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MINING DISTRICTS OF GTHE DILLON QUADRANGLE,
MONTANA, AND ADJACENT AREAS.

By Avrexanper N. WINCHELL.

INTRODUCTION.

The field work on which the following report is based was done
during July and August of 1910 and 1911. Its purpose was to
examine the mining districts of the region rather than to make a
detailed study of stratigraphy or areal geology. All the important
mining districts of the quadrangle and nearly all the mines in actual
operation were visited, though time was lacking for careful inspec-
tion of the workings of many of them.

It 'is a pleasure to acknowledge he1eby ‘the numerous courtesies
received from residents of the Dillon region during the course of the
field work. - Among many others, the following were very generous
in giving time and information: Prof. D. C. Bard, of the Montana
State School of Mines, Mr. R. H. Sales, chief geologist of the Anaconda
Copper Mining Co., and Mr. Oscar Rohn, general manager of the East
Butte Copper Mining Co., all of Butte; Mr. C. L. Dahler, of Silver Star;
. Messrs. J. E. Flint and C. E. Morris, of Pony; Mr. E. T. Hand, for-
merly Government geologist at Macassar, Dutch East Indies, now of
Rochester; Mr. C. E. Kammerer, manager of the Conrey Placer
Mining Co., of Ruby; and Messrs. R. E. Ober, mining engineer, and
P. I. Smith, both of Dillon. .

During the preparation of this report the writer has received
important suggestions and assistance from Messrs. Waldemar Lind-
gren and H. D. McCaskey, of the United States Geological Survey.
He has also had the advantage of a critical exammatlon of the manu-
seript by Mr. F. L. Ransome.

~ GEOGRAPHY.
- LOCATION AND AREA.

The Dillon -quadrangle (see fig. 1) lies in southwestern Montana,
directly south of the Helena quadr&ngle and west of the Threeforks
quadrangle, between parallels 45° and 46° north and meridians 112°

11 )



12 MINING DISTRICTS OF DILLON QUADRANGLE, MONT.

and 113° west. It is about 49 miles wide east and west and about 69
miles long and has an area of about 3,200 square miles. The great
copper-mining district at Butte is immediately north of it, and,
indeed, the Colorado and Clark smelters at Butte are within it.
The quadrangle includes within its borders the northwest third of
Madison County, the northeast quarter of Beaverhead County, all
except the northernmost part of Silver Bow County, and small por-
tions of Jefferson and Deer Lodge counties.

The regions outside of the Dillon quadrangle but included in the
area covered by this report lis both to the east and to the west. The
Pony, Norris, and Virginia, City districts are to the east, in Madison
County, in the western half of the Threeforks quadrangle. The"

o
|49

47|

o
les

100 50 0 100 Miles

...........

FIGURE 1.—Key map showing location of Dillon quadrangle, Mont.

Radersburg district is in the Fort Logan quadrangle, in Broadwater
County, northeast of the Dillon quadrangle. The remaining districts
are in Beaverhead County, just west of the Dillon quadrangle on
both sides of the Bighole basin. The location of the most important
districts in the region examined and their relation to railroads and
streams are shown on figure 2.

TOPOGRAPHY.

The Dillon quadrangle is in general mountainous, but it contains
one large valley, that of Beaverhead and Jefferson rivers from Barratt
on the southwest to Whitehall on the northeast, and numerous
smaller valleys, including those of Passamari River® from Alder to

1 This stream is known locally as Ruby River.
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Twin Bridges, of Blacktail Creek from Dillon southeastward for 20
miles, and of Divide Creek and the northward-flowing water across
the divide from its head. A valley, probably once occupied by a
_ single large river, extends from Silver Bow through Feely to Divide,
and is followed by the wagon road to Melross and by McCarthy and
Nez Perce creeks to the region of Twin Bridges. The history of this
old through valley, which crosses the Continental Divide at an
elevation of 6,300 feet, has not yet been deciphered.

With the exception of a small area in the northwest part of the
region, south and west of Butte, the quadrangle is drained by Jeffer-

o n3 r‘m"» TTE . 12°
% - | B 70X a— PR ]
DEER'LODCE | esdfy™ } & YA\ JEFFERSO
[ Sk \ N 7

d S 20 N v 7
NS e s
b Y MELROSE, A STAR' L0 3
SN \ oisT oISt e
. RABBIT P25
| - Py &\. ot
B - v iR Mmé’ Rl
StieltdnPK) | s R S S/, o D
_ MSSARTHY~ NG S
. RN .

E subdir D\lxjé

oA .
N oLo BALDY, <
MTNY /

&5’

10 ) .10 20 30:Miles

CECECECELCEL

FIGURE 2.—Sketch map of the Dillon region, showing location of mining districts.

son River, which unites with Madison and Gallatin rivers to form
Missouri River in the northern part of the Threeforks quadrangle.
Jefferson River is formed by the junction of Beaverhead and Big-
hole rivers near the center of the Dillon quadrangle. German Gulch
and Basin and Blacktail creeks, in the northwest part of the quad-
rangle, flow northward into Clark Fork, locally known as Silver
Bow Creek, and thence to Columbia River and the Pacific Ocean.

Physiographically the Dillon quadrangle is a portion of the Rocky
Mountain province of the United States. It includes a portion,
about 50 miles long, of the main Continental Divide, which enters
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the quadrangle about 3 miles east of the middle of the north border
and about 5 miles east of Butte, runs southerly 'ohrough Homestake
to Pipestone Pass, thence southwestward to the region of Highland,
thence northwestward to Feely, thence Westward to the head of

German Gulch, thence nearly due north to the northern boundary
of the quadrangle. Near the center of the quadrangle a mountain
valley running southwest and northeast is joined by an abandoned
valley running northwest and then north. The valleys form a VY,
bordered on the southeast by the Ruby Range and the Tobacco
Root Mountains, and on the west by the mountains of the- Bighole
National Forest, McCarthy and Fleecer mountains, and the moun-
tains west and north of Jerry Creek. Between the forks of the Y
lie Red and Table mountains and part of the main range of the .
Rocky Mountains. The lowest elevation in the quadrangle is about
6 miles east of Whitehall, where Jefferson River leaves the quadran-
gle, and the highest is probably the peak of Mount Torrey, at the
head of Birch and Willow creeks near the middle of the western
margin, which attains an elevation of more than 11,000 feet above
sea-level. Several peaks in the Tobacco Root Mountams reach
- nearly the same elevation. :

MINING DISTRICTS.

The mining districts of the Dillon quadrangle are for the most part
in or near granitic intrusions. (See fig. 2.) Thus, the Independence
district is wholly within the area of the Boulder bathohth extending
from Missoula Gulch (in Butte) and from Silver Bow southward to the
Continental Divide. Farther south the Divide Creek district, in the
area of the same batholith, extends from the Great Divide south to '
the region of Moose Creek. The Fleecer Mountain district is in an
area of limestone and other sedimentary rocks which are cut by the
same batholith. The Siberia (German Gulch) district lies near the
contact of the batholith with quartzites and conglomerates.

The Moose Creek district is near the head of Moose Creek, where
the batholith is in contact with Paleozoic limestones. The Highland
district is not far from the head of Fish Creek, near a contact between
the batholith and limestones and sandstones. The Silver Star district
lies close to a 31m11ar contact south of Cherry Creek and north of
Hell Canyon.

The Melrose district, on Soap and Camp creeks, hes in an area of
limestone and sandstone not far from contacts w1th the Boulder
batholith or its outliers. ‘

The Rabbit district, at Rochester, is an area of schists and gneisses
cut by numerous dikes and sills of aplitic gra.mtlc rock, probably
derived from the Boulder batholith.
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The Vipond district occupies a ‘‘park’ between Wise River, Big-
hole River, and Canyon Creek. The chief country rock is dolomltlc
limestone.

The Elkhorn district hes just Wost of the Dillon quadrangle be-
tween the headwaters of Wise River and Grasshopper Creek north-
west of Comet Mountain and about 10 miles southwest of Hecla.
The country rock is a porphyritic quartz monzonite.

The Bryant district, at Ilecla, is near the contact of limestone with
a granitic intrusion, which may be a part of the Boulder batholith -
that has no surface connection with the main mass. The Utopia
district, on Birch Creek, is near the contact of limestone and quartzite
with the same granitic intrusion, and the Argenta district on Rat-
tlesnake Creek is at the contact of limestone and quartzite with
~ what appears to be an outlier of the same rock. :

The Mammoth district is near the head of.South Boulder Creek in
the northern part of the Tobacco Root Mountains in a region where
a porphyritic quartz monzonite is in contdct with old gneisses and
schists.

The Tidal Wave district is on the western flank of the Tobacco
Root Mountains between South Boulder and Wet Georgia creeks.

The country rocks are limestones, schists, and a granitic intrusive . .

" which is apparently another outlier of the Boulder batholith.

The Sheridan district includes Wisconsin, Indian, and Mill creeks
and Ramshorn and Bivin gulches. The country rocks are schists,
quartzites, and limestones cut by intrusions of aplitic granite,
diorite, and monzonite, derived partly or wholly from the same source
as the granitic intrusive of the Tidal Wave district. |

The Alder Gulch district terminates in the Passamari Valley at
Laurin.

The Blue Wing district lies between the Dillon-Bannock road and
Grasshopper Creek, within 4 miles of the western border of the Dil-
lon quadrangle. The country rocks are limestones, quartzite, rhyo-
lite, and diorite. .

The Bannock district is on Grasshopper Creek about 20 miles west
and a little south of Dillon. The ores are contact deposits about a
small boss of granodiorite in limestone with some quartzite.

The Dillon district centers about the town of Dillon, on Beaver-
head River at the mouth of Blacktail Creek. Dillon is an important
town on the Oregon Short Line Railroad, and is the county seat of
Beaverhead County.

The Whitehall district includes the Cardwell district on and near
St. Paul Gulch in the southern end of the Bull Mountain Range;,
northeast of the town of Whitehall, and the Renova district south of
Whitehall in the northern end of the Tobacco Root Mountains.
Igneous rocks are present but are not abundant.
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The Radersburg district is in the Fort Logan quadrangle on Crow
Creek, about 10 miles west of Toston and 75 miles northeast of Dillon,
in a region of intrusions and extrusions of andesite assocmted Wlth
Cretaceous sandstones and shales.

The Pony district is in the Threeforks quadra,ngle near the sources
of Willow Creek, west and south of the town of Pony, which is con-
nected by rail with the Norris branch of the Northern Pacific Rail-
way. The Mineral Hill district extends from Pony westward for
about 5 miles and includes gold deposits in gnelss in porphyritic
quartz monzonite, and in aplite, all not far from the igneous contact.
The Potosi district is about 8 miles southwest of Pony, on the head-
waters of South Willow Creek, in quartz monzonite. The Sand
Creek district is about 10 miles northeast of Pony, in an area of
gneiss. ,

The Norris district is in the Threeforks quadrangle. It extends
for several miles in all directions from Norris, which is the terminus
of a short branch of the Northern Pacific Railway, leaving the main
line at Sappington. It includes the Norwegian, Washington (and
South Baldy), and Upper and Lower Hot Springs districts. The Nor-
wegian district lies halfway between Norris and. Pony, about the
sources of Norwegian Creek, near the contact between quartz mon-
zonite and gneiss. The Washington district is on North Meadow
Creek, about 8 miles southwest of Norris, near the same contact.
The South Baldy district'is about a mile south of Ward Peak in a
region where old gneisses are cut by andesites.  The Upper Hot
Springs district is along Hot Springs Creek above Norris, in a region
of porphyritic quartz monzonite. The Lower Hot Sprmgs district
is on the same creek below Norris and also on Cottonwood and
Burnt creeks, in a region of gneiss near quartz monzonite.

The Virginia City district extends from Junction on the northwest
to. Browns ‘Gulch and Summit, south of the town of Virginia, on
Alder Gulch in the Jefferson Mountains. It includes the Junction,
Nevada City, Browns Gulch, Fairweather, Highland, Pine Grove,
and Summit mining districts, all of which were at one time orgamzed

'The Junction and Nevada Clty districts are confined to the areas
immediately about old settlements of the same names on Alder
Gulch. The Browns Gulch district extends the length of Browns
Gulch to Alder Creek, but the more-important portion is near the
headwaters, where aplitic intrusions cut old gneiss. The Fair-
weather district is at Virginia City, the ore deposits (aside from the
- placers) being chiefly in gneiss and schist. -The Highland district is
on Alder Gulch, about 2 miles above Vlrglma the Pine Grove dis-
trict is next above; the Summit district is near the head of Alder
Creek about a settlement of the same name less than 3 miles north of
Old Baldy Mountain; in these three districts the country rock is
gneiss.
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MINING DEVELOPMENT.
DISCOVERY.

All the earliest discoveries of gold in Montana were made within a
short distance of the Dillon quadrangle. Gold Creek, where gold was
discovered in 1852, 1858, 1860, and 1862, is about 40 miles north of
the quadrangle. Bannock, on Grasshopper Creek, where gold was
‘found so abundantly in 1862 ag to start the first influx of prospectors, .
is on the west border of the quadrangle Virginia City, in Alder
Gulch, where gold was discovered in 1863, is 3 miles east of the
D1110n quadrangle, but Alder Creek flows for several miles in the
quadrangle and has yielded rich returns to placer miners throughout
its length. At present this creek is y1e1d1ng through dredging more
gold than the total from all the other mines in the district.
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PLACER MINING.

During the sixties the placer mines of the region were very pro-
ductive. - The most important placers of the Dillon region at that
time were those in German Gulch, on Silver Bow, Blacktail, and
. Basin creeks, and at Highland on Fish Creek, all in what is now
Silver Bow County; those in Alder, Bivin, and Ramshorn gulches
and on Rochester Creek, in Madison County, and those on Grass-
hopper Creek, in Beaverhead County. This was the period of great
and quick returns for small investments. It is estimated that Grass-
hopper Creek produced $3,000,000 in gold during the sixties. The
great importance of this region at the time is'indicated by the fact
that the first capital of the Territory was at Bannock, where the first
legislature convened in 1864. But the capital was soon transferred
to Virginia City, where it remained during the sixties.

In this decade it is estimated Alder Gulch produced $30,000,000 in
gold. German Gulch produced about $4,000,000 in gold durmo- the
same period, and the other gulches of Silver Bow County probably
yielded an equal amount.

DREDGING.

The gold of placer mines is recovered so easily that placer gulches
are very quickly worked out, at least so far as the coarse gold in
accessible deposits is concerned. Even during the later part of the
sixties many of the placer diggings showed great decrease in yield.
By the gradual installation of ditches, flumes, and hydraulic and
~ sluicing apparatus the life of the placer-mining industry has been
extended for half a century, though with decreasing yield at nearly
all places, except where new and virgin ground was opened by late
discovery or by bringing water upon ground previously too dry to
work. Near the close of the nineteenth century placer mining in
Montana was at a low ebb, the total annual placer production of the
State being only about $300,000. The introduction of dredges
increased the annual output to about half a million, though the
newness of the method and the many difficulties that had to be over-
come caused for a time great fluctuations in the yield. Since about
the first of the century, however, the product has been large and
increasing, and, despite the marked decrease in the amount of gold
won by other placer methods, the annual placer production has
formed an important portion of the total gold output of the State.
The only poor year since 1900 was 1907, when in consequence of the
success of a dredge operated by electric power in 1906 work was
‘partly suspended to permit the construction of two more electric
dredges. Electric power only has been used since 1906.
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DEEP MINES.

Though the first mining in the State was on the gold placers,
attention was soon turned to lodes. Even during the sixties, the
first decade of mining in the State, some little progress was made in
. opening ‘“dsep mines” or ‘“quartz mines,” among the first of which
were the Green Campbell, Broadway, and Iron Rod, at Silver Star;
the Noble, on Wisconsin Creek north of Sheridan (opened in 1864);
the Blue Wing (discovered in 1864), Kent, Del Monte, New De-
parture, and Huron, in the Blue Wing district, south of Argenta; the
Watseka, at Rochester; and the Legal Tender, at Argenta. Only the
richest ore could be treated at a profit at this early date on account
of the extremely high cost of labor and supplies, which were brought
in by wagon train, at first from Pikes Peak, Colo., and later from
Corinne, Utah. ' »

The seventies were marked by a gradual increase in the importance
and number of the deep mines and by a decline in production of the
placers, but the decade was essentially similar to the one preceding.
In 1873 the location of the Trapper lode in the Bryant district led to
the discovery of the Atlantic, True Fissure, Cleve, and other mines
of the Hecla group, which belonged to the Hecla Consolidated Mining
Co. during the period when they produced most largely. Many
. quartz mines, rich only near the surface, were worked out and closed
before the end of the decade. Many mines, including the Nevins,
Only Chance, and others in the Highland district, were worked suc-
cessfully by arrastres, which were relatively inexpensive to install
and which were in favor for the treatment of gold ores during this
period. Smelters to treat lead-silver ores were installed at Argenta
and at Glendale. In 1871 six blast and two cupeling furnaces were
in operation at Argenta, but they found it difficult to obtain a steady
supply of lead ore and soon closed. The smelter at Glendale oper-
ated somewhat irregularly on ore from Hecla until about 1881, when,
under a new management and under much improved COIldlthIlS of
transportation, it entered on a prosperous career which endured for
20 years.

The decade from 1880 to 1890 was a period of rapid development -
and successful operation of mines in all parts of the State. It was
begun by the completion, in 1882, of the Utah & Northern Railway
(now known as the Oregon Short Line, a part of the Union Pacific
Railroad system) from Ogden, Utah, to Silver Bow, Mont. This
road passed through Dillon and Melrose, supplying the tributary
region for the first time with economical transportation facilities.
" The next year the main line of the Northern Pacific Railroad was
completed, and a spur was built from Garrison through Silver Bow to
Butte.

Stimulated by these roads the exploitation of deep mines proceeded
vigorously. The Hecla Consolidated Mining Co., whose mines are at
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Hecla and whose smelter, now dismantled, is at Glendale, paid divi-
dends regularly throughout the decade. Other important producing
mines in Beaverhead County during this decade were the Kent, Blue
Wing, and New Departure, in the Blue Wing district, and the Legal
Tender, in the Argsnta district. Several mines in the Utopia
district were also active. In Madison County mines that had been
prospected in the sixties for gold and abandoned were opened and
successfully worked when railroad construction made silver ore
valuable. The mines of the Tidal Wave district near Twin Bridges
wers worthless in 1864 when first examined, but in 1883 and later
years they became valuable as producers of lead-sxlver ore. Some of
these mines are still producing through the activity of lessees. The
Company mine, on Wisconsin Creek, was discovered in 1864 and was
worked in a small way by Noble & Sons until about 1883, when it
was sold to the Noble Mining & Milling Co., which for several years
developed it much more rapidly. The Broadway and Iron Rod
mines, in the Silver Star district, and the Hendricks and Red Bluff
mines, in the Norris district, were also active at this period. In Silver
" Bow County the Only Chance and Nevins mines, in the Red Mountain
district, gave rather dlscouragmg results, and in consequence very
little was accomplished in Silver Bow County outside of the wonder-
ful activity and success in the Summit Valley (Butte) district.
During the next 10-year period, from 1890 to 1900, the mines of
Beaverhead County reached the acme of their productiveness. About
the middle of the decade the county produced more gold, silver, and
“copper than it has in any later year. This was in part due to the suc-
cessful operations at the mines of the Hecla Consolidated Mining Co.’s
properties on Trapper Creek. The production of the county showed
a marked decrease in gold, silver, copper, and lead at the close of the
decade. In 1895 dredging was first attempted in Montana in the
_placer ground on Grasshopper Creek near Bannock. On certain rich
ground not easily worked by the ordinary methods of placer mining
the dredges were highly successful, but when these were exhausted
the dredges became less proﬁtable, and one of them was-moved to
Alder Gulch, where dredging hias been in progress ever since. Some
work was in progress during-part of the decade in the silver mines of
the Blue Wing and Argenta districts. In Madison County mining
was at a low ebb in 1892, but became gradually more prosperous to
the end of the decade. The construction of a branch of the Northern
Pacific Railway from Whitehall to Twin Bridges in 1897 and 1898
facilitated mining operations on both sides of the Jefferson Valley.
The Leiter mine, on Wisconsin Creek, about 8 miles from-Sheridan,
was in active operatlon during the later part of the perlod The
Thistle mine, in the Rochester district, and several mines in the
Silver Star, Tidal Wave, and Ramshorn districts were productive.
- The Monitor, Revenue, and Galena mines, in the Norris district, were
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in successful operation. The sensational development of- this period
was the Mayflower mine, situated on the border of the Dillon quad-
rangle about 7 miles southeast of Whitehall, which produced more
than a million dollars’ worth of telluride gold ores from pockets and
shoots in limestone.

