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Abstract

& study of metamorphic rotks ia inbtegrated wiith the areal goelogy
in the vieinmity of the Cable stock, a granodiorite imtrusive surrounded
by Paleozoic carbmnate rocks., Detailed geology of the zounes of moest
intense metamorphism at the intrusive contact is described.

Isochemical thermal