
GEOGRAPHY.

The maps of this folio represent, on a large 
scale, the detailed topography and geology of an 
area of about 23 square miles, known as the 
Butte district, a region made world-famous by its 
enormous copper and silver ore deposits.

The district is situated in southwestern Mon 
tana, Silver Bow County, in the central part of 
the Rocky Mountain region. The drainage is 
toward the Pacific, but the continental watershed 
is so near that streams tributary to the Missouri 
are diverted for the water supply of the city of 
Butte. The district described forms _

General geo=
but a part of a broad intermontane ££S?Jf rete" 
depression 5500 feet above sea-level, Butte' 
and is surrounded on all sides by high mountain 
masses. Three miles east of Butte the continental 
divide rises 2000 feet above the valley; it is here 
a narrow granite ridge, locally known as East 
Ridge. Southward, 16 miles away, is the line of 
sharp peaks culminating, at 10,000 feet above 
the sea, in the Highland Mountains; 10 miles dis 
tant to the west is a lower range, while immedi 
ately north a broad summit region rises over 8000 
feet above sea-level.

Butte, with its adjacent settlements, lies on the 
northern margin of this depression, and is reached 
by three trans-continental lines of railway and 
two local lines. To one approaching the city the 
general appearance is most desolate; 
bare, brown slopes, whose very rocks Sperctnofthe 
look burnt, rise from the almost equally 
barren valley, and scattered here and there through 
the city which lies toward the base of the slopes, 
and dotting all the hills about, are the red mine 
buildings, forming, with their great gray dump- 
heaps, the most conspicuous feature of the land 
scape. The discolored waters of Silver Bow 
Creek flow through the valley toward the west, 
encircling the base of the slopes, while west of 
the city is the sharply conical hill, The Butte, 
from which the city takes its name. Barring 
the total absence of vegetation, caused by the 
clouds of sulphur fumes coming constantly from 
the smelters in the valley, the city itself is a 
pleasant one, with its compact, well-built brick 
business blocks and many residences on the hills 
which command the magnificent mountain views 
of the district.

GEOLOGY OF THE SURROUNDING REGION.

The distribution of the rocks of the district is 
shown on the accompanying geological map. The 
types represented are few, and they are closely 
related in mineral and chemical composition, 
though quite different in appearance. In order 
that the origin of these rocks, their relation to one 
another, and their connection with the economic 
geology of the district may be understood, it is 
necessary to give a brief sketch of the geological 
features and structure of the surrounding region.

THE GRANITE INTRUSION.

Extending from the peaks of the Highland 
Mountains on the south nearly to Helena on the 
north, and from the Deerlodge Valley on the 
west to the Elkhorn Range and Bull Mountain 
on the east, is a tract that differs markedly in 
both scenery and rock structure from the moun 
tain ranges about it. This whole tract,  

° ' Extent and
40 miles wide and 70 miles long from SfiSlfite 
north to south, is underlain by granite mass' 
(concealed in part by other igneous rocks, but 
constituting one great mass) in which are carved 
mountains, gorges, and valleys. The granite is 
traversed by varying, well-defined systems of joint 
planes, is extensively decomposed in some locali 
ties, and weathers into rugged crags and mono 
liths and great bowlder masses which form the 
picturesque scenery so frequently typical of 
granitic areas. The larger topographic features 
lack the rugged character of the sedimentary 
ranges, for the coarsely granular nature of the 
granite produces broad summits and smooth- 
surf aced valleys; the ruggedness of the tract is 
in the smaller topographic features.

Surrounding the granite area, broken and 
folded sedimentary rocks form higher peaks and 
ranges. These upturned sedimentary beds, many

thousand feet in thickness, are of interest in this 
connection only because of the evidences they 
present of the age and nature of the granitic 
rocks. They consist of limestone, sandstone, 
shale, and slate. They contain fossils, and com 
prise strata of various ages from oldest Algon- 
kian to late Cretaceous. The contact between 
the granite and these rocks shows unmistakable 
evidences of the eruptive nature of the granite. 
The stratified rocks exhibit striking effects of 
alteration at and near the contact, dark and 
dense limestone being altered to white, coarsely 
crystalline marble, contact minerals such as 
garnet and epidote occurring in abundance, and 
otherwise soft shales being baked to hard, brittle 
slates. These facts indicate that the granite, 
while a molten rock, broke up through sedimen 
tary beds. The coarseness and even- _ . . / Evidences of
ness of the granite mass as a whole, JfeSSMi* 
and its undoubted unity, show that thegranite- 

the liquid rock cooled under a cover. The gran 
ite varies but slightly in nature throughout the 
greater part of this area, the differences in appear 
ance being due to jointing and weathering or to 
chemical alteration. Near the borders of the 
mass, however, the rock varies from a light- 
colored, typical granite to a darker variety 
approaching quartz-diorite in composition. These 
changes are often abrupt and pronounced in char 
acter near the contact with the sedimentary rocks. 
The nature and thickness of the rocks which once 
covered the granite can not be conjectured, as no 
trace of them now remains. The highest parts 
of the granite mass show no such irregularities of 
grain and composition as are observable at the 
borders of the intrusion, where cooling was rapid 
owing to the contact with the sedimentary rocks. 
It is therefore inferred that the upper contact is 
nowhere present.

That this great granite mass is not Archean 
but a more recent intrusion of igneous rock is 
conclusively proved by the the expo 
sures at several localities along the con- granite in= 
tact with the sedimentary rocks. Of 
the rocks actually cut and altered by the granite 
the youngest of those containing recognizable 
fossils are Carboniferous, but folded coal-bearing 
rocks of Laramie (Cretaceous) age occur near 
Anaconda, and the general mountain folding of 
the adjacent sedimentary formations is known to 
have occurred after the Laramie epoch. The 
granites are therefore younger than the Carbonif 
erous rocks, and are possibly of post-Laramie date.

LATEE ERUPTIONS.

A large part of the granite tract is now cov 
ered by later volcanic rocks, which have been cut 
through in the canyons of the region. A long 
period of erosion, however, must have intervened 
between the time of the granite intrusions and 
these later volcanic outbursts, for the rocks above 
the granite were entirely removed and the country 
was carved into a roughly hilly surface before 
the succeeding period of volcanic activity began.

Andesite eruptions.   The rocks found upon the 
granite are of two distinct kinds and represent 
two distinct periods of volcanic activity. The 
older rocks are andesites. They vary much in 
appearance, but are generally dark- 
colored and show a compact and dense

1 'groundmass commonly dotted with character1,'
i     i n i> -i n . extent, and

porpnyritic crystals 01 feldspar, augite,
or other minerals. They are readily 
distinguished from the granites from which they 
differ in color and texture and in character of 
outcrop. Though usually massive and dense, 
porous varieties and those with agate amygda- 
loids also occur. Owing to their superior hard 
ness these rocks are conspicuous in the gravels 
of all the streams draining andesite localities.

The andesites are of volcanic origin. In part 
they are intrusive, breaking through the granite, 
and in part they are extrusive, forming accumu 
lations of breccia resting upon it. They never 
covered the entire granite tract, and are not 
found near Butte, but they form the high moun 
tain summits east of the granite region, extend 
ing from the valley of the Jefferson northward 
to the Missouri River. They also occur in num 
erous isolated areas throughout the central part

tiltin» after

Phenomena

of the mountain mass between Butte and Helena. 
Mineral deposits occur in the andesites as well as 
in the older granites, but the only productive 
veins thus far found in them have been those of 
the Zosel district, a few miles east of Deerlodge. 

After the andesite eruption had ceased the 
region underwent erosion for a prolonged period, 
during which the mountain masses and 
intervening valleys of the present day

I i xi j miwere carved by the streams. I he
" eruptions.

Jefferson and Missouri valleys on the 
east and the Deerlodge on the west were at that 
time deeper than and as broad as they are to-day. 
This long period of quiet was succeeded by a 
tilting of the region, which reversed the drainage 
of the greater valleys, whose waters accumulated 
in lakes, a phenomenon general throughout the 
region. The lake beds formed at this time may 
be seen about the borders of the granite tract, 
and in Silver Bow Valley they were deposited 
upon the granite.

Kh/yolite eruptions.   Rhyolitic rocks form a 
prominent feature of a large part of the region 
surrounding the Butte district. The

, ,. , , , ,
rocks are light-colored and present a 
wide variety of types. They occur as 
dikes, cutting both the granites and actlvlty< 
the andesites, and as both massive and fragrnental 
rocks. They form the hills west of Butte and 
the summits of the continental divide north of 
the district. The f ragrnental rocks and lava flows 
rest upon granites and andesites whose surface 
was as uneven as is that of the present day. The 
rocks are of truly volcanic origin and came from 
a number of vents. They represent the product 
of the third and latest period of igneous activity, 
which occurred after the great disturbance that 
formed the Miocene lakes of the region.

This period of volcanic activity was a general 
one for this part of the Rocky Mountain region. 
Its results are most marked in the Yellowstone 
Park. The age of these eruptions is a matter of 
much interest, since the rocks are more recent 
than the ore deposits of Butte. The lake beds 
of the valleys are formed largely of rhyolitic 
dust which fell into the quiet waters of the lakes 
and of fine volcanic ash and debris washed from 
the surrounding slopes. In these lake beds ver 
tebrate remains of late Miocene age have been 
found, furnishing positive evidence of the date of 
the rhyolite eruptions. The hot springs which 
occur at a number of localities in the region 
described are believed to be due to the lingering 
heat of this period of volcanic activity, and to 
furnish evidence of its comparative recency.

RECENT CHANGES.

Since the close of the volcanic epoch repre 
sented by the rhyolites no great changes have 
occurred in the geological features of the district. 
The Miocene lakes have been drained by streams 
flowing northward. During the later Glacial 
times only the higher summits were covered by 
local ice sheets. They formed the moraines now 
conspicuous in some localities, though none occur 
near Butte. The grander features of topography 
are the same to-day as they were at the close of 
Miocene time, modified by canyon cutting and 
valley filling, which have changed only the 
details of scenery.

THE ROCKS OF THE BUTTE DISTRICT.

The rocks of the Butte district are all of igne 
ous origin, are of few types, and are of simple 
mineral composition. They are mostly members 
of the granite family, whose essential constituents 
are alkali feldspar and quartz, with varying but 
smaller amounts of other minerals. Granites are 
characterized by the presence of orthoclase (mon- 
oclinic) feldspar as an essential constituent, but 
in these rocks the proportion of plagioclase (tri- 
clinic) feldspar is occasionally so large that the 
rocks are intermediate in composition between 
those of the granite and of the quartz-diorite 
families, plagioclase feldspar being a distinguish 
ing mineral of the diorites. The names of the 
predominant rock types have been used because 
the variations occur as part of a continuous rock 
mass.

The geological map shows that granite rocks

cover the greater part of the district, two varieties 
being distinguished. One is a dark, 
grayish, coarse-grained granite, the SSite?inhe 
other a white or cream-colored rock, 
variously called "white" or "Bluebird" granite. 
These two rocks are intimately associated, and 
together constitute a part of the great granitic 
intrusion already described, into which they may 
be traced almost uninterruptedly eastward and 
southward. They are the oldest rocks of the 
district, and the great mineral veins occur in 
them. They are cut by intrusions of the more 
recent rocks, whose surface varieties rest upon 
the granite, as is shown in the plate of geological 
cross sections. The dark-colored granite of the 
district differs in appearance and mineral compo 
sition from the rock commonly prevailing 
throughout the surrounding region, and as it is 
nearly constant in character and is characteristic 
of the district it has been given the distinctive 
name of Butte granite. The "white" granite is 
a typical aplite, or fine-grained, siliceous granite. 
The two rocks are not only unlike in color and 
appearance but are readily distinguished in out 
crop, the aplite forming rocky exposures stand 
ing above the surface of the more crumbly Butte 
granite.

THE BUTTE GRANITE.

This, the common and characteristic rock, 
covers the eastern half of the district, where the 
great producing mines occur, and under 
lies the city. Throughout the entire dis- Scom°posi=
....,,. .   . , tionofthe
trict the rock is very uniform in color Butte

^ , granite.
and texture, and in the kind, amount, 
and distribution of the component minerals. To 
the unaided eye it is a dark-colored rock, of 
coarsely and evenly granular appearance, but so 
dark and basic looking as to resemble a coarse 
diorite. Dark-green or black hornblende occurs 
in abundant, irregular grains. Biotite-mica, of 
the usual dark-brown color, is but little less com 
mon, occurring rarely in grains with crystalline 
form. The light-colored constituents, forming 
about five-sixths of the bulk of the rock, consist 
of pink orthoclase and, but little less abundant, 
gray and faintly greenish plagioclase, together 
with clear but not conspicuous quartz. Occa 
sional black grains of magnetite, brown zircon, 
and apatite are recognizable, and pyrite is occa 
sionally seen in the fresh rocks. Isolated square 
or rectangular masses of pink feldspar, an inch 
across, with partly crystalline form, constitute a 
common feature of the rock.

Thin sections of the rock studied under the 
microscope show that orthoclase is the most 
abundant mineral, and that the rock is therefore 
a granite, though the plagioclase is relatively 
more abundant than is usual in granite. Exami- 
ation of numerous sections shows a slight varia 
tion in the relative amounts of plagioclase (oligo- 
clase-albite). The extreme variations are from a 
typical hornblende-granite to a diorite-granite. 
The most basic form was found at the Poulin 
mine, the andesine-feldspar of this rock slightly 
exceeding the orthoclase in amount. In the rock 
quarried east of the Bell mine the acid plagio- 
clase-feldspar equals the orthoclase in amount. 
No order of arrangement of such variations was 
found, and the chemical analyses of the extreme 
variations are nearly identical and show a remark 
ably uniform composition of the rock throughout 
the district. Four analyses show 63.88 to 64.34 
percent of silica; alumina, 15.38 to 15.84; iron 
(FeO, Fe 2 O 3 ), 4.5 to 4.7; lime, 3.97 to 4.3; mag 
nesia, 2.08 to 2.23; potash, 4.0 to 4.23; soda, 2.74 
to 2.81. Small amounts of CO 2 show that car 
bonates are present, and that slight decomposition 
has occurred in spite of the fresh appearance of 
the rock. The analyses confirm the microscopic 
determination, and show that the rock is a basic 
granite approaching diorite in composition. The 
percentage of lime is so large that a slight excess 
of plagioclase-feldspar might readily form in some 
parts of the mass. The analyses closely resemble 
those of the granodiorites of the Gold Belt 
of California, the relatively greater amount of 
potash giving a relative abundance of acid 
feldspars.

