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ABSTRACT

The ore deposits described-in this bulletin are distributed through a region
of about 3,000 square miles surrounding the city of Helena, Mont. In general
the surface of this region is mountainous, but it includes several large inter-
montane valleys. Large areas in the northern and eastern parts of the region
are underlain by sedimentary rocks of the Algonkian Belt series, and on the
northeast and southwest the Belt rocks are overlain without any noticeable
angular unconformity by Paleozoic and Mesozoic beds. Oligocene, Miocene, and
possibly Pliocene sediments, composed chiefly of volcanic ash and land waste
of local origin, occupy large areas in the intermontane valleys and lie uncon-
formably upon Cretaceous and older rocks. A thin veneer of Pleistocene and
Recent alluvium generally overspreads the Tertiary. In the extreme northern
part of the region are large deposits of glacial drift that represent two stages
of the Pleistocene. :

The principal igneous body of the region is the northern part of the early
Tertiary or late Cretaceous Boulder batholith of quartz monzonite, The main
exposure of this body occupies an area of nearly 1,200 square miles and extends
southward beyond the limits of the particular region considered. Smaller areas
of similar rocks are clustered around this exposure. Most of the exposures
probably represent bodies that are connected in depth to form a single mass.

The late Cretaceous and older sedimentary rocks are involved in a series of
northwestward-trending folds. Along the east side of the region overthrust
faults related to the great Lewis overthrust of Glacier National Park cause
Belt rocks to overlie rocks of Paleozoic and Mesozoic ages. Large normal faults
occur near Marysville and faults of moderate displacement near Helena. The
Tertiary beds are slightly deformed by folds and faults that are unrelated to
the structure of the older rock. The geologic history of the region includes two
contrasting periods, the earlier of which was characterized by the accumulation
of marine sediments and the later by mountain building and erosion. The later
period began with folding and elevation in late Cretaceous or early Eocene time,
followed by overthrust faulting and the intrusion of the Boulder batholith.
Next, there ensued a period of crustal stability, during which erosion reduced
the region to a surface of low relief and cut away at least 10,000 feet of strata
in the area north of Helena. In Oligocene, Miocene, and Pliocene (?) time sedi-
ments composed of land waste and volcanic ash were deposited, and this event
was followed by warping and faulting that elevated the present mountains.
During Pliocene and Pleistocene time the mountaing were maturely dissected,
and in middle and late Pleistocene time local glaciers formed in the higher
mountains and large valley glaciers invaded the extreme northern part of
the region.

The ore deposits include lodes and placers that have yielded gold, silver,
lead, copper, and zinc to a value of at least $176,860,000. The placers were
formed mostly during interglacial stages of the Pleistocene. They have been
almost entirely exbhausted. Most of the lodes are classified as regards age in
two groups, an older and a younger. The older lodes are related in origin to
the Boulder batholith or some of the neighboring intrusive granitic bodies and

IX



X ABSTRACT

were probably formed during early Eocene time. The younger lodes were
formed after dacite of probable Miocene age was erupted. They are possibly
related in origin to some unexposed intrusive granitic rock.

For convenience in description the region is divided into three parts—dis-
tricts north of Helena, districts in the Belt Mountains, and districts south of
Helena.

The districts north- of Helena include a 50-mile stretch of the Continental
Divide that forms a broad ridge surmounted with considerable areas of flat
or gently sloping surface at a general altitude of 7,000 feet. Narrow valleys
1,000 to 2,000 feet deep are cut into this surface and lead out to the neighboring
wide intermontane valleys. The area is underlain mostly by shale, sandstone,
and limestone of the upper part of the Belt series. Beds of Paleozoic and
‘Mesozoic age occur south of the Belt area and extend from Helena west and
northwest., The igneous rocks of the area include diorite and gabbro sills
and dikes of probable Cretaceous age, extrusive andesite that is probably
Oligocene or Miocene, and stocks of quartz monzonite, granodiorite, and quartz
diorite, probably of Oligocene or Miocene age.

The ore deposits of the northern districts are chiefly lodes that are valuable
for gold and silver but contain some lead and copper. In the Ophir district
bodies of gold and silver ore occur mainly in limestone near a body of quartz
monzonite, In the Scratchgravel Hills and Grass Valley districts veins of
gold quartz and veins containing lead-silver ore occur in quartz monzonite
and in the adjoining metamorphic rocks. In the Austin district lodes containing
gold; silver, lead, and copper are found in limestone near intrusive quartz mon-
zonite. An unusual mineral in one of these lodes is corkite, a hydrous sul-
phate of lead containing arsenic. A small stock of quartz diorite in the
Marysville district has invaded and domed Belt rocks. Marginal and radial
fractures formed during the cooling and contraction of the igneous body be-
came the receptacles of gold and silver veins, one of which, the Drumlummon,
has produced $16,000,000. The veins filled open fractures and are characterized
by a gangue of platy calcite and quartz. Lodes in Towsley Gulch in the western
part of the district contain lead in addition to gold. In the Gould district a
small stock of the:granodiorite has invaded the Belt rocks and caused the
deposition of veins similar to those near Marysville. In the Heddleston district
lodes valuable for gold, silver, lead, and copper occur in Belt sedimentary
rocks and diorite, some of them associated with porphyry dikes. In the Wolf
Creek district veins in Belt rocks have produced copper ore composed mainly
of chalcopyrite or chalcopyrite and tennantite accompanied by pyrite and a
gangue of quartz and barite,

Placer deposits along the western slope of the Belt Mountains have produced
$17,500,000 in gold. Sapphires were formerly obtained from some of these de-
posits. The central part of the Belt Mountains is a plateaulike area considered
to be the remnant of a surface produced by erosion during Tertiary time. This
surface was elevated and has been deeply trenched by narrow, transverse
valleys that are bordered with remnants of low terraces in which most of the
placer deposits occur. Most of the western slope of the mountains is underlain
by sedimentary rocks of the Belt series. At the foot of the mountains these
give place to Paleozoic rocks, and these in turn are overlain unconformably
in Townsend Valley by Tertiary and later deposits. The main structural
feature is a great arch called the York anticline, which occupies most of the
west side of the mountains. At the west foot of the mountains this fold is
bordered by a series of small synclines that are tightly squeezed, faulted, and
overturned as a result of pressure exerted from the west or southwest along a
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fracture described as the El Dotrado overthrust. On another fracture called
the Scout Camp overthrust the Belt rocks composing the western slope of
the mountains- are thrust eastward over Paleozoic beds. Both faults are
regarded as branches of the Lewis overthrust of Glacier Park. Igneous rocks
that probably range in age from early Eocene to Pleistocene are widely but
sparingly distributed. They include sills and dikes of quartz diorite, porphyry
dikes, small stocks of quartz monzonite and quartz diorite, and surface flows
of andesite and basalt.

The deposits in the Belt Mountains that are of most interest at the
present time are lodes that are chiefly valuable for gold. Most of them are
found in the vicinity of York and Confederate Gulch, Nearly all are small
quartz veins formed along fractures in diorite dikes and stocks or on bedding
planes in the adjoining Belt sedimentary rocks. An exception is the Golden
Messenger, a replacement deposit of large size but low grade, formed along
fractures in a quartz diorite dike. Other veins in the same dike belong to the
rather uncommon class called ladder veins. Many of the small veins contain
shoots and bunches of rich ore in their upper parts. Downward enrichment
in gold is indicated to have occurred in some of the veins near York that lie
below an old erosion surface. Elsewhere the origin of the placer deposits
from erosion of the lodes during interglacial stages of the Pleistocene is
indicated. Lodes containing chalcopyrite occupy tension fractures in the Belt
shales that were produced by lateral movements of the mass composing the
mountain front.

In the districts south of Helena mining began with the discovery, on July 14,
1864, of rich placer deposits at the present site of the city of Helena, on Last
Chance Creek. Since then the placer and lode deposits of these districts have
produced metals worth $130,000,000 or more, of which about one-third was gold,
the remainder chiefly lead and zine. Sedimentary rocks ranging in age from
Algonkian to Cretaceous underlie parts of the region, and other parts are
underlain by a bedded series of andesite and latite tuffs, breccias, and flows.
These rocks have beeny intruded and severely metamorphosed by the quartz
monzonite of the Boulder batholith, the exposures of which occupy a large
area. Rocks later than the intrusion of the batholith are chiefly a series of
late Tertiary dacites and rhyolites. -

The placers of the southern districts have been almost entirely worked out.
The lodes have yielded metals worth $111,600,000, but many of them are still
productive, They include veins and contact-metamorphic deposits, Some of
the contact deposits contain copper ore, and others contain iron ore valuable
for fluxing. The veins are of two ages. The older veins have yielded most of
the metallic production of the region. Their ores in general are heavy sulphide
aggregates composed mainly of galena, sphalerite, and pyrite. Arsenopyrite is
generally present; tetrahedrite and chalcopyrite are less common. Many of
the veinsg are distinguished from the usual type of ore body by the occurrence
of abundant tourmaline. The metals produced are chiefly silver, lead, gold,
and zine, with some copper. The younger veins are essentially precious-metal
deposits. They are mainly fissure veins but include some disseminated de-
posits of low grade. They are widely distributed and include several produc-
tive bodies. A distinguishing feature is the occurrence in the gangue of
cryptocrystalline quartz and lamellar calcite. A dominant eastward trend of
the vein fractures of the older group indicates them to be tension cracks in the
crust block lying west of the Lewis overthrust that were produced by stretching
in a direction at right angles to the thrust.
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METALLIFEROUS DEPOSITS OF THE GREATER
HELENA MINING REGION, MONTANA

)

By J. T. Paroee and F. C. ScHRADER

INTRODUCTION
AREA AND FIELD WORK

The deposits described in this report are distributed through a
region of about 3,000 square miles surrounding the city of Helena,
in west-central Montana. (See fig. 1.) The region extends from
Helena about 35 miles north to Wolf Creek and 25 miles south to
Boulder and Basin. Its greatest width from the vicinity of Deer
Lodge eastward to the summit of the Belt Mountains at Confederate
Gulch is about 50 miles. A large part of the region is divided among
indefinitely bounded areas known as mining districts, each of
which includes one or more groups of metalliferous deposits. Since
the deposits were discovered more than 40 districts have received
names. Among the better-known ones are Gould, Marysville,
Heddleston, and Scratchgravel, north of Helena; York and Con-
federate Gulch, in the Belt Mountains; and Winston, Clancy, Helena,
Rimini, Basin, Wickes, Elkhorn, and Radersburg, south of Helena.

The field work on which the present report is based was first under-
taken by the United States Geological Survey to gain informatiomn
about a number of undescribed mining districts lying mostly north
of Helena. Work was begun in July, 1926, by J. T. Pardee, who,
during that season and the summer of 1927, examined the Zosell
district, east of Deer Lodge, and the Scratchgravel, Heddleston, and
several other districts north of Helena and began work in the
York district in the Belt Mountains. In 1928, as a result of cooper-
ation by the city of Helena, the investigation was widened to
include several districts south of that city and additional areas in
other parts of the surrounding region. Under this cooperative
survey the mining areas on the west slope of the Belt Mountains
from York to Confederate Gulch were examined by Mr. Pacdee,
who was assisted by Russell Gibson. The Ophir distriet and the
districts south of Helena were examined mostly by F. C. Schrader,
who was assisted part of the time by Mr. Gibson, and parts of the
Wolf Creek, Austin, and Marysville districts north of Helena weré

b



2 GREATER HELENA MINING REGION, MONTANA

examined jointly by Messrs. Pardee and Schrader. In May, 1930,
Mr. Pardee made brief examinations of the Gray Eagle and Minne-
apolis mines, at Basin; the Jo Dandy mine, near Radersburg; and
the exploratory tunnel at Rimini being driven by the Montana
Lead Co.

1e° 115° 114°
50 0

L 1 1 L 1 L

FIGURE 1.—Index map showing location of greater Helena mining region, Montana
(shaded area)

During the progress of the field work the mining men of the
region were found uniformly courteous and responsive to the requests
for information, and to all of them the writers extend grateful
acknowledgments. For the determination by microscopic and
metallographic methods of many of the rock and ore minerals
described herein the writers are indebted to Clarence S. Ross, W. T.
Schaller, and M. N. Short, of the Geological Survey.



INTRODUCTION 3

ARRANGEMENT OF THE REPORT

The mlmng districts covered by this report are most conveniently
described in three groups that occupy areas north of Helena, in the
Belt Mountains, and south of Helena. Each of these areas differs
considerably from the others in its geology and other features, and
therefore at the beginning of the report only the features that per-
tain to the whole region are mentioned. More extended treatment
of the geography, geology, and mineral deposits is given in turn
for each area named.

TOPOGRAPHY AND GEOLOGY

The region is mountainous in general but includes several large
areas of lowland that are termed intermontane valleys. The moun-
tains are moderately high and not very rugged, although they are
maturely dissected by narrow valleys from 1,000 to 3,000 feet deep.
In most of the mountain groups the main summit areas are flat or
gently sloping and accord in form and height with a surface of
moderate velief and gentle contour that formerly extended over the
whole region. The most noteworthy of these summit areas are the
Occidental Plateau, west of Wickes, and the upland at the head of
Trout Creek in the Belt Mountains. In most places the present
altitude of these upland surfaces is not far above or below 7,000
feet. Other noteworthy features of the topography are terraces
developed at two or three levels and occurring mostly in the inter-
montane valleys. ~

Large areas in the northern and eastern parts of the region are
underlain by sedimentary rocks of the Algonkian Belt series,
which are exposed to a total thickness of 15,000 feet or more. On
the northeast and southwest the Belt rocks are overlain without
any noticeable angular unconformity by Paleozoic and Mesozoic
beds, including Upper Cretaceous (Colorado), that have a maxi-
mum aggregate thickness of 13,000 feet. Oligocene, Miocene, and
Pliocene sediments, composed chiefly of volcanic ash and land
waste of local origin, occupy large areas in the intermont ne valleys
and lie unconformably upon the Cretaceous and older rocks. A
thin veneer of Quaternary alluvium generally oversprem s the Ter-
tiary. In the extreme northern part of the region are large deposits
of glacial drift that represent two stages of the Pleistocene.

The principal igneous body of the region is the early Tertiary or
late Cretaceous Boulder batholith, a mass of quartz monzonite that
extends beyond the limits of the partlcular region considered. The
principal continuous exposure of this body reaches from Helena
southwestward to the vicinity of Divide, on the Big Hole River, a
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distance of 68 miles. (See pl. 1.) Its width ranges from 14 to 25
miles, and its area is nearly 1,200 square miles. Around this exposure
but clustered mostly on the west and south are smaller areas of simi-
lar rocks. There is evidence that many of these bodies expand down-
ward, and it is probable that were the surface lowered a few thousand
feet some of them would be seen to have coalesced with the main
body.

Bllhngsley regards all the separate areas of granitic rocks as in
reality but the many exposures of a single mass, and he draws the
western limit to include exposures near Philipsburg and Anaconda.
However, between Anaconda and the main area of the great, batho-
lith of central Idaho, areas of similar rocks are closely spaced, and
so far as the evidence of areal distribution goes it is difficult to draw
a line between the satellites of the two great igneous bodies. They
are much alike in composition, and therefore, it may be true, as
suggested by Knopf,? that the Boulder batholith is merely an outlier
of the greater Idaho mass. On the other hand, Ross ® thinks that the
two bodies show some differences in composition and are probably
of different age, the Idaho body being much the older (probably
late Jurassic). Present information, however, gives little basis for
speculation as to the probable concealed western limit of the Boulder
batholith. ‘ Ny

As shown by its main exposure the definite age limits of the
Boulder batholith are late Cretaceous and Oligocene. Near Elliston
the magma invaded Colorado Cretaceous rocks after they had been
folded, and at Mullen Pass the solidified body was uncovered by ero-
sion before Oligocene sediments were laid down. From these facts
it is concluded that most probably the body came to place in early
‘Kocene time.

Both Barrell * and Billingsley ° regard the Boulder batholith as
a dome-shaped mass that made room for itself by stoping and did
not fold the rocks it invaded, though it probably elevated them
over its central part. It is made up of relatively basic material at the
border, a main mass of quartz monzonite containing 63 per cent of
silica, and dikes and irregular bodies of aplite that contain 75 per
cent of silica. ;

! Billingsley, Paul, The Boulder batholith of Montana: Am. Inst. Min. Eng. Trans.,
vol. 51, p. 33, 1915.

2 Knopf, Adolph, Ore deposits of the Helena mining region, Montana: U. 8. Geol. Sur-
vey Bull. 527, p. 34, 1918,

8 Ross, C. P., Mesozoic and Tertlary granite rocks in Idaho Jour. Geology, vol. 36,
pp. 673-693, 1928.

¢ Barrell, Joseph, Geology of the Marysville mining district, Mont ¢ U. 8. Geol. Survey
Prof, Paper 57, p. 21, 1907.

8 Billingsley, Paul, The Boulder batholith of Montana: Am. Inst Min. Eng. 'l‘rans
vol. 51 p. 39 1915,
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Although the igneous mass as limited by Billingsley ¢ does not
compare in size with the batholith of central Idaho or with the
greater intrusive bodies elsewhere, it is second to none in the extent
and value of its related mineral deposits. In round figures the
ore bodies related to the Boulder batholith have produced to date
some 5,000,000 tons of copper, 1,000,000 tons of zinc, 100,000 tons of
lead, 16,000 tons of silver, and 470 tons of gold. Of these different
products nearly all the copper and zine, most of the silver, and
about one-sixth of the gold came from Butte.

Other igneous rocks in this region include diorite sills and dikes
and andesite-latite flows that are older than the batholith, rhyolite
and dacite that are younger, and scattered porphyry dikes of inde-
terminate age.

The late Cretaceous and older sedimentary rocks are all involved
in a series of northwestward-trending folds. Along the east side
of the region overthrust faults related to the great Lewis overthrust
of Glacier National Park cause Belt rocks to overlie rocks of
Paleozoic and Mesozoic age. (See pl. 2.) Large normal faults
occur near Marysville, and faults of moderate displacement near
Helena. The Tertiary beds are slightly deformed by folds and
faults that are unrelated to the structure of the older rocks.

The geologic history of the region includes two contrasting periods,
the earlier of which was characterized by the accumulation of marine
sediments that range in age from Algonkian to Upper Cretaceous.
The later period was one of mountain building and erosion, and
its chief events are listed below.

1. Folding and elevation_________________ Late Cretaceous or early Eocene.
2. Overthrust faulting-._________________ Early Eocene.
3. Extrusion of andesitic lavas south of
Helena._.._ e —-- Early Eocene,
4. Intrusion of Boulder batholith________ Early Eocene.

