MONTANA

STATE UNIVERSITY

Geology and ore deposits of the Alder Gulch area Little Rocky Mountains, Montana
by Robert Leslie Bailey

A thesis submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE in Earth Science (Geology Option)

Montana State University

© Copyright by Robert Leslie Bailey (1974)

Abstract:

In the Little Rocky Mountains, Montana, stock-like Tertiary intrusives, consisting of syenite and
trachyte porphyries to quartz-rich (alaskite) syenite porphyries domed the Paleozoic and Mesozoic
sedimentary rocks. Orthoclase, sodium-rich plagioclase, hornblende and quartz are common
constituents of the Tertiary intrusives. Quarts and plagioclase are more abundant at depth.
Post-intrusive erosion has exposed the Tertiary intrusives and the sedimentary rocks dipping away from
it. The main intrusive is at least 2400 feet thick and is evidently floorless despite the presence of a few
small intrusive domes which show concordance along their contacts with overlying Cambrian rocks
and underlying Precambrian metamorphic rocks.

Planes of weakness and/or faulting confined to the Precambrian basement rocks could have facilitated
doming of the sedimentary rocks and emplacement of the intrusive body. Ring faulting along the
contact between the Tertiary intrusives and the sedimentary rocks indicates post-intrusive uplift
probably due to renewed intrusive activity at depth.

Gold deposits in the Little Rocky Mountains are in shear zones in the Tertiary intrusive rocks and were
mined between 1884 and 1950 producing gold worth nearly ten million dollars. Silicified, pyritized
rock halos enclose the nearly vertical shear zones and also contain secondary-orthoclase, flourite,
calcite, and sericite. Hydrothermal solutions moving througt the channelways in the heavily fractured
rock, characteristic of the shear zones, apparently introduced and/or concentrated the gold and
alteration minerals present. Other base metals such as copper, molybdenum and silver are weakly
anomalous in the shear zone halos but not in amounts economically significant at the present time.
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ABSTRACT

'
N

In the Little Rocky Mountains, Montana, stock-like Tertiary
. intrusives, consisting of syenite and trachyte porphyries to quartz—rich
(alaskite) syenite porphyries domed the Paleozoic and Mesozoic
sedimeuntary rocks. Orthoclase, sodium-rich plagioclase, hornblende. and
quartz-ares: common constituents of the Tertiary intrusives. Quartz and
plagioclase are more abundant at depth. Pest-intrusive erosion has
exposed the Tertiary intrusives and the sedimentary rocks dipping away
from it. The main intrusive is at Teast 2400 feet thick and is ° .
evidently floorless despite the.presence of a few small intrusive domes
which show concordance along their contacts with overlying Cambrian-
rocks and underlying Precambrian metamorphic rocks. :
Planes of weakness and/or faulting confined to the Precambrian
basement rocks. could have facilitated doming of the sedimentary. rocks
and emplacement of the intrusive body. Ring faulting along the contact
between the Tertiary intrusives and ths sedimentary rocks indicates .
post-intrusive uplift probably due to renewed 1ntru51ve activity at
depth. .
Gold- deposits in- the Little Rocky Mountalns are in shear zones in
" the Tertiary intrusive rocks and were mined between 1884 and 1950
producing gold worth nearly ten million dollars. Silicified, pyritized
rock halos enclose the nearly vertical shear zones and also contain
secondary-orthoclase, flfGrite, calcite, and sericite. Hydrothermal
solutions moving througli“the channelways in the heavily fractured rock,
characteristic of the shear zones, apparently introduced and/or
concentrated the gold and alteration minerals present. Other base metals
such as -copper, molybdenum and silver are weakly anomalous in the shear
zone halos but not in amounts economically significant at the present
time. :
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I. INTRODUCTION

Geographic Setting

The Alder Gulch area, consisting of 2.5 square miles, is located
ip the southeast part of the Little Rocky Mountains, Montana,
apprpximately TOQ miles northeast of Lewistown, Montana and 100 miles
southeast of Havre, Montana (see Plate I).

“The Iittle Rocky Mountains, rising abruptly 3,000 feet above

the surrounding plains, are ellipticél in shapé, occupy nearly 100
square miles, and are isolated from any mgjof mountain chains,
Maximum-elevation in the Little Rocky Mountains is 5;800 feet above'
sea level.

The map a:ea is bounded on the north by Antone Ridge, oh the west
by a north-south line through the peak of Regal Mouﬂtain, on the south
by the drainage of Cowboy Gulch and on the eagt by a northe~south line
through the'ﬁeak of Carter Butte (see Plate XIII),

The area is drained by smal; seasonally dry stfeams which form a
radial pattern. Most of these streams flow in sharp V-ghaped éanyons.'

Climate in the area is semi~arid, but.thé moﬁntains have more
precipitation than the surrounding plains. Average annual rainfall in
the surrounding pléins is 17 inches,_half of which félls in the months of
May, June and July. Summers are warm but temperatures seldom reach 90° F.

Winters are cold; subzero temperatures are common.
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Purpose of Study

The purpose of this study is to attempt to understand the
general geology.of the Alder Gulch area, little Rocky Mountains,
Montana and in particular Vo understand the origin and character
of the mineralization and élterétiono

Previous Geologic Investigations
in the Little Rocky Mountains

Earliest'geologic work in the ILittle Rocky Mountains was a
study of the general geology by Weed and Pirsson (1896)., Weed
thought that the mountains had been formed by the intrusion of a

laccolith., The floor of the laccolith was thought to be represented by

the Precambrian metamorphic rocks seen in the gulches. More recent

mapping has revealed that the Precambrian metamorphic exposures are
inclusions which occur throughout the intrusive (Brockuﬁier, 193€;
Dyson, 1939; Knechtel, 1959). Pirsson studued the pet?ography of the
igneous rocks in th.e Little Rocky"Mountains and concluded that _they
belong to an élkalic—granite-syenite series, A short accoupt of the
ore deposits waé included in his report.

Emmons (1908), Corry (1933), and Bryant (1953) describe the ore

. deposits and the history of production of the gold mines in the Little

Rocky Mountains.
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Dyson (1939) described the ﬁuby Gulch ore deposits (see Plate I)
and sﬁmmarized the general geology ofjtﬁe qbuntaiﬁe. His structural
model for the mountains is a stock-=like intrusion which shoﬁs concor=-
dance with the overlying sedimentary strata in some areas.

Larsen (1940) included the Little Rocky Mountains in his analysis
of the petrographic pro#ince of Central Montana.,

Kneehtel (1959), mapped in detail the sedimentary eocks of Paleozoic
and Mesozoic age in the Iittle Rocky Mountains end included the
Precambrian (pre-Belt age) metamorphic rocks and Cenozoic intrusive
rocks as undifferentiated units,

Collier (1915), Collier and Cathcart (1922), Gries (1955),.and
Lochman (1953), conducted geologic studues of the Paleozoic and
Mesozoic rocks in the Iittle Rocky Mountains, |

The only detailed geologic work in the Alder Gulch area was
conducted by Sawyer.R. Brockunier in a-Ph.D. thesis study (1936). In
.this paper, he discussee the geology of the Little Rocky Mountéins
outward to the surrounding plains., The igneous rocks of the Alder
Gulch area were‘deseribed from oldest to youngest as "Antone syenite
porphyry, Sullivan trachyte porphyry, ang syenite borphyry dikes",
Precambrian rocks were described as gneisses and schists but were
undifferentiated on the map. Scale of the mapping was at 1:48,000.
Brockunier was a stroné proponent of a laccolithic model for the origin
and configuratgon-of the Little Rocky Mountains, He discussed at

length the possible shapes and mades of intrusion of the laccoliths.,

4




II, REGIONAL GEOLOGY

Petrographic Province of Central Montana

The Little Rocky Mountains are located in the northeast corner of
what is termed the petrographic province of Central Mon£ana (Pirsson,
1905; Larsén, 1940). This. Tertiary province incluées igneous rocks
near the eastern flanks of tﬁe Rocky Mountains extending nearly 400
miles from Yellowstone National Park on the south to the Cénadian
boﬁndary‘on the north (see Plate II1).

The mountains whose igneous rocks make up the province are the
Littlg Rocky Mountains, Bearpaw Mountains, Adel Mountains Volcanics
(Big Belt Mountains), Sweetgrass Hills, Highwood Mountains, Mbccasin
Mountains, Judith Mountains, Litfle Belt Mountains, Céstle Mountains,
Crazy Mountéins, Yellowstone National Park Area and the Absaroka Range
{including tpe Gallatin Range)., Age~date determinations are as follows;
Bearpaw Mountaip intrusives, 68 million years; Beérpaw Mountain
éxtrusives, Eocene (40-60 million yeérs); Adel Mountain Volcanics, late
Cretaceous (70-80 million years); Sweetérass Hills; Neogene (30-70
million years); (all from Gilluly, 1965), and Absaroka-Gallatin ranges,
Wasatchian to Oligocene (with radioactive age dates 49.0 to 53.0
million years), (Chadwick, 1970). Gilluly (1965) postulatés that since
the ILittle Rocky Mountains are similar in mineralogy énd occurrence to

the Bearpaw Mountains they are probably nearly the same age (68 millién
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years).

Larseﬁ.gléqo) found that each of the twelve large mouﬁtain masses
is made.up of one or more subprovinces of igneous rock.which vary from'
mafic to felsic but as part of a_smooth variation éurﬁe.' A mineral ;nd
chemical.characferistic of the province is tﬂat the mafiq rocks of each
subprovince diffegfchemically from those of other subprovinces more, |
than do the felsic rocké of each subprovince (Larsén,'1940).

Chemically, the rocks range from lime-alkalic rocks tp soda and
potash-rich‘plagioclase-poor rocks. Rock types recorded in the
province range from rhyolites, andesites and their phaheritic.eqﬁivalenfs
to potash and soda-rich rocﬁs such as shonkonites,; nepheline syenites,
and syenites (firsson, 1905; Larsen, 1940). Age relafionships show the
" older rocks are commonly lime-alkalic and fhe youngerlalkaiic rocks
commonly show a cycle of eruptions from mafic to felsic with time ‘
(Larsen, 1940). These rocks take the form of flows, stocks, dikes and
1accoliths.‘_1n genefal, stocks and radiating dikes may.be eifher
lime~alkalic or alkalic ﬁut the 1a;coliths are alkalic (Larsen, 1940).

The structural setting and method of emplacement vary from fhe
northwéét-trending zones of volcanic cenfers in the Absaroka-Gallatin -
ranges to the localized intrusives of the ILittle Rocky, Judith and
Moccasin mountains. Larsen (1940) contends that since the rocks of
this proviﬁce show a clear chemical relationship, they must have bégﬁ

derived from a common parent magma by a rather simple process of
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differentiation and/or contamination. This process of:differentiatioﬂ
involves two episodes;
1. Deep seated differentiation to yield the
primary magma of each subprovince, which
is believed to be represented by the most
mafic rock.
2, Shallow differentiation of'pfimary magmas
to yield the variouS,rockg of each subprovince.
Thip differentiation would consist of crystal
settling and assimilation of granitic material
f to give the various rocks of each subprovince.
To form the alkalic rocks of the northern part of the province, a long
time of differentiation would be required to allow for removal of most
of the calcium, iron and magnesium. The relatively undisturbed
Cretaceous rocks underlying the northern Montana plains suggest that

differentiation was allowed to go undisturbed (Larsen, -1940),

L]

Little Rocky Mountains

The Idittle Rocky'Mountains ére an alkalic subprovince of the
Central Montana petrographic pfovincé (Larsen, 1940). _S£Ock-like
intrusions of syenite porphyry during Tertiary timg.domed the Paleozoic
and Mesazoic strata in an area occupying nearly 100 square miles -
leaving the surfoundiﬁg plains relative;y undisturbed., Most of the
se&imentary rocks have been eroded from thé crest of the range leaving
steeply dipping extensively faulted strata surrounding the igneous

intrusive (see Plate I).
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The oldeét rocks in the Litt;e Rock& Mountains are Precambrian
gneisses and sﬁhists which are exposed thréughout the inﬁrusive as.roof
pendants énd along the margin of the ;ntrusive beneath the Paleozoics.