Included fragments of a fine-grained, much



darker-colored rock occur in the granite in a few 
localities. These inclusions weather less rapidly 
than the rock containing them and ... to Inclusions of
they project sharply above the weath- ftE'SiiS 
ered surfaces. Such fragments carry granite* 
a much larger proportion of the dark-colored 
minerals and are finer-grained than the granite. 
They resemble the basic contact forms of the 
great granitic mass, and are believed to represent 
portions of a partly hardened basic, dioritic phase 
of the Butte granite, torn from deeper-seated 
parts of the rock mass and brought up while the 
granite was still molten.

Although this rock covers so much of the dis 
trict, natural exposures are few over the greater 
part of the area. On the high summit above 
Walkerville, north of the mineral belt, are promi 
nent "bowlder" outcrops, and the slopes imme 
diately east of the summit afford very striking 
examples of this peculiar weathering of granite. 
At various places throughout the granite area 
occasional' bowlders occur in situ, though it is 
seldom that the rock is covered by soil.

The fresh rock is found only in the railway 
cuttings and the mine workings. In all the 
natural exposures the rock is much altered. 
This is due to two causes, disintegration and true 
alteration. Disintegration produces a 
loosening of the grains of the rock, so hSj!
.    . .. ! -i T i i i , chilling, andthat it may be easily crumbled between WJJ|JII *|I the 
the fingers. This is very common 
throughout the district and often extends to a 
depth of 20 feet or more. Where rocky outcrops 
occur the surface scales oft' and the plates crumble 
to loose, angular sand, which is blown away by 
the heavy winds. The prevalence of extensive 
disintegration accounts also for the lack of out 
crops. In the absence of protecting vegetation 
erosion of the loose rock is rapid, and the drain 
age channels are choked with sand. The porous 
crust of the granite absorbs water readily, which 
assists in the further disintegration of the rocks. 

True alteration, or decomposition of the granite, 
as distinguished from disintegration, has also 
occurred extensively throughout the
district. It is most marked along fis- alteration of 
sures traversing the rocks or along the 
walls of mineral veins, where it has produced 
changes in the mineral, chemical, and physical 
composition of the rocks. In extreme cases the 
granites are altered to soft clays, and at many 
mines the hard waste rock thrown out on the 
dump-heaps slacks to a soft clay after short expo 
sure to the air. This alteration is due to both 
surface and vein waters, and is most commonly 
marked by a rusty staining of the rock. When 
this alteration is more complete the hornblende 
disappears, the biotite is recognizable only by 
the silvery plates which occupy its place, and the 
feldspars are opaque white masses of clay-like 
material (generally sericite). The granite form 
ing the Anaconda Hill has been so altered by the 
mineralizing agencies which produced the great 
ore deposits of the locality that it retains few 
traces of its original character. Owing to the 
presence of much secondary silica the rock does 
not disintegrate into the usual crumbly, sandy 
material, but breaks into sharp, angular frag 
ments which cover the steep slopes of the hill.

The granite is traversed by joints and shear 
planes, which are prominent where fresh expo 
sures are seen. These fissure systems

" "are of different ages and bear various ten "of fn 
relations to one another. The oldest 
joints are in part filled by aplite ; these fracture 
planes were probably formed by contractional 
strains in the cooling granite. Later fractures 
which cross the aplite dikes were formed during 
several periods before and since the ore was 
deposited. In parts of the productive area these 
fissure planes are so close and so numerous that 
the rock is reduced almost to a breccia. In the 
northeastern part of the district, north of Meader- 
ville, the jointing is less abundant but is more 
apparent in its effects. The parallel fissures 
which sheet the rock are from a few inches to 
many feet apart and furnish planes of ready 
weathering, separating the rock into rounded 
monoliths and bowlders which form the very 
striking scenery noticed from the Great Northern 
trains. The railroad cuttings there show a very 
marked sheeting of the rocks, the planes being 
sometimes occupied by veins, a few of which have 
been worked. Good examples of the sheeting of 
the granite in the productive area may be seen in

many of the railroad cuts in the slopes above the 
city.

The Butte granite has already been stated to 
be of post-Carboniferous age, for it is a part of 
the great granitic intrusion of that date.

APLITE.

Aplite occurs in unusual abundance, covering 
large areas in the western half of the district. 
It is a granular or finely granular, sili- Mineralo . 
ceous granite consisting of alkali-feld- {Si ̂ fTSe**1" 
spar and quartz. At Butte it contains apllte' 
a very little plagioclase-f eld spar and some small, 
scattered grains of biotite, and is white or cream- 
colored, medium-grained, of sugary texture, and 
bears a superficial resemblance to sandstone. 
Transition also occurs into the darker Butte 
granite. Under the microscope it is seen to con 
sist of a mosaic of orthoclase and quartz grains, 
sometimes rounded, with a sprinkling of small 
biotite-mica plates. When slightly decomposed 
the rock is pale-green, becoming somewhat rusty 
from further alteration.

The aplite occurs intrusively in the granite in a 
great variety of forms. It is most commonly seen 
in dikes and in irregular sheets of _. ^.. A .& Distribution
widely varying size and form. Both ofthe «?'»*«  
dikes and sheets are shown on the map when pos 
sible, but many small intrusions in the vicinity 
of the copper mines are too small to represent. 
Dikes often spread out into sheets, the form of 
the intrusion depending upon the position of the 
fracture plane of the granite. Some of the intru 
sions of the district are remarkable for their 
size. The largest of these covers an area extend 
ing from the west base of The Butte to the broad 
open valley on the western limit of the district, 
a distance of 1^- miles, and has an equal breadth. 
Branches of this intrusion penetrate the granite 
about its borders, and the mass also contains 
included fragments of granite; but the mass of 
aplite is relatively shallow, and the workings of 
the Bluebird mine show that it is underlain by 
granite at the depth of only a few hundred feet. 

The aplite weathers much less readily than the 
Butte granite, and the intrusions therefore form 
conspicuous outcrops rocky reefs that rise 
sharply above the smooth granite slopes. The 
rock of the greater intrusions weathers _ o Weathering
into gentle slopes and bare, rounded °fthe*p"te. 
surfaces, not unlike those of the Butte granite. 
Usually the aplite is covered by a weathered 
crust which is loosely granular and easily reduced 
to coarse sand. Though apparently fresh, this 
weathered rock has lost all traces of the biotite, 
and the feldspars are cracked and somewhat 
altered. Beneath the outer, weathered crust the 
rock is still somewhat altered, and for this reason 
is easily quarried and readily dressed, so that it 
is much used for building purposes in the city. 
The rock outcrops seldom show the prominent 
jointing and sheeting seen in the Butte granite, 
yet in quarries and railroad cuts the fracturing 
of the rock is readily recognized. In some cases 
the shearing movements have reduced the rock 
adjacent to the fissure planes to a fault breccia.

Aplite intrusions are of common occurrence in 
large masses of granitic or dioritic rocks, and are 
now generally regarded as contemporaneous in 
origin. They probably belong to the same gen 
eral intrusion as the granite, but represent a dif 
ferentiated, more siliceous material from the still 
molten rock below, filling fissures and contrac 
tion cracks in the upper and consolidated part of 
the granitic mass. This conclusion accords with 
the phenomena observed about the borders of 
several aplite masses, where the rock shows 
gradations between the two rock types. The 
larger intrusions, forming broad sheet- 
like masses resting upon the granite, 
may have been injected between the 
cooling, contracted granite and the overlying 
cover. The relation of the aplite to the mineral 
veins is the same as that of the Butte granite.

QUAETZ-POEPHYEY.

The granite forming Anaconda Hill is cut by 
several dikes of quartz-porphyry, a rock type not 
found in any other part of the district. The 
freshest rock has a pale-green color and is thickly 
dotted with small crystals of opaque white feld 
spar and with larger but less abundant, rounded 
grains of glassy quartz, which sometimes show 
pyramidal crystal outlines. Much larger pheno 
crysts, or well-defined crystals, of orthoclase occur,

the granite-

mineralog- 
ical character 
and occur 
rence.

but are still less common; they are white or pale 
flesh-colored, with vitreous centers, and often meas 
ure a half-inch across. Square or rec-

i T i , i i   i Quartz=por-tanguJar light-colored masses inclu- phyry, itso o mineraloe-
sions formed of these same minerals   
are also seen, an inch in width. The 
dense groundmass shows a scanty peppering of 
mica plates and aggregates, and epidote is present, 
though very rarely. Thin sections examined 
under the microscope show that the rock is a 
typical quartz-porphyry of very uniform char 
acter. The feldspars are seen to be altered ortho 
clase, or rarely plagioclase, converted into sericite 
and clay. These occur in a finely crystalline 
groundmass, also altered to the same minerals. 
Along the dike walls a narrow band of denser- 
grained material is found. The weathered rock 
shows a rusty, iron-stained surface with small 
rectangular cavities due to the complete removal 
of the smaller feldspar crystals. The glassy 
quartz and the large orthoclase phenocrysts 
appear unaltered. The rock of the surface out 
crop is always much decomposed and colored by 
iron oxides. Material from the mines also shows 
alteration along the fracture planes. The quartz- 
porphyry has a smoother fracture and is some 
what more highly colored by iron oxides than the 
granite about it, yet it would be difficult to dis 
tinguish the two rocks at times were it not for the 
presence of the well-defined quartz grains of 
the porphyry, which often weather in relief above 
the surface of the rock. The chief exposures 
of the quartz-porphyry occur on the sharp ridges 
forming the spur of Anaconda Hill on which 
the Modoc shaft-house stands. The crest of this 
ridge consists of dark-colored blocks, the outcrop 
of the Modoc dike. The intrusion of quartz- 
porphyry can be traced on the surface from the 
slopes immediately above Meaderville to a point 
above the Modoc mine, a vertical rise of 500 feet. 
Good exposures occur in the rock cuttings across 
the ridge along the various railroad lines. The 
main body of the dike is seen to have generally 
vertical walls, with branches and stringers pene 
trating the granite along fracture planes in at 
least two directions. The greatest width observed 
in these cuttings was 210 feet, below the Modoc 
shaft-house. In its lower occurrences the dike 
splits into two, as is shown on the map, and 
wedges out as it approaches the valley bottom. 
These exposures show that while the porphyry 
follows well-defined fracture planes in the granite, 
it has been sheeted with it by later fracturing, 
the planes dipping at 75° to 80° to the southeast, 
parallel to the dike walls. The dike is earlier 
than the ore formation, as the veins cut it in 
many instances. It is also brecciated and crushed 
by fault movements. Several other intrusions of 
this rock occur in the vicinity of the Modoc dike, 
but they can not be defined from surface expo 
sures. They form wedge-shaped bodies, encount 
ered in the various mine workings.

No definite age can be given for the intrusion 
of the quartz-porphyry. It apparently represents 
an independent period of rock fracturing and 
igneous intrusion occurring before the ore deposi 
tion of the district.

BHYOLITE.

About one-fifth of the surface of the Butte 
district is covered by rhyolite. It is the most 
variable rock of the district, occurring in many 
colors and forms representing the different phases 
which were produced from one molten rock 
magma under various conditions of consolidation. 
Two distinct varieties have been mapped, accord 
ing to the manner of occurrence of the rock: 
intrusive rhyolite, forming the dikes and filling 
volcanic necks or conduits; and extrusive or sur 
face rhyolite, forming the lava flows and surface 
breccias and other products of explosive volcanic 
action. Although this distinction is shown on 
the map, the boundary is indefinite and not 
always recognizable where the surface rocks over 
lap the intrusive forms. Both forms are of 
economic interest, since the dikes intercept and 
cut off the ore deposits, and the surface rocks 
cover and conceal them.

The rocks are mostly typical rhyolites, but 
they contain an abundance of biotite-mica as a 
regional peculiarity. This is an indication of 
their affinities with the quartz-dacites, the cor 
responding plagioclase-feldspar rocks, into which 
the rhyolites do, in fact, pass in one place. They 
vary from the glassy forms to those dense varie

ties whose groundmass is not recognizably crys 
talline. They usually show conspicuous crystals 
(phenocrysts) of white feldspar, glassy 
quartz, and black mica. The color Syofite* its 
varies most commonly through dif- icauomposi- 
ferent shades of gray, but red and 
lavender and, more rarely, bright-green tints 
occur.

The rock usually weathers with a reddish or 
rusty crust, on which slight differences of texture 
or structure are emphasized, because the denser 
forms resist weathering better than those of more 
open texture. On exposed surfaces it breaks up 
into small fragments, and no conspicuous out 
crops are seen within the limits of the district, 
although the same rocks form very striking and 
picturesque exposures on the high hills to the 
northwest, and in Silver Bow Canyon and Brown's 
Gulch.

The intrusive rhyolite.   Under this head the 
rocks of The Butte are grouped with the intru 
sive dikes of rhyolite, but the former really con 
stitute a complex of both intrusive and extrusive 
rocks.

The dike rocks are massive rocks of nearly 
uniform character. To the unaided eye they 
present the general characteristics General 
noted as typical for all the rhyolites SSriSSfitJ 
of' the district. Studied under the 
microscope, both sanidine and plagioclase feld 
spars are distinguished, the former very greatly 
predominating. Near the dike walls the tex 
ture is denser and the porphyritic crystals are 
smaller and fewer. The dike rocks break readily 
into quite small, generally platy debris, and it is 
only the denser contact form of the dike walls 
that offers enough resistance to weathering 
agencies to appear in outcrops above the general 
surface of the ground.

The longest of these dikes is seen near the 
Nettie mine and is encountered in the mine work 
ings. It forms but an obscure outcrop, traceable 
by the fine debris, or rarely by the platy contact 
band. The surface exposures range in width 
from 20 to 100 feet, and extend from the rhyolite 
area on the north to the detrital sands and clays 
south of the railway track near the Nettie mine.

The Germania dike trends nearly north and 
south, just west of the mine of this name. It 
is about 25 to 30 feet in width at 
the north end and near the Germania 
mine, but widens to 100 feet farther 
south. Near the north end the dike splits, and 
one of its branches extends nearly to the mine 
shaft. It is traceable by a few obscure outcrops 
and the debris, until lost in the detrital sands of 
the valley.

The Soudan dike, which cuts off the vein of 
the Soudan mine, is the widest of the intrusions, 
but like several others shown on the map, it 
offers no especial features for description.

Dikes of rhyolite, mostly decomposed to white 
clay, are exposed by the placer workings west of 
Missoula Gulch. East of this gulch, near the 
Travona mine, a dike averaging 100 feet across 
extends in a general, but not constant, north-south 
direction to the alluvial valley bottom. It does 
not cross the " Ancient " vein, but it is said to be 
140 feet wide in the Travona workings. Good 
exposures are seen in the railroad cuttings and in 
the prospect pits to the south, where it wedges 
out.

