire length. Their
terminal moraines, pushed by the ice out upon the valley flats,

! Lindgren, Waldemar, Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900, p. 96.
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“appear as crescent-like ridges. Such moraines are beautifully
developed about the mouths of Meadow Creek gulch (Pl. V, B,
p. 34) and of Long Canyon. So clear are the marks of glaciation
that the Pleistocene serves as a valuable datum line in the area.

IGNEOUS ROCKS.
ARCHEAN GNEISS.

Coarse-textured granite gneiss occupies a broad area in the north-
western part of the county. It is typically developed in the canyon
sides about Shoup, along the lower course of Big Creek, and on
Owl Creek. )

The formation is separated from the overlying schists by a pro-
found erosional unconformity, clearly shown in a few small exposures
along the road from Shoup to the Kentuck mine. In most places
weathered particles of gneiss enter into the lower few feet of the
schist, forming an arkose, but elsewhere coarse undecomposed feld-
spar crystals appear at the very contact. (See Pl. VI, B.) The
gneiss is thought to be-an intrusive rock, although the local evidence
of this is little more than suggestive. In a few places within the
gneiss are small masses (up to 4 feet) of fine-grained micaceous
material. A conspicuous example appears in the face of a large
block which lies beside the trail about one-fourth mile above Shoup.
As seen in the field these areas suggest inclusions of mica schist,
and such they may be, but if so they have assumed a mineralogic
make-up very similar to that of the gneiss, save for a higher percent-
age of biotite. From the broad theories of geology, however, and
as in most places where similar granitic rocks have been thought to
be portions of an original earth crust they have proved to be intrusive
into older-sediments, the rock is believed to be intrusive. Because
of its relation to the overlying Algonkian it is assigned to the
Archean. .

The gneiss presents a striking appearance in natural exposures.
Numerous large feldspar crystals, crushed into thick lenses, inter-
leave one with another, separated only by bands of biotite which
bend about them. Quartz, all of which is crushed, is scattered
through the biotite bands and among fragments of feldspar. Mag-
netite crystals are scattered through the finer-grained parts. The
feldspar crystals on account of their length, which probably averages
1 to 2 inches and over large areas 3 to 4 inches, are most resistant
to weathering and present a nodular aspect on exposed surfaces.
They are especially coarse near the mouth of Beaver Creek, where
one individual measured 18% inches. Plate VI, A, illustrates a
typical specimen.

Microscopically examined, the rock is seen to be made up of
orthoclase with micropegmatite, quartz, and biotite in subordinate
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though conspicuous amounts. Oligoclase, muscovite, apatite, mag-
netite, and diopside are accessory and decreasingly important in
the order named. Many of the feldspars are crushed; many of the
biotites are broken and bent and others recrystallized; quartz is
fractured; and apatite crystals show many cross cracks.

" The schistosity planes vary markedly in attitude from place to
place, some being flat but most of them dipping at a high angle
southwest and a few northeast. The prevailing strike is about
N. 20° W.

LATE CRETACEOUS OR EARLY EOCENE GRANITE.

Granitic rock is wi‘dely exposed in Big Creek canyon and along
Salmon River from Shoup eastward to Dump Creek, but on the
adjacent uplands it is concealed by the Algonkian sedimentary rocks.
The occurrence west of Salmon, where it forms the divide, is an
exception. The rock is also exposed about the head of Yellow Jacket
Creek and at three places along the western slope of the Beaver-
head Mountains; one near the head of Boyle Creek, another in' the
northern part of the Nicholia district and, intermediate between the
two, a dioritic facies in the canyon of Little Eightmile Creek.

The granite is of Light-gray color and of medium texture, with some
phenocrystic development of feldspars. In the field it appears to be
fairly uniform in composition, but when it is examined in thin sec-
tions it shows marked variations. The persistent constituents are
orthoclase, quartz, and biotite, although the biotite is rather variable
in amount. Among accessory minerals zircon, apatite, and magne-
tite are usually present. Microcline is locally very abundant (Queen
of the Hills mine) as is also perthite, and the more acidic varieties
of plagioclase feldspar are generally represented. Indeed, it is prob-
able that more detailed studies will establish all gradations between
the normal granite, the quartz diorite exposed on Little Eightmile
Creek, and that found in the Texas and Spring Mountain districts,
where no orthoclase was noted. The quartz diorite is a dark-gray
fine-grained holocrystalline rock composed of plagioclase (about oligo-
clase) and a little orthoclase, quartz, biotite, and hornblende.

In the northern part of the State, in the Bitterroot Range and the
Clearwater Mountains, where granitic rock prevails, its general com-
position is near that of quartz monzonite, although gradations to
normal granite on the one hand and to diorite on the other are
recorded.! Also in the southern part of the State, in the Wood River
district, the granite and diorite blend into each other.?

‘1 Lindgren, Waldemar, A geological reconnaissance across the Bitterroot Range and Clearwater Moun-
tains in Montana and Idaho: Prof. Paper U. S. Geol. Survey No. 27, 1904, pp. 17-20.

2 Lindgren, Waldemar, The gold and silver veins of Silver City, De Lamar, and other mining districts in
Idaho: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900, p. 195. For extent of granite area, see
Pl. VIII
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4. POLISHED SURFACE OF ARCHEAN GNEISS.

The elongated feldspar crystals are surrounded by foils of biotite (black) and crushed quartz (white}.
One-half natural size.

B. CONTACT BETWEEN ARCHEAN GNEISS AND ALGONKIAN SCHIST ONE-HALF MILE NORTH-
WEST OF SHOUP

Separated by an erosion unconformity, which, however, is not definitely shown.
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The granite is clearly post-Carboniferous, and in the northern part
of the State its relation to supposed Triassic sediments shows it, with
the same degree of certainty, to be post-Triassic. Truncated by an
Eocene erosion surface, the granite is clearly older than, say, middle
Eocene. Narrower limitations are not afforded within the present
area, but broad considerations lead to the opinion that the granite
was intruded during late Cretaceous or early Eocene time. It has
been shown (p. 25) that Eocene erosion, probably developing a con-
tinuous surface of gentle relief, operated over much of Idaho, western
Montana, northeastern Washington, and northward into the Interior
Plateau of Canada. One of the evidences that this surface is of
" Eocene age is the vast volume of Eocene sediments which border it.
It is noteworthy (fig. 6, p. 28) that the granite is widely exposed
within the eroded area but is absent within the area of Eocene sedi-
ments. It is scarcely conceivable that a magma of the magnitude
of the one here represented, which occupies a large part of Idaho
and extends into adjoining States, could intrude the formations of
the region without being accompanied by an extensive raising of the
general surface. Granting that the granitic intrusion caused or
accompanied a profound elevation of the area which supplied the
Focene sediments, it remains to be ascertained whether or not it
determined the particular elevation involved. Neither Jurassic nor
Cretaceous sediments show any special development adjacent to this
area, and those of Triassic age are supposed to have crossed it.
These general considerations lead the writer to the belief that the
broad elevation which resulted in the Eocene surface accompanied
the granitic intrusions and therefore that the granite is of late Creta-

ceous or early Eocene age.
" If this assignment of the Idaho batholith is correct, it is much
younger than the great intrusive body of the Sierra Nevada of Cali-
fornia and is probably younger than the Coast Range batholith of
British Columbia and Alaska. The former is definitely known to be
of late Jurassic or early Cretaceous age;! the latter is less definitely
assigned to the early Cretaceous.?

DIKES.
DISTRIBUTION AND CHARACTER.

Dikes are widespread in Lemhi County and locally are very numer-
ous. They attain their maximum numerically in the Yellow Jacket
district in the west-central part of the county, where twenty-five or
thirty averaging 20 to 50 feet in width parallel each other along a
belt perhaps a mile wide. They are also conspicuous about Shoup

1 Diller, J. 8., Geology of the Taylorsville region, California: Bull. U. 8. Geol. Survey No. 353, 1908, pp.
89-90. Also see the numerous folios of the Geologic Atlas covering parts of the Sierra Nevada.

2 Knopf, Adolph, Geology and mineral resources of the Eagle River region, Alaska: Bull. U. S. Geol. Sur-
vey No. 502, 1912, p. 27.



44 GEOLOGY AND ORE DEPOSITS OF LEMHI COUNTY, IDAHO.

and in the southern end of Lemhi Range. Along the Continental
Divide and in the Eureka, Mackinaw, and Gibbonsville districts dikes
are rare, but in the Blackbird and Indian Creek districts they are
common.

These intrusives range in width from a few inches to 1,000 feet
(Spring Mountain), those about 40 feet across being most abundant.

The dikes of the area present many types of rock, but granite and
rhyolite porphyries, diorites, and quartz diorites are most numerous.
Lamprophyres (minettes and vogesites), aplites, and pegmatites
appear locally, as do also gabbro, basalt, and dacite, syenite, trachyte
porphyries and peculiar monzonites. In the following sections each
kind is described briefly and: its known distribution outlined. It is
noteworthy that the different kinds seem to occur in all associations.

TYPES.

The granite porphyry dike rock varies in appearance from coarse
porphyritic rock with phenocrysts of orthoclase as much as an
inch in length and quartz of wheat-grain size thickly set in a fine-
grained blue-gray groundmass to a light-gray rock of almost equi-
granular texture. Intermediate between the two extremes is a
dark-gray variety studded with orthoclase and quartz crystals from an
eighth to a quarter of aninch in length. Biotite is commonly present.
Granite porphyries were noted in the Mineral Hill, Mackinaw, and
Junction districts, in the northern part of the county.

Dikes of rhyolite porphyry occur in the above-named districts and
also in many places in the lava-covered belt defined later. They are
commonly light gray to dove-colored, but in places pale shades of
green or brown predominate. Although they are similar to the
granite porphyries, their crystallization i3 much less advanced, the
groundmass being glassy to microcrystalline and constituting perhaps
three-fourths of the volume.

Dikes of quartz diorite porphyry have pernaps a wider geographic
distribution in the area than those of any other type, although in no
place are they very abundant. They are found throughout the south-
east part of the county and in the Yellow Jacket, Gibbonsville, and
Mineral Hill districts. On account of their brilliant medium-sized
feldspar, quartz, biotite, and some hornblende crystals, set in a fine-
grained variegated groundmass of the same material, these rocks are
the most beautiful found in the area.

Diorite and diorite porphyry dikes occur inconspicuously in many
parts of the county, but attain & marked development about the head
of the Lemhi Valley. They vary considerably in texture but are
commonly medium to fine grained and about equigranular. The
constituent minerals are plagioclase (oligoclase-andesine), hornblende,
biotite, and a little quartz. :
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A. MINETTE FROM BROOKLYN CLAIM, BLACKBIRD DISTRICT.

or, Orthoclase; 7Di, biotite with much rutile included; bi, biotite free from rutile, which seems to have
been added in the rbi crystals; %, hole in section. Enlarged 35 diameters; nicols parallel.

B. VOGESITE FROM GEERTSON CANYON.

¢, Quartz; hb, hornblende; or, orthoclase. Note the angular area of quartz inclosing hornblende and
with hornblende clustered along its contact. Enlarged 35 diameters: nicols parallel.
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A. BIOTITE MONZONITE FROM ITALIAN MINE.

J, Feldspar, both orthoclase and oligoclase; i, biotite; ap, apatite; &, hole in slide. Enlarged 35 diame-
ters; nicols parallel.

B. HORNBLENDE MONZONITE FROM YELLOW JACKET HILL.

or, Orthoclase; o, oligoclase showing zonal extinction with core AbgoAnag; _hl)l, hornblende; bi, biotite;
¢, quartz; ap, apatite, ¢, calcite. Enlarged 35 diameters; nicols parallel.
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Rocks of the lamprophyre class are represented by minette and
vogesite. They are fine grained and dark gray to blue-black in color.
A typical minette from the Brooklyn claim, in the Blackbird district,
in the northwestern part of the county (see Pl. VII, 4), consists of
biotite (possibly 40 per cent), orthoclase, a little plagioclase, and
chance crystals of hornblende. Rutile is beautifully developed as
thin needles in the biotite, oriented along the directions of its percus-
sion figures. Micropegmatite is common though not abundant as an
interstitial filling. Apatite is an abundant accessory mineral, and
titanite is rare. Epidote and zoisite are secondary. Structurally
this rock is characterized by a phenocrystic development of biotite,
which is set in a groundmass of feldspar and biotite. Thus there are
two distinct generations of biotite.