Overlying these oldest rocks is a series of sedimentary rﬁcks
ranging in age from Middle Cambrian to Upper Cretaceous (Knechtel, 1959).
The sedimentary rocks of Paleozoic age.exposed\in the Little Roéky |
Mountains have -an aggregate thickness of nearly 2,700 feet (Knechtel,
1959). The éediments were deposited mainly in a marine environment and
are now représénted mainly by limestone and dolomite, though sandstone;
shale and conglomerate are present. The rocks of Paleozoic age, which
unconformably overly the Precambrian rocks, are in ascending order,
fhe Flathead Sandstone of Cambrian age, the Emerson Formatioh of
Cambrian and Early Ordovician age, the Bighorn Dolomite,éf Late
O;dovician agé,.the Maywood Formation and Jeffefson LimeStone of Late
Devonian age, the Three Forks Shale (?) of Devonian and Mississippian
age, and the Madison Group of Mississippian age (Knechtel,. 1959).

Sedimentary formations of Mesozoic age which crop out in‘the'Little
Rocky Mountains have'an aggregatg thickness of approximately 4;000 feet
(Knechtel, 1959). These rqcks include straté of marine and‘gonmarine
origin, Shales are the m&st common rock type, but interbedded sandstone
as well as smali amounts of conglomérate anq limestone are preseﬁta
Strata Qf Mesozoic age which unconformably pverlie the rocks of the
Madisoanroup are in‘ascending oider, the Rierdon, Swift, and Morriéoﬁ

formations of Jurassic age and the Kootenai Formation, the First Cat
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Creek sand (of drillers), the Thermopolis Shale, Mowry Shale, Warm
Creek Shale, and the Montana Group of CrgtaCeous age (Knechtel, 1959).°
The intrusive contact is locally'concordant with-Cambrian str;ta but
most contacts between the intrusive and the sedimentary rocks are fault
contacts (Knechtel, 1959). |

The igneous rocﬁs of the Little Rocky Mountains are alkalic with
a low lime, iron and magnesia content and a high potash content typical
of the alkalic ‘subprovinces, Bocks i# sume areas are characterized by a
high silica content which is mainly post-magmatic.° Cqmmonly the
intrusive occurs as a light gray to white syenite porphyry with
phenocrysts attaining lengths of 25 mm, The even=grained groundmass is
made up of feldspar and the phenocrysts are plagioclase and orthoclasé
and locally qﬁarti. The vapious porphyries grade into egch other
throuéhout the area., Dikes are sparse and are commoﬁiy very similar .
mineralogicaliy to the main intrusive body. No contéct—ﬁetamofphism‘of
the éountry rock ‘is present in the Little rocky Mountains.

In grosg‘structural aspect, the northeast trending Little Rockies
anticline, appfoximately'AO miles in width, lies between the northwest
trending Bloéd Creek syncline on the south and the east~west trending
Coburg syncline on the north (Brockunier, 19%6). Many post-intrusivé
low angle thrust faults were mapped by Reeves (1924) between the Little

Rocky Mountains and the Bearpaw Mountains to.the northwest.
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Two of these thrust faults cut across the northwestern par£ of the iittle
Rockies area but are shallow, extending ﬁo deeper than the Upper
Crgtacedus (Dyson, 1939). These faults have been explained by Reevés
(1924) as related to the extrusive activity in the Bearpawé‘which
resulted in "overloading" and "flow" of material away from the Bearpéw
Mountains. Ring faulting and other high angle faulting related té the
domal structures in the Ilittle Rocky Mountains is younger than the
intrusives, which are cﬁt by the faults throughout the area (Knechtel,
1§59).

The syenite porph&r& has been explained b& many ﬁritérs as a
laccolith or laécoliths (Weed and Pirsson, 1896; Corry, 1933; Brockunier,
1936) while others contend that it forms a stock-like body (Dyson, 1939).
Evidence in favor of a laccolith~type intrusion ié as follows (Weed and
Pirsson, 1896; Broékunier, 1936):

1. The large number of dome shaped intrusions (22)

2. Symmetry of the domes

3., Multiple occurrgncé of circular domes

L. Feeble nature of contact metamorphism

5. Porphyritic thture of the igneous rocks

6. Presence of one domical intrusive with a floor,
Evidence in favor of a stock-like intrﬁsion is as follows (quckuniep,

19%6; Dyson, 1939; Knechtel, 1959; Corry, 1933):

W
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1. Lack of a visible floor of the main intrusive
in the mine workings or on the surface :

2, 'The presence of discordant intrusives

3. Resemblance of the intrusives to cupolas on a
batholith .

Lo Mineralogic similarity of the frophyry in
adjacent domes suggesting one stock=-like
intrusive rather than many small 1gccoliths

The évidenge citéq abové 1is inconclusive in proving either hypothesis.
Nei.ther rock on the surface norlin vertical drill hnoles ho._l

(2,000 feet) and no. 2 (1,070 feet) provide con;lusive proof of the
Eonfiguration of the intrusive mass at depth (see Plate XIV3. The

rock type and texture is basically'unchanged at depth except for an
increase in quértz and a decrease in orthoclase which is no?mal for
intrusive masses witﬁout a floor and from a common magma chamber
(Barth, 1966). The Ruby mine (see Plate .I) and Independent mine areas
which were déscribed as conduits by laccolith proponents were mined to
depths of 700 and 500 feet respectively w#thout any change in ﬁexture or
mineralogy. It seems unlikely that the two drill holes would also be
located on conduits. Most inhtrusives with a known floor such as the
Shonlkin sag,laccoiith near the Highwood Mouﬁtains and some of the Henry
Mougtain intfuéives in Utah exhibit horizontal layering of the rock
types due to fractional crystallization, The evidence suggests-that

the Little Roclkies represent a stock-like central intrusive which has

spread or branched out into the surrounding area forming small
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laccolithic bodies, This explanation satisfies the inconsistencies in
both theories., Circular dome—shgpelintquives could résult from an
increase in viécosity of a stock~like body of mégma as it intrﬁded and
domed up the sediments overlying the Precambrian rocks., A change in
viscosity along with a loss of volatiles Qay also explain the lack of

contact-metamprphism,

Eéonomic Geology

Petrographic Province of Central Montana

The precious metais and base metalé which are common to the
subprovinces of the petrographic province of Central Montana are gold,
silver, copper, lead and ziﬁc. Many other metals occur in the various
subpfovinceé, but this diécussion will be limited to include only thoée
meta;s which have been mined, |

Gold and silver have ﬁeen mined in the following seven subprovinces:
Little Rocky Mountains, Judith Mountains (Warm Springs District),

North Moccasin Mountains (Kendall District), Iittle Belt Mountains
(Neihart District), Castle Mountains,.and Aﬁsaroka<Range (Cooke City
District), (Minerai and Water Resources of Montana, 1963).

Recorded metal production in the various districts of the

petrbgraphic province of Central Montana is shown on Table 1 (Winters,

1968; Robertson, 1950; Koscman and Bergendahl, 1968; McCarthy and

Lakin, 1956). The districts. are listed in the order of the value of their
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"Table 1., Mining districts and production in the Central Montana
' petrographic province,

PRODUCTION - (in thousands of dollars)

SUBPROVINCE
(district)
Au Ag Cu Pb=Zn TOTAL
Iittle Belt 1,675 1%,000e X X 20,000e
Mountains
(Neihart)
Little Rocky 9,800 200 10,000
Mountains
Moccasin Mtns. | 9,094 36 X 1 9,100
(Kendall)
Judith Mtns, . | 4,547 108 6 22 4,700
(Warm Springs)

Castle Mtns. 1,826 5 1,696 3,500
Absaroka Range | 1,650 X X b4 1,800 -
(New World) '
(Emigrant) 400 4,00

TOTAL 49,500

X = value of production {unrecorded)
e « estimated value of production
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recorded production, Although gold was the metal common to most
disfricts, silvef was the most gbun@a#ﬁ ﬁetai minéd in the Neihart
District, the fichest'district in the province. Total value of metél
production in the petrographic province of Cent¥al.Montana to 1966 is
50.5 million dollars which is approximately 1 percent of the:estimated
'5 billion dolléf; worth of metals produced in the state up to 1966
~ (Perry, 1962; Minerals Yeérbook, 1966).
The metals in the districts ﬁentioned ébove occur as replacement

deposits in limestone and dolomite, deposits along the intrusive

contact, disseminations in the intrusives, contact metamorphic deposits,

and fracture-~fillings in the intrusive‘and cduntry rock., Replacement
deposits in limestone and dolomite, fracture filling deposits, and
deposits aloﬁg the intrﬁsive contact are common throughout the
petrographi;_proﬁince of Central Montana, Ore disseminated in the
intrusive is presént only iﬁ the Little Rocky‘Mountainsland Iittle Belt
Mountainé. Tﬁe only contact metamorphic deposit is in the Cooke City
District,

| No.distinct metallogenic subprovince or provinces within the
petrographic province of Central Montana are indicated.by the above
mining districfs. Metal deposits in and around the Boulder Batholith
and related intrusives are similar in type, distributionAand occurrence
to tﬁése‘in the petrographic province of Centrél Montana, The number of

deposits related to the Boulder Batholith is larger correspoding to the
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greater extent of igneous éctivity and larger variety of structural

and chemical conditions favorable for the formation of ore deposits,

Iittle Rockx,ﬁouqfains

The history of gold and silver productipn in the Little Rocky
Mountain District began as it did ih.many precious metal districts with
the discovery of place; gold in Alder Gulch by PikeALandqsky in 1884
(Lyden, 1948; Bryant, 1953). In the rush to the district that followed,
pockets of gravel rich in gold were worked throughout the mountains.
Weed (1896) reported that a,considerabie amount'of gold was waéhed out in
the first few years after the discovery and tﬁat the large low grade

gravel bodies remaining could be explolited if water were available in

sufficient quanity. Recorded placer gold production in the Idittle Rocky ‘

Mountains since 1904 is 362 fine ouncés (Lydgn, 1948) .

In 1893 Robert Orman discove?ed the first lode gold deposit and
staked the August claim 1.5 miles north.of Landusky (Emmons, 1907; Corry,
1933; Bryant,f953). This deposit is similar to most of‘the others mined

later in the Little Rocky Mountains and consists of gold in heavily

fractured silicified~pyritized pérphyry;  Many more claims were staked in

the surrounding area shown on Plate I as fhe Landusky group. The August
(Little Ben), and Gold Bug later became the most Successful mihés of this
group. | | | |

In the years following 1893 many prospects weré worked on a small

scale throughout the mountains until 1904 when the Ruby Gulch group of
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mines became active (Corry, 1933). The Independent, Mint (Ruby) and
Alabama are the main mines in this group (see Plate I)?

Two other mines in the Iittle‘Rocky Mountains which are classed
separately are the Beaver Creek and Pole Gulch deposits which are
replacement deposits in the Cambrian limestones and adjacent intrusive
porphyry.

Lode gola production in the ILittle Rocky Mountains from 1884 until
1950 was approximately 183,000 ounces worth nearly 10 million dollars,
The mines of thg groups listed in the above discussion accounted for
nearly all the recorded gold production, though many small mines and
prospects along with the éarly placers added many "a day's pay" (Weed,
1896) .