In general, all the rhyolite dikes exposed have 
an approximately north-south trend. In a few 
instances they are directly traceable to The Butte 
as a center of eruptive activity, and all of them 
are believed to be offshoots from this vent.

The rocks of the hill known as The Butte are 
extremely variable in nature and in their relations 
to one another. In part they probably

 .,.     i i Rockcharac-
represent the filling ot a typical vol- *££,   JfJ^°- 
canic vent which was opened through t!£t StrS? 
the granite at this point and from Butte* 
which explosive outbreaks occurred. In part the 
rocks represent the remains of a former volcanic 
cone, consisting of both breccias and massive 
intrusive forms. There is therefore an intimate 
association of both surface and intrusive forms 
of the same rocks occurring in a great variety of 
colors and texture.

The massive rocks of The Butte are either 
dikes or surface flows. The light-gray rock 
capping it presents the characteristics of a lava 
flow. The rock has a rough, irregular fracture, 
and shows fine, pale-buff streakings emphasized



by a ribbed surface on the weathered rock. 
Quartz, sanidine, and plagioclase form abundant 
but not very conspicuous phenocrysts in a ground 
mass peppered with biotite leaves.

The intrusive rocks are very like the dike rocks 
described. They are generally gray and of a 
type common also as fragments in the breccia of 
The Butte.

In the bench on which the School of Mines 
building is located the massive rock exhibits, in 
places, a decided fluxion structure in the arrange 
ment of the feldspar and mica crystals. The 
rocks are noticeably sheeted, but this   .
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may be due to shrinkage or to fracture {£!? favayo= 
planes developed in the solidification flows' 
and cooling of the rock, as is indicated by bands 
of denser rock along such planes. These rocks 
are noticeably altered, tinted a pale green on joint 
surfaces, and are often soft and break like chalk 
while freshly quarried and moist. The rocks are 
probably, in part at least, intrusions injected 
between the underlying granite and the former 
covering of extrusive rhyolite breccias. Massive 
rhyolite, whose red color has frequently tempted 
prospectors, occurs in several places about the 
flanks of The Butte, but its exact relations are 
doubtful, as it weathers readily to a soft, clayey 
material and no contacts are seen.

The breccias compose the greater part of The 
Butte. They consist of angular and in part of 
rounded fragments, held together in a matrix 
of fine rhyolitic debris. Very commonly the frag 
ments and matrix are alike in color and appear 
ance, especially in the breccias forming part of 
the old volcanic cone. In other cases the frag 
ments and the matrix are dissimilar and are 
strongly contrasted in color and texture; this is 

, especially true where the rocks forming the fill 
ing of the volcanic conduit are exposed.

The commoner gray breccias are seen on many 
parts of the slopes of The Butte. The brecciated 
structure is not always apparent on a fresh frac 
ture, but is brought out by weathering. The 
fragments are always sharply angular and, like 
the matrix, resemble the massive rocks described. 
The breccias can not be distinguished from the 
extrusive breccias forming the hills to the north 
west.

The vent breccias, as they may be called to 
distinguish them from those last noted, are well 
exposed in the gully scoring the south side of 
The Butte, where the granite walls of the old 
vent may be seen. The fragments are so large 
in places that the material might be called an 
agglomerate. No order or arrangement of any 
kind is apparent. The fragments vary in size up 
to 3 feet or more in diameter, and include granite 
and aplite, besides a great variety of rhyolitic 
rocks. The granite and aplite are fresh, like 
the rocks found about The Butte.

A dark-colored, glassy rock is the most promi 
nent of the rhyolite fragments. It is itself a 
breccia composed of pieces of black glass 
cemented by a steely or brownish-gray matrix. 
The black glass is a rhyolite-porphyry, showing 
abundant quartz and glassy sanidine-feldspar 
crystals in a black, glassy groundmass; the pieces 
are sometimes crowded or occur in shreds, but 
are commonly sharply angular and well defined. 
The brownish or gray paste, when examined in 
thin section under the microscope, is seen to con 
tain so much plagioclase that it must be termed 
a dacite. This is confirmed by chemical analysis, 
which shows it to be a dacite pitchstone. Where 
the rocks are exposed the black glass weathers 
in relief.

Besides these fragments of glassy rock other 
varieties occur. One form is banded rhyolite of 
a steely-gray color, dense, but showing slight 
variations in texture along prominent flow lines, 
and stippled with abundant minute phenocrysts 
of white feldspar. This type is common in the 
drift on the sides of The Butte. Fragments of 
rhyolites, red and gray, and more rarely green, 
are seen.

The cement or matrix of the vent breccias is a 
pale-gray or brown, dense rock which, when 
studied under the microscope, is seen to be 
merely a very fine breccia or tuff formed by 
explosive action and consisting of the same rocks 
as the fragments.

On the east flank of The Butte a green breccia 
has been quarried. It contains granite and aplite 
fragments, as well as those of rhyolite, in a bright- 
green matrix. It has been assayed for copper 
but has proved barren.

The distribution of the two kinds of breccias 
forming The Butte can not be shown on the map, 
and it is difficult to distinguish them in the field. 
The commoner forms, probably really extrusive, 
cover vein-bearing aplite rocks which outcrop 
and have been prospected on the southern flanks 
of The Butte. The contact between the granite 
and both the massive intrusive rock and the 
intrusive breccias is very irregular, and the 
granite itself is in part a fault breccia, but shows 
no recent alteration.

Extrusive rhyolites. Extrusive rhyolites are 
the common form of the rock in the northwestern 
part of the district. They are usually recognized 
by the unaided eye as fragmental in character. 
They consist of angular fragments of lithoidal 
rhyolite firmly cemented together with fine 
particles of similar material. The rocks are of 
rather uniform types and appearance. Vesicular 
forms rarely occur, and although remnants of 
massive flows exist they are small in amount as 
ompared with the breccias. The fragments are 

seldom over a few inches in diameter and are 
very uniform in size; neither tuff beds nor coarse

breccias are noticeable parts of the formation. 
Under the microscope the rocks are seen to be 
rhyolites of the ordinary types, and are clearly 
recognizable as tuff or breccia due to explosive 
volcanic outbursts.

The extrusive rhyolites cover large areas but 
vary in thickness. Near the Nettie mine and 
other mines of the western part of the district they 
are often but a few feet thick a mere veneer 
upon the granite surface. In the Oro Fino Hills 
they are several hundred feet thick, but they 
rest upon a very uneven, hilly surface of granite 
and the thickness varies accordingly. Prominent 
outcrops are rare, as the rock breaks into irregu 
larly platy or angular fragments, seldom a foot 
across. It generally forms well-rounded slopes 
tufted with grass. Exposures near the Nettie 
mines are typical; the rocks are a light rusty red, 
and form low, rough masses not unlike debris 
piles. Occasional buttress outcrops occur on the 
slopes north of Oro Fino Gulch.

LAKE BEDS.

Deposits of sediment which accumulated on 
lake bottoms are found only in the extreme west 
ern part of the district. They consist 
of compact but generally unconsoli- graves,

x °  > tuffs, and
dated sands, gravels, tuffs, and stony SeJ^K" 
clays. The beds are horizontal, but cenelakes-" 

show local cross-bedding, and vary from place to 
place both in general character and in the nature 
of the material composing them. The gravel is 
composed of granite and aplite. The tuff beds 
are formed of fine rhyolitic ash, which also enters 
into the composition of some of the beds of sand. 
The stony clays show no bedding, or only such 
as is too rude to be recognizable in prospect 
shafts. The true nature of the material forming 
the tuff beds is discernible only under the 
microscope. It is a volcanic dust, the product of 
an ash shower from an explosion of a volcanic 
vent. It is composed of minute angular particles 
and threads of glass which chemical analysis 
shows to be rhyolitic in nature.

These deposits form the level benches and 
almost flat slopes west of the district, only a 
small part of them occurring within its limits. 
Topographically the area differs markedly from 
the rest of the district. The country covered by 
these deposits is the typical valley bench land, so 
common in the State, devoid of timber, but 
covered by sagebrush and from a distance looking 
like a burnt stubble field. Natural outcrops are 
poor and are seen only in the cut banks of dry 
channels. The material weathers down and often 
is recognizable only by the bare, light-colored 
spots seen on the slopes. Near the hills the 
deposits form benches resting on the steep slopes. 
Prospect shafts sunk in these benches to depths 
of over 60 feet show only stony clays. The

slopes of the benches show horizontally stratified 
gravels and sands. The gravels are generally 
rounded, not flat like beach shingle. The pebbles 
show a slightly altered surface and are sometimes 
lime-encrusted. Locally the beds have been 
cemented by percolating waters carrying iron, 
lime, or silica in solution.

These deposits represent the material washed 
into a lake which covered the Silver Bow Valley 
west of Kocker, extending south across what is 
now the continental divide. Only the extreme 
eastern margin and shore of this lake were within 
the district described, but the deposits were con 
tinuous westward and southward to places where 
vertebrate bones have been found. These fossils 
were of upper Miocene types. The evidence is 
of importance, as the lake beds were contempo 
raneous with the rhyolite eruptions, and these 
latter took place after the period of ore deposi 
tion, so that the age of the ores must be pre- 
Miocene.

ALLUVIUM.

The areas shown on the map as covered by 
alluvium include those parts of the district where 
the rock-bed is concealed by a mantle of recent 
detritus. This includes, therefore, the alluvium of 
stream bottoms, the sands which cover 
the valley-flat, whether wind-blown JSSSJ 
or water-laid, and the unassorted, streams and

. winds.
angular debris from the mountain 
slopes often significantly called "wash." Areas 
covered by tailings and other debris from the 
smelters are also included. These deposits are 
wholly detrital, are unconsolidated, and conceal 
the nature of the underlying rock. They vary 
greatly in thickness, but in general simply fill the 
valley bottoms, as is indicated in the map showing 
cross sections. In the valley east of Meaderville 
alluvium fills an old drainage channel to a depth 
of 400 feet, or about 350 feet below the present 
channel of Silver Bow Creek. The placer 
grounds of Missoula Gulch and South Butte have 
not been mapped as alluvium because the gravels 
are never over a few (rarely 10) feet deep, and 
the workings afford numerous exposures of the 
underlying rocks.

VEIN OTJTCKOPPESTGS.

An account of the areal geology of the district 
is not complete without reference to the vein 
outcroppings which form such prominent features 
of the region. They resemble somewhat the 
bold reefs of aplite, but are generally stained 
with manganese. They are fully described in 
this text under the heading "Economic Geology," 
following.

WALTER HARVEY WEED,
Geologist.

ECONOMIC GEOLOGY OF THE BUTTE SPECIAL DISTRICT.
GEOGRAPHY.

The Butte Special map, which represents the 
surface features of the Butte mining district, 
covers an area a little less than 4 by 6 miles in 
extent, or about 23|- square miles, which is 
included between 45° 59' 28" and 46° 02' 54" of 
north latitude and 112° 29' 30" and 112° 36' 42" 
of longitude west from Greenwich.

As contrasted with the surrounding regions the 
area is distinguished by gently rounded topo 
graphical forms and a general barren- Deta. ls of 
ness of aspect The former peculiarity ofthflSfe 
results from the ready disintegration dlstnct> 
of the surface rocks, which is most marked in the 
mineralized areas, while The Butte, in the center 
of the district, which is formed of rock ejected 
since the period of mineralization, is a sharp cone, 
almost precipitous on its northern side. The 
sparse growth of timber which once flourished on 
the hills was early cut down for use in the mines, 
and the fumes from the smelting works prevent 
any renewal of the growth of natural grasses, 
which was never abundant. Water is not plenti 
ful, the main stream being Silver Bow Creek, 
which flows first south, then west, along the east 
ern and southern limits of the district, while a 
small tributary fed by springs in the hills to the 
north reaches it through Missoula Gulch.

Butte Special 8.

Missoula Gulch is a north-south depression at 
the eastern foot of The Butte (locally known as 
the Big Butte), and the city of Butte is situated 
on the hill-slopes east of this gulch, for the most 
part between it and a minor depression known as 
Dublin (formerly Town) Gulch.

Around the head of Dublin Gulch are most of 
the copper mines, which at present constitute the 
principal wealth of the district. The mountain 
spur between the head of Dublin Gulch and 
Silver Bow Valley is here called Anaconda Hill, 
the richest copper mine of the district, which 
belongs to the company of that name, being 
situated on it.

DEVELOPMENT.

As has been the case with most of the import 
ant mining districts of the West, Butte was 
originally a gold-placer camp. The 
first practical discovery of gold-bearing tn 
gravels was made in 1864 along Mis- reduce the 
soula Gulch. Two causes combined 
to turn the attention of the miners unusually 
early to deep mining. One was the limited 
supply of water, which sufficed only for part of 
each season and thus stopped work on the placer 
claims. The other was the prominence of many 
outcrops of mineral veins which seamed the sur 
face of the hills, often standing up in ridges 15

or more feet in height. Locations were early 
made on both copper- and silver-bearing lodes, 
and various fruitless attempts to reduce their 
ores followed. After the exhaustion of the richer 
placers the camp was in a quiescent state for 
many years, and for a time became nearly deserted. 
New interest was, however, excited by the dis 
covery of rich silver ore in the Travona 
lode in 1875, and most of the claims ?Avhee^ivIrnt 
were relocated under the new mining 
law. Silver ore shipped to the smelters at 
Salt Lake attracted the attention of miners and 
capitalists in that region, and resulted in the 
purchase by the Walker Brothers in 1877 of 
the Alice mine at the head of Missoula Gulch. 
This mine proved so rich and profitable that in a 
few years the town of Walkerville was built up 
by the miners employed in it, and the Lexington 
mine, next south of this town, was bought by a 
French Company for a million dollars. After 
some experiments a modification of the so-called 
Washoe process was successfully adopted for the 
treatment of the silver ores, consisting in dry 
crushing by stamps, roasting with salt, and pan 
amalgamation. The Lexington, Alice, and Moul- 
ton mills, with 70, 60, and 40 stamps respectively, 
were erected near the hoisting works of the mines 
so named, and their output soon gave the dis 
trict a high rank among the silver producers of

the West. A host of other silver mines were 
opened and more or less successfully worked 
along the high ground north of the Lexington 
mine and between Oro Fino Gulch and Silver 
Bow Creek, also down Missoula Gulch and west 
ward along the southern flanks of The Butte. 
The only silver mine besides the three named 
above which had a special mill for the treatment of 
its ores was the Bluebird. This mine was opened 
in 1885-86 in ground west of The Butte, hitherto 
considered most unpromising, and its. 90-stamp 
mill produced nearly 2,000,000 ounces of silver 
before it was closed down in 1892. Another 
important mine in the same portion of the district 
is the Nettie, whose ore goes to the smelting 
works of its owner, the Colorado Smelting and 
Mining Company. The decrease in the price of 
silver has been mainly responsible for the aban 
donment of the silver mines, though in many 
cases there has been a decrease in quality of ore 
with depth. At the present day the few mines 
that are active are to a large extent worked by 
lessees.