5. Period of general crustal stability and

reduction of the region by erosion to

a surface of low relief—_____________ Middle Eocene to early Oligocene.
6. Intrusion of Marysville and Gould

stocks and probably other granitie

outliers Early or middle Oligocene.
7. Extrusion of andesitic lavas, Stemple
to Wolf Creek Middle Oligocene.

8. Gentle warping and faulting that pro-
duced shallow depressions areally co-
extensive with present intermontane
valleys, Showers of voleanic ash oc-
curred during the same period__-.__ Middle Oligocene.

¢ Billingsley, Paul, op. cit., p. 33.
154419—33——2
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9. Erosion interval. Shown in Townsend
Valley.
10. Uplift of the present mountains and
continued depression of the intermon-
tane basins and at the same time an
uplift of the general region. Extru-
sion of rhyolite, dacite, and basalt__ Miocene or Pliocene.
11. Dissection of the mountains. Develop-
ment of the mountain valleys and
the terraces _ Pliocene and Pleistocene.
12. Local glaciation in the higher moun-
‘tains and lowland glaciation .in the
extreme northern part of the region. Middle and late Plelstocene

During the time occupied by events 1 to 5 erosion cut away a
layer 10,000 feet or more thick and reduced the surface to low relief.
Destruction of this surface began with the Miocene uplift. Rem-
nants of it that have escaped destruction appear as the gently sloping
areas on the tops of the present mountains,

ORE DEPOSITS

The ore deposits of principal interest at present are metalliferous
lodes, most of which may be placed in either an older or a younger
group. The older group includes deposits valuable for gold, silver,
lead, and zinc, and to a less extent, for copper, and are closely re-
lated in origin to the intrusive granite (quartz monzonite). Their
formation was generally preceded or accompanied by the develop-
ment in the wall rocks of sericite and a mixed carbonate containing
chiefly calcium, iron, and magnesium. In some districts there was,
in addition, an extensive development of tourmaline. The older
lodes appear to have closely followed the intrusion of the Boulder
batholith, and their age, therefore, is probably early or middle
Eocene. The younger lodes are valuable chiefly for gold and silver
and are characterized by a gangue of lamellar calcite and quartz
and of fine-grained or chalcedonic quartz. Some of them are later
than dacite, which is regarded as probably Miocene. Others at
Marysville and Gould are associated with granodiorite stocks that
may be Oligocene.

Placer mining, which was at one time the principal and in fact
almost the only industry of the region, has dwindled to small-scale
operations on deposits that are mainly the remnants left by the early
miners.

Estimates of the total value of the metals produced in the region
to the end of 1928 range from $176,860,000 to more than $280,000,000.
The larger figure includes totals popularly estimated for the prin-
cipal districts. The smaller figure is based mainly on available
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smelter records and reports in the annual volumes of Mineral Re-
sources of the United States. It is a minimum and is probably
smaller than the true total. About $91,100,000 of the minimum total
given is gold, and of this portion about $57,500,000 was derived
from placer deposits and $33,600,000 from lodes. The remainder,
$85,760,000, represents the value of about 72,500,000 ounces of sil-
ver, 148,000,000 pounds of lead, 20,000,000 pounds of copper, and
13,000,000 pounds of zinc.

The bulk of the placer gold was produced before 1875. The lode-
gold production has been pretty well distributed since that date,
though the peak was reached between 1890 and 1900, when the
Marysville district was at the height of its activity. Most of the
silver and lead were produced in the period from 1880 to 1900, in
which the Wickes and Elkhorn districts were very active. The
copper production has been distributed irregularly through the more
recent years. Zinc is comparatively a new source of wealth in the
region, the production given having been made since 1912. Owing
to improved metallurgical methods, this metal, which commonly
occurs in mixed ores and was formerly considered a detriment and
therefore usually penalized by the smelters, has now become an asset,
and 1its production may be expected to continue in so far as market
conditions justify.

From 1912 to 1928, as reported in Mineral Resources, the combined
annual production of all the metals has fluctuated between $650,000
and $2,800,000. The total for the period is about $22,300,000.

In many of the districts south of Helena the lodes become of low
grade or barren within a depth of 1,000 feet below the original or
contact surface of the batholith. There remain, however, in nearly
every district parts of this 1,000-foot zone that have not been ex-
hausted of ore or completely explored. It is not possible to estimate
closely the ore remaining in these parts, but its aggregate amount is
probably large.

Other districts, mainly those north of Helena, have not been ex-
plored beyond shallow depths, and the lower limits of their ore
bodies are not known. These districts promise an additional future
production. In other places throughout the region are large bodies
of material that contain just enough gold or other valuable metal
to be, under present conditions, near the border between ore and
waste. With improvements in metallurgy or other changed condi-
tions these bodies might become profitable to work. Although the
region can not expect to regain the prestige it enjoyed while the
cream of the deposits was being skimmed, it may reasonably look
forward to rather long-continued mining activity on a moderate
scale.
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DISTRICTS NORTH OF HELENA
FIELD WORK

Most of the districts north of Helena were examined by J. T.
Pardee in 1926 and 1927. In 1928 F. C. Schrader examined the
Ophir district and parts of the Marysville district and, in company’
with Mr. Pardee, the Austin and Wolf Creek districts.

Available topographic ‘base maps for the region are the Helena:
1° map, which depicts the broader features and includes all but a
few of the northernmost districts, and the larger-scale map of’
Helena and vicinity, which covers in greater detail the Helena,.
Scratchgravel, and Grass Valley districts. Township plats of the
General Land Office were used as base maps for the outlying dis-
tricts. :
HISTORY AND PRODUCTION

In the districts north of Helena, as elsewhere in the region, gold-
bearing gravel constituted the ﬁrst mineral deposits to be dlscovered’
and mined. In most places these deposits were quickly exhausted,
and for the last 30 or 40 years little placer mining has been done.
In some places lode deposits were discovered and worked at about:

+
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the same time as the placers; in others, not until later. The his-

_tory of the placer-mining period is largely lost, and the evidences

of occupation are fast disappearing. “Old” Lincoln and other
camps, once the homes of a considerable population, now consist of
only a few tumbledown cabins. The mine pits are overgrown with
trees and bushes and otherwise nearly obliterated by natural proc-
esses. A reminder of the days when stage coaches and ox teams
were the chief means of transportation is a small group of decrepit
buildings, the remains of ¢ old ” Silver stage station, 15 miles north
of Helena. ’

In each of the different districts lodes were discovered and worked
from 40 to 60 years ago. Since then operations have been inter-
mittent and the scene of greatest activity has changed from one
place to another.

After the World War, in these districts as elsewhere, a serious
depression was suffered by mining. For a time operations practi-
cally ceased. In the last few years, however, activity has gradually
revived, and in 1926 and 1927 a noteworthy amount of development
work was in progress. Present conditions are somewhat improved
over those of the past, owing chiefly to better roads, motor trucks,
and the extension of electric power lines. In addition, the low
price of silver is overcome somewhat by an increased value of lead.
Zinc, which formerly was penalized, is now under some conditions,
paid for. Gold, the most valuable product of the region, is still
handicapped, however, by high mining costs.

Estimates based partly on returns from smelters and from the
United States assay office and partly on credible reports from
other sources show an aggregate production for the districts north
of Helena of $28,500,000. Of this total, about $21,850,000 is to be
credited to the placers and $6,650,000 to the lodes. Practically all
of the placer production and at least three-fourths of the lode
production is gold; the remainder chiefly silver and lead with a
small amount of copper. '

ACCESSIBILITY

All the districts mentioned herein may be reached by automobile
over roads that in general are good. They are within an area that
is crossed by the Northern Pacific and Great Northern Railways
and closely approached by the Chicago, Milwaukee, St. Paul &
Pacific, and therefore most of them are within a few miles of a
railroad shipping point. The Gould-Stemple and Heddleston dis-
tricts, the most distant, are respectively 22 and 35 miles by auto-
mobile roads from Silver station, on the Great Northern Railway.
Transportation to and from the Heddleston district includes a
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moderate climb over the Continental Divide. From the other dis-

tricts the haul to the railroad is downhill. Electric power is avail-
able from the Montana Power Co., whose main transmission lines
cross the eastern and central parts of the region.

TOPOGRAPHY

The region considered includes a stretch of the Continental Divide
about 50 miles long that separates the Missouri River drainage from
that of Clark Fork of the Columbia and its tributaries, the Little
Blackfoot and Blackfoot Rivers. This stretch of the divide is a
broad ridge of irregular but average northerly trend, with an aver-
age altitude of about 7,000 feet. It is surmounted by considerable
areas of flat or gently sloping surface and is without sharp crests
or many prominent summits. One is surprised when climbing the
rather steep and rocky slopes 2,000 feet high to the divide west of
Helena, for instance, to come upon a region of subdued topography,
consisting of gently sloping hills and wide, shallow valleys containing
farms. Similar gently contoured surfaces characterize the divide
and its principal lateral spurs near Towsley Gulch, Gould, and other
places. A few summits, of which Mount Belmont and Granite Peak
are examples, rise somewhat above the surface described, and some
wide, shallow valleys, of which the valley of Gould Creek above the
Hubbard mill is an example, are from 500 to 1,000 feet below it.
Wind gaps, such as the pass at Stemple and Rogers Pass, are prob-
ably remnants of similar valleys developed long ago and abandoned
by their streams. The upland surfaces described give place abruptly
at their borders to steeply descending slopes that form the sides of
narrow valleys from 1,000 to 2,000 feet deep.. These valleys lead out
to wide intermontane valleys, of which Prickly Pear, Silver, and
Hilger Valleys border the mountain mass on the east, and Deer
Lodge, Avon, and Lincoln Valleys border it on the west. The
mountain valleys are graded to the large intermontane valleys into
which their detritus is discharged. They are being enlarged by
erosion and extended headward and are thus replacing the smoothly
contoured upland surfaces. The dissection already accomplished
has for the mountain mass as a whole reached a stage near maturity.

The development of these upland surfaces requires noteworthy
changes to have occurred in the elevation of the region. At the
present time the more vigorous streams are cutting deep and steep
valleys back into the gently contoured uplands, which eventually
they will completely destroy. Such upland surfaces could not have
been developed at the relative altitude they now occupy. Presum-
ably they were carved at a lower altitude during some former geologic

period. Since then the mountain areas have been raised from 1,000

v/
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to 2,000 feet relatively to the adjacent intermontane lowlands. The
geology of the region as described farther on indicates that this old
upland surface had been developed by middle Tertiary time through
erosion and was uplifted and dissected since Miocene lake beds were
deposited in the intermontane valleys. It truncates many of the
lodes.
GEOLOGY
SEDIMENTARY ROCKS
BELT SERIES (ALGONKIAN)

In the northern part of the area the mountains are composed almost
entirely of shale or argillite, sandstone, and impure limestone
that belong to the Algonkian Belt series. As subdivided by Wal-
cott,” the Belt series in this general region includes eight formations,
of which the three lowermost have not been identified in the area
north of Helena. The five formations present are, in ascending
order, the Greyson shale, Spokane shale, Empire shale, Helena lime-
stone, and Marsh shale, the last four shown as a unit on Plate 2. In
the Helena district these four uppermost formations of the series at-
tain a thickness of 4,800 feet, of which the Helena limestone makes up
2,400 feet. In the neighborhood of Marysville exposures of the
different formations aggregate a thickness of 8,100 feet, 4,500 feet
of which is the Helena limestone.

The dark-gray to black siliceous shale that crops out north of
Little Prickly Pear Creek below the Gravel Range is identified by
Barrell ® as part of the Greyson shale. A thickness of about 500
feet is exposed. A dark-gray to black shale is exposed on Little
Creek in the Wolf Creek district to a thickness of at least 1,000 feet
that is probably to be correlated with the Greyson. Above it are
alternating beds of red shale and sandstone that commonly show
ripple marks and cross-bedding. Exposures along Canyon Creek
and Little Prickly Pear Creek show thicknesses of 1,500 to 2,500 feet
or more of beds that probably represent the Spokane. Toward the
north and northwest these beds become areally very extensive and
apparently much thickened. South of Little Prickly Pear Creek
1s grayish-green to buff soft limy shale with a few red bands aggre-
gating 600 feet in thickness that are thought to represent the Empire
shale. Farther south, near the intrusive granite stock at Marysville,
the Empire shale is transformed by contact metamorphism into a
hard brown to gray banded hornstone.

The Helena limestone is predominantly an impure bluish-gray to
gray limestone that weathers buff. It contains interbedded layers

" Walcott, C. D., Pre-Cambrian fossiliferous formations: Geol. Soc. America Bull,,
vol. 10, p. 204, 1899,
8 Barrell, Joseph, op. cit., p. 8.
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of gray, green, and purple shale and in places shows oolitic and
concretionary structure. The thickness ranges from 2,400 feet at
Helena to 4,000 feet at Marysville. The Marsh shale, named by
Walcott ° from Marsh Creek, north of Marysville, is characterized
by red shale and is of variable thickness, ranging from 75 feet on
the north side of Mount Helena to 1,000 feet at Marysville, as esti-
mated by Barrell.2°
PALE0ZOIC AND MES0ZOIO ROCKS

Rocks of Paleozoic and Mesozoic age form a wide belt that extends
along the south side of the Algonkian area from Helena and Ellis-
ton northwestward to the basin of Nevada Creek. Southwest of
this belt, in the Garnet Range, west of Avon Valley, part of another
area of these rocks is mapped.

At Helena the Cambrian and Devonian rocks compose a series
2,300 feet thick that consists dominantly of limestone with some
shale and quartzite. The lowest Cambrian formation, the Flathead
quartzite, is a resistant rock that crops out as prominent ridges.
Its exposures, as a general rule, are light reddish brown or pink.
It is cross-bedded in places and ranges from 80 to 180 feet in
thickness. It rests unconformably but without any very notice-
able angular discordance upon different members of the Belt series.

Above the Flathead quartzite are, in order, the Wolsey shale,
Meagher limestone, Park shale, Pilgrim limestone, Dry Creek shale,
and Yogo limestone, all of Cambrian age. The two shale formations
are soft and of no great thickness. The Meagher limestone is light
gray to blue and 400 feet thick, and the Pilgrim limestone is blue
to dark gray, mottled at the base with yellow and gray spots,
and about 800 feet thick. The Yogo limestone is light colored and
thin bedded, with some pebbly, jaspery, and flaggy layers. At
Helena it is from 175 to 450 feet thick.

Next above the Yogo is the Jefferson limestone, of Devonian age, a
dark-colored rock showing granular and mottled textures and com-
monly giving off a fetid odor when hammered. It is 243 feet thick
at Helena ' and is succeeded by beds of shale and quartzite about
270 feet in aggregate thickness, known collectively as the Threeforks
shale.

The Carboniferous Madison limestone includes thin beds of impure
limestone below, light to dark gray cherty limestone in the middle;
and massive light-gray or white limestone above. Its aggregate
thickness is 2,600 feet. It is of lower Mississippian age.

The Paleozoic limestones described are characterized by generally
conspicuous light-colored exposures, such as the cliffs and crags along

9 Walcott, C. D., op. cit., p. 207. 1 Knopf, Adolph, op. cit,, p. 92.
10 Barrell, Joseph, op. cit., p. 9.
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the streams that drain the west side of the Continental Divide north
of Elliston. The intervening shales are so easily broken down by
weathering that their positions are generally marked by slight de-
pressions and their outcrops are concealed by the surface mantle.

The Quadrant quartzite and Phosphoria formation, which lie in
the order named above the Madison, complete the Paleozoic section
in this region. In addition to quartzite they include beds of lime-
stone, sandstone, and shale, some of which is red, and a bed of rock
phosphate. .

The principal areas of Quadrant and Phosphoria rocks within
the region of this report are north of Elliston ?* and in the Garnet
Range west of Avon.!® Near Elliston the combined section is about
720 feet thick, 640 feet of which is regarded as equivalent to the
Quadrant and 80 feet to the Phosphoria. At the bottom of the Phos-
phoria is a 5-foot bed that contains from 60 to 70 per cent or more
of tricalcium phosphate. A massive white or light-gray quartzite
in the upper part of the Quadrant forms conspicuous ledges that
extend for a distance of about 15 miles and trace a loop in the valley
of Dog Creek north of Elliston. The phosphate occurs just above
the quartzite and is commonly overlain by black cherty rock. In the
Garnet Range west of Avon and north of Garrison the Quadrant
quartzite is overlain by 50 feet or more of gray to brown chert, at
the bottom of which is a 4-foot bed of rock phosphate similar in
composition to that at Elliston.

In the region covered by this report Triassic rocks have not been
found, and beds known as the Ellis formation, which contain
Jurassic fossils, lie without noticeable angular discordance upon the
Phosphoria. The Jurassic beds are in turn overlain without an
apparent angular unconformity by the Cretaceous. These Mesozoic
rocks occur chiefly in the neighborhood of Elliston and around the
south end of the Garnet Range. At Elliston the Phosphoria is
overlain by 50 feet of limestone containing marine Jurassic fossils.
Higher in the section is several hundred feet of sandstone charac-
terized by cross-bedding and black specks of chert. Coarse-grained
speckled sandstone that occurs still higher in the section is probably
Cretaceous. In the Garnet Range beds of buff-weathering limy
shale, limestone, and cross-bedded gray sandstone that aggregate
from 400 to 650 feet in thickness are assigned to the Jurassic. Above
these are beds aggregating nearly 10,000 feet in thickness that
belong to the Kootenai, Colorado, and Montana divisions of the
Cretaceous. The stratigraphic section as determined by measure-

12 Stone, R. W., and Bonine, C. A., The Elliston phosphate field, Montana: U. 8. Geol.
Survey Bull. 580, pp. 373-383, 1914,

18 Pardee, J. T., The Garrison and Pbilipsburg phosphate fields, Montana: U. S. Geol.
Survey Bull. 640, pp. 195228, 1917.
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ments made at different places includes in ascending order, 1,350
feet of purple and maroon shale, variegated sandstone, buff-weather-
ing limestone and limestone containing fresh-water gastropods, all
assigned to the Kootenai; 500 feet of fissile black shale and 2,300
feet of buff to brown and black sandstone, shale, and limestone, all of
Colorado age; 4,800 feet of variegated sandstone and argillite
thought to belong to either the Colorado or the Montana; and 700
feet or more of conglomerate and sandstone that may be late Creta-
ceous or Tertiary. The lower half or more of this section is exposed
along the Little Blackfoot River below Avon.