The mines in the ILittle Rocky Mountains contain thousands of feet
of underground workings to a maximum depth below the surface of 700 feet.
in the Ruby mine, Most of tThe mining was done by the stoping method. in
the successfgl mines such as the Ruby and Independent, stoping of the |
rich ore continued until the surface was reachea produciné a glory hole.
At the Independent mine the glory hole is approximatély 250 feet long,

100 feet wide and 125 feet deep, while the Ruby mine glory hole is
approximatelﬁ 900 fget iong, 300 feet in maximum ﬁidﬁh and nearly 200
feet deep. | |

| Records concerning %he milling and metallurgica;'methods in the
Littie Rocky Mountains are not complete, but most of the mills

consisted of a crusher and a cyanide leaching operation.
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In Ruby Gulch three mills operated in the same location since 1905. The
first mill was built in 1905 and had a 300 ton per day capacity; the
second‘was built in 1911 after the first burned in 1é10 and hadla 600
ton per day capacity; the third was built in 193%6 with a‘BOO ton per day
capacity after the second mill burned in 1923 (Emmons, 1907; Corry, - 1933;
Bryant, 195%). - The third mill i§ stiil intact but has ﬁot been workable
since 1950. The Goldbug mill whicﬂ had a 100 toﬂ per day capacity was
built in 1902 in Landusky and operéted until 1916, There is an old miil
near the Goldbug mine which was probably built in the iast ;hirty years
althoﬁgh no records were found that.mention its operétiog. The Zortman
mill, which had a 100 ton per day, capacity, was built in 1902, in Alder
Gulch near the intersection with Pole Gulch.. During its operation from
1902 until 1907, ore from the Alabama, Rub&, and Pole Gulch mines was
treated. The mill did not operate after 1907 and reportedly burned down
é few years iater. The remnants of a crusher and cyanide leaching plant
are located at the Hawkeye mine in the Alder Gulch area (see Plate XIII).
The Eailings,dump isinot very large and there is no recorded gold

‘production from the mill.
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III. GEOLOGIC UNITS

Precambrian Metamorphic Rocks

Rocks of Precambrian age occur in the Alder Gulch érea as
xenoliths ranging in exposed area from % square inch to.% square mile,
Gneisses and schists are described as separate units, but are not |
differentiated on the map. Outcrops of Precaﬁbrian gneissés andisqhists
which are 100 feet or more in maximum dimension are shown on Plate 1.
Although the ‘Precambrian focks in the Alder Gulcﬂ area aré‘enclosed by
intrpsive porph&ry on the surface, fhey could be COntinuoué aownward as
part of the basement rocks., In drill hole no. 2, three_ﬁodies of gneiss
and schist 100~125 feet thick were drilledhand are apparently cémpletely
enclosed by the intrusive. The distribution of Precambriap rocks in the
subsurface is as folloﬁs; in drill hole no., 2 from O to 125 feet; from
718 to.786 feet and from 922 to 996 feet (see Plate XIV). ZXenoliths of
gneiss and schist up to six inches in maximum dimension occur on the

~average of 4 per 10 feet in drill no. 2 and on the average of 2 per

10 feet in drill hole no, 1.

Gneiss

'Gngiss occurs throughout the map area but is less abundant in the
southwestern part. The gneissic rock is typically white with Black bands
2 to 15 mm wide. White bands contain feldspar and guartz while the black
bénds contain feldspar, quartz and biotite. In highl& fracturéd

silicified aréas the bliotite is cohpletely destoyed due to alteration and
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the rock is flooded with quartz producing a finely banded pure white
gneiss. Thé silicification of the‘éneisé is ioéally'coqfined_to.
individuai fractures affecting an é;eail to 2 mm wide while in £he
heavily fractured zones on the surface and in the. subsurface the gneis;
is completély silicified for hundreds of feet. The attitude of the
follation was recorded throughout the Alder Gulch area énd is shown on
Plate XIII. No evident patterns are suggested by the randomly oriented
attitudes.of the gneissic bands, possibly because most of the Précambrian
bodies are xeﬁoliths in the intrusive. The gneiséic foliation within
the mafgins of the intrusives generally dips away from the center ogf fhe
intrusive suggesting cﬁncordance with the overlying Paleozoic and

Mesozoic strata at depth.

Schiét

Black biotite-hérnblende schisﬁs crop out in the Aldér Gulch area
and are intercalated.with the gneisses in the area, The schist contains
hornblende, biotite, feldspar, chlorite and quartz and ranges in |
compositién from hornblende~rich, biotite-po&r to biotite-rich,
hornblende=-poor. Foliation of the schists is locally poor producing a
massive appearance. The schist units never exceed 10 feet in thickness
on the surfacevor in the drill holes., The relationship between.the
foliation inh the schist aﬁd gnéiss could not be determined in‘the Alder
Gulch area because of poor outcrqps. Near the Ruby Gulch mine the

foliation between the schists and gneisses is pé.rallel°




— Il A ) haind (N} Lt

21
Most of the small inclusions. (1 to 2 inches) in the intrusive rock are.
schist while the large inclusions are gneiss, possibly because the schist
was more easily broken up by intrusive éctivity.

Schist is ‘more abundant in the southwestern and southeastern parts
of the map afea.put in total makes up only épproximétely 1bﬁpercent of
the Precambrian rocks mapped. Alteration of the schist in fractured
silicified zoneé is.characterized'by'chioritizatiehAthch érdduqes a
crumbly dark g:c'een.rock.f

A glistening blaék amphibolite schist occurs from 780 to 786 feet
down in drill hole no. 2 but is not exposed at the surface in the Alder
Gulch area, Knechtel (1959) considers the rock to be a metamorphosed
Precambrian volcanic rock because of its distribution near the Landusky
group of gold mines in the southwestern paft of the Iittle Rockies.,

Paleozoic and Mesozoic rocks occur in the Little Rocky Mountains

but not in the Alder Gulch area.

Tertiary (Paleocene?) Intrusives
Alkalic intrusive rocks are the predomiﬁant rock type exposed in
the map area. Thé distribution of these intrusives outside the Alder
Gulch area was mapped by Brockunier (1936). His petrographic model
consists of a different rock type for each of the ﬁopographic and
structural domes in the Iittle Rockies based on slight mineralogical
and textural differences. The domes Bro;kunie; (1936) discusses are

topographic in the center of the mountains and are formed by the bowed
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up sedimentary rocks on the margins of the mountains., These models fit
ﬂis'theory that each of the domes is an individual.léccolith° In
general his large intrusive bodies can be grbuped into’two main types,
the Antone syenite porphyry which is typified by ;ess than ten percent
quartz and the Silvertip porphyry (alaskite) which is typified byl

greater thanltén percent quartz. .

Antone Syenite -Porphyry

The Aptone syenite porphyry is a light gray to tan rock which
varies in texture from a porphyry with large orthociase phenocrysts
(20 to 25 mm long) to one with small orthoclase phenocrysts (5 to 10 mm
long). The pbfphyry contains equal amounts of orthdclaﬁe and plagioclase
phenocrysts up to 25 mm long; hornbiende crystalé up to 5 mm long and a
gray microcryétéliine‘groundmass. Most of the inclusions’' of Precambrian '
gneiss and schiéf discussed abéve‘occur~in the Antone syenite porphyry.
In general fhis rock type occurs in the central part of the Little
Rockies intrusive mass (see Plate I)., In the Alder quch area this
porphyry is the.most common rock typé at the éurface. It is exposed over
75 percent of the map area (see Plate XIII) and is ﬁreSen£ to the
bottom of drill hole no. 2 and to 1420 feet in drill hole no. 1, The
Antone syenite porphyry is best exposed on the rounded ridgés aﬁd
V~-shaped gulches.in the map area, whe;eas the steep ﬁouﬁtainsides are
talus-covered. The Antone porphyry shows very few contgqt phenomeha

common to intrusive rocks in general.

N
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Within twenty feet of the contacts between Antone pdrfhyry aﬁd other -
rock types the porphyry is sllghtly finer-gralned but shows no allgnment
of phenocrysts. Contact metamorphlsm of the Paleozoic strata along
contacts with the intrusives is slight. Induration of the,sedimentary
rocks, emphisized by subsequeﬁt difterential weathering‘is‘noticeable

within twenty feet of the contacts (Weed and Pirsson, 1896 Brockunier,

1936; Dyson, 1939)

Silvertip Porphyry (Alaskite)

Descrlbed as an "aberrant" rock type by Brockunler (1936), he
.Sllvertip porphyry is exposed over 20 percent of the Alder Gulch area
and is baeically a quartz-rich Antone syenite porphyry (see Plate XIII).
" The snow white color, distinct, large phenocrysts end eugar-like
groendmass characterizeé the texture ef the porphyry. Silvertip-porphyry
is composed of equal amounts of orthoclase and plagioclase phenocrysts
15 to 25 mm ldng, and quartz phenocrysts up to 7 mm in'maximum dimension
which make up 10 to 20 pefcent of the rock. ?he groundmase is a white
microcrystalline mosaice.

Silvertip porphyry occurs mainly in.the domes rimming the Idttle
Rocky Mountains (see Plate I), (Brockunier, 1936). In the northeastern
part of the Alder Gulch area a body of Silvertip porphyry one;third
squar¢ mile in area is exposed, In the southeatern part of the area a
small siivef of'Si;vertip porphyry is exposee and'is shown on Plate XIII

along with a small exposure near the Hawkeye mine.
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In drill hole no. 1, Silvertip porphyry is found from 1,420.feet, to the
bottoﬁ of the hole at 2,004 feetﬁ but ié not encountered in drill hole
no, 2. The small mass of Silvertip porphyry near the Hawkeye miné
propably has a stock~like shape based on its occurreﬁcé.on the'surfaée
and in drill hole no. 1 from f,qao to 2,000 feet (Séé Plate XIII), This
evidence indiqateé‘thét the Silvertip porphyry intfﬁded the Antone
syenite porphyry; Very few Precambrian,metamorphié inelusions are
present in the Silvertip porphyry in the Alder Gﬁlch area., There is no
.topographic relief distinguishing outcrops of Antone syenite porphyry and
‘Silvertip porphyry because they have the same resistenée to‘erosion.

Siﬁilarity between the Silvertip and Antone syenite porphyries along
with the lack of distinct contact rélationships such as alignment of
phénocrysts and a chilled border makés mapping the units difficult
without thin section studies of the mineralogy. This similarity between
the two porphyries suggests a change in the source magma such as
assimilation of silica and a short interval in time between intrusions
rather than -two completely separate intrusions, |

Sub-pa;allel alignment of Silvertip porphyry phenocrysts within.
fifty feet of the contact with the -Antone syenite porphyry is present
near the intersection of sections 7, 12, 13 and 18 and élso near thg
intersection of Alder Gulch'anq sections 13.énd 18. This relationship

suggests that the Silvertip porphyry is younger than the Antone'syenite

porphyry.
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Sullivan Park Trachyte Porphyry

A Y-ghaped dike~like intrusive body 5,000 feet long termed the
SulIivan Park tréchyte porphyry is exposed in the western part of the
Alder Gulch area (see Plate XIII), A smaller dike of Sullivan Park
trachyte péiﬁhyry which is 250 feet long and'1OO feet wide occurs 1,000
feet north to northwest of the Hawkeye mine. 'Bréckunier!s terminology
is used for fﬁis'roék unitlbecause he ﬁappéd'exjosurés of it during his
study of the area. |

Sullivan Park trachyte porphyry is very consistent in textuie‘and
mineralogy wheré everkexpose‘d° It is a light gray quar£z-deficient
rock with distinct flesh~colored orthoclase phenocrysts in a fine;érained'
groundmass., Phenocrysts are mutually parallel within sixty feet of the
contact aﬁd subparallél throughout the dike. . The.Sullivan éorphyry does
not form prominent ridges.or gulches and is affected by erosion to the
same degree as afe the Antone and Silvertiﬁ porpﬁyries. Sullivan
trachyte porphyry is younger than Antone's&enite porphyry which it
intrudes but doeé not occur in crosscutting relations with the other rock

types,

Syenite Porphyry Dikes

Six dikes.}OO to 800 feet long and fifty feet wide  occur in the
east-central part of the map area (see Plate XIII). These dikes are
almost identical in mineral composition to the Antone syenite porphyry

which they intrude but texturally the dike rock is finef-grained with
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phenocrysts‘of orthoclaée and 'plagioclase up to 5 mm long. Lack of
frécturing and subsequent lack of hjdrothefmal alteration haﬁ,left these
dikes very fresh. Np alignment of phenocrysts is noted in the dikes.