Vogesite from Geertson Creek canyon consists of orthoclase and
hornblende (estimated as 40 per cent), with subordinate amounts of.
micropegmatite, quartz, and plagioclase. Scattered through the rock
are fragment-like grains of quartz as much as 3 or 4 millimeters in
diameter. These are surrounded by clusters of hornblende needles
which in places are embayed in the quartz near its margin. Apatite,
‘titanite, and rutile are accessory. (See Pl. VII, B.) The structure
of the vogesites is dominated by a phenocrystic development of lath-
shaped hornblendes.

Lamprophyric dikes were noted at places along the Continental
Divide north of Agency Creek and in the Blackbird and Yellow Jacket
districts.

A Dbiotite-rich rock, perhaps best classified as biotite monzonite,
although closely related to the lamprophyres in composition, occurs
near the Jtalian mine, in the Leesburg basin. It is a dark-gray fine-
grained equigranular rock, which in the hand specimen seems to be
made up of about equal amounts of orthoclase and ferromagnesian
minerals. On microscopic examination it is seen to be inequigranular
and composed of orthoclase, biotite (estimated as 20 per cent), albite,
-oligoclase, and quartz, the last in very subordinate amounts. Abun-
dant apatite and less titanite and diopside are accessory. Zoisite
and epidote are secondary. (See Pl. VIII, 4.)

A similar rock, but rich in hornblende and containing more sodic
feldspar, occurs near the Yellow Jacket mine and is classified as horn-
blende monzonite. (See PL. VIII, B.) It contains about 20 per cent
of hornblende and 5 per cent of biotite. Plagioclase (principally oligo-
clase) is slightly in excess of orthoclase. Quartz is conspicuous
though not abundant. Micropegmatite is beautifully developed
locally. Apatite, rutile, and titanite are the chief accessory minerals;
calcite, epidote, and zoisite are secondary.

Dikes, probably to be classed as pegmatites, appear near the lower
granite contact on Pine Creek, in the northwestern part of the county.
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They are light gray and are made up principally of feldspar, quartz,
and muscovite. The small number of pegmatite dikes about the
border of the granite mass is noteworthy and seems to be a feature
characteristic of the entire Idaho batholith, as from no place about
its border have important pegmatites been reported.

Aplitic dikes are well developed in the Indian Creek district in the
northern part of the county. They are light-gray fine-grained micro-
crystalline feldspathic rocks sparsely studded with quartz grains per-
haps as large as a pinhead.

Gabbro was seen only in the Blackbird district. It is a blue-black
holocrystalline rock consisting of pale-green hornblende, diopside,
plagioclase (oligoclase-andesine), and biotite, with accessory pyrrho-
tite, pyrite, titanite, and apatite.

A mottled gray rock, made up of feldspar crystals as much as an
inch in length set in a finely crystalline groundmass which constitutes
perhaps half the mass, occurs near Yellow Jacket and is classed as
monzonite porphyry. In the specimen studied phenocrysts of andes-
ine, oligoclase, and orthoclase occur in about equal amounts. The
groundmass is not determinable.

Dikes of basalt occur in a few places in the Gibbonsville and Mineral
Hill districts as narrow fillings, but none of them are important.

Dikes of dacite porphyry have been produced by quartz dlorlte
intrusions that entered very narrow fissures.

Syenite porphyry was noted at only one place, one-fourth of a mile
south of Noble, in the northern part of the county, but has been
reported from the Yellow Jacket district. The rock seen is light gray,
coarse to medium grained porphyritic, with phenocrysts of orthoclase,
scattered hornblende, and a very few quartz grains. The rock is
.generally badly altered much zoisite, sericite, and epidote being
developed.

AGE OF DIKES.

Representatives of all the types of dikes above described were trun-
cated by the Eocene erosion, and as none of them bears evidence of.
being older than the granite and some are inclosed in it, it is probably
safe to assume that they are all younger than the granite. Thus it
appears that dikes of the varieties here described were intruded after
the granite and before the close of the Eocene—in other words, after
the Archean period of igneous activity and before the late Tertiary.
These dikes are therefore considered a later phase of the late Mesozoic
or early Tertiary volcanic epoch, of which the great granite batholith
of Idaho is the dominant expression. Although most of the dikes of
the area are thought to belong to this group, it can not be assumed
that they all do, for obviously there are intrusive facies of the late
‘Tertiary lavas. On the other hand one of the diorite dikes (possibly
a sill) found at- Gibbonsville is sheared and jointed in a manner to
suggest that it is older than the granite.
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TERTIARY LAVAS.

A great belt of Tertiary lavas extends from a point near the Beaver
Head Mountains on Agency Creek southwestward past Parker Moun-
tain. These lavas occupy summits and valleys, Salmon Canyon being
cut in them most of the way from Salmon up to the mouth of Pah-
simeroi River, and the highest summits on either side being capped
by them. Smaller areas of volcanic rocks appear west of Gibbonsville,
on Moose Creek, and in the south end of the Leesburg basin.

The lavas include rhyolites, andesites, latites, basalts, trachytes,
and dacites, the last two being very subordinate in amount. Rhyo-
lites are perhaps most widespread, being extensively developed in the
Parker Mountain and Gravel Range '
districts, along Salmon Canyon
above Salmon, north of Junction,
along Napias Creek below California
Bar, and near Noble. They are
commonly light gray and show dis-
tinct flow lines. Orthoclase and a
little biotite appear as scattered
phenocrysts in a cryptocrystalline
groundmass, which is made up
largely of microlites of feldspar,
but which becomes glassy locally.

~ Second in importance perhaps
are a‘nde Slt,es’ Whlch bave much _the F1curE 8.—Sketch of exposures near the Ken-
same distribution as the rhyolites tuck mine, Mineral Hill district, showing
except that they are very subordi- geologlo relations.
~nate in the Gravel Range and Parker Mountain districts. They pre-
sent a variety of colors from dark resinous brown through many shades
of pink and purple to gray. In general the microcrystalline ground-
mass predominates over the phenocrysts, which are plagioclase (about
oligoclase-andesine), biotite, hornblende, and in some of the flows
(as on Salmon River south of Salmon) augite. '
Latites are also present in the series, but in what proportion is not
known. A specimen of what was thought from microscopic study to
be a typical andesite proves on partial chemical analysis to be a latite.
It is possible that other of the andesites would prove on analysis to be
latites.
The analysis follows:

Partial analysis of latite from divide on the Yellow Jacket—Forney road, Idako.
[W. T. Schaller, analyst.]
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The rock is a porphyritic lava of purplish hue in which phenocrysts
are slightly subordinate to the groundmass. The groundmass is
microcryptocrystalline and is studded with phenocrysts of plagioclase
(about oligoclase-andesine), and a few of hornblende and biotite.
The ferromagnesian minerals are commonly surrounded by resorption
zones, some of which entirely replace the crystal. From the micro-
scopic studies there appears to be little doubt that most of the potash
and much of the silica is in the groundmass.

Basalts also are widespread, perhaps reaching their maximum
development just below the confluence of Pahsimeroi and Salmon
rivers and in the hills about -Agency. A noteworthy occurrence is
near the summit of Baldy Mountain. They are fine-grained bluish-
black rocks of normal composition, except that olivine is absent in
some places (Agency Creek) and is very conspicuous in others (Baldy
Mountain). Should this difference prove sufficiently persistent to
define two ages of basalt that of Baldy Mountain will be the older.

A specimen which proves to be dacite was procured near the junc-
tion of Phelan and Napias creeks. It resembles the andesites of the
same locality, but contains phenocrystic quartz and some hypers-
thene.

Trachyte, similar to rhyolite, but without quartz, was noted in thin
beds in the Gravel Range and Parker Mountain districts.

All the lavas occupy valleys developed after the elevation of the
Eocene erosion surface, and so far as seen all are thought to be pre-
glacial. In some places, however, they underlie the Miocene lake.
beds (mouth of Williams Creek), in others they are interbedded (?)
with those beds (3 miles west of Salmon), and in still others are
poured out upon their extensively eroded surface. From these rela-
tions it appears that the lavas date from late Oligocene or early
Miocene to about the close of the Pliocene. Of the different types of
lava rock, basalts predominate among the youngest and probably
rhyolites predominate among the oldest, although alternations seem
to be present throughout. This general succession of eruptive rocks
corresponds with that recorded for southwestern Idaho.!

EPITOME OF GEOLOGIC HISTORY.

The geologic history of the area includes granitic intrusion fol-
lowed by profound metamorphism, erosion, and sedimentation in
pre-Cambrian time, and sedimentation in Cambrian, Ordovician,
Silurian(?), Devonian, and early Carboniferous time. After the
Paleozoic the record is not legible until rocks are reached that repre-
sent late Cretaceous or early Eocene time, in which the granite mass
of central Idaho, which forms one of the larger batholiths of the

! Lindgren, Waldemar, and Drake, N. A., Silver City folio (No. 104), Geol. Atlas U. 8., U. 8. Geol. Sur-
vey, 1994, p. 3.
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North American Continent, formed beneath the area. The Eocene
epoch was spent in reducing the uplift which is thought to have
accompanied the granite intrusion. After the area had been reduced
well toward the base level of erosion it was elevated to about 8,500
feet above the sea, and a new physiographic cycle was begun. The
rejuvenated streams developed broad valleys, in places 5,000 feet or
more deep, and in these valleys extensive lake beds were formed
during Miocene time. During the Miocene also lavas were poured
out and at its close thick beds of tuff were formed. Since then
erosion has been dominant, the drainage being southward at first
and later westward, through Salmon Canyon, lavas being again
poured out after this change in the direction of the drainage. During
the Pleistocene epoch glaciers capped the summits and occupied the
. larger valleys down to elevations of about 7,000 feet, rarely to 6,000
feet. '

The area has passed through several periods of diastrophic move-
ment. Each of the four older formations is metamorphoscd, faulted,
and folded more than the one next younger. Broad and pronounced
elevation took place at the beginning and at the close of the Eocene
and to a subordinate extent after the end of Miocene time, the
post-Miocene uplift being recorded by minor faulting and folding
in the lake beds and by an east-west anticline through the Texas
district.

It is noteworthy that, although since the earliest Paleozoic time
no important regional metamorphism has been recorded in the area,
yet the schists and gneisses of pre-Cambrian age record profound
dynamic disturbances.

ORE DEPOSITS.
GENERAL FEATURES.

CHARACTER OF DEPOSITS.

The principal ore deposits found in Lemhi County, Idaho, are
fissure veins and replacement deposits along shear zones. In some
places the metallic minerals oceur in joints and crevices in the country
rock (Italian mine), but elsewhere replacement has occurred along
bedding and joint planes (fig. 15, p. 106). Again, ore minerals occur
as disseminations in the country rock (Beliel group of claims) and
possibly even as magmatic segregations in diabase (Togo claim).
In general, however, the deposits are tabular and clearly to be classed
as veins. Two epochs of mineralization are recognized—late Cre-
taceous or early Eocene and late Miocene or early Pliocene. All
the deposits except a small group of gold-silver veins belong to the
former epoch. The deposits may be grouped, according to the leading
metal contained, as gold, lead-silver, copper, cobalt-nickel, and

74423°—Bull, 528—13—4 -
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tungsten deposits, and they will be treated in the order named. In
the past only the first four metals have been produced, but recently
tungsten has been exploited, and in the future the cobalt and nickel
deposits, though of low grade, will probably be worked. The total
production of the county is about $20,000,000, two-thirds of which
has come from gold, three-fourths of the remainder from lead, and
the balance from silver ores, save for about $40,000 derived from

copper.
DISTRIBUTION.