TERTIARY ROCKS

Sedimentary deposits of Tertiary age occupy large areas in Avon
Valley and the eastern part of Prickly Pear Valley. They do not
crop out in the western or central parts of Prickly Pear Valley but
are indicated by boring to be present beneath a cover of later allu-
vium. They probably occur beneath the superficial deposits of
alluvium in Silver, Lincoln, and Hilger Valleys also. The deposits
referred to are generally known as Tertiary lake beds. They consist
predominantly of fine terrestrial sediments, mainly waterlaid vol-
canic ash, and are somewhat indurated or cemented but have not
become hard rock. Vertebrate remains found in similar beds in
Townsend Valley ** indicate their age to be Oligocene.

Above the Oligocene sediments in Townsend Valley and separated
from them by an erosional unconformity is 500 feet of uncon-
solidated sand and gravel containing the remains of Miocene
vertebrates.

The light-colored sediments occurring in the eastern part of Prickly
Pear Valley are similar to the Oligocene beds described in Townsend
Valley and are areally almost continuous with them. Good exposures
may be seen north of the road from Helena to York at a point
about a mile west of Hauser Lake. There they contain yellowish-
green to white beds of claylike material composed largely of the
mineral bentonite. Small feldspar and quartz grains in the mass
indicate it to be derived from lava or tuff having the composition
of rhyolite or dacite. In Avon Valley light-yellow to brown tuffs
and clays with beds of sand and volcanic ash are exposed in old
placer mines along Carpenter and Ophir Gulches, on Sixmile Creek
north of Ophir, and elsewhere. They are similar to the Oligocene
beds in Townsend Valley, and near Ophir and south of Avon they
contain thin beds of coal. A small patcl: of similar sediments west
of Mullen Pass contains a bed of subbituminous coal that was
formerly mined.

1 pardee, J. T. Geology and ground-water resources of Townsend Valley, Mont.:
U. S. Geol. Survey Water-Supply Paper 539, pp. 22 et seq., 1925.
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A body of sand and gravel 500 feet thick containing stream-rounded
cobbles and boulders that underlies the ridge north of Little Prickly
Pear Creek, known as Gravel Range, was regarded by Barrell ** as
probably late Miocene. It occurs several hundred feet above the
present valley, but its position is relatively the same as that of gravel
deposits on terraces in neighboring valleys and in the Great Plains
to the northeast, described by Alden.** The oldest of these terraces
are regarded as of late Tertiary age and the next younger set of
terraces as early Pleistocene. The Gravel Range deposit is not unlike
the late Tertiary terrace gravel, but it may be the equivalent of the
succeeding early Pleistocene deposits.

Some of the gold-bearing gravel at Helena and Montana City
is reported to have yielded the remains of mammoths and other
vertebrates and may therefore be as old as Pliocene. The conditions
under which the fossils were found are not known, however, and it
is possible that they were originally entombed in the Tertiary *lake
beds ” that locally form the bedrock of the placer deposits. The
position of those deposits on terraces of moderate height is similar
to that of gravel in Townsend Valley, near by, that is probably
early Pleistocene.’”

QUATERNARY DEPOSITS

Deposits of placer gravel at Helena that may be early Pleistocene
have been mentioned above. Similar gravel, except that it may not
contain gold, is rather generally developed as a veneer that over-
spreads the terraces in all the large intermontane valleys. As a
rule these deposits are thin, though locally they may be as much as
20 feet or more deep. They contain both rough and moderately
waterworn cobbles and boulders derived from the rocks of the adja-
cent mountains. They lie on a surface eroded across the Tertiary
and older rocks, and away from the mountains they become thinner
and finer-textured. This gravel evidently was not deposited until
after the Tertiary “lake beds” had been deformed and eroded and
therefore is considerably younger than Miocene. It is correlated
with deposits of similar character occurring in neighboring valleys
that are closely associated with relatively old glacial drift and there-
fore are regarded as early Pleistocene.

Very low terraces and the wide plains in the central parts of
Prickly Pear and other intermontane valleys are composed of gravel
derived from the gravel of the higher terraces, the Tertiary “lake
beds,” and the rocks of the mountains. This deposit is thin near the
margins of the valleys but in the interior probably attains a consid-

 Barrell, Joseph, op. cit., p. 11.

16 Alden, W. C., Physiographic development of the northern Great Plains: Geol. Soc.
America Bull., vol. 35, pp. 400—422, 1924.

17 Pardee, J. T., op. cit. (Water-Supply Paper 539), p. 35.
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erable thickness. It is not cemented or compacted and is commonly
open textured and the source of abundant ground water. In Avon
Valley north of Ophir and in Lincoln Valley it includes the outwash
of late Pleistocene glaciers and in general contains whatever materi-
als have been deposited since the gravel of the terraces was dissected.

Throughout most of the area described in this report glacial de-
posits are absent or scanty, but in Lincoln Valley they occupy a
considerable area. The drift of at least two stages of glaciation
may be distinguished. The older drift is a reddish-gray clayey till
poorly exposed along the south side of the valley and on the foot-
hills east of Sauerkraut Gulch. It presents a subdued undulating
topography without undrained hollows and contains many boulders
of quartzite, red and green argillite, gray porphyry, flinty and
jaspery quartz, and other rocks. The porphyry and the less resist-
ant of the .other rocks ‘are partly decomposed by weathering.
Glacial striae are preserved on the red and green argillite.

Prominent moraines of a younger glaciation occur in Lincoln
Valley east of Lincoln Gulch and south of Poorman Creek, where
they form ridges several hundred feet high that are characterized
by humpy topography, lakes, and erratic boulders. Less conspicu-
ous but otherwise similar deposits appear in other parts of the
valley. Along the Blackfoot River near Flesher this later drift
covers much of the surface and extends up the tributary valleys
that head to the north and northwest. Valleys from the east and
south, including those in which Silver Camp and the road from
Flesher to Helena are located, are blocked at their mouths by the
morainal deposits but above those points are free from drift. The
moraines are mostly composed of fresh and unweathered material
and are probably of Wisconsin age. The boulders that they contain
are chiefly argillite and quartzite with a sprinkling of porphyry and
other varieties. The high mountains to the north and northwest
were the sources of this drift, and its distribution shows that at
their maximum the glaciers that transported it practically filled
Lincoln Valley and the valley of the Blackfoot River near Flesher.
Streams that flowed along the margin of the ice east and southeast
of Flesher cut trenches across the fronts of the opposing mountain
spurs. One of these trenches is now occupied by the Blackfoot
River where the road from Helena first crosses that stream. It is
noteworthy that the workable placers of McClellan, Lincoln, and
Sauerkraut Gulches are outside the glaciated area.

South of the Blackfoot drainage basin glacial deposits are of
small extent and mostly confined to a few of the mountain valleys.
At the east edge of Avon Valley north of Ophir is a rather prom-
inent moraine deposited by a glacier that descended Sixmile Creek.
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It is of subdued contour, its materials are rather deeply weathered,
and therefore it may belong to a stage earlier than the Wisconsin.
It covers about 2 square miles, and below it is a considerable area
of outwash. The glacier that deposited this drift had its source
on the northwest side of a peak on the Continental Divide 8,400
feet high, from which it descended to an altitude of 5,200 feet. The
glaciated valley is barren of placer deposits.

In the valley of the Little Blackfoot River above Elliston hum-
mocky drift covers an area of 3 or 4 square miles. It contains
many large granite boulders and fragments of quartzite, andesite,
and other rocks and shows weathering to the depth of a foot or
two. Down the valley for 3 or 4 miles beyond the drift is a deposit
of coarse outwash gravel that has been trenched by the stream so
that it now forms terraces from 20 to 50 feet high. The appearance
of the drift suggests that it is of late Pleistocene age, probably
Wisconsin. It was deposited by a glacier that had its source along
the Continental Divide south of Elliston in mountains 7,000 to 7,500
feet high, from which it descended to an altitude of 5,100 feet.

On the south fork of Little Prickly Pear Creek at the junction of
Lost Horse Creek hummocky drift containing quartzite and other
rocks similar to those of the Continental Divide on the west covers
a few acres. The deposit is rather fresh-looking and probably is
late, if not the latest Pleistocene. The glacier that deposited it de-
scended on a northeast slope to an altitude of 4,800 feet.

At Stemple, near the head of Virginia Creek, is a small moraine
at an altitude of about 6,000 feet. It was deposited by a glacier that
came from a small cirque on the north side of the mountain 7,600
feet high just south of Stemple. The valley of Gould Creek at
Gould contains a very small patch of drift at 6,200 feet. Farther
upstream at 6,500 feet this valley has somewhat the form of a
cirque, the back wall of which rises about 1,000 feet above the floor.
The appearance of the drifts at Stemple and Gould suggests that
they are late Pleistocene, but they may be older than Wisconsin.

IGNEOUS ROCKS
DIORITE AND GABBRO

The oldest igneous rocks of the area are gabbro, diorite, and some
related varieties that occur mostly as sills and dikes. In the Hed-
dleston district the exposure of a diorite-gabbro sill about 500 feet
thick occupies several square miles along the Blackfoot River. To
the unaided eye it is a dark, greenish-gray crystalline rock that
shows hornblende and other dark minerals in a lighter groundmass.
Microscopically it ranges from a diorite composed chiefly of andesine
and hornblende with lesser amounts of augite and biotite to a
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gabbro made up mostly of labradorite and augite. Both varieties
contain accessory titanite and magnetite and small amounts of
quartz. Commonly part of the augite is altered to serpentine and
part of the feldspar to sericite. More or less carbonate is present in
veinlets that cut the other minerals. Near the veins the rock is
more thoroughly altered; the hornblende and augite are almost com-
pletely changed to serpentine and the feldspar to sericite and
epidote. This sill is intruded into shale and argillite that belong in
the upper part of the Belt series.

Masses of coarse granular pyroxene diorite or gabbro that occur
north of Little Prickly Pear Creek'are described by Barrell.'®* The
larger bodies are 500 to 1,000 feet wide and half a mile long, and they
are intruded into the Spokane shale and the Greyson shale. Dikes
or sheets of a rock called by Barrell the microdiorite of Bald Butte
are sparingly scattered over the Marysville district. These are from
10 to 50 feet thick and 300 to 1,000 feet long, and probably are ot
the same age as the diorite north of Little Prickly Pear Creek.

Along the west side of the Scratchgravel Hills is an area of
gabbro-diorite composed chiefly of plagioclase (ranging from albite
to anorthite) and augite. It takes the form of a sill of undeter-
mined thickness that is intrusive into rocks of the Belt series and
is in turn cut by granite (quartz monzonite). Sills and dikes of
similar rocks, not all of which are shown on the maps, occur near
Stemple and at other places in the area of Belt sediments and in
areas occupied by Cretaceous beds along the Little Blackfoot River
below Avon. One body exposed on Hoover Creek west of the area
considered in this report is a sill 400 feet thick intruded in Upper
Cretaceous beds 1,500 feet above the base of the Colorado.!®

Although so far as their direct local relations show the igneous
bodies described may range in age from post-Algonkian to post-Cre-
taceous, their similarity suggests that they are all of one period.
Those which take the form of sills appear to have been tilted with the
beds that inclose them. As shown by the sill at Hoover Creek,
they came to place after the Colorado formation had been laid down.
As pointed out in succeeding pages, the folding that involved these
beds was pre-Oligocene and therefore it -appears that the intrusions
must have occurred in late Cretaceous or early Tertiary time.

ANDESITE

An area of extrusive andesite that includes the mining district in
Seven-up Pete Gulch extends from the vicinity of Stemple north-
ward almost to the Blackfoot River. The mass consists of flows

18 Barrell, Joseph, op. cit., p. 19.
1 Pardee, J. T., The Garrison and Philipsburg phosphate fields, Mont.: U. S. Geol. Sur-
vey Bull. 640, p. 212, 1917.
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and breccias colored different shades of purple and gray, and the
prevailing variety is a fine-grained lead-gray rock with a platy habit
that causes it to resemble slate.

Patches of altered andesite north of Little Prickly Pear Creek
and a small area of unaltered glassy pyroxene andesite on a hill
south of the stream are described by Barrell.** Northwest and south-
east of Wolf Creek andesitic tuffs, flows, and breccias occupy a large
area. All the andesitic rocks mentioned are probably of the same age.
They lie on surfaces eroded across the Belt rocks—a fact that calls
for the removal of 10,000 feet or more of Paleozoic and Mesozoic
rocks before the extrusions took place. As explained on page 25,
that erosion probably took place during Eocene time and required
most if not all of that epoch. Therefore, the Stemple, Seven-up
Pete Gulch, and Wolf Creek areas of andesitic rocks are thought

to be possibly of Oligocene age.

GRANITE (QUARTZ MONZONITE)

Several bodies of closely related igneous rocks that under a more
exact classification are called quartz diorite, granodiorite, and quartz
monzonite are mapped on Plate 2 as quartz monzonite, which is the
most abundant of the three. The largest of these bodies, the Boulder
batholith, is described on pages 3—4, and 190. Its principal exposure
covers an area of nearly 1,200 square miles that extends from the
vicinity of Helena south to and beyond Butte (pl. 1). The rock is
composed essentially of plagioclase, orthoclase, quartz, biotite, and
hornblende. It is technically a quartz monzonite but is commonly
known as the Butte “ granite.”

In the Scratchgravel Hills a body of quartz monzonite occupies an
area of 9 or 10 square miles. The rock is composed chiefly of ortho-
clase and andesine with lesser amounts of augite, biotite, and quartz.
Except for the presence of augite instead of hornblende it is much
like the Butte “ granite ” and may be an offshoot of that mass. At
the surface the two bodies are about 6 miles apart, but an under-
ground connection between them is suggested by a noticeable meta-
morphism of the intervening sediments and the presence in them of
small injected bodies of similar granitic rocks.

At Marysville an intrusive igneous body about 3 square miles in
area is described by Barrell ** as quartz diorite. It is very similar
in composition to the Butte quartz monzonite, and for that reason
and because it expands downward, it was thought by Barrell to be
joined in depth with that mass. It lies about 7 miles north of the
nearest exposure of the Boulder batholith, and the intervening area
contains some small masses of similar intrusive rock.

2 Barrell, Joseph, op. cit., p. 63. a Idem, p. 54.
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At Granite Peak and Gould, 8 miles in a straight line northwest
of the Marysville body, is an area of intrusive granodiorite 3 or 4
square miles in extent. This is a medium-textured gray granular
rock composed ‘essentially of andesine, quartz, hornblende, and bio-
tite. Near the margin it is darker colored, owing to the presence of
relatively more ferromagnesium minerals. Its boundary advances
in the valleys and retreats around an intervening mountain in such
a manner as to show that the mass expands downward and that the
top is not yet completely uncovered. ‘

A small stock of quartz monzonite that breaks through the Paleo-
zoic and older sedimentary rocks at Ophir is probably of the same
age and relations as those just described. Another small body of
similar rock occurs on the Continental Divide at the head of
McClellan Gulch.

South of Helena the Boulder batholith invades sedimentary rocks
of Cretaceous age and in many places cuts the overlying andesite.
West of Mullan Pass Oligocene beds lie upon its eroded surface.
It followed the disturbance that folded the late Cretaceous rocks and
therefore is probably early Eocene.

Of the outlying masses, the bodies at the Scratchgravel Hills and
Marysville are later than the diorite sills and dikes. The one at
Gould is said by Barrell to merge with diorite dikes, but this relation
was not observed by the writers. Such a condition would not neces-
sarily mean, however, that the stock is to be correlated with the late
Cretaceous diorite bodies described. The granodiorite body at Gould
shows a dioritic facies at its margin, and any apophyses it sent off
would likely be of that composition. The Marysville stock is appar-
ently regarded by both Barrell 22 and Knopf 2 as contemporaneous
with the Boulder batholith and therefore early Eocene or late Cre-
taceous. If thisis true, the Marysville stock must have come to place
under the whole thickness of sediments—namely, 10,000 feet or
more—which, as explained under the headings “ Geologic history ”
and “ Geomorphology ” (pp. 24, 137), were eroded away in this
area during Eocene and part of Oligocene time. It is suggested that
the Marysville and Gould stocks and probably some of the other
granitic outliers represent delayed phases of the general intrusive
activity. This idea is supported by the results of Barrell’s study of
the contact zone. He concluded that the depth to the Marysville
granitic body was comparatively shallow at the time of the intrusion.
It was probably not until well along in the Oligocene that the sedi-
mentary cover had been lowered to the extent indicated. Therefore,
both the Marysville and Gould stocks may have come to place as
late as Oligocene time, a conclusion that is supported by the type
of mineral deposits accompanying them.

22 Barrell, Joseph, op. cit., p. 21. 28 Knopf, Adolph, op. cit., p. 62.
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RHYOLITE

Rhyolite flows occupy a large area along the Little Blackfoot River
between Elliston and Avon. Near Avon they form clifflike outcrops
several hundred feet in thickness. The rock shows various hues of
pink and reddish gray and contains abundant small quartz pheno-
crysts. ‘

In the Heddleston district a dike of rhyolite on the ridge east of
Pass Creek shows large rounded phenocrysts of quartz, but its other
constituents have altered to aggregates of quartz and sericite. Con-
siderable secondary pyrite is also present.

South of Helena rhyolite rests on the eroded surface of the Boulder
batholith, and a rhyolite-dacite series near Butte is contemporaneous
with Tertiary “lake beds,” which, according to Weed,?* are contin-
uous west and south to points where upper Miocene vertebrate remains
have been found.

The rhyolite near Avon appears to be of the same or greater age
than the Tertiary ¢ lake beds,” in which Oligocene vertebrate remains
. were found by Douglass.?® The rhyolite dike in the Heddleston dis-
trict cuts the diorite sill and is in turn intruded by a dike of trachyte-
porphyry.

PORPHYRY DIKES

Dikes of different porphyritic rocks occur rather sparingly at
Marysville and in the Heddleston district. At Marysville, dikes of a
dark-gray rock showing conspicuous light-colored phenocrysts are
described by Barrell 2 under the heading “ Belmont porphyry.”
They occur most abundantly along the west and south sides of the
granite area and commonly range from 10 to 100 feet in width and
average several hundred feet in length. The light-colored phe-
nocrysts are plagioclase. Biotite and hornblende are present also,
and the fine-grained groundmass consists of plagioclase, quartz, and
biotite. : '

Small dikes of a gray porphyritic rock, probably trachyte, that
are of rather general occurrence in the Heddleston district show con-
spicuous porphyritic crystals of a feldspar that has been altered to
a mass of sericite. What were originally ferromagnesian minerals
are changed to chlorite, and secondary carbonate has been introduced.
One of these dikes cuts the rhyolite dike east of Pass Creek.

CONTACT METAMORPHISM

The rocks surrounding the Boulder batholith generally show pro-
nounced and conspicuous contact effects that vary from place to place,

2 Weed, W. H., Geology and ore deposits of the Butte district, Mont.: U. S. Geol. Sur-
vey Prof. Paper 74, p. 46, 1912.

% Douglass, Earl, Fossil Mammalia of the White River beds of Montana: Am. Philos.
Soc. Trans., new ser,, vol. 20, pp. 238-241, 1902.