The dikes stand ten to fifty feet above the surrounding rock probably

because they erode more slowly than the altered Antone syenite porphyry

that they intrude. Contact effects are absent except for a ringing
sound given off by the Aptbné syenite porphyry when struck with a
hammer within a few feet‘of the contact with the dikes, The_effedt
suggests ﬁaking of the Antone syenite porphyry by the syenite porphyry
dikés during intrusion, .The syenite'porphyry dikes are younger than
the Antone syénite porﬁhyry which they intrude, but do\not‘show
crosscutting relationships with the other rock types in-the Alder

Gulch area.
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IV. PETROGRAPHY
Precambrian Rocks:

. Gneiss
The black and white banded gneiss is—composea of'orthoclase
(35 to 40%),.piagioclase (20 to 25%), quarti (15 to 20%),-biotite
(15 to 20%),‘séricite (3%); clay minerals ta%) aﬁd_é trace oflmagﬁetite
(see Plate III, Figure 1), |
The amount of qﬁartz increases to a range of 25 ta 4O percent in
_strongly altered areas (see Plate XIII) aloﬁg with ﬁhe’dccurrence of
ﬁyrite, sericife and fluofite. Biotite is ébsent‘in strongly alterea
areas. Orthoclgse and plagioclase are uniforﬁly aﬁundant tﬁrqughoﬁt the
area, |
Quartz occﬁrs as fibbop-like and lenticular composité grains with
both smooth and‘irfegular boundaries and slight to strohg undulose
extinction, ';ninidual grains are elongated parallel to the -foliation
with a maximﬁm width and length of .5 mm and 5 mm fespectively. Quartz
veins which fill fractures that are parallel to thé'foliation are
abundant along with a few quartz filled fractures that are oblique to '
the foliation. | B
Orthoclase occurs as anhedral to subhedral crystals which show a
subparallel aliéﬁment with the foliation. Crystals are nearly
'eﬁuidimensiqn&l with a maximum length of .5 mm, Mést of thé orthoclase
is moderateiy sericitized and is characterized by ifsvcomparatively low

relief in thin section,




Figure 1.
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Precambrian me tamorphic gneiss (unaltered)




)l 1] | N ST A TS X

29

Plagioclase_occurs as subhedral-equant crystals up to .5 mm in
maximuﬁ dimensipn. Albite and Carlsbaa twinning is comﬁonrbut.faintly
visible due to_sericiti?ation. Plagioclase composition ﬁrobably ranges
from albite to oligoélase since in thin section the index of refraction
is always less than or equal to‘that of the Canadian balsalm cement
(1.537). HAlbite’ and oligoclase have refractive indicés of 1,528 to
1.538 and 1.532 to 1.550 respectively (Kerr, 195§),.

Subhedral biotite,’up to 2 mm long; is commonly bent, and elonéated_
parallel to the foliation, Crystals are‘rarel& unaltered with partial
alteration.to chlorite common, In strongly altered areas biotite and‘
chlorite are absent dué to flobding of the rock‘wifp quartz (See Plate-

. |
III, Figure 2). |

Pyrite occurs in crystals up to 3'mﬁ in diameter in the fractures,
along with quartz and purple fluorite,. "Magnetite is scattered sparingly
throughout the.roék. Sericite and kaolinite occur as alteration

products masking the feldspars in strongly altered areas (see Plate III,

Figure 2). ;

- Schist
The schists are composed of hornblende (0 to 45%); biotité (0 to
45%) , orthoclése (25 to 30%), plagioclase'(10'fo 20%), chlorite
(0 to i5%), éuartz (0 to 5%), sericite (O to 1%) and magnetite (0 to 1%).
The mihéralogy of the schist varieé both wn the sﬁrface and in the

subsurface with biotite and hornblende locally absent..
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Chlorite is more abundant in biotite-rich rocks. Plagioclase is less
abundant in biotite-poor schists, Eorﬁblende, chlorite and biotite are
the only m;neral grains elongaﬁed parallel to %he schistosity.

Hornblende is always partially altered to chlorite and rimmed by
magnetite alteration, Contorted laths of hornblenée may reach 2 mm in
lgngth. A few' grains are seam twinned énd a few are replacéd by biotite.,

Biotite occurs in appreciable amounts in a few of the{schist
incluéions presenf in drill hole no. 2. Subhedral to‘euhgdral crystals
up to 1 am long arercommonly elongated parallel to the Schistosi£y, Iﬁ
biotite~-rich schists most crysta;s are at least'partiaily altered to
chlorite., Iﬁ biotite~poor schists mpst crystals are rep;acément
products of hornblende.

Orthoclase has grown as equanf subhedral crystals ué to 5 ﬁm in
maximﬁm dimension; Most of the orthoclase is weakly seriqitized
.showing alteration only along cleavage planes and fraé?ures.

Plagioblase forms subhedral slaths up to 5 mm in maximum dimension.,
Albite and Carlsbad twinning of plagioclase is present in all the schists
examined, Composition of the plagioclase by the Michel~Levy method is
approximately andesine (Anyg) . |

Quartz is present as scattered equant crystals up to 1 mm in

maximum dimension. Chlorite forms as anhedral masses replacing

hornblende and biotite. Magnetite rims hornblende énd is in places.seen

throughout hornblende crystals., Sericite occurs as a replacement of the

feldspars.

N
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Tertiary Intrusives

Antone Svenite Porphyry

This rock contains phenocryéts of f;esh-colored Qrthoclase and
gray plagioclase ranging from 5 to 25 mm invlength. These pﬁenocrysts
make up ‘about 50 _percent of the rock., The grounamass is made ﬁp of |
orthoclase and quartz. | .

Average mineral percentages are: orthoclase (45 to 55), plagioclase
(30 to 35), hornﬁlende (5 to 10), augite (2 to 3), aegerine-augite:
(1 to 2), biotite (1 to 2), and magnetite (O to 1), (see Plate IV, |
Figure 1), The secondary minerals gquartz (0 to 20%), fluorite (0 to 1%),
pyrite (O té.z%) and sericite (0 to 1%) form in veins and are also
disseminated throughout the rock,

Equidimensional éubhedrai to euhédral.orthociase phenocrysts
10 to 25 mm iﬂ maximum dimension 1dcaliy show Carlsbad twinﬁing and
commonly show concentric zoning; Sone phendcfysts occur as ofthoclase
envelops enclosing a central crystal core o:lplagioclase (see Plate IV,
Figure 1). A few composite phenocrygts of‘orthoclasg contain inclusions
of augite, éegerine—augite and hornblenae and.are riﬁmed by plagidclaseA
crystals (seé Plate V, Figure A)o The composite orfﬁoclase phenocrjsts
are unaltéred s#ggesting a sé;ondary origin (see Ch, Vi) but no
inclusions of groundmass within orthoclése phenocrys£é were noted in any
of the sectioﬁs éxamined. |

Euhedral to subhedral plégioclasé.phenocrysts ranging from 4 to

12 mm long are present as unoriented laths,




Figure 2,

Silvertip porphyry

He

Plate IV
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Plate V

Figure 1. Antone syenite porphyry showing large fresh orthoclase
phenocryst and inclusions of plagioclase, aegerine-augite
and hornblende.,
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Elongaté crystals found as inclusions in orthoclase phenocrysts are
oriented parallel to the cleavége planes, Albite, Carlsbad and
albite~Carlsbad twinning are common features. Composition determined by
the Michel-Levy method and by oil immersion studies is albite (Ang) and
oligoclase (Anpp) with the latter more abundant, Sericitization is
present in all 'sections examined and ciouds the optical propérties.

Elongate euhedral hornblende phenocfysts 4 to 6 mm long are locally
present but are generally parfially to completely repléced by biotite
and pyrite (see Plate V, Figure 1), Magnetite forms along the rim of °
hornblende phenocrysts, Most crystals are pleochroic in shades of green,_
a few are seam twinned.

Augite occurs as subhedral crystals 6f prismatic habit up to 2'mm
in maximum dimension and are often partially replaced by hornblende,
Pleochroism is weak to absent and is commonly maské§ by alteration of
augite tb magnetite and pyrite.

‘Elongate anhedral crystals of aegerine~-augite up to 1 mm long are

present as inclusions in orthoclase phenocrysts (see Plate V, Figure 1).

Biotite occurs as a replacement of hornblende and is commoﬁly absént.
Magnetite rimé and is included in augite and‘hornﬁlende.

Pyrite is a secondary mineral which is commonly .found replacing
augite. The secondary minerals pyrite, quartz, sericité, calcite and
fluorite occur as fracture fillings and as disseminated.grains in the
groundmass and will be‘discussed in the chapter dealing wi?h alteration

and mineralization (see Ch. VI).
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Silvertip Porphyry (Alaskite)

Silvertip porphyry is composed 6f piaéioclase (30 to 50%),
orthoclase (25 to 40%), quartz (15 to 25%), magnetite (O to 1%) and
secondary quart; (0 to 10%), calcite (O to 3%), pyrite (0 to 2%),
sericite (0 to 2%), and clay (0 to 1%), (see -Plate IV, Figure 2).

Phenocrysts of orthoclase are commonly mo?e abundant than
plagioclase. In orfhoclase-poor sections the rock approaches a quartz
monzonite porphyry in composition although no‘dark;colored minerals are
present. The groundmass makes up approximatel& 50 percent of the rock
and contains orthoclase and quartz.

Tﬁe piagiéclase occurs as unoriented anhedral té subhedral laths up
to 5 mm long. 'Crystals are commonly masked ﬁy sericite alteration and
have corroded margins and a pitted appearance accompaniéd by calcite
alteration. Carlsbad, albite, pericline and combinéd Carlsbad—albite.
twinning is preéent in all sections of the rock examined. Composition
of the phenoérysts.determined by the Michel~Levy method and by oil
immersion studies is oligoclase (Anzé).

Anhedral to euhedral equant crystals of orthqclage occur from Q to
25 mm in maximum dimension. The larger phenocryéts are subhedral to
euhedral and-cdntéin piagibclase inclusions which:are aligned parallel
with the cleavége pianes. Crystals commonly have pitted surfaces which
§ontain calcite and sericite, The smaller phenoéryéts of orthoclase and
ﬁlagiociase are more.altered by calcite, sericite,.fluorite and pyrite

than are the larger (10 to 25 mm) phenocrysts of orthoclase.

Ve
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Equant quartz phenécrysts are intérstifial and are from-2 to 7 mm
in maximum dimension. Mosf grains have rounded irregular boundaries.
Approxima£ely one~half df the quartz present is interstitial in the
groundmass., Crystals are unaltered except for sericite alteration
along fractures, A few grains contain incluéions of the gréundmés;
suggesting confémporanéous crysﬁallizétion.

The secoﬁdary minerals pyrite, quértz, sericite, calcite .and
fluorite occur as fracture fillings and as disseminatedngrains_in'the
groundmass and will be discussed in the chapter dealing with alteration

and mineralization (see Ch, VI).

Sullivan Parlk Trachxte_Porphxrz

The texture of the Sullivan Park trachyte porphyry is characterized
by well alignéd phenocrysts and alignment of microlites in fhe
gréLndmass.. Phenocrysts make up from 55 to 80 pefcent'qf the rock,
The grgundmass is made up of orthoclase and quartz.

Range of mineral percentages are: orthoclase (75 to 85), plagioclase
(8 to 12), quartz (2 to 5), aegerine (1 to 2), and secondary minerals
magnetite (0 to 1), pyrite (0 to 1) and clay minerals (1 to 3).
Euhedral orthoclase phenocrysts, which are from 5 to 30 mm long and
tubular shadped commonly show Carlsbad twinning,v Most grains are only
faintly clouded by sericite alteration. Subhedral to euhedral laths of

plagioclase are present up to 8 mm long. Composition is Anaq, (oligo~

clase) by the Michel~Levy and oil immersion methods. _Most crystals are

P
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partially altered to sericite and clay minerals (halloysite?). Carlsbad,
albite, periqiine énd combined Carlsbad-albite twinniﬁg are present in
all of the sections examined,

Euhedral aegerine crystals up to 2 mm long are scattered throughouf
the rock. Partial alteration to clay minerals and magnetite obscures the
optical properties, but a slight yellowish-green pleochroism is preseﬁt.

Quartz is restricted to the groundmass and is characterized by the
lack of alteration affects. Pyrite is found as fracture fillings and as
" a few grains disseminated throughout @he groundmass in strbngly

mineralized areas (see Ch, VI).

Syenite Porphyry: Dikes

The dikes are less porphyritic than the oﬁher intrusive rocks and
consist of orthoclase (50 to 60%), plagioclase (25 to-35%), quartz
(Z,to.q%), augite (1 to 3%), and secondary minerals magnetite (1%),
sericite (0 to 2%) and clay minerals (0 to 1%).