For several years after the discovery of gold placers on Napias
Creek in 1866 and of lode deposits at Yellow Jacket in 1868 gold
was the principal metal sought. About 1880, however, lead-silver
deposits were discovered near Nicholia, in the southwest part of the

county, and were exploited successfully during the next decade. This - -

led to the locating of many lead-silver properties in adjoining areas,
and although most of them were not worked for several years some of
them have recently proved to be among the most valuable lode de-
posits known in LemhiCounty. Copper has played a very subordinate
part in the economic development of the area. It was first recog-
nized in 1883, when the Copper Queen mine was located, but as this
property at that time was held for gold perhaps the first copper
locations may be considered as those made in 1896 in the Blackbird
and Mackinaw districts. Nickel and cobalt were first recognized in
1901, and tungsten was discovered in 1903 on Patterson Creek.
Nineteen mining districts, including nearly all the upland area
except that adjacent to Salmon Canyon above Salmon, are recog-
nized in Lemhi County. Their position and approximate area
are shown on Plate I (in pocket). Gold is the most widely distributed
valuable metal, occurring in commercial quantities in all the districts
except three located about the headwaters of Lemhi River. Silver
generally accompanies the gold, but in very subordinate amounts, its
chief occurrence being in the lead ores which are found only about
the head of Lemhi Valley. Copper occurs in a broad belt extending
across the center of the county from east to west, and in the vicinity
of Spring Mountain in the southeast part of the area. Cobalt and
nickel have been recognized only in the Blackbird district, 40 miles
southwest of Salmon. Tungsten, so far as known, is confined to a
small area adjacent to Patterson Creek, near the head of Pahsimeroi

Valley.
GEOLOGIC RELATIONS.

The geologic history of the area includes the formation of great

granitic masses in Archean time, probably as batholithic intrusions;
‘extensive sedimentation in the Algonkian; deposition of dolomitic

limestones, limestones, shales, and quartzites in the Paleozoic; gran-
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ite intrusions in the late Cretaceous or early Tertiary, followed by the
intrusion of dikes of various kinds; profound erosion in the Eocene;
flows of lava and sedimentation in lakes in the Miocene and Plio-
cene (?); and glaciation of areas higher than 7,000 feet in the Pleis-
tocene.

The Archean gneiss occupies the northwestern part and the Paleo-
zoic sedimentary rocks the southeastern part of the county; between
them is a broad belt of Algonkian sedimentary rocks. Granite is
most widely exposed west of Salmon, but isolated patches are reported
at three widely separated places along the Beaverhead Mountains.
- Dikes appear in all parts of the county but are most numerous in the

vicinity of granite outcrops. Tertiary lavas extend in a broad belt
from a point near Lemhi Pass southwestward beyond Parker Moun-
tain, and lake beds, older than most of the lavas, occur principally
along the larger valleys of the area.

Gold-bearing veins are inclosed in many types of rock in Lemhi
County, ore deposits both older and younger than the lavas being
“clearly recognized. It is noteworthy, however, that only one deposit
of gold has been found within the area of the Paleozoic formations.
It is also noteworthy that the gold is principally in the vicinity of
rock of the granite-rhyolite family. Lead-silver ores, on the other
hand, occur only within the area of Paleozoic sedimentary rocks, and
here quartz diorite is the only igneous rock recognized. Copper
occurs principally within the area of Algonkian sedimentary rocks,
although one deposit is known within those of Paleozoic age. It has
not been found in the Tertiary lavas nor in the granite; indeed in
most places it is at a considerable distance from either, although it
is thought to be genetically related to the granite. Cobalt-nickel and
tungsten occur within the Algonkian rocks. Diabase dikes are asso-
ciated with the cobalt-nickel ores, but no igneous rocks were noted
in close proximity to the tungsten-bearing veins.

GOLD DEPOSITS.

PLACERS.
DISTRIBUTION,

The older gold veins of Lemhi County have given rise to placer
deposits wherever local conditions permitted their accumulation.
Over a large part of the area, however, rapidly flowing streams lead
from the sites of vein disintegration into larger streams which also
are actively eroding their channels, thus affording no point where
material transported by the torrential water may be permanently
dropped. This condition accounts for the absence of placers around
Shoup, Ulysses, and Gibbonsville. In a few places, however, gold
veins are ideally situated for the accumulation of placers and valua-
ble deposits have been found. Streams heading near the crest of the
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Beaverhead Mountains flow swiftly through narrow canyons, gath-
ering abundant detrital material and transporting it to the broad,
gently sloping valley of Lemhi River, in crossing which the decided
lessening of stream grades allows the heavier and coarser material to
be substituted for the finer-textured constituents of the valley forma-
tion. Thus the auriferous gravels have accumulated along Bohannon
and Kirtley creeks near the base of the range and to a less extent
along other creeks leading from the same mountains. The upper val-
leys of Napias and Moose creeks have also been favorable localities
for the accumulation of gold placers. At the latter place streams
from the surrounding highlands sorted their load and dumped the
heavier parts of it in crossing an old sediment-filled lake basin. In
the former the gravels were similarly sorted and deposited on the
floor of a broad valley.

Placers have been found also near the mouth of Beaver Creek, on
Silver Creek near Rabbitfoot, below Yellow Jacket, and at several
other localities, but the extent and production of all of these is com-
paratively negligible.

PRODUCTION AND HISTORY.

Of the four principal deposits, that of Napias Creek leads in pro-
duction, having furnished perhaps $5,000,000 in gold. Gold was
discovered on this creek in July, 1866, and during the few years follow-
ing the deposits were worked actively. Recently only a few China-
men have been working in the basin and the production has been very
small.

Moose Creek, with an output of about $1,000,000, stands second in
production. The placers there were located shortly after those on
Napias Creek, but, being under one ownership, were not worked so
rapidly and are still being operated. A dredge now on the creek
affords an annual output of $15,000 to $20,000.

Bohannon Bar, with a production of about $400,000, ranks third.
The creek bed was worked by Chinamen many years ago, but not
until 1895 were preparations made for hydraulicking the adjacent
benches. At present one giant is being operated on the bar with an
annual recovery of about $17,000.

On Kirtley Creek hydraulic mining was pursued from about 1890
to 1894 and a considerable amount of gold was recovered, but opera-
tions were abandoned and the property sold as acreage. Recently
the low bars adjacent to the creek were carefully prospected by a
California dredging company, which has sinee purchased it and is
now installing a large dredge.

ORIGIN OF PLACER GOLD.

In most of the placer deposits the gold can be directly traced to
* veins, lenses in schist, or stringers along fracture cracks. It has been
generally true, however, that the primary deposits have not proved
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comparable in value to the placers formed from them. Thus in the
Leesburg basin the placers have produced approximately $5,000,000
and the lode deposits probably not more than $225,000. In the
Moose Creek basin the difference is almost as great, $1,000,000 being
yielded by -the placers and less than $75,000 by the veins which sup-
plied them. Bohannon Bar has been a productive placer ground,
but lode deposits above it have never proved valuable. The same is
true to a lesser extent of Kirtley Creek.

At the head of Bohannon basin no vein deposits have been found,
although numerous quartz stringers, an inch or two in width, traverse
the Algonkian rocks at several places. It is probably from these
insignificant deposits that the placershave been derived. About
Moose Creek basin also the origin of the gold seems traceable only to
unimportant stringers which traverse the schists east of the basin.
Near the north end of this zone the Shoo Fly mine supplied bullion
worth possibly $75,000. Most of this was derived from quartz mate-
rial strewn loosely over the surface, and when search was made for a
permanent vein beneath none was found. The quartz seems to have
occurred as lenses in the schist, many of them of small extent. In the
Leesburg basin deposits which have shown a fair degree of persistency
have been discqvered, but their metallization is so erratically dis-
tributed that, with the exception of the Italian property, they have
not been worked at a profit. At the head of Kirtley Creek basin
veins affording some bullion have been worked.

CHARACTER OF THE PLACER DEPOSITS.

In general the auriferous gravels are made up of material as large
as 2 feet and averaging perhaps 6 or 8 inches. Gravel and sand fill
the interstices between thelarger bowlders, and the entire deposit is
cemented loosely by silica. The average thickness of the gravel beds
is 17 to 18 feet, but in some places it is less than 10, and in others, as
in the upper benches of Bohannon Bar, as much as 31 feet. Nearly
all the gold is found in the lower 2 or 3 feet of the gravels and the
upper 18 inches of bedrock, although locally the lower 8 or 9 feet of
the deposits are auriferous. The gold ranges in size from small flakes
up to the type commonly known as ‘‘shot gold.” Very rarely nuggets
worth $2 or $3 have been found. A gradation from coarser grams
near the head of the deposit to finer near its lower extremity is gen-
erally reported and is especially noticeable on Kirtley Creek.

© AGE OF PLACERS.

Placer deposits within Lemhi County range in age from Miocene to
present. The oldest beds recognized are near the mouth of Kirtley
Creek canyon, where an attempt was made several years ago to wash
the Miocene lake beds, which are known to contain some gold near
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their margin. The series here consists of shales, sandstones, and con-
glomerates. One of the conglomerates, which occurs about 50 feet
below the top of the cliff and overlies a bed of shale, is said to contain
gold in commercial quantities, and lesser amounts have been found
at other horizons. The most important deposits of the area are prob-
ably of late Pliocene age, and to this class belong the gravels now
being exploited on Kirtley Creek, those on Bohannon Creek, those on
Moose Creek, and most of the placers in the Leesburg basin. Placer
gold of post-Pleistocene age occurs below Leesburg and on Phelan
Creek, where bedrock is made up of glacial till. That placers are
accumulating even at the present time is illustrated at the Haidee
property on Arnett Creek in the Leesburg basin, where the ground is
washed each spring in order to secure gold which has been freed by
the disaggregation of a highly decomposed granite during the previous
winter. o
LATE TERTIARY GOLD VEINS,
DISTRIBUTION.

Gold veins of late Tertiary age are known only in the southwest
part of the county, in the Parker Mountain and Gravel Range dis-
tricts, and possibly at Musgrove, in the Blackbird district. The most
extensive deposit yet developed is at Myers Cove (Singiser) in the
Gravel Range district, where the Monument vein is opened to a
depth of 200 feet, with drifts on three levels. Here considerable
tonnage of ore is blocked out. At Rabbitfoot an even greater amount
of work has been done, although less ore has been found. In the
Parker Mountain district two properties have been opened within
the past few years and possibly 2,000 feet of tunnels driven. A
little ore has been shipped.

TREATMENT OF THE ORES.

The great difficulty at Myers Cove, where by far the most ore is
in sight, has been to devise an efficient method of treatment. Amal-
gamation tests on roasted ore gave 11 to 20 per cent extraction,
cyanide afforded a recovery of 20 to 30 per cent, and a combination
of chlorination and cyanidation yielded 70 to 90 per cent. A mill
was built in keeping with the last-named tests, but after running a
month or six weeks it was abandoned, the total recovery from $11
ore being, it is said, less than $2 a ton. Other properties containing
this type of ore have not been daveloped below the zone of oxida-
tion, but it is probable that with greater depth refractory ores sim-
ilar to those at Myers Cove will be encountered.” The failure to
reduce profitably the Myers Cove ore should not be given undue
weight, however, for remarkable advances have been made during -
the last few years in the treatment of similar ores. The production
from this group of veins has not been large, probably less than
$100,000.
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A. VEIN MATERIAL FROM LATE TERTIARY VEINS IN DOMINION MINE AT MYERS COVE.

Showing relations of adulana (rhombohedrons) to quartz.  The section was photographed out of focus
in order to accentuate the contacts of feldspar and quartz. Dark specks are pyrite and some
metallic mineral, possibly a selenide. Enlarged 480 diameters; nicols parallel.

B. VEIN MATERIAL FROM PARKER MOUNTAIN MINE.

Crustification is due to alternating layers of the same composition but of differenttextures. The core Is
a fragment of rhyolite wall rock. Enlarged 35 diameters; nicols parallel.
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GEOLOGIC RELATIONS.

The late Tertiary gold veins are associated with eruptive rocks,
principally rhyolites. All the deposits except those at Musgrove are
inclosed in lavas. The Musgrove deposits are in Algonkian schists
and quartzites, but here rhyolites form the summits and numerous
dikes of rhyolite porphyry traverse the older formations. Two series
of flows, separated by a structural and erosional unconformity, were
noted at Rabbitfoot (see p. 173), but both belong to the same gen-
eral period of igneous activity. The older eruptives were poured out
over a post-Eocene erosion surface of considerable relief and are
probably of Miocene age (p. 48); the younger may be early Pliocene.

CHARACTER OF THE VEINS.

