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GEESOFLEOGTY AT R DS U RIESDIRIPEYFSETZPES

OF THE BUT?T?TE-~HIGHLAND GOLYDY MIBE

By

Stockton Veazey Jre

KTRODUCTION
Location

The Butte=-lighbland mine 1s situated at the head of Basin
Creek, in the Highland mining district, Silver Bow County,
about 14 miles south of Butte. The tunnel portal and precsent
surface plant are at an clevation of about 7550 feel above sea
level, facing westward‘across the head of Basin Creek valley.
The "ghogt“ mining tovm of Ilighland lies a mile to the east,
near the forks of Fish Creek. Aécess to the mine is obtained
at present from Beaudine's siding, 12 miles west. The property
ﬁay also be reached, with difficulty, over poor roads from
Limekliln hill, or from Moose Crecek.

5 Creat Falls

Fig. le 1Index map showing location of area studied



Placer digzings were discovered along the upper course
of Fish Creek in 1866. The town of Highiand City was established
during the gold rush, and during 1869 and 1870 had a larger popu-
lation than Butte.

The lode mines of the lighland district weré among the first
exploited in the states As early as 1868 shafts were sunk to
a depth of about 50 feet on the Nevin's and Only Chance elzims.
In 1872 two arrastras were being run on the Nevin's property and
three on the Only Chance, treating ore which was reported to be
"paying well."

The United States Treasury report on production of precious
metals for 1883 gives the following information: "The Only
Chance Mining Company of New York have a Huntington mill, a
steam-hoist, and such appliances as were consldered requisite
for the treatment of the ores of their Only Chance mine, of Liw
Mountain, but the results have not been as good as'were expected.
The Nevin's mine has been worked on a lease, with about the
usual results."

Since that time operation of the properties has beén inter=-
mittent. No further information appears in the government re=

ports, and no data are available concerning production. -
Field-work and acknowledgments

Field work was carried on at intervals during July and
August, 1933. Anothor ftrip waa made to the district in October,
Many valuable suggestions concerning fileld work were received
from lre. Paul Billingsley. For-;:uiutanco by lire George Powe
in part of the mapping, and for supervislon by the Deparitment
of Gecology of the Montana :.m-.».:ol. of Mino: =sishos to
2



express his appreciations The Bublte-liighland Kinlng Company
: for
offered every encouragement to the work, and accomodations and

for the use of maps the writer is especially indebted.
Previous work

A drief description of the lighland and licoge Creek mining
districts by A. Ii. Vinchell eppears in U. S. Geologlcal Survey
Bulletin 574, "Mining Districts of the Dillon Quadrangle, lontana,

and Adjacent Areas." Jio other literature on the geology of the

area has been published.
General remarks

A large part of the Highland area is timbered. The winter
snowfall maintains the streams throughout the year, and a supply
of water is available for mining and other purposes.
| Talus, vegetation, and thick coverings of residual allu-
viun offer gerious difficulties to geologic studies. The fre-
quent concealment of contacts and the metamorphosed condition

of the rocks make accurate deduotions from detailed studioes pos-

sible over a very restricted area.

GENERAL GEOLOGIC FEATURES OF THI DISTRICT

AI'D ITS RELATION TO THE SURROULIDING REGION.

The Highland mining district, consisting of the drainage
area tributary to TFish Creek, covers the area immediately north
of Red Mountain. The distrield llsa ¢u thoe southern border of
the Boulder batholith granite area, and includes a part of that

area and also the northern border of an arca of Lolded, Tfaultod

»
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and metamorphosed sedimentary rocks. These rocks include guart-
zites, shales, and limestones, of Belt and Paleozoic ages, and
of varied lithologic character.s So far as obsérved, the Paleo=-
zoic series nowhere overlies the glates and quartzites of the
Belt series, but secems to have been faulted into a position be-
gide them.