Equant orthoclase phenocrysts from 2 to 5 mm in maximum dimension
are anhedral t6 subhedral., 4 féw grains are clouded by sexricite
alteration and a few are pitted and corroded on their margins, Subhedral
'laths,of plagioclase up to 4 mm long, ha&e é composition of Anpzy,
oligoclase by tﬁe Michel=~Levy method., Anhedral augite up to 2 mm in
‘ maximum.dimension is partially altered to sericite,,ciay minerals and
magnetite, The phenocrysts grade in size into thevgroqndmass which

consists of guartz, orthoclase and plagioclase.
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V. LOCAL STRUCTURE

Shear Zones

Shear gzones in the iittle Rocky Mountains hafe been citeod Sy’many
geologists as the main factor controlling the configuration of the gold-
deposits (Wegd and Pirsson, 1896; Corry, 1933; Bfockunier, 1936; Dyson,
19;9; and Bryapt, 1953), The réason for this 1ocali2ation is that.the
stréng fracturiﬁg of the rock in the shear zones provideg channelways
for the hydrothermal solutions which deposited,the gcldvand other
minerals.. Thé.Landusky group (see Plate I) of gold mines iﬁ.the
western_part of the Iittle Rocky Mountains is located along neariy'
vertical northeast striking éhéar zones (Emmons, 1907; Corry, 1933;
Dyson, 1939). In the eastern part of the Iittle RéckyﬂMountains, the
Ruby Gulch group of gold mines is aligned along nearly vertica1 nor£hwest‘
striking éheaf zones (Emmons, 1907; Dyson; 1939). Disrlacement along
the shear zones probhably ranges from a few feef up to a maximum of two
hundred feet based on the offset of bisected Precambrian metaﬁorphic .
rock xenoliths (Brockunier, 1936; Knéchtel, 1959). -Thé shear zone five
hundred fee£ east of the Hawkeye mine is mapped as a major fault
because of thé presence along its strike of breccia, abundanf
slickensides, displacement of small gulches and the topographic: saddles
formed along it near the Hawkeyg mine and on thg next ridge to the-south,
The small‘éméunﬁ of displacement along the gulches, is detectable
only on the air photo and is probably a young.feature indicéting

continued movement along a pre-existing fault. In the Alder Gulch area
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the mineralization is distributed along the trace of nearly vertical
éhear:zbnes (éee Plate XIII), _Northeastwérd across‘the~Alder Gulch
area, the most prominent group of parallel shear zones trend N35°W
near the Hawkeye mine and N40~50°W near the Alabama mine, Other minor
shear zones in the Alder Gu;ch area show no parallelism with adjacent
shear zones or any consistency in trend and commonly intersect the main
shear zones. Such inter;ecting shear zones in the Alder Gulch area
produce theilafgést mésses of secondary (quartz-p&rite-éericite)
mineralizétion {see Plate XIII), in particular at the Hawkeye mine and
the mineralized area in Alder Gulch in the western part of section 18.
Breccias near these two mineralized areas may be the result of the
strong fracturing along two directions, Apother factér to be considered
is the intrusiog of the Silvertip porphyry into the Antone syenite
porphyry (see Ch, III fér discussion of order of intrusion). Contacts
between thé two porphries are located near the breccias in the Alder
Gulch area suggesting that the breccia fofmed‘due to stress caused by

the intrusion of Silvertip porphyry into the Antone POrphyry.

Breccias
The b;eécia‘in the Hawkeye mine contéiﬁs unoriented angular,
equidimensional fragments of Antone syenite porphyry up to 12 inches in
maximum dimension in a matrix of fine-grained quartz and pyrite (see
Plate XII, Figure 2). In.a feﬁ parts of the breccia the matrix’ consists

of a fine—gréined rock flour consisting of crushed Antone porphyry.
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In drill hole no. 1 six feet of the breccia was encountered at depths
from 445 to 451 feet. The breccia zone is exposed oﬁly in one corner of
the Hawkeye pif.

The breccia in Alder Gulch and directly north of the Héwkeye mine
is in a fault zone (see Plate XIII). The breccia extends for 200 feet
~and varies in width from 25 to 60'fee£@ Thié bfeccia is similar to the
one at the Hawkeye.ming éxcept that it has a‘sparse amount of secondary
quartz and pyrite in the matrix. In the outcrop the breccia resemblesa
sedimentary'cpnglomerate because of its subrounded fragments which
project from the rock flour matrix., The conglomeratic appearance is

b . . .
caused by spalling off of the corners of the breccia fragments which
erode slower than the matrix.,

The 1ar5est area of brecciated Antone syenite porphyry is in
tributaries of Alder Gulch in the eastern part of the map area (éee
Plate XIII). The main breccia extends for 1,100 feet along the bottom
of a tributary of Alder Gulch in a shear zone., The brecciated rock can
be traced contiﬁuously for up to 300 feet as it branches,'pinches and
swells. Individual branches never exceed fifty feet in width. Breccia
also occurs 500 and 1,000 feet farther west and within 100 feet of Alder
Gulch., Fifty pefcent‘of the matrix of the breccia in thgveéstérn part
. of the Alder Gulch area has .been completely siiicified and pyritized
while the remaining matrix is unalteréd rock f}our. |

All of the breccias in the Alder Gulch area contain some‘angular,

equidimensional unaltered fragments of Precambrian rock up to .six inches
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in maximum dimension, suggesting that the breccia zones are intrusive
pipes related to magmatic activity at depth, bul the following discussion
tends to refute this theory. The planar shape of two of the breccia
units, alignment-of the breccias along shear zones, and the lack of flow
structures in the breccia matrix suggest that the brecciation originated
by physical fracturing.
A probabie sequence of formation of the breccias is as follows:
1« Intrusion of the Silvertip pqrphyry into the
Antone syenite porphyry causing mechanical
brecciation of the Antone syenite porphyry near
the contact, The brecciation may have been
localized by pre-existing planes of weakness,
2, Silicification, pyritization and introduction of
the other secondary minerals into fthe breccia.
The crushed rock flour matrix was more easily
and completely altered and replaced than werec
the breccia fragments because of the increased
porosity and the lack of interlocking
crystalline structure in the former,
Another possibility is that the brecciation took place along shear zones
after the Antone and Silvertip bodies had been emplaced,’ However this .
hypothesis seems less likely because the breccia is qonfinédAto one host

rock type throughout the Alder Gulch area and is generally localized near

“the contact between the Antone and Silvertip porphyries.

Joint Patterns
Fracturing of the rock in the map area is not confined to the .shear
zones, but rather the shear zones are prominent because the rock in then

is more heavily fractured than average for the area and the wall rock
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shows evidence of displacement. Brockunier (1936, p. 38), noted that;
"The porphyry throughout the area is so fractured that each blow of the
hammer merely reveals another rust stained surface, and a fresh hand
specimen is a desideratum rarely realized,"

The trend of joint sets was recorded throughout the map area to
determine if a prominent joint system ekists. In any one outcrop the
fracturing trends in many different directions, s0 to make the study
valid only the trend of joint sets (a gfoup of parallel joints, Billings,
1954; p. 108) were recorded at each of thé stations. On Plate XIII the
96 recordings of the trends of joint sets are represented by five
rosettes. Fach rosette portrays 18 to 22 individual feadings of the
trend in approximately a quarter section. Individual joints vary from.

1 to 2 inches apart and weren't considered a set unless 10 to 12 joints
in én outcrop were consistent in trend. The rosettes.don't reveal any
obvious structural patterns in the Iittle Rocky Mountains but suggest the
following:
1. The joint system in the map area consists of
- primary sets of N25-45°W, N55-75CE and secondary
sets of N10-209E and E-W,
2, The joint sets echo the paftefns of the shear
zones in each of the five areas represented by
the rosettes. In areas where there are only a
few narrow shear zones which are primarily
striking in one direction, the joint sets are
fairly simple, for example in the southwest
corner of section 13 (see Plate XIII), Where
the shear zones are closer together and
intersecting, the rosette shows a greater

scatter of the fracture directions, for example
in the western part of section 18.
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A Schmidt eégal area projection plot (lower hemisphere) of all the
fractures or joint trends is shown on Plate VI, The pole normal to the
fracture planes is plotted to give a point diagram which in turn is
contoured by using a Kalsbeck counting grid. The counting grid consists
of overiapping hexagons each making up one percent of the total
projection plot area. The contohrs-represent>?, 5, 3, énd 2 percent of
the total poiﬁts. This plot refines the measurements of trends of the ‘
joint system present in the Alder Gulch area, Primary sets are N10°9E,

N65°E and N35°W, and secondary sets are N45°E, and E~W (see Plate VI),.

Qrigin of Structures

In general, the prominent trendlof Jjoint sets in the sdﬁtﬂwéstern
part of the Alder Gulgh area and the southwestern part.qf the Little
Rocky Mountains is N65°E; the prominent trend in the éentral and southern
part of the Alder Gulch area and the southern pért of the Little Rocky.
Mountains is N]OOE; and the prominent trend in the‘northern rart of the
Alder Gulch area and the northérn part of the Little Rocky Mountains is
NL5°W, The origin and control of the fractures and shear zones in the
Litxle Roéky Mountains has been explained by geologisté in the following

ways:

1. Compressive forces caused the shearing,
brecciation, and discontinuity of the gold
deposits (Emmons, 1907).

2, Uplift (caused by the intrusives) produced the
structures, which radiate from this center of
uplift especially near the contact between




Primary trends

NIO°E

N65°E

Contoured on percent of measurements in one percent of area
o] 5-7%
= - 3-5%
2-3%

Plate VI. Schmidt equal area projection plot (lower hemisphere)
of 96 joint trend measurements in the Alder Gulch area.
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intrusive- and host rocks (Corry, 1933).

3. The conduits feeding the laccoliths caused
localization of strong fissuring above them
(Brockunier, 1936), ‘

v, Consolidation of an. underlying intrusive.later
than the Idittle Rockies intrusive caused
shearing (Brockunier, 1936).,

. 5. Relaxkation and shrinkage of thé intrusive after
its consolidation caused the shearing (Dyson,
1939). : '
Each of the above mechanisms has probably contributed to the fracturing

and shearing in the ILittle Rockies except no,'3; Bach laccolith conduit

should be characterized by a radial fracture pattern in the intrusive

rocks above it to fit model no. 3. This is not thg case., In analyzing
the structure of any intrusive, Hills‘(1936) suggests considerihg the
pre-existing regional trends and planes of weskness along with the joint
sets directly related to the intrusive.. In the Little Rocky Mountéins.
and Alder Gulch area, the main northwest and northeast shear zones are
similar in trend to regional directions of fracturing in the maip.Rocky
Mountains t& the west where strang northwest and noftheast fault? fold,
and Joint.trends are attributed to compressive forces. On the oiher
hand, the trend of shear zones in the Little Rocky Mountains appears to
fit the pattern of Hills (1963) in which granite intrusives display two
sets of fractures which are nearly perpendicular to each other. One of
Hillts fracfure sets, however, commonly dips at a 45 degree angle unlike
the vertical fractures in the Little Rockies. It is likely that the

fracture trends in the ILittle Rockies cannot be explained by any one
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hypothesis as is true in many localities. The following. factors probably
influence the structural trends in the Little Rocky Mountains:

1. Regional structural patterns existing before
intrusive activity in the Little Rockies,

2, Forceful intrusion.and consolidation of the’
porphyries, '

So Post-intrueive regional uplift.

L, Shrinkage and relaxation after intrusive
activity had ceased.

5. Recent normal faﬁlting.
Meny of the large anticlines agd synclines in Central Montana possibly
were synclines apd anticlines respectively before the Laramide orogeny.
Pre~Tyler (Missiesippian) normal faulting of blocks of basement rock
(Precambrian) into grabens formed synclines which controlled Tyler
Formation (Mississippian) deposition. But the Tyler Formation is
thickest along the axis of present‘day-anticlines in the:'
seAimeﬁtary rocks,., Cooper (1956) concludes .that iaramide reverse
movement on the basement faults, caused by east-west compressive fofces,
formed the anticlines in the sedimentary rocks, If the Little Rocky
Mountains were involved in this process, eVident}y at least part of the
uplift of.the‘Paleozoic and Mesezoic strata in fhelLittle Rocky Mountaiﬂs
oqcurfed duripg the Laramide before intrusive activity. If Cooper's
hypothesis applies to the Little Rockies i£ suggests the presence of
planes ofVWeakness due to faulting in the.basement rocks below‘ehe

present Little Rocky Mountains which would facilitate emplacement of the
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intrusive masé.