The veins in general are strong fissure fillings varying in width up
to 10 or 12 feet, but commonly 2 or 3 feet wide. They dip at angles
greater than 45°. "The internal make-up of the Tertiary deposits is
" characteristic and distinct from that of the older gold veins, which
are vastly more numerous in Lemhi County. The veins are beauti-
fully crustified, consisting of wavy bands, which in their broader
outlines are parallel to the walls but in detail close about many cav-
ities not yet completely filled, or encircle angular fragments of wall

rock.
ORES.

Locally mtergrown with the quartz and less commonly included in
quartz grams are very conspicuous amounts of adularia (Pl IX,.4).
Calcite is common though never abundant. Sericite is very con-
spicuous in some specimens from the Parker Mountain mine, but as
the ore at that mine is extremely altered it is possible that the sericite,
at least in part, has resulted from the breaking down of adularia. The
‘generally crustified appearance of the vein material (Pl. IX, B) is due
largely to different degrees of coarseness in alternating layers of quartz.

The metallic minerals, everywhere of microscopic size, are distrib-
uted through the ore in dark crimpy -bands of dull to submetallic
luster which parallel the crustification of the gangue. In these bands
the metallic minerals occur as bunches of very small particles, fillings
between quartz grains, and isolated crystals. Studies were not suf-
ficiently detailed nor development extensive enough to permit satis-
factory comparison of the ores from different veins. At Myers Cove,
however, pyrite is the most abundant metallic mineral; most of it
is contemporaneous with the quartz, many grains of which include
pyrite crystals, but it also fills minute cracks formed in the ore at
some later time. Owing to the striking similarity between the
Myers Cove ores and those at Republic, Wash., which are known to
contain considerable amounts of selenium,! tests of the former were

1 Umpleby, J. B., Geology and ore deposits of the Republic mining district: Bull. Washmgton Geol-
Survey No. 1, 1910, p. 39.
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made in the Survey laboratory and a strong trace of selenium was
detected in specimens from the Monument vein. In the Parker
Mountain ores a little pyrite is present, but the principal metallic
mineral is a bluish-black fine-grained material of bright metallic lus-
ter; it was not identified, but its occurrence is similar to that of the
pyrite described above, except that it was not noted along fractures.
Very heavy iron and manganese stains record the presence of metallic
minerals in the Musgrove ores.

The veins carry silver as well as gold, although the latter commonly
leads in value per ton. At Musgrove silver is almost negligible, but
in some mines at Parker Mountain it is more important than the
gold. Within the veins the ore occurs in shoots of irregular shape
and size. Thus at Musgrove several veins have been recognized, but
only one of them, which runs about $20 to the ton, is considered of
commercial value. At Myers Cove the principal ore body occupies
a few hundred feet along one of the veins. Within this shoot indi-
vidual assays reach several hundred dollars to the ton, but a broad
average is said to be about $10. Promising deposits occur also at
Parker Mountain, although their extent has not been shown.

AGE AND GENESIS.

As the veins are inclosed in lavas of Miocene age, they are obviously
Miocene orlater. On the other hand, valleys several hundred feet deep
and evidently of preglacial age, because rounded by glaciers in their
upper parts, cross the lodes at Parker Mountain and at Myers Cove.
If the later part of the Pliocene is allowed for the development of these
valleys, the deposits must have been formed in late Miocene or early
Pliocene. The manner in which the veins cross the summits (Parker
Mountain and Musgrove) and the valleys (Myers Cove) suggests that
only a small amount of erosion had taken place after the extravasa-
tions of the lava before the veins were formed. Hence it is thought
more likely that they should be assigned to the late Miocene.

The deposits are meagerly developed, and, as only a few days were
available for their study, suggestions as to their origin must be by
comparison with other deposits rather than by direct observation.
The crustification, vug cavities, angular included fragments, fine-
grained quartz, and the presence of adularia and selenium, all point
to deposition near the surface, probably at depths of less than 3,000
feet. The depositing solutions were evidently rich in silica, potash,
and aluminum, and carried subordinate amounts of iron, sulphur,
gold, silver, and selenium. It is thought that the solutions were hot
ascending waters, probably genetically related to the subterranean
disturbance which found its most conspicuous expression in the
rhyolitic flows.
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SIMILAR DEPOSITS.

The occurrence of selenium at Myers Cove, its probable presence
at Parker Mountain, and the possibility that it will be found in the
primary ore at Musgrove place one of these deposits and possibly all
of them among a rare type of later Tertiary veins which have been
recognized in this country only during the last few years. The
deposits at Tonopah, Nev., and Republic, Wash., are the only exam-
ples of this type of deposit in the United States heretofore described.
Both are inclosed in Tertiary eruptive rocks and are characterized by
the presence of selenium. The deposits at Tonopah carry selenium
but not tellurium, and at Republic selenium is important and tellurium
occurs only in traces. Gold-selenium ores have been found at two or
three places in Mexico, but the most famous foreign examples of this
type are the Waihi veins in New Zealand and the Radjang Lebong
deposit in Sumatra.

The ‘deposits above enumerated form a subdivision of a great class
of comparatively recent veins which are widely developed in the
central plateau of the West, and especially along the western slope of
the Sierra Madre in Mexico. They are found in New Mexico, Arizona,
southern California, Colorado, Utah, Nevada, Idaho, and at a few
localities to the northwest in Oregon and Washington. Throughout,
the veins are inclosed in lavas or in rocks once covered by lavas. .
Fine-textured quartz, a lamellar calcite in many places replaced by
quartz, crustification, extensively altered wall rock, bonanzas, ab-
sence of productive placers resulting from them, and their associa-
tions with Tertiary eruptives, when taken collectively, characterize
these deposits.! '

LATE CRETACEOUS OR EARLY EOCENE GOLD VEINS.

DISTRIBUTION AND HISTORY.

The most important gold veins of Lemhi County are of late Creta-
ceous or early Eocene age. They are widely distributed in the north-
ern and central parts of the county and occur in the McDevitt district -
on the southeast and the Yellow Jacket district on the southwest.
Along the Continental Divide they occur only at elevations greater
than 8,000 feet, but elsewhere their distribution is independent of
elevation. Thus, in the Mineral Hill district the Grunter vein is near
the river level and the Monolith is far up on the canyon side.

Deposits of this type were recognized first in 1868 at Yellow Jacket.
During the next 10 years veins were located in the Mackinaw and
Gibbonsville districts and later at Mineral Hill and along the Conti-
nental Divide. In point of gold production from these older deposits

1 Lindgren, Waldemar, The geologic featurcs of the gold production of North America: Trans. Am-
Inst. Min. Eng., vol. 33, 1903, pp. 804-808.
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the Gibbonsville district easily leads with an output of about
$2,000,000. Then follows Mineral Hill with $750,000, Indian Creek
with $600,000, Yellow Jacket with $450,000, Mackinaw with $250,000,
and the several other districts of the county each with less than
$100,000. Veins of this type have yielded $6,000,000 to $8,000,000
additional through the placers resulting from them. At present,
however, the mines have reached base ore and the annual production
is much smaller than formerly.

GEOLOGIC RELATIONS.

The late Cretaceous gold veins are inclosed in Archean gneiss,
Algonkian sedimentary rocks, Devonian limestone, and Mesozoic
granite. In the central part of the area they occur near the contact
between the sedimentary rocks and the granite, either in the one or
the other. In the Mineral Hill and Indian Creek districts they are
in the older rocks, which, however, are traversed by numerous dikes,
probably special expressions of the granitic intrusion. At Gibbons-
ville, on the other hand, the ancient sedimentary rocks are cut only
by small basic dikes, the nearest known outcrop of granite being about
12 miles southwest. Along- the Continental Divide the veins are
inclosed by Algonkian rocks, which are cut in a few places by vogesite
dikes, and in one place near the head of Boyle Creek by granite. At
Yellow Jacket the unusual number of dikes which traverse the older
formation and the existence of contact phenomena not to be assigned
to them suggest that granite lies at no great depth, even though not
exposed in the immediate vicinity of the mines. (See p. 169.)

NATURE OF THE VEINS,

The strike of the veins varies in different districts. At Gibbons-
ville it is east and west; at Yellow Jacket northeast-southwest, and
along the Continental Divide northwest and southeast. The dip is
even more variable, different veins in the same district dipping in
opposite directions, as at Gibbonsville. In places, as at Shoup and
Ulysses, the veins are remarkably flat, some dipping at angles less
than 30° and locally even breaking into horizontal sheets (‘‘ big stope,”
Kittie Burton mine). In width they vary from mere stringers up to
20 feet or more, those which have been worked probably averaging
between 2 and 3 feet.

Faulting has been a great handicap to the profitable exploitation
of many of the deposits, especially those at Gibbonsville. Difficulties
have arisen also from the great variation in width from place to
place of individual veins. Many pinch within short distances or
break up into numerous stringers following parallel joints or jump to
one side and continue along a parallel fissure. Indeed, many of their
irregularities may be well conceived by imagining mineral-bearing
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solutions rising through country rock traversed by numerous fractures
and cross fractures and depositing where local conditions were most
favorable.

ORES.

Character.—The deposits are primarily pyritiferous gold-quartz
veins. In places chalcopyrite replaces pyrite, as in the copper-gold
deposits of the Copper Queen and Copper King mines. Elsewhere
pyrite and chalcopyrite are both present, but as a rule either one or
the other greatly predominates. The better ore occurs in shoots
which have a greater vertical than horizontal extent, and which pitch
at angles steeper than 45°. '

The vein filling is coarse-textured clear-white quartz, along which
the ore shoots occur at irregular intervals. Within the shoots
metallization is generally bunchy, with the bunches irregularly
spaced. Pyrite is the one persistent ore mineral, and with it the .
others, one or all, are associated at one place or another. Chalcopy-
rite is nearly everywhere present, though generally in small amounts.
Galena is widespread, though nowhere conspicuous, and sphalerite is
equally general but less abundant. Pyrrhotite is rare in the veins
and arsenopyrite even more so. Magnetite was noted in two or three
of the deposits. Actinolite, chlorite, and epidote are developed in
included fragments of schist on Carmen Creek. The several minerals
are scattered through the quartz as isolated crystals, fine-grained
masses, irregular blotches with quartz intermixed, and patches of
coarse crystal aggregates. In places, as at Gibbonsville, the metallic
minerals are present locally almost to the exclusion of gangue mate-
rial, but in general metallization is moderate.

The oxidized ores are free milling, but many of those in which
sulphides are predominant yield only 40 per cent by amalgamation.
The amount of gold usually varies directly with the amount of pyrite
in the ore, save where the ore is cupriferous, in which case it varies
with the chalcopyrite. Thus it seems that the gold is principally
associated with the pyrite and chalcopyrite, partly free and partly
included in these minerals. Throughout it shows a tendency to form
placers below the deposits and coarse grains in the oxidized parts of
the veins. Silver commonly accompanies the gold, although seldom
in amounts greater than a few ounces to the ton.

Few bonanzas have been found in these deposits, although many of
the ores are of substantial grade. Probably the highest average
grade of ore has come from Gibbonsville, where as much as $40 a ton
has been secured from mill runs, but even there $10 to $15 is the com-
mon tenor. Elsewhere, average mill ruhs approximate $10 a ton,
more commonly lower than higher.

Relation of ores to depth.—Throughout the county the base por-
tions of the older gold veins have been reached while development
was yet comparatively near the surface—in general within 100 feet
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of it. The upper oxidized portions of the veins yielded readily to
amalgamation and on the strength of tests made with such material
many mills were built only to be abandoned after a few months
because the mine workings encountered base ores, which seldom
yielded more than 40 or 50 per cent of their gold to amalgamation.
In a few places cyanide was tried, but usually with doubtful success,
as shown by the fact that not a single cyanide plant was operated in
the county in 1910. In general, the presence of a small amount of
copper has been the chief deterrent to this method of treatment, but
as little or no copper was seen in several of the deposits, it should
not prove a universal handicap.

Primary ore once reached, there is no reason for thinking that the
deposits do not ‘“go down, but with increase in depth the same
irregularities in mineralization and vein outline which occur a short
distance below the limit of oxidation must be expected. Inother
words, the same general characteristics which prevail at 200 feet may
be expected at 1,000 feet. It appears impossible to justify a broad
statement that the gold deposits of the county become either richer
or poorer with depth, the lower limit of oxidation once passed.
These conclusions follow from the conditions of deposition clearly
recorded in the physiographic and geologic history of the region.
Since these veins were formed the entire area has been planed down,
a cover of 3,000 or 4,000 feet having been removed. Veins are
at present exposed at altitudes differing by 4,000 to 5,000 feet,
but it has not been possible to point out any persistent or significant
difference, either in form, mineralogy, or tenor, between deposits
occurring at the higher elevations and those found at the lower.
This being true, an extra thousand feet in depth on most of the veins
of the districts should not show persistent changes either for better
or for worse.