28 Barrell, Joseph, op. cit., p. 49.
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chiefly as a result of differences in their original composition. The
‘limestones are commonly changed to coarsely crystalline marble. In
places much garnet is developed in them, and the mixed or impure
varieties are changed to hard, tough siliceous rocks called hornfels.
Sandstones are changed to quartzites and mica schists. The diorite
and the lavas lose their original color, appear bleached, and in places
show the development of garnet and other silicates. The contact
effects of the intrusive granite at Marysville are described in great
detail by Barrell.*” They include a general recrystallization of
the invaded rocks, with the addition locally of much new material,
resulting in a variety of banded hornfels. '

The intrusive granite at Gould has changed purple and green
argillite to hard, tough grayish-green banded hornstone and to rocks
containing coarse-grained garnet, hornblende, and other silicates.
Around the granitic body of the Scratchgravel Hills limestone and
shale are changed to marble, hornstone, and quartz-mica schist. In
places, particularly at the east border of the body, coarse-grained

masses of garnet, hornblende, and other silicates are developed that .

contain more or less magnetite and copper minerals.

The diorite sills and dikes appear to have caused little or no
changes in the rocks they invaded. On the hill above the Anaconda
mine, in the Heddleston district, the layer of shale next above a
sill 500 feet thick shows a purplish-brown banding due to the
development, of fine biotite. This effect is not noticeable more than
a few feet from the contact.

_ STRUCTURE
FOLDS

North of the latitude of Helena the sedimentary rocks older than
Tertiary are involved in a series of folds whose axes trend north-
westward. West of Avon the southeastern part of the Garnet Range
is occupied by a rather large open anticline that plunges to the south-
east and disappears under the rhyolite-andesite area south of the
Little Blackfoot River. This fold elevates Paleozoic rocks along
its axis and brings up the thick Mesozoic section on its sides and
around the end. To the northwest, beyond the area mapped in this
report, the axis continues to rise until it brings Belt rocks to the sur-
face.?® On the sides of this fold the beds are inclined 40° to 65° from
the horizontal, and around its end 20° to 40°.

East of this anticline in succession are a syncline and an anticline

" occupying the depression of Avon Valley. These folds are not well
shown because of the superficial cover of Tertiary rocks, but the
axis of the anticline appears to pass through Elliston, and its east

2 Barrell, Joseph, op. cit., pp. 121-129. # Pardee, J. T., op. cit. (Bull. 640), pl. 8.
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side is broken by faults. East of Elliston is a well-marked syncline
occupying the valley of Dog Creek. Its axis rises toward the north-
west, as a result of which Mesozoic rocks, Paleozoic rocks, and Belt
rocks are successively brought to the surface.

Northeast of the syncline at Dog Creek is an area of Belt rocks
25 miles or more wide that extends from the vicinity of Helena far to
the northwest. Part of this area near Helena has been described by
Knopf ?® as a dome-shaped uplift called the Prickly Pear dome.
This supposed dome is described as having elevated a circular area
of Belt rocks that includes Prickly Pear Valley and has its center
north of the Scratchgravel Hills. According to the more complete
information now available, the structure actually consists of several
open folds that trend northwest and extend in that direction far
beyond Prickly Pear Valley. The elevation of Belt rocks to the sur-
face is not due chiefly to this folding but to faults and an overthrust
described below. Younger rocks appear on the southwest and north-
east sides of the Belt area but do not encircle it, as they should if
the structure were a dome. Those on the southwest dip outward.
Those on the northeast dip inward or under an overriding Belt mass.

FAULTS

Northeast of Helena a great mass of Belt rocks has been thrust
upward and eastward over rocks of Paleozoic age along a fault con-
tinuous with the El Dorado overthrust, which crops out in the Belt
Mountains between Trout Creek and Oregon Gulch (p. 130). From
Trout Creek northward the trace of this fault is exposed to a point
beyond the Gates of the Mountains, where it passes under an area
of andesite. As observed at the mouth of Prickly Pear Creek and
at the Gates of the Mountains, this fault causes Greyson shale to
overlie Madison limestone. The fault plane dips 45°-60° W., and
the minimum vertical displacement indicated is about 4,000 feet.
To the northwest beyond the area of andesite an overthrust fault
appearing on the ridge south of Little Creek (p. 109) is probably the
continuation of the fault just described.

A group of fractures mapped by C. H. Clapp and others® in
the region between Glacier Park and the Dearborn River (pl. 1)
includes the southward continuation of the main Lewis overthrust,
together with a number of related fractures that bound slice blocks.®
The El Dorado overthrust is probably the southward continuation
of one of the slice-block fractures. The southward continuation

» Knopf, Adolph, op. cit., p. 97.

% Clapp, C. H., Geology of a portion of the Rocky Mountains of northwestern Montana :
Montana Bur. Mines and Geology Mem. 4, pl. 1, 1932.

31 Bevan, Arthur, The Rocky Mountain front in Montana Geol. Soc. America Bull.,
vol. 40, pp. 448449, figs. 4, 6, 1929,
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of the main fracture may be represented by the Scout Camp over-
thrust, which appears near the crest of the Belt Mountain (p. 129).
The Lewis overthrust was later than the Laramide folding, and
south of Glacier National Park it disturbed a group of Cretaceous
sediments and the St. Mary River formation, which is doubtfully re-
ferred by Stebinger 2 to the lowermost Eocene. Its age, therefore,
is probably early Eocene.

At Marysville the Belt rocks are locally elevated or domed 1,000
feet or more by the intrusive granitic body,*?® which they surround
in a rudely concentric manner. Two faults of west and northwest
trends displace the beds
considerably, and a com-
plicated group of smaller

. EXPLANATION
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granite appears to have tilted the surrounding beds, which in places
are considerably faulted. (See fig. 2.)
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Ficure 2.—Faulting west of Aster mine, Scratch-
gravel Hills

GEOLOGIC HISTORY

The geologic history of this area may be divided into two periods
of strongly contrasting conditions. The earlier and vastly longer
period, which is represented by beds ranging in age from pre-
Cambrian to Cretaceous, was characterized by the accumulation of
sediments. The later period was one of mountain building accom-
panied by igneous invasions and vigorous erosion and, incidentally,
the formation of the metalliferous lodes and the placers.

83 Stebinger, HRugene, Oil and gas geology of the Birch Creek-Sun River area, Mon-
tana: U. S. Geol. Survey Bull. 691, pp. 154, 166, 171-172, 1919,
32a Barprell, Joseph, op. cit., p. 21.
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During the earlier period the land had occasionally emerged from

‘the sea, but marine conditions prevailed, and such earth movements

as took place were in the nature of regional elevation and depres-
sion, without extensive folding of the strata. During Cretaceous
time there was a gradual change from marine to continental
conditions.

Just beyond the west border of the area the Paleozoic and Meso-
zoic beds together are about 13,000 feet thick.** To the east and
northeast in the Belt Mountains, rocks of the same age are present
and appear to be of comparable thickness. It is probable, therefore,
that the beds mentioned were once continuous across the intervening
area and that their thickness therein was at least 10,000 feet.

The earth movements which in late Cretaceous time brought the
region permanently out of the sea bent the Paleozoic and Mesozoic
beds into a series of moderately compressed northwestward-trending
folds, which are well shown west of Avon. The Belt rocks, where
now exposed, are involved in folds having the same trend but of
wider cross sections and more gentle dips. The folding was fol-
lowed by thrust faulting and the intrusion of granitic rocks. Lo-
cally the intrusive bodies still further deformed the beds by elevating
or doming them.

Erosion, although active from the time the land emerged, was
evidently unable at first to reduce the mountains as rapidly as they
grew. Later the mountain-building forces declined and apparently
died out, and during an epoch of crustal stability which followed, the
region was reduced by erosion to a surface of comparatively small
relief. The upland surfaces of gentle contour occurring on the main
divides (p. 10) are remnants or inheritances of this old surface,
which was developed across the Laramide folds and faults, the Boul-
der batholith and some of its outliers. Strata aggregating at least
10,000 feet in thickness were eroded from a large area north of
Helena and the débris transported outside the region. The develop-
ment of such a surface must have required a long time, which, so far
as available evidence shows, may have included most of the Eocene
and part of the Oligocene.

In Oligocene and Miocene time sedimentary deposits, known as
Tertiary “lake beds,” accumulated on the eroded edges of the older
strata. These Tertiary beds consist largely of volcanic ash with
more or less land waste, and in places they are associated with rhyo-
lite and other lava flows. The sediments are thought to have
accumulated in areas that became gradually depressed by earth
movements which were but the beginning of more vigorous dis-
turbances that later on deformed the Tertiary beds and elevated the
present mountains.

8 Pardee, J. T., op. cit. (Bull. 640), pp. 202, 203.
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The larger surface features of the region—namely, the mountains
and the broad intermontane valleys—are regarded therefore as
mainly the results of late Tertiary deformation. The intermontane
valleys do not consistently represent areas of soft rocks, nor do the
mountains consistently represent resistant rocks. If the Tertiary
and later rocks were to be removed from the intermontane valleys,
extensive undrained hollows would remain which could not be re-
garded as formed by erosion. These facts, together with the appre-
ciable deformation of the Tertiary ¢ lake beds,” particularly around
the margins of the valleys, indicates that the present relief is pri-
marily the result of warping and faulting. Evidence of this later
deformation is in general not well preserved or else is obscured at
critical localities, such as the margins of the valleys, by sheets of
later alluvium that cover the deformed Tertiary beds. Gentle fold-
ing is evident, however, in many places. In Townsend Valley,**
southeast of Helena, the beds are arched and faulted, and their per-
sistent dip in one direction suggests a considerable post-Miocene
depression along the east side of the valley. The Continental fault at
Butte,*> which is later than the metal-bearing lodes, caused the
depression of an area in front of the mountain mass forming the
steeper side of an intermontane valley. The Curlew fault, described
by Lindgren,* has, in post-Tertiary time, dropped the block under-
lying Bitterroot Valley. Still more recent similar movement is indi-
cated by-a fault scarp at the west foot of the Madison Range. This
scarp has not been described in a published report. It is from
10 to 30 feet high and is made up of several segments that aggregate
about 40 miles in length. It extends from Jack Creek to the vicinity
of Reynolds Pass, cuts late Pleistocene deposits, faces Madison
Valley, and represents either a downthrow of the valley or an uplift
of the range. 4 o

In the area of this report little positive or direct evidence of fault-
ing along the boundaries between intermontane valleys and moun-
tains may be seen. The valleys, however, are similar in their general
form and geologic relation to those in the neighboring areas men-
tioned. In the neighborhood of Ophir the eastward dip of the
Tertiary beds suggests a fault or a sharp flexure at the west foot
of the mountains, with sinking of the one or rising of the other.
Faults in the Hopeful mine (p. 51), at the east foot of the Scratch-

3t Pardee, J. T., Geology and ground-water resources of Townsend Valley, Mont.: U. 8.
Geol. Survey Water-Supply Paper 539, pp. 80-33, 1925.

% Weed, W. H., Geology and ore deposits of the Butte district, Mont.: U. 8. Geol.
Survey Prof. Paper 74, pp. 47-49, 1912, Sales, R. H., Ore deposits at Butte, Mont.:
Am. Inst. Min. Eng. Trans., vol. 46, pp. 29-30, 1914.

% Lindgren, Waldemar, A geological reconnaissance across the Bitterroot Range and
Clearwater Mountains in Montana and Idaho: U. 8. Geol. Survey Prof. Paper 27, pp.
48-50, 86-87, 1904.
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gravel Hills, that are later than the veins, show a relative down-
throw toward the valley. Along the base of the mountains north
of Hilger Valley, east and west of Mitchells, the slope is oversteep-
ened and in places becomes clifflike. (See fig. 3.) This scarplike
feature cuts obliquely across the Belt rocks, does not seem readily
explainable as the result of erosion, and is thought therefore to be
a modified fault scarp. The downthrow is toward the valley. The
age of the supposed fault is riot definitely shown, but the preservatlon
of its scarp indicates it to be geologically late.

The post-Miocene deformation was accompanied by a regional ele-
vation, as a result of which the streams carried most of the products
of erosion beyond the limits of the area considered. In the Great
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Plains east of the mountainous province the general elevation and
subsequent downcutting are recorded in a series of terraces described -
by Alden.*” The upward movements began in late Tertiary time
and continued through the Pleistocene. Terraces that occur in the’
intermontane valleys are probably to be correlated with the-later
terraces of the plains. ' '
According to the foregoing statements the dissection of the present
mountains was accomplished since the beginning of the Pliocene.
Successive stages in the downcutting of the mountain valleys or
canyons are marked by small terraces such as the gold-bearing
“Dbars ” along Canyon Creek. During this period most of the metal-
bearing lodes were uncovered and the placer deposits produced.
From the relation between the placer deposits and the glacial drift
near Ophir and elsewhere, it is concluded that in general the terrace
r “bar” deposits belong to early Pleistocene interglacial stages
and the gulch deposits mostly to a late stage that apparently was

87 Alden, W. C., Physiographic development of the northern Great Plains: Geol. Soc
America Bull,, vol. 85, pp. 400—422, 1924,



28 GREATER HELENA MINING REGION, MONTANA

the one just preceding the Wisconsin. Few or no workable deposits
seem to have been produced during or since the Wisconsin glacial
stage. :

In view of the erosional history sketched above, it appears that the
youngest of the lodes had come to place before the canyons were cut
and therefore are at least as old as Pliocene.

ORE DEPOSITS

The ore deposits in the districts north of Helena that are of chief
interest at the present time are metal-bearing lodes. The placers,
though formerly very productive, are now so largely exhausted as
to be of comparatively small economic importance. Most of the
lodes may be placed in either an older or a younger group. As
indicated by their proximity and other relations to the intrusive
granite, the older lodes were probably derived from the same magma
that produced that rock. The mineralogy and other features of the
younger group are similar to those of lodes elsewhere known to be
of Oligocene or later age. . Possibly these lodes are derived from
intrusive magmas not represented at the surface except by small
dikes such as the trachyte porphyry in the Heddleston district.

The lodes of the older group include filled fissures, filled breccias,
. replacement deposits along fractures, mineralized shear zones, and
contact-metamorphic deposits. Their principal valuable constitu-
ents are gold, silver, and lead.  Zinc is common, and copper occurs
in a few.

In the Scratchgravel Hills the older group of lodes includes con-
tact-metamorphic deposits and veins that are later. The contact-
- metamorphic deposits contain a little copper and gold and have
yielded iron ore valuable for fluxing. Several of the veins compose &
subgroup which is valuable chiefly for gold. This subgroup is cut
by veins yielding mainly silver and lead.

Most of the lodes in the Scratchgravel Hills and at places elsewhere
in the area north of Helena are somewhat arbitrarily classified with
the older group. Except for the absence of tourmaline, the lodes of
this group closely resemble those of an older group in the mining dis-
tricts south of Helena. ' '

The wall rocks of many of the lodes show a noteworthy alteration
that appears to represent a preliminary stage of the process of ore
deposition. In the Heddleston district this change includes the de-
velopment of much sericite and the addition of a great amount of
pyrite. In the Scratchgravel Hills also sericite is developed, but the
most noticeable change is caused by the addition of a mixed carbonate
containing two or more of the metals calcium, magnesium, iron, and
manganese. The lodes at Marysville and the Jay Gould vein and
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some other veins at Gould and Stemple form a group that is char-
acterized by a remarkable development of platy calcite in the gangue
and other resemblances to lodes at Lowland Creek, in the Basin dis-
trict at DeLamar, Idaho, and other districts that are regarded as
of late Tertiary age. On the basis of these resemblances Knopf
concluded that the Marysville lodes are late Tertiary and that their
relation to the Marysville granitic stock, which he regarded as
Eocene, was accidental rather than genetic.

The lodes at Gould are also associated with a granitic stock which,
on the basis of its composition, occurrence, and relation to the old
erosion surface, may be regarded as contemporaneous with the Marys-
ville stock. The occurrence of two such close associations of veins
with stocks weakens the idea of accidental relationship between them
suggested by Knopf and strengthens the idea of a genetic dependence.
It is therefore thought most probable that the Marysville and Gould
lodes were derived from their respective stocks but that the stocks, as
described on page 20, are as late as Oligocene.

In the region considered most of the known lodes of economic
importance are found within several indefinitely bounded areas or
districts that range in size from 2 or 3 to about 10 square miles. More
detailed descriptions of the deposits are given in the following pages.

OPHIR DISTRICT
LOCATION, HISTORY, AND PRODUCTION

A mining area northeast of Avon and about 25 miles west-north-
west of Helena known as the Ophir district includes several for-
merly productive placer deposits and lodes valuable for gold, silver,
and copper. The district is easily accessible from Avon, on the
Northern Pacific Railway, and may also be reached over roads lead-
ing from Helena westward by way of Marysville. It is on the west-
ern slope of the Continental Divide facing Avon Valley, a wide low-
land that is drained partly by tributaries of the Little Blackfoot
River and partly by Nevada Creek.

During the later part of the period 1860-1870 and the earlier
part of the succeeding decade, when many placer miners were at
work in Ophir, Carpenter, and Snowshoe Gulches, Blackfoot City,
now Oph1r was a thriving camp. Since then comparatively little
placer mining has been done, but several lodes have been worked at
different times. In 1927-28 a gold-quartz lode on the McKay claim
in Deadwood Gulch was being developed by C. R. Brazier and
others.

Records of the early placer production are not available.
The different gulches and in particular the deposit known as Car-

% Knopf, Adolph, op. cit., pp. 65-68.



30 GREATER HELENA MINING REGION, MONTANA

pesiter Bar are said to have been very rich. A gold nugget worth
$3,280, reputed to be the largest one ever taken from a placer deposit
in Montana, is said to have been found on the McKay claim, in Dead-
wood Guleh, a branch of Snowshoe Gulch, by a miner named Ed
Risson. The total reported placer production since 1908 is about
$20,000.** The linear extent of the deposits that were mined in
Ophir, Carpenter, and Snowshoe Gulches before 1908 is at least 16
miles. Considering the methods and costs of mining at that time,
together with the persistent reports of richness, it is concluded that
the production of these early placer mines was at least $3,500,000.
Since about 1900 several lode mines, chief among which is the
Victory, operated for some years after 1909 by John A. Rowand,
have produced gold, silver, and copper to the amount of $225,000.