The copper mines at the west end of the 
Parrott lode were worked to a limited extent in 
the earlier days, and various unsuccess 
ful attempts were made to smelt the Sfe«iee°co p"rt 
ores, but it was not until the plant of 
the Colorado Smelting Company was erected in



1879-80 for making copper matte or regulus that 
the copper industry may be said to have been 
established on a permanent basis. In the follow 
ing years the Parrott and Colusa smelters were 
erected, to treat the ore of the respective mines, 
and the Anaconda lode, which was first worked 
for silver, began to develop its enormous bodies 
of rich copper ore, as the workings passed below 
the zone of oxidation.

In 1881 the first railroad reached the district. 
The expense of building the last link, from the 
town of Silver Bow up, was borne by the citizens 
of Butte. From that time to the present the 
development of the copper industry has been 
steady and rapid. The town of Butte has become 
a city which, including the suburbs, has over 
40,000 inhabitants. Several large smelting plants 
are busy reducing its copper ores, five within the 
district and two outside, at Anaconda and Great 
Falls, while another is building at Gaylord. The 
present productive capacity may be estimated at 
275 to 350 tons of copper daily. Bessemer 
converters are used for reducing the matte 
directly to the metallic state, and electrolysis for 
refining the copper. An interest in the largest 
company, the Anaconda, which produces one-half 
of the total copper product of the district, has 
recently been sold to English capitalists at a rate 
which is said to represent a value of 35 millions 
of dollars for the whole property. This company 
has enormous reduction works at Anaconda, 
around which a town of over 7000 inhabitants 
has been built, and a railroad connecting the ore 
houses of its principal mines with these works. 
The principal copper mines of this company are 
the Anaconda, St. Lawrence, Neversweat, Moun 
tain Con., Green Mountain, Wake-up-Jim, 
Diamond, Bell, High Ore, Modoc, Ramsdell- 
Parrott, and Ground Squirrel. The next largest 
company is the Boston and Montana, whose most 
important mines are the Mountain View, Colusa, 
and Pennsylvania. It has a large new smelting 
plant at Great Falls, on the Missouri River, 150 
miles distant. Other important companies are 
the Parrott, with the Parrott and Moscow mines, 
a smelting plant within the district, and a new 
one building at Gaylord in the Jefferson Valley, 
30 miles distant; the Butte and Boston, with the 
Silver Bow, Gray Rock, Blue Jay, and other 
mines; the Montana Ore Purchasing Company, 
with a large smelting plant in the district and 
another at Trail Creek, British Columbia, and the 
Rarus, Glengarry, and other mines; the Colorado 
Smelting and Mining Company, with its own 
smelting plant and the Original Butte, Gagnon, 
Nettie, .and other mines; the Clark Brothers, 
owning the smelting plant known as the Butte 
Reduction "Works and the Original, -Stewart, 
Colusa-Parrott, and a number of other mines. 
Each of these companies has concentration works 
connected with its smelting plants. There are a 
number of other companies and private owners 
working copper mines, the most important of 
which is the Washoe Company, owning the 
Buffalo, Estella, Poulin, Washoe, Moonlight, and 
other mines. Four separate lines of railroad 
now enter the district, the Montana Union and 
the Butte, Anaconda and Pacific from the west, the 
Montana Central from the north, and the North 
ern Pacific from the east. *

PRODUCTION.

In the value of its metallic product the Butte 
district ranks among the most important in the 
United States, and hence also in the world. Up 
to the close of the year 1896 the com 
mercial value of its total product may product 1

. _ -iiit valued at
be roughly estimated at three hundred $300,000,- 
millions of dollars, which is consider 
ably in excess of that of Leadville, and probably 
not very much below that of the Comstock lode.

It is not possible to obtain strictly accurate 
data with regard to the product of such a dis 
trict, since in the early days no records were made 
and in later years the larger companies for 
business reasons are not always willing to dis 
close their exact product. Fairly close approxi 
mations have, however, been presented in various 
publications, from which it may be deduced that 
in round numbers there have been mined in this 
district, up to January 1, 1897, 500,000 ounces of 
gold, 100,000,000 ounces of silver, and 1,600,000,- 
000 pounds of copper.

The placer-gold product has been compara 
tively unimportant, being not only small in

amount but also of low bullion value on account 
of the large alloy of silver. In the present min 
ing gold furnishes about 3 per cent in value of 
the total product. Silver is now largely a by 
product of copper mining. In the copper ores as 
a whole the average proportion is about 1 ounce 
of silver to 20 pounds (1 per cent) of copper, 
and 23 per cent of silver to 74 per cent of copper 
in value of the total product of the district.

The annual copper product is now (1897) 
about 200,000,000 pounds, thus consti 
tuting the predominant value in the rSltKeeand
.,, ,,.. T , , values of the

yield oi the district. Its increase, botn copper pro-
J ' duct.
absolute . and relative, in the last 
decade has been most remarkable.

In 1888 41 per cent of the total copper product 
of the world came from the North American con 
tinent, of which over 92 per cent was furnished 
by the United States. In 1895 the North 
American proportion of the world's product had 
increased to 56 -J- per cent.

Previous to 1880 the Lake Superior region 
produced on the average more than 80 per cent 
of the total copper product of the United States. 
In 1883 of this total product Lake Superior's 
proportion was 51.6 per cent, Butte's 21.4 per 
cent, and Arizona's 20 per cent. In 1887 Butte 
passed Lake Superior, and in 1895 the relative 
percentages were: Montana (Butte), 50 per cent; 
Lake Superior, 34 per cent; Arizona, 12^ per 
cent.

It thus appears that Butte is furnishing at 
present about 28 per cent of the copper product 
of the world, and of this over one-half is produced 
by a single mining company, the Anaconda.

FISSURE SYSTEM.

There have been many distinct periods of frac 
turing of the rocks of this district, which have 
produced a multiple system of fissures so complex 
that it is not possible in all cases to distinguish 
whether a given fracture system results from 
movements in one or more of these periods.

Relative age of fissures.   As stated in the pre 
ceding description of the areal geology, it is 
assumed that fissures and openings of varying 
form were produced in the cooling granite mass 
before its final consolidation, and that these were 
filled from the same general magma by a more 
acid material that formed the rock called aplite. 
When both granite and aplite had been thor 
oughly consolidated there developed 
another series of ioints and fractures
, , "I

that must nave been produced by 
some dynamic movement either previ 
ous to or contemporaneous with the intrusion 
of igneous rock material which formed quartz- 
porphyry. The resulting quartz-porphyry is seen 
to-day to fill not only irregular fissures but also 
small joint planes, horizontal as well as nearly 
vertical. In highly altered regions it is not 
always possible to distinguish what was once 
quartz-porphyry from decomposed granite ; hence 
one can not form a very clear idea of the extent 
and character of this first fissuring. That there 
was some such earlier dynamic movement is 
proved not only by the intrusive bodies of quartz- 
porphyry but also by certain seams of fine 
grained breccia or fault material, of earlier age 
than any mineral or ore deposit, which have been 
observed at a few points in the mines.

The main fracturing, from which resulted the 
fissures that admitted the mineral-bearing solu 
tions, occurred subsequent to the intru
sion of both aplite and quartz-por-

. L . 1 1   /» phyry, since the mineral- bearing ns-
sures, or vein fissures, as they will be
here called, cut indifferently through both of
these rocks as well as the granite. Subsequent
to the original deposition of mineral
along: the vein fissures there has been0

repeated movement and iracturing J£ln0esr£1s 
among rocks and already-formed min 
eral deposits, which will here be designated the 
secondary or post-mineral movement or fractur 
ing. The rhyolitic intrusion occurred subsequent 
to the original vein fissuring, since the mineral 
veins are sharply cut oif and discontinued when 
they come in contact with the intrusive bodies. 
As to the relative age of the rhyolite intrusion 
and the secondary fracturing it has not been 
possible to obtain definite evidence. There may 
have been more than one post-mineral movement, 
for there has been some fracturing of the rhyo 
lite, and it is probable that a certain amount of

dated the
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ceededthe

fracturing of the adjoining rocks accompanied 
the rhyolitic intrusion; it is also quite possible 
that there was some secondary movement in the 
ore-bearing region previous to this intrusion.

Vein fisswes. As this district is situated in 
the midst of a great area of igneous rock, and 
isolated from sedimentary formations in every 
direction, it is not possible to determine the date 
of the orogenic movement. The nature and 
direction of the dynamic forces which produced 
the vein fissures also remain indeterminate. It 
can only be said that their great number in the 
limited area represented testifies to the unusual 
magnitude and intensity of these forces, and that 
their comparative regularity and uniformity of 
direction indicate a simultaneity in the action of 
the forces. The relative homogeneity of the rock 
mass in which they have been formed has doubt 
less been an important factor in determining both 
their uniformity of direction and their persistence 
and continuity.

The tracings of the fissures on the map are 
those of their outcrops on the present surface, 
and hence depart somewhat from the theoretically 
true representation of their relations that would 
be afforded by their intersection with a horizontal 
plane. Inasmuch, however, as but few of the 
veins depart in dip more than 15° or 20° from 
the vertical, the distortion produced by the ine 
qualities of the surface is generally very slight. 
Where no actual outcrop could be traced its 
probable position was ascertained by projecting 
upward the known plane of the vein as deter 
mined in underground workings. It must be 
borne in mind, therefore, in studying the map, 
that where breaks are shown in the continuity of 
what appears to be one and the same vein, it is 
possible that an underground continuity might 
have been demonstrated had the necessary under 
ground drifts been driven, or those that actually 
exist been accessible. It has not been possible, 
owing to the small scale of the map, to represent 
the relative importance of the different veins as 
ore carriers. In a geological sense a fissure does 
not necessarily cease to be a mineral vein when 
it no longer contains ore in paying quantity or 
quality. Hence many of the veins represented 
are not now, and may never be, productive veins. 
This is especially true of those at considerable 
distance from the center of production, or on the 
outer limit of the district.

The most striking feature in the vein-fissure 
system of Butte is its uniformity of direction. 
All the fissures observed are included in the quad 
rant of the circle between northeast and south 
east, and in only two individual instances does 
their strike depart as much as 45° to _. .,L Direction of
the north or south of an east-west line. Veei"dofthe 
In most systems of rock fracture there flssures- 
are observed to be one major direction of fracture 
planes and one or more minor directions, the 
fissures of the latter class being generally in the 
nature of cross-fractures connecting two or more 
master fracture planes or fissures. In the Butte 
district, while in individual mines or groups of 
veins it is generally possible to distinguish two 
prevailing directions of strike, the one to the 
north of east, the other to the south of east, it is 
not possible to say that in all cases the fissuring 
in one of these directions is so much stronger 
than that in the other as to be called the major 
direction. The rule seems rather to be if 
indeed there is a sufficient uniformity in such 
matters to constitute a rule that the strongest 
and most persistent fissure systems are those 
which appear to be a resultant of these two 
directions. In a general way it may be observed 
that in different portions of the region the veins 
as a whole, in each general group, tend to have a 
direction north of east at the west end and to 
assume the southern divergence at their eastern 
extremities; furthermore, that the divergence to 
the south is more general and greater in degree. 
The average divergence between these two may 
be taken at 30°, and the maximum in one and the 
same vein system or lode at 45°.

The direction of veins in vertical planes, or 
their dip, is even more uniform than their strike. 
The veins to the north of the Alice 
mine, including the north vein of the ofndipro?the
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Rainbow lode, stand either vertical or 
with a dip of 80° to 85° to the north. South of 
this line, with but one or two exceptions, the 
divergence from the vertical is to the south, and 
not more than 25° (dip of 65°), except in the

region to the west of The Butte. The angle 
between the two directions of dip, then, may be 
taken at an average of 25° and a maximum of 
35°. These are the average dips of the veins as 
a whole ; in detail the profile or cross-section of 
a vein is generally a wavy line showing varying 
angles of dip at different points, whose maximum 
divergence may equal the above. When a vein 
sends off spurs, i. e., smaller veins branching off 
at an appreciable and fairly constant angle from 
the main vein and not returning to it, a similar 
divergence of 25° to 30° may often be noted 
between the dip of the spur and the average dip 
of the main lode.

The term lode is used in this text to denote a 
coordinated system of mineralized fissures, nearly 
parallel, and generally separated by 
bands of more or less barren country 
rock. A lode may be about 100 feet complexity

 > of fractures.
wide and it may be not over 10. When 
more widely spaced veins are spoken of, which 
yet need to be coordinated, the term vein system 
is used. The individual veins, on the other hand, 
may be, and in this district generally are, made 
up of a number of closely spaced fractures. The 
space between the outer fracture planes may be 
occupied by alternating bands of country rock 
and of vein material, or by more or less altered 
country rock through which run many small 
cross-fractures or joints filled with vein material, 
or it may be entirely occupied by vein material. 
In the latter case it is impossible to determine 
how many fracture planes may have been orig 
inally developed. In a few instances the space is 
filled by a breccia, or broken fragments of coun 
try rock cemented by vein material.

Although it is probable, therefore, that there 
has been some slight movement in the fracture 
planes, sufficient to break the continu- , . .. .
* ' ... Limited
ity of the adjoining walls so as to amountofrelative 

movement.

tioninthe

admit waters freely, and in some parts 
to leave open spaces in the fissures that have 
since been filled with vein material, the amount 
of this movement has evidently been very slight as 
compared with that in other fissure-vein districts. 
This is proved by the small amount of breccia- 
tion noted above, by the absence of evidence of 
microscopic fracturing in the country rock, and 
also by the character of the vein filling. The 
fact that the fissuring or shearing is so .   . ,o o Local devel-
intense in this small area, and extends 8KSu£ "* 
to such a limited distance from the actlon< 
center of mineralization, is evidence, so far as it 
goes, that the force which produced it, though 
intense and accompanied by enormous pressure, 
was local in its action and not in the nature of 
widespread orogenic movement.