During the first decade of the twentieth century mining activity
decreased very materially in Beaverhead County. A slight improve-
ment occurred in 1905 and 1906 under the stimulus of high prices
for metals but this did not affect the gold output. In the last years
of the decade activity was checked by falling prices, and at present
(1911) the output is smaller and the development work in progress
is less than at any previous time since mining began on a large scale.

In Madison County, on the other hand, the decade was marked by
continued activity. In 1901 a 120-ton stamp mill was erected at
Pony to treat the ores of the Clipper and Boss Tweed mines. For a
few years (1904-1906) during this decade Rochester was the largest
town in the county, being made so by the extensive operations at
the Watseka mine. Since the Watseka closed very little mining
has been done in the district. The Green Campbell mine, in the
Silver Star district, was reopened, but after a 100-ton' mill had been
built and considerable development work had been done operations
were suspended. Lessees were at work in the Tidal Wave, Sheridan,
and Ramshorn districts of the Tobacco Root Mountains during the
decade -at many mines with very satisfactory results. There was
renewed activity at the Kearsarge mine in the Virginia City district
in 1902, and a 60-stamp mill was erected the following year. Some
mining was carried on near Whitehall. The Toledo mine on Mill
Creek near Sheridan was equipped with a new 150-ton mill operated
by a 640-horsepower plant which supplies electric power generated
by water pressure. The mine was developed by a 750-foot inclined
shaft, but the ore bodies proved unreliable.

During the decade further railroad facilities were obtained in the
region through the extension of the Twin Bridges branch of the
Northern Pacific Railway up the Passamari Valley to Alder. The
Chicago, Milwaukee & Puget Sound Railway, which was completed
to the Pacific coast in 1908, was built across the northeast corner of
the Dillon quadrangle, much nearer to the old Highland mining
district than any other railroad. In 1909 the Gilmore & Pittsburg
Railroad, from Armstead, Mont., to Salmon, Idaho, was built up
Horse Plain Creek, in the extreme southwest corner of the Dillon
quadrangle.

PRESENT STATUS OF MINING.

In 1911 less work was in progress in the mines of the Dillon quad-
rangle than at any time for many years. The decline is due in part
to the apparent exhaustion of the ore bodies, as at the Hecla mines,
and in part to the present low prices of silver, lead, and copper.
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STRATIGRAPHIC AND AREAL GEOLOGY.

SEQUENCE OF THE ROCKS.

23

The stratigraphic succession in the Dillon quadrangle is as follows:

Generalized stratigraphic section in the Dillon quadrangle.®

\ Ap-
proxi-
System. Series. Grou}:{i%x;]forma- Lithologic character. mate
* thick-
ness
Alluvium and recent gravels, con- [ Feet.
Recent. sisting of sand, gravel, and clay. 100
Quaternary. Glaciel drift and ines (sand
N acial drift and moraines (san
Pleistocenc. . and gravel unassorted). 100
~—Unconformity .
Bozeman d“lake 5 a " n )
Pliocene to Oligo- | beds” and possi- | Sand, clay, volcanic ash, conglom-
Tertiary. cene(?). bly ot.hetp'l‘er- erate. v ’ 600
tiary deposits.
~Unconformity- -
Upper Cretaceous(?).| Colorado (?) for- | Gray sandstone and limestone 500
mation. with black shale.
i . Brown sandstone and red and 1,000
green shales. 4
V?ricolored sandstones and shaly 600
imestones. .
Cretaceous. Lower Cretaceous. Kgfggm{ forma-
* . Gray limestone with sandstone 300
and shale.
Brown sandstone resting on mas- 300
sive conglomerate.
Jurassic (?)_and Shale with limestone layers. 200
Triassic (7). Chocolate-brown limestone. 300
; Phosphoria forma- | Limestone with shaly and cherty
Permian (2). tiorrl,. layers. v 350
. Massive gray quartzite, weather-
Carboniferous. | pennsylvanian (?). Q(‘l‘uﬁt‘;i‘;g‘ t (M ing Ted-brown,  with 'Spotted 700
, . ayers. )
Mississippian, Madison limestone. | Massive bluish-gray limestone. 1,200
. Upper Devonian. Threeforks shale, | Reddish and gray shales. 300
Devonian. P
M%g‘l,%n?;‘g Lower | J 93‘23;:?'1 lime- | yassive cream to buft limestone. | -1,000
® Sandstone or sandy limestone, 0-200
. .
Limestone with flat pebble layers. 800
Silurian (?) 0o |--rereeeeeeeennaieien.
Cambrian. Shales. 200
Middle Cambrian. N
Flﬁg‘_’e’”‘d Quartz- | sandstone grading into quartzite. 500
Belt series. Slates, thin-bedded quartzite, and .
) elt series. schists. ! 3,000
Algonkian.e —Unconformity
Cherry Creek | Schists and gneisses with inter- | 5 9o
group. bedded limestones. *
Archean (7). May be represented but not posi-

tively identified.

a The author has had no opportunity to make an ade

tha correlation and classification of earl seg
The classification and nomenclature of these rocks as u: in this report are therefore those employed by

the United States Geological Survey, and it must be und
acceptance nor their rejection by the writer.—A. N, W,

Cambrian an

.

%uate study of the numerous questions involved in
re-Cambrian rocks in this region or elsewhere, -

erstood th_a.t their usage here involves neither their
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QUATERNARY SYSTEM.

'RECENT SERIES.

Alluvium and recent gravels are found along the streams, espe-
cially in the bottom lands of Passamari (or-Ruby), Blacktail, Rattle-
snake, Beaverhead, Bighole, and Jefferson rivers. Near Whitehall
they extend also up Pipestone and Whitetail creeks. Near Ruby
these sediments contain valuable placer-gold deposits. In many
other places in the quadrangle placer deposits of the same age have
been profitable, including -those on Ramshorn and Bivin gulches,
Grasshopper Creek, Fish Creek, near Highland, and in German Gulch.

PLEISTOCENE SERIES.

Glacial drift, chiefly in the form of moraines, exists in many valleys
leading from the higher mountains. It is abundant along Ramshorn
Gulch, Mill, Indian, and Wisconsin creeks, Bear Gulch, and ‘Trapper
Creek. But it is an interesting fact that the conditions during
glaciation were such that the glaciers nowhere extended out of the
mountains into the larger valleys. Some of them; as the one on
Bear Gulch, reached points within half a mile of the mouths of the
mountain canyons, but all that did so were aided by a steep gradient.

TERTIARY SYSTEM.

Tertiary deposits of sand, clay, gravel, conglomerate, and thick
beds of volcanic ash occupy the bench lands of all the larger valleys
in the quadrangle. They are separated by a slight unconformity
from the Quaternary above and by a much more marked break from
the Mesozoic below. In part, they are continuous with the Bozeman
“lake beds” of the Threeforks quadrangle. In age they probably
range from Oligocene to Pliocene. Fossils of White River (Oligocene) -
age have been described by Douglass,! from Tertiary beds at two
- general localities in the Dillon quadrangle, one on the southeast slope
of McCarthy Mountain, about 16 miles north of Dillon, and the
other at outcrops near Pipestone Springs, one about a mile to the
east and the other to the south on Little Pipestone Creek. Fossils
found south of Silver Bow in Tertiary beds were ascribed to the
upper Miocene by Weed.2

It is a remarkable fact that these Tertiary deposits extend con-
tinuously from the vicinity of Silver Bow southward across the
Continental Divide. They appear to be largely stream wash and .
subaerial deposits rather than lake beds, and their continuity across
the Continental Divide is believed to indicate that during Tertiary

1 Douglass, E., Am. Philos. Soc. Trans., vol. 20, pp. 237-279, 1902, Carnegie Mus. ‘Mem., vol. 2, pp.
203-224, 1905. . .
2 Weed, W. H., and others, U. 8. Geol. Survey Geol. Atlas, Butte special folio (No. 38), p. 3, 1897,
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time an important stream flowed across the line which now marks
-the divide.

" Near the steeper mountain slopes some of the Tertiary dep051ts
contain large amounts of material that may be ascribed to subaerial
outwash from the mountains.

CRETACEOUS SYSTEM,

The only considerable area of Cretaceous rocks known in the
Dillon quadrangle is that extending from Rattlesnake Creek north-
ward about 25 miles to and beyond Glendale. It occupies part of
the bench lands west of Beaverhead River and the lower mountain
flanks from Birch to Trapper Creek, and extends across Bighole River
to the southern flank of McCarthy Mountain. Very small areas of
Cretaceous rocks probably extend a short distance into the quad-
rangle from the east in the north end of the Tobacco Root Mountains
and in the southeast corner of the- quadrangle. The Cretaceous
rocks have been subjected to the major folding that has affected the
area and In most places are radically unconformable in dip with the
Tertiary deposits resting upon them. They strike approximately
north with local variations to the northeast and northwest, and dip

- at variable but rather steep angles to the east orwest. In a broad
way, they form a syncline having a gentle pitch, apparently to the'
south.

The Cretaceous rocks in the Dillon quadrangle include (1) fresh-
water beds containing layers of black bituminous shales, which may
be referable to the Colorado group or the top of the Kootenai forma-
tion and (2) a thick series of brown sandstones, red and green shales,
varicolored sandstones and shaly limestones, gray limestone, shale,
brown sandstone, and basal conglomerate, which is here referred to
the Kootenai formation.

Imperfect gastropods of fresh-water and possibly of land habitat,
said by W. H. Dall to have an early Eocene aspect, were collected
by the writer from the lower canyon of Bighole River. On Birch
Creek other fossils of similar aspect were collected from gray lime-
stone and black shale. At both places, however, stratigraphic
relations and comparisons with sections in adjacent areas make it
probable that the horizon represented is in the Cretaceous.

So far as known, no marine Cretaceous fossils have been collected
from formations representing the Colorado and Montana groups
within the Dillon quadrangle. .

" Fossils referred to the so-called Dakota of Yellowstone Park by
Stanton were collected from the lower canyon of Bighole River by
Douglass.! The same formation is reported to outcrop in the Frying-

1 Douglass, E., Carnegie Mus. Annals, vol. 3, pp. 425-426, 428, 1905.
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pan basin, about 8 miles northwest of Dillon.. These rocks are now
referred to the Kootenai.

JURASSIC AND TRIAS§IC SYSTEMS.

A series of shales beneath the coarse conglomerate supposed to
represent the base of the Cretaceous system-is provisionally assigned
to the Jurassic or Triassic or both. It occurs on Birch Creek, Canyon
Creek, and Bighole River at the lower canyon.

A chocolate-brown limestone interbedded with thin layers of dark
shales outcropping in the lower canyon of Bighole River southeast of
McCarthy Mountain has been doubtfully referred by Douglass® to
- the Permian series on the evidence of a few fossils which he collected
~ from the shales and which he thought correlated it with the Permo-

Carboniferous of the Fortieth Parallel Survey. Later studies in

-Utah and Idaho, however, make it probable that these fossils are
Lower Triassic. Rocks belonging to this horizon probably exist
on and north of Birch Creek, but paleontologic ev1dence of their
occurrence is not available.

CARBONIFEROUS SYSTEM.
PERMIAN (% SERIES.

Rocks of probable Permian- -age have been recogmzed in the Dillon
quadrangle in a limestone about 350 feet thick, containing shaly and
cherty layers, which has been correlated by Richards and Mansfield *
with the Phosphoria formation of eastern Idaho.

PENNSYLVANIAN (?) SERIES.

Beneath the strata correlated by Richards and Mansfield with the
Phosphoria formation lies a massive gray sandstone or quartzite which
has been tentatively correlated with the Quadrant formation of the
Threeforks quadrangle and of Yellowstone Park, and which is
regarded as probably of Pennsylvanian age. The quartzite weathers
to a reddish-brown color, and includes some layers which are spotted
or in a few places marked by small cavities apparently produced by
leaching. A massive quartzite might be expected to be most resistant
to weathering and to cap the highest ridges, but the underlying
Madison limestone (Mississippian) actually occupies this position.
The quartzite, however, shows its superior hardness and power to
resist mechanical erosion by occupying the walls of the narrowest parts
of canyons occurring in the lower canyon of the Bighole River, at the
mouth of Birch Creek canyon, and elsewhere. On the east side of
Jerry Creek the quartzite strikes north and dips steeply west.

tDouglass, E., op. cit., p. 426.

8 Richards, R. W. and Ma.nsﬁeld G. R., Geology of the phosphate deposits northeast of Georgetowu, .

Idaho: U. S. Geol. Survey Bull. 577 (in press)
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MISSISSIPPIAN SERIES.

The Mississippian is represented in the Dillon quadrangle by the
‘massive bluish-gray Madison limestone, which reaches a maximum
thickness estimated at 1,200 feet. This is the formation which
commonly occupies the highest ridges. Typical fossils were obtained
from it in the Blue Wing district about 16 miles west of Dillon * and
from the north end of the Ruby Range southwest of Laurin. The
Madison limestone, dipping about 45° WSW., flanks the mountains
just above the bench lands east of Melrose; it runs from the Blue
Wing district across Rattlesnake Creek to Birch Creek; east of Jerry
Creek it underlies the Quadrant (?) quartzite and probably extends
southward into the Vipond district. :

DEVONIAN SYSTEM.

The Threeforks shale of the Devonian has not yielded fossils, so far
as known, from the Dillon region, but it is usually easily recognized by
its position immediately below the Madison limestone. It occurs in
the northern end of the Ruby Rangé; on the mountain flank east of
Melrose, where it strikes north-northwest across Camp and Soap creeks
and dips steeply to the west; on top of Lion Mountain in the Bryant
or Hecla district, where it dips about 25° NW.; and on Birch Creek, .
where it dips southeast.

The Jefferson limestone, which according to Kindle ? is of Middle
and Lower Devonian age, is probably present at many localities in the
Dillon quadrangle. It outcrops on Camp Creek, in the Bryant dis-
trict, and at other localities. It is probably present on the western
flank of the Tobacco Root Mountains near Point of Rocks; on the
‘western flank and in places on the crest of the Ruby Range from the
south end northward for probably at least 10 miles; and on the
western flank of the mountains east of Melrose from the Melrose-
Rochester road to Moose Creek.

SILURIAN (?) TO CAMBRIAN ROCKS.

On Camp Creek the Jefferson limestone is underlain by 200 to 300
feet of calcareous sandstone, but in the Bryant district and elsewhere
in the Dillon quadrangle this sandstone is not present, and the Jeffer-
son limestone is underlain by limestones. The sediments from the
base of the Jefferson to the base of the Flathead quartzite are in large
part, if not wholly, of Cambrian age, though some of them may range
in age as late as the Silurian. The limestones above the Flathead
quartzite occur on the western flank of the Tobacco Root Mountains
from Point of Rocks to Dry Georgia Gulch, on the western flank and

1 Douglass, E., op. cit., pp. 421424,
2Kindle, E. M., Bull. Am. Paleontology, vol. 4, No. 20, pp. 23-24, 1908,
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in places on the crest of the Ruby Range from the south end north-
ward for probably at least 10 miles, and on the western flank of the
mountains east of Melrose from the Melrose—Rochester road to Moose
Creek. Limestones probably of the same age outcrop from the point
where the Butte-Highland road crosses the Continental Divide east-
ward to a point about halfway between Moosetown and Divide. The
same limestones form the country rock of the ore bodies at Hecla and
probably extend northward into the Vipond district and the Fleecer
Mountain area.

Trilobite fossils assigned to the Cambrian have been collected from
these limestones in the Ruby Range by Douglass t )

Sufficient time was not spent by the writer in the study of .these
rocks to differentiate them into formations and to correlate them with
the formations which have been distinguished by other erters in
neighboring areas.

The Cambrian limestones are underlain by shales, which are in
turn underlain by the massive Flathead quartzite. So far as known,
these formations have not yielded fossils in the Dillon quadrangle.
Walcott, however, states ? that the Flathead quartzite of other areas
" contains a fairly well defined Middle Cambrian fauna, and the over-
lying shales in the adjoining Threeforks quadrangle contain fossils
assigned by Peale® to the Middle Cambrian. The shales and the
Flathead quartz1te outcrop on the western slope of the Ruby Range;
they occur in places on the western slope of the Tobacco Root Moun-
tains; they are found in the mountains about 3 miles east of Melrose
striking north-northwest and dipping steeply west-southwest; they
are uncovered and partly eroded by the deeply incised valley of
Trapper Creek near its head at Hecla; and they occur in the south
end of the Bull Mountain Range northeast of Whitehall.

ALGONKIAN SYSTEM.*

BELT SERIES.

The shales, slates, and schists of the Belt series are nonfossiliferous.
They occupy a large share of the upper portion of Red and Table
mountains; they occur at the northern end of the Tobacco Root
Mountains southeast of Renova and at the southern end of the Bull
Mountains northeast of Whitehall; and they probably occur at the
head of German Gulch, where beds of slates and thin-bedded quartz-
- ites have been provisionally assigned to the series. The formations

1 Douglass, E., op. cit., p. 416.

2 Walcott, C. D., U. 8. Geol. Survey Mon. 51, pt. 1, p. 137, 1912. -

8 Peale, A. C., U. 8. Geol. Survey Bull. 110, p. 22, 1893; U. 8. Geol. Survey Geol Atlas, Threeforks folio
(No. 24), p. 3, 1896

4 See footnote on p. 23.
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of the series which have been distinguished by other writers in neigh-
boring areas were not differentiated in the present study of the
Dillon quadrangle. Accordmg to Van Hise! the age of the Belt -
'serles is late Algonkian.

CHERRY CREEK GROUP.

Schists, gneisses, and quartzites, with interbedded limestones,
which are correlated with the Cherry Creek of Peale as described in
the Threeforks folio, occupy the whole southern end of the Tobacco
Root Mountains from Dry Georgia Gulch and the head of Wisconsin
Creek at least to Harris and Bivin gulches. It is thought probable
that certain schists and gneisses (including no limestone beds) which
occupy the Rabbit (Rochester) district, form a part of the Cherry
Creek group. According to Van Hise ? the age of the Cherry: Creek
group is early Algonklan

ARCHEAN (P) SYSTEM.

Certain gneisses and schists, with interbedded quartzites and lime-
stones, which occur in the Dillon quadrangle, are also found in the
adjoining Threeforks quadrangle, where they were regarded by Peale
as Archean. But as, in accordance with prevailing views, only such
formations or groups of rocks as are wholly or almost wholly of igne-
ous origin are included in the Archean, and as these gneisses and
schists are interbedded with rocks more recognizably sedimentary
than is usual in the Archean, they are regarded by the writer as more
closely related to the Cherry Creek group of the Algonkian than to
the Archean. The writer, however, is of the opinion that the Cherry
Creek group may be underlain in the Dillon quadrangle by older rocks
which belong to the Archean system.