Relation of ores to gramite ——Another cons1derat10n however, con-
cerns the relation of the ores to the granite mass. It is beheved
(p- 62) that the ores were deposited by solutions given off from or
made effective by the granite, and, even though the deposits may not
vary with depth from the surface, it may be questioned whether they
will not vary with distance from the granite margin. This doubt
is not subject to as satisfactory a solution as the other. The only
line of evidence seems to be that derivable from the comparative
study of groups of deposits found at different distances from the
margins of the granite areas, and in assembling the deposits for such
groups the possibility of the granite being closer to some deposits than
others, though concealed, is'a disconcerting factor. Throughout the
investigation this factor was borne in mind, and whatever geologic
evidence seemed to have a bearing on it was examined. For a time
it seemed that in general gold is more closely confined to the granite
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margins than copper, but the exceptions are so numerous that the
final conclusion is that no definite variation exists.

Secondary concentration.—Within the area as a whole secondary con-
centration of gold, though not readily recognized, is thought to have
been an important factor. At Gibbonsville, however, it is conspicuous,
and the deposits deserve special mention in a general discussion.
Experience there shows that few veins contained much gold for 15
to 80 or 50 feet below the surface; that for the next 100 feet or so
they were comparatively rich and yielded readily to extraction by
means of the arrastre; and that below 150 feet they consisted of sul-
phide ore lower in grade than the ore occurring between it and the
surface zone. As this has been the experience of the several opera-
tors in the district, there seems little reason for doubting that sec-
ondary concentration of gold has generally taken place there.

The problem, then, is to ascertain whether the concentration of
gold has been due to the leaching out of other constituents of the vein,
and is thus a residual concentration, or has been due to solution
and redeposition of the gold itself. The alteration of pyrite to
limonite causes an increase in volume of 2 per cent, but at the same
time the new form has a gravity about 25 per cent lower than the old.
The change thus means a slight decrease of gold per unit volume but
a pronounced increase of the number of unit volumes per ton of ore,
giving thereby a decided increase in the gold contained in a single
ton. Any extraction of iron from the veins operates in the same
direction. It is therefore concluded that much of the enrichment
of gold in this type of veins is due to volume changes and the

“removal of iron, but it remains to be seen why the upper 15 to 50
feet should be so much lower in grade than similarly oxidized material
lying immediately below it. It has been shown both by experiment
and by observation*® that gold in the presence of manganese is very
appreciably soluble in most mine waters at earth temperatures. As
manganese is here present as conspicuous stains and dendrites in
the oxidized ore, it is very probable that the barren zone near the
surface is due to chemical leaching, the gold being reprecipitated
lower down. However, a downward settling of the heavy gold par-
ticles in the loose oxidized material may be important. It is con-
cluded from the above line of evidence that residual concentration,
due to removal of other constituents, largely accounts for the
enrichment of gold in ‘the oxidized zone of the Gibbonsville veins.
Near the-surface leaching of gold has probably taken place, and
leaching above was necessarily followed by precipitation below.

It is thought that similar conditions exist elsewhere in the older gold
veins, though not recognized, probably because nowhere else is pyrite

1 Emmons, W. H., The agency of manganese in the superficial alteration and secondary enrichment of
gold deposits in the United States: Bull. Am. Inst. Min. Eng. No. 46, 1910, pp. 767-837.
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so important a factor in the ore and because, consequently, nowhere
else is the concentration due to its breaking down so pronounced.
Indeed it is believed to be this difference in tenor, slight though it is,
between the oxidized ore and the primary ore that has given rise to
the local opinion that the veins decrease in value with depth—a con-
clusion which is apparently unfounded, if primary ore alone is con-
sidered.

: AGE AND GENESIS.

The age of these veins can be placed within rather narrow limits.
They are so strikingly similar in their make-up that there is little
room to doubt that they date from the same period of mineralization.
Some of them are inclosed in late Cretaceous granite; hence they are
younger than that intrusion. On the other hand they present the
mineral association and physical make-up typical of veins formed at
a great depth, probably 4,000 or 5,000 feet. In many places in the
Mackinaw and Eureka districts veins have been worked at é¢levations
approximating 7,500 feet, whereas the Eocene erosion surface in their
vicinity stands at about 8,500 feet. It follows that the veins were
formed while the area was covered by 3,000 or 4,000 feet of material
now removed—material that could only have been present prior to
the erosion which culminated in the broad planation of the region and
the development of the Eocene erosion surface. The veins therefore
antedate the later and possibly even the middle part of the period of
erosion, which probably occupied the greater part of the Eocene epoch.
It is concluded, therefore, that the veins are of late Cretaceous or
early Eocene age, probably the former.

The geographic distribution of the veins and the granite and their-
age relations lead to the conclusion that the veins are genetically
related to the granite. Those in the central part of the county are
conspicuously coincident in distribution with the contacts of the
granite, being either in the granite or in the rocks which it intrudes,
whether these are schist, as in the Indian Creek and Eureka districts,
or gneiss, as at Mineral Hill. In the Mackinaw district a great outlier
of schist within the granite area illustrates the same relation, the
Copper King and Mayflower properties being inclosed in ‘schist and
the Italian and Haidee in granite. In the Gibbonsville district
granite is not exposed, although its occurrence as great batholiths, 10
to 20 miles to the southeast, southwest, and north, suggests that it
may underlie the district. At Yellow Jacket it is thought to be
present though not exposed (p. 169). Along the Beaverhead
Mountains lamprophyre dikes suggest the presence of granite. .Thus
throughout the area the veins are confined either to the margins of
the granite or to areas where there are reasons for thinking that the
granite lies at no great depth. '
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That the granite and the veins are closely related in age, the veins
being a little younger, follows from the considerations stated on page
29 and outlined here. If the granite caused the elevation of the
area, which by its reduction gave the Eocene surface, and if the veins
are not later than the middle stages of that reduction, it follows that
the granite and the veins are not far apart in geologic time. - As the
veins are in places inclosed in granite they are the younger. This
age relation and the distribution of veins near the margins of the
granite seem to point definitely to a genetic relation between them.

These relations give strong support to the theory of ore deposits
that regards many veins as having been formed by solutions given off
from an igneous mass, usually after its outer part has solidified.
Thus the veins occur around the margins, extending into the mass
itself and into the rocks which it intrudes.

SIMILAR DEPOSITS.

Deposits of this age and with similar characteristics are widespread
in Idaho, Montana, and eastern Washington, and occur locally in Utah
(Mercur) and Colorado (Leadville). In many places they have
afforded rich placers, as at Bannock, Alder Gulch, Helena, and Con-
federate Gulch, in Montana.!

LEAD-SILVER DEPOSITS.
DISTRIBUTION. .

Lead-silver deposits are confined to the southeastern part of the
county, from Junction southward to the head of Birch Creek. Within
this area four mining districts are recognized—Nicholia to the south-
east, Spring Mountain west of it, Texas north of that, and Junction
still farther north—in all covering an area about 30 miles long and
20 miles wide. The known deposits are further limited to three
localities—(1) a narrow belt along the east face of the Lemhi Range,
extending about 10 miles south and 2 miles north of Gilmore; (2) the
Nicholia district, about 15 miles farther east, where two claims have
been found to contain very productive deposits; and (3) a narrow
belt, perhaps 5 miles long, northeast of Leadore. The continuation
of this belt northwest of Junction has afforded reasonable encourage-
ment to the prospector, but so far no commercial deposits on it have
been opened.

GEOLOGIC RELATIONS.

The area consists of a mountainous country traversed by a broad
valley filled deeply with Miocene sediments. The rocks forming the
mountains are dolomites, limestones, slates, and quartzites of Paleozoic

! Lindgren, Waldemar, The geologic features of the gold production of North America; Trans. Am. Inst,
Min. Eng., vol. 33, 1903, pp. 802-804.
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age. Cutting them are broad dikes of quartz diorite and related
porphyries, and in one and possibly two places small batholithic
masses of the same material. In general the older formations dip
east in the western part of the area and west in the eastern part.

All known lead-silver deposits in Lemhi County are inclosed in
Paleozoic sedimentary rocks; most of them are in close proximity to
quartz diorite dikes, though few are in actual contact.

CHARACTER OF DEPOSITS.

The lead-silver deposits are tabular bodies with extensions along
bedding and joint planes and numerous swells in the main mass.
Figure 10 (p. 101) illustrates the veinlike character of the Pitts-
burgh-Idaho deposit, and figure 17 (p. 117) illustrates the same rela-
tion in the Leadville mine. The Latest Out ore body is also tabular,
but many isolated bunches of ore appear in the wall rock near the
vein. Figures 14 and 15 (pp. 105, 106) illustrate the outline of two
bodies of ore in this deposit. In many places well-defined fissure
walls continue even where the ore has ceased, the space being filled
by gouge.

ORES.

Mineral character.—The structure of the lead-silver ores is greatly
obscured by the advanced degree of oxidation which prevails through-
out most of the present workings. The Leadville mine is the only
developed property where primary minerals predominate. Here the
ore is fine-grained argentiferous galena, remarkably free from gangue
but with numerous small patches of intergrown pyrite and with a
little chalcopyrite. = Arsenic, antimony, and bismuth appear in
analyses of the ore, but their mineral combinations are unknown.

.In most of the deposits oxidation is almost complete, the ore being
a mass of earthy carbonate heavily stained with iron and manganese
and commonly having strong suggestion of metallic luster. Probably
80 per cent of the lead-silver ore shipped from the county is com-
posed of minerals resulting from the oxidation and carbonation of
galena, pyrite, and zinc blende. Cerusite and iron oxide are by far
the most conspicuous minerals in the deposits. Anglesite is com-
mon as a narrow band around galena. (See Pl. X, B.) Smith-
" sonite occurs as botryoidal linings of small cavities and as stringers
along joints. Calamine is rare and appears as small needle-like
crystals extending from the sides of vugs otherwise lined by smith-
sonite. (See Pl. X, C.) Manganese oxides are common as stains and
dendrites. Pyromorphite is rare, cerargyrite probably very common
but in exceedingly small grains, malachite uncommon, and minium
very exceptional. From analogy with other lead-silver deposits of
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ORE FROM PITTSBURGH-IDAHO MINE.

A. Aragonite (on left) and caicite (on right), as developed along open fissures. Natural size. B. Galena
(@) partly altered to cerusite (¢); anglesite () is an intermediate phase. 400-foot level. Naturzal size.
(. Calamine crystals on drusy base of smithsonite; East vein, between 300 and 400 foot levels. En.
arged 2 diameters.
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the State, in all of which iron carbonate is a characteristic gangue
mineral, it is possible though not probable that siderite occurs in the
primary ore.

The general make-up, tenor, and variations in the ore from place
to place are brought out clearly by average analyses derived from
smelter returns. The extremes for each item, as well as the average,
are given in the following tables:

Average analyses of ore from Pittsburgh-Idaho mine, Texas district.

(25 shipments, ending Sept. 10, 1910; total, 2,275 tons.}

Gold. | Silver. | Lead. | Copper. | Silica. Iron. Zine. | Sulphur.

Ounces. |Qunces.| Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cend.

Average.................. 0.031 | 15.29 37.04 |.......... 20.0 8.4 9.05 0.59
Highest .035 1 16.70 41.00 |.......... 23.0° 9.6 11.00 .80
Lowest..oooeevooioeeats .020 | 13.40 3L75 f.......... 16.3 7.3 6.90 .06

Average analyses of ore from Latest Out mine, Texas district.

(14 shipments; total, 962 tons.]

Gold. Silver. Lead. | Copper. [Insoluble.| Iron. Zinc. | Sulphur.