There is observable in the tracing of the veins 
a tendency to wrap around the copper-bearing 
area, which is also that of most abun 
dant ore deposition and may be

, -. . \ , ,1 ,regarded in a broad way as the center
"  / ing area.

of mineralization. It is more notice 
able on the north side of this center than on* the 
south, which may be due to the fact that the 
veins are not so extensively traced in the latter 
direction, as the rock surface is for the most part 
buried under the alluvium of Silver Bow Valley, 
and existing mineral developments have not 
encouraged underground exploration. This ten 
dency was remarked early in the history of the 
district, and gave rise to the designation " Rain 
bow " lode, applied to the system of veins running 
through the Moulton and Alice claims.

It should be remarked that the map tracing 
can not adequately express the actual amount of 
fissuring that has taken place in this area, for. 
many of the veins do not reach the surface in 
such a way as to be recognizable as such. Thus 
in the cross-cut tunnel driven south from the 
Alice shaft to the Blue Wing lode at the 1000- 
foot level (5300), 1 eight mineral-bearing veins 
were cut, only three of which appear at the 
surface, and in a similar cross-cut between the 
Anaconda and Bell shaft (5000) twenty such veins 
were crossed where only two or three have been 
recognized at the surface.

Secondary or post-mineral fissures or faults.   
Two principal kinds of secondary faults have 
been recognized: strike faults, or those
which are for the most part parallel to, estr7ke'and
and sometimes for considerable dis
tance actually coincident with, the vein fissures;

Figures in parenthesis denote elevation above sea-level.



and cross or dip faults, which are nearly at right 
angles to the vein fissures.

The strike faults are generally seen as fissures 
or zones of triturated material containing well- 
rounded fragments of country rock and of vein 
material, from a few inches up to many feet in 
width. It very frequently happens, especially in 
the upper parts of the mines, that they contain 
so much moisture that their filling becomes a soft, 
white pebbly mud, which runs when the fissures 
are opened. They are of very widespread occur 
rence, having been noticed at some point, either 
on foot or hanging wall, of every well-exposed 
vein. They generally have the same average dip 
as the vein, sometimes depart very slightly from 
it, and in one instance produce a marked step- 
faulting of the vein. In the Gagnon mine one of 
these fault planes in the foot- wall country, but 
near the vein, is called the Foot-wall vein. Its 
course is generally more direct than that of the 
vein itself, and in places it comes actually in con 
tact with the foot-wall. It contains in this case 
a certain amount of secondary material. Where 
these strike faults cross the vein, as they some 
times do at a low azimuth angle, a slight amount 
of displacement of the vein is sometimes percepti 
ble, and in others movement is indicated by 
striated surfaces, but it has not been possible to 
determine the amount of this displacement, and 
no attempt has been made to indicate these faults 
on the map.

The cross faults are less frequent but more 
noticeable, because they generally cause a slight 
displacement of the veins. As far as observed 
they are always normal to the direction of the 
vein, and their plane lies rather flat, the dip being 
generally between 65° and 45°. The inclination 
has been observed to be in some cases to the east, 
in others to the west. Under the conditions 
existing at the time of the examination, but few 
of these faults could be detected, and doubtless 
they exist in much greater proportion than is 
indicated by those represented on the map.

As will be shown later, there is evidence that 
both these systems of fissures have been channels 
for the entrance of solutions, probably descending 
from the surface, which have produced a certain 
amount of secondary ore deposition and transpo 
sition of vein material.

DISTRIBUTION OF ORES.

The economically valuable ores of the Butte dis 
trict are found exclusively in the older rocks   
granite, aplite, or quartz-porphyry. A few pros 
pecting shafts have been sunk on what appeared 
to be veins within the area of the more recent 
rhyolite intrusion, but these in most cases have 
been proved to be vein-bearing ridges of the older 
rocks, from which the overlying rhyolite has been 
more or less completely denuded. A slight 
secondary mineralization has apparently taken 
place on some joint planes of the rhyolite, but it 
has thus far proved valueless.

The copper ores are found only in the granite, 
which is a very basic variety but of remarkably 
uniform chemical composition. The 
silver ores, on the other hand, occur 
indifferently in the basic granite or the S

*' ° ing minerals.
very acid aplite, but are less exten 
sively developed in the areas of the latter rock. 
There is no distinctive feature in the ores of either 
area that can be with certainty ascribed to the 
influence of the enclosing wall rock. Quartz-por 
phyry, which is of relatively subordinate geolog 
ical importance, is found only in the copper area, 
and in dike-like bodies which preserve a general 
parallelism with the veins. It is, however, some 
times cut by them, thus proving its earlier injec 
tion. It is generally on the foot-wall, but so far 
as observed has had no direct influence on ore 
deposition. It is with difficulty traced in the 
underground workings, owing to the universal 
alteration of the country rock near the veins, and 
still more so on the surface, owing to disintegra 
tion. Hence its occurrence may be more wide 
spread than is indicated on the map.

From a commercial point of view the deposits 
are divisible into two distinct classes, the silver 
deposits and the copper deposits, both of which 
contain a small proportion of gold values, which 
locally are so concentrated in certain silver 
deposits as to constitute an important part of the 
product.

Mineralogically the distinction between these 
two classes of deposits is less sharply defined, for
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the copper veins always carry silver, and many 
were originally opened as silver mines, while 
toward the west in most of the veins there is a 
gradual decrease in copper-bearing minerals, so 
that the ores finally become more valuable for 
silver and gold than for copper. Yet the typical 
ores of either class are characterized by distinctive 
and well-marked associations of minerals, and 
each includes certain combinations that are not 
found in the other class.

The areal distribution of the silver-bearing and 
copper-bearing veins is graphically represented 
by the distinctive colors of their respective trac 
ings on the map, which shows that the latter 
occupy rather a central position in the eastern 
half of the district. No copper-bearing minerals 
whatever are known to occur in the areas west 
and directly south of The Butte.

As regards the vertical distribution of the ores, 
their limits in depth have not been determined. 
The Alice and Lexington mines have 
been opened to a depth below the sur- 
face of 1500 and 1450 feet (4800) 
respectively, the Moulton to 800 feet, the Blue 
bird and the Nettie to 600 feet (5000). The 
other silver mines have not, as far as known, 
passed a depth of 400 feet. It is said by some 
that the silver tenor of the ore in these veins has 
decreased with depth. It has not been possible 
to verify this statement, which is, in all probabil 
ity, not true as a general statement applicable to 
all the veins.

Most of the large copper mines, on the other 
hand, have gone to depths of 1000 to 1500 feet 
in their shafts. The average elevation of the 
lowest workings in the principal copper lodes is 
from 4400 feet (in the Gagnon) to 5000 feet, the 
bottom levels of the Anaconda, Neversweat, St. 
Lawrence, Parrott, Mountain View, Leonard, 
Modoc, Bell, East Gray Rock, Green Mountain, 
Mountain Con., Silver Bow, and Ground Squirrel 
being all below the latter level.

Copper deposits.   In the western part of the 
copper-bearing areas on the line of Main street, 
the copper veins separate into two distinct belts 
or groups, between which lies an intermediate 
group of silver-bearing veins, and a little farther 
east a series of barren veins. The northern belt 
consists of the Syndicate lode, on which _
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are situated, commencing from the west, bear*fncg pper* 
the Moscow, Poulin, Buffalo, Mountain veins* 
Con., Green Mountain, and Wake-up-Jim mines. 
Farther east it is a multiple system of veins, con 
sisting of the Speculator, Bell, and High Ore 
veins in the East Gray Rock and Bell mines. On 
the east slope of the hill it consists of the Modoc 
vein alone, in the mine of the same name.

The southern belt commences on the west with 
the Gagnon-Parrott lode, which has been traced 
eastward through the grounds of the Original, 
Parrott, Anaconda, and Pennsylvania mines. To 
the north of this is the Anaconda lode, which 
eastward traverses the Mountain View and Rarus 
grounds. Still farther north are veins of the 
Mountain View lode, the northern of which, in 
the Colusa ground, crosses the line of the Modoc 
vein extended. South of the Parrott the Moon 
light lode runs from the Blue Jay through the 
Moonlight, Pennsylvania, and Silver Bow mines; 
and still farther south, at the base of Anaconda 
Hill, the Ground Squirrel lode has been traced in 
the Belmont, Ground Squirrel, Glengarry, and 
Harrington mines ; and a few other small copper- 
bearing veins have been opened.

None of these lodes have been continuously 
traced east of Silver Bow Creek, but a number of 
veins in the granite on East Ridge have been 
explored in the Six O'Clock, Atlantic, Homestake, 
Clinton, Altona, and other mines, which are on 
the same general line of strike; they have, how 
ever, a different association of minerals in their 
ores from that which prevails in the central cop 
per area.

Outside of this central copper area, with unim 
portant exceptions, the commercial value of the 
ore deposits has been principally in silver, and 
the veins may be classed as silver veins.

Ores carrying a few per cent of copper have 
been found locally in veins along the northern 
edge of the copper area, notably in the south 
veins of the Lexington and Magna Charta mines, 
in the Old Glory, Flag, Sisters, West Gray Rock, 
Gem, Tuolumne, Mat, and possibly other mines; 
but as a rule their tenor in this metal has proved 
too uncertain to render them of permanent eco

nomic value. It is possible that an amount of 
copper too small to have been regularly deter 
mined in ore assays may be present in veins still 
farther away from the central area, for chalco- 
pyrite was observed in the Alice mine, and its 
bullion contains a constant though small percent 
age of this metal.

Silver deposits. The most important silver 
deposits have been developed immediately to the 
north of the west end of the copper area. The 
Alice, Moulton, and Lexington have c' ' o   Enumeration
been the largest mines. Very rich bearVngilver" 
silver ores have also been obtained vems' 
from the mines along the east bank of Missoula 
Gulch, especially in the intermediate belt included 
between the western wings of the copper belt, of 
which the Late Acquisition and Clear Grit lodes 
are the most important. Several rich veins have 
also been worked directly south of The Butte, 
and the system of veins running through, the 
Nettie, Bluebird, and Independence grounds, in 
the aplite area west of The Butte, have been 
important silver producers. In the northern tier 
of veins, north of the line of the Rainbow lode, 
are a very large number of silver-bearing lodes, 
all now abandoned. Of the mines which flour 
ished on these lodes in earlier days many are said 
to have yielded large amounts of silver, individual 
products running up into the hundred thousands 
of ounces.

Gold and other associated metals. -Gold is quite 
universally distributed throughout the ores, but 
in such small quantities that it is not determined 
in commercial assays. In the mines along the 
east bank of upper Missoula Gulch it has proved 
an important part of the value, and it was prob 
ably from these veins that the gold in the placer 
deposits was mainly derived, since both silver 
and copper have been found in the placers. In 
these mines the proportion of gold to 
silver by weight has run as high as 1 £i>id<to silver
j. AH ' "11 1 * A -P-fl andcopper.to 40 in mill lots. An average 01 five 
months' run in the Alice mill yielded 0.06 ounce 
gold to 21 ounces silver per ton treated. In 
the copper bullion produced from the ores of the 
copper area about 3 per cent of the value is in 
gold, and the average proportion of gold to silver, 
by weight, is -g-J-g- to -^. Small amounts of the 
metals arsenic, antimony, bismuth, tellurium, 
selenium, and nickel are also found in this 
bullion, the mineral combinations of which in 
the ores, except for the first two named, are not 
known.

With regard to the distribution of the other 
metals which do not as a rule constitute econom 
ically valuable ores, manganese is wide 
spread in the silver veins and wanting 
in all the copper veins except those that form a 
transition phase between copper and silver veins. 
It occurs in varying amounts, from 1 up to 20 or 
30 per cent of the metal. It is especially abun 
dant in the aplite area west of The Butte, where 
the outcrops of the veins were primarily worked 
for the manganese oxides, which were useful as 
flux in smelting.

Zinc is also very widespread, and in greater 
amount in the silver than in the copper ores. In 
the latter, except in certain veins on 
the outskirts of the central area and 
in the west ends of the vein, it is not usually dis 
tinguished in the ore. In some second-class ores 
it averages 2 per cent, and in an average of 
analyses of matte from a certain group of mines, 
extending over several months' production, it was 
in the proportion of about 2|- per cent to 60 per 
cent of copper. In the silver veins it may be in 
considerable amount, smelters' assays of lots of 
ore that contain appreciable quantities showing 
from 2 up to 40 per cent. Its distribution is by 
no means uniform.

Lead is in relatively small amount and is not 
usually taken account of by ore purchasers, nor 
is it generally visible in the ores; yet, 
in the average copper matte above 
mentioned, its proportion was about one-quarter 
that of zinc, with which metal it is generally asso 
ciated. It is said that considerable amounts of 
galena were found in the Humboldt and other 
veins, in the zone of northwest strikes which 
include the Clear Grit lode.

Manganese.

Zinc.

gathered into this particular place because its 
intensely fissured condition rendered it peculiarly 
easy of access to circulating waters. As to the 
source from which the metallic miner 
als were derived, no direct evidence 
has been obtained, but as the granite 
at present forming the surface generally contains 
small amounts of the metals, it may be inferred 
that somewhere in depth within reach of the cir 
culating waters there were parts of the great 
granite mass sufficiently rich in the metals to 
have furnished the deposits now found nearer 
the surface.

The original mineral-bearing solutions evidently 
ascended along the fissure planes, and were prob 
ably at high temperature, though not necessarily 
under great pressure. On the other hand, second 
ary deposition or transposition of the
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copper minerals may nave been pro- of solutions,
duced by waters descending from the 
surface. Where the fissures presented natlon' 
continuous open spaces the materials brought in 
by the original mineral-bearing solutions filled 
these spaces, thus producing the ordinary type of 
fissure- vein deposit ; but a large proportion of the 
fissures were mere cracks in the rock, only large 
enough to admit the passage of the solutions, and 
from these the solutions penetrated and attacked 
the adjoining wall rocks, removing part or all of 
their original constituents and replacing them by 
vein material, thus constituting the type of 
replacement vein. Between these two extreme 
types are many intermediate gradations, among 
which may be mentioned the filling of small cross 
fractures and joint cracks between main fissure 
planes, and the impregnation of the intermediate 
or adjoining country rock by vein materials. By 
the term impregnation is understood primarily a 
filling of minute spaces between constituent 
minerals, but this may pass into a partial replace 
ment of some of these minerals, and it thus forms 
a stage toward total replacement.

In a general way it may be said that in the 
granite the copper veins are more commonly 
replacement deposits, while the fissure vein 
deposit is more common among the silver veins. 
In the aplite both types are observed, but, owing 
to the very siliceous nature of the rock, it is less 

i easy to distinguish alteration products from fill 
ings introduced from without.