IGNEOUS ROCKS.

The igneous rocks of the Dillon quadrangle include the quartz
monzonite of the Boulder batholith (Butte quartz monzonite), fre-
quently termed granite, and volcanic and intrusive rocks, such as
rhyolite, aplite, quartz porphyry, andesite, andesite porphyry, and
diorite, all probably related in origin to the batholith. Flows of
basalt, whose relation to the quartz monzonite, if any, is not clear,
and dikes of diorite porphyry and olivine diabase also occur. Out-
crops of trachyte are so closely associatéd with rhyolite flows as to
* suggest a common origin.

1 Van Hise, C. R., and Leith, C. K., U. §. Geol. Survey Bull. 360, . 46, 1909.
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STRUCTURE.

The geologic structure of the Dillon quadrangle was determined
largely by. the intrusion from below of the great Boulder batholith,
which seems to have penetrated by faulting or-thrusting, or by
assimilation of material, or by updoming important areas in the
quadrangle in Tertiary time, or, more probably by a combination of
all these processes.

The batholith seems to form the core of nearly all the mountains
and mountain ranges of the region. In the Dillon quadrangle it out~
crops along the Continental Divide everywhere except at the head of
German Gulch and near Red Mountain, where remnants of Paleozoic
limestones and Belt (%) slates appear. It is reported from Granu-
lated Mountain; it exists beneath the limestones and quartzites of
Fleecer Mountain; it cuts through the Belt series and outcrops near
the summits of Red and Table mountains; it occupies the region of
Mount Torrey at the head of Birch and Willow creeks; it is seen again
on the upper parts of McCarthy Mountain; it occupies the heart of
the Tobacco Root Mountains from Revenue westward to Jefferson
Peak and Bear Gulch, and it underlies the limestones and older rocks
of the Ruby Range. That the granitic or monzonitic cores of these
mountains are all derived from the same batholith is not yet demon-
strated, though such a condition seems quite possible from their
known areal distribution and their petrographic similarity. All the
available evidence indicates that they came to their present positions
during the same geologlc period (the Tertiary), but whether 51mul-
taneously or not is unknown.

PETROGRAPHY.

The igneous rocks of the Dillon quadrangle include a wide range
of types. In addition to the Boulder batholith of quartz monzonite
with its varying facies, extrusive equivalents, and differentiation
products, there are independent intrusions and extrusions of ande-
site, basalt, pyroxenite, and other rocks. In this paper the igneous
rocks are discussed in the order and in accordance with the termi-
nology used in a classification recently published by the writer.!

PLUTONIC ROCKS.

GRANITE.

True granite is rare in the Dillon quadrangle. The quartz monzo- .
nite of the Boulder batholith is often called granite, but it is well
known that such a designation is not correct.

Granite is found in the Rabbit -district near Rochester, but it
occurs there in the form of dikes and sills rather than in that of larger

1 Rock classification on three coordinates: Jour. Geology, vol. 21, pp. 208-223, 1913,
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intrusions such as batholiths. At this locality it contains abundant
quartz and microcline, a little plagioclase, some orthoclase inclosing
small patches of muscovite, a very little biotite, and traces of other
minerals. Its texture is typically granitic. This rock is the granite
proper of Rosenbusch, for it contains both micas; for the same reason
it is the binary granite of Keyes;! on the other hand it contains so
little of the micas that they may readily be looked upon as unessen--
tial, and the rock may be considered an example of Spurr’s alaskite,?
although alaskite commonly contains no plagioclase and is therefore
regarded as an alkaline rock. '

About 8 miles north and a little east of Whitehall is another smail
dikelike intrusion of granite which contains much orthoclase, con-
siderable quartz, and a little plagioclase, with notable amounts of
epidote chlorite, augite, magnetite, and titanite. Much of the quartz
is in micrographic intergrowths with orthoclasc. This is an epidote
granite, perhaps originally an augite granite, and is clearly much less
siliceous than the granite near Rochester.

At Hecla a siliceous facies of the quartz monzonitic or an inde-
pendent intrusion furnishes another granite, in which quartz is abun-
dant, partly in micrographic intergrowth with microcline, orthoclase
is also abundant, and plagioclase is very scanty. The dark minerals
include only biotite and magnetite, which by alteration yield chlorite
and rutile. Zircon crystals produce pleochroic halos in the biotite.
The feldspars are partly altered to .sericite. This rock is a fine-
grained biotite granite or granitite. '

TONALITE. .

At Dewey, on Bighole River, where the quartz monzonite batholith
comes in contact with limestone, a narrow zone of the intrusive rock
is distinctly less siliceous and darker colored than the main body
. This rock, which contains abundant plagioclase, green hornblende,
~and biotite, some quartz, a little orthoclase, and accessory magnetite,
zircon, and epidote, is classed as tonalite (quartz diorite). The feld-
spar has cores flecked with sericite and surrounded by the unaltered
mineral. Another sample from the-same locality is somewhat darker
and contains abundant plagioclase, brown hornblende, and biotite,
with a little quartz, orthoclase, chlorite, magnetite, and apatite.

A dike in the Beal mine, at the head of German Gulch, consists of
tonalite, in which the plagioclase crystallized early in euhedral to
subhedral forms, the interstices being filled with ferromagnesian min-
erals and quartz. The ferromagnesian constituents are green horn-
blende, brown biotite, and magnetite. Titanite is more abundant

1 Keyes, C. R., U. 8. Geol. Survey Fifteenth Ann. Rept., p. 714, 1895.
2 Spurr, J. E., Am Geologist, vol. 25, pp 210, 229, 1900; U. 8. Geol. Survey Twentieth Ann. Rept., pt. 7,
Pp. 189, 195, 1900
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than is general. Apatite needles are not common. Very small zircon
crystals produce pleochroic halos in the dark silicates.

GRANODIORITE.

Assuming a total feldspar content of 60 per cent, Lindgren® has
defined tonalite (quartz diorite) as a plutonic rock containing less
than 8 per cent of alkali feldspar, granodiorite as containing 8 to 20
per cent, quartz monzonite as containing 20 to 40 per cent, and gran-
ite as containing more than 40 per cent. The percentage of alkali
feldspar can not be accurately determined by analysis, because pot-
‘ash may enter the plagioclase or soda may enter the orthoclase, but
must be obtained by direct microscopic measurements.

Granodiorites form an important group of rocks, which constitute
large intrusions in California and elsewhere. In the Dillon quad-
rangle the chief intrusion is monzonitic, but granodioritic phases
exist in the area and.independent intrusions of gra,nodiorite oceur in

neighboring regions.

On a fork of Mill Creek, locally known as Brldges Canyon, a small
intrusion penetrates pre-Cambnan limestone and schists. In the
same locality, near Sheridan, occur two intrusive rocks, an andesite
and a granodiorite. The latter consists of dominant plagioclase,
some orthoclase, quartz, green hornblende, chlorite, magnetite, nota-
ble titanite, little augite, and apatite. Much of the pla,gloclase is

zonal.

- In the Potos1 mining district, dmgonally across the Tobacco Root
Mountains from Mill Creek, a porphyritic quartz monzonite intrusive
varies locally to granodiorite. This rock is darker colored than the
normal quartz monzonite and contains more ferromagnesian con-
stituents. It consists of dominant plagioclase, orthoclase, quartz,
abundant biotite, chlorite, hornblende, magnetite, titanite, apatite,
and epidote.

At Bannock a small stock penetratmg Paleozoic limestone seems .
to be chiefly granodiorite with tonalite phases; locally it has been
called syenite. The quartz is not abundant and the feldspar is
chiefly zonal plagioclase with some optically abnormal orthoclase.
The dark constituents are magnetite, biotite, hornblende, and augite.
The magnetite is unusually abundant; much of it is surrounded by
biotite. The gold mines of Bannock are located along the contact
between this rock and the limestone. '

It is interesting and probably significant that the Marysville stock,
which i$ considered by Barrell to be a related outlier of the Boulder
batholith, should consist of the same rock type as the Bannock intru-
sive, which may likewise be regarded as an outlier of this batholith,

1 Lindgren, Waldemar, Am. Jour. Sci., 4th ser., vol. 9, pp. 269-282, 1900.
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from which it is separated by a distance of about 15 miles. Bannock
is south of the Boulder batholith, and Marysville is about 6 miles
north of it.

o QUARTZ MONZONITE.

The Boulder batholith of quartz monzonite extends southward
from Butte to Pipestone Springs, Silver Star, Highland, and Moose
Creek and nearly to Feely. - It is highly probable that it extends
continuously westward beneath Tertiary deposits beyond Feely to
‘the area occupied by the same rock about the headwaters of Divide
Creek and over the Continental Divide northwestward across German
Gulch into the Philipsburg quadrangle. Bighole River forms a
canyon in quartz monzonite from Dewey for 3 miles eastward. Iso-
lated areas of the same rock are found along Moose Creek, on the
west slope of Table Mountain, at Argenta, and on McCarthy Moun-
tain south of McCarthy Creek. A larger area of the same rock extends
from Hecla south to Birch Creek and westward to Elkhorn and
Polaris. Finally an area of porphyritic quartz monzonite similar to
the porphyritic phase occurring at the Gagnon mine in Butte occu-
pies the surface from the region of Norris and Meadow Creek west~
northwest to Mammoth and the sources of South Willow Creek. The
intrusion on Bear Gulch serves as a connecting link between this area
and the main Boulder batholith at Silver Star. Other small intru-
sions of the same type occur on Mill Creek and near the head of Good-
rich Gulch.

The varieties of quartz monzonite found in these areas are charac-
terized by muscovite, or by biotite, or by biotite and muscovite, or
by biotite and hornblende, or by augite, hornblende, and biotite.

The first variety, as found in the Potosi district, is highly siliceous
and resembles granite. It contains much quartz and feldspar, more
orthoclase than plagioclase, and very subordinate muscovite, titanite,
magnetite, and chlorite. :

Biotite-quartz monzonite outcrops at Hecla. It contains large
orthoclase anhedra poikilitically inclosing other minerals. The pla-
~ gloclase is sericitized and the biotite partly altered to chlorite; other -
secondary minerals include epidote and zoisite. The rock contains
also a little brown hornblende, titanite, and apatite. It resembles
quite closely the quartz monzonite at Butte in the first stage of its
alteration. The same type forms the country rock in the Elkhorn
district, where the poikilitically inclosed minerals include euhedral
plagioclase, biotite, apatite, epidote, magnetite, and pyrite; the rock
contains also a little chlorite and apparently a little augite.

A porphyritic biotite-quartz monzonite is the country rock of the
Madisonian mine near Norris. In this type very large orthoclase

26197°—Bull. 574—14—3 ' '



34 MINING DISTRICTS OF DILLON QUADRANGLE, MONT.

phenocrysts poikilitically inclose oligoclase, quartz, biotite, titanite,
magnetite, chlorite, zircon, and apatite. The titanite shows some
alteration to a cloudy material resembling leucoxene.

Porphyritic biotite-muscovite-quartz monzonite is the country
rock of the Revenue mine near Norris. It eontains quartz, ortho-
clase, plagioclase, biotite, muscovite, titanite, apatite, magnetite,
and epidote. This is a siliceous rock related to granite, orthoclase
being in excess of plagioclase. Another sample of the same rock.
type was obtained in the Potosi district, which is located within the :
area of the same monzonitic boss. The Potosi rock contains much
quartz, abundant orthoclase and plagioclase, little biotite and mus-
covite, and scanty titanite, leucoxene,'magnetite, and zircon. The
plagioclase is much sericitized; the orthoclase is slightly kaolinized.

Biotite-hornblende-quartz monzonite is the country rock at the
Cayuga shaft near Divide. In this rock the orthoclase and plagio-
clase are nearly equal in amount; the optically abnormal orthoclase
incloses poikilitically euhedral to subhedral zonal plagioclase ranging
from labradorite within to andesine-oligoclase on the borders. The
other minerals include quartz, abundant brown and green biotite,
some green hornblende, a little magnetite, rare zircon prisms, and
apatite needles. Rock of the same type occupies the top of Mc-
Carthy Mountain, where it contains more hornblende and magnetite
than the rock near Divide. The andesine is somewhat sericitized
and the rock contains a little serpentine. In biotite-hornblende-
quartz monzonite from the Pittsmont mine (analysis 6) orthoclase
is in part intergrown in pegmatitic fashion with quartz, the plagio-
clase is zonal and both feldspars are flecked with sericite and kaolin-
ite. The hornblende is more altered than the biotite. Alteration
products include epidote, quartz, and calcite(?). Apatite is more
abundant than is usual in the rocks of Butte. '
 Porphyritic biotite-hornblende-quartz monzonite occurs in the
heart of the Butte district, as at the new shaft of the Gagnon mine.
It was mentioned by Weed ! as a common variant of the prevailing
nonporphyritic type, and it is said to be more abundant with increas-
ing depth. Its relation to the nonporphyritic type has not yet been
certainly determined, but no evidence indicating a separate origin
has been noted. The orthoclase phenocrysts reach a size of about
an inch; plagioclase, slightly sericitized, is abundant; the other con-
stituents are quartz, biotite, hornblende, magnetite, titanite, apatite,
chlorite, zircon, and epidote.

Augite-biotite-hornblende-quartz monzonite is the type composing
the Boulder batholith at Silver Star; it contains dominant plagioclase
and is related to granodiorite. The orthoclase and quartz fill inter-
stices between plagioclase, hornblende, biotite, and augite. - Biotite

1 Weed, W. H., U. S. Geol. Survey Geol. Atlas, Butte special folio (No. 38), p. 1, 1897.
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seems to wrap itself around altered augite. The accessory minerals
include magnetite, titanite, clinochlors, and epidote. The same rock
typeis reported at Red Rock Creek and in the Elkhorn district in Jef-
ferson County.

Analyses of several of these types of quartz monzonite are given
below. Two (Nos. 6 and 7) are from the Dlllon quadrangle; the
others are from adjoining rsgions.

Analyses of quartz-monzonite from Dillon quadrangle and adjacent (z}eas.

100.14 | 99.87

1. Biotite-hornblende-quartz monzonite, Wa.lkervllle, Butte, Mont. W H. Weed, Jour. Geology, vol.
7, g) 739,1899, H. N, Stokes, analyst. . - S
Biotite-hornblende-quartz monzonite, Gagnon mine, Butte, Mont. W. H. Weed, loc. cit. “With
0.07 FeS3,0.005 Cu. W.F. Hillebrand, analyst. . .
3. Biotite- hornblende—%t‘la.rtz monzomte, Atlantic mine, Butte Mont. W. H. Weed, loc. cit. With
0.03 FeS3,0.005Cu. W.F, Hillebrand, anaJX
4. Bwtxte—horublende—quartz monzonite, Alice mine, Butte, Mont.. W. H. Weed, loc. cit. With 00’7
I‘eSg 0.005Cu. W.F. Hillebrand, analyst
iotite-hornblende-quartz monzomte Pittsmont mine, Butte, Mont C: . Kurk Econ. Geology,
vol p-41,1912, W1th056FeSa,004Cu N. N. Blye, analyst
6. lilotlte-hornblende-quartz monzonite Homestake, Dillon quadraug]e, Mont L Kuk oc. cit.
With trace FeS;,0.00Cu. C. T, Kirk, analyst.
7. Biotite-hornblende-quartz monzomte, Timbered Butte, Dillon quadrangle, Mont. C. T. Klrk loc.
cit. L.J. Hartzell, analyst.
8. Augxte—blome-homblende-quartz monzonite, Elkhorn, Jefferson County; Mont. J. S. Barrell, U. 8.
Geol. Survey Twenty-second Ann. Rept., pt. 2,p 511, 1901, H. N. Stokes, analyst.
9. Average co E‘osmon of 25 guartz monzonites from data of Clarke, U. 5. Geol. Survey Bull. 419,1910;
and Rosenbusch, Elemente der Gesteinslehre, p. 123, 1910.

‘The normative mineral composition, as calculated from the chem-
ical analyses according to the rules proposed by Cross, Iddings,

Pirsson, and Washmgton and used by them in the quantltatlve
classification of igneous rocks, may be stated as follows:
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. Normative mineral composztwn of quartz monzonites from Dillon quadrangle and adja-

cent areas.

1 2 3 4 5 6 7 8 9
Quarts.........c............ 19.3 20.0 20.0 18.8 18.0 28.4 22.3 20.7 21.2
Orthoclase. 25.0 23.4 23.4 24.8 26.0 26.4 31.6 24.2 22.4
Albite.. 23.8 23.2 23.4 23.4 22.0 |- 18.5 17.0 23.0 28.4
Anorthite 18.1 20.6 18.9 17.2 17.9'} 16.3 12.4 17.8 16.4
Diopside. . 7 .8 1.9 2.8 1.9 1.2 1.2 1.6 .8
Hyperstheno. 6.8 5.2 7.7 7.7 6.8 4.7 5.5 6.4 5.4
Magnetite.............. 3.0 3.2 2.3 2.8 2.8 2.9 6.4 3.6 2.7
Hematite.............0.o. oo e L8cceieenen.s.
Tlmenite..................... 1.2 1.2 1.1 1.2 L5 8 .5 1.4 1.0
Pyrite.......... F: 3 PRSI IR ORI PPRPRRN E N R R o
Apatite........ .5 5 .3, 4 13- 3 PO PR b 4
(Water,etc.)................ .9 1.5 1.0 1.0} 2.8 7 1.3 1.0 1.2

99.6 99.6 | 100.0{ 100.1 | 100.1 99.91 100.0 (. 100.1 {- 100.0

Calculation from the norm shows that/the average quartz monzo-
nite (9) is toscanose-amiatose in the quantltatlve classification, and
"that the common rock of the Boulder batholith is harzose, as illus-
trated by the samples from the Atlantic (3), Alice (4), and Pittsmont
(5) mines at Butte and from the Elkhorn district (8). The rock at
Walkerville (1) is somewhat more felsic, being amiatose-harzose, and
that at the Gagnon mine (2) and at Homestake (6) is amiatose. The
rock from Timbered Butte (7) is a representative of a rare and
unnamed type (I1.4.2.3,2), closely related to adamellose.

The actual mineral composition (mode) is even more important
than the norm calculated from analyses and is often strikingly
different, from the latter. It is not easily determined, but it may. be
approximated . by measurements made microscopically or by calcula-
tions from rock .analyses, provided analyses of such minerals as
augite, hornblende, and mica from the given rock are available. By
these methods the approximate mode has been obtained for some of
these rocks, as follows:

Approzimate modal mineral composition of q'uartz monzonites Jfrom Dillon quadrangle
and adjacent areas.

Qual
Ortgoclase (sodic).