Post-intrusive uplift is sugges;ed by the ring faulting peripheral
t0 many domes in the Iitt;e Rocky Mountains (see Plate I).. Continued
intrusion and/or uplift would cause fracturing of the intrusions already
emplaced. Forceful intrusion and consolidation of each of the porphyries
would cguse fracturing of the intrusive bodies already consolidated,
Lack of assimilation of the metamorphic and sediméntéry rocks bj the
intrusive an& lack of contact metamorphism suggést a'force:ul,idry
and/or viscous intrusién.

| Shrinkage and relaxation of an intrusive mass after it is émplaced
is common aﬁd produces fracturing, shearing and brecciation s;ch as is
present.in the ILittle Rockies. Recent normal faulting is suggested by
the offsgt of gulches which is evident on the.air photographs.

It is most 1ike1y'that the five hypothesis discussed are all
factors which affected the structure of the Little Rocky Mountains.
Evidence of the complex ﬁistory of shearing and fracturing 'in the Little
Rocky Mountains is the presence of many veins which‘have‘been offsét,
slickensides present along quartz and pyrife veins, and shear zones that

transect these major veins.
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VI. ALTERATION AND MINERALIZATION
(LITTLE ROCKIES)

Some of the previous geologic investigations in the Iittle Rocky

Mountains were primarily concerned with the occurrence of gold deposits .

(Emmons, 1908; Corry, 1923; Dyson, 1939; and Bryant, 1953), The

descriptions of rock alteration and mineralization in the Little Rocky .

Mountains by all previous investigators (see‘CH{_T)-weré also béseq
around the primary gold ore, \

Emmons (1907), éorry (1933), and byson (1939 qonclﬁded that the
alteration associated with the gold deposits in the Little chkies
consists of a-suiphide zone and an oxidized zone, .Both zones are
confined to shear zones similar to those discussed in Chapter VI
although pervasive silicification and p&ritization‘of.the.wallArock
beyond these zones is éommon (Gorry, 1933; Dyson, 1939).

The oxidized zone 1is chéracterizéd by the ﬁre;enpe of iron oxi@eé,
and quartz albng with trace amounté of nativé gold and gold £eilurides
wﬁich increase in abundance with depth., Oxidation of the mineralized
shear zones extends to @ore than 500 feet below the sﬁr}ace'ip the Rub?
mines (Dyson, 1939) but. is confined fo the:fractured greas in tﬁe
deposit.

The sulphide (hypogene) zone contains abundant-quartz and pyrite
with smaller amounts of seficite,'Calcite, fluorité, native gold and
gold tellurides. |

Indicators of gold ore in the sulphide zone are the presence of

fluorite and a decrease in the amount of pyrite (Corry, 193%; Dyson,
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‘

1939). In the'oxidized zone indicators of ore éré manganese:oxide_gn&
chalcedony (Cor?y, 1933; Brockunier, 1926). ‘

Replacemgnt deposits,aiso occur in limestone o£~0ambrian age in
Pole Gulch and Beaver Creek (see élatg 1) within a few feet of the
intrusive contact, Silicificatioh and:fluoritization of the limestone
along Bedding planes aﬁd fractﬁres cha:acterizes.the replacement deposits
(Corry, 1933). The intrusive rock near the replaééméntudeposiis is
altered and gold-beéring ag described abbve.

Alteration and Miﬁeraliidtion
(Alder Gulch)

The - purpose of -this discussion of the rock alteratiom and

mineralizatibp in the Alder Gulch area is not solely to facilitate the

search for gold in the_Little Rdcky Mountains or similar geologic

ﬂenvirbnments, " An attempt is made to describe both the.physical and

chemical environment of alteration and mineralization as . a contribution
to the study of hydrothermal alterationrand'aséociated base metals and

precious metals.,

Mineralization
Ore minerals encountered in the Alder Gulch area are native gold,
gold telluride, galena, sphalerite and molybdenite, Native gold

intergrown with telluride is found in the Hawkéye mine (Brockunier,

1936). Galena and sphalerite occur in drill hole no, 1 (at 1,195 feet)

only in a three inch vein along with pyrite, quartz and sericite.
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The galena and. sphslerite is accompanied by magnetite and abusdant
Precambrian metamorphic gneiss inclusions in the Antone syenite porphyry
from 1,125 feet to 1,350 feet in drill hole no., 1 (see Plate XIV).
Molybdenite is disseminated through a 2 inch quartz vein in driil
hole no. 1 at 346 feet, | - -

Eighty-eight rock samples viere collected by Robert McNeil (field
assistant, 1968) in the map area on a 500 foot grid (see Plate VII and.
VIII) and ana;yzed for éopper and molybdsnum content by'geochemicai
{(wet) analysis.' For comparétive purposes, averagezcsnteqt of éobpér,
ﬁolybdeum, gold, and silver in parts per.millisn in Certain'érustql

rock types is shown in Table 2 (Turkian and Wedepohl, 1961).

Table 2. Concentration of some metéls in granitic and syenitic rocks
' in the -earthis crust (parts per million)9 (from Turekian and
Wedepohl, 1961).,

GranitiC‘ o | . Sysnitic
copper o | : 10 | '4 . 5
molybdenum IR | 6
gold | 004 007
silver | " O . | 0%
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Plate VII. Geologic map of part of the Alder Gulch area (sée Pate XIII).A
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Plate VIII. Geologic map of part of the Alder Gulch area (see Plate XIII).
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The results of geochemical analysis of 88 rock samples for
molybdenunm content are shotn in Plate VII. Values range from O.to 500+ -
ppm for the rock samples. .Plate ViI shews that anomaloﬁsﬂhigh molyodenum
values exist along the- fracture zZones and alteration halos. in the Alder
Gulch area. High molybdenun values adjacent to the Sullivan trachyte
'porphyry dike in the western part of the area.decrease abruptly into
the dike. The trachyte porphyry possibly did not react with or transmit
. the hydrothermal solutions and acted as a dam concentrating the
molybdenum, Preasure, temperature and chemical (such as solubility)
conditions may have also helped localize mnolybdenun along the Sullivan
trachyte porphry dike., No copper suibhides aoccur in the Alder Gulch
area, but malachite is present northeast of drill hole no. 2 along the
fracture gone where it crosses Alder Gulch., The malachite is present
as thin coatings along a few fractures. The results of geochemical
analysis of 79 rock samples for,copper‘content are shown in Plate VIII,
Values range from é to 270 ppm for the rockfsamples which are from the
same group of rock samples a8 those‘analyzed for molybcenum content,
The higher copper values are present within the alteration halos and
seem to be unaffected in magnitude by different rock tyyes (see ‘
Plate VIII), Goncentrations of copper and molybdenum mlnerals are

too low in the Alder Gulch area to be of. economic significance.

Al teration

Alteration minerals in the Alder Gulch afea are quartz, orthoclase,

it
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pyrite, sericite, fluorite, magnetite and calcite, ;Thesé minerals don;t
occur in a distinct zonal arrangement, but are related spatially to.
the vertical fracture and shear zones producing the elongate alteration
patterns shown on Plate XIIi. Units of mappable rock alteration are
as much as 1,000 feet wide and nearly one mile long. Alteration
balos up to a few feet wide, occur throughout the Alder Gulch area
around individual fractures; but were not mapped unless they wers
a pa:t'of a major fracture system. The alteration zones are present in
the Antone syenite porphyry but pinch down in thickness when passing
through other rock types. In the Alder Gulch area hydrothermally - .
altered areas are characterized by the following: o

1. A central alteration zone consisting of
heavily fractured rock containing pyrite
and quartz~filled fractures; gquartz flooding

~of the matrix, disseminated pyrite,
sericitized feldspars; and locally, fluorite
and manganese oxides,

2. A halo around the central zone characterized
by a partially silicified groundmass,
disseminated pyrite and locally hairline
quartz veins,

3. A zone along the outer edge of the alteration
halo characterized by some disseminated -
pyrite and bleaching of the host rock,

A1l of the above zones are gradational into one another, and the
outer zone is gradational into fresh rock. Alteration is irregular and

discontinuous across the area. The central leavily fractured zone is

tabular in overﬁll shape, from 6 inches té 25 feet wi@e ahd ﬁp to
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hundreds of feet long and deep (see Plate XIII), A4 graylsh white to,

gray color characterizes the central zone of alteration in an

unweathered éuﬁcrop,_but surface weathering produces a‘feddish-orange
color due to dkidation,of.pyrife. The outer two zomes of alteration

were not differentiated in phe nap érea because they areiintéégrédationélo
The middle zoné or halo {(see no. 2 above) delineates the extent of -
quartz.fiooding.of the groundmass while the outer biééched_zone'(sge 3
above) 1s the outer limit of disseminated pyrite. |

Locally the outer bleached zone is not préseﬁt. Calcite and
fluorite are coﬁmon in the Silvertip porphyry as disseminated minerals
and are generally confined to fracturé'zones in the -Autone syenite
- porphyry. Calcite does not occur on the surface in the Aldgr Gulch
area suggestiné‘huéhange.in chemical composition of the intrusives-
at depth,

The rock alteration in drill holes no. 1 and no. 2 doesn't reflect
the concentric alteration zones described above becausé the fracture -
zZones are néarly veftical and’thé drild holes the:efore stay in one
alterétidn zone, However, wertical zoming of the alteration minerals
controlled by the intrusion of Silvertip pqrphyry into Antone syenite
porphyry is suggested'by the mineral relationships in drill hole no. 1
(seé Plate XIV), The alteration halo aiong the intrusive contact
between the Silvertip porphyry and the Antone syenite porphyry is

the same mineralogically as the halo around the fracture zones.
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¥Within 100 to 300 feet of the contact between the two rock types the

groundmass of the Antone syenite porphyry is silicified and pyxitized,

and contalns disseminated calcite and fluorite. The groundmass of

the Silvertip porphyry is partially silicified in the fractured zones.

The vertiéal distribution of alteration minerals in drill hole

no. 1 is as follows (see Plate XIV);

1.

Potrography

SURFACE

Silicification and pyritization of the

Antone syenite porphyry and fracture filling
along channelways proveded by vertical fracture
zones extending to the present surface.

(These are the fracture zomes and alteration
halos described earlier in the chapter and
shown on Plate XIII),

Silicification and pyritization of the Antone:
syenite porphyry within 100 to 300 feet of
the contact with the Silvertip porphyry.
Partial éilicificaﬁion,and pyritization of
the Silvertip porphyry. ‘

BOTTOM OF HOLE

Quartz is a widespread alteration mineral in the Alder Gulch area

and is present as a replacement of the groundmass of the intrusive

rocks and'as-fracture fillings. Quartz as a replacement of the

grounémass forms an anhedral microcrystalline even-bextured ﬁosaic

(see Plate IX, Figure 1). It is distinguished from the ‘primary
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Plate IX

Antone syenite porpnyry showing the silicified

Figure 1.,

groundmass.

one syenite porphyry showing a partially silicified

groundmass,

P |
iv

Figure 2,
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groundmass minerals of the intrusive rocks by its éven texture and
uniform.freshnéss as seen under the petrographic microscope. 4
partially silicified groundmass is characferized un¢er the petrograppic
microscope'bi irregular lobe shaped ﬁasses of secondary quarti whicﬂ
‘are separated frém the ofiginal grouﬁquss by a sharply distinct
boundary (see Plate IX, Figure 2)0‘ Near quaitz veins, grains in tﬁe
silicified groundmass become gradually coarser toward the vein up to
1 mm in maxiﬁum dimension.. Feldspar phenocry§ts exhibit the same type
| and e#tent of alteratiqn.wﬁether in silicified or_uhsilicified
groundmass. Feldspér phenocryst boundaries are corroded in intrusive
rocks which have a silic¢ified groundmass. Qnértz phenocrysts in the
Silvertip'Poréhyry commonly ‘have overgrowths beyond thai;-ofiginal
boundaries. The overgrowths commonly enclosé cubic pyrite cryétals,
Quartz veins_in'thg Alder Gulch area consist of composi@e‘gra;ns up t;'
‘1.5 mm and cgntain éyrite, magnetite, mélybdenite; native gold, gold
tellurides, sericite, fluorite, calcite and seconda:y_ofthoclase.
Quartz probably occurred both earlier,_contempqraneous with, and latef
than all thelminerals except the fluorite and gold télluridés which
occur only in the interstices of the veins, Native geld is foupdlboth
in the interstices of the veins and disseminated throughout the guartz
present in the mines in the Iittle Rocky Mountains (D.yson9 1939).