Striated surfaces and clay selvages, which are 
common on the walls of most fissure-vein deposits, 
are here very rare, and where observed are 
apparently the result of secondary or post-mineral 
movement. The typical fissure vein or open- 
fissure filling is characterized by sharp 
definition between its walls and the 
adjoining country rock, and by a more 
or less symmetrical arrangement in 
bands of the contained minerals, with occasional 
vug cavities in the center, quartz being the pre 
dominant mineral in the vein fillings. The coun 
try rock outside the vein walls is barren of valu 
able minerals. Such typical fissure veins are well 
seen in the Alice and Lexington silver mines, also 
in the Mat copper mine. The vein filling may be 
a breccia of country rock cemented by vein 
materials; this is relatively rare in the Butte 
district. An instance in the Amy mine shows a 
subsequent fracturing of this vein filling and a 
healing of the fractures by quartz. In some 
cases the interstices of earlier fissures filled with 
breccia are impregnated with pyrite and quartz, 
as in the Lexington and Blue Wing mines. The 
vein material may occur in narrow, closely spaced, 
parallel fissures, or in short lens-shaped bodies, 
in either case sharply defined from the adjoining 
country rock.

In secondary veins instances are observed of 
breccias of vein materials cemented by quartz 
(Lexington mine) or by manganese minerals 
(Magna Charta mine), and again of breccias of 
quartz and country rock cemented by quartz.

The typical replacement vein is, as a rule, the 
result of the action of ore-bearing solutions along 
a series of closely spaced parallel fis

aer"

ORE DEPOSITION.

Ore deposition in this region has taken place 
through the agency of aqueous solutions, evi 
dently alkaline in their nature, which probably

sures. Under existing conditions the istfcsaofe
   in i> T typical re-

original fissures are oiten not distin-
guishable, especially when the miner 
alizing action has been very effective and the ore 
body is a very wide mass mostly or entirely made 
up of metallic minerals. The prominent charac 
teristics of this type of deposition are : (1) Ab 
sence of symmetrical banding or comb structure 
in the vein material and of breccias of country
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rock cemented by vein material (both included 
under Posepny's general term "crustification"). 
(2) Great irregularity in the width of the ore 
body, which sometimes reaches enormous dimen 
sions in the copper lodes ; the range is from 1 to 
100 feet; an average in the prominent veins may 
be taken at 8 to 40 feet. (3) General lack of 
definition between ore body and wall rock ; this 
is observed not only in the ore body as a whole 
but in individual bands of country rock and vein 
material.

In the vicinity of the vein the country rock is 
impregnated with vein material, generally pyrite 
and quartz ; in the Rarus mine an impregnation 
with enargite was observed. The country rock 
is also altered, resulting in a development of 
sericite, and later of kaolin. The extent of the 
impregnation or alteration is in general propor 
tionate to the intensity of the mineralization or 
size of the ore bodies, and may extend to a dis 
tance of 100 feet from the vein. In the copper 
mines the material intermediate between the 
outer fissure planes of a vein or lode often shows 
small joints and cross-fissures which have been 
filled by metallic minerals or quartz. According 
to the greater or less proportion of copper in such 
a mass it may constitute pay ore or simply a 
barren "horse." In impregnated or partially 
replaced material the separation of kaolin during 
the process of decomposition produces a char 
acteristic crumbly condition of the ore. Such 
veins, as already stated, are characteristically 
developed in the copper area, where, however, 
the veins sometimes show a fairly distinct defini 
tion between vein material and wall rock, gener 
ally on the foot or north side. Among the silver 
veins in the aplite the replacement vein is a well- 
defined fracture zone, irregularly impregnated 
and replaced by vein material and accompanied 
by impregnation and alteration of the wall. In 
both types of veins clay selvages produced by 
secondary movement are likely to be mistaken 
for walls, in the sense of forming a boundary of 
the vein material, whereas they very frequently 
occur in the midst of vein material.

Secondary deposition, or transposition of already 
deposited minerals, has played an unusually 
important r61e. In the case of the 
copper veins -it has not been confined
, , -i   -i     i   o i> deposition byto the oxidizing action 01 surface' transposition
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waters, which has resulted in an 
impoverishment of the ore bodies, but below the 
zone of oxidation it has resulted in the formation 
of the richer copper minerals bornite, chalcocite, 
and covellite, in part at least by the breaking up 
of original chalcopyrite. Unusual enrichment of 
the middle depths of the lodes has thus been 
caused. "Whether the two processes of impover 
ishment and enrichment have been differing 
phases of the action of descending waters, or 
whether the latter may have been a later result of 
the rhyolite intrusion, has not yet been definitely 
decided. It is, however, fairly well determined 
that the enrichment of the copper deposits is so 
closely associated with the secondary faulting 
that it may be considered to be a genetic result 
of it.

In the silver veins surface oxidation has resulted 
in general in the enrichment of the ore bodies. 
No certain evidence of secondary enrichment in 
the sulphide zone of these ore bodies was obtained.

THE ORE MINERALS.

The commonest of the metallic minerals in 
the Butte ores are pyrite (FeS 2 ), chalcopyrite 
(CuFeS 2 ), bornite (Cu 3 FeS 3 ), chalco- Namesand 
cite (Cu 2 S), enargite (Cu 3 AsS4), spha- «? SKS0" 
lerite (ZnS), galena (PbS), rhodonite mlnerals - 
(MnSiO 3), and rhodochrosite (MnCO 3), with 
quartz (SiO 2 ) as gangue. Less abundant are the 
metallic minerals tetrahedrite (Cu 8 Sb 2 S 7 ), ten- 
nantite (Cu 8 As 2 S 7 ), covellite (CuS), argentite 
(AgS), native silver (Ag), pyrargyrite (Ag 3 SbS 3 ), 
wurtzite (ZnS), hiibnerite (MnWO 4), and some 
gold mineral, and the earthy minerals calcite 
(CaCO 3 ), gypsum (CaS0 4 ), barite (BaSO 4 ), 
fluorite (CaF), and sericite ([HK] AlSiO4).

The oxidation products are hematite (Fe 2 O 3 ), 
limonite (Fe 2 O 3 +3H 2 O), vivianite (Fe2 P 2 O 8 ), 
cuprite (Cu 2 O), melaconite (CuO), native copper 
(Cu), chrysocolla (Cu Si O 3 +2H 2 O), malachite 
(Cu 2 CO 4 +H 2 O), azurite (Cu 3 C 2 O 7 +H 2 O), chal- 
canthite (CuSO 4 +5H 2 O), goslarite (ZnSO 4 + 
7H 2 O), cerussite (PbCO 3 ), pyrolusite (MnO 2 ),

manganite (Mn 2 O 3 +H 2 O), psilomelane (H4 Mn- 
O 5 ), and wad (impure, H4 MnO 5 ).

PAEAGENESIS.

In crystallizing from the ore-depositing solu 
tions the minerals followed an order which can 
in general be determined from their relative posi 
tions. Under the heading of paragenesis are 
described those facts of association which relate 
to the sequence of mineral formation.

Pyrite. This is the most widely distributed 
mineral. It is found (1) disseminated through 
the veins, (2) in bands of varying 
purity in the veins, (3) disseminated Sunda""8*
, , , i and earliest

through the country rock next the ajgthe miner- 
veins, and (4) in many of the joint 
planes of the country rock. It was one of the 
earliest minerals to form, being preceded only by 
a bluish sulphide and a limited amount of quartz. 
The pyrite, whether in masses resembling bands 
in the vein or in isolated crystals through the 
vein, is with scarcely an exception enclosed by 
all of the other minerals save argentite.

This mineral has undergone much dynamical 
and chemical change, so that it appears when 
seen in the thin sections greatly broken and 
corroded, the cracks and irregular crystal outlines 
being filled with quartz and some of the sulphides.

When well crystallized the pyrite is usually 
quite pale and hard, but much of it occurs with 
out definite crystal form and is softer than the 
crystallized mineral. Such masses are usually 
deeper in color, so that it is difficult to distinguish 
them from chalcopyrite. When the pyrite occurs 
in bands in the vein it is cemented either by 
quartz or by metallic minerals. When associated 
with quartz it forms from 20 to 90 per cent of 
the vein material.

In the country rock the pyrite is either widely 
disseminated in crystals and irregular masses in 
decomposed zones, sometimes associated with 
remnants of the darker silicates, or it occurs in 
the joint planes.

There is generally an increase of pyrite over 
the other minerals in depth.

Hematite and limonite occur only as an oxida 
tion product from pyrite. They belong properly 
to the oxidation zone, but have been seen along 
fractures below this zone and in the form of 
stalactites on the walls of mine workings 1150 
feet below the surface.

Vivianite results from the decomposition of 
pyrite and the country rock. It occurs, so far as 
observed, only as a white incrustation upon 
stalactites of iron oxide.

Sphalerite (zincblende) occurs in all the veins, 
but is more uniformly distributed in the silver 
veins than in the copper veins. In the 
copper veins it is most abundant in JSrK*"1 
the Bellona, the west end of the Syndi- Ster thl 
cate lode, and the upper levels of the cLicopyrite,

' Jrl f and quartz.
Gagnon mine. It is closely associated 
with galena. It is always crystalline, but rarely 
with crystal outline. It varies in color; when it 
departs from the resinous yellow to a deeper hue 
it contains what seems to be a finely divided 
impurity; in other cases it loses its color through 
decomposition. Its association with galena shows 
that these minerals formed at the same time, but 
its relations to the other minerals show it to be 
later in origin than the pyrite, chalcopyrite, and 
some of the quartz, but earlier than any of the 
other minerals.

Wurtzite is reported only from the Gagnon 
mine, where it was recognized by Pearce in crys 
tals of peculiar composition.

Goslarite results from the oxidation of sphaler 
ite and wurtzite. It occurs in crystals 3 or 4 
inches long, white or colorless, and resembles 
spun glass. It grows indifferently upon mine 
timbers and wall rocks.

Galena. The association and distribution of 
galena are identical with those of sphalerite.

Cerussite has been found but sparingly, and in 
the oxide zone.

Argentite was recognized only in the silver 
veins, where it occurred as microscopic inclusions 
in pyrite and, rarely, apart from the pyrite. It is 
the earliest mineral to form, and is of the same 
age as the inclusions of quartz in pyrite.

Native silver has been found in both the copper 
and the silver veins. It is the only silver mineral 
that it has been possible to recognize in the 
copper veins. It always occurs in fractures of 
vein rock or vein crystals, and is without doubt

the result of oxidation of some silver mineral, 
presumably argentite.

Pyrargyrite was observed only in the Spring 
field mine. It occurred in crystals along the frac 
tures of the country rock.

Tetrahedrite. Silver-bearing tetrahedrite was 
only found in the northeast silver belt.

Gold minerals. No gold mineral was found, 
and its presence is known only through the con 
stant presence of the metal shown by the assays 
and in bullion returns. In the copper veins 
tellurium is a constant constituent, and in such 
amount as to render it probable that the gold 
occurs as a telluride. It is not known whether 
tellurium occurs in the silver veins.

Manganese minerals, except hubnerite, occur 
but sparingly outside of the silver veins. They 
form a most striking mineral contrast between 
the two sets of veins. They are distributed with 
remarkable uniformity through the silver veins. 
In the copper veins they are seen only in outlying 
veins which form the boundary between the two.

Rhodonite is fine in texture and resembles mas 
sive white quartz, except for its pink color, which 
is somewhat paler than that of rhodochrosite. 
Microscopic studies show that its masses are 
made up of minute rhombs. It occurs in bands, 
but occasionally is seen distributed through the 
vein. It has formed synchronously with or later 
than much of the quartz, but prior to some of it. 
It is a distinctly earlier mineral than rhodochro 
site, but post-dates all of the metallic minerals.

Rhodochrosite is not so uniformly distributed 
as rhodonite. It seems to decrease from the 
center of the silver belts outward, and in the case 
of individual veins toward the extremities. It 
occurs in bands cementing all the other vein 
minerals and distributed through the vein zone, 
binding brecciated vein material. It is always 
later than the other original vein minerals, except 
a very small percentage of the quartz, and seems 
to originate through the decomposition of rhodo 
nite.

Hub'nerite was found in the Gagnon mine. It 
occurs in perfect rnonoclinic crystals of consider 
able size and deeply striated. It is an original 
vein mineral and occurs in bands of quartz 
enclosed by sphalerite and the copper sulphides.

Manganese oxides. These minerals occur in 
the oxide zone only, and as the result of normal 
decomposition of the silicate and carbonate of 
manganese. Wad is the commonest of the oxides. 
It is generally disseminated through the quartz 
of the veins, and usually as an extremely finely 
divided powder which arranges itself in curly, 
grotesque forms around crystals and along cracks. 
The other oxides of manganese are sometimes 
crystalline, but they usually occur in botryoidal, 
reniform, and massive forms, so that it is hard to 
distinguish the separate minerals.

Chalcopyrite is seen throughout the copper 
veins and sparingly in the silver veins. It is 
rarely pure or in distinct crystals, but is associ 
ated with pyrite so as to indicate that these 
minerals are indefinite mixtures, every stage of 
hardness and variation of color between the two 
having been observed. Microscopic studies show 
that the chalcopyrite is synchronous with pyrite 
except where it results from the separation of the 
mixtures of pyrite and chalcopyrite. It is an 
earlier mineral than bornite, into which it grades 
in such way as to indicate that the latter mineral 
is derived from the chalcopyrite.

Bornite ("horse-flesh ore" or "peacock ore") 
occurs in the copper veins, but has been found 
sparingly in the silver veins. It is a massive 
mineral without internal structure and has a char 
acteristic silvery color in fresh fracture, which 
speedily tarnishes to a dull red and from this to 
a deep indigo-blue. It occurs in fractures in vein 
minerals and in small veins cutting vein and 
country rock. It is formed through the decom 
position of chalcopyrite and is therefore later than 
chalcopyrite and the minerals which formed 
originally in the veins, pyrite, sphalerite, galena, 
and quartz.

Chalcocite (copper glance) has not been observed 
outside of the copper veins. It is distinctly the 
copper-bearing mineral of these veins. It is in 
steel-gray masses which have a most pronounced 
conchoidal fracture. It is almost invariably 
dotted with crystals of pyrite, and native silver 
is occasionally found coating its fractures. It 
occurs filling fractures in pyrite and chalcopyrite, 
and from its relations with these minerals and

bornite it is certain that it is derived from the 
two latter minerals by decomposition, and is 
therefore later than these minerals.