[ Q2372 3 27 T T P 1.1 .6 IS 1
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For the quartz monzonité from Butte and vicinity (Nos. 1, 4, 6)

the analyses of biotite and hornblende from this rock at Butte * have :

been used. The mineral composition of the rock (1) from Walker-
ville (Butte) was calculated by Cross, Iddings, Pirsson, and Wash-
ington,? whose results are here modified to-show the amount of
andesine (AbgAn,;) and sodic orthoclase actually present instead of
the pure molecules orthoclase, albite, and anorthite. The mineral
- composition of the other rocks (4, 6, 8) is derived from the chemical
analyses by assigning all the magnesia to biotite and hornblende in
the ratio required to prevent surplus of either lime or alumina in
forming feldspars. For analysis 4 this ratio is 3 to 2, for analysis 6
it'is 5 to 3, for the average analysis (9) it is 3 to 1. The plagioclase
is in all cases calculated to andesine (AbgAn,;) and the surplus soda
added to the orthoclase. In calculating the mineral composition of
average quartz monzonite (9) the same process has been used, but
analyses of biotite and hornblende from this rock type from California®
have been found more satisfactory than those from Butte. The
mineral composition of the quartz monzonite from Elkhorn (8) was
determined by Barrell ¢ from microscopic measurements.
It may be noted that although in all the rocks here considered

quartz is important, ranging from 20 to 30 per cent, and alkali feld-

spar is prominent, amounting to 21 to 31 per cent, plagioclase is the

~“most abundant constituent, varying from 30 to 40 per cent. The
quartz monzonite from Timbered Butte (No. 7) is unlike the other
rocks included here in its high content of orthoclase and biotite, low
plagioclase, total lack of magnetite and titanite, and nearly 2 per cent
of hematite. The hemitite is probably not present as such in the
rock but indicates a biotite or hornblende containing much ferric
iron. . In general these quartz monzonites contain 7 to 9 per cent of
. biotite, 3 to 9 per cent of hornblende, 1 to 2 per cent of magnetite,
and small quantities of titanite and apatite.

DIORITE.

The rocks of the Dillon quadrangle include some diorites, but these
are not common and most.of them are local phases of other rocks,
especially of monzonites. At the contact of the batholith with lime-
stone near Dewey the rock seems to be chiefly tonalite, but at the
contact near Highland diorite occurs. The diorite, which is some-
what finer grained than the quartz monzonite of the batholith, con-
tains abundant green hornblende, zonal plagioclase, a little orthoclase
filling interstices, rare brown biotite, and very little quartz, magne-

1 Weed, W. H., Jour. Geology, vol. 7, p. 743, 1899,

2 Quantitative classification of igneous rocks, p. 224, 1903.

8 Idem, d, Table XIV, and a, Table XIII, 1903.

4 Barrell, Joseph, U. 8. Geol. Survey Twenty-second Ann. Rept., pt 2, p. 511, 1801,



388  MINING DISTRICTS OF DILLON QUADRANGLE, MONT.

tite, and apatite. An analysis of this rock was made for W..H. Weed,
but the mode can not be calculated because of lack of analyses of
constituent minerals. From the norm it appears that the rock is
andose in the quantitative classification:

Compogition of diorite from Red Mountain, near Highland, 10 miles south of Buite.!
‘ [H. N. Stokes, analyst.]

10 e 56.41 NORM
ALOge e e 17.62 | Quartz........................... 4.9
O 1.24 | Orthoclase.................... ... 15.0
FeO.. oo i 3.55 | Albite.......... ... . ... 28.3
MgO..ooo 3.97 | Anorthite............ el 25.9
Ca0 e o e 8.66 | Diopside.................. .. ... 12.0
NagOooooiooeenns J 3.35'| Hypersthene....:... ... .- 8.7
B 2.61 | Magnetite....................... 1.6
HO— Teeeans .14 | Ylmenite...............o. oL 1.2
HOA4 oot L76 | Apatite......... ... ... .. 1.0
TiOgueiiaaeeeanant Veerieen..ol .68 (Water)......... e .9
PoOpeeee e - .49 . ' _—
MnO..ooooiii Trace 99.5
99.70

GABBRO.

So far as known gabbro occurs in only one locality in the Dillon -
quadrangle—on the Richmond claim, in the Highland district—
where it is apparently an unusual marginal variation of the Boulder
batholith and has very exceptional mineral composition. The essen-
tial plagioclase and monoclinic pyroxene are abundant, but the.
usual accessory minerals (magnetite, ilmenite, pyrrhotite, apatite)
. are very rare or absent. In their place titanite is remarkably abun-
dant. In harmony with the abundance of lime thus indicated the
plagioclase present is bytowmte No analysis of this rock is avail-
able. -

PYROXENITE .

Plutonic igneous rocks containing neither essential feldspar'(or
feldspathoid) nor olivine usually consist chiefly of pyroxene and are
called pyroxenite or perknite. Such a rock occurs on the divide
between Granite and South Meadow creeks near the Washington min-
ing district. It outcrops in a small area in the midst of gneiss and is
regarded as probably a small volcanic neck. The rock is crystal]ine
and granular, being composed of hypersthene anhedra embedded in
finer-grained greenish hornblende with a little magnetite. A few
euhedral hornblendes are inclosed by hypersthene. This variety of
pyroxenite, which is essentially composed of orthorhomblc pyroxene

1Weed, W. H., Jour. Geology, vol. 7, p. 739,1899. Wltho 07 C1,0.08Sr0,0.09 BaO. Washington, H.S
U. 8. Geol. Survey Prof. Paper 14, p. 273, 1903. .
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and hornblende, has received no distinctive name and is very rare.
As appears below, the percentage of hypersthene in the norm is very
striking, In the quantitative classification this rock is cookose.

Composition of pyroxenite.

1 2 1 2
49.82 NORM
5.12
1.83 |[ Orthoclase............covennnn 0.5 1.2
7.44 )} Albite.... ...l 3.1 3.1
19.55 || Anorthite..................... 19.7 11.6
13.00 || Diopside.......c...cvvennaann. 5.1 41.0
.37 |{ Hypersthene................. 61.1 30.0
.21 || Olivine....... 7.6 6.7
1.06 || Magnetite. ... 2.1 2.6
1.46 || Ilmenite. .... .. .5 2.8
.05 A&atite ............... S .1
.09 || (Water,etc.)......ceeennnnnn. 31 1.0
100.00 100.0 100.1

1. Pyroxenite, divide between Granite and South Meadow creeks, Mont. Merrill, G. P., U, 8. Nat,
Mus. Proc., vol. 17, p. 658, 1895. With 0.31 Cry03, 0.11 NiO. L. G, Eakins, analyst. .
2. Average composition of four pyroxenites. Daly, R. A., Am. Acad. Proc., vol. 45, p. 226, 1910.

PERIDOTITE.

" A plutonic igneous rock which contains olivine, usually with pyrox-
ene or amphibole but with no essential feldspar not feldspathoid, is
called a peridotite from the French name (peridot) for olivine. Such
a rock outcrops on the land of the Crystal Graphite Co. in the Ruby
Range, southeast of Dillon. It consists essentially of colorless
augite, very pale green hornblende, and a slightly greenish mineral
of very large optic angle, positive sign, high relief, and no cleavages,
which is probably olivine in spite of the fact that the highest inter- -
ference color given by it is orange-yellow. The rock contains also a
. little magnetite, hematite, and strongly birefringent serpentine but

shows very little alteration.

A peridotite intrusive in gneiss in the hills 3 miles northwest of
Red Bluff (near Norris) was analyzed for Merrill.: The results are
given below. It contains olivine, diallage, brown mica, rare plagio-
clase, and secondary black iron oxides. Its texture is variable, with:
larger anhedra in the midst of smaller anhedra of the same minerals,
and with broad plates of diallage poikilitically inclosing olivine and
mica. In the quantitative classification this rock is wehrlose.
Another dike cutting gneiss near North Meadow Creek contains
rounded olivine poikilitically inclosed in large plates of pale-green -
hornblende, rare hypersthene, and grains of pleonaste and iron

-oxides. The rock has been called hornblende picrite by Merrill, but
it is clearly not extrusive in origin and is therefore a hornblende
peridotite or a cortlandtite. This rock also is wehrlose in the quanti-
tative nomenclature.
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.Chemical composition of peridotite.

Ol NN ORRDIOTD

1 2 3 1 2 3
44.39 48.95 46.13 NORM.
5.14 5.69 4.69
3.88 1.20 .73 || Orthoclase......... 4.5 4.7 leeeiiae..
6.70 12.11 16.87 || Albite.........c.... 5.4 13.4 0.
29.17 23.49 25.17 || Anorthite... 8.9 6.1 12.
6.31 5.33 4.41 (] Diopside........... 16.7 15.3 7.
.64 1.58 .08 || Hypersthene....... 11.1 17.8 44,
.76 .79 |, Trace. || Olivine............ 4.1 38.8 30.
1.8 .18 1.38 Magnetlte .......... 5.6 1.8 .
.88 .81 .73 || Timenite. . 1.6 L5 L
14 12 07 || Apatite..... .3 .3 .
19 08 Trace. || (Water, etc.) 1.8 .2 1.
100.00 |  100.54 100.51 100.0 99.9 99.
1. Average composition of 49 peridotites. Daly, R.-A., Am. Acad. Proc., vol. 45, p. 226, 1910.

2. Peridotite (wehrlite), hills 3 miles northwest of Red Bluff, Mont. Merrlll é 1'] . Nat. Mus. -
Proc., vol. 17, g 652, 1895, With 0.05 Cr;03, 0.16 NiO, trace BaO. L. G. Eakins, ana.lyst ’
3. Hornblen eperldotlte or cortlandtite, North Meadow Creek, Mont. L. G. Eakins, analyst. Merrill,

(} P. , loc. cit., sp 655. With 0.04 Cr;03, 0.09 NiO, trace BaO, 024S sum is 100.63, from which the oxy, en
equxvalent of 8 (=0.12) is deducted. Washmgton H.8., U. S. Geol. Survey Prof. Paper 14, p. 355, 1903.

HYPABYSSAL OR DIKE ROCKS.
QUARTZ MONZONITE PORPHYRY.

On South Boulder Creek near Mammoth a granitic rock in dikes
contains large phenocrysts of plagioclase, orthoclase,”and hornblende,
with anhedra of quartz in a finely granular groundmass of quartz
and feldspar. The quartz phenocrysts have been so far resorbed that
they no longer have crystal outlines but are rounded and present
embayments, although the matrix present is very siliceous. In this
rock the plagioclase is more abundant than the orthoclase phenocrysts,
and the rock is closely related to granodiorite porphyry. The por-
phyritic quartz monzonite of the Potom, Norris, and Butte districts
has not been observed in dikes.

APLITE .

Closely associated with the Boulder batholith are many aplitic
intrusions, most of which aré in dikes and the rest in irregular
bodies called chonoliths. The aplites are much more abundant
and much larger than the lamprophyres and diorites associated with
the same batholith, and if the magma was differentiated into two
complementary parts the aplitic phase must have been much the
greater in bulk.

Aplite dikes and chonoliths are common in the Butte district and
have been mapped and described by Weed.* Similar dikes are asso-
ciated with quartz monzonite batholiths or stocks in the region of
Silver Star, near Highland, in Soap Gulch, at Hecla, in the Elkhorn

1Weed, W. H., U, 8. Geol. Survey Geol. Atlas, Butte special folio (No. 38), 1897; Jour. Geology, vol. 7,
D. 744, 1899,
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district, near Pony, in the Mineral Hill and Potosi districts, and in
Browns Gulch, near Virginia City. Some of these rocks differ from
granites in mineral composition only in containing a very small
proportion of femic minerals; others contain as much plagioclase as
orthoclase and are properly regarded as quartz monzonite aplite. |

The dikes in the Elkhorn district (Beaverhead County) illustrate
granite aplite or aplite proper. They contain dominant microcline,
with very little biotite and magnetite; their texture is typically
aplitic, with the components very similar in size, nearly equidimen-
sional, and euhedral to subhedral in form. In the Potosi district the
aplite contains much quartz and orthoclase, with some plagioclase,
largely converted into sericite. Apparently the rock contains also a
- little original muscovite and fluorite, as well as fluorite and pyrite of
later origin. Another sample from the same district consists of abun-
dant quartz and orthoclase with some partly sericitized plagioclase, a
few crystals of zircon, and granular aggregates of a mineral resembling
a dark-colored epidote.

The ordinary aplite of this region consists of 35 to 40 per cent of
quartz, 40 to 47 per cent of soda orthoclase, and 10 to 20 per cent of
sodic plagioclase, with trifling amounts of biotite, magnetite, and other
minerals. It contains more quartz and feldspar and less mica and
amphibole than granite.

APLITE PORPHYRY.

A rock composed of orthoclase and quartz, with some plagioclase
and very little mica, forms dikes in the Butte district, and has been
called quartz porphyry by Weed.! It'is characterized by quartz
phenocrysts commonly inclosed in still larger orthoclase crystals,
which are surrounded by a finely- crystalline groundmass. This rock
may be, designated an aplite porphyry, its aplitic character being
shown in its mineral composition, its mode of occurrence, and its

texture.
PEGMATITE.

The aplite of the Boulder batholith varies locally to pegmatitic
phases.. Such rocks may be found in special abundance on Timber
Butte, about 2 miles south of Butte. They commonly contain
coarsely crystalline feldspar and quartz, with some tourmaline and
mica. The coarseness of crystallization is believed to be due to the
decrease of viscosity resulting from the presence of such volatile con-
stituents of tourmaline and mica as boron and fluorine. Similar
pegmatites are associated with minor ore deposits at Hecla, and have
been observed on South Boulder Creek at the Bismark mine, about 4
miles above Mammoth. Pegmatite without tourmalme is found at the
Strawberry mine, near Pony.

1 Weed, W, H., U. 8. Geol. Survey Geol. Atlas, Butte special folio (No. 38), p. 2, 1897, .
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ALKALIAPLITE.

Aplitic dike rocks, which consist essentially of quartz and alkali
feldspar, without soda-lime feldspar, have been called alkaliaplite by
Rosenbusch. Most of them contain also more or less acmite or arf-
vedsonite; a few contain no such minerals. A rock outcropping in a
large dike at the head of Goodrich Gulch in the Tidal Wave district
consists of phenocrysts of orthoclase largely altered to kaolinite, seri-
cite, and amorphous material (opal) in a matrix of fine-grained quartz
and orthoclase with some sericite, ‘hematite, kaohmte, and chlorite.
In the absence of soda-lime feldspar this rock is referred to alkali-

aplite, though it contains no soda pyroxene or soda amphibole.

MINETTE.

At the silver-lead mines at Hecla the dolomitic limestone country
rock is cut by subsiliceous dikes of two wholly different types, basalt
and minette (dike No. 3). The minette is composed largely of ortho-
clase and biotite with small amounts of clinoenstatite, titanite, pyrite,
and chlorite, and apparently a little quartz. It sparkles with scales
of black mica like a mica schist but has no distinct lamination. Its
texture is fine, granular, and compact.

BOSTONITE.

Fine-grained dike rocks composed almost wholly of alkali feldspar,
commonly orthoclase, have been called bostonite. A dike in the -
Rabbit district at Rochester consists of orthoclase of somewhat
variable grain. The other constituents include dustlike particles,
probably magnetite, and a little obscure chloritic material. The
rock has been granulated by movement; even the cementing ma-
terial is orthoclase in very fine granular condition. No analysis is
needed to give the composition of this rock, which is that of ortho-
clase, probably with soda.

A dike at the head of Goodrich Gulch in the Tidal Wave district
is chiefly orthoclase with a little interstitial quartz and rare crystals
of titanite. Alteration products, which are especially abundant in
the rare feldspar phenocrysts, include sericite, hematlte and epidote.
This rock may be called a quartz bostomte

PLAGIAPLITE.

Dike rocks rich in light-colored siliceous minerals, especially
plagioclase, are known as plagiaplite; they commonly contain also
a little mica or hornblende. At the Lehigh mine, in the Washington -
district near Norris, a narrow dike is occupied by a white rock com-
posed chiefly of plagioclase with some quartz, a little muscovite,
and apparently a little orthoclase. In addition to primary musco-
vite there are flakes of secondary sericite and rare grains of hematite.
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TONALITE APLITE.

Plagiaplites which contain notable amounts of mica or amphibole
are known as tonalite aplites. ‘A rock of this type fills a dike at
the Green Campbell mine in the Silver Star district. It contains
abundant phenocrysts of plagioclase and quartz in an aplitic ground-
mass of quartz, magnetite, biotite, muscovite, plagioclase, epidote,
and chlorite.

QUARTZ MONZONITE APLITE.

Aplitic dike rocks containing quartz and nearly.equal amounts of
orthoclase and plagioclase are known as quartz monzonite aplite;
most of them contain minor quantities of amphibole, mica, or pyrox-
ene. A dike at the Revenue mine near Norris is of this type, a
sample from it consisting of quartz, orthoclase, plagioclase, and some .
muscovite, the soda-lime feldspar being partly sericitized. The
texture is aplitic and poikilitic. At the Boaz mine in the same
district a very similar rock, partly kaolinized, occurs in dikes. The
country rock of the Easton mine is a large dike or chonolith of similar
type. It contains quartz, microcline, orthoclase, sericitized plagio-
clase, and a little muscovite. :

VOLCANIC ROCKS.

RHYOLITE.

Volcanic rocks containing dominant alkali feldspar and quartz
with some soda-lime feldspar are called rhyolite or liparite. Such
rocks are abundant in the Dillon quadrangle. A large area of
rhyolite forms the bluffs west of Beaverhead River near Dillon and
occurs also in the Fryingpan basin about 6 miles northwest of Dillon.
These two outcrops were probably once connected, and they are
perhaps still connected beneath the ““lake beds” that now separate
them. Smaller areas occupied by rhyolite are found in the Blue
Wing district; near Pipestone, in the Sheridan district; at the Birdie
mine, near Norris, and elsewhere. Rhyolite is also one phase of the
volcanic flows of Butte, which extend southwestward into the
Dillon quadrangle and thence westward and northwestward across
German Gulch and its tributaries. These flows are in large part
quartz latite, but they vary to rhyolite on the one hand and to
dacite on the other.

The variations in mineral composition are not wide; some types
are almost wholly without micas and dark minerals, others contain
muscovite, others biotite, and others hornblende. The variations in
texture include pyroclastic, felsitic, and porphyritic, and in porphy-
ritic types the groundmass varies from glassy to holocrystalline.
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Rhyolite without ferromagnesian constituents is commonly rich
in glassy groundmass, and the elements which would form ferro-
magnesian minerals under favorable conditions are probably hidden
in the rock glass. Thus, such a rhyolite forms a dike near the New
Departure mine in the Blue Wing district; it is partly pyroclastic in
texture. A similar pyroclastic rhyolite, much brecciated, forms a
conspicuous rocky hill near the Birdie mine, in the Norris district. -
A semivitreous grayish-white rhyolite made up of mingled flows and
ash, which is used for building stone in Dillon and Butte, has been
quarried from bluffs in the Fryingpan basin about 6 mlles northwest
of Dillon.

A very fine grained muscovite rhyolite contammg few phenocrysts
occurs in the Blue Wing district near the Kent mine. The musco-
vite seems to be in part primary and is clearly in part of later origin;
quartz is not abundant; other constituents include magnetite, hema-
tite, and pyrite. In the Sheridan district veins which are now being
prospected by the Cornelia Mining Co. penetrate a similar rock,
which contains quartz, orthocla,se, rare plagioclase, muscov1te, and
rock glass.

Biotite rhyolite forms a dike now surrounded by “lake beds” near
Pipestone Springs; it consists in large part of micrographic inter-
growths of quartz and orthoclase, the other constituents being
plagioclase, - biotite, muscovite, magnetite or ilmenite, hematite,
zircon, and rutile. Amygdules in a similar rock in the bluffs of
Beaverhead River west of Dillon contain tridymite in six-sided basal
plates of very weak blrefrmgence Some of the pyroclastic rhyolite
" near the Birdie mina in the Norris district contains biotite. The
volcanic rock of the Butte and Siberia districts contains biotite;
when it becomes highly potassic it forms a biotite rhyolite.

Hornblende rhyolite is the most basic type and is closely related
to trachyte. It is found near the Kent mine in the Blue Wing
district, where it contains abundant euhedral orthoclase phenocrysts,
very little plagioclase, quartz in isolated patches of irregular grains,
and little green hornblende, magnetite, epidote, calcite, and chlorite.
A similar rock from the bluffs of Beaverhead River near Dillon is
very fine grained with few or no phenocrysts;its groundmass consists
of euhedral orthoclase, brown hornblende, and magnetite. Tridy-
‘mite is abundant in the vesicular cavities.