GEOLOGY

Limestone, shale, and quartzite of lower Paleozoic age occupy most
of the area. The limestone is dolomitic, fine grained, and crystalline.
Locally it is brecciated, and adjacent to the intrusive bodies it is
metamorphosed to a mass consisting mainly of garnet, serpentine,
epidote, hornblende, diopside, chlorite, tourmaline, sericite, plagio-
clase, calcite, pyrite, hematite, and limonite. East and west of Ophir
Gulch are small masses of intrusive quartz monzonite. A specimen
of this rock from the Fairview mine is reddish and of medium-fine
grain. Its predominant feldspar is oligoclase-andesine. Biotite is
relatively abundant and quartz scarce, and the rock therefore leans
toward a quartz diorite. It contains considerable accessory magne-
tite. Rhyolite of later age than the granodiorite covers a wide area
extending from Ophir southward across the valley.

Deposits of clay, sand, and voleanic ash belonging to the group
known as Tertiary “lake beds ” occupy large areas in Avon Valley.
Along Sixmile Creek light-colored clays with some interbedded dark
layers form rather prominent terraces. The beds dip gently east-
ward and extend north to Nevada Creek. Similar deposits compose
the bedrock of the placer mines along Ophir Creek, Carpenter Creek,
and other streams below the points at which they leave the moun-
tains. This formation is probably of Oligocene age.*

Along the principal streams terraces carved in the Tertiary beds
are covered with gravel of variable thickness which, includes part of
the placer deposits. The composition of the gravel indicates that
it was derived chiefly from the adjacent mountains, and its relations
to the Tertiary beds and to the glacial deposits mentioned below
show it to be early Pleistocene.

v

© Heikes, V. C., and Gerry, C. N., annual volumes of Mineral Resources.
4 Douglass, Barl, Fossil Manrmalia of the White River beds of Montana: Am. Philos.
Soc. Trans., new ser., vol. 20, pp. 238-241, 1902.
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A glacial moraine disproportionately large in comparison with
the size of the valley down which it was transported is a prominent
feature where Sixmile Creek leaves the mountains. The moraine
extends to Threemile Creek, which it appears to have crowded some-
what south of a former course. Below the moraine along both -
streams there are thick deposits of outwash gravel. The glacial
drift overlies the gravel of the terraces and appears to belong to
a late stage of the Pleistocene, though it may be pre-Wisconsin. It
is noteworthy that the glaciated stretches of these valleys do not
contain workable placer deposits.

Along the streams in the unglaciated valleys there are narrow
deposits of alluvium composed partly of reworked gravel from the
terraces and partly of new material from the mountains. These
deposits are probably in part contemporaneous with the glacial
drift and in part of later age.

The older sedimentary rocks are involved in folds that trend
northwestward. The structure of the Tertiary beds is obscure, but
they dip eastward toward the base of the mountains.

ORE DEPOSITS

Lodes that contain chiefly gold ore, or gold-silver ore, occur
mainly in the limestone. They are genetically related to the quartz
monzonite, and some of them exhibit typical contact-metamorphic
phenomena. The ore bodies are irregular, but some of them may
be described as cylinders or pipes. They contain chiefly pyrite and
chalcopyrite or their oxidation products in a gangue of quartz or
quartz and metamorphic silicates. Tetrahedrite was observed in
some of the lodes, and gold tellurides and ruby silver are reported
n one.

Deposits of placer gravel occur on the terraces and benches and
along the present streams. Many of the deposits in both situations
have been very productive.

The terrace deposits, called “bars” by the miners, are generally
not more than 2 or 3 feet thick. They were mined by sluicing.
The deposits along the present streams are deeper and have been
worked mainly by drifting.

- Ophir Gulch has been mined for the length of 8 miles from its
head to a point out in the open valley 4 miles below the foot of the
mountains. In addition, Carpenter and Snowshoe Gulches have each
been mined for the length of several miles. Among the richest and
most productive deposits in these gulches were Prairie Bar and
Carpenter Bar. ,

Pay gravel is found on the upper course of Threemile Creek, but
on the lower part of this creek and in the adjoining glaciated valley
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of Sixmile Creek the gravel is too poor to be worked by ordinary
sluicing. It is possible that Threemile Creek contains a pay streak
beneath the glacial outwash.

MINES AND PROSPECTS
VICTORY

The Victory mine, owned by Jack Rowand, of Helena, is 2 miles
above Ophir, on the west side of Ophir Creek at an altitude of about
6,000 feet. This deposit was discovered in 1900, and between that
date and 1912 it produced about $40,000. Part of the ore was
shipped, but most of it was milled at the mine, much gold being
later recovered by cyaniding the tailings.

The development workings include a shaft 175 feet deep, an adit
250 feet below the collar of the shaft, and a 90-foot winze sunk
at the face of the adit. Work was suspended because of a large
inflow of ground water.

The lode dips steeply south and is formed in the brecciated lime-
stone near a body of porphyritic quartz monzonite. The produc-
tive portion is a nearly vertical pipe from 2 to 12 feet in diameter.
Another ore pipe similar to the one worked is said to be present in
the flooded lower workings.

The ore is valuable for gold and silver, much of it running $40
to $100 to the ton. It consists of quartz with pyrite and chalcopy-
rite or their oxidation products. A quantity of material remain-
ing on the dump is stained brown, yellow, and green with hematite,
limonite, and malachite.

FAIRVIEW

The Fairview mine, formerly known as the Coulson, is at the foot
of the mountains about half a mile north of Ophir. It is on a lode
discovered in 1889 by Coulson Brothers, who in the next three years
sunk a shaft 275 feet deep, from which $30,000 in silver-gold ore
was reported to have been produced. Operations were suspended
because of excessive amounts of underground water. A small addi-
tional production was made by lessees in 1909, 1918, and 1919. Some
of the ore is said to have contained gold telluride, ruby silver, and
tetrahedrite and to have yielded as much as $800 a ton. At present
the mine is idle and the hoist and other buildings are totally wrecked.
The mine is said by persons familiar with it to be worth further
development.

The Fairview vein dips 60° SSE. and cuts quartz monzonite and
probably also a diorite porphyry, fragments of which were observed
on the dump. It is said to be 4 feet wide and to continue undi-
minished in the deeper part of the mine. Little was learned of its
horizontal extent.
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The dump is mostly disintegrated rock stained yellow and light
brown as a result of oxidation. The ore remaining in the bin and
about the mine is also yellow from oxidation of pyrite and other
minerals. It shows the vein to be vuggy, crudely banded or streaked,
and composed of fine-grained pyritiferous quartz and finely brec-
ciated wall rock which has been largely replaced by the quartz.
Much of the quartz monzonite wall rock is highly sericitized and
kaolinized.

AJAX

The Ajax mine, about 3 miles northeast of Ophir, is at an alti-
tude of about 6,300 feet on Cave Creek, a tributary of Ophir Creek.
It was opened in 1888, was last worked in 1912, is 70 feet deep,
and is reported to have produced $48,000 worth of gold ore.

The deposit, a so-called “iron pipe,” is in Paleozoic limestone that
shows contact metamorphism similar to that of the Victory mine.
It is an irregular cylindrical body from 6 inches to 2 feet in diam-
eter and in general stands vertical. It resembles common brown
iron ore and consists chiefly of dark-brown and yellowish-brown
magnetic hematite and magnetite with a little garnet and other
metamorphic minerals. Some of it is streaked with fine-grained
quartz, and some is stained green with malachite, probably derived
from chalcopyrite. The cupriferous ore is said to be the richer
in gold. Ore that was shipped is said to have carried about $100
to the ton.

LITTLE DAISY

The Little Daisy mine of J. W. Allen is 2 miles east of Ophir at
the head of Lincoln Gulch, at an altitude of about 6,100 feet. The
deposit was discovered in July, 1889, and is said to have yielded
$3,000 in silver-gold ore that contained in addition a little lead and
altogether yielded about $40 to the ton. The mine is now held by
Fred Valiton, of Deer Lodge, under a lease.

The mine includes three or more veins (fig. 4) on or near the
contact of quartz monzonite with limestone, which locally dips 30° S.
The Daisy vein dips 45° SE. and is opened by a 100-foot tunnel.
It is 6 inches to 3 feet wide and contains silver-lead-gold ore. The
east-west Orient vein dips 60° NNW., cuts limestone, is 4 to 8 feet
wide, and carries silver, copper, lead, and gold. The principal vein
minerals observed are magnetite, magnetic hematite, garnet, diopside,
and an arsenate of lead of undetermined mineral species. Ore from
the Daisy vein contains copper glance and a little antimony.

The Price claims, which adjoin the Little Daisy mine, are said to
contain promising lodes on which considerable work has been done
and some of which have produced small amounts of ore.
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FIGURE 4.—Veins in the Daisy group at Ophir
OPSATA

The mine of Nels Opsata, of Ovando, Mont., at Ophir, on the east
side of Ophir Creek, is said to have produced $600 worth of gold-
silver ore that ran $60 to the ton. The vein dips to the northwest
and is opened to the depth of 90 feet. The footwall is quartzite
and the hanging wall quartz monzonite. Work was suspended
because of ground water.

DENVER

The Denver mine, northeast of Ophir and east of the Fairview
mine, is on a 4-foot vein which dips 58° SW. in quartzite at the
quartz monzonite contact. The vein consists chiefly of country-rock
breccia cemented and silicified, with pyritiferous quartz containing
specks of tetrahedrite. Itis opened by an adit and a shaft.

OPHIR

The Ophir mine is about half a mile southeast of Ophir, just
beyond Carpenter Creek. It was worked prior to 1911 and is said
to have produced about $1,000 worth of ore containing chiefly copper
and a little gold. The property comprises five patented claims.

The vein, which is said to be about 15 feet wide and three-fourths
of a mile long, dips toward the southwest. The footwall is quartzite
and porphyry, and the hanging wall quartz monzonite. It is opened
mamly by several shafts, one of which is 190 feet deep The lode
is said to promise future production.
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McEAY

The McKay mine, owned by C. R. Brazier and others, is at an
altitude of 6,600 feet, 5 miles east-northeast of Ophir, on Deadwood
Gulch, the east fork of Snowshoe Gulch. It has been developed to
a small extent and is said to have specimens of very rich gold ore.

The lode is about 4 feet wide, dips 40° N., and lies between quartz
diorite porphyry and greenish hornstone (metamorphosed slate and
limestone). It is composed mainly of altered limestone and por-
phyry containing contact-metamorphic minerals and gold-bearing
quartz.

On Snowshoe Gulch below the McKay claim is a group of lodes
including the Flagstaff, Montana, Minnie Healy, Arnold, Wall
Street, and others, most of which have produced copper ore and
copper-gold-silver ore to an amount reported to be about $4,000.
They were worked in 1908-9 and 1916-1928. The Arnold mine was
the main producer. '

SCRATCHGRAVEL HILLS AND GRASS VALLEY
GEOGRAPHY

The Scratchgravel Hills occupy an area about 3 miles wide and
4 miles long from north to south that begins about 2 miles north
of Helena. (See pl.3.) They stand out prominently in the western
part of Prickly Pear Valley, and except for a low ridge that extends
to the foothills of the Continental Divide on the west, they are com-
pletely detached from the neighboring mountains. On other sides
they are surrounded by the nearly level floor of Prickly Pear Valley,
to which they present an abruptly rising east front. The highest
summit is a peak 5250 feet above sea level, or about 1,500 feet
higher than the valley. High ridges extend for a mile or two north
of this peak, and two rather low spurs project south of it. Between

“them is a wide valley that opens out upon a low terrace overlooking

Sevenmile Creek. To the southwest across Sevenmile Creek is an
area of comparatively low altitude and gentle surface coentour known

~as Grass Valley.

There are several springs in the Scratchgravel Hills but no peren-
nial streams. Ground water is generally present within.120 feet or
less of the surface, and a rather large flow was pumped from the
Franklin and Scratch Gravel Gold mines, at the south edge of the
hills.

The Great Northern Railway skirts the Scratchgravel Hills along
the east and north, and the Northern Pacific Railway passes between
them and Grass Valley. Nearly all the mines can be reached by
automobiles.
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HISTORY AND PRODUCTION

Placer mining is said to have begun in Iowa Gulch, in the northern
part of the Scratchgravel Hills, shortly before gold was discovered
in Last Chance Gulch at Helena in 1864. The Scratchgravel de-
posits, though rather widespread, were not large, and their mining
was intermittent and on a moderate scale. The amount of gold pro-
duced is not known. Placer mining ceased long ago, but it is said
that in Butcher Knife Gulch, in the northeastern part of the hills,
gold nuggets are still picked up occasionally after heavy rains. Con-
siderable areas of a thin sheet of gold-bearing gravel are said to
remain in the wide valley in the southern part of the hills.

Quartz lodes were early discovered and located, as witnessed by
the fact that several of the claims possess the long and narrow form
characteristic of those located before 1872. Some rich ores, valuable
mostly for silver and lead, were mined from the lodes, and a ot from
one mine, the Lexington, is said to have been shipped to Swansea,
Wales, for smelting. Except in the period 1914-1918, mining has
been done intermittently and on only a small or moderate scale.

In 1914, in the course of development work by the late Thomas
Cruse on the Sam Gaty lead-silver vein, an intersecting vein was
discovered that contained rich gold ore. For the next three years
this vein was actively exploited through the Franklin and Scratch
Gravel Gold mines. In 1919, owing, it is said, to the postwar rise
in the cost of supplies and labor, these mines were closed and they
have since remained idle. _

The aggregate net production of the Franklin and Scratch Gravel
Gold mines is somewhat more than $750,000. Freight and treatment
charges amounted to more than $200,000, and the gross recovery,
therefore, is estimated to be nearly $1,000,000. Of this amount about
90 per cent was gold and the remainder silver. Other mines in the
district to the number of 15 or more report production at one time
or another. Incomplete estimates of this production aggregate
about $200,000, most of which was the value of the lead and the
remainder gold and silver.

GEOLOGY

The northern part of the Scratchgravel Hills is underlain by shale,
sandstone, and limestone of Algonkian (Belt) age. These rocks are
folded, and adjacent to the granite described below they are altered
to quartz-mica schist and other metamorphic products. Extremely
altered patches of them along the east and south borders of the hills
consist largely of contact-metamorphic silicate minerals, such as
garnet, hornblende, and epidote. Along the west side of the hills
is an area of dark-gray diorite-gabbro, which weathers to a dark-red
or brown soil. It consists chiefly of feldspar and a black ferromag-
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nesian mineral and, as determined microscopically by Clarence S.
Ross,

is an even-grained rock made up of about two-thirds plagioclase and one-third
augite. The plagioclase is about AbsAns and is euhedral to subhedral. The
augite in thin section is lavender in color and usually subhedral in outline.
.A few areas of quartz and magnetite are present, and a little biotite and
chlorite are secondary to augite. Most of the plagioclase is fresh, but it con-
tains a few areas of sericite and is cut by numerous veinlets of carbonate.
The augite is much altered to a very fine grained aggregate of carbonate,

The central and southern parts of the Scratchgravel Hills are
composed of quartz monzonite, an intrusive igneous rock that is
popularly known throughout the region as granite. It is a warm-
gray crystalline rock appearing to the unaided eye as if made up
chiefly of white and pale-pink feldspars, with scattered grains of
black ferromagnesian minerals. A microscopic examination by C. S.
Ross shows it to be
composed of about equal parts orthoclase and andesine, about 12 per cent
augite, and a little magnetite, biotite, titanite, apatite, and quartz. The ortho-
clase, biotite, and magnetite are anhedral in outline, and the plagioclase and
augite are subhedral. A few large plagioclase crystals are 4 centimeters in
length, but most of the mineral grains are 2 to 3 millimeters in length. The
plagioclase contains very fine microperthitic intergrowths of original plagio-
clase and a coarser-grained secondary plagioclase. The feldspars are slightly
clouded with alteration products, and the augite contains a little chlorite.

As a rule the “granite ” shows two or more well-defined sets of
joints, one of which, ordinarily very gently inclined, contains a cer-
tain group of the lodes known as the gold veins.

Except for the presence of augite instead of hornblende, this rock
is so much like the Butte “ granite” (quartz monzonite) exposed
south and west of Helena that it may be reasonably regarded as an
offshoot of that mass. It is younger than the sedimentary rocks and
the diorite, which it cuts and metamorphoses, and like the parent
mass is doubtless of pre-Oligocene and post-Cretaceous age.

The Grass Valley area west and southwest of the Scratchgravel
Hills is underlain mainly by the Empire shale and Helena lime-
stone of the Belt series. These rocks are intruded and metamor-
phosed by several small stocks of quartz monzonite, only the largest
of which is shown on Plate 8. Unconsolidated gravel and other
sediments, probably of Pleistocene and Recent age, ad]om the
Scratchgravel Hills on the east and south.

ORE DEPOSITS
CHARACTER AND COMPOSITION

The ore bodies in the Scratchgravel Hills may be classified as
contact-metamorphic deposits and veins that have filled open frac-
tures and, locally, replaced more or less of the wall rock.

154419—33——4
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The contact-metamorphic deposits are characteristically irregular
and are developed in the border of metamorphic rocks that surround
the granite or in detached masses of such rocks that are embedded in
the granite. They include several bodies of magnetic iron ore that
have been mined for smelter flux, some outcrops of mixed iron oxides
along the west and northwest sides of the hills, and deposits of silver-
lead ore. In addition nearly all contain copper minerals. Toward
the north, along the foot of the Scratchgravel Hills, considerable
magnetite used for fluxing has been mined from small bodies scat-
tered through crystalline limestone. Others are probably to be
found beneath the surface by following the joints in the limestone.
In areas of metamorphic rocks near the southeast corner of the hills
small bunches of magnetite associated with garnet and other meta-
morphic minerals are exposed in several shafts and pits. For a dis-
tance of at least 2 miles along the west side of the hills lodes con-
taining iron oxides are exposed here and there. The amount of iron-
bearing material is moderately large, but it contains, in addition to
iron oxides, quartz and, in places, grains of pyrite and chalcopyrite.
~ The oxides are partly, at least, derived from the weathering of the
sulphides mentioned. The lodes in the Grass Valley area are valu-
able chiefly for silver, gold, and lead. Several contain appreciable
amounts of zinc. One of them, the Silver Coin, yields exceptionally
rich silver ore composed of silver sulphide (argentite), silver chloride
(cerargyrite), lead carbonate (cerusite), a vanadate of lead, zinc,
copper, and arsenic (cuprodescloizite), and a gangue of metamorphic
silicates.

Chalcopyrite, malachite, and chrysocolla occur at many places in
the metamorphic rocks around the borders of the main granite area
of the Scratchgravel Hills, but no workable bodies of copper ore have
been found. On the Wayside claim grains of malachite and chal-
copyrite are very sparingly scattered through a wide zone in the
granite itself near the contact.