Pyrite occurs as fracture fillings and disseminated grains in the

matrix of the intrusive rock.
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It is common throughout the Alder Gulch area and is usually less
abundant than quértz as a fracture filling, but locally fractures
up to 3 inches wide.contain pyrite in the absence of quarfz.
Disseminated pyrite is present as individuél crystals and as clusters
of cubic ocrystals., Locally pyrite is present as cubic crystals within
the pseudomorphs remaining after augite and hornblende is altered to
chlorite and sericite. Pyrite is present in cubic crystdls as inclusions
in secondary calcite in drill hole no..2 at depths from 1,420 to 2,600
feet (see Plate X, Figure 1).

Magnetite is present as anhedral grains on the rims of ﬁornblende
phenocrysts, as a massive vein mineral and as anhedral grains in the
groundmass:of.the intrusive rocks in the Alder Gulch area,
Disseminated and vein magnetite occurs in intrusivé rock which
contains abundant Precambrian rock inclusions. Drill.hole no. 1 at
depths from.l,125 to 13350 feet contains Precambrian schist and‘
gneiss inclusions (¥ to 2 inches in maximum dimension) up to 5 in
number per foot of core. The Antone syenite porphyry from 1,125 to
‘1,350 feet is a darker color than normal due to the hornblehde, augite,
and magnetite present. In this same interval veins coﬁmonly cdntgin
massive magnetite with pyrite and calcite (in the interstices).

Sericite is abundant in the Alder Gulch area as an alteration
product of feldspar phenocrystis and feldspar groundmass. Most thin

sections examined contained at least a film of sericite on the
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Plate X

Figure 1. ©Silvertip porphyry showing calcite and pyrite
disseminated throughout the groundmass,

Figure 2. ©Secondary orthoclase? adjacent to sericitized orthoclase
phenocrysts, also bounded by a pyrite vein,




61
feldspars. In the heavily silicified and pyritized fractured zones in
the Alder Gulch area, the feldspars are partially to compietely
sericitized. Sericite'is sparse or absent as a vein min_e:'c'al0

Calcite is ﬁot present on the surface in the Aldef Gulch area bﬁt
is found in both drill hole no. 1 aﬁd no. 2 (see Plate XIV), Veined and
disseminated calcite occur at depths froﬁ 500 to 2,000 feet (bottom of
hole) in drill hole no. 1 and from 500 to 1,070 feet in drill hole no, 2.
Disseminated calcite is present as pseudomorphs of feldspar phenecrysts
and in the groundmass. Pyrite and fluorite inclusions (lo;ally),
probably iofmed earlier than the calcite, Smgll shféds of sericite are
commonly interspefsed with calcite suggesting that calcite formed as a
replacement of sericite (see Eg. 6.3).

Purple fluorite is present in veins in the Alde£ Gulch afea and
disseminated in the groundmass along with calcite in the Silvertip 
porphyry in drill hole no. 1 (see Plate XIV), Fluorite appears in veins
in the heavily fractured, strongly alterea zones and is contained in all
the gold deposits in the ILittle Rocky Mountains. It is a late alteration
mineral common in rocks which ghow evidence of post—alteration fracturing
such as offset veins, abundant vugs and slickensided pyrite and quartz
veins. In thin section fluorite is charactefized by its pﬁrple color in

plane light, cubic crystals, and isotropic néture.
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Secondary orthoclase is difficult to distinguish from primary
because the mineral is a common constituent of the Antone and Silvertip
porphyries, Criteria which suggest the presence of secondary orthoclase
in the intrusiﬁe rock in the Alder Gulch aréa aret
1. Large (up to 25 mm) unaltered orthoclase
phenocrysts which contain inclusions of
all the .other constituents in the rock

(see Plate V, Figure I).

2. Fresh and sericitized phenocrysts in the
same thin-section (see Plate X, Figure 2).

.3, Overgrowths of unaltered.or%hoclase on
' sericitized orthoclase'phenocpysts and
on fractured orthoclase phenocrysts (see
Plate XI, Figure I).
4, High percentages of Ks0 in heavily fractured,
silicified=-pyritized zones. o
The,percentage of orthoclase present in the fresh rock in the Alder
Gulch area varies considerably (see Ch, IV) which possibly accognts
for some of the high KpO percentages. The variation in the size,
alteratioﬁ, and inclusions in the orthoclase phenocrysts cam be explained
as a late magmatic or deuteric product. Despite the difficulty in
distinguishing secondary orthoclase, it is probably present based on the
criteria listed above,
In the discussion of the alteration zones; the central veined zone
was described as mainly fracture fllling whereas replacement minerals

are preéent in the outer alteration halo., This discontinuity of,

alteration type does not suggest two stages or fypes of alteration in
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Plate XI

Figure 1., A quartz vein cutting the groundmass of the Antone
syenite porphyry changing to secondary orthoclase as it
passes through a fractured orthoclase phenocryst.

Figure 2. A quartz vein cuts Antone sy
to a calcite vein as it pas
inclusion,

enite porphyry then changes
es through a Precambrian

S
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Plate XII

Figure 1. DBrecciated Antone syenite porphyry

Figure 2. Brecciated Antone syenite porphry near the Hawkeye mine
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the Alder Gulch area, Evidence will be dilscussed which suggests
that chemical activity between the hydrothermal solﬁtions and wall
rock vas a factor controlling fracture filling. In thin section, .
quartz veins commonly grade into the fine~grained siiicified.
groundmass rathgr than being separated by a sharp bbundary as in
fracture, filling., Some quartz veins change into calcite, sericité
and pyrite veins where they pass through Precambrian inciusions
which are rich in hornblende (see Plate XI, Figure 2)., These features
suggest that the chemical composition of the host rock was a controlling
factor in the deposition of the alteration minerals and the frac£ure
fillingé were partially a repiacement deposit;

A summary of the paragenesis of the alteration and mineralization
is shown in Table 3. Quartz, pyrite and éericite are the most éommon
minerals in the area and are persistent throughout the development
of thé alteration zones. Calcite, which is possibly a replacement
of sericite, exists deeper in the intrusive and is later than some
of the quartz and pyrite. Pyrite deposition extends in time both
earlier and_léter than magnetite in the saﬁg vein, ©Secondary orthoclase
is difficult té identify but probably formed at the time,the porphyry
groundmass was sllicified. Fluorite is later than the quartz;sericite-
pyrite alfera?idn‘because it fills fractureé which cut quartz veins.

Native gold occurs with the gquartz and is also present in post-vein:

fractures along with fluorite (Dyson, 1939). Gold tellurides are
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Table 3., Paragenesis of alteration minerals and ore minerals.

Quartz
Pyrite
Sericite

Orthoclase
Calcité
Magnetite
Fluorite

Gold _

Gold Telluride
Molybdenite

Galena & Sphalerite

FEARLIEST ~LATEST 4
L X
L L

P - - - -

—_—_—

t ]

¥ i

’_____________,__ ]

R

-
-
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contained in fractufes that post-date the quartz veins, Molybdenite is
present in é quartz vein in drill hole no, 1. Galena and sphalerite
occur in drill hole né. 1 and are later than3the,qﬁartz-pyfitéysericite
alteration. |

Chemical Interchanges

In calculéfing chemical interchanges semiquantitatively, cdnstaﬁt-
volume is assumed before and after the rock is altered unless there is
evidence to the contrary (Barnes, 1967; Nilsson, 1968; Nieison,_1968;'
. Hemley and Joﬁes, 1964) . In the Alder Gulch area no processes such as
metamorphism or extfeme weathering have affectédxthe intrusive rocks,
so for this study constant-volume is assumed.

Reportiﬁg chemical gains and losses in terms of gram equivaléﬂts
rather than grams is the more meaningful method because it accounts for
differenqes in gtoﬁic weight between elements, In this study bulk
densities of the roeks in the Alder Gulch area were not measured but
because of the similarity in texture and composition of £he two main
types - Antone syenite porphyry and Silvertip porphyry - it is assumed
a constant.. 'To compute grams/volume or gram equivalents/volume, the
bulk densities are multiplied.by the weight percent which in this
study is a constant, so chemical gains and losses will be discussed as
weight percent. Total rock chemical analyses wefe not made, so the
method of comparing weight percenté of oxides 1s used and can be compared

to many similar alteration studies. This method is a rough estimate and

N
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is as accuraté as the data available,

In the Alder Gu;ch arga 53 samples of intrusive ;ock were taken on
the same grid as that shown in Plate VII and analyzed fér Na)0, Ca0O, and
K50 in weight percent. Fourteen of the samples talken were in alteréd' |
zones and thirty-nine in unaltered zones (see Plate XI1I1), Avérages
and percent chénge are ;hown in Table 4.

Table 4., Average percent. and average percent change in K 0, Nay0 and
Ca® in 53 samples of intrusive rock -taken in the Alder Gulch

area, .
Unaltered ~Altered 1 ° % Change

Ca0 48 - 25 . - 48%

. NaaO 4'70 3-90 - 17%
K50 6.30 . 7.10 +12%

Cal is'depleted by 48 percent on the surface but wés.not abundant in the
unaltered intrusive rock. The abundance of calcité in both drill holes
at depth (below 500 feet) as an alteration product requires'a source of
Ca such as migration from the limestonés which ring the intrusive or
emanations from a calcium-rich magma at depth, Another possibility is
that calcite was deposited in the depth zone of steam loss and rising
“pH which is.due to pressure and temperature changes and is common in
many hydrothermal areas (Barnes, 1967). The rising pH causes a lower
solubility of Ca.' |

Nay0 is depleted in the altered zones by 17 percént probably due-to
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sericitization of plagioclase. KZO-is richer in the altered zones 5y
12 percent probably due to the formation of secondary orthoclase and
sericite, The possibility that the depletions aﬁd additions are
contfolled by weathering_is not likelf because sericitization and
secondary orthoclase are present in both drill holes no. 1 and no. 2 to
a depth of 2,600 feét.

The above percentages have an approximate + 5 percent margin_of -
error due to compositional and textural variations in the fresh
intrusive rock. The additions‘and depletions are consistent with the
alteration napped on Plate XIII and would probably be more distinctivé
if altered samples had beeﬁ taken only from the central most heavily"
fractured and altered zone ;ather than from a grid systen.

The amount of calciuﬁ, sodium and potaséium heing exchénged by
hydrothermél alteration processes can be estimatgd roughly. A rock
density of 170 ;bs./cu.'ft. for a typical syenite porphyry-is-assumed
(McKinstfy, 1948). The area within an alteration halo such as the oﬁé
south of the caption "Cowboy Gulchﬁ on Plate XIII is measﬁréd. This
particular halo has surface dimensions of 1,100 feet by 600 feet and to
a depth of five hundred feet has a volume of 6.6 x 107 cubic feet,
Calculating the difference in tonnage of calcium,; sodium and patassium
oxldes in the alterod zone compared to unaltered rock gives the followinsg

values for the first 500 feet of depth.
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1. ©Cal depleted - 64,515 tons
NapO depleted - 224,400 tons

2. K50 added - 224,400 tons

Other constituents in the alteratién zones were.nbt deiermineq
quantitatively by sampling oﬁ a'grid syétéﬁ. Silica, iron, sulfur, and-
many'additiopal‘trace eiements were probably added by the hydrothgymal
solutiéns; éince they occur in gredter_abundance than wéuld.ﬁe'expected
in' the ordinary alkalic intrusive récks in the Alder Gulch area. Based
on dri1l holg informatiﬁn and detailed mapping on the surface, quaftz'.
in altefation zones iluncreases by approximately 30 percent over its
abundance in unaltered country rock. In the ﬁeavily ffacturéq zZones,

this increase. is probably due ﬁo the-additioh of'silica by the deuteric

. phase of the Silvertip porph&ry as it intruded the Antone syenite

porphyry. Excess silica 1s also available in hydrothermal systems
éfter feldspars are sericitized and sericite is carbonated (see Egs. 6.1
and 6.3). Addition of iron in the form of pyfite and magnetité in the
altered zénes in the Alder Gulch area is assumed becausé of the séarcity
of irbn-bearing minerals in the intrusive rocks.- - Precambrian inclusions
contain abundant ferromagnesian minerals such as hornblends and augite,
but the distribution and degfee of alteration of these inclusions is so
variable that no reasonable approximations of chemical egchange can be
made .