The following analyses serve to show the composition of some of
the rhyolites of the Dillon quadrangle. The rock from the Hyde
Park dike is tehamose in the quantitative classification.
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Composition of rhyolites of Dillon area.

1 2 1 - 2
74.34 68. 68 NORM
12.97 12.69 .
.75 L14 || Quartz..eeeeeeeeeneienannnaa.. 38.8 35.
.54 1.17 || Orthoclase.. U 27.8 32.
.86 . Ll14 | Albite...... 21.0 10.
.85 1.11 |[ Anorthite.. 4.2 5.
2.49 1.23 || Corundum.. 2.2 2.
4.72 5.58 Hypersthene 2.0 4,
L 7.99 || Magnetite........ 1.2 1
[ L 1 Ilmenite. ...... I 3 P
172 P Apatite.......... 152
Trace. Trace. || (Water, etC.)...oeuuueeeennn..s 2.2 8.0
100. 06 100.73 ' 100.0 100.7

1. Rhyolite, Hyde Park dike, Butte, Mont. H. N. Stokes, analyst. Clarke, F. W., U. 8. Geol. Surv%v
Bull. 419, p. ‘zs 1910; with 1.08 HyO—, 0.05 ZrO,, 0.03 803, 0.07 BaO, trace SrO, Lis0. Washington,
8. eol. urvey Prof. Pg ser 14 . 133, 1903.

Rhyolmc ash, Gallatin Valley, ont. ~H. N. Stokes, analyst. Iddings, J. P., U. 8. Geol. Survey
Bull 150, p. 146, 1898, loss on xgmtlon (7.99) is recorded as water.

TRACHYTE.,

Volcanic rocks composed essentially of orthoclase with minor
amounts of dark minerals—that is, trachytes—are rarely found in the
Dillon region. Some of the rhyolites, especially those containing
hornblende, are so low in free quartz that they are trachytes or rocks
very closely allied to that type. Such a rock occurs about 2 miles -
southwest of Argenta; it contains abundant orthoclase phenocrysts,
some plagioclase, very little quartz, and a notable proportion of
.epidote, magnetite, and chlorite. A similar rock from a point about
a mile west of Dillon contains a very few feldspar phenocrysts in a
fine groundmass of euhedral orthoclase, little plaginclase, and no
recognizable quartz; its other constituents are brown hornblende,
biotite, and magnetite.

DACITE.

Volcanic rocks characterized by plagioclase and quartz (dacites)
are not uncommon in the Dillon quadrangle. A sample from a dike
in the Gold Hill mine of the Renova district contains numerous
feldspar phenocrysts now considerably altered, which are chiefly or
wholly plagioclase. Other phenocrysts of quartz have been partly
resorbed, and yet have been enlarged since the alteration of the rock.
The groundmass contains abundant feldspar, in part orthoclase. The °
rock has been modified by mineralizing solutions which have produced
pyrite, hematite, sericite, and a carbonate, apparently siderite.

One of the volcanic rocks of German Gulch is a dacite, composed
of broken crystals and anhedra of plagioclase, quartz, brown biotite,

- and green hornblende in a very fine to glassy matrix.

A dacite forming a dike at the Del Monte mine in the Blue Wing

district is medium grained and holocrystalline and is therefore closely
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allied to tonalite. Itcontains a few phenocrysts of green hornblende, -
and is thus related to tonalite porphyry. But as in dacites the bulk
of the rock consists of small euhedral plagioclase crystals embedded .
_in quartz, biotite, and hornblende. Other minerals present include
nearly colorless pyroxene and magnetite or ilmenite. The brown
. biotite has a tendency to p01k111t1ca1]y inclose ma,gnetnte and plagio-
clase.
QUARTZ LATITE.

Volcanic rocks containing quartz and nearly equal amounts of
orthoclase and plagioclase are ‘called quartz latites; they are the
extrusive equivalents of the quartz monzonites, and, as might be
. expected, they are intimately associated with the Boulder batholith,
which is composed of the latter rock. Thus, quartz latite is asso-
ciated with dacite in German Gulch; where it contains abundant
plagioclase with some orthoclase and quartz and might well be called
‘thyodacite, expressing by this name the volcanic equivalent of grano-
diorite. The rock contains also biotite and hornblénde with very
little magnetite and apatite in an abundant glassy groundmass.

ANDESITE.

Volcanic rocks containing sodic plagioclase, biotite, and horn-
blende or pyroxene are called andesites. Such rocks occupy consid-
erable areas within the Dillon quadrangle. One mass extends about
5 miles across the lower end of German Gulch, and a smaller mass
forms hills about 4 miles southwest of Silver Bow. The Boulder
batholith from Pipestone northward is bordered by a considerable
mass of andesite, which extends across Whitetail Creek into the
‘southern part of the Bull Mountains. Small masses of andesite -
form low bluffs near Divide; the same rock is abundant south of
. Argenta along the foothills at least as far as the Blue Wing district.
. It may be found in small patches near Silver Star, Sheridan, Virginia
City, Norris, and west of Meadow Creek. It occupies large areas in
the Gallatin Mountains and is abundant in several types at Raders-
burg.

The chief varieties depend upon the nature of the dominant
ferromagnesian mineral; thus, there may be distinguished biotite
andesite, hornbleride andes1te, and augite andesite.

Biotite andesite near Virginia City contains phenocrysts of pla-
gioclase and biotite in a matrix of the same minerals with magnetite,
apatite, and rock glass. Some of the plagioclase phenocrysts contain
centers of calcite which are so completely surrounded by unaltered
feldspar as to suggest that the carbonate is of magmatic origin:
(See PL. IV, B and C, p. 128.) A similar rock forms the roof of the
workings in the McKee mine south of Ward Peak in the Washington
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district, Here it is highly feldspathic and holocrystalline. It con-
tains plagioclase phenocrysts in a groundmass of tabular feldspar,
with biotite, chlorite, magnetite, limonite, and sericite.

Hornblende andesite forms a flow (or dike) on the slope of Table
Mountain; it contains large phenocrysts of brownish-green horn-
blende having a maximum extinction angle of 22° in the vertical
zone. The groundmass is very fine grained and consists of plagio-
clase, magnetite (much of it in cubes), hornblende, and rock glass.
A similar rock from the divide between Dillon and Bannock contains
" abundant phenocrysts of hornblende, plagioclase, and magnetite, in
a matrix of the same minerals with a little augite, chlorite, apatite,
and some rock glass. The plagioclase is partly altered to calcite; the
hornblende, originally the reddish-brown basaltic type, is partly
altered to common green hornblende and rimmed by magnetite
which separates out during the change. Another sample from the
same region is holocrystalline and somewhat more feldspatblc The
hornblende is of the common green type. There is a.little biotite,
augite, and apatite. Magnetite is common, and hematite stains all
parts of the rock except the feldspar phenocrysts.

Hornblende andesite from Mill Creek in the Sheridan district con-
sists’ of phenocrysts of plagioclase in a groundmass of untwinned
feldspar, whose index is higher than that of the balsam, with green
hornblende, magnetite; and abundant alteration products, including
sericite, calcite, chlorite, limonite, kaolinite, and quartz. A similar
rock at the Noble mine on Wisconsin Creek forms a dike cutting a gran-
itic rock. It is a highly feldspathic rock partly altered to kaolinite,
‘'sericite, epidote, chlorite, and quartz. It contains some titanite.
Hornblende andesite near Divide contains phenocrysts of unaltered
reddish-brown basaltic hornblende that has a large optic angle of
negative sign, a birefringence of about 0.035 and an extinction angle
of about 5°, measured in the vertical zone. The rock contains rare
augite crystals. Abundant elongated andesine, sparse small augites,
and brown rock glass form the groundmass.

A quartzose hornblende andesite from Silver. Star consists of
numerous much-altered phenocrysts of plagioclase and hornblende
in a matrix of the same minerals with large cubes and anhedra of
magnetite and much rock glass. Alteration has produced consid-
erable epidote and sericite, with some zoisite and quartz. The rock
contains also anhedra or amygdules of quartz.

A biotite hornblende andesite from Silver Star is much richer in
dark minerals than the preceding types.. It contains abundant green
hornblende and plagioclase with some biotite and a little pyroxene
and magnetite. It is completely crystalline; a few of the long prisms
of hornblende are.distinctly bent.
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~ Augite andesite cuts through Paleozoic limestone near the May-
flower mine in the north end of the Tobacco Root Mountains, It
contains phenocrysts of andesine, augite, magnetite, and rare horn-
blende. The amphibole is rimmed with magnetite and largely
changed from brown basaltic to common green hornblende. The
groundmass contains the same minerals with some rock glass. An
opaque mineral, silvery white in reflected light, whose exact nature
has not been detenmned occurs in the rock and is of much interest
in connection with the question of the origin of the gold ores of the
Mayflower mine.

The volcanic rock near Big Butte is probably augite andesite; it is
brecciated so irregularly that the texture changes from point to point.
Some of the andesine phenocrysts are still large, though broken;
others are unbroken because originally quite small. Most of the
feldspar is much broken and scattered through a feltlike cryptocrys-
talline groundmass. The dark phenocrysts seem to have included
pyroxene as indicated by the crystal outlines; they are NOW aggre-
gates of hematite and chlorite. ,

The following table shows the composition of the andesite from this
region and the average composition of andesite. In the quantitative
classification the former is harzose-tonalose.

Composition of andesite.

1 2 1 2
NORM

60.78 || Quartz..:......cooiiiinaian.. 17.9 2.3
18.10 Orthoclase ........... .- 11.4 16.2
3.15 || Albite...... . 31.7 2.8
.97 || Anorthite. . 24.3 19.8
2.04 quundum. R 3.2
4.61 (| Diopside...... [ PO
2.81 || Hypersthene.. . 6.3 5.1
2.75 || Magnetite..... . -4.5 3.7
2.62 || Hematite...... N P .6
.24 || Tlmenite.... . 1.5 .5
.62 ‘gatite ....................... .5 1.4
.39 || (Water, 0tc.) vnnrenneennennns 1.4 3.5
100. 10 100.0 100.1

11 Average oomposxtlon of 34 andesites (excluding “auglte andesite’’). Daly, R. A., Am. Acad. Proc. .y
vol. 45, p.
2. H’omblende andesibe Radersburg, Mont. Analysis by Chase Palmer. With 0.68 HgO— 0.16 SOa,
0.18 BaO

It is surprising to find that the norm indicates about 20 per cent of
quartz, although the microscope reveals very little or no free silica.
It may be that part of this silica is in crystal solution; more of it is
probably in the rock glass; but it is difficult to account satisfactorily
for such large amounts of it as appear in the norm. Having no analy-

ses of the mica and amphibole in these rocks it is not possible to
calculate the mode.
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LATITE-

Voleanic rocks characterized by nearly equal amounts of plagio-
clase and orthoclase (without quartz) are not abundant in the Dillon
area. A single sample of the andesitic flow near Pipestone Springs
illustrates a phase of that rock so rich in orthoclase as to be prop-
erly designated as latite. It contains two feldspars and biotite,
magnetite, a little titanite, and some chlorite and epidote.

AUGANITE.

Volcanic rocks characterized by calcic plagioclase and pyroxene
are commonly*called augite andesites or olivine-free basalts. It has
heen proposed ! to employ the abbreviated name auganite for them.
~ The varieties may be based on the nature of the ferromagnesian
minerals. Thus if augite is present alone, the rock is auganite proper;
if accompanied by biotite or hornblende, the rock is biotite or horn-
blende auganite; if replaced or accompanied by hypersthene or
bronzite, the name is hypersthene auganite.

In mapping the igneous rocks of the Dillon region auganites have
not been differentiated from andesites, with which they are very
intimately associated. The°volcanic rock mapped as andesite north-
ward from Pipestone is partly auganite.

Auganite from a dike near Pipestone Springs is dlstmctly por-
phyritic, with euhedral augite and rare altered plagioclase pheno-
crysts. Single crystals of pyroxene show two stages of growth with
some alteration of the crystal before the second stage. Chloritic
masses were perhaps formerly hornblende. The groundmass con-
tains biotite, plagioclase, pyroxene, magnetite, muscovite, and clino-
chlore. Samples from the same area, obtained about 8 miles north
of Whitehall, show various phases of this rock; the chief variation is
from a highly feldspathic type to a rock moderately rich in ferro-
magnesian minerals. All phases are porphyritic, with large plagio-
clase phenocrysts and a variable number of pyroxene crystals. As
the latter are still fresh, certain phenocrysts now wholly chloritized
were probably hornblende at one time. Other constituents include
magnetite, calcite, epidote, and sericite. '

Hypersthene auganite forms bluffs about a mile southwest of Di-
-vide. The rock contains small phenocrysts of bronzite and a few
of augite in a groundmass of pyroxene, plagioclase, magnetite, and
much rock glass. - The rock is rich in dark minerals, and on a mega-
scopic examination would pass for basalt.

The chemical composition and norm of auganite from the Zozell
- district are given below; for comparison the average composition of

t Winchell, A. N., Min. and Sci. Press, Nov. 22, 1912; also Jour. Geology, vol. 21, p. 215, 1913,
© 26197°—Bull. 574—14—4
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such rocks is also given. In the quantitative classification the
auganite of the Zozell district belongs in the unnamed division
11.4.4.3, closely related to harzose.

Composition of auganite.

- 1 2 1 2
NORM

54.97 54.61 )1 5 o 11.4 13.
16.69 15.23 || Orthoclase 13.9 16.
3.94 3.51 || Albite... 29.8 12.
4.75 4.80 || Anorthite 24. 4 27.
4.13 4.69 || Diopside. 2.1 7.
8.02 7.41 || Hypersthene. .. 8.8 12.
3.19 1.46 || Magnetite.................... 5.5 5.
1.45 2.70 | Tlmenite...................... 1.5 1.
1.39 2.47 || Apatite ... ...l 7 0.
.89 .86 (Wat.er, (<170 J N 1.9 4.

.28 .35 7
.30 .09 100.0 100.

L) W=D O =D

100.00 | . 100.11

1. Average composition of 73 auganites. Rocks containing sodic plagxoclase or orthoclase are excluded
and 12 olivine-free basalts are included. From data of Clarke, F. W S. Geol. Survey Bull. 419, 1910;
{igggenbusch H., Elemente der Gesteinslehre, p. 382, 1910; Osann, A Chemxsche Petrographie, vol. 2

2. Auganite, Zozell mining district, Mont. H. N. Stokes, analyst. Clarke, F. W., U. S Geol. Survey
Bull. 416, p. 80, 1910. With 0.32 H;0—, 0.84 SrO, 0.1 BaO, 1.46 CO;.

BASALT.

Volcanic rocks containing plagioclase, pyroxene, and olivine are
found as surface flows in several parts of the Dillon region. A
dark-colored dike rock near Pipestone is a normal basalt with abun--
dant partly altered olivine. A type with few small phenocrysts in a
fine-grained trachytic groundmass is found at Virginia City.. The
phenocrysts are augite and very small serpentinized olivine of yellow
to dark-brown color. A similar rock from the lower canyon of
Bighole River contains more pyroxene in the groundmass and a few
plagioclase phenocrysts. The olivine is so scanty that the rock is
related to auganite Near the head of Nez Perce Creek the olivine
of the basalt flow is now altered completely to serpentine and limo-

"nite. South of Melrose the basalt is similar; samples available are
notably vesicular. Two of the dikes cutting the Paleozoic limestone
of the mines at Hecla are basaltic; in them the olivine crystals, once
large and well formed, are now altered to serpentine and calcite.
Holocrystalline basalt forms a mesa about 5 miles south of Bannock,
near the road to Grant. It has well-formed .crystals of olivine
whose alteration to serpentine has only begun; the olivine is opti-
cally positive with a large optic angle. - The ferromagnesian min-
erals, olivine and augite, are partly phenocrystic in a coarse ground-
mass composed largely of plagioclase ranging in composition from
andesine to ‘(calcic) oligoclase. -Some pyroxene crystals show evi-
dence of strain in having bent cleavage lines; some olivine crystals
have been broken. The remaining constituents are magnetite, rare
apatite, antigorite, and bowlingite.
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OLIVINE TRACHYDOLERITE.

‘Basaltic rocks which contain orthoclase or a little feldspathoid are
called olivine trachydolerites. Such rocks have been described by
Merrill ! from:the region of Pony; a sample from Cottonwood Creek -
is said to contain phenocrysts of triclinic feldspar, euhedral augite,
and altered olivine in a matrix of plagioclase, orthoclase, small
augite crystals, biotite scales, iron ores, and considerable secondary
chloritic material and calcite. Another sample from a locality be-
tween South Boulder and Antelope creeks contains phenocrysts of
augite and olivine in a groundmass of two feldspars with apatite,
augite, iron oxide, and brown mica. It is a lamprophyric rock type;
that is, it contains an unusually large proportion of dark minerals.
The composition of these rocks is given herewith; they may be com-
pared with the average composition (1) of five absarokites or lam-
prophyric olivine trachydolerites. In the quantitative classification
the rock of column 2 is a monzonose-shoshonose, and that of column
3 a pentallenose.

Composition of olivine trachydolerite,

S-SR

1 2 3 1 2 3
NORM.
50.11 52.33 50,82 || Orthoclase......... 2.5 22,2 20.6
13.04 15.09 11.44 || Albite............. 16.4 |° 20.7 12.6
4,58 4.31 .25 || Anorthite.. 14.5 15.8 12.8
3.94 4,03 8.94 || Nepheline......_....|...coooioiifovennnnn.n 1.4
L9.211 + 6.73 14.01 || Diopside...........| ~ 14.8 10.1 22.3
7.63 7.06 8.14 || ‘Hypersthene. 10.7 9.3 |eeneannnnn
1.94 | 3.14 . 179 || Olivine....... 5.5 4.7 28.
4.15 3.76 3.45 || Magnetite. . 6.6 6.3 :
3.58 2.68 .58 || Imenite. 1.8 .3 1.
.96 .14 .59 || Apatite.... . 1.6 2.3
69 1.02 .20 [| (Water, etc.)...... 3.6 2.7
n .09 .19 Lo
100.00 100.45 100.49 100.0 100. 4 101.0

1. Average composition of five absarokites or lamprophyric olivine trachydolerites. Daly, R. A., Am.
Acad, Sci. Proc., vol. 45, p. 231, 1910.

2. Olivine trachydolerite (augite porphyrite), Cottonwoodd Creek, Mont, L. G. Eakins, analyst. Mer-
rill, G. P., U, 8. Nat. Mus. Proc., vol. 17, p. 648, 1895; with 0.07 B20. Washington, H. 8., U. 8. Geol.
Survey Prof. Paper 14, p. 267, 1903.

3. Lamprophyric olivine trachydolerite (‘‘lamprophyre’’), between South Boulder and Antelope creeks,
Mont. L. G. Eakins, analyst. Merrill, G. P.,op. cit., p. 670, with 0.03 Cr;03, 0.06BaO, trace NiO. Wash-
ington, H. 8., op. cit.,p. 319. .

ECONOMIC GEOLOGY.
INTRODUCTION.

The mineral resources of the Dillon quadrangle and adjacent areas
include gold, silver, copper, and lead, and smaller quantities of zinc,
iron, manganese, tungsten, antimony, arsenic, bismuth, vanadium,
tellurium, and sulphur. In addition to the metals there are abra-
sives, including quartz, garnet, corundum, and volcanic ash; struc-

1 Merrill, G. P., U. 8. Nat Mus. Proc., vol. 17, p. 637, 1895.
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tural materials, such as sandstone, limestone, volcanic ash, rhyolite,
“granite,” and clay; and miscellaneous materials such as phosphate
rock, barite, feldspar, grapbite, and mineral waters. Thisreport
deals with the chief deposits of metallic ores and of graphite, and
. discusses only incidentally some of the other mineral resources of
the area. : : o

The metallic ore deposits of the region are found in more or less
well-defined districts, some of which coincide with mining districts
established by the early miners, and are here described under the
names of those districts. Others, however, are more conveniently
considered in connection with some local business center, like Sheri-
dan, or some prominent topographic feature, like Fleecer Mountain.