The deposits classified as veins occur in both the granite and the
bordering area of metamorphic rocks. As a rule they are rather
narrow tabular bodies that persist along the strike. Many are but a
few inches wide. A score or more, however, range from 2 to 6 feet
in width and, as shown by the development workings, extend undi-
minished downward for distances of at least 50 to 500 feet.

Most of the veins fall into two groups, one of which is valuable
chiefly for gold and the other for lead and silver. The Franklin,
Scratch Gravel Gold, Nettie, and many others are simply gold-
quartz veins with more or less iron oxides and extremely small
amounts of manganese. The oxidized ore in places shows a thin film
or stain of a greenish-yellow sulphate of iron. Below the oxidized
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zone pyrite occurs generally, and in some of the veins there are
scattered grains and bunches of galena and, rarely, a little sphalerite.
.Commonly, gold can be panned from the oxidized ore, and in many
specimens fine particles of gold can be seen associated with iron oxides
that evidently have been derived from pyrite. The veins trend in all
directions, but north and northwest strikes are somewhat the more
common. Some veins are nearly horizontal, and few of them exceed
a dip of 30°. The horizontal and gently inclined veins are devel-
oped along a prominent joint system in the granite.

Shipments from the gold-bearing vein in the Franklin and Scratch
Gravel Gold mines yielded about $40 a ton gross value. Exact
information as to the tenor of most of the other veins is lacking,
but panning tests in a few places indicate a gold content of $10 to
$20 a ton. Parts of the veins rich enough to be workable range in
size from a few feet long and a few inches wide to the dimensions
of an ore shoot in the Franklin mine which is 1,000 feet long, from 1
to 3 feet wide, and extends from the surface down 200 feet or more
on the dip. This body is richer than the material in the vein below it,
and the increase in value is probably the result of the solution and
removal of valueless material during the process of weathering. In
places the vein contains small cavities, and in general it appears to
have filled open fissures but in addition to have replaced some of the
granitic wall rock.

Veins that are valuable chiefly for lead and silver form a group,
referred to for convenience as the lead veins, which, as indicated
by the relations of some of its members, occupy fissures somewhat
younger than the gold-quartz veins. Their prevailing strike is
northeast, and most of them dip southeast at moderate to steep
angles. Below the oxidized zone the veins contain galena and chalco-
pyrite in a gangue of quartz and carbonate. The galena varies in
texture, from rather coarse to the fine-grained “steel” variety,
abundant specimens of which were seen at the Drumheller mine.
Pyrite is moderately plentiful, but chalcopyrite is rather scarce.
Quartz predominates as a gangue mineral in most of the veins in
granite, and in places, at least, it appears to be merely an unre-
placed part of the country rock. The carbonate contains calcium,
magnesium and iron and corresponds approximately to the mineral
ankerite. It is remarkably abundant at the Drumheller mine, where
it completely replaces the diorite wall rock next to the vein.

The oxidized parts of the lead veins contain cerusite (lead car-
bonate) and abundant iron oxides. There is usually a little copper
stain, and several of the veins show films or coatings of a greenish-
yellow substance determined by W. T. Schaller to be an arsenate of
'lead, probably the mineral mimetite. The amount of galena visible
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indicates that the sulphide ore from the lead veins contains from a
small amount to as much as 50 per cent of that metal. The amount
of silver present is variable. Exceptionally rich silver ore is said
to have been found in the Lexington mine. Ore containing as much
as 1,000 ounces a ton occurs in the Silver Coin. Ore shipped from
the Helena mine contained a little more than an ounce of silver to
each per cent of lead. On the other hand, sulphide ore from some
of the other lead veins is low in silver.

Little or no zinc is present in the lead veins. Except cuprodescloi-
zite, a vanadium-zinc-copper mineral occurring in the Silver Coin
mine, no zinc minerals were seen, but the smelter returns show rela-
tively small amounts of zinc in ore from some of the other mines.

CONCLUSIONS

Except that they are later than the granite, the age of the veins
in the Scratchgravel Hills is not shown by geologic evidence.
Though not identical, the deposits are much like those of the region
south of Helena, which are regarded as having been formed rather
soon after the intrusion of the granite. On the other hand, they
-lack the distinguishing features of the younger deposits, such as
the Drumlummon and others at Marysville. Because the veins are
in the granite rather than in the metamorphic shell inclosing it,
they may be plausibly ascribed to emanations from a deeper-seated
part of the igneous mass than any now exposed.

Many of the veins in the Scratchgravel Hills look promising and
worth systematic development. It appears most unlikely that the
lower limit of workable ore has been reached in the comparatively
shallow depths so far attained by the workings. In the gold veins
a decrease in value is to be expected below the oxidized zone, but
there is no reason to expect any similar change in the lead veins. In
fact, it is probable that the ore is enriched in silver derived from
the weathered upper parts of the veins, in which the best deposits
may be expected below water level in a zone that has not yet been
deeply explored. The scarcity of zinc in most of the lead veins
is noteworthy. Its absence may to some extent be due to leaching
by sulphate waters derived from the oxidation of pyrite and chal-
copyrite in the upper parts of the lodes. In the Helena mine, how-
ever, ore from levels below the probable limit of leaching is low
in zinc, and the scarcity of this metal is thus indicated to be a pri-
mary feature. The occurrence of galena with little or no zinc
sulphide generally characterizes a zone somewhat remote from the
magmatic source. Commonly such deposits are low in silver unless
enriched, and it is a fair speculation that zinc, cven though absent
at shallow levels; may become prominent a little deeper. The
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narrowness of many of the veins will, of course, limit the depth of
profitable mining, but several of them are wide enough to bear
development below the limits of the present workings.

MINES AND PROSPECTS
FRANKLIN

The Franklin mine is at the extreme south end of the Scratch-
gravel Hills. Except for a few low rounded knobs the surround-
ing area is nearly flat and less than 100 feet higher than Seven-
mile Creek, which is about a quarter of a mile farther south. The
mine is only a short drive across the valley from Helena, and its
hoist and waste dumps appear sowewhat incongruous among the
“surrounding fields of hay and grain. Quartz mining was first done
on the Franklin ground about 1870, on the Sam Gaty and Doctor
Steele claims. The extent and production of this early work are
not known. Afterward these claims and the land surrounding
them became the property of the late Thomas Cruse. In 1914, while
the Sam Gaty vein was being developed, the “ gold vein” was dis-
covered, and for about three years afterward that deposit was mined
rather extensively by Cruse and his heirs. In 1919 the mine was
closed and its workings allowed to fill with water. According to
data supplied by T. B. Miller, the smelter net returns on 17,250
tons of ore produced by the Franklin mine in the years 1914-1918
amounted to $490,333.73. The freight and treatment charges ranged
from $10 to $12 a ton, and the average gross or assay value of the
ore was about $42 a ton. About 90 per cent of the returns is to be
accredited to gold and the remainder to silver. The ore was treated
at the East Helena plant of the American Smelting & Refining Co.

A map of the underground workings of the Franklin mine made
by the late William F. Word (pl. 4) shows the Sam Gaty or lead
vein to be developed to a depth of 405 feet by an inclined shaft
known as shaft 1. There are also more than 800 feet of drifts on the
vein at different levels. The Gold vein is developed by shafts 2
and 3, which are respectively 200 and 550 feet deep. In this vein
are about 5,000 feet of drifts, 1,000 feet of raises and winzes, and
a large area of stopes. The workings described explore the Sam
Gaty vein for a length of about 300 feet and the Gold vein for
about 2,000 feet. The Sam Gaty or No. 1 shaft reaches a vertical
depth of 320 feet, and shaft 3, on the Gold vein, about 135 feet. A
point about 20 feet deeper is reached by a winze from the east end
of the lowest level on the Gold vein.

The Sam Gaty or lead vein strikes N. 50°-55° E. and dips 40°-
65° SE., the steepening of the dip beginning below the third level.
The Gold vein has an average strike of about N. 45° W. and a dip of
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10°-20° NE. The two veins thus intersect nearly at right angles,
and, according to Word, the Sam Gaty vein cuts and displaces
the Gold vein 12 feet, the downthrow being on the hanging wall or
southeast side. In the extreme eastern workings the Gold vein is cut
and displaced a few feet by two vertical faults of easterly trend,
and about 350 feet east of the main incline (shaft 3) the vein is
involved in a trough or flexure 150 feet or more wide that causes the
dip to increase to 20° or more. Beyond this flexure the dip de-
creases to about 10°.

From the report by Word referred to, it is learned that the Sam
Gaty vein as exposed in the first two levels is from 2 to 4 feet wide

and bounded by well-defined walls of granite and hornstone. Ore,

shoots 6 to 8 inches wide carry lead, gold, silver, and a little copper.
Samples of them assayed from $2.80 to $29 a ton. The remainder
of the vein is crushed granite, quartz, and gouge. The vein is oxi-
dized near the surface, and sulphides appear below.

The Gold vein in its northwesternmost exposures is 1 foot or less
wide. Near the intersection with the Sam Gaty vein and for a con-
siderable distance to the southeast it is wider, in places reaching 10
feet or more. Near the main or No. 3 shaft high-grade ore formed
a streak from 1 to 2 feet wide that was inclosed by layers of quartz
and vein matter of less value. From the surface down to the 200-
foot level (50 feet vertically below the surface) the ore consisted of
iron oxides and quartz. The main ore body of shipping grade ex-
tended along the strike for 1,000 feet or more. Below the 200-foot
level the vein filling is a vitreous white quartz containing pyrite and
a few grains of galena. Very little free gold is present. Samples
representing this material contained from $2 to $44 in gold and
0.09 to 3 ounces of silver to the ton. ' In a few samples lead ranged
from 0.6 to 11.5 per cent. Fragments on the dump of the main
shaft on the Gold vein consist of white quartz with scattered grains
of iron oxides that were evidently derived from the oxidation of
pyrite. Seams in the quartz are scantily coated with iron and man-
ganese oxides. Another variety that probably came from the un-
oxidized part of the vein consists of dense white quartz, with scat-
tered grains of pyrite and here and there a grain of galena. The
wall rock is granite that contains masses of quartz-mica schist,
hornstone, and other products of contact metamorphism. Appar-
ently these bodies are included fragments of the sedimentary rocks
(Belt series) which the granite has intruded. Near the vein, as
shown by surface exposures, the feldspars of the granite are partly
altered to sericite. In the eastern part of the Gold vein workings
there is a parallel vein in the footwall from which a little ore has
been stoped.
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The horizontal persistence of both the Sam Gaty and the Gold
veins suggests that they extend much deeper than the present work-
ings. The comparatively diminished value of the ore below the
oxidized zone may be due to the fact that it has not been reduced -
in bulk by the leaching out of valueless material. There is appar-
ently no reason to think that a further decrease in value will occur
within a moderate additional depth.

SCRATCH GRAVEL GOLD

The Scratch Gravel Gold mine is about half a mile southeast of
the Franklin, amidst similar surroundings. The main working entry
is an inclined shaft said to be 500 feet deep, from which drifts
aggregating 2,500 feet or more are made in the vein. In addition
there are several stopes and raises and another entry, known as the

Larsen shaft, sunk on the vein at a point 1,400 feet west of the main
entry. Drifts and stopes, the extent of which was not learned, are
connected to the Larsen shaft. In August, 1926, at the time of the
writers’ visit, water filled the workings within a few feet of the
surface.

Smelter net returns tabulated by T. B. Miller for 6,117 tons of
ore produced by the Scratch .Gravel Gold mine in the years 1915-
1918 amount to $261,477.19. This ore was similar in character and
value to the Franklin ore and was likewise treated at the East Helena
smelter.

The vein strikes N. 60°-70° W. and dips 18°-20° NE. It is said
to range from 1 foot or less to 6 or 7 feet.in width and to show no
signs of pinching out in depth. Its minimum longitudinal extent is
indicated to be 1,500 feet, and its projected course coincides so nearly
with the Franklin gold vein as to indicate that the two are either
the same or very closely spaced parallel veins. Between the work-
ings of the two mines there is said to be a block 200 or 300 feet
long that is not worked out. Specimens said to represent the vein
below the oxidized zone consist of vitreous white quartz containing
a little finely divided pyrite. Locally this quartz is broken and rece-
mented by a second generation of quartz carrying moderate amounts
of pyrite and galena and a little sphalerite. Ore from the upper
workings consists of quartz and iron oxides, and much of it carried
from 3 to 5 ounces of gold to a ton. Smelter certificates said to
represent an average grade of ore show from 114 to 214 ounces of gold
and from 3 to 7 ounces of silver to a ton. Two small parallel veins
in the footwall that are shown by open pits contain iron-stained
quartz.

MAGPIE

The Magpie group of claims, owned by Calvin Stevens, is a short

distance northeast of the Franklin mine and within the same wide
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valley that occupies much of the southern part of the Scratchgravel
Hills. The development workings include several open cuts and pits
and an inclined shaft at the west end of the Magpie claim, said to
" be 175 feet deep. At the time it was seen (August, 1926) the shaft
was filled with water within 16 feet of the surface. It is sunk on a
fault that trends north, dips 35° E., and carries about 6 inches of
gouge and breccia. East of the shaft open pits distributed through
a distance of 400 feet or more expose a vein from 1 to 2 feet wide
that strikes N. 70° E., dips 30°- S., and cuts granite. It is com-
posed of quartz with varying amounts of iron oxides and lead car-
bonate. Nodules of steel galena coated with carbonate occur in
places. Northeast of this vein is another that strikes northwest, dips
25° SW., and consists of quartz and iron oxides. It is said to carry
a little gold. Its projected course crosses that of the first vein, but
whether they actually intersect is not shown. A third vein or lode
that crops out in the southern part of the Magpie group consists of
iron oxides and jaspery quartz containing grains of chalcopyrite and
galena that are coated with lead carbonate and chrysocolla. The
deposit contains hornblende and other silicates that suggest a con-
tact-metamorphic origin.
FAIRVIEW

Open cuts on the Fairview claim, between the Magpie group and
the Franklin mine, expose a well-defined vein in granite near the
contact of a mass of schist and other metamorphic rocks. The vein
strikes northeast, dips 35° SE., is from 1 to 2 feet or more wide, and
consists of quartz and iron oxides with more or less carbonate of lead.
In places there are yellow films and fine yellow nodules determined
by W. T. Schaller to be an arsenate of lead, probably the mineral
mimetite.

WAYSIDE, BLUE BIRD, AND NETTIE

The Wayside, Blue Bird, and Nettie claims of J. C. Robinson
are in the upper part of the valley that lies between the south spurs
of the Scratchgravel Hills. On the Blue Bird claim is a shaft said
to be 90 feet deep with a 40-foot crosscut at the bottom. At the time
the mine was visited (July, 1926) the workings were filled with
water within 16 feet of the surface. The shaft is sunk on a nearly
vertical vein in granite that strikes northwest and is about 2 feet
wide. The part above water consists mainly of soft iron oxides
which are said to carry a small amount of lead. A lot of several tons
shipped from this vein is reported to have yielded $49 a ton net
and $54 a ton gross in silver and lead. The crosscut at the bottom of
the shaft is said to penetrate a sheared zone in the granite that
strikes northwest and dips steeply southwest. Specimens from the
dump show galena and pyrite in a gangue of quartz and carbonate.

x
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The country rock is a warm-gray coarse-textured granite composed
chiefly of partly sericitized feldspar with a little hornblende.

Open cuts and shallow trenches on the Blue Bird and Wayside
claims show that in a zone that trends northwest and is 50 feet or
more wide, the granite is sheared and partly altered to a claylike
material that is chiefly sericite. In places this material is stained
red and brown with iron oxides. This zone is marked by a valley
and a gap that crosses the southwest spur of Scratchgravel Hills.

The Nettie claim, east of the Blue Bird, is developed by several
open cuts and an inclined shaft 178 feet deep, sunk on the vein.
A production of 200 tons of ore that averaged about $40 a ton in
gold is reported. The open cuts expose a quartz vein from 2 inches
to 1 foot wide that is nearly horizontal in places but generally shows
a moderate dip to the east or northeast. It is crossed by several
north-south faults, each of which causes a downthrow on the east
of 1 foot more or less. The vein consists of white quartz containing
scattered grains of brown iron oxides, evidently derived from
pyrite. In some of the grains of oxides cores of pyrite and a few
specks of gold were identified. The quartz is closely broken by
joints, and its surfaces commonly show greenish-yellow stains of a
sulphate of iron and scattered black dendritic films of manganese
oxides. Panning tests show that this oré contains appreciable
amounts of .free gold.

The granite wall rock contains small rounded masses of horn-
blende schist that are probably included and metamorphosed frag-
ments of a rock that was invaded by the granite. Some of them
contain grains of chalcopyrite.

The Wayside claim, which lies northwest of the Nettie and Blue
Bird, is developed by open cuts and shallow shafts. A double vein,
the parts of which are separated by a few feet of altered granite,
is developed by some short drifts and an inclined shaft 36 feet deep.
The vein strikes N. 35° W. and dips 65° SW. At the bottom of the
shaft it is cut and thrown a few feet westward by a nearly horizontal
fault. Both the fault and the vein are cut by another fault that
strikes southwest and dips 60° NW., the amount of displacement
not being shown. The vein filling consists of partly crushed quartz
with considerable iron oxides, and its texture shows that the wall
rock has been partly replaced. The hanging-wall layer is from 2 to 6
inches thick and the footwall layer 6 inches to 2 feet. This lode is
exposed at intervals for a short distance by open cuts, one of which
shows it divided into several “stringers,” 1 to 2 inches wide, that
scatter out into the walls. At this place a fault within the lode and
parallel to it shows evidence of considerable postmineral movement.
Another vein, developed by a 50-foot timbered shaft, strikes about
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west and stands nearly vertical. It is 4 feet or more wide and consists
of quartz and iron oxides. Samples from these veins are said by the
owner to assay from $5 to $20 a ton in gold.

The northwestern part of the Wayside claim includes an outcrop
known as “the porphyry dike,” which appears to be in reality a
finer-grained contact facies of the granite in which are some small
included masses of extremely metamorphosed sedimentary rocks.
For a width of 20 feet and a length of perhaps 300 feet the outcrops
show green copper stain on seams and joint surfaces and scattered
small crystal aggregates of malachite (copper carbonate). In addi-
tion the rock contains disseminated grains of brown iron oxides,
some of which possess cores of unoxidized pyrite. Apparently this,
is a thinly disseminated deposit that contains, below the weathered
zone, copper sulphides closely related in origin to contact meta-
morphism. :

On the Yellowstone claim open cuts about 2,000 feet northeast of
the Nettie expose a vein 2 to 10 inches wide that is similar to the
Nettie vein and said likewise to “ pan ” free gold. This vein strikes
north, dips 40°-50° W., and is inclosed in granite.