Ounces. | Ounces. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
0. 0285 25.31 9.23 5.48 0.86

Average.............. 18.09 34.25 0.34 X
Highest... cees .03 21.5 41.13 .48 27.7 10.8 6.9 1.95
Lowest............... .0225 14.7 20.65 {.......... 19.75 7.35 4.6 .6
Smelter analyses of ore from Spring Mountain district.
[On lots varying from 20 to 75 tons.]
Property. Gold. | Silver. | Lead. | Tron. | Silica. | Lime. Remarks.

: Ounces. |Ounces.| Per ct. | Per ct. | Per ct. | Per ct.

Lemhi Union.......[-....... 12.2 38.7( 16 10.4 4.3
Do...... .| 5.08] 19.8| 13.71 2.6 | 3.84 v

Iron Mask 9.5 19.9 1 10.25 49.9 3.07
Teddg and Eliza- 0.02] 11 19.5 1 10.1 21.2 9.97 | Average of 7 analyses on lots

beth. of about 50 tons each. Two

contained 10.8 per cent barium.
12.1 15.2 | 18.16 27.6 5.63 | Contained 3 per cent of copper.
160 tons in lot.

2.8 20.1| 25.08 13 9.6 | Four or five tons in lot.
13 L5175 N (RN U R Sample.
5 b2 J PR [ Sample.

Smelter analyses of ore from Leadville mine, Junction district.

Arsenic,
Tnsol Sul e
3 0l- 3 o an
Gold. | Silver. | Lead. |Copper.| ple. | Zinc. phur. Iron. bismuth,
not

separated.

Ounces.| Per ct. | Per ct. | Per ct. | Per ct. | Per ¢f. | Perct. | Percent.
No. 1shoot.............. Trace. 35.0 56.% 0.2 16.0 |........ 9.8 2.8 i,
No. 2shoot.............. Trace. 28.8 54.5 .2 15.0 1.0 1.0 2.0 9.7

74423°—Bull. 528—13——5
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An inspection of the first two tables shows that a very small per-
centage of the total metallic content is in a sulphur-bearing form;
that is, is either sulphide, sulphate, or sulphantimonite. It is
obvious from their general appearance that the ores are largely
carbonate, but just what percentage of the lead is in this form is not
readily determinable. On the assumption, however, that all the sul-
phur is in combination with the lead as galena, since that mineral has
a higher percentage of lead than any of the others, it appears that, as
a minimum, 90 per cent of the lead in the ore from the Pittsburgh-
Idaho mine and 84 per cent of that from the Latest Out mine is in
a form other than the sulphide, sulphate, or sulphantimonite. From
the absence of other minerals in conspicuous amounts it is con-
cluded that most of this, or 80 to 90 per cent of the lead in these
ores, occurs as lead carbonate. ,

As in the third set of analyses sulphur is.not given, calcium oxide,
though unsatisfactory, is the only basis for determining the extent
of oxidation. Only in the Lemhi Union and Iron Mask properties
is the amount of calcium less than would be expected were the lead
all in the form of carbonate. The occurrence of barium, probably
entirely as barite, in some of the ores from the Teddy and Elizabeth
mines is interesting in that they are the only places where barite was
noted in the lead-silver deposits.

The amount of sulphur contained in the Leadville ore (fourth set
of analyses) indicates that it is made up primarily of sulphide minerals.

In all the ores, copper and gold are negligible. Lead constitutes
about one-third of the total vein content. There is usually about
one-half ounce of silver to each unit of lead.

Ozxidation and ground-water level.—Exploration of the lead-silver
deposits has been well above ground-water level. In the Texas
district ground-water level, based on the elevation of springs (p. 97),
is thought to be from 6,800 to 7,000 feet above sea level east of the
quartz diorite dikes and somewhat higher west of them. In the
Spring Mountain district the level is in steps determined by low
points in the quartz diorite dikes which serve as submerged dams
(p. 85). In the Junction district, west of the dikes, the level of
Lemhi River is probably the determining factor; east of the dikes
the low points in the dikes themselves control.

Oxidation and carbonation will probably be found to be almost
coextensive with the depth of ground-water level. Thus it will vary
up to possibly 1,000 feet below the surface in known deposits, this
maximum being probable in the Pittsburgh-Idaho mine.

Relation of ores to ground-water level.—A conspicuous feature of the
oxidized zone is the loose make-up of the ore. Small vugs lined with
secondary minerals are common, and a general incoherency of the
mass is noticeable everywhere. In contrast to this condition the
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primary ore, as seen here and there in protected spots, especially at
the Leadvﬂle mine, has very little pore space. . The alteration of
galena to cerusite 1nvolves an increase of 28 per cent in volume, of
pyrite to limonite an increase of 2 per cent in volume, and of sphaler-
ite to smithsonite an increase of 22 per cent. It appears, therefore,
that the minerals occupying the oxidized zone represent far more
volume per unit of metal than those from which they were derived.
As they are more loosely assembled than were the primary min-
erals, it follows either that the space occupied by them has been
enlarged or that there has been important leaching of the vein mate-
rial. If the space occupied by the ore has been materially enlarged
during the general period of oxidation, it would seem that the ore
along its contact with the walls should be more loosely assembled
than that in the central portion of the vein, a relation which does not
appear to exist. In many places also the fissure walls which bound
the ore continue beyond the limits of the ore shoot, but without
noticeably converging. From these observations it is concluded that
although solution of the walls may have accompanied oxidation it
has not been sufficiently extensive to account both for the increased
porosity of the ore and for the increased volume due to changes in
its mineral constitution. There seems little room to doubt that
there has been a pronounced leaching of the vein material, and it
remains to determine the order, and as nearly as possible the ratio,
in which the metals have been leached, so as to form an idea of what
changes may be expected in the relative proportions of metal content
when primary ore is reached.

Experiments have shown that under conditions approximating
those of nature, sphalerite in the presence of pyrite is oxidized six
times as readily as galena under the same conditions.! Pyrite is less
susceptible than sphalerite when both are in the same deposit. Of
the resulting praducts of this oxidation the lead is by far the most
stable and zinc the most unstable, as shown by the relative solubility
of the sulphates involved. The lead sulphate although not abso-
lutely insoluble is relatively so; and the sulphate of iron although
very soluble is three to four times less so than that of zinc. The
zinc salt is so very readily taken into solution that 161 parts of it
may be dissolved in 100 parts of water at 20° C.> These values can
not be assumed as absolute in the oxidation of a vein where condi-
tions are variable and in some respects unknown, but they represent
a general order which seems susceptible of practical application.

As the alterations represented in the deposits necessitate an increase
of volume per unit of metal contained and as the deposits are more

1 Buehler, H. A., and Gottschalk, V H., Oxidation of sulphides: Econ. Geology, vol. 5, 1910, pp. 30-31.
2 Lindgren, Waldemar, The copper déposits of the Clifton-Morenci district, Arizona: Prof. Paper U. S, -
Geol. Survey No. 43, 1905, p. 181.
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porous than they were formerly a considerable extraction of one or
more elements must have taken place. From the relative rate of
oxidation and the relative solubility of the oxidation products it
appears that the lead has remained essentially stable, that the iron
has probably been removed somewhat, and that the zinc has been
removed in considerable quantities.

It is necessary, however, to consider the agents which may precipi-
tate the sulphates from solution. Owing to its relative insolubility,
lead sulphate need not be considered. The iron in solution will change,
in the presence of oxygen from the ferrous to the comparatively
insoluble ferric state and be precipitated as ferric hydroxide. There
is abundant evidence, however, for believing that some of it will be
carried for considerable distances. In the case of zinc sulphate, lime
carbonate, which acts as an efficient precipitant, forming zinc car-
bonate, is present in abundant supply in the walls, but it would seem
that in ore bodies 6 to 20 feet wide there is ample- opportunity for
the migration of zinc in the central portion. Further, sphalerite
oxidizes more readily than pyrite and galena, and the acid solutions
formed in the oxidation of pyrite and galena higher in the deposit
would descend upon the zinc sulphate. If, however, it is assumed
that zinc carbonate is formed before the sulphate has moved any
considerable distance, the problem resolves itself in a consideration
of the relative solubility of the carbonates of lead and zinc and ferric
hydroxide. Of these the simple carbonate of zinc is much more
soluble than the others, and the bicarbonate is vastly more soluble.
In view, therefore, of the relative solubilities either of the sulphates
formed during oxidation, or the products which may result from the
precipitation of these sulphates, it appears that zinc has probably
been removed from the zone of oxidation.

From the above, providing the original vertical distribution in the
veins was approximately the same, it follows that, below the zone
of oxidation lead will not change greatly in absolute amount, although
it will decrease slightly in amount per ton of ore; iron will increase
- somewhat, and zinc will probably increase considerably. The fact
that the average zinc content in the flat vein of the Pittsburgh-Idaho
mine has decreased very materially in the lowest 100 feet does not
refute this conclusion, for the deepest workings are yet well above
ground-water level.

AGE AND GENESIS.

The deposits are obyiously younger than the Carboniferous sedi-
ments which inclose some of them, and older than the Eocene erosion
surface which truncates them. The general occurrence of galena in
the late Cretaceous or early Tertiary gold veins of the area, and the
presence of a gold vein (Allie property) closely associated with the
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lead-silver deposits, suggest that these are the same age as the gold
veins, and hence postgranite; that is, that they are late Cretaceous
or early Eocene. That they are later than the granite is further
indicated by their similarity (save in the siderite gangue, which is not
recognized in Lemhi County) to the deposits in the Wood River dis-
trict, which are later than the granite.!

If the lead-silver deposits were formed during the same period of
mineralization as the late Cretaceous or early Eocene gold veins, as
seems altogether probable, it is reasonable to think that both were
produced by the same agencies, and, as the gold veins are genetically
related to the granite intrusion (p. 62), to assign the lead-silver de-
posits to that source. Quartz diorite dikes are so common in the
vicinity of the latter deposits that a relation between the two is
strongly suggested. If a relation exists, however, the two are differ-
ent expressions of the same general phenomena, as the veins are
older than at least some of the dikes. The dikes are pretty surely
differentiations from the granite, for in the Wood River district the
two are gradational? hence another suggestion that the lead-silver
deposits are related to the granite.

COPPER DEPOSITS

DISTRIBUTION.

Copper deposits are distributed widely in Lemhi County, although
their commercial importance has not yet been demonstrated. On
Spring Mountain a large deposit of low-grade copper occurs along a
zone parallel to the lead-silver veins and not far removed from them.
Northward, near the head of Agency Creek, is the Copper Queen mine,
the only property in the county which has produced copper ore.
Other properties are located across the Lemhi Valley on Diott Creek.
In the mountains southwest and southeast of Salmon copper is found,
and to the west of Copper King Mountain a considerable deposit
exists. South of this, in the Blackbnd district, 29 patented claims
are held for copper.

GEOLOGIC RELATIONS.

All the copper deposits are inclosed in sedimentary formations;
those on Spring Mountain are in Ordovician limestone and dolomites,
but all others are in Algonkian schists, quartzites, and slates. Either
quartz diorite or granite occurs in the vicinity of most of the deposits.
Indeed, on Spring Mountain a broad dike of quartz diorite is said to
form one wall of the deposit.

1 Lindgren, Waldemar, The gold and silver veins of Silver City, De Lamar, and other mining districts in
Idaho: Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 3, 1900, p. 217
2 Idem, p. 195.
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CHARACTER OF THE DEPOSITS.

The deposits vary in form from fissure veins (Copper Queen) to
impregnations in schist (in places on Torney group) and contact-
metamorphic deposits (Bruce estate) with irregular mineralization
along sheeted zones as the most common type. The Copper King
deposit, which represents the last named, consists of an irregular vein
about 2 feet wide, accompanied by very many parallel stringers sepa-
rated from each other and the main vein by mineralized wall rock.
The entire mineralized zone is about 40 feet wide. In the Brown
Bear shaft, Blackbird district, a similar deposit is said to be more than
100 feet wide. Each of these is opened for 400 or 500 feet and is
shown to be fairly persistent, though low grade.

ORES.

The characteristic copper ore encountered in the county is coarse
quartz studded and stained with the alteration products of -chalco-
pyrite. Of these, bornite and malachite are most abundant, the for-
mer being the predominant mineral at the Copper Queen mine.
Chalcocite is common in some properties (Copper King). In general,
azurite, cuprite, chrysocolla, covellite, and melaconite are decreasingly
abundant in the order named. Although chalcopyrite appears to be
the source of most of the minerals, it is not conspicuous within the limits
of present development. It occurs as cores surrounded by bornite,
covellite, and rarely by malachite, and as irregular bunches, streaks,
or isolated crystals, which, by reason of local conditions, have not
been oxidized. Gold is associated with the copper in all of the de-
posits, as is also pyrite.