The entire series of sedimentary rocks 1s cut by intrusions
of quartz monzonlte, dlorite, pegmatites, and aplite, and ig cut
off entlrely by tho quartz monzonite of the batholith on the
northern border of the area. The quartz monzonite probably ex-
tends bencath the sediments for some distance to the south.
Outliers of the batholith appear on Red and Table Mountains,
and on Camp Creek, still farther fﬁom the main'mass. The High=-
land district may be considered a remnant of the original roof

of the batholith.
DESCRIPTION OF ROCK FORMATIONS
Sedimentary rocks

The sedimentary rocks of the lighland district, as pre-
viously mentioned, consist of formations of pre-Cambrian and
of Paleozoic age. The pre~Cambrian Belt series is represented
by a thick scries of.slates, argillites, and quartzites, tenta=-
tively correlated with the Spokane formation. (See Plate I,
from lont. Bur. lines & Geoit mapse ) The main mass of the High-
land mountains 1s made up of thease re@y; they are well exposed
on the high ridges of Red Mounbain, axd to the southeast, on

6a Yalle lountain. The formation is largely an argillitie

-4-
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quartzite, massive in places; but generally thin-bedded, and
occasionally qguite fiszile. The dominant rusty-red color of
these rocks is responsible fqr,the name of Red liountain.

A small exposure of Flathead quartzite forms a talus slope
on a hillside 2000 feet south of the Highland mines The for=-
mation at that place is apparently part of a fault black, and
1s highly brecciated and silicified along its southern and
eastern boundaries. At the talus slope, however, littlé or
no alteration is evidentf the rock shows the charactoristic
pink, banded appearance typical of the Flathecad. Other outcrops
of guartzite, usually capping ridges, occur in the country to
the west, and arc probably to be correlated with the same forma-
tion. These occurrences are close to the batholith.or its out-
liers; however, the rock is altered and silicified to such an
extent‘that positive correlation wnuid require considerable de=-
tailed investigation.

The later‘faleozoic limestones, in which the ore deposits
of Nevin's Hill ccour, occuby a folded belt extending eastward
dowvn the valley of Flsh Creek. There are two distinct members
of this limestohe series, separated by a band of shales and dark
magnesian limestone about 180 feet thicks. Due to the gencral
recrystallizatioh of the formations and destruction of such
fogsils as may have been present, strdtiaraphio correlations
with neighboring districts camnot be made without further in-
vestigation.. Winehell suggcsts that these limestones may be

part of the_Ggllqtin fornmation,
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The massive limestone members are very wihite and crystalline,
with the exception of one mottled blue-gray bed at the Only Chance
ghaft. Near the contact/with the batholith the rock is frequently
reddish-colored; considérable iron has been introduced aldng
cleavage planes and crystal boundaries, and the reddish color of
the oxide is thoré predominant in the roecks, This effect, and
the completeness of rcerystallization, are the only spcclal con=-
tact phenomena near the granite in'this immediate locality.

The band of shales and magnesian limestone occuples & central
'position in the area mapped. Where exposed in the maln tunnel
at the.Butmraighland mine, the rocks do not show the same degree
of metamorphism as do the outcrops. 'In the tunnel they appear
as banded magnesian limestones, extremely dark, ranging from
erystalline to schistose and mlcaceous. In thin gection the
dominant minerals arc seen to be calelte and blotite, with a
subordinate amount of epidote. Pyrite and a very small amount
of 70ld were introéuced during hydrothermal alteration. A 200~
foot assay of thls band exposed in the tunnel showed {1l.50 in
gold (at $20.67 per ounce).

The outcerop of this member shows considerable dynamic meta=-
morphisme Where least altered the beds at surface are of a
gray-green t0 purplish color, with narrow, light gray banding.
More generally the rock is of a greenlish-black color, micaceous
and often schistose. Its most distinctive feature is that it

is gpotted with mumerous cordieritet metacrysts of varying slze

_1Cordierite - 8 complex silicaté of magnesium, ferrous iron,
and aluminune \



which are conspicuous on weathered surfaces, standing out as
small, rounded, gray nodules. It 1s a rock of marked individu-
ality and is easily dlstinguished from any of the other rocks
of the district. It 1s most abundant on levin's Hill, where
all gradations may be seen from this to the banded argillitic
material described above,

Undor the microscope the groundmags is seen to counsist
largely of biotite and plagloclase feldspars. The cordierite

metacrysts are gencrally elliptical in shape, and contaln numer-

" ous inclusions of apatite or zircon. The metacrysts often trans-

gress the structure of the groundmass; however, the blotite
frequently shows flow structure, bending around the cordierite
metacrysts. The combined criteria of field evidence, mineral
composition, texture, and struciure, poinﬁ t0 dynamic metamor-
phism of this series at considerable depth, with recrystalliza-

tion and rock flowage taking place.