ORE DEPOSITS.
. MINERALOGY.

No attempt has been made to prepare a complete list of the min-
erals occurring in the mining districts of the region, but the following
table summarizes the data available: .

Minerals in ore deposits of Dillon region, by districts.
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3 g £ 2 |8 . !
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Minerals in ore deposits of Dillon region, by distriets—Continued.

\

S).

Mineral.

and Ramshorn).
Renova).

Siberia (German Gulch).

Independence).
Silver Star.

[ Elkhorn.
Whitehall (Cardwell and

Divide Creek (Fleecer and

Highland (inéludes Moose
Creek).

Sheridan (Mill, Wisconsin,

Utopia (Birch Creek).

Rabbit (Rochester).
Vipond.

Blue Wing.
Tidal Wave.
Virginia City.

Radersburg.

Mammoth.
| Melrose (Soag and Camp
cree!

Argenta
Bannock.
Norris.
Pony

1 Bryant (Hecla).
Dillon.

Hornblonde .|....0.... ... oo oo oo oea i foaa oo
Hiibnerite...|....|....[....]....}.
Limonite....
Magnetite .. .|....1....[....]....
Malachite....| + | +
Melaconite. ..|....|....
Melanterite ..
Microcline ...
Molybdenite .
Montanite ...]...

T
T
T
T
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+
+
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o+
R
s
+
R
+
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+
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Polybasite
Proustite ...
Pyrargyrite.
Pyrite .......
Pyrolusito...1|....[....
Pyromorphite|. .. PR PR PN PO RN PR PR PP S SO S R PR PR
Pyrrhotito...[._..|....{....[....

Quartz ......
Rutile.......
Serpentine. . .|...
Siderite . . ...
Silver.......
Smithsonite
Sphalerite ..
Stephanite. ..|...
Stromeyerite.
Stibnite..... .
S8ylvanito
{calaverite).
Tetradymito.|....|....|...
Tetrahedrite .|. ...
Vanadinito. .} .|... ..ol
‘Wulfenite... ..|. PR R RN POV M R RN M.
Zoisite....... RO P POV RN PR P PO I CE Y RO DN PP PR PRSP PRI PR SN I S FRUS PR b

The list is confined to minerals found in ore deposits, but it includes
some species, such as biotite, chlorite, diopside, microcline, musco-
vite, orthoclase, and serpentine, which are more abundant in country
rock than in veins or other forms of ore deposits. Minerals not found
in the ore deposits but occurring in the country rock, as a rule closely
associated with ore deposits, are actinolite, anorthoclase, apatite,
augite, corundum, enstatite, ilmenite, kaolinite, paragonite (%),
plagioclase (chiefly andesine and labradorite), rutile, titanite, tour-
maline, tridymite, and zircon. Minerals found in the Dillon quad-
rangle (as well as elsewhere), under such conditions that it is safe to
conclude that they were formed directly from the magma, are andesine,
anorthoclasé, apatite, augite, biotite, diopside, hornblende (?),
ilmenite, labradorite, magnetite, microcline, muscovite, orthoclase,
plagioclase, pyrite, pyrrhotite, quartz, rutile (?), titanite, and zircon.
The minerals formed in the Dillon area by aqueo-igneous fusion under
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conditions of pegmatitic intrusion are fluorite, microcline, muscovite,
quartz, and tourmaline.

When an igneous magma comes into contact Wlth sedimentary
rocks, some constituents of -the magma escape into the sediments
and some constituents of the sediments are taken up and more or
less completely assimilated by the magma. The first process is
called exomorphism and results in the production of contact-meta-
morphic rocks and contact-metamorphic ore deposits. The second
process is called endomorphism and results in the formation of con-
tact phases of igneous rocks.

On account of changes in the chemical composition of the magma
and special conditions attending crystallization, endomorphosed igne-
ous rocks have characteristic textures and contain minerals which
are more or less peculiar to themselves. Minerals formed under
such conditions and found in this study include actinolite, apatite,
biotite, enstatite, magnetite, muscovite, orthoclase, plagioclase,
pyrite, and quartz. Other minerals of this class noted in Minnesota
by the writer ! include anomite, anthophyllite, bronzite, cordierite,
-epidote, graphite, spinel, staurolite, and zircon.

Minerals produced by exomorphism in contact-metamorphic zones
in the Dillon quadrangle are actinolite, asbestos, axinite, calcite,
chalcopyrite, corundum, diopside, epidote, fluorite, galena, garnet,
graphite, magnetite, paragonite (?), plagioclase, pyrite, pyrrhotite,
.quartz, siderite (?), sphalerite, tetrahedrite (%), titanite, tourma.hne,
and zoisite.

~ Minerals produced in veins in the Dillon area by deposition, prob-

ably from hot solutions that were chiefly magmatic in origin, include

. arsenopyrite, barite, bornite, chalcocite (?), chalcopyrite, galena,

gold, hiibnerite, molybdenite, nagyagite, polybasite, proustite, py-

rargyrite, pyrite, pyrchotite, quartz, sphalerite, sylvanite (or cala-

verite), stibnite, tetradymite, and tetrahedrite. The graphite veins

near Dillon contain also biotite, calcite, garnet, graphite, microcline,

muscovite, and, orthoclase. Hot solutions interacting with wall rock

produce chlorite, dolomite (%), epidote, hornblende,. rutile, sericite, -
serpentine, siderite (?), and tridymite. But tridymite is formed in
_cavities in volcanic rocks coolmg at or near the surface and not, so
far as known, in veins or in the wall rock of veins.

Minerals formed by cold solutions, chiefly descendmg from the
surface, belong to two classes, namely, those formed under conditions

_of oxidation and those formed under conditions of deoxidation.
The first are commonly known as the minerals of the oxidized zone,
which lies above ground-water level, and the second as minerals of
the zone of sulphide enrichment, which lies directly below the oxi-
dized zone at and below the ground-water level. So far as noted

t Winchell, A. N., Am. Geologist, vol. 26, pp. 294-306, 1900.



ECONOMIC GEOLOGY. 55

in the Dillon quadrangle the first class includes atacamite, azurite,
bromyrite, calamine, cerargyrite, cerusite, chalcanthite, chrysocolla,
copper, cuprite, ecdemite, gold, gypsum, hematite, kaolinite, limo-
nite, malachite, melaconite, melanterite, montanite, opal, pyrolusite,
pyromorphite, silver, smithsonite, vanadinite, and wulfenite. The
second class mcludes argentite, bornite, chalcocite, chalcopyrite,
gold, polybasite, proustite, pyrargyrite, stephanite, and stromeyerite.

ORIGIN.

The Boulder batholith extends southward to Silver Star, High- -
land, and lower Moose Creek, and westward to German Gulch, with
no known covering except the Tertiary deposits south of Silver Bow.
Several plutonic igneous masses having no surface connection with
the Boulder batholith are believed to be parts of it (see p. 29), and if

“ they are, the batholith occupies the area from Jefferson Peak east-
ward to Burnt Creek, the upper slopes of McCarthy Mountain, about
7 miles south-southeast of Melrose, the upper canyon of Bighole
River, and a large area from Hecla to Mount Torrey and southward.
Smaller areas outcrop on Red and Table mountains, on Camp Creek,
along Bear Gulch, at Argenta and at Bannock.

The Boulder batholith in this large sense seems to be in whole or in
part the source of many of the ore deposits of the Dillon quadrangle,
particularly those of the following districts: Argenta, Bannock,
Bryant (Hecla), Divide Creek (including Fleecer Mountain and Inde-
pendence), Elkhorn, Highland (including Moose Creek), Mammoth,
Norris, Pony, Silver Star, Tidal Wave, and Utopia (Birch Creek).
It is probably, at least in part, the source of the ore deposits in the
following districts: Melrose (Camp and Soap creeks), Rabbit (Roches-
-ter), Sheridan (Mill, Ramshorn, and Wisconsin creeks), Siberia
(German Gulch), Vipond, and perhaps also Blue Wing and Virginia
City. (See discussion of origin of ores in particular districts.) No
connection is apparent between the batholith and the ore deposits
of the Alder, Dillon, Radersburg, and Whitehall districts.

The ore deposits of-the Dillon quadrangle occur chiefly in fissure
veins or in irregular bodies produced by contact metamorphism in
limestone or dolomite. Part or all of those of the Argenta, Bannock,
Highland, Melrose, Radersburg, Sheridan, Silver Star, and Tidal
Wave districts were produced by contact metamorphism; those at
Hecla were probably produced in the same way, for they have some
of the characteristics of contact-metamorphic deposits; those in the
Blue Wing district are less clearly related to the same type. Some of
the ore deposits of the Bannock, Argenta, Highland (especially on
Gold Hill), Norris, Pony, Radersburg, Sheridan, Silver Star, Tidal
Wave, and Virginia City districts and all the ore deposits of the Dil-
lon, Divide Creek, Elkhorn, Mammoth, Rabbit (Rochester), Vipond,
and Whitehall dlstrlcts are in the form of fissure veins. The ore
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deposit of the Siberia (German Gulch) district and certain deposits
in the Norris and Pony districts seem to belong to the type of ore
disseminated in the country rock. The ore deposit of Alder Gulch
is a placer stream gravel ,

AGE.

The placer gravels of Alder Gulch, German Gulch, Highland, and
other districts were accumulated largely or wholly during the Quater-
nary period; parts of the ore deposits in the Sheridan, Silver Star,
Tidal Wave, and Virginia City districts seem to have ‘originated in
early geologic time, perhaps in the pre-Cambrian; other parts of the
deposits in these districts and also the ores in the Argenta, Bannock,
‘Blue Wing, Bryant (Hecla), Divide Creek, Elkhorn, Highland,
Mammoth, Melrose, Norris, Pony, Rabbit (Rochester), Radersburg,
Utopia (Birch Creek), and Vipond districts were probably formed
during the Tertiary period,soon after the Boulder-batholith solidified.
The date of origin of the ores in the Dillon snd Whitehall districts is
uncertain. '

" AGE OF COUNTRY ROCK.

In regard to the age of the country rock in which the ore deposits

exist the following tabulation summarizes the conclusions reached:

Age of country rock of ore deposits of Dillon region, by districts.

Quaternary ........eceo.o.. Placers of Alder Gulch, German Gulch, Highland, and
other distriets.

Tertiary ... cocveenenann. None.

Cretaceous. . ...... FUTOU None.

Jurassic....cooioiiiiiiiitl None.

Triassic ocoeeeeeoniaia ot None.

Permian (?) (Phosphoria for- | None.

mation). '

Pennsylvanian (?) (Quad-

: Argenta, Utopia (Birch Creek).
rant (?) quartzite).

Mississippian (Madison lime-
stone),

Devonian (Threeforks shale).

Devonian (Jefferson lime-
stone).

Silurian (?)..ccoeaiiiaian. ..

Ordovician (?)..c.....o.o...

Cambrian

Algonkian (Belt series).....

Algonkian (Cherfy Creek
group).

Igneousrocky, chiefly quartz
monzonite.

Argenta, Bannock, Blue Wihg, Fleecer (?), Vipond (?).

None.
Bryant (Hecla).

Bryant in part (?).

Bryant in part (?).

Blue Wing (?), Highland (?), Moose Creek (?), Silver
Star (?), Soap Gulch (?) (Melrose), Tidal Wave ),
TUtopian (?), Whitehall.

Camp Creek (Melrose), Siberia (German Gulch) (?),

Whitehall.
Dillon, Lower Hot Springs (Norris), Mineral Hill

(Pony), Rabbit (Rochester), Sheridan, Silver Star,
Tidal Wave, Virginia City, Washington (Norris).
Argenta, Browns Gulch (Virginia City), Bryant (Hecla),
Divide Creek, Elkhorn, Mammoth, Moose Creek
(Highland), Potosi (Pony), Radersburg, Rabbit
(Rochester), Tidal Wave, Upper Hot Springs (Norris).
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It will be convenient to describe the districts in the order of the age
of the more important country rock in each district, beginning with
those districts where the chief country rock is the youngest and end-
ing with the districts that lie chiefly in igneous rock (Tertiary).

MINING DISTRICTS. .
ALDER GULCH DISTRICT.

LOCATION.

Alder Creek rises on the northern slopes of Old Baldy Mountain, at
the south end of the Tobacco Root Mountains, and flows in an irregular
curve north, northwest, and west to Passamari River at Laurin.. In
its short course of about 15 miles it has yielded an amount of placer
gold estimated at $40,000,000. Gold was first discovered on Alder
Creek in June, 1863, and it is said that within 20 years its gravels
yielded more than $30,000,000.

HISTORY.

Six different mining districts were organized along Alder Gulch
during the period of greatest mining activity in the sixties, but for the
purposes of this reportit is convenient to deal with that portion of the
gulch which lies west of Granite Creek and within the confines of the
Dillon quadrangle. Inthe early days of placer mining in Montana the
portion of the gulch lying southeast of Granite Creek and within the
Threeforks quadrangle was especially important. Ever since that
time more or less placer mining has been in progress in various parts
of the gulch. But the introduction of dredges at the close of the last
century and the consequent radical change in the method of handling
the gravel resulted in localizing the major portion of the gold recovery
in the lower portion of Alder Gulch in the Dillon quadrangle. In
1910 the greatest activity was near the town of Ruby, about 3 miles
southeast of Laurin, where Alder Gulch opens into the Passamari
Valley.

GEOLOGY.

Alder Gulch, north of the town of Ruby, is bordered by a series of
garnet schists, quartz schists, and quartzites, which strike north-
northeast and dip 45°-65° W. Farther east the dip increases to -
- vertical and within a mile becomes easterly, beyond the crest of
an eroded anticline. Southwest of Alder Creek and Passamari
River the north end -of the Ruby Range is flanked by limestones
of Paleozoic age. Southeast of Alder Creek, between that stream
and Passamari River, the foothills of the Tobacco Root range consist
of schists and gneiss broken in places by outcrops of limestone and
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quartz schists. It seems probable that a portion of this area is -
occupied by the Cherry Creek group; other portions may be occupied
by Archean rocks.

At a geologically recent date, apparently durmg the Miocene or
the Pliocene epoch great volcanic activity in this portion of -the
West produced immense amounts of volcanic ash and dust, which
were distributed widely over this area and, being light and uncon-
solidated, were quickly carried into the valleys and deposited there.
Such a deposit at present underlies the auriferous gravels brought
down Alder Gulch into the Passamari Valley. In Alder Gulch itself
-the bedrock of the placers is the solid rock of the adjoining hills,
with considerable irregularity in surface due to unequal weathering
and erosion, and the richest portion of the gravel lies on the surface
of the bedrock or penetrates into its crevices and cracks. But below
the point where Alder Creek leaves the gulch and flows into the valley
of Passamari (Ruby) River the auriferous gravels lie upon volcanic
ash beds which furnish a “false bedrock” that is smooth, with only
gentle undulations and a regular slope to the west. The position of
these gravels upon Miocene or Pliocene volcanic ash beds indicates
that they are probably of Quaternary age, and they are continuous
with the Quaternary stream deposits of Passamari and Jefferson
rivers. : v
PLACER DEPOSITS.

The -auriferous gravels extend for at least 15 miles along Alder
Gulch, but the portion known to be profitable for dredging is probably
only about 3 miles long. It contains more than 600 acres of proved
‘dredging ground, most of which lies at the mouth of the gulch proper
. and borders the Passamari Valley. (See P1. I, A.) Here the waters

of Alder Creek have formed a low alluvial fan. The depth of the
deposit increases gradually toward the west and is as much as 60 feet
at a distance of 2% miles from the mouth. of Alder Gulch. A shallow
trough running west beneath the axis of the fan may represent .
the channel of the stream before it was aggraded with bowlders
and gravel. This trough contains bowlders.of unusual size and an
increased content of gold.

The dredging ground has been prospected by holes drilled at
-intervals of 150 or 330 feet on lines 200 or 660 feet apart. The

dredges recover about 95 per cent of the gold. The gravel is not
indurated but is rather tenacious, especially near the false bedrock,
- owing to its clay matrix. The gold varies in coarseness; the average
size increases going up the gulch. In the dredging ground at present
40 to 50 per cent of the gold passes a 60-mesh screen, and 15 to 30
per cent passes a 100-mesh screen. - The gold also varies in fineness,
that recovered by the dredge farthest up the gulch running about
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0.830 fine, that obtained by the next lower dredge about 0.850 fine,
‘and that by the lowest dredge, about 2 miles below the upper dredge,
about 0.865 fine. Thereseems to be no source of supply of especially
high-grade gold in any of the small gulches opening into Alder Gulch
along this portion of its course. Indeed, it may be questioned
whether gold of any grade is brought into Alder Gulch in appreciable
amounts from such sources. It is probable that the increase in fine-
ness downstream is due to the removal in solution of part of the
alloying metals (especially silver, which readily oxidizes), a removal
which is favored both by abrasion, which decreases the coarseness !
of the gold, and by the Ionger exposure to the solvent action of stream
water. :
DREDGING.

The first attempts to dredge the gravels of Alder' Gulch were made
with an excavator having an orange-peel bucket.? The machine
was mounted on a large car and a long boom permitted discharge
of the material from the bucket into a washer which was also
mounted on a car. This attempt was a failure.

Afterward a double-lift dredge, which had been fairly successful
in the Bannock district, was moved to Alder Gulch. It had open-
connected buckets of 5 cubic feet capacity, weighing about 600
pounds each. This dredge, although too weak in nearly all its parts
to do satisfactory work, was a commercial success and was operated
for five years until the lease of the ground expired. The buckets of
this dredge carried the gravel to a point about 17 feet above water
level and emptied it into a revolving screen with 4 by 5 inch openings,
which eliminated the large bowlders. The gravel was then elevated
by a 12-inch dredging pump to a sluice about 80 feet long carried on
‘an auxiliary scow. The gold was recovered by the ordinary sluice-
box methods.

In 1899 the Conrey Placer Mining Co. installed a dredge with,

open-connected buckets, with a capacity of 5 cubic feet, afterward
enlarged to 7% cubic feet. Although the construction was so weak
that frequent difficylties resulted, this dredge was kept in more or
" less continuous service for eight years. It was operated by steam
power. The gravel was raised 24 feet in a single lift by means of
two centrifugal pumps and discha,rged into a revolving screen having
5-inch perforatlons The oversize went: overboard and the fine
material drepped into a sluice 140 feet long, carried on a separate
SCOW.
This dredge was repla/ced in 1907 by a modern electrically driven
stacker dredge, with buckets of 7% cubic feet capacity and a compact

1 Maclaren, J. M., Gold, p. 82, 1908.
2 Hutchins, J. P., Gold dredging practice at Ruby, Mont.: Kng. and Mm Jour vol. 83, p. 1223, 1907,
vol. 84, p. 69, 1907.

©
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system of concentrating tables. This is now (1910) in operation
about 1} miles up Alder Gulch from Ruby. The present boat
dredges. to a maximum of 30 feet below water level and handles
banks as much as 25 feet above water level. .