Covellite ("indigo copper"). Particular interest 
attaches to this mineral because of its relatively 
greater abundance here than elsewhere in the 
world. The covellite from Butte occurs only in 
the copper veins. It is always massive, of a deep 
indigo-blue color, and has one perfect cleavage. 
It occurs in bowlders of vein material which have 
been dragged from their normal position by 
secondary fault movement. It is derived from 
chalcocite, and is the most recent of the copper 
sulphides.

Enai'gite has been found only in the copper 
veins. It occurs in crystalline masses which show 
a well-developed cleavage but no crystal outlines. 
In color it is brownish-black. It is widely dis 
tributed through the copper veins, but is particu 
larly abundant in the Earus and the lower levels 
of the Gagnon mine. It appears to have formed 
as an original vein mineral subsequent to the 
pyrite but earlier than the copper sulphides.

Tennantite has been found in the copper veins. 
It is a secondary mineral, and seems to result 
through the decomposition of enargite, with which 
it is always associated.

letrahedrite ("gray copper") has been found 
in both the copper and the silver veins, but is 
limited to the northeast silver belts and to the 
copper belts east of the Butte district. The 
mineral is usually massive, but has been found in 
crystals. It is an original mineral which occupies 
a position in the sequence of the vein minerals 
corresponding to enargite.

Cuprite (red oxide of copper) is found only 
sparingly. Through it native copper is found in 
irregular masses, the line of demarcation between 
the two minerals being always vague.

Melaconite (black oxide of copper), though 
sparingly found, is usually associated with cuprite 
or native copper, and occurs as a darker rim about 
the masses of cuprite, or forming a small propor 
tion of the black powder immediately under the 
zone of complete oxidation.

Native copper is either closely associated with 
cuprite and melaconite or is in joint planes in the 
comparatively fresh granite adjoining the vein. 
In the former case it has an indefinite outline, but 
when found in the joint planes of the country 
rock it is in dendritic crystals.

Chrysocolla is green in color and has a gelatin 
ous appearance. It is usually found in the 
altered country rock.

Malachite and azurite. Both the green and 
the blue carbonates of copper, malachite and 
azurite, have been found, but they are no longer 
abundant because the outcrops of the veins have 
been worn away or covered up.

Chalcanthite (bluestone) is by far the most 
important of the recently formed minerals of the 
oxide zone. It grows in all the old mine work 
ings, forming either on the mine timbers or on 
the wall rocks. It has been observed coating the 
fragments of waste rock in old stopes, and in 
some of the mines it is found so extensively that 
it has been profitable from time to time to employ 
men to collect it. The waters of the various 
mines have yielded many tons of metallic copper, 
which has been precipitated by contact with 
metallic iron, the copper of these waters being in 
the form of a sulphate. This mineral is in the 
waters of all the mines of the copper belts.

Molybdenite has been found only in the Gag 
non and Neversweat mines. It occurs in plates 
in altered granite or as a thin greasy film, in joint 
planes of fresh granite.

Quartz is the most abundant mineral of the 
veins. In the copper veins it is found in amounts 
varying from 1 to 80 per cent. It has both pre 
ceded and succeeded pyrite and chalcopyrite, but 
seems not to have formed to any extent after the 
rich copper sulphides. In the silver veins quartz 
is even more abundant than in the copper veins. 
It has formed several stages in the growth of 
these veins, and with the exception of argentite 
is found enclosing and enclosed by all of the 
minerals   even, though rarely, by the oxides of 
manganese. It has formed most abundantly, 
however, just before and after sphalerite and 
galena.

Barite (heavy spar) occurs sparingly, and in 
the majority of cases in the copper mines. So far 
as known it occurs only in small tabular crystals, 
transparent, and tinged yellow, these crystals



forming in fractures of the vein and coating sur 
faces that have been or are distinct water channels.

Fluorite was not found by the writers. It has 
been reported from a number of mines, and several 
specimens were seen. It is associated with altered 
granite rather than with the veins proper.

Calcite appears but sparingly and has been 
observed in but one small vein as a gangue min 
eral. It usually occurs in small fractures in the 
vein or country rock, and has formed subsequent 
to the original vein as the result of decomposi 
tion of the granite.

Gypsum has been noted frequently. It occurs 
as incrustations on the walls of old mine work 
ings or in mine dumps. It results, without doubt, 
from the decomposition of lime feldspar and 
pyrite in the granite, which have been subjected 
to the oxidizing influence of water and the' 
atmosphere, and in the case of mine dumps to 
the sun's heat.

Sericite occurs in both the silver and the copper 
veins. Megascopically it usually is found coating 
fracture surface and is detected by the whitish 
tinge and greasy feel of these surfaces. Under 
the microscope it is seen to replace the silicates. 
It is a product of the vein solutions, but whether 
it is the result of decomposition of the country 
rock or is due to precipitation from the vein solu 
tion can not be determined.

DESCRIPTION OF LODES. 

COPPER LODES.

Parrott lode. It was upon this lode that the 
first discoveries and earliest developments of cop 
per ore were made. It has now been 
traced almost continuously from Mis- foaoro0tot:i4so 
soula Gulch to Silver Bow Creek, a compieeexpfYa<>
-i. o n -*i -i   , n ture zonedistance ot over 2 miles, and in the witlj second-

' ary faulting
greater part of this length has been n"«in.preg= 
actually developed by underground 
workings. The deepest levels of the principal 
mines working on this lode are from 1000 to 1450 
feet below the surface, or at an absolute elevation 
of 4400 to 4800 feet above sea.

Its general course is nearly east and west, with 
a slight divergence to the south of this line at 
either end, amounting at the east to about 10°. 
The dip is to the south, usually at a steep angle.

It has been most extensively developed in the 
Gagnon-Original ground, where the association of 
minerals in its vein materials is unusual and 
varied. The average dip of the lode here may be 
taken at 84°. At 400 feet from the surface a 
spur makes off into the hanging wall with an 
average dip of 55°, and there is a second one 
parallel to this at the 900-foot level, both of 
which become barren within a few hundred feet 
of the main vein. The latter has a dip of 57° at 
the surface, but steepens below the 400-foot 
level, and between the 800-foot and 1000-foot 
levels is vertical or slightly overturned. In depth 
the fracture zone becomes multiple, there being 
two or three nearly parallel mineralized fissures 
connected by cross-fractures, which make up the 
main vein. Of secondary movement planes the 
most noticeable is one to the north of and gener 
ally parallel with the vein, which contains brec 
cias of vein and country rock, together with 
secondarily deposited bornite; there is also a 
system of north-south cross-fractures which dis 
place the vein a few feet.

In the grounds of the Original and Parrott 
mines, next adjoining on the east, the lode con 
sists of two distinct veins, in places as much as 
100 feet apart. The average dip is uniform, 
varying only from 75° to 85° to the south. In 
the Original ground and at the east end of the 
Parrott the veins converge upward, so that they 
come to the surface practically in a single outcrop. 
In the Parrott ground the north vein is the more 
uniform and persistent, the south vein, not having 
been found below 600 feet, and in places diverg 
ing so much from the normal dip that it might 
be considered a spur vein. The secondary move 
ment has been parallel to the vein and mostly on 
one of the walls; at the north end of the Parrott 
it crosses the vein diagonally and causes a slight 
displacement.

In the Colusa-Parrott there is a single steep 
vein of varying width, with spurs going off into 
hanging or foot-wall at a lower angle. Secondary 
strike faulting along the foot-wall displaces the 
foot-wall spur. In the Ramsdell-Parrott the lode, 
as far as explored (400 feet), is double, the two 
veins being 50 to 100 feet apart and having a
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uniform dip of 65°. In places the intermediate 
country rock has been so thoroughly impregnated 
with vein material that the entire zone is mined. 
In the Cuerpo Bazzo, Anaconda, and St. Lawrence 
grounds the lode is apparently a single vein whose 
dip is more irregular and in depth becomes quite 
flat, being but 35° in the 1000-foot level of the 
St. Lawrence. In the Lloyd, Pennsylvania, and 
Silver Bow grounds the lode has been cut and 
shows a nearly uniform width of 20 feet, the vein 
material consisting mainly of quartz and pyrite. 

The Anaconda lode has been traced through 
the Neversweat, Anaconda, St. Lawrence, Moun 
tain View, and Rarus grounds, a length

  . ., mi   T -i   Anaconda:
oi about a mile. Inere is a break in width oi

mam vein 5
the- continuity of the underground 
workings east of the St. Lawrence Quaretz=por= 
ground, beyond which there is a change 
in strike from a few degrees north, to almost 15° 
south of east. This is the most important ore 
producer of the Rarus and of the Anaconda 
Company's mines. Through the latter the lode 
consists of one broad vein or ore-bearing zone 
with minor small parallel veins, which sometimes 
join the main vein at one end, thus constituting 
a sort of spur vein. Through the western part 
of the ground the dip is steep, being nearly 
vertical down to 400 feet, when it changes to 
about 70°, and varies from 60° to 70° in the St. 
Lawrence. The width of the lode varies. At 
the west end, where it consists of a number of 
parallel veins, it rarely exceeds 15 feet in width, 
and the spur veins are about 5 feet wide. In the 
Anaconda ground the main vein aggregates 25 
to 40 feet in width, decreasing to 5 feet in the 
east end of the St. Lawrence; on the 1300-foot 
level (4600) of the St. Lawrence it is 50 feet wide 
in places. In the eastern part of the Mountain 
View ground the lode consists of a single vein, 
known as the Johnstown, which stands at 75° to 
85° S. and is 5 to 8 feet wide, carrying much 
enargite. Quartz-porphyry forms the north wall 
for considerable distances. In the Rarus ground 
it consists of three distinct veins with quartz-por 
phyry on the foot-wall of the northernmost. Two 
cross-faults displace the veins, and between them 
the ground is much broken and impregnated 
with ore, so that in places a width of 100 feet 
has been mined. The veins opened in the 
Snohomish ground are supposed to be the exten 
sion of this lode; a 40-foot dike of quartz-por 
phyry is cut in the workings.

Mountain View- Colusa lode.   This lode con 
sists of a group of overlapping veing in which 
the "en echelon" structure is more 
noticeable because of its being on a vKSuisa: 
larger scale than in the other lodes. lappingor

o en echelon.
Apparent curves or changes in direc 
tion of the vein are often to be accounted for by 
the development of this structure on a small 
scale among the fissures which go to make it up, 
and in which the ore filling will cease on one to 
be taken up on an adjoining one. Several cross- 
faults with northwest strike have been observed 
in the vicinity of the Mountain View, which 
form part of a zone of disturbance whose effects 
are also seen in the lodes to the south. Three 
veins are recognized in the Mountain View 
ground, which are mainly developed in work 
ings below the 500-foot level. Their surface out 
crops are not readily traceable. The south vein 
has been followed underground 1600 feet, but is 
not distinguished west of the cross-fault. It is a 
pyritous, siliceous vein, with good definition 
between ore and country rock on the foot-wall. 
Its dip is to the south at varying angles. The 
middle vein is thought by some to be a faulted 
portion of the north vein. It is thinner and its 
ore-bearing ground less extensive than the other 
two. There has been strongly marked secondary 
movement on its plane, which is traceable beyond 
where it ceases to be ore-bearing. The north vein 
is the most important. It has a steep southerly 
dip, being often vertical, and in places overturned. 
Its main copper-bearing mineral in the lower 
levels is enargite. A cross-fault cuts it off on the 
west, a little northeast of the shaft. To the east 
of this, underground workings extend continu 
ously through this and the Colusa vein for 3500 
feet, the ore-bearing zone being from 10 to 40 feet 
in width, and with remarkably little barren 
ground. It is a mineralized zone of closely 
spaced parallel and overlapping fractures. The 
Colusa vein, which is often considered to be the 
same fissure, is an overlapping system, diverging

  ,. . ,Moonlight:

somewhat to the north at its west end, while the 
Mountain view system is taken up to the east 
in a series of veins south of the Leonard shaft. 
The overlapping of the two veins is noticeable on 
the dip as well as on the strike, and in the region 
of overlap the ore body is nearly 100 feet wide. 
The lower workings on either vein have reached 
the level of 4900 feet.

The Moonlight lode has been proved under 
ground from the Blue Jay ground on the west to 
Silver Bow Creek in the Silver Bow 
ground. In the former it sends off a 
spur to the south at an angle of 15° faults< 
from the main vein, which has been proved 
downward for 200 feet. It has an east-west 
course and a width at various points of 20 to 25 
feet eastward to the bend in Pennsylvania ground, 
where it is modified by a complex series of cross- 
faults ; in this broken ground it is wide, and rich 
in chalcocite, and has an irregular dip, as low as 
50°. Beyond the bend it takes a direct course 
about S. 80° E., with a uniform dip of 70° S. and 
a width of 5 to 15 feet, without spurs or branches. 
It is opened in this portion down to 4650 feet 
above sea.

The Ground Squirrel lode outcrops in southeast 
Butte, about 600 feet below the Mountain View 
shaft-house. It has been opened in the 
Glengarry to a depth of 800 feet §"££,. 
(4730), in the Ground Squirrel to 600 SfflS'veins; .
« , T. ,, TT . .. _ _ _   , shallowness
teet, and in the Jtiarrinerton to 150 leet. °f rfcii

' ° copper ores.
It consists of one main vein and one or 
two subordinate and less prominent ones, less 
than 300 feet apart, whose average southerly dip 
is 50° to 60°, and in one case 70°, parallel to the 
main structure planes of the granite. The 
average strike is S. 80° E. In these veins the 
richer copper sulphides do not extend more than 
350 feet below the surface. A number of other 
veins, some with a strike considerably north of 
east, have been opened in this vicinity, but the 
developments are not sufficient to show their con 
nection with the Ground Squirrel system.

The Syndicate lode has been traced continu 
ously by underground workings from the Yellow 
Jacket and Moscow on the west to the 
Wake-up-Jim on the east, a distance f&lfJSTiJoo 
of 5500 feet. Its general course is toeiVoefeet s 
N. 65° E. at the west end, bending boidtgaiena

7 O vein. Com-
gradually to S. 80° E. at the eastern £0enxe!racture 
extremity. It has an average dip of 
65° S. The deepest workings are 1100 feet (4975) 
in the Mountain Con., and 1400 feet (4700) in the 
Green Mountain mine. The lode is remarkable 
for the width of its ore-bearing zone, which is 
often 40 to 100 feet, both near the surface and in 
depth, while at intermediate points it may 
decrease to 5 feet. At the west end are strong 
secondary fissures, nearly parallel in strike with 
the lode, and in places 50 feet wide, which 
have produced the appearance of two forking 
veins. To the west of this the ore becomes low 
in copper and high in zinc. In the Poulin and 
Estella ground the ore body was very wide near 
the surface and complicated by a galena vein 
(the Humboldt) coming in from the southeast. 
In the Buffalo ground the broad fracture zone of 
altered granite which constitutes the lode is 
traversed by secondary clay selvages in the lower 
levels. In the Mountain Con. ground the dip of 
the lode is 55° S. in the upper ends, steepening 
downward to the vertical at 1100 feet on one line 
of cross-section and to 60° to 70° S., with a spur 
going off northward at 70°, on another. In the 
Green Mountain ground several spurs go off to 
the north, and farther east, with the change of 
strike, the lode becomes double, the two veins 
being parallel and steepening in dip from the 
surface downward, with a varying width of 6 to 
20 feet.