g’ ; - wT— = ,_;u : ]
£ . h &7 3 & ) S |
4 24 ]
. o yoat ,,'l.' D ‘l .' i
i e .
Pt g8 4 coad o v S )
b, 4 ' bt Y u # ot
’ - . y «’ [ s 1
: S vt ) s Xt { ‘ ¢ ’q;. .:"» & A
. - . 4 ! § ? L b./ PR Y ;
i R B LN e G : % k Fed XWX \ AWy i S |
: : T . gty £ RO A 1
..‘;'—_ ¥ > i » * . 5 " :,.)\av B L, ' * J 3 ¢ |
- ! 4 R ),._
il : P\ +’
n i v 28
2 ! k
A | :
’ i
e i =
¢ 5 ¥
PETy gt
B R o 4
g 1A A : v
oyl W, 4
: _1'_‘ § VS
£4747 7 ¢/
F ¢
LB )

pe———
L..‘_\..-_I

| 5

£

&

{

\.___,_r

i

Fiz. 2. HMicrophotograpas
Thin soctions - Cordierite schist

\



IU’ ’iJJOUD l\O(JI\S
Quartz monzonite

The main mass of the batholith in the northern part of
the Highland district is the typical quartz monzonite commonly
called Butte granite. The average of analyQCﬁl of this rock
over the Boulder batholitn is as follows: 24% quartz, 28%
orthoclase (sodic), 32% andesine, 9% biotite, and minor amounts
of hornblende, magnetite, titanite, and apatlite, stated in
order of importance. o analyses wero made of the rock In the
area studied, as no change in the general character ig spparcnt.

Along the south side of Kelly gulch, which follows the
granite-limestogé contact, a few lenticular outcrops of coarsecly
crystalline granitic schist appear within the limestono. The
direction and dip of schistosglily accord with the attitude of the
gediments; the granite hers forced its waoy up the bedding planes
of the limestone, the schistozsity probably developing during
flowage.

An intrusion of fine-grained, light-colored gran uib is ex-
posed for 100 fect in the Butte-Highland tunnel. o outcerop is
evident, but the intrusion is undoubtedly derived from the main
batholith, the finer texture being due to more rapid cooling of
this outlying mass.

Diorite

An area of dlorite occurs to the south of the Only Chance
mine, on the Moose Cresk divide. The rock is extremely dark,

greenish, and finer-grained tihan the gquartza monzonite of the
1 wWinchell, A. N., UeS.GeS. Bull. 574, 1914.

-8‘



‘batholith. In hand specimen it abpearsvto conslst almost entire=
ly of hornblende, but microscopic examination shows the presence
of aeld feldspar, biotite, and some quartz. Tﬂe occurrence of
this rock was noted by weedl and by Winehell?, who remarked thaib
it "grades insensibly but rather rapldly Into the ordinary quartz
monzonite of the batholith"; this observation was confirmed by
the writer. Another occurrence of dioritié rodk, coarger in
texture, 1s visible in the first 120 feet of the'Butto~Highland
tunnels The rock is extremely soft and weathered; the outcrop
is now entirely destroyed and covered by soil and vegetation.
These diorite segregations reprosent the prihary basic
border of the batholith, of which only portions now remain. Iur-
ther intrusion in other places pushed the more acidiec residuai
nagma through and beyond this border, breaking up and ineluding
" the diorite in the main mass. M

Gabbro

At 1400 feet inside the main tunnel of the Butto-Iishland
mine a 3=foot sill of extrémely fine-grained, black gabbro in-
trudes the massive white limestone 5 feot past the shale bods,
The rock consists of pyroxene, labradorite, and biotite, with
- minor amountis of quartz, chlorite, and pyrite indicating hydro=-
thermal alteration, as in the nearby‘shale and'limestone'band.

This dike was not observed at the surface.

1 Vieed, W. M., Jour. Geols vol. 7, De 737, 1899
2 Winohell, A. Ne, U.S.G.85. Bulls 674, p. 37, 1914

-9-
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On the hillside above the llighland mine two oaucrops of
pesmatite appears They contain coa¢acly crystalline feldspar

and quartz, with some tournialine and micas

| |
R

Fige 3« Mlcrophotonranns
Thin sections - Pegmatite.
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.It 1s interesting to note ﬁhat although‘a 100=-foot intru-
sion of fine-grained granite 1s exposed in the Bulte-Hlghland
tunnel, none of this rock may be found on the surface; also that
a small outerop of pegmatite appears at surface near the place
where the granite would be expectéd. Whether the‘grénite intru-
sion; narébwihg upward, grades into the.oxpose¢ pegnatite, or
whether the pegmatite represeants én ehtirely separate intrusion
'

during the last stages of mabmatic differentiation and ooolinb.

remains undetermined.
STRUCTURE

The sedimerits of the Illighland disirict generally dip at
rather steop angles iute thé Lalhoulithe The region was involved
in the period of Roocky Mountain folding preceding the intrusion

¢
wlQw



of the Boulder batholith, end probably also in the thrust
faultihg. Lioat of the major structures antedate the granite
intrusion, and appear not to‘have been influenced by it.