After the success of its first boat the Conrey Placer Mining Co. built
one dredge after another, making each larger and stronger than the
preceding one, and introducing various niechanical improvements
from time to time. Cableways attached to the top of a frame
- erected at the stern were found to be more satisfactory as an anchor-
age on sluice-box dredges than the 48 by 48 inch wooden spuds
previously used. Teeth of various types have been tried on the
buckets but were all discarded in” favor of manganese-steel lips.
Devices by which friction is reduced to a minimum by the protection
and lubrication of the lower tumbler boxes, the bearings of the
rollers on the bucket ladder, and other wearing parts have been
evolved and put into use.

The present dredge No. 2 (Pl. I, B) is operating (1910) just east
of Ruby. It works to a depth of 35 feet below water level and
takes banks 15 feet above water level. It is equipped with a stacker
90 feet long, which delivers the coarse tailings 25 feet above water
level. The hull of the boat is 106 by 44 by 9 feet, and the ladder
carrying the buckets is 86 feet long. It is operated by electricity,
and uses an average of 225 horsepower. It is now handling gravel
at an average ‘cost of 6% cents per cubic yard through the year.

Dredge No. 3 (PL II, 4), which was constructed about 1905, is
the oldest dredge in service and the only one of the sluice-box type.
It has three centrifugal pumps, 10, 12, and 14 inches in size, but all
three are not able to furnish enouo'h water to sluice all the material
that it can excavate. The ladder way is a lattice girder weighing 40
tons; the close-connected buckets have a capacity of 134 cubic feet
and Welgh 2,800 pounds each. - The sluice box, which is paved with
strap transverse and-longitudinal angle-iron riffles havmg a 7 per cent
grade, is 5% feet wide and 135 feet long. Quicksilver is used in the
riffles, over which run 12,000 gallons of water a minute. Olean-ups
are made about once in 10 days.

Dredge No. 3 is now working into deeper gravel at Ruby. Its
ladder way is therefore to be increased to 116 feet in length at once,
so as to permit its use to a depth of 60 feet below water level. This
boat handles about 3,300 cubic yards a day, at an average cost of
about 8 cents a cubic yard, including all charges. Generally about
1.4 kilowatt hours of electricity are used for each cubic yard dredged.

Dredge No. 4 (P1. II, B) was under construction during 1910. Its
hull is 150 by 58 by 13 feet, and its bucket capacity 15 cubic feet.
It will dig 60 feet below water level and handle a bank 25 feet above
water level, thus excavating a maximum depth of 85 feet of gravel.
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A. RUBY VALLEY, MADISON COUNTY, MONT., LOOKING SOUTH.

Ruby Range in the distance. This region is now being worked by gold dredges.

B. DREDGE NO. 2, OF STACKER TYPE, RUBY, MONT.

Operated by Conrey Placer Mining Co.
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A. DREDGE NO. 3, OF SLUICE-BOX TYPE, RUBY, MONT.

Operated by Conrey Placer Mining Co.

B. DREDGE NO. 4, OF STACKER TYPE, RUBY, MONT,

Operated by Conrey Placer Mining Co.
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The total cost will be about $270,000. It is expected that it will
handle gravel, at an average cost of about 4} cents a cubic yard,
mcludmg all charges. :

It is estimated by the manager of the dredging company that the
proved dredging ground will keep all the dredges in constant opera-
tion for about 10 years. ,

PRODUCTION.

The auriferous gravels constitute the chief ore deposits of the
Alder Gulch district. In 1911 they were yielding a larger annual
production than all other gold deposits in the Dillon quadrangle.
Separate figures for Alder Gulch are not available, but the production
of placer gold and silver from Madison County, to which the gulch
has for years been the largest contributor, is as follows for 1904-1912:

Placer production of Madison County, Mont., 1904-1912.0

Year. . Gold. Silver, Total,
"Fine oz, . Fine oz.

$278,843 15 $9 $278,852

271,258 1,985 1,199 272,457

391,044 , 020 2,023 393,067

195,699 1,569 1,035 196,734

414,939 3,238 1,716 416,655

427,927 3,328 1,731 429,658

466, 222 2,468 1,333 467, 555

584,948 4,516 2,393 587,341

689, 107 5,004 3,133 | - 692,330

............ 2,720,077 25,223 14,572 | 2,734,649

a U. 8. Geol. Survey Mineral Resources, 1904-1912,

‘It should be remembered that Alder Gulch produced in the early
days of placer mining at least $30,000,000 in gold, and later probably
“ab least_$10 000,000 more.

UTOPIA (BIRCH CREEK) DISTRICT.
LOCATION.

The Utopia district is situated on Birch Creek about 6 miles west
of and from 1,000 to 1,400 feét above Apex station on the Oregon
Short Line Railroa,d. Copper mines extend from Birch Creek north-
eastward about 2 miles; magnetite iron ores occur south of the creek.

HISTORY.

The district was discovered not long after the influx of miners into
the region in 1862 and 1863 caused by the opening of the rich placer
mines at Bannock and Virginia City, but for years it was not devel-
oped, because. mines yxeldmg principally copper were then too far
from smelters and from markets to be of much importance. Progress
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in the development of the district was very slow; a few shafts of &
maximum depth of -about 100 feet were sunk and a few tons of ore
. were shipped for testing purposes at various times during the later
sixties and the seventies. Even the advent of a railroad within about
6 miles of the district in 1882 caused no marked activity for several
years. Finally, about the close of the century, the Beaverhead
Mining & Smelting Co. opened the Indian Queen mine. Previous
development work was directed largely to opening the Greenwich
and Treasury claims, about 2 miles northeast of the Copper Queen,
in the foothills overlooking the Beaverhead Valley, and not directly
on Birch Creek. Early in 1903 the company installed a 50-ton blast
furnace which produced 990,000 pounds of coppér matte and metal
in 1903 of a net value of $57 600, and 770,000 pounds in 1904 of a

net value of $40,900.
GEOLOGY.

In the Utopia district sedimentary rocks are in contact with an
intrusive batholith of monzonitic type. The intrusive mass extends
into the mountains on the northwest (Pl III1,.A4), and the upturned
sedimentary rocks rest in eruptive unconform1ty upon it, striking
northeast and dipping southeast. The sedimentary series may be -
summarized as follows:

Stratigraphic section on Birch Creck.

[Thickness approximate.} rd Fet
eet.
Sands, gravels, clays, volcanic ash, nearly flat (Tertiary). ....... )
- Green shale, dipping about 75° SE. ... ... ... ... ... 1,700
. Gray sandstone weathering grayish brown. . . ceeeao. 2200
Fossiliferous gray limestone, grading downward to black shale 250
Red and green shales, with limestone layers. ................... 350 °
Gray limestone, with shaly layers. ... .. S £ (]
Red and green shales, with gray sandstone layers. . . ....._...... 400
Reddish-gray sandstone. . .. .. .ooooiiiiiiiiii 250
Redghale. .....oouienoni i 150
Reddish shaly sandstone. . .............cooo il 350
Folding and overthrust faulting.
Covered, probably shale. . ................... ... ... .. N 500
Hard brown sandstone. ... ............ ... ..., s 120
Yellowish-green shale. ... il 40
Quarlzite, showing folding, dipping 45° (Qua.drant‘?) cee.. 700
Gray limestone (Madison?). . ... ... ... o il 600
Dark shale (Threeforks?). . ... ool 50
Gray to blue limestones (Jefferson and older). .. ............... 1,000

Quartz monzonite (intrusive).

Poorly preserved unios and fresh-water gastropods were collected
from the fossiliferous gray limestone and the underlying black shale
but proved insufficient to determine the age of the beds.

The Indian Queen mine is on the contact between the quartz mon-
zonite and the Paleozoic limestones. The monzonite is cut by
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aplitic dikes, somewhat irregular in form. The Greenwich mine is
ocated on a contact between the quartz monzonite and the Penn-
sylvanian (%) (Quadrant?) quartzite.

The areal geology of the Utopia district is shown in figure 3.

ORE DEPOSITS,
COPPER.

The Indian Queen mine is located on a limestone and monzonite
contact along which some faulting has occurred. The limestone
lies on the east side and the monzonite on the west side of the contact,
which here runs irregu-
larly north and south.
The ore occurs in irregu-
lar shoots and bunches
in the fault proper or in
the limestone near the
contact. The ore has
been developed to a total
depth of about 500 feet
from the surface. Most
of it has come from the
oxidized zone, although
some very rich massive

.~\ \\i&{\\\\k\\\\\\\\
chalcocite ore was found
just below that zone.

The ore minerals include Quaternary Mesozoic sandstone Quadrant 2 formation
- gravels' - and shales (Pennsylvanian?)

nativecopper, malachite R -
azurite, (I:)}E)ryéocolla, cu- . .

. o s Paleozoic limestone Quartz monzonite
prite, and melaconite in -
the oxide zone, and chal-
cocite, bornite, and chal-
copyrite in'the sulphide zone. The gangue minerals include quartz,
calcite, hematite, garnet, epidote, diopside, and axinite.

The Indian Queen mine is opened by an adit tunnel reaching a
vertical depth of about 300 feet, with raises and winzes, and by
several shallow shafts near the top of the hill.

The Greenstone mine is about 2 miles northeast of the Indian
Queen mine, along the contact between monzonite and quartzite,
at an elevation of about 7,200 feet above sea level. The lead strikes
east and dips north, and the main contact strikes north. Quartzite
of this horizon seems to outcrop continuously south-southwestward
across Birch Creek at the narrowest part of the canyon, and north-
northeastward at least to Barber Gulch, about halfway between .
Birch Creek and Willow Creek. On the Fairview claim on Barber

050

\Oe! .
MM
;

.'

\

F1GURE 3.—Geologic sketch map of the Utopia (Birch Creek)
mining district, Mont.
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Gulch the monzonite is cut by numerous aplite dikes, and is in con-
tact with quartzite which contains layers curiously spotted brownish
red and gray, apparently by unequal distribution of iron oxide.
Other layers close at hand consist of dense gray quartzite, filled with
numerous small rudely ellipsoidal openings which average about 0.5
millimeter in diameter and lie in all positions. Some of them are
partly filled by a pale-greenish mineral which weathers brownish.
"These quartzites are strikingly similar to the Weber quartzite !
of the Pennsylvanian of Utah, and seem to represent the same
borizon. They probably belong to the Quadrant formation.

IRON.

Deposits of magnetite iron ore occur in limestone on the south side
of Birch Creek about half a mile south of the Indian Queen mine.
They have been worked from time to time to obtain fluxing material
for copper or lead smelters. They occur as uregular pockets and are
opened by shallow pits and shafts.

ORIGIN OF ORE DEPOSITS.

The ores of the Indian Queen and Greenstone mines are very
plainly of contact origin—that is, they have been produced by solu-
tions escaping from the intrusive magma along its contacts with sedi-
mentary rocks. . Chemical action between these solutions and the
sedimentary rocks concerned is probably important in many cases
in producing precipitation and localization of ores. The evidence of
such an. origin for these ores is unusually complete It may be out-
lined as follows:

1. The ores are restricted in occurrence to the zone of contact
between the intrusive and the sedimentary series.

2. The ores include, in addition to minerals due to enrichment,
sulphide minerals intimately associated with oxides; that is, chalco-
pyrite and bornite are mingled with magnetite and hematite. This
association is well known in ores produced by contact metamorphism
and is unknown or rare in other deposits. It is, of course, common
also in the ores of pegmatltes ‘which are closely related to contact-
metamorphic ores. . :

3. The ores of the Indian Queen mine are thmately assoclated
with minerals such as garnet, epidote, diopside, and axinite, which are
often produced by contact metamorphism of limestone.  Axinite is
an indication of the close relationship between contact—metamorphlc
ores and the ores of pegmatites.

4. The ores are closely related in occurrence to intrusions of aplitic
dikes which are probably differentiation products from the mon-
zonitic magma. . :

t Blackwelder, Eliot, U. S. Geol. Survey Bull. 430, p. 540, 1910.



ARGENTA DISTRICT. 65

According to Vovt 1 the contact—metamorphlc iron deposits of the
Christiania region of Norway were formed before the solidification of
the igneous intrusive from which they came. In the Utopia district
the contact ores were formed after the solidification of the quartz
monzonite, for they extend a short distance from the contact into the
monzonite. Such ores seem to be associated rather closely with
aplitic intrusions. In Bear Gulch (Tidal Wave district), in the Moose
Creek district, in the Bryant (Hecla) district, and in the Argenta
district the ev1dence is clear that ores of contact—metamorpmc origin
were formed. after the solidification of the igneous intrusive.

PRODUCTION. o

The production of metals in the Utopia district in 1903 may be esti-
mated from the known output and net value of copper matte and
metal; for the years 1904 to 1909, inclusive, the production of metals
may- be tabulated from the records of the United States Geological
Survey. The following statistics, thus obtained, show that the dis-
trict has produced metals having a total value of more than a quarter

of a million dollars:

Production of metals in the Utopia district.

Year. Ore. | Gold. Silver. CoI')per. Total.

Fine oz. Fine oz. Pounds.

40.00 [ $828 16,500 $8,844 | 700,000 | $92,750 | $102,422

30.14 623 | 12,579 | 7,198 ] 525,630 67,403 | 75,224

TS 30077 7"3,9757) 7772, 6637 Tiol, 926 | 737,042"| 740,005

6 14| 2440| 1,616| 103,207 | 20,642 | 22272

74.45 1,539 1,249 662 | 107,172 14,147 16,348

3 420 218 28,765 3,739 4,021

24 5 46 24 10, 885 1,382 1,411

.87 18 154 82 14,877 1,860 1,960

2.47 51 194 119 4 627 764 984

166.47 | 3,442 37,566 | 21,426 |1,687,008 | 239,720 [ 264,647

In addition to the output stated in the above table the district in
1912 produced 1,102 pounds of lead, valued at $50.

ARGENTA DISTRICT.
LOCATION.

The Argenta district is situated at the mouth of the canyon of
Rattlesnake Creek, about 12 miles west-northwest of Dillon, which
is the county seat of Beaverhead County and an important station
on the Oregon Short Line Railroad. The Argenta mines are at an
elevation of 6,000 to 6,500 feet, just above the bench lands south of
the creek, which are so evenly graded between Argenta and Beaver-
head River that the region looks dike a flat plain. .

"1Vogt, J. H. L., Am. Inst. Min. Eng. Trans vol. 31, p. 138, 1902.
26197°—Bull. 574—14—5
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HISTORY.

The mines of the Argenta dlstrlct were discovered soon after the
beginning of placer mining in the region in 1862. The St. Louis &
Montana Mining Co. erected lead smelters at Argenta in 1865, A. M.
Elsler built a 6-ton furnace there in 1866, and two more lead furnaces
were constructed in 1867. Within a short time there were six blast
furnaces and two cupeling furnaces at Argenta. But the district did
not supply enough lead ore to run them, and one after another shut
down. Near the surface the ore was rich in lead, largely as galena,
but with increasing depth the lead is reported to have decreased even
more rapidly than the silver. Consequently, the district was almost
deserted in 1875 for districts like the Bryant and Blue Wing, which
produced ores of higher grade.

- Placer mining on Rattlesnake Creck in the vicinity of Argenta was

prosecuted successfully on a small scale for a short time in the
 seventies.

Relatively little activity was shown in mining in the district during
“the next two decades, but the high prlces of lead and silver in 1906 and

1907 led to renewal of operations in some of the mines in these years
and in 1908 and 1909. When the district was visited in 1910 prac-
tically no mining was in progress.

GEOLOGY.

Argenta is located in the midst of a small outlier of the great batho-
lith of quartz monzonite which occupies the mountains more or, less
continuously from Hecla southward for about 20 miles. At Argenta
an area extending less than 1 mile north and south and about 2 miles
along the creek is occupied by monzonite, which, however, does not
everywhere outcrop at the surface, being covered in places by a thin
uneroded remnant of the original roof of limestone or quartzite. The
existence of the monzonite beneath this cover is established by
natural sections in gulches and by artlﬁcml sections in shafts and
tunnels.

On the north side of the monzonite area the igneous contact on the

property of the Butte Argenta Mining Co. dips about 50° N. at a
depth of about 150 feet, but the dip decreases with increasing depth.
Northwest of the monzonite quartzites and limestones outcrop, dip-
ping 10°-45° SE, Southeast of the monzonite area the evenly graded
bench lands are occupied by Tertiary deposits, cons1stmg of alluvium
and volcanic ash. The areal geology of the district is shown in
ﬁgure 4.

It is believed that the quartzite of the Argenta district belongs to
the Quadrant formation and that its age is Pennsylvanian, and that
the underlying limestone is to be referred to the Madison, of the
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Mississippian series. Fossils of Madison age were collected in &
similar limestone in the Blue Wing district about 10 miles south-
southwest of Argenta.

Sandstone which is apparently of Cretaceous age outcrops in a low
hill about 1 mile south of the road between Argenta and Dillon about
5 miles west of Dillon. To the north and to the east extensive rhyo-
lite flows cover the sediments.

ORE DEPOSITS.

When the Argenta district was visited in August, 1910, no mines
were in operation. At the Midnight mine, which had been operated -
a short time previously by.the Gladstone Mining Co., under lease from
the owner, a vein in quartzite
strikes N. 45° W. and dips about
85° NE. The quartzite is capped
by limestone striking northeast
and dipping about 30° SE. - It is
highly probable that this quartzite
rests on monzonite. The mine is
opened by an inclined shaft on
the vein 265 feet deep. At adepth
of about 200 feet the change from Recent s't‘_eam Tortia
oxidized to sulphide ore occurs. gravels 5hd vlcanic s

: * 12 F Fuprar §
The chief value of the oxidized ore %z S
is i i i - Pal limest t
is in gold, ’put it contains also con T PP  a
siderable silver and lead. Native _
R . . . F1GURE 4.—Geologic sketch map of the Argenta
gold occurs in limonite, hematite, mining district, Mont.

and quartz, with cerusite carrying

silver. In the sulphide zone the chief value is in lead and silver, with
much less gold. Galena is the pnnc1pa1 ore mineral, but some pyrite
is present.

Ore from -the Gold Day claim at Argenta contains cerargyrlte,
native gold, and telluride of gold (sylvamtc ?). The native gold
occurs in calcite associated with hematite and apparently siderite or
ankerite. Other claims in the district produce some copper ores,
including malachite, azurite, and chalcocite.

At the Iron Mountain mine, formerly worked by the Butte Argenta
Mining Co., the main adit tunnel crosscuts monzonite for about 500
feet'and extends 200 feet farther in limestone. Small veins of pyrite
occur in the monzonite. The main ore body is at the contact, which
strikes east and dips about 50° N., the dip decreasing with depth.
Some faulting occurs along the contact in the fault gouge on the tun-
nellevel cubes of pyrite are abundant and arenot at all oxidized. Ceru-
site occurs along the contact nearer the surface. Other ore minerals
found here include chrysocolla, malachite, cuprite, and a little galena.
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At the property of the Dillon Argenta Mining Co., on Rattlesnake
_Creek just east of Argenta, a vertical shaft has been sunk 150 feet in
monzonite. Some pyritic ore was encountered, but the gold content
was low. Some of this ore wis used at the copper smelter of the
Indian Queen mine on Birch Creek to supply sulphur. Across Rattle-
snake Creek to the north are several adits and a shaft 130 feet deep.
These openings are on veins containing lead and zinc ore, chiefly in
the form of galena. and sphalerite. Without separation the ores
are unsatisfactory. The veins strike north and dip about 60° E.
The monzonite and limestone contact is about 1,000 feet north of

these veins.
ORIGIN OF ORE 'DEPOSITS.

With regard to the origin of the ores in the Argenta district a very
significant fact is the intimate association of ores that lie directly on
the contact between monzonite and sediments with ores that occur
in veins in the intrusive rock. It is clear that the ores were produced
after the main mass of the monzonite solidified in this place, for the
ores occur in part in veins cutting the monzonite. Furthermore,
ores occurring along contacts and filling fault fissures on those con-
tacts must have been formed after the intrusive rock solidified, for
the faults could not have been produced before solidification.