AGE AND GENESIS.

There seems to be every gradation between the pyritiferous gold -
veins and the auriferous copper deposits. The Carmen Creek mine
is classed with the gold veins, although it might almost equally well
be classed with the copper deposits. The Copper Queen mine is con-
sidered a copper property, but it might with equal justification be
listed with the gold properties. It is further noteworthy that chal-

copyrite is present in all the late Cretaceous gold veins and pyrite in
" all the copper deposits. As the gold and copper deposits possess like
characteristics except for their relative content of pyrite and chalco-
pyrite and as the above stated relations exidt between these it is con-
cluded that the deposits are of the same age and genesis. In the cop-
per deposits chalcopyrite simply replaces pyrite, hence the discussion
as to the age and genesis of the gold-bearing veins (see p. 62) applies
to copper-bearing veins and leads to the conclusion that they are late
Cretaceous or early Eocene and are genetically related to the late
Cretaceous granite intrusion.
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COBALT-NICKEL LODE, EAST END OF BELIEL GROUP, BLACKBIRD DISTRICT.

A, Outcrop of lode. B, Efflorescence of erythrite on surface of lode.
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4. COBALT ORE FROM BROOKLYN CLAIM, BLACKBIRD DISTRICT.

Mineralization has taken place along fractures in a fine-grained quartzite. Enlarged 35 diameters; nicols
crossed.

B. COBALTITE (?) REPLACING BIOTITE AND QUARTZ IN A BIOTITIC QUARTZITE, BLACKBIRD
DISTRICT.

Very small grains bunched in poorly defined lenticular areas. Enlarged 35 diameters; nicols crossed.
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COBALT-NICKEL DEPOSITS.
DISTRIBUTION.

The known cobalt-nickel deposits of the area are confined to the
Blackbird district in the west-central part of the county. The most
promising properties are situated near the junction of north and
south forks of Blackbird Creek. Thence northward, prospects are
located for 5 to 6 miles—the most northern ones being situated about
the head of Little Deer Creek, a small stream which flows north into
Big Creek. (See P1. XI, 4, B.)

GEOLOGIC RELATIONS.

The deposits are situated in an area of Algonkian schists and
quartzites, cut by diabase and lamprophyre (minette) dikes. That
a portion of the great granite batholith underlies part of the area is
suggested by its occurrence in Big Creek valley, and by the extensive
metamorphism of the Algonkian sedimentary rocks. Biotite is the
most abundant mineral developed, although locally garnet and
chiastolite crystals were noted. In general the Algonkian beds strike
N. 60°-80° E. and dip 40°-60° NW. Crossing their strike is a strong
joint system which strikes N. 10°-40° W. and dips 80° SW.

Gabbro dikes as much as 100 feet wide parallel the mineralized
belt in north-south direction. They are blue-black holocrystalline
rocks consisting of hornblende, diopside, plagioclase, and biotite,
with accessory pyrrhotite, pyrite, titanite, and apatite. Minette
dikes appear to follow both the strike of the formations and the cross.
joints. They are fine-grained dark-gray resinous rocks consisting of
biotite and orthoclase accompanied by subordinate amounts of
plagioclase and hornblende.

CHARACTER OF THE DEPOSITS.

Most of the deposits are lenslike bodies, although a few assume
the broadly tabular form of veins. (See Pl. XII, A.) Again, they
form bunches or occur as disseniinations along certain favored zones.
In one place (Hawkeye group) irregular bunches of nickeliferous
pyrrhotite up to 4 or 5 inches in diameter are sparsely scattered
through a gabbro dike. This pyrrhotite may be a direct segregation
from the gabbro magma, but the fractured condition of the specimens
-secured precludes definite determination. Elsewhere deposits are
primarily of replacement origin, the fine-grained metallic minerals
being distributed in bunches, lenses, and disseminations along ill-
defined zones in the schist or quartzite. (See Pl. XII, B.) The ore
minerals are everywhere accompanied by quartz, which in places is
coarse and includes them as gangue but elsewhere is exceedingly
fine-grained and is intergrown with them,
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ORES.

Most of the outcrops of the cobalt-nickel deposits are stained by
erythrite, the pink to pearl-gray cobalt blossom, and annabergite, the
" pale apple-green nickel compound. In addition, malachite, limonite,
and pyrolusite are present in many outcrops. The primary cobalt and
nickel minerals are difficult to recognize, owing to their occurrence
in grains of microscopic size which are invariably intergrown with
something else. At least two cobalt minerals in the area are prob-
ably primary: The one is a reddish-gray mineral (Gray Eagle claim)
which occurs in very small grains replacing biotite and quartz in a
garnetiferous biotitic quartzite; the other is a steel-gray mineral,
which occurs as minute grains distributed through the quartzitic
rock on the west end of the Belielgroup. Theformerisprobably cobalt-
ite and the latter is possibly smaltite. Most of the nickel of the area
is thought to be in the form of nickeliferous pyrrhotite, a specimen of
this mineral from the Togo claim yielding 0.8 per cent nickel. A pale
copper-red mineral, rarely seen in the Togo ores, may be niccolite.

The properties are too little developed to establish the tenor of the
ores. A sample representing 20 feet across the ledge, as exposed by
tunnel on the west end of the Beliel group, averaged a fraction less
than 2 per cent cobalt. The east end of this property afforded 2 per
cent of nickel and less than 1 per cent of cobalt. As now developed
this seems to be the best cobalt-nickel deposit. -

AGE AND GENESIS.

Within Lemhi County it is impossible to differentiate the times of
deposition of the cobalt-nickel, copper, and gold deposits. The
relations indicate that they all belong to the same general period
of mineralization, and as the gold veins are assigned to the late
Cretaceous or early Eocene and are genetically related to the great
granite mass, the other deposits also are credited to the same age
and origin. The coextent of the gabbro dikes and the cobalt-nickel
deposits, and the inclusion of nickeliferous pyrrhotite in the gabbro
in & manner to suggest its derivation from the gabbro magma, points
to a close relation between the two. This, however, is probably a
minor though an important feature in the broader relation between
the granite batholith and the deposits.

The cobalt-nickel deposits, therefore, are thought to be of late
Cretaceous or early Eocene age and to be genetically related to the
great granite intrusion. They are closely associated with gabbro
dikes, which are probably differentiations from the granite magna.
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ORES AND MINERALS FROM BLUE WING DISTRICT.

A. Rosettes of inanganese oxide («t) developed along fractures in the vein quartz. Natural size. B. Siderite
occurring locally along fractures in ore. Enlarged 3 diameters. (. Tungsten ore from ldaho Tungsten Co.'s
creek tunnel; q. quartz; hu, hiibnerite; sp, sphalerite (resembles hiibnerite but gives white instead of brown
streak); py, pyrite; fe, tetrahedrite; mo, molybdenite. Natural size.
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TUNGSTEN DEPOSITS.
DISTRIBUTION.

Tungsten occurs in the Blue Wing district, situated 20 miles south-
. west of Leadore. This district includes a township or so along Patter-
son Creek, a northern tributary to Pahsimeroi River near its head.
Gold locations were made in the district as early as 1881, but tungsten
was not recognized until 1903. Since then it has attracted some atten-
tion, and recently active operations have been begun. A 50-ton
concentrating mill is now running, and the concentrates will be
hauled to Leadore as soon as the road now in course of construction
is completed. :
' CHARACTER OF THE DEPOSITS.

The deposits are fissure veins along the axis of a pronounced anti-
cline which strikes N. 30° to 40° W. Quartzitic slates and schists
of Algonkian age inclose the deposits. No igneous rock crops out in
the immediate vicinity, although quartz diorite is known to occur
at several places along the Lemhi Range.

ORES.

The ore consists of coarsely crystalline quartz, which occurs in
veins varying in width from stringers up to 4 feet and rarely up to
12 feet. Irregularly scattered through the quartz are small bunches
of sphalerite, bladed crystals of hiibnerite, small areas of tetrahe-
drite, and specks of molybdenite and galena. (See Pl. XIII, ()
Secondary to these are limonite, malachite, azurite, cerargyrite,
bornite, chalcocite, and cuprite. Scheelite, probably also secondary,
was noted as pale-yellow druses lining a small cavity and as specks
in the loose granular filling of some crevices.. Manganese oxides
(P1. XTII, A) are secondary, although their derivation was not recog-
nized.” Molybdenite occurs bunched along fractures and in the inter-
stices of brecciated quartz in a manner to suggest its secondary
origin. This mineral, however, because of its graphite-like character,
is likely to be squeezed out of its gangue if that is crushed and to
accumulate in fractures and interstices. Molybdenite is not known
to be a secondary mineral and it is thought that the above explana-
tion accounts for its occurrence in this deposit. The paragenesis of
the several primary minerals is discussed elsewhere (p. 111).

GENESIS.

The tungsten veins can be traced up the canyon side almost, if
_not quite, to the level of the Eocene surface; hence they antedate
its- formation. As only two periods of mineralization have been
recognized in this part of Idaho and the later is post-Eocene, these
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deposits are assigned to the earlier, which is of late Cretaceous or
early Eocene age. They are also believed to be genetically related
to the great granitic intrusion which gave rise to the older period of
mineralization. Along the Lemhi Range the granitic activity is
represented by numerous dikes and a few bosses of quartz diorite.
The tungsten deposits are thought to be a phase of this activity.

TIN DEPOSITS.

Placer tin has been found along Panther Creek near its junction
with Moyer Creek and along Silver Creek below Rabbitfoot. The
latter deposit has been prospected sufficiently to show the absence
of tin in commercial quantity, but the former is inadequately devel-
oped. '

The metal occurs as the oxide, cassiterite, andis of the variety
commonly known as stream tin. Individual pieces vary in size
from small rounded grains to pebbles a half inch or more in diameter.
The tin pebbles, as they occur on Panther Creek, are sparsely dis-
tributed through the lower portion of a bed of gravels which varies
from 4 to 20 feet in thickness. This deposit has not been thoroughly
prospected and little is known of its merits.

The source of the tin is not known, although it is safe to assume
that it is coneentrated from primary deposits formed during the
older period of mineralization.

MINERALOGY OF LEMHI COUNTY ORES.
GENERAL FEATURES.

Sixty-three mineral species are recognized in the ores of Lemhi
County. Seven of these (actinolite, chlorite, epidote, forsterite,
garnet, mizzonite, and sericite) are not strictly ore minerals, but their
association with the ores where they are found is so intimate that
they are included in the following list. It is concluded (pp. 56, 62-63)
that the deposits of the county were formed during two general
periods of mineralization, the older being late Cretaceous or early
Eocene, and the younger late Micoene or early Pliocene. It is note-
worthy that most of the minerals of the area appear in most of the older
deposits. Pyrite, chalcopyrite, galena, and sphalerite, although vary-
ing greatly in relative amount from place to place, are omnipresent, and
they are all included in coarsely crystallized quartz. 'The younger
deposits are characterized by fine-grained quartz, adularia, sericite,
opal, and chalcedony.

ORE MINERALS.

Any list of minerals based on reconnaissance studies is pretty sure
to be incomplete, and the considerable variety noted in Lemhi County
suggests that many others are present. In the following list the
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known species are arranged in alphabetic order, and each is accom-
panied by brief notes on its occurrence.

Actinolite—The metamorphic silicate actinolite is developed in
schists included in the deposits on Carmen Creek. It is probably
also present in the cobalt-nickel ores of the Blackbird district.

Adularia.—Vein feldspar (adularia) is very abundant in the ores
from the Gravel Range district and is probably present in the Parker
Mountain district. It ocomrs in minute crystals of microscopic size
and generally of rhombic outline. A few crystals are included in
quartz grains, but mostly they are intergrown with them.

Anglesite—Although lead sulphate (anglesite) was seen only in
the Texas and Junction districts, it is probably present elsewhere.
It occurs as a transition form in the alteration of galena to cerusite
but is nowhere abundant.