Sulfur in the form of HZS is a common constituent of hydrothermal

solutions and is evidenced by the. abundant pyrite present in the Alder

[
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Gulch area, In the heavily fractured zones pyrite averages. 5 percent of

the total rock. - Assuming a density of approximately 3.0, the amount of

sulfur added to the rock is approximately 15 gm/100 cc or nearly 1.0

gram equivalent/100 cc. Carbonation of.fhe rock as at depth in drill

holes no. 1 and 2 requires addition of H003 from the hy&rotharmal

solution.

Somg of the chemical reactions (from Barnes, 1967) which might have

occurredd in the Alder Gulch area are as follows: g e

(Eq. 6.1)

(Eq, 6.2)

(Eq. 6.3)

(Eq, 6.4)

The sericitization of orthoclase by‘mineral hydrolysis.

53 + - et .
3KA151508 + 2H -——--\-KAlaAlSi'BO.lO(OH)2 + 2K" + 65102

Silicification of sericite

KA1, A3S1 O]O(OH)E + 3Sj_(OH)I+ + 10H+‘__._;3A13+- + ks

3

i + 12
63102 IZHZO

Calcite plus quartz after sericite

2+ . - +
2Ca” + EHCO3 + KAl Si O]O(OH)Z +-— 2301 (OH) -+ LH +

3

+
4H20 . K + ZCaCO5 +

38102

Pyrite formed from sulfur and iron.in solution

20,5 + Fe' ¥ Fes, + LET + 26

(pyrite could be formed from many different reactions
between iron and suifur compounds)

Of the many possible reactions suggested by Barnes (1967) and

others, Eq. 6.1 thru 6.4 were considered the most likely to fit the
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pattern of alteration miherals present in the Alder Gulch area, A
summary of additions and depletions du?ing‘rock élterafion in the Alder
Gulch area islaé.follows: |

1. Additions in altered zomes
Si, X, Fe, F, Cu?, Mo?, Au?, Ag?, H,5, CO,

2e Depletions'in altered zones
Ca, Na '

Copper, molybdenum, gold -and silver are questioﬁed in the list of

additions because they could have been reconcentrated from the

“intrusive rock in the Alder Gulch area or they could have been added

from an outside source., The deuteric phase of the Silvertip porphyry
could have been comparatively enriched iﬁ one or all of the following:
copper, molybdenum, gold, and silver, The metals in solution migratedA
through fracture zones in the Antone syenite porphyry and were deposited
as tempera£ure, pgessﬁre and chemical conditions permitted, A1l

of the gold deposits examined in-the iittle Rocky Mquntainé are

in fracture zones in the Antone'syenite porphyry. Later fracturing

of the rock and coﬁtinued alteration favorable for reconcentrating

gold is a possiﬁle explanation for the depséits in the Iittle Rockies,
Copcentration of metals in the deuteric. phase of an intrusive body

can be explained even though the unaltered Silvertip porphyry as

a whole is not'richer than average in any of the base metals or

precious metals. TFor example to concentrate a sizeable deposit of

molybdenum, say 10,000 tons, from a small granitic stock (+ 100 KmB),




L,

73

the aferage molybdenum content of 1 part per million for t£e average
_granite (Turekign and Wedepohl, 1961) would be decreased by oniy o
"3 parts per million (Barnes, 1967). To furnish the small amount of
metals present ih £he Litﬁle Rocky Mountains (éée Plate VII and VIIi)
a source such as the Antone porphyry and,Silvertip.porphyry ﬁhich
contained average amounts (see Table 2) of metals Would bé sufficient.
The meﬁais are possibly partially concenfrated during the deuteric
phase of magmatic -activity. Reconcentration of the metals would be
facilitated by.fractuping and the presence of agueous solutions

ricﬁ in éulfur, cérbonate, chlorides and acids which are necessary

to transport the'me£als in solution,

A.summéry 6f the eleménts possiblj present in the hydrothérmal
solutions during rock‘altération is: ﬁater, some form of sulfur,
silica, potassiﬁm, carbonate (or carbon dioxide), calcium and trace
elemen£s including copper, molybdenuﬁ, gold, silver and fluorine.

A solution saturated in chlorides and fluorides is discussed by many
authors as being necessary for the hydréﬁhermal transport of gold
(Barnes, 1967; Krauskppf; 1§64; Cloke anﬁ Kelly, 1964; Corry, 1933

and others). Chlorides are not present in the map aréa in any. of

the mineral complexes, but the fluorite assoéiated with thelgold
deposits as a 1ate'élteration product suggésts the presence of fluoride
'salts in the hydrothermal solutions accompanying the gold and gold

telluridés deposited as the last phase of mineralization.




“VII. GEOLOGIC HISTORY
Precambrian

Pre~Belt rocks exposed in the map area are all foliatea. Priqr
deposition of a quartzb-feldséathic sedimentary sequence is suggested
by the intercalated quéftz-féidsparléneisses:and biotite-hofnblende
schists. This eérliést reqdrdable event in the map area was followed
by metamorphism which evidently took place in Precaﬁbrian time, .
since it didnft affect any of tﬁe rockg'of Paleozoic or Mesozoic
ages exposed in the Little Rocky Mountaihs.

Rocks belonging toAthe Belt series are not present”in the
_Little Rocky Mounfains, and- the nearest expoéures.are_épproximately
150 mi}es to the west in the Big_Snowy and Iittle Belt Mountains,

According to E, W; Héinrich (oral communication to Knechtél,
1959) much of the rock of the Precambrién pre-Belt gneisses and
schists in the Little Rockies resembles parts of the.Cherry Creek
group of south~-central Montana. The bherry Creek group rocks under}ie
the Belt series and overlie the Pony group (Heinrich, 1953). This
evidence suggests that the Precambrian rock in the Little Rocky
HMountains is at least partly younger than the Pony‘group (Knechtel,
1959). The Precambrian metamofphic rocks are overlain unconformably

by the Flathead Sandstone (Middle Cambrian).

Paleozoic =~ Mesozolc
Following metamorphism and erosion a sedimentary sequence at

Jeast 6,700 feet thick was deposited unconformably on the Precambrian
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metamorpnic rocks {Knechtel, 1959). No sedimentary record is present --
for early Cambrian, much of the Ordovician, allfof'the Silurian,
parts of the Devonian and Mlséissippian, all of the Pennsylvanian,
and Permlan, and Trléssic, #5d. Baply Jura581c perlods. . A broad
regional uplift in Early Jurassic time.resulted in the wellémarked’
hiatus between beds of Miésiééippian ana'Middle Jurassid agé. The
youngest sedlmentary formatxon in the Iittle Rockies is the Bearpaw
shale. whkich is.Cretaceous (Montana Group), thongh formatlons as
young as the Hell Creek formation (Paleocene)-are believed to have
been present in early Terfiary tine (Knecntel, 1959) and if so:have

heen removed by erosion.

Cenozoic

Moveménts along faults in.fhe basement rock probably took place
in several phases from late Cretaceous up to at least early Tertiary.
This faulting is probably related to the Laramide orogeny which
produced east-west trending compressional forces to the west in the
Rocky Hountains, bther evidence_suggestiné deep seated fauiﬁing
and/or uplift béfore'empiacement of the intrusives‘iSvthe larée amount
of doming on the sedimentary rocks without intense folding. From
drill hole infnrmation five miles south of the ﬁittlé Rocky Mountains
apparent upnard disnlacement is at least one mile,

Dnring eariy Tertiary time (68 million years ago, dilully,1965)

intrusive activity'began'with emplacement of the Anfoné syenite porphyry
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' causing continued uplift of the éedimentary rocks. Fauited, uplifted
blocks of basement rock provide an én?ironment_fhat explainé the
areal confinement of -the intrusi?e maés ana aléé explains the extent
of uplift'of.the_sedimentary roéks. If ﬁhe lacation.éna ébnfiguration
of the iptruéive'and up;ift were dependeﬂt,only gh tﬁe upward préssure
of an infrusive mass, it seems logical ‘that the sedimentéry rocks
would be forced aside and inténgely faulted and folded as they wgré
being intruded; Conversély, the sedimentafykroéks have been uplifted
ét least one mile, The iﬁtrusive fodks cut no sedimeﬁtaﬁy rocks
yéungér tﬁan Cémbrian except by faultiné. Intruéive acﬁivity contiﬁued
with forceful emplacement of the Silvertip porphyry into the Antone
syenite porphyry. The older Antone porphyry was popbed upward by the
later in{rusive, causing ffacturing as well as r;ng féulting and
hinge faulting along the contact between the intrusive and sqgimentary
rocks (see Plate I). Magmatic activity enéed with the intrusion of
the. Sullivan trachyte porphry dikes and syenite porﬁhyry dikes (see
‘Plate XIII).. Post-~intrusive structural adjustmeﬁts such as subsidence
apd possibly.continued uplift caused shearing and fracturing of the
intrusives, |

Erosion during the remaining part of the Tertiary period and
during the early part of the Quaternary period produced the present

topography and established a drainage pattern that was'adjusted to

the late Tertiary ancestral Missouri River system,
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Hydrothermal élteration probably began as the Antone syenite
porphyry was being intruded by éhe Silvertip porphyry. The deuteric
phase.wyich concentrated near the roof of the infruding,mass was
probably rich in silica and hydrofhermal Qonstituéﬁts suéh as water,
suifurous compounds (aﬁd gases), carbonate;:and ca:bop dioxidé.
Silicification of the Antone syeniﬁe porphyry within 100 up_to 306
feet away from the Sil&ertip.ﬁorphjry donfact is'évidenéé suppérting
this hypothesis, - Fracturing and sheariné qontemporaneéﬁs with |
intrusive activity provided channelwéys for circulation of hydrothermal
solutions., As pressure and_tempergturq décreaéed and as the chemical
factors such as pll and'solubility permitted, minerals wére deposited
in the fractures and as replacemeﬁts in the wall rock, antiﬁued
structural adjustments due to shrinkage and possibly uplift gaused
further fracturing qf the intrusive mass providing chanﬁe;ways which -
facilitated cbncentrafing and reconéentrating‘certain elements, Gold
. and silver‘ére examples of elements wﬁich wefe probably.céncentfatgd
and reconcentfated by the hydrothermal solutions, If the solutions
contained chlo;ide'and fluoride sélts or some other conétituents
which increase the solubility of gold and silver? they could transport
the metals in solution to a favorable eaviromment such as a heavily
fractured zmone., A decrease in pressure and temperature there would

probably cause deposition of the salts in the solution along with the

gold,
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As the intrusive'fock in the Lit@lé Eocky Mountains was exposed
to weathering, oxidation began, Oxidatiog of the rock below the
surface was probably fastef along unfilled_iractureé such as the
ones present in the heavily fraétﬁred zones, Oxidation ét aepth
along shear_zones is evidenced by the oﬁidized ore breseht in the

Ruby iline 500 feet below the surface,

Economic Recommendations"
The féésibilify of finding econonic amounts of 5ase metals or
precious metals on a large scale in fhe Litﬁle Récky Mdunfains would
be increased by the following:

1. Mapping of the Antone syenite porphyry and
Silvertip porphyry over the entire Idittle
Rockies with emphasis on contact relationships.

2., Detailed mapping and geochemical sampling of
the breccias present in the ILittle Rocky
Mountains. '

Measurement of joint set trends over the

entire Little Rocky Mountalns and statistical
analysis of the trend measurements in order

to determine a center or centers of intrusion, .

N
L J

If the criteria listed were followed and favorable bhase metal
targets were re%ealed, chances are still slim that any further exploration

such as drilling would lead to discovery of -an gconomic ore body.
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