ASTER

The principal workings of the Helena Silver-Lead Mining Co.,
known also as the Drumheller mine and the Howard mine, are on the
Aster claim, at the west side of the Scratchgravel Hills about 2
miles north of Sevenmile Creek. They include a shaft 220 feet
deep with drifts on the 100 and 200 foot levels. The country rocks
include diorite, shale or argillite, and shaly limestone. The diorite
forms a sill several hundred feet thick that has intruded the sedi-
mentary rocks. All have been moderately tilted, broken by faults,
and invaded and noticeably metamorphosed by the intrusive granite
(monzonite) of the Scratchgravel Hills, the contact of which is a
short distance east of the shaft.

At the 200-foot level, drifts, which were traversed by the writer
in July, 1927, extend 40 feet south and 250 feet northeast of the
shaft. A short distance southeast of the shaft these levels cut a
vertical lode that trends northward and is 18 inches to 2 feet wide.
It consists chiefly of sheared diorite, the original minerals of which
have been largely replaced by ankerite. Scattered through the
mass are grains of galena and chalcopyrite. Along the northeast
drift for a distance of 40 feet the diorite contains numerous veinlets
of ankerite and sparingly scattered grains and bunches of fine sul-
phides. This drift, at the time of the writer’s visit, was being driven
farther northeastward to intersect other lodes that crop out.

Ore scattered over the dump of the shaft shows abundant medium-
grained and fine “steel ” galena that is said to come from a vein
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exposed on the 100-foot level, which was not accessible to the writer.
Samples of this ore are said to assay as much as 50 per cent of lead
and 10 ounces in silver and $5 in gold to the ton.

About 500 feet northeast of the Aster shaft a fault that trends
northwest is shown by open cuts and a caved shaft distributed along
a course of 200 feet. It separates the diorite from argillite and
contains a breccia 6 to 10 feet wide cemented with iron oxides and a
little quartz. Stains of manganese oxides are abundant, and one of
the workings shows small amounts of galena and cerusite. About
300 feet farther northeast is a parallel fault that is shown by an
open cut and a shaft to dip steeply southwest. It cuts green argillite
of the Belt series and carries 2 to 3 feet of gouge and breccia. The
dump of the shaft shows copper stains.

Still farther northeast, along the contact, is a dike of altered
feldspathic rock, the seams and joints of which show blue-green
coatings of chrysocolla. In places a shaly limestone next to the
dike contains a little copper stain, iron oxide, and nodules of
chalcopyrite.

: GENERAL HARRISON

The General Harrison mine is in the northern part of the Scratch-
gravel Hills, a short distance west of the main summit. Open cuts
at one place show a lode 1 foot or more wide consisting of sheared
granite and quartz. The lode is cut ‘and displaced slightly by a
fault, but the strike of neither is deﬁnitely shown. The country
rocks are granite and a dark-gray quartz-mica schist, derived from a
sedimentary rock which was invaded by the granite.

Several hundred feet south of the open cuts mentioned, shallow
workings expose a gently dipping quartz vein -in the granite that is
6 inches to 1 foot wide. The quartz is somewhat broken and con-
tains scattered grains of brown iron oxides and specks of black man-
ganese oxides. In places there are a few green copper stains and films
of a greenish-yellow sulphate of iron. The grains of iron oxides
contain specks of native gold. '

SCHARRENBROICH

About half a mile west of the General Harrison mine a shaft on the
claim of Peter Scharrenbromh explores a lode several feet wide con-
sisting of a jaspery- 1001(1110' quartz with abundant reddish-brown
iron oudes The lode is mclosed in schist and other contact-meta-
morphic rocks not far from the granite border. For a distance of
a mile or more southward outcrops of similar material occur here
and there under similar geologic conditions. None of these bodies
have been extensively developed, and whether or not they contain
gold or other valuable metals is not known. They are probably one
of the effects of contact metamorphism.
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ELLA

The principal working of the Ella mine is a tunnel on the west
side of Scratchgravel Peak about 250 feet below the summit. About
350 feet from the portal this tunnel cuts a vein that strikes north,
dips 40°-60° W., and is inclosed by well-defined and regular walls.
A north drift 500 feet long shows the vein to range from a few inches
to 4 or 5 feet in width. It consists of quartz and altered monzonite
with iron oxides and in places noteworthy amounts of manganese
oxides. At one place there is a shoot of rich ore 60 feet or more in
pitch length that extends above and below the drift level, its upper
limit not being shown. It has somewhat the form of a flattened pipe
4 feet in greater diameter, and it consists of quartz and iron oxides
in which, locally, grains and flakes of native gold can be seen. Chal-
cedonic quartz forms a coating on seams and cavities. This ore is
said to assay several hundred dollars in gold to the ton. In two or
more other places small bodies of crushed quartz with iron and man-
ganese oxides occur in the vein. :

A vein having the same trend as the one described crops out on
top of the mountain. Its position relative to the one below suggests
that it is the same body.

East of the summit a parallel vein shown by open cuts and a short
incline is 2 to 8 feet wide. It consists of quartz that in places is
stained with copper and is said to assay from $2 to $30 a ton in gold.

REGINA

On the Regina claim of Peter Scharrenbroich, south of the General
Harrison mine, a short incline exposes a vein from 2 inches to a foot
wide that dips 30° W. and cuts granite. The vein consists of quartz
with a little iron and manganese oxides. It is of similar appearance
to the veins containing free gold that occur in the General Harrison,
Nettie, and other mines described.

GOLDEN CROWN

The Golden Crown mine is on the summit of the Scratchgravel
Hills, on the main ridge just north of the highest peak (summit
5250, pl. 8). The outcrop is a streak of white quartz 2 feet or more
wide that is well exposed here and there for a distance of 1,000 feet
on the ridge and on the east side just below the crest.

The mine was developed and a small mill built in the decade fol-
lowing 1893. Considerable ore is said to have been mined and milled,
but the operations were not profitable, owing to the low recovery in
the milling. For several years no mining has been done, and only
the upper parts of the underground workings were entered.

The main working is an inclined shaft at a point on the east side
of the ridge. It is sunk on the vein and it is said to be 380 feet deep,
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with drifts at different levels aggregating 300 feet. Water fills the
workings below a depth of 220 feet.

The vein strikes N. 30°-40° E. and dips about 40° NW. The
country rock is intrusive granite and schist of contact-metamorphic
origin. The vein, as incompletely exposed in a large pit or “ glory
hole ” on the top of the ridge, is made up of two parallel layers of
quartz, each about 20 inches thick. Between them is altered granite
with quartz stringers, the whole composing a lode at least 614 feet
wide (fig. 5). In addition, several quartz stringers branch off
into the hanging wall. Associated with the quartz are iron oxides
and a little green copper stain. In places there are dark streaks
and spots due to the presence of a little finely divided pyrite and
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FIGURE 5.—Vein in Golden Crown mine. @, White quartz; b, altered granite
containing stringers of quartz; ¢, granite wall rock cut by stringers of
quartz and iron oxides

tetrahedrite. The vein is somewhat broken or crushed, and at a point
between the pit described and the main incline it is cut by an east-
ward-trending fault that has dropped the block on the north about
250 feet.

A small lot of ore from the 120-foot level is reported to have con-
tained $85 a ton, mostly in silver. Elsewhere the vein is valuable
chiefly for gold, samples from different places being said to have
assayed from $16 to $18 or more to the ton. Richer ore occurs in
streaks and bunches.

MULLIN

The claim of Dan Mullin, on the northeast side of the Scratch-
gravel Hills, is developed by an adit level having an irregular
course about 1,000 feet long. The country rock is granite (quartz
monzonite). The first course of the adit is southwest about 300
feet, in which it follows a horizontal vein of quartz 2 to 6 inches
wide. At the end of the course this vein joins another that is some-
what wider and dips about 20° SW. The level makes a right-angle
turn and follows the new vein southeast about 150 feet, to the point

~
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where it is cut off by a vertical fault trending northeastward. -Be-
vond this fault the level crosses a zone of crushed rock 15 feet wide,
then turns southward and in the succeeding 250 feet crosses two
or three small quartz veins that dip southwest. In the last 300 feet
the level curves to the west and north and follows an irregular lode
containing minerals of the contact-metamorphic type. In places
this deposit is as much as 2 feet wide and shows chalcopyrite and
chrysocolla in a gangue of quartz, feldspar, garnet, and other sili-
cates. Samples from the dePOS1t are sald to assay several dollars
in gold to the ton.
NORTH STAR

The North Star claim of W. P. Abbott is at the foot of the north-
east slope of the Scratchgravel Hills, west of the Queen of the
Valley claim. Open cuts on this claim expose in order from east to
west parallel veins that are 4 feet, 1 foot, and 2 feet wide. They
strike northwest, dip about 25° SW., and are thus parallel also
to the vein in the Queen of the Valley claim.  The first vein con-
sists of quartz and iron oxides with stains of manganese oxides.
It is similar to the vein in the Queen of the Valley and may be part
of the same body separated from it by a strike fault. On the hang-
ing wall of the second vein is a thin streak of iron oxides and copper
carbonate that is said to assay as much as $59 in gold, $6 in silver,
and $9 in copper to the ton. The third vein crops out about 500
feet southwest of the second and is similar to it in appearance and
composition, a fact that suggests that the two may, like the out-
crops of the Hopeful vein, be parts of the same vein separated by a
strike fault.

Well up on the slope south of the workings mentioned open cuts
show a small irregular body of the contact-metamorphic type. The
country rock includes an area 20 by 50 feet of hornfels that is sur-
rounded by granite. A layer of the hornfels 3 to 6 feet thick con-
tains, in addition to the usual hornblende, epidote, and other sili-
cates, much limonite and other iron oxides, some of which show
forms suggesting derivation from magnetite, and more or less cop-
per carbonate. In a detached mass of hornstone on the slope below
is a small bunch of chalcopyrite said to assay noteworthy amounts
of gold. Owing to the fact that these deposits are associated with
certain beds in the metamorphosed sediments they appear like veins
in form; but they do not cut across the country rock and may be
expected to end at the granite contact.

ELIZABETH

The Elizabeth mine of Fred Moratt is on the northeast side of the
Scratchgravel Hills about half a mile west of the Great Northern
Railway. The principal working is an inclined shaft, which in
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August, 1926, was not accessible below a depth of 120 feet because of
water. There are several other shafts and open cuts. The vein
trends northwest, dips 25° SW., persists for at least half a mile, and
as exposed in several places is from 4 to 6 feet wide. It consists
of white quartz with iron oxides, films of manganese oxides, and
locally a little copper stain. ' A quantity worked in a small mill by
plate amalgamation is said to have yielded $5.50 a ton in gold; as
the total assay value was $11.50 a ton the recovery was somewhat
less than 50 per cent. According to Mr. Moratt, the copper-stained
ore contains the more gold. In a new incline southwest of the main
shaft the vein is slightly displaced by a few northeastward-dipping
strike faults. At a ravine southeast of the workings mentioned the
Elizabeth vein is cut but not faulted by a vein that strikes north-
east, dips 30° SE., and consists chiefly of quartz and iron oxides
with bunches of lead carbonate and galena. In places this later
vein shows copper stain and greenish-yellow films of mimetite, an
arsenate of lead. The ore is said to assay as much as $35 a ton in
silver and lead.:
QUEEN OF THE VALLEY

An incline 100 feet or more deep and several open cuts on the
Queen of the Valley claim expose a vein that appears to be the
northwesterly continuation of the vein in the Elizabeth mine. The
country rock is granite. The vein dips 25° SW., is 4 to 6 feet wide
with regular walls, and consists of quartz heavy with red and brown
iron oxides. In places it contains a brown jaspery-appearing quartz.

MOONLIGHT AND HOPEFUL

The Moonlight and Hopeful mines of Otto Anderson are on the
east side of the Scratchgravel Hills at the mouth of a gulch descend-
ing eastward from the highest summit. The mine workings consist
of several short adits and inclined shafts—those on the Moonlight
north of the gulch and those on the Hopeful south of it. The
country rock is granite (quartz monzonite). .

The northernmost workings on the Moonlight claim expose a vein
from 6 to 10 feet wide that strikes northward and dips about 20° W.
Next to the hanging wall is a layer 6 inches to 2 feet thick consisting
of iron oxides and quartz. The remainder is fine-grained vitreous
quartz with a speck of pyrite here and there.

At the south end of the claim the workings expose a vein that
trends westward and dips 20° S. As exposed in an adit 85 feet long
called tunnel 2, this vein is 214 feet wide and consists of quartz,
except for a layer of iron oxides at the top 2 to 6 inches thick. At
the face of the adit the vein is cut off by a transverse fault that

dips 45° E. The fault plane is polished, shows grooves parallel to

the dip, and carries a foot of gouge and breccia.
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About 12 feet higher and 500 feet northwest of tunnel 2 is an adit
called tunnel 1, that is a level for about 40 feet from the portal
and beyond that point becomes an incline descending on a slope of

N
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FIGURE 6.—Faulting on Moonlight and Hopeful claims. 1, Old workings, Moonlight
claim ; 2, No. 2 (85-foot) tunnel, Moonlight claim ; 3, No. 1 (180-foot) tunnel, Moon-
light claim; 4, incline 1, Hopeful claim; 5, incline 2, Hopeful claim; 6, incline 3,
Hopeful claim; 7, caved incline

10° to 15° for 140 feet to the face. The first 40 feet of this working
and the open cut at the portal develop a small irregular branching
vein consisting of quartz with iron oxides, copper stain, lead car-

4'
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bonate, and galena. At 20 feet from the portal this vein is upthrown
about 12 feet by the fault shown in tunnel 2, and next to the fault
the upthrown part contained a body said to have yielded $10,000
worth of ore valuable chiefly for silver. The vein in tunnel 2 is
also upthrown and becomes the vein followed by tunnel 1 beyond
the fault. This vein holds a fairly definite course, and in the last
20 feet of the working it swells to a width of 6 feet. It is mostly
rather barren-looking quartz but in places shows iron oxides and a
little copper stain.

The principal workings on the Hopeful claim are designated
inclines 1, 2, 8 (fig. 6). These inclines range from 40 to 150 feet in
length and follow a vein
that strikes northwest and
dips 20°-30° SW. Strike
faults that dip east cut the
vein and cause its outcrop
to be repeated. One of the
fault planes shown in in-
cline 3 strikes N. 70° W.
and dips 45° E. It cuts the
vein off sharply and is ac-
companied by .a white
gouge and breccia of the
country rock. An open cut
at the mouth of this incline

. 0o 1 5 Feet
shows the vein down- Qe

thrown on the east in short Fieure 7.—Composite vein, incline 1, Hopeful
b h el claim. @, Oxide ore, * lead vein’ ; b, veinlets of
steps y three paralle carbonate; ¢, fragments of quartz and silicifled

fault planes that strike granite belonging to the * gold vein”; d, gran-
about north. A short in- ' WY Tk

cline (not mapped) east of No. 3 shows a fault plane dipping 65° E.
and bearing 1 foot of gouge and breccia. Other workings show addi-

“tional faults.

Inclines 1, 2, and 3 show a composite lode 2 to 4 feet or more in
width. In incline 1 (fig. 7) the lode consists in part of a separate
layer next to the hanging wall that averages 5 or 6 inches in width
and is composed of iron oxides with some carbonate of lead and
galena. The remainder of the lode is quartz that has been broken
and recemented with veinlets of a carbonate near ankerite in composi:
tion. In incline 2 the composite character of the lode is even more
plainly shown (fig. 8). It is made up of an earlier white quartz
vein which contains specks of pyrite and is similar to many of the
gold-bearing veins elsewhere in the district and a later branching

vein characterized by lead and copper minerals and a carbonate of
154419—33—5
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iron and calcium. A small amount of ore worth $45 a ton is reported
mined from this later vein.

In incline 3 the lode is of similar character. The younger vein
shows considerable lead carbonate and films of the yellowish-green
arsenate of lead, mimetite.

EATY

The Katy mine is on the east side of the Scratchgravel Hills,
near the foot of the slope, about half a mile south of the Hopeful
mine. During the last 25 or 30 years it has been worked intermit-
tently. Its total production is reported by the owner to have ex-
ceeded $75,000. In 1927 development work was being done by
Otto Anderson. The principal working is a crosscut adit 175 feet

0 1 2 3 4 Feet

Fiqure 8.—Composite vein, incline 2, Hopeful claim. @, Ore
e composed of iron oxldes, etc., “lead vein”; b, lenticular quartz
bodies containing a few grains of pyrite, “gold vein”; ¢,

granite country rock

long, from which a 50-foot stope extends up the slope of the vein
95 feet to other older workings. As exposed by the crosscut, the lode
strikes N. 40° E. and dips 20° SE. It is inclosed in granite and
consists of three closely spaced parallel veins separated by altered
wall rock, the whole forming a lode that ranges from 4 to 6 feet in
width. The veins contain galena, pyrite, and chalcopyrite or their
oxidation products, and the ore bodies that were stoped out ranged
from a few inches to several feet in thickness.
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ARIADENE

The Ariadene claim is south of the Katy mine and covers the
continuation of the same vein. It is developed by a 60-foot incline
on the vein, which dips 25° SW. and carries a layer 6 to 18 inches
wide of iron oxides with lead carbonate and galena.

East of the Ariadene pits expose a fault lode 4 feet wide that
trends north, dips steeply east, and is composed of crushed country
rock (granite) and a few quartz stringers.

IRIDESCENT

On the Iridescent claim of W. P. Abbott, at the east side of the
Scratchgravel Hills, an open pit 15 by 20 feet in area and 15 feet
deep exposes contact-metamorphosed sediments consisting chiefly of
partly decomposed epidote, hornblende, and other silicates with
much iron oxide. The surrounding
granite is traversed by shear and
joint planes coated with thin crusts
of malachite and bright-blue chrys-
ocolla. These crusts are probably
derived from the oxidation of chal-
copyrite or other sulphides that oc-
curred in the metamorphosed sedi-
ments.

BONANZA AND GUY
An 80-foot incline on the Bonanza

o 1 2 3

4 &Feet

FIGURR 9.—Vein in Bonanza mine.
@, Sulphide ore; b, crushed and
altered country rock; c¢, granite
country rock

claim of Williams & Steltemeier is
sunk on a vein that strikes N. 50° E,
and dips 70° S. At the bottom there

is a drift 40 feet east. The vein is
a fracture in the granite (fig. 9), with a well-defined footwall on
which there is from an inch to a foot or more of ore consisting of
lead carbonate and galena- with a gangue of iron oxides and quartz
A few tons of shipping ore is reported to have been produced.

The Guy lode is developed by three short adits northeast of the
Bonanza. These workings show a 14-inch vein that dips southeast
and consists of iron-stained “honeycomb ” quartz and decomposed
granite. Pits in a ravine south of the Guy workings expose a fault
that trends northeastward and dips 70° NW. It is accompanied
by a foot of gouge and several feet of crushed rock and can be
traced northeast to the foot of the slope. In depth it probably
cuts and displaces the Guy and Bonanza lodes.