The sediments of the Nevin's Hill area are closely folded
into steeply pitching, twisted folds. The altered magnesian
limestone bodé, uged a3 a key horizon 4n mapping, génerally dip
gteeply northward, but the series i3 %twisted to a steep southward
dip not far east of the Only Chance shaft. The massive white
limestones near the batholith, north of the Highland mine, show
a dip to the southward, and the same beds in Kelly zuleh dip
ﬁorth. Either folding or faulting may be responsible for this
change of dip. :

The Flathead quartzite.occupies a small area in the southern
part of the area mappedes The beds are brecciated and silicified
on the borders. To the west of the ™iother Lode" shaft in the
main saddle, these scdiments are thrown into contact with the
limestones'by a fault which follows the course of the gulch to
the wests That this fault is a regional feature, and extends
eastward down Fish Creek is suggested by the topographic alignment
of Fish Creek, by the presence of the low saddle below Nevin's
Hill, and by the heavy fault zone intersected in tho southerﬁ-
most workings on the ftunnel level of the Butte=-lighland nine. Howf
ever, further structural mapping would be required to definitely
prove the continuity and position of this fault. e

Anothey strong fault zone is inteﬁsebted by the main tunnel
150 feet sbutﬁeast of the portal. It is quite probable thii tiis
fault was produced during a.period of novrth«south normal faulting

N
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in €ligocene time. Its position corresponds with the abrupt
change in topography on the wost side of lievin's Hill, where a
gteep slopo rises abruptly from the rolling, mature topozgraphy
on the wests The limited underground devolopment and the scar-
¢ity of exposures along this line do not permit definite conclu-
slons as to the movement of this fault. _

The main fiessure system cut by the Buttellizhland tunnel has
a general north-south trend, corresponding to those found at and
near the surface in old workings.' These Joints at times contain
gouge and show evidence of faulting: otheré have served as dhan-

nels for mineralizing solutions.
GEQOLOGIC HISTORY

The geologic'history in other mining districts of the
Boulder batholith has been worked ouﬁ by meﬁns of Cretaceous
sedimehts and later volecanic flows whiceh are not present in the
ﬁighland district. The general history has been shown to be the
same throughout the batholith, however, by 31llingsley, Stone,
and others. The gtructures and igneous intrusions of the Hizh-
Aand district, correlated with similar features in other districts
in the region, were developed during tﬁo following sequence of
events: '

1. 4iddle Cretaceous - Main Rocky ﬁountain folding, and
'formation of large earth folds.

2 prer Cretaceous(?) -vThrﬁst faulting along northwest
lines, and local intensification of foldinz. The stronz fauld
which extends westward Ifrom Fish Creek acrous tlo saddle below
the Only Chance mine, bringing the brecciated Flathead guertzites
into contact with'the limostones north of the guleh, 1s probably

-]l



of this age. The close folding of the limestones al Nevin's
1111l probably took place during this activity.
. 3. Zocene(?) = Intrusion of the batholith and formation of
the ore deposits; extensive erosion and peneplanation.
4. Oiigocene =~ Ilormal north-gouth fdulting; continued erosion.
Differentiation of the batholith appears to have taken place :
as follovis: (1) diorite and gabbro segregations, dike and sill
intrusionsj (2) cooling and solidificdtion of the main magma;

(3) pegmatite intrusions and ore deposition.
ORE DBPOSITS

Ore in the Nevin's Hill area oceurs as one of three main
types - (1) replacement along bedding planes in the limestone
and in zones of brecciation; (2) chimneys and pipes, (3) quariz

veins in the limestone.

General Characteristics

Replacement orebodies in the limestone of types (1) and (2)
ags seen at pregent consist usually of irregular bodies of soft
g0ld-bearing lron oxides. The common minerals are calcite, lim=-
onite, hemaéite, sericite, and chlorite, with lesser amounts of
quartze The first three minerals mentioned, in altered earthy
or brecclated limestone, form the greater pbrtion of the ore.
Carbonates of copper are occasionally found in porous portions
of the limonite. It éeems reasonable to suppose that the ore
was originally deposited as sulphide and that the present occur-
rence of the oxides is due %o the acilon of surface waters.