If it is admitted that contact-metamorphic deposits are produced
by solutions, either gaseous or liquid, escaping from magmas, the
close ‘association between contact—metamorphlc deposu;s and vein
deposits makes it probable that the veins were produced in the same
or a similar way. Again, if it is admitted that the veins and contacts
in the Argenta district were filled with ore deposited by uprising
solutions, such solutions must have come, at least in part, through
fissures in the upper part of the solidified batholith. Accordingly, if
these premises are admitted, it seems probable that the ore-bearing
solutions come from within and probably from the central or lower
portion of the magma. This conclusion is in harmony with the -
theory that ores produced by contact metamorphism have been
concentrated by remaining in solution in the constantly diminishing
unsolidified residual magma during the crystallization of the latter,
and that they have finally escaped by means of fissures in the solidi-
fied portion due to shrinkage from cooling. Such fissures will natur-
ally be especially abundant and important along the contacts of the
magma with sedimentary rocks, because these contacts are regions
of weakness and because both cooling and shrinking will proceed at
unequal rates in the igneous and sedimentary rocks, on account of
differences in. the chemical and mineral composition of the rocks of
the two types. :
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PRODUCTION.

The production of metals in the Argenta and Blue Wing districts
for the years 1904 to 1911 inclusive is given on page 72.

BLUE WING DISTRICT.
LOCATION.

The Blue Wing district is located about 8 miles southwest of
Argenta and 15 miles west of Dillon, in the region.of the divide
between Rattlesnake and Grasshopper creeks, just south of the
Dillon-Bannock road. The district, which lies at an elevation of
about 7,000 feet above sea level and overlooks the Beaverhead
Valley, takes its name from the Blue Wing mine, which was dis-
covered in 1864 and yielded considerable native silver and silver ores.

HISTORY.

The district was the scene of considerable mining activity in the
later sixties and the seventies, and some of the mines have been in
operation on a small seale more or less continuously ever since that
time. It is estimated that the district produced metals of a gross
value of at least $200,000 within 10 years of its discovery, and the
value of metals produced to 1910 is probably at least $7,000,000. The
chief metal recovered from the ores of the district has always been
silver, with minor quantities of lead, gold, and copper. No smelter
or mills have been erected in the district; for a time during its early
history the ores were treated at the smelters at Argenta, and after
these were closed the ores were sent to Swansea, in Wales, to Ger-
many, and to California. Later they were sent to smelters in Utah,
and finally they obtained a better market when a lead smelter was
erected at East Helena. At present most of them are sent to East -

Helena or to Utah.
GEOLOGY.

The mines of the Blue Wing district are situated on or near con-
tacts between igneous and sedimentary rocks. The igneous rocks
include rhyolite, trachyte, andesite porphyry, and quartz diorite,
and the sedimentary rocks include quartzite and limestone. In
general the igneous rocks occupy the eastern part and the sedimentary
rocks the western part of the district. The sedimentary rocks strike
north or northeast and dip 20°-35° W. or NW.

In a rapid reconnaissance of the district no quartz monzonite was
encountered, but the igneous rocks found include rhyolite, andesite,
porphyry, and diorite, which elsewhere are known to be closely
associated with the quartz monzonite of the Boulder batholith.
Rhyolite is abundant in the Butte district and occupies much of the
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eastern border of the batholith in the Helena quadrangle from
Gregson Springs to Rimini. ~Andesite porphyry occupies a large part
of the western border of the same batholith from Pipestone Springs
to the mountains about 6 miles east of Clancy. Dioriteis knownasa
- border facies of the monzonite at Highland and near Dewey. It is
believed that an isolated portion of the Boulder batholith occupies
the region from Hecla about 25 miles south-southwest. The small
boss of granodiorite at Bannock, which is considered. probably an
outlier of the Boulder batholith, is only about 2 miles from the Blue
Wing district. Accordingly, it seems reasonable to suggest that the
igneous rocks of the Blue Wing district are closely related in omgm to
the great Boulder batholith.

Rhyolite with trachyte phases or perhaps an lndependent intrusion
of trachyte occupies much of the foothills from a point about 2 miles
south of Argenta southwestward for about 6 miles. In some places
rhyolite breccia is found, indicating that this rock was an extrusive.
Along the Dillon-Bannock road andesite porphyry occurs in columnar
- outcrops at a point about three-quarters of a mile north of the New

Departure mine. On the western border of the rhyolite area, be-
tween it and the Paleozoic sediments, quartz diorite outcrops at the
'Del Monte mine. At the Kent, New Departure, and other mines it
is clear that the igneous rocks are intrusive into and in large part lie
irregularly beneath the sediments, whether these are limestone or
quartzite.

The sedimentary rocks of the d_lstmct 1nclude llmestones and
quartzites, the former being largely referable to the Madison lime-
stone, which seems to have a thickness here of about 1,000 feet.
On the crest of the north-south ridge just west of the Kent mine,
~on ground formerly known as the Snowdrop -claim, fossils were col-
lected, concerning which George H. Girty has reported as follows:

Lot F7 contains the following fauna, which is clearly of early Mississippian age,
and represents the horizon of the Madison limestone: )

Crania levis? . Productus levicosta.
Schuchertella inflata? Syringothyris carteri.
Rhipidomella sp. | Spirifer centronatus.
Productella arcuata? Spirifer peculiaris?
Productella concentrica? Composita humilis.
Productus aff. newberryi. ' Eumetria marcyi.

At the point where these fossils were collected the Madison hme-
stone strikes north, but within a mile it seems to swing to northeast.
The dip is at a moderate angle to the west. About half a mile north-
northeast, at the Kent mine, the Madison limestone strikes north

and dips 35° W.
At the New Departure mine, about 1} miles northeast of the Kent

mine, limestone striking N. 20° E. and dipping about 32° WNW.

N



BLUE WING DISTRICH. . 71

occurs. No fossils were discovered and dense smoke from forest
fires prevented determination of the age of these beds from their field
relations. ’

' ORE DEPOSITS.

At the New Departure mine the ore occurs in shoots in veins in
limestone lying on quartzite. Certain veins strike east-northeast
and dip south-southeast; later fault veins, carrying about a foot of
red fault clay, strike N. 60° W. and dip 20°-40° SW. Another im-
portant fault strikes N. 60° E. and dips about 25° NW. Later faults
strike north and dip nearly vertically. The ore is chiefly cerargyrite,
associated in a few places with gold. The greatest depth reached is
about 250 feet; all the ore so far excavated is from the oxidized
zone, but incompletely oxidized fragments show remnants of sphal-
erite and galena. The gangue materials include smithsonite (some
of it carrying enough silver to be an ore) and either quartz or calcite.

The Kent mine is located about 3 miles northeast of Bannock, at
an elevation of about 6,800 feet, near the base of the Madison lime-
stone, which strikes north and dips about 35° W. and rests irregu-
larly upon intrusive rhyolite. The ores, which occur in irregular
chambers roughly parallel with the bedding not far above the lime-
stone and rhyolite contact, -are chiefly cerargyrite, cerusite, ataca-
mite, tetrahedrite, galena, and sphalerite. They commonly carry
about 15 per cent of lead and 5 to 6 per cent, or in places in the
deepest workings 8 per cent, of copper Small amounts of manganese
are present.

At the Del Monte mine a quartz diorite is apparently intrusive
beneath Madison limestone. This igneous rock differs from quartz
monzonite in having no pyroxene and in the dominance of plagioclase
~ over orthoclase; in all other respects it is very similar to the quartz
monzonite found so extensively in the quadrangle, and it is considered
probable that, as at Highland and Dewey, it represents a marginal
phase of the monzonite batholith. Rhyolite occurs on the same.
- property, which is opened by an incline shaft having a vertical depth
of about 300.feet. The ore, which is in a shoot in a vein 16 inches .
wide, striking east and dipping about 75° S., was rich near the sur-
face, where it contained much cerargyrite, but at about 60 feet its
silver content declined notably, the ore being leached; at 80 feet it
changed to sulphide ore, chiefly pyrargyrite.

The minerals found in the ore in the Blue Wing district include
native silver, native gold, cerargyrite, bromyrite (%), pyrolusite,
quartz, calcite, atacamite, malachite, azurite, melaconite, smithson-
ite, cerusite, galena, pyrargyrite, proustite, argentite, tetrahedrite,
pyrite, and sphalerite. ‘
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ORIGIN OF ORE DEPOSITS.

The evidence at hand is not sufficient to establish definitely the
origin of the ores of the Blue Wing district. So far as known, the
“ore occurs in veins, most of which are in limestone, near its contact
with porphyry, though some are in igneous rock, as rhyolite. Com-
monly the ore is concentrated in shoots and is not continuous along
the vein, which may be.parallel to the bedding or may lie at varying
angles with it. Minerals characteristic of contact-metamorphic zones
are lacking, though epidote may be found in some of the rhyolite.
It seems possible that the ores were deposited by solutions escaping
from the intrusive igneous rocks, and that contact-metamorphic
effects are lacking because the solutions were at lower temperatures
and under less pressure than they are at greater depths.

PRODUCTION.

As the Argenta and Blue Wing districts are near together and have
similar ores and as separate publication would disclose the produc-
tion of some individual properties, the statistics of production of
metals in the two districts have been combined by the United States
Geological Survey into a single tabulation. The annual production
of the districts during the sixties and seventies was probably much
larger than during recent years, but statistics are available only for
the years 1904-1911, inclusive:

Production of metals in the Argenta and Blue Wing districts.

Year. Ore. Gold. Silver. Copper. Lead. Total.
. | Fineoz. Fineoz. Pounds. Pounds. )
00 | 232.20 {84,800 [...... oo e $4, 800
................ 7,200 | $4,349 | ... . f.oiiii]eaeeenlfieaead] 4,349
7.93 164 7,049 | 4,7 371 871 [ 29,754 | 81,696 65

381.25 | 7,881 /100,230 | 60,069 | 28,079 | 4,014 |221,527 10,280 82,244

BANNOCK DISTRICT.
LOCATION.

The Bannock district is 'on the extreme western border of the
Dillon quadrangle about 22 miles by road west-southwest of the town
of Dillon. The mines are on both sides of Grasshopper Creek and
are chiefly within the quadrangle.. The town of Bannock is north
of the creek, just west of the quadrangle, at an elevation of 5,800
feet above sea level. Bannock is connected with Dillon by a daily
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stage. Grasshopper Creek has cut a narrow canyon through Tertiary
volcanic rocks east of Bannock, but the stage is compelled to climb
over a 2,000-foot divide between Grasshopper and Rattlesnake creeks.
A better freight road leads southward from Bannock across the low
divide between Grasshopper and Horse Plain creeks for about 16
miles to Grant, on the Gilmore & Pittsburgh Railroad. This divide
is about 500 fect above Bannock, as measured by aneroid, and has
very gentle slopes on both sides.

HISTORY.

The first discovery of gold in Montana was made in the Bannock
district in 1862, and the placers of Bannock are reported to have -
yielded in that year $600,000 worth of gold. The next year placers
were discovered on Horse Plain Creek, to the south. At about the
same time deep mining of ore in place began in Bannock, and this
marked the beginning of ‘‘quartz’” mining in Montana. In 1863 a
6-stamp mill made on the spot was erected to treat ore from the
Dakota mine; the next year another mill was installed, and by 1870
the district had five plants for treating ore. The Dakota mine was
opened by several adits and shafts, one of which had reached a ver-
tical depth of 300 feet in 1868. In that year the mine produted
1,200 tons of ore averaging $18 a ton, chiefly in gold. In 1895 the
first dredge was installed at Bannock and proved successful for a
time but soon exhausted the dredging ground. The placers which
could be worked by water that was directly available were soon
worked out, and ditches and flumes, one 15 and another 30 miles
long, were constructed to bring in water at a higher level from Horse
Plain Creek. Tor a short time Bannock was the capital of Montana
Territory; in 1869 it was the county seat of Beaverhead County and
had a population of 500 people. The district has been comparatively
inactive during the last ten years. :

GEOLOGY.

The rocks of ‘the Bannock district consist of Paleozoic limestone
intruded by a small boss of granodiorite. Fossils obtained from this
limestone less than 2 miles to the northeast, in the Blue Wing district,
are, according to George H. Girty (see p. 70), clearly referable to the
Madison limestone of early Mississippian age. Immediately above
the limestone lie a few remnants of the Quadrant ( ?) quartzite, but the
underlying red and gray shales of the Threeforks formation were not
discovered within the Bannock district. At Bannock the limestone
strikes N. 75° E. and dips about 30° NNW. About 2 miles to the
northeast the limestone strikes about north and dips about 30° W.

The main granodiorite intrusion is nearly circular in surface out-
line. A minor intrusion of the same type occurs across the creek to
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the north, and part of the western edge of the main mass is faulted
northward a few hundred feet, as.shown in figure 5. The rock itself
is of granitic texture and consists of dominant zonal plagioclase, a
small amount of optically abnormal orthoclase, some quartz, abundant
magnetite (much of which is inclosed in biotite), and some horn-
blende and augite. It has been called syenite and is locally so known,
but it contains far too much quartz for a syenite, and moreover its .
feldspar is chiefly plagioclase.

West of Bannock the Tertiary deposits occupy the surface for
miles both north and south. To the south they extend over the
divide between Grasshopper and Horse Plain creeks and beyond into
the valley of the latter. East of Bannock Grasshopper Creek follows

- a new course instead of the north-

/R south valley west of the town

% / which it (or some larger stream)
% probably once occupied. A basalt
flow now forming a small mesa
just east of the divide may have
caused the change.

ORE DEPOSITS.

Most of the ore deposits at

\g.g Bannock are contact deposits, but

' minor-ore bodies on the Dakota,

i Wadams, Montana, and Empire

| Mite claims are on fissures and are not

R P 39 . so clearly referable to contact
areoent | Tertiany far.sand Quadrent? action. The ores have been of

ennsylvanian?)-
g el il
Madison limestone Granodiorite eatd

(Mississippian) some silver; lead, and copper.

FIGURE 5.—Geologic sketch map of the Bannock The ore bodies are along the con-

. mining district, Mont. . .

tact between limestone and grano-

diorite, or in irregular masses in the former, or in stringers or small

fissures. The contact is marked in places by abundant garnet and
some epidote. _

The Golden Leaf mine has small bodies of copper ore containing
chalcopyrite, bornite, tetrahedrite, pyrite, galena, hematite, mala-
chite, azurite, chrysocolla, cerargyrite, native gold, and cerusite.
. All the ore is on the contact or in shoots running short distances into
the limestone. The metals recovered have been chiefly gold and
silver, though occasionally. the owners have received pay for lead.
Ore containing tetrahedrite was of especially high grade.. .

The Excelsior and Lookout mines are reported to have produced
gold telluride ores and auriferous pyrite from deposits along the
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contact. The pyrite is associated with garnet, calcite, specular

" hematite, and a little epidote and bornite.

At the Wadams mine a tongue of granodiorite extends westward
into the limestone. The copper minerals along the contact include
chalcopyrite, cuprite, malachite, azurite, and chrysocolla. Associated
minerals are galena, cerusite, and abundant garnet and epidote.

The ores of the Bannock district occur in a mountainous region
and much of the mining has been done through tunnels. The Wadams
mine is over 600 feet above creek level, but no great depth has been
attained by the tunnels, and it is said that the deepest mining by
either tunnel or shaft has gone only a little more than 300 feet below

the surface.
PRODUCTION.

Records of production of the Bannock district are incomplete, and
it is impossible to make a trustworthy tabulation of the output by
mines or by years. A reasonable estimate from the data available
puts the total production of the district to 1905 at not less than
$4,000,000, of which about $2,500,000 is placer gold and the remainder
gold bullion from deep mines. This estimate excludes the produc-
- tion of the Blue Wing, Argenta, Bald Mountain, and Horse Plain
districts, which have been included in some previous estimates because
Bannock was for many years the commercial headquarters and milling
center for all of them. In 1870 the mill bullion product was $130,000
and the placer output $281,400, and two years later the total pro-
duction was $250,000 in gold and $50,000 in silver. The production
decreased rather irregularly from this date until 1897, when it was
increased $130,000 by dredging, but after that year it again decreased.
Of the total product, about $500,000 was obtained in 1862 from placers,
and $1,000,000 more before 1870 from placers and deep mines.
Another million was obtained from 1870 to 1875 largely from deep
mines; from 1875 to 1905 the annual production was smaller, reach-
ing $100,000 in only a few years. During 1896 to 1899 the Western
Mine Enterprise Co. recovered $142,111 in gold from 6,442 tons of
ore extracted chiefly from the Excelsior mine. The recent produc-
tion of the district as reported to the Umted States Geological Survey

has been as follows:
Production of Bannock district.

Year. Crude ore. Gold. Silver. | Copper. Lead. ’ Total value.

Tons. Fineoz. | Fine oz. Pounds. Pounds.
12.21 125 200




76  MINING DISTRICTS OF DILLON QUADRANGLE, MONT.
.OUTLYING MINES IN BEAVERI‘EEA.D COUNTY."
POLARIS DISTRICT.

The Polaris group is about 8 miles south of the Elkhorn mining
district, in T. 5 S., R. 12 W., about 15 miles nearly due west of the
Indian Queen mine of the Utopia or Birch Creek mining district.
It is near Bald Mountain, in a region sometimes known as the Lost
Cloud or Polaris mining district.

The chief mines of the group are the Silver Fissure and the Dakota.
The Silver Fissure is opened by a tunnel about half a mile long and
has about 5,000 feet of workings. The ores, which carry silver with
. minor amounts of other metals, occur in 1rregu1ar deposits in lime-
stone at and near its contact with quartz monzonite. The mine
produced about $60,000 worth of silver in 1886. The Dakota is
opened by a tunnel about 1,000 feet lorig and has ores similar to
those of the Silver Fissure. A 100-ton smelter with 4 blast furnaces
was erected near the mines in 1907, but both mines and smelter have
been idle or inactive since 1908.

BALD- MOUNTAIN DISTRICT.

The Bald Mountain mining district is 3 to' 5 miles south-southeast
of the Polaris mine. Quartzites and limestones probably referable,
at least in large part, to the Quadrant and Madison formations, are
prominent in the district but in the southern part are covered by
Tertiary deposits. The quartz monzonite of Elkhorn and Polaris
probably extends southward mto the northern part of the Bald
Mountain district.

Placer mining began in this region as early as 1869. Ore in place
was found soon after and from 1876 to 1885 yielded a moderate
output - chiefly valuable for its silver content. The Emerald mine
produced 1,800 ounces of silver in 1875; the district yielded - $8,000
worth of silver in 1880 and $51,000 worth in 1885. The Garrett and
Faithful mines have not been operated for many years. '

BLOODY DICK CREEK.

. Thé Monument mine is on the north side of Bloody Dick Creek, at
the mouth of the canyon, at an elevation of about 7,000 feet. It is
about -5 miles northwest of Brenner, on the Gilmore & Pittsburgh
- Railroad. The country rock is gneiss. The mine was closed in 1909.

The Puzzler mine is on-Bloody Dick Creek, about 10 miles from
Brenner, at an elevation of about 7,500 feet. It is said to have been
opened 40 years ago, but it has never been a large producer. Chal- -
copyrite, bornite, chrysocolla, cuprite, and malachite are irregularly
distributed in seams and as coatings on sandstone, probably of pre-
Cambrian age, :
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The Dark Horse mine is at the head of Bloody Dick Creek at an
clevation above 9,000 feet. It may be reached by road up the creek
from Brenner, a station on the Gilmore & Pittsburgh Railroad, about
25 mile<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>