BLUE BIRD COPPER & SILVER MINING CO.

Claims of the Blue Bird Copper & Silver Mining Co. are developed
by a shaft said to be 175 feet deep, with levels extending 500 feet
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north and 200 feet south. These workings were not accessible at
the time of the writer’s visit. South of the shaft, open pits show a
vein 1 to 2 feet wide that dips 35° NE. and consists of quartz with
iron and manganese oxide stains. North of the shaft, open cuts
and a 20-foot incline expose several quartz stringers in the granite,
some of which show copper stains and films of mimetite. Along
one of these stringers a pocket containing several tons of rich lead-
silver ore is said to have been mined.

SILVER-COFPPER MINING CO.

A hoist at the shaft of the Silver-Copper Mining Co. is a con-
spicuous object on the southeast side of the Scratchgravel Hills
100 feet above the foot of the slope. The shaft was not accessible
in 1927. It is said to be 500 feet deep. The dump contains a few
tons of brown-weathering carbonate, ankerite, such as commonly
occurs in veins of the lead-silver type in the neighboring areas.

AJAX

The Ajax mine of the Scratch Gravel Mining Corporation includes
two inclines, 60 feet and 100 feet or more deep, on a lode that strikes .
east and dips 30°-40° S. In the 60-foot incline the lode is from
1 to 2 feet wide and composed chiefly of quartz with iron oxides.
In the deeper incline the lode is 5 feet or more wide and consists of
2 to 6 inches of iron-stained quartz on the hanging wall, 1 to 2 feet
of similar material on the footwall, and decomposed granite between.

Smelter records on 62 tons of ore shipped from the Ajax mine
show gross returns at the rate of about $10 a ton, chiefly in gold.
The ore contained 1.1 ounces of silver to a ton, and one lot showed
1.1 per cent of copper.

JULIA

The Julia mine, in the southern part of the Scratchgravel Hills is
reported to have produced a moderate amount of ore containing
lead, silver, and gold. The mine was idle and the underground
workings filled with water in 1927. An open pit west of the main
shaft shows a vein that strikes N. 75° E. and dips 35° N. It cuts
granite, is 3 feet or more wide, and consists of iron-stained quartz
and altered granite. Ore from a bin at the inclined shaft shows
a little copper stain and noteworthy amounts of a yellow lead-arsenic
mineral that is probably mimetite.

LEXINGTON

The Lexington mine is said to have produced prior to 1880
$250,000 worth of ore valuable for silver, lead, and gold, some of
which was rich enough to stand transportation to Swansea, Wales.
Since 1880 the mine has been closed. In 1927 the workings were



SCRATCHGRAVEL HILLS AND GRASS VALLEY 57

closed by caving, except those near the surface. The size of the
dumps indicates that the underground workings were rather exten-
sive. A series of pits representing caved stopes extends for 500 feet
along a northeast course. At the east end a fault is exposed that
strikes N. 50° E., dips 60° NW., and carries 4 feet of crushed and
partly decomposed granite. The fault cuts obliquely across a flat
lenslike body 2 feet thick that trends east to northeast, dips 40° N.,
and consists chiefly of garnet-hornblende rock with more or less green
copper carbonate. This body lies in the plane of a lode that is fol-
lowed by the workmgs, so far as they could be seen. It is cut by a
small quartz vein of the type valuable chiefly for gold in the sur-
rounding region, which strikes east and dips 30° S. Farther west on
the course of the lode workings on. the Flynn claim expose a 4-foot
vein having the same strike and dip as the small vein. This 4-foot
vein consists of crushed and decomposed granite, quartz, and iron
oxides, with noteworthy amounts of manganese oxides. Apparently
three successive deposits occurred here—a metamorphic body, which
was the oldest, followed by a gold-quartz vein, and that in turn by
a silver-lead vein, which was developed in a fissure parallel to the
metamorphic body.

HELENA, ROCK ROSE, AND LOOBY

The Helena, Rock Rose (Dandy), and Looby mines, the property
of the Cruse Consohdated Mining Co., are a short distance north-
west of Fort Harrison, in an area known as the Grass Valley district.
They have been operated at times in the past 30 years and have
produced a total of more than $118,000 in lead, silver, and gold.
The bulk of this production came from the Helena. The mines were
closed and not accessible to examination in 1927.

The area surrounding these mines is low and nearly flat and is
underlain chiefly by the Empire shale, which at short distances to
the north and south is invaded by granite (quartz monzonite). As
shown by the mine maps, a lode that strikes N. 20° W. and dips
steeply east passes through the Helena and Looby claims. The Rock
Rose shaft is farther east, on a lode that is indicated to strike north-
west. The workings on the Helena claim include a shaft 451 feet
deep with drifts at different levels aggregating about 2,000 feet.
Smelter returns in the possession of J. J. Cruse, president, and
- F. C. Fay, manager of the company, show that ore was shipped from
the Helena mine in the periods 1899-1901, 1904-1908, 1915-1918, and
1921, to an aggregate amount of 3,860 tons. Its approximate aver-
age content was 0.29 ounce of gold and 14.34 ounces of silver to the
ton and 13 to 14 per cent of lead. The later shipments, which presum-
ably came from the deeper and unoxidized parts of the lode, show
a constant silver to lead ratio of 1.1 ounce to 1 per cent respectively.
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The gold value of the ore in general shows little variation. The
amount of iron present is generally from 25 to 35 per cent or more—
enough to reduce the smelter rate. Insoluble matter, presumably
silica, ranged from 30 per cent or more in the earlier shipments down
to 20 per cent or less in the later ones. Generally the shipments
contained 2 or 3 per cent of zinc, exceptionally as much as 7 per cent.

Shipments from the Rock Rose mine aggregating 403 tons were
made mostly in 1908-9 and 1917-18. They show an average content
of 0.11 ounce of gold and 24 ounces of silver to the ton and 18.5 per
cent of lead. There is a constant silver-lead ratio of 1 to 1.2, and the
gold value is variable. One sample showed 6 per cent of zinc.

Shipments from the Looby mine in 1895 and in 1916-1918 aggre-
gating 310 tons contained an average of 0.15 ounce of gold and 0.125
ounce of silver to the ton and 12 per cent of lead. From 4 to 10
per cent of zinc was present in most of the shipments.

SILVER COIN

The Silver Coin mine, 1 mile west of Fort Harrison, has produced
a considerable amount of rich silver ore. It was operated in 1928
by Tony Maras under a lease from Owen Byrnes and others. The
workings are near the top of a hill- and include two tunnels that,
together with drifts and crosscuts, have an aggregate length’ of 400
feet or more. These workings explore a body of Helena limestone
that is invaded by a stock of quartz monzonite. The limestone is
changed by contact metamorphism to a hard, tough gray banded
hornstone in which the bands represent the bedding. The pitch and
strike of the banding changes abruptly from place to place as a re-
sult of dislocations that accompanied the invasion of the monzonite.
The ore bodies are parts of certain layers of the hornstone that usu-
ally show a little copper stain but otherwise do not, as a rule, differ
much in appearance from the barren parts of the rock. The follow-
ing minerals were identified in the ore by W. T. Schaller: Argen-
tite, cerargyrite (horn silver), cerusite, cuprodescloizite (a vanadate
of lead and zinc containing also copper and arsenic), azurite, and
a yellow stain containing antimony, probably stibiconite. Chalce-
donic quartz occurs in cavities, and thin films of manganese oxides
are deposited in seams. In places there are seams and bunches of
coarsely crystalline calcite. Fracture planes in the monzonite ex- .
posed in the lower of the two tunnels are coated yellow with non-
tronite, a hydrated silicate of iron. Probably all these minerals are
secondary forms derived from the original minerals in the general
process of oxidation. ' '

The ore bodies are irregular and indefinitely bounded. Reported
assays of samples run as high as 1,000 ounces or more in silver to
a ton.
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AUSTIN DISTRICT
GEOGRAPHY AND GEOLOGY -

The Austin district occupies an area of about a township lying
east of the Continental Divide and surrounding Austin, a small town
on the Northern Pacific Railway 10 miles northwest of Helena. The
surface is mountainous, some of it is rugged, and the altitude ranges
from about 4,500 feet on the east to 6,500 feet at the divide. " Nearly
all the mines, however, are easy of access. Most of the area is drained
by Sevenmile Creek.

The district is underlain ch1eﬂy by shales and limestones composing
the upper part of the Belt series; quartzite, shale, and limestone of
Cambrian and Devonian age; and the Madison limestone, of early
Mississipian age. All these formations are intruded and extensively
metamorphosed by the quartz monzonite of the Boulder batholith.
In places, as at the Blue Jay mine, they are also intruded by a basic
andesite.

PRODUCTION

Placer deposits along Sevenmile Creek and its tributaries have been
mined to an aggregate length of 12 miles or more. Records of placer
production are not available, but from the extent and reported rich-
ness of the deposits it is estimated that the total yield of placer gold
was at least $1,200,000.

ORE DEPOSITS

The district contains a score or more of lode mines that have been
worked at times, mostly since 1880, and are reported to have yielded
a total of $300,000 in silver, copper, lead, and gold. Most of the ore
produced has had an added value for fluxing because of its high
content of iron. The lodes are mainly irregular pockets or pipelike
bodies of different sizes found in limestone near the contact of intru-
sive quartz monzonite. Their chief constituents are the iron oxides,
limonite and hematite. Nearly all contain a little gold. Silver-bear-
ing galena or its oxidation product cerusite, chrysocolla, and the cop-
per carbonates, malachite and azurite, are present in most of them.
One deposit contains the unusual mineral corkite, a hydrous sulpho-
phosphate of lead and iron containing arsenic. Corkite belongs to
a group of minerals that includes alunite and beudantite. In
Beaver County, Utah, it has resulted from the alteration of ore con-
‘taining pyrite, galena, sphalerite, chalcopyrite, and apatite.®
Few of the deposits could be observed below the oxidized zone.
In one of them pyrite, arsenopyrite, and stibnite were identified.
The presence of tetrahedrite is reported in the lower workings of

4 Schaller, W. T., Mineralogical notes, series 2: U. 8. Geol. Survey Bull. 509, pp. 70-76,
1912,

4 Butler, B. 8., and Schaller, W, T., Some minerals from Beaver County, Utah;
Am. Jour. Sci., 4th ser., vol. 32, p. 423, 1911.
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some of the lodes. The gangue minerals are quartz and calcite, of
which the quartz is rather scarce. Part of the iron oxides seems to
have been derived from the oxidation of pyrite and chalcopyrite;
the remainder was probably derived from pyrrhotite or originally
deposited as hematite and magnetite.

Large parts of the lodes consist of a low-grade ore valuable chiefly
for gold, silver, and iron. The iron is suitable for fluxing. Com-
paratively small chambers or chimneys contain rich silver-lead ore,
and some bodies are valuable for copper.

The lodes are of a type generally regarded as derived from intru-
sive bodies such as the quartz monzonite. They were deposited by
solutions that migrated a distance from the intrusive body into the
surrounding rocks, where the temperature was lower than at the
contact. Their forms are characteristically irre(rular, and apparently
the only guide to the discovery of new bodies is the fact that they
have selectively replaced limestone.

Mining conditions and lode composition are both favorable to the
profitable working of these low-grade deposits, and a large amount
of ore probably remains to be found.

Besides the mines described below, the district includes the Fannie
Parnell, Christiana, Benson-Poad, Ted Swan, London, and Scallon-
Vinson, concerning which no information was obtained.

MINES AND PROSPECTS
WAR EAGLE

The War Eagle mine, owned by the R. S. Hale estate, is nearly
2 miles east of Austin, at a point just south of the public highway
and the Northern Pacific Railway. It is on a lode in crystalline
Madison limestone at the contact with intrusive fine-grained quartz
monzonite. The main working is a shaft said to be 400 feet deep
but not accessible at the time of the writer’s visit. Between 1898
and 1900 this mine is reported to have produced and shipped to
the East Helena smelter 75,000 tons of ore that, because of its high
content of iron, was valuable mainly for fluxing. Below the 300-
foot level the lode is said to have a width of 12 feet, 4 feet of which
carries more or less argentiferous galena, the remainder- being iron
ore that contains a little silver.

BLUE JAY

The Blue Jay mine, formerly the Red Bird, about 3 miles north of
Austm, has produced $300,000 in copper, sﬂver and lead, including
iron that was valuable for fluxing. It was dlscovered in 1900 by
Richard Punch and son, and the bulk of its production was made in
the next three years. Since 1903 the mine has been worked inter-
mittently. Its present owners are Swan Bros. The ore occurs
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in a limestone bed, a so-called vein, of the Belt series that lies at the
contact of intrusive andesite and is near a body of quartz monzonite.
The ore-bearing bed dips 35°-50° W. and pitches to the south. It
is developed by a 350-foot inclined shaft and openings at the sur-
face distributed along the outcrop for the distance of one-eighth of
a mile, in which the vertical range is 200 feet. Most of the ore pro-
duced occurred in large, irregular chambers or pipes found at depths
of 100 to 200 feet. The ore is generally mottled and in appearance
resembles copper pitch ore. It is composed mostly of hematite and
limonite with more or less chrysocolla, cerusite, azurite, and mala-
chite. Chalcocite and manganese oxides were observed in places.
The gangue includes quartz, calcite, and other minerals, which prob-
ably represent unreplaced parts of the country rock. Tetrahedrite
is reported to be present. Some of the ore is brecciated, and some
that is siliceous and porous gives evidence that pyrite, chalcopyrite,
and galena were once present but have weathered out.

Study of polished sections of the ore shows it to consist chiefly of
limonite with subordinate amounts of malachite and azurite in
veinlets cutting the limonite. Some remnants of pyrite have sur-
vived the oxidizing process, and in places there are small areas of
supergene chalcocite. The only hypogene mineral recognized is
pyrite. Quartz and other gangue minerals are notably absent.

COPPER HILL

The Copper Hill mine of J. W. S. Corr is a mile north of Austin,
within the area nearly inclosed by a bend of the Northern Pacific
Railway. In the period 1910-1912 it produced $3,000 or more, and
in 1930 it was being worked on a small scale. The ore produced
ran $10 to the ton and was valuable principally for silver and
secondarily for iron and gold. The principal mine workings are
two adit levels, and in addition the lode is penetrated by a Northern
Pacific Raﬂway tunnel.

The lode is in Madison limestone at the contact with intrusive
quartz monzonite. It consists mostly of hematite with a little pyrite
and a red iron-stained calcite-quartz gangue. In places black manga-
nese oxide stains are conspicuous.

The ore appears to be sporadically distributed through a vertical
range of more than 100 feet and a horizontal distance of about a
quarter of a mile.

0SAGE CHIEF

The Osage Chief or Crissman mine of J. W. S. Corr is south of
the Copper Hill mine, described above, to which it is geologically
and mineralogically similar. Between 1910 and 1912 it produced
$10,000 worth of gold-copper- 1ron ore that ran $20 to the ton. The
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deposit was worked through a large open cut and a short inclined
shaft, and all the ore produced is said to have been found within
20 feet of the surface. .
KING TUT

The King Tut mine of Leslie Lyle is 174 miles northeast of Austin
and about a quarter of a mile east of the Northern Pacific Railway
loop. It was discovered about 1880 or earlier, when a good ore body
was disclosed by a shaft. Subsequently the lode was developed by
a crosscut tunnel 200 feet long, from the face of which a winze was
sunk 150 feet on a 45° slope. In 192627 the mine produced 2,000
tons of silver-lead ore that yielded a net return of $14,000. The lode
is in Cambrian limestone and is closely associated with a small dike
of quartz monzonite. The ore occurs in irregular pipes or chimneys,
one of which as exposed near the bottom of the winze is 2 feet wide
and 5 or 6 feet in stope length. To a depth of 40 feet the ore con-
sists mostly of carbonates. Below that depth it contains pyrite,
galena, sphalerite, arsenopyrite, and stibnite. A shipment of ore
from the bottom of the winze carried 40 per cent of lead and 120
ounces of silver to the ton.

BALDY S\MITH

A mine owned by “ Baldy ” Smith, of Austin, is 214 miles north-
northeast of the town at an altitude of 5300 feet. The country
rocks are Cambrian quartzite and Cretaceous or later andesite.

The lode deposit occurs in the quartzite and consists of a mineral-
ized zone several feet wide formed along a joint plane that strikes
N. 20° E. and dips 45° W. It is opened by several pits and a short
crosscut adit with drifts a few feet long.

The ore consists of irregular parallel bands and streaks a quarter
of an inch to an inch or more wide of crushed quartzite and gray
argillaceous material. The quartzite is stained yellowish brown and
dark reddish brown with limonite and hematite. The argillaceous
material contains very fine grained disseminated pyrite and sericite.
In places the ore is black with manganese oxides. In addition a
soft greenish-yellow mineral occurs in fractures and small cavities
in the lode and stains much of the adjacent quartzite. Analysis of
this mineral by W. T. Schaller proved it to be corkite. (See p. 59.)

PLACERS

The placer deposits in the district are said to have been very
productive in the early days, Sevenmile Creek almost throughout its
length being noted for-its rich gravel. Considerable workable
ground is said to still remain in the Greenhorn placer of Mrs. R. L.
Tostevin, which is on Sevenmile Creek at the Northern Pacific
Railway bridge 214 miles northwest of Austin.
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MARYSVILLE DISTRICT
HISTORY AND PRODUCTION

Lode mining in the Marysville district closely followed the ex-
ploitation of the rich placer deposits of Silver Creek. In 1876
Thomas Cruse discovered the famous Drumlummon lode, which has -
yielded nearly $16,000,000. Other richly productive mines were the
Bald Butte, Belmont, Cruse, Penobscot, Empire, and Piegan-Gloster.
The total productlon of the district is about $31,000,000 in gold and
silver. In the last 15 years mining on.a comparatively small scale
has been done on the Drumlummon, Calumet, Staples, O’Connell,
Piegan-Gloster, M. and L., American Flag, and others. Deposits of
tailings, which extend from the Drumlummon mill for many miles
down Silver Creek, are being reworked at points near the mill and
814 miles below, with a reported recovery of about $5 to the ton.
Since 1924 the Drumlummon mine has been operated by its owner,
the St. Louis Mining & Milling Co., and has produced more than
- $500,000 in gold and silver.

A small area (pl. 5) drained by Towsley Gulch in the western
part of the Marysville mining district contains several mines not
mentioned in previous reports. The largest of these, the Bell Boy,
has been worked at times since 1888 and has produced $500,000 or
more, chiefly in gold. Production is also reported from the Nile,
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