Iin the main brobody of the present Butto«liizghland workinga
much of the ore is a highly colored, rubbly, ufiicifiod breccila.

-l



Other portions of the ore, deposited by bedding replacement,
consist of banded, soft, clay-~like material. . It 1s a charac-
teristic of the depogit that the gold 1s extremely erratic in
its occurrence - the grade of ore may vary widely in a short
distance with no change whatsoever in the appcarance; The gold
ococurs as free particles, very‘finely disseminateds, It is
scarcely ever visible in hand specimens of the ore, but may be

concentrated by panning.
Breccia and bedding-plane replaceoments

The main orebody of the present Butte-Highland mine occurs
along the limbs and nose of a steeply pitching fold, directly be-
low the abandoned workings of the Only Chance mine. The limestone
along the nose of this fold, and for a short distance along the
limbs, was fractured and brecciated, forming an egpecially favor-
able channel for ore depositione. Along the limbs of thefold, a-
way from the brecciated zone, ore was deposited by bedding re-
placement, and.some rather hizh grade ore has been secured from
this clay-l;ko material.

On the 500~foot level of the Only Chance mine, stoping was
carried on northwest of the shaft along a fissure or other ore
structure which eithoer has not been discovered or i1s not produc=-
tive on the main tunnel level.

The footwall of the entire orebody on the main tunnel level
congists of a heavy, soapy, green tale, apparently containing
considerable chlorite. ' The material has beoxn subjected to heavy
squee¢zing and contains innumberable slickeansides, making it

dangerous and difficult ground in which o drive a mine openinz.

—l{;-
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ia material may have been deorived from hydrothermal ale
teration of the original footwall rock, may be simply a fault
gouge, or, as is probably the case, may be a product of both
faulting and hydrothermal alteration. The gradation from frac-
tured, crystalline limestone through banded, clay=-like ore, in=-
to the heavy green gouge suggests that this may represent a major
fault zone through which the minerallizing solutions obtained
access to the limestone, depositing the ores and thoroughly al-

tering the gouge material.
Chimneys "and Pipes

Chimnéys and pipes of ore in limestone have furnished a
great part of the gold mined on Nevin's Hill. The Diamond T,
Gold Excel, and Heinman's shafts were all sunk in chimneys of
ore wianich cropped out at surface; the workings of the Only :
Chﬁnce and Butteilighland companiecs have encountered other ir-
rogular chimneys of ore not exposed at surface. Generally these
chimneys have been formed along smali north-south fissures.

The Gold L£xcel, Heinman's, and Nevin's ore-shoots ococur at the
border of the argillitic 1imestones, at the intersecection of

small fissures with the massive white limestone. It appears

th%t here the argillitic sediments, silicified and fractured,
have served to conduct thé mineralizing solutions from tho source
at depth; the massive limestones adjacent were replaced along
favorable horizons where intersected by fissures, forming the
"pipes" or chimneyse.

Other favorable horilzons in thé masaive white limestone
contain similar chimne¥s of orec. The two Diamoﬁd T shafts were
sank on shoots a short distance apart in the same 1imestone ‘

‘15-



horizons The chimney of'high-grado ore exposed in the Butte-
Highland tunnel 1400 feet from the portal extended upward more
than 100 feet, but 1t could not be determined how much farther

up the shoot extended, as the old workings are now caved.

Quartz veins

The only quartz vein of consequence on Nevin's ﬁill‘is that
on ithe J. B. Thompson dlaim. 2his vein, replacing the limestone
along a favorable channel of deposition, contained much high=-
grade silver ore, in.the form of sulphides. The vein has been
stoped to surface, and any workings below the adit level are not
accessible; conscqubntly detailed study of this orebody was im-
possible. '

A strong quertz vein appears near the nose of a fold east
of the Only Chance shaft. lowever, it appears .to be barren of

mineralization.
CONCLUSIONS

Geological conditions are favorable for future devalopment
in the Fevin's Hill arca. Prospécting would be advisable along
the borders of the altered maznesian limestones, especially
where these beds have been closely folded. It is.probaﬁle that

more ore will be found along the main east-west fault zone.

18w
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