Annabergite—Nickel bloom (annabergite) is conspicuous in the
outcrops of nickel deposits in the Blackbird district. It occurs as
crusts and stains of pale apple-green color,

Argentite—Silver sulphide (argentite) was noted in small amounts
in the Pittsburgh-Idaho mine of the Texas district.

Arsenopyrite—Iron sulpharsenide (arsenopyrite) occurs inter-
grown with quartz in some of the veins. at Mineral Hill and also in
the older deposits at Blackbird.

Asbolite—Earthy cobalt (asbolite) is found along a few crevices in
the cobalt deposits of the Blackbird district.

Azurite.—The blue carbonate of copper, azurite, although nowhere
as abundant as malachite, was noted in most of the districts of the
county. It occurs in the oxidized portion of those veins which bear
copper minerals.

Barite—Barium sulphate or heavy spar (barite) is intergrown
with quartz in one of the gold veins at Mineral Hill and occurs also
as a gangue mineral in two deposits of lead-silver ore at Spring Moun-
tain. It is nowhere abundant

Biotite.—Biotite is developed as beautiful rosettes in some of the
cobalt-nickel ores (Togo claim especially).

Bornite.—Bornite occurs abundantly in the deposits along the
Continental Divide and free gold commonly accompanies it. * In the
Copper Queen mine it constitutes a copper ore. It was noted in
small amounts in many other parts of the county.

Braunite.—The oxide of manganese (braunite) occurs in the ores of
the Kittie Burton mine, Indian Creek district, as small brownish-
black granular masses and scattered minute pyramidal crystals.

Calamine—Hydrated zinc silicate (calamine) occurs in beautiful
needle crystals and sheaf-like aggregates, protruding from the walls
of small cavities in the ores of the lead-silver deposits. The crystals
are usually set on a base of smithsonite.
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Calcite.—Lime carbonate (calcite) is widespread in the area, occur-
ring in subordinate amounts in the gangue of most veins.

Cassiterite.—Stream tin occurs along Panther Creek near its junc-
tion with Moyer Creek and is also reported from Silver Creek. In
neither place, however, have deposits of commercial extent been
demonstrated.

Cerargyrite.—Horn silver (cerargyrite) occurs in very small parti-
cles in the oxidized portions of the lead-silver deposits, being one of
the products in the breaking down of argentiferous galena. It was
also noted as a secondary product at the Carmen Creek mine and in
the Blue Wing district.

Cerusite.—Lead carbonate (cerusite) is by far the most important
lead mineral mined in Lemhi County. It constitutes the principal
ore in the Nicholia, Spring Mountain, and Texas districts.

Chalcedony.—Chalcedony was noted only in the ores at Parker
Mountain, although it is probably present in the other late Tertiary
veins.

Chalcocite—Copper glance (chalcocite), though nowhere abundant,
can generally be found a short distance below the surface in the
copper-bearing deposits.
 Chalcopyrite.—Chalcopyrite is one of the persistent minerals of the
area, occurring in all the districts and in most of the deposits. In
places it is associated with gold, but commonly is an inconspicuous
companion of pyrite. It occurs in very subordinate amounts in the
lead-silver deposits.

Chlorite—Chlorite is developed in many fragments of schist
inclosed in the vein filling. It appears in this relation in the Eureka
and Blackbird districts.

Cobaltite.—A silver-white cobalt mineral inclined to red occurs in
grains of microscopic size in the ores of the Blackbird district. It is
probably cobaltite.

Copper.—Native copper occurs as films along some of the fractures
of oxidized ores in the Indian Creek district. It was not noted else-
where.

Covellite.—The copper sulphide covelhte was noted in a specimen
from the Blackbird district. It occurs as beautiful indigo-blue
crusts surrounding cores of chalcopyrite, which in turn are surrounded
by iron oxide.

Chrysocolla.—Copper silicate (chrysocolla) was noted as a secondary
mineral in the Copper King vein.

Cuprite—Red copper oxide (cuprite) is found in massive and fine- .
grained forms in a few parts of the Copper Queen and Copper King
‘mines and in the Patterson Creek district.

Epidote.—The complex aluminum silicate epidote occurs at the
Copper King mine and at the Carmen Creek property in small green
prismatic crystals in fragments of schist inclosed in the veins.
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Erythrite—Cobalt bloom (erythrite) occurs as an earthy incrusta-
tion of pink and pearl-gray color on the outcrops of cobalt deposits in
the Blackbird district. In places, as on the Beliel group, this mineral
is so abundant on the faces of cliffs that it can be seen for half a mile
or more. .

Forsterite—The magnesium-rich ohvme forsterite was noted in a
specimen of metamorphosed limestone which occurs in connection
with galena along the contact with the diorite dike in Dry Gulch,
Spring Mountain district. It is developed in dolomitic limestone.

Galena.—Galena is widespread in the area, occurring in all the
deposits except those of late Tertiary age. Although it is the source
of the minerals which constitute the ore in most of the lead-silver
properties, it is worked only in the Junction district. It occurs both
in coarse crystals and fine-grained aggregates, steel galena.

Garnet.—Garnet occurs at several places in the schists of the area,
but its association with mineral deposits was noted in only a few
localities. One of these is at Spring Mountain, where it is associated
with the forsterite, and the other is in the copper deposits of the
Copper King mine, where it seems to be especially developed in.
proximity to the vein.

Gold.—Native gold is widespread in the deposits of Lemhi County,
small amounts of it occurring even in the lead-silver veins. In
the Tertiary veins it is generally very fine grained, but in many of
the older deposits it is sufficiently coarse to be seen readily with the
unaided eye. Workable placers have resulted only from the older
veins.

' Hiibnerite—Manganese-rich tungstate (hiibnerite) appears as
long-bladed crystals and irregular patches in the quartz of the Blue
Wing district. It contains 2.01 per cent ferrous oxide, which indi-
cates that about 21.4 per cent of manganous oxide is present. It
forms an ore of tungsten.

Iron oxzide.—Iron oxide is widespread in the oxidized zone of all the
deposits in the district.

Linnaite—A steel-gray cobalt mineral, which weathers.to a reddish
tinge, occurs in grains of microscopic size in the cobalt ores of the
Blackbird district. Although not definitely determined it is possible
that this mineral is linnsite.

Magnetite—Magnetic iron appears in connection with the ores on
Carmen Creek and in some of the veins in the Mineral Hill, Mackinaw,
and Eureka districts. It is developed extenswely in the copper
deposit (Bruce estate) on Spring Mountain.

Malachite—The green copper carbonate (malachite) is present in
most of the deposits of the county. It is only abundant, however,
in connection with the copper lodes.

Manganese oxide.—Manganese oxide is coextensive with iron oxide.
In places in the lead-silver deposits it is very conspicuous.
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Marcasite.—Beautiful spherical nodules of marcasite, up to 1%
inches in diameter, were secured from the Tertiary beds a mile south
of Salmon. The inclosing rock is loosely cemented clay sandstone.

Melaconite.—A little of the black copper oxide (melaconite) occurs
in the oxidized ores of Copper King mine. °

Minium.—Minium was noted in a very few places as a bright-red
powder of greasy luster, partly filling little cavities near the surface
of the deposit in the Pittsburgh-Idaho mine.

Mizzonite.—The variety of scapolite known as mizzonite appears in
one of the slides from the Yellow Jacket district. It occurs in poiki-
litic areas, including considerable amounts of hornblende.

Molybdenite.—Molybdenum sulphide was noted as films along frac-
tures and as minute scales and grains intergrown with the primary
minerals in the tungsten deposits of the Blue Wing district.

Niceolite.—A pale copper-red mineral with-dark tarnish occurs in
small, indistinet crystals in the ore of the Togo claim, Blackbird dis-
trict. It is possible that this mineral is niccolite.

Opal.—Opal occurs as linings of microscopic cavities in the Parker
Mountain ore. Properties have been located for the exploitation of
opal in the eastern part of the Gravel Range district, where the
_ mineral occurs as linings in the vesicules of rhyolite flows. It hasnot
been found in commercial quantities.

Pyrrhotite—Pyrrhotite is intergrown with quartz in the Kitty Bur-
ton vein, Indian Creek district. It is also conspicuous in the Black-
bird district, where much of it is nickeliferous. It occurs intergrown
with quartz and possibly as a segregation in diabase.

Proustite.—Silver sulpharsenite (proustite) was seen as small red
crusts on specimens from Carmen Creek. It is also said to have been
found occasionally in the oxidized ores of the Texas and Spring
Mountain districts. .

Pyrite. —Pyrlte appears in all the deposits of the county. In many
of the gold veins it is auriferous.

Pyrargyrite.—Thin films and fibers of the steel-gray silver mineral
pyrargyrite have been found occasionally in the Junction district.

Pyrolusite—Pyrolusite, worthy of special mention because of its
beautiful dendritic forms, is abundant in many places along fractures
and bedding planes in limestone adjacent to the lead-silver deposits.

Pyromorphite.—Short, deeply striated hexagonal prisms of pyro-
morphite have been secured from the ores of the Texas district. Itis,
however, one of the rarer minerals of the deposits.

Quartz—Quartz is widespread in the county.

Rhodochrosite.—Rhodochrosite is meagerly developed in the Kitty
Burton vein, Indian Creek district. A beautiful specimen from the
Blackbird district was examined; its mode of occurrence is not known.
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Scheelite—Calcium tungstate (scheelite) occurs in the Blue Wing
district as thin crusts and specks of pale yellow to white, lining open
spaces in the coarse quartz gangue.

Selenide of gold or silver.—A strong trace of selenium, which prob-
ably occurs as a selenide of gold or silver, perhaps both, was found in
the ores from the Monument mine, Gravel Range district. Its source
is probably a blue-black mineral which occurs in scattered and bunched
grains of microscopic size. The similarity of these grains to others
noted in the Parker Mountain ores suggests that in them also selenium
may be present.

Sericite—Fibrous white mica (sericite) is probably widespread in
the area, although it was noted only in specimens from the Indian
Creek, Mineral Hill, Mackinaw, and Parker Mountain districts. In
the latter district it occurs both in the quartz and in the wall rock
adjacent thereto. Inthe quartzitisprobably,in part at least, derived
from adularia. It invariably occurs as foils and shreds of micro-
scropic size.

Stderite.—Iron carbonate (siderite) appears in small amounts in
many of the lead-silver deposits. Specimens were also noted from
the Blackbird and Blue Wing districts. (See Pl. XIII, B, p. 72.)

Silver—Native silver, though apparently very rare, has been found
in some of the ores of the Texas district. It is also reported from
the Gold Flint property of the Mackinaw district.

Smaltite—A cobalt arsenide, possibly smaltite, occurs in the
Blackbird district, in fine grains of microscopic size, as a replacement
In quartzite and schist. It is perhaps the most abundant cobalt
mineral in the district.

Smithsonite.—Zinc carbonate (smithsonite) is present, though in
few places abundant, in the several lead-silver deposits of the area.

Specularite—Beautiful tabular crystals of specular iron are present
in some of the veins of the Blackbird district. Specularite was also
noted in the Mackinaw district and as a micaceous replacement in
dolomite in the Blue Wing district.

Sphalerite.—Sphalerite is widespread in the several districts of the
area, although nowhere in sufficient amount to constitute an ore of
zinc. As much as 10 per cent zinc, probably mostly from secondary
minerals derived from sphalerite, appears in some of the lead-silver
deposits.

Sulphur—Native sulphur, Dpartly filling small cavities due to the
removal of pyrite, was noted in one of the Chppel Bullion veins, Min-
eral Hill district.

Tetrahedrite—Gray copper (tetrahedrite) carryina 1.9 per cent

_silver occurs as irregular patches and specks in the ores of the Blue -
Wing district.
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OXIDATION AND GROUND-WATER LEVEL.

The depth of oxidation is one of the most vital questions in the
exploitation of the gold veins of Lemhi County, for the unoxidized
ores yield only a small percentage of their gold to amalgamation, and
many of them contain sufficient copper to interfere seriously with
cyanide treatment. Most of the properties were temporarily aban-
doned when primary ores were reached, but a few, especially those
at Gibbonsville and Ulysses, have continued to be operated.

In most parts of the county oxidation is almost complete for 100
to 150 feet below the surface, but in the lead-silver areas it extends
locally much deeper, in places possibly a thousand feet deeper. With
few exceptions (notably in the Leadville mine) oxidation reaches to
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