The Bell-Modoc lode consists of an extremely 
complicated system of veins becoming single at 
either end. In the Modoc ground at 
the east end it consists of a single vein, 
5 to 20 feet wide, dipping quite uni- 
formly 55° to 60° S. The granite 
country is cut by a series of dikes of to° ive?.per 
quartz-porphyry that unite at the sur 
face in a single outcrop over 100 feet wide; they 
are mostly on the foot-wall and nearly parallel 
with the vein, but cut off by it in places. Farther 
west the lode includes the High Ore, Bell, and 
Speculator veins, the former of which is probably 
identical with the Modoc vein, though they have 
not yet been connected. The High Ore vein has

an east course at the surface, but diverges 20° to 
the southward in depth. Underground it splits 
longitudinally and vertically several times, the 
two branches coming together again. It varies 
much in width (7 to 40 feet), and has not been 
traced below the 1000-foot level. The Bell vein, 
next north of the High Ore, has a strike N. 75° 
W., and stands vertical or with a dip of up to 
70°, and outcrops 250 feet north of the Bell 
outcrop. Underground these veins have been 
followed 2500 to 3000 feet, but they are not 
readily traceable on the surface for that distance.

A cross-vein running N. 55° W. occurs at the 
west end of the Bell vein, which may connect 
it with the High Ore vein. Known only below 
the 500-foot level is another cross-vein, called the 
Diamond vein, which runs N. 65° E. and dips 
steeply southeast. It has been traced 500 feet, 
and probably connects the High Ore with the 
Bell vein; its ore zone averages 15 feet in width 
and is in places 100 feet wide. Between these 
various veins is a complex of small spur and 
branch veins. Westward the High Ore vein is 
connected on the surface by inconspicuous out 
crops and occasional mine openings with the Old 
Glory lode, which is opened in Centerville near 
Main street. It there consists of two veins dip 
ping 60° S. and 140 feet apart, of which only the 
southern is represented on the map. The ore 
contains manganese, zinc, and silver minerals, 
with only a small percentage of copper, thus con 
stituting a transition to the silver veins.

Intermediate zone.   Between the Syndicate and 
the Anaconda lode is a series of veins, striking 
either east and west or about S. 60° E., which 
have not been connected with either of the main 
lodes. They are generally narrow veins with a 
steep southern dip, and carry quartz, pyrite, zinc- 
blende, and a little copper. Such are the Little 
Mina, Stewart, Oden, and Nipper. Farther east, 
on the slope toward Meaderville, are the Gam- 
betta, Minnie Healey, and Tramway veins, which 
have yielded some good copper ore but have not 
been extensively developed.

SILVER LODES.

Rainbow system.   This system comprises a 
group of veins whose most important develop 
ments are on the hill-slopes north of Walkerville. 
From this central zone, where the strikes vary 
but a few degrees from east and west, they have 
been traced eastward nearly to Silver _.J The northern
Bow Creek, curving gradually to S. 60°
E., and westward along Oro Fino and
Beef Straight gulches, where they bend as much
to the west of south.

The veins in the central and most highly min 
eralized zone may be grouped under three heads : 
a system of nearly parallel veins 
which strike S. 75° to 80° E.; a sys-
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tern of cross-nssures striking nearly
northeast; and the Rainbow lode,
which crosses the former of these two systems
diagonally in a direction somewhat north of east,
dividing it into a northwestern and a southeastern
group.

The Rainbow lode has been traced by mine 
workings to depths of 800 to 1500 feet (4800) 
nearly continuously from the Rising Star to the 
Valdemere mine. West of the former it appears 
to follow Beef Straight Gulch in a course S. 50° 
to 70° W., and east of the Valdemere it splits 
into a number of southeast veins difficult to trace 
on the surface. In the middle region it consists 
generally of two nearly parallel veins, which dip 
to the north from 85° to 90°. West of where it 
crosses the other veins in the Moulton ground 
the dip is to the south, sometimes as much as 70°. 
The veins vary in width from a mere seam up to 
20 or 30 feet, and in places the country rock 
between them is intersected by a large number 
of small veins carrying gold and silver, so that a 
zone up to 100 feet in width is mined. Secondary 
movement or strike faulting has taken place along 
the veins, showing sometimes in one wall, some 
times in the other, but no such direct association 
of this movement with local enrichment of the ore 
bodies was observed as in the case of the copper 
veins.

Of the southeastern system, the veins in the 
eastern group, southward from the Rainbow lode, 
are the Valdemere, Moose, Magnolia, 
Hawkeye, Garfield, and Curry. They 
occur at nearly uniform distances of Curry' 
200 feet apart, and strike S. 75° to 80° E., while
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their dip is uniformly 70° to 85° S. Those near 
the Rainbow lode have thus far proved the rich 
est. The Valdemere and Moose have been very 
productive, the Hawkeye only a little less so. 
They have been disturbed somewhat by secondary 
cross-faulting. At least four cross-faults were 
noted in the Belle of Butte mine, of which the larg 
est throws the vein 60 feet southward on the east.

In the northwestern group the veins, north 
ward, are the Silver Safe, Moulton, Amy, and 
Goldsmith. They are less uniform both Promthe 
in strike and dip. The dip in the Sil- gWaSf*0 
ver Safe is 45° S. at the surface, steep- srai 
ening to 60° at 200 feet. The Moulton and Amy 
have normal southern dips, and the Goldsmith 
dips 80° N. for 200 feet from the surface and 
then bends south. The strike changes to the 
westward, and finally assumes the bow to the 
south. The average width of the veins is 4 feet, 
the extreme variation from which is not over 3 
feet.

The northeast cross-veins are observed just 
east of the Magna Charta shaft, where they con 
nect the Valdemere vein with the Rainbow lode. 
They dip south at a lower angle than usual, and 
the most prominent one splits upward, one branch 
having a dip of 45° to the northwest. They have 
about the same average width as the southeast 
veins.

Lexington system. The line of separation 
between the veins of this group and those of the 
Rainbow system is somewhat arbitrary. The 
veins have been traced continuously from Mis- 
soula Gulch eastward more than 5500 feet to the 
West Gray Rock mine. Though numerous, they 
do not seem to be closely related. The course of 
these veins forms a curve similar to that of the 
Rainbow lode, but without the minor distortions. 
The strike at the west end is N. 75° E., at the 
east end S. 65° E., and at the center nearly east 
and west. The dip is south at an angle which 
diminishes southward.

The Blue Wing lode forms the northern limit 
of the group. It consists of two veins 50 to 100 
feet apart and has been cut in the workings of 
the Paymaster, Blue Wing, and Lexington mines. 
The north vein splits between the 100-foot and 
200-foot levels and forms two veins 20 feet apart. 
The dip is between 80° S. and vertical. 
In width the vein rarely exceeds 5 feet. Biuewing
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The south vein is parallel to the north jjjj£tata 
vein and has been found to be through 
out a single vein, varying in width up to 20 feet. 
Like the north vein, the ore, though irregularl} 
distributed, is exceptionally rich in gold and 
silver. Between these veins, from 300 to 600 
feet from the surface, there are a large number of 
small veins.

The Allie Brown vein, next south, has been 
worked through the Lexington Company's shafts. 
It is parallel in course to the Blue Wing, but its 
dip is more nearly vertical, or even locally to the 
north at a high angle. It is a strong vein, averag 
ing perhaps 5 feet in width, though locally 20 
feet wide, and sometimes includes large lens- 
shaped bodies of granite.

South of the Allie Brown vein is the Wappello, 
which consists of a number of parallel veins, only 
one of which is persistent throughout the work 
ings of the mine. Near the surface and north of 
the Lexington shaft the main vein splits into a 
number of small veins, which seem to diverge 
downward.

These spurs are not persistent, and when they 
die out are frequently replaced by another small 
lens of vein matter in the adjacent country rock, 
which continues both longitudinally and verti 
cally beyond the original spur. At its east end 
the main vein splits into a number of smaller 
veins which are nearly parallel to the main vein. 
These form the workings of the Sisters, the Flag, 
the Josephine, and the West Gray Rock, but in 
none of these mines does the vein have the size 
or richness of the parent ledge. The Wappello 
lode dips south at an angle of 'TO 0 . It has an 
average width of 5 feet, but locally broadens to 
several times this width.

The next lode south was not well seen except 
in the Lexington mine. It parallels the Wap 
pello, but dips to the south at a less angle. It 
splits at the east end, forming the two south 
veins of the West Gray Rock.

The La Plata lode is the most southerly of 
the lodes in this group, and forms the southern 
limit of the northern silver belt. It consists of a 
series of short connecting veins which have been 
traced on the surface from Missoula Gulch to 
Main street.

Northern system.   North of the Rainbow lode 
are many veins which become gradually less 
numerous northward, until just beyond Extent of 
the northern limit of the district they 
cease. They are the Silver Lick, Glen 
garry Silver, Florida, Wabash, Springfield, Black- 
stone, and others. They are small veins, rarely 
exceeding 5 feet in width, and have not been 
great producers. Their course is a few degrees 
north of east and their dip always at a high 
angle, whether to the north or to the south. 
None of these veins have been followed more 
than 400 feet in depth, and most of the workings 
do not exceed 200 feet.

In the eastern portion the outcrops rarely extend 
above the enclosing country rock ; hence the veins, 
though numerous, appear to be much less persist 
ent than they probably are. In the western por

tion the veins, though not numerous, are very 
persistent, and appear as narrow projecting ledges 
rising from 1 foot to 10 feet above the enclosing 
country rock. It is largely due to this fact that 
the cross-fractures which disjoint the Blackstone 
and the Wabash veins could be recognized.

Intermediate system.   Between the western 
extension of the Parrott and the Syndicate lodes 
is a small area of silver veins extending possibly 
3000 feet east of Missoula Gulch. The veins of 
this area have two distinct directions. Those 
adjacent to the Syndicate lode have a southeast 
course, while those near the Parrott lode run 
nearly east and west.

Of the latter, the Late Acquisition is the most 
important. This lode consists of a single vein at 
the east end, with a steep southerly Fromthe 
dip. At the west end it becomes com- tione toctqhueisi" 
plicated by a number of spurs and " emine' 
small, parallel veins. On this lode are the Late 
Acquisition, Little Joe, Mount Moriah, Anselmo, 
Bernard, and Trifle mines. The veins rarely 
exceed 5 feet in width.

The Balm and Clear Grit are the prominent 
northwestern lodes of this area, but are Balm and 
not known to connect with the Late CIear0rit- 
Acquisition, toward which they converge east 
ward.

The Balm lode consists of four veins, of which 
the two southerly join longitudinally, and judg 
ing from their dips, also in depth. The two 
northern ones seem to diverge eastward, but the 
more southerly one dips north at a small angle 
and probably joins the northern vein in depth.

The Clear Grit was an important mine in early 
days, but its workings are no longer accessible.

Ancient-Star West group. In the southwest 
ern portion of Butte and east of Missoula Gulch 
is a complex group of veins in which the prevail 
ing strikes are N. 65° E. and S. 65° E. To the 
former belongs the Ancient or Black Chief, a 
broad zone of highly silicified and manganese- 
stained rock, which forms a ridge 100 feet high 
and has been traced nearly 4000 feet from the 
gulch. The Neptune and Stevens, to the north, 
have a similar direction. Among the southeast 
lodes and veins are the Travona, Star Prointhe 
West, Schonbar, Despatch, Northern JSwIS^ 
Pacific, and Pikes Peak, which often 
consist of three or more veins, and between them 
is a network of smaller veins of varying direc 
tions. Some of the ores have been quite rich in 
silver and carried a good proportion of gold, but 
they are apt to be high in zinc. A narrow north- 
south dike of rhyolite cuts the veins south of the 
Ancient ridge. In the Star West ground it was 
found to increase in width rapidly with depth.

Ger mania group. West of Missoula Gulch

and south of The Butte is a series of nearly par 
allel veins with a course from 10° to 20° north 
of east. The country rock is still granite, but 
the amount of aplite traversing it in dikes and 
sheets is very considerable. The veins cut the 
two rocks indifferently, but are often coincident 
in direction with the dikes. The Czarina lode in 
the southern part forms a projecting C2arinaf 
outcrop of quartz similar to the Ancient c^mania, 
and on the same general strike. The rp an 
Germania, Elbe, Orphan Girl, and others are said 
to have produced considerable amounts of rich 
silver ore in former years; the workings are, how 
ever, generally less than 400 feet in depth. The 
many dikes of rhyolite which traverse the area, 
not all of which reach the surface, cut off the 
veins very sharply, notably in the case of the 
Blackbird-Soudan lode.

Veins in aplite. In the aplite area west of 
The Butte are many veins having a nearly east- 
west course and a relatively shallow southern 
dip, whose outcrops are generally prominent 
through the contrast of the black manganese 
stain with the light color of the country rock. 
They are generally strong and well-defined veins, 
and often have large bodies of sulphides, too high 
in zinc and too low in silver to be profitably 
worked.

Among the more important is the Nettie lode, 
which has three veins that have been traced 
underground from the contact with Nettieilnde_ 
the rhyolite body westward about KSdSSff; 
2000 feet. They are broken and BIuebird- 
slightly displaced by three cross-faults whose 
planes dip east, and are cut diagonally by a dike 
of rhyolite, which is 200 feet thick on the 600- 
foot level of the Nettie mine and narrows upward. 
Westward the ore deposition has been resumed 
on veins arranged en echelon, the Independence 
to the north, and the Fredonia mine to the south. 
The Bluebird lode is a strong single vein, whose 
dip is very irregular, becoming in places flat for 
a considerable distance. It was followed about 
2000 feet and opened to a depth of 600 feet; in 
the last hundred feet the vein proved to be on 
the contact between aplite and granite.

At the Goldflint, in the northwest corner of the 
district, in an area of granite surrounded by rhyo 
lite and aplite, is a series of short veins, running 
in three different directions, which stand vertical 
or dip to the south. Their ores are said to have 
been unusually rich in gold, but work on them 
ceased long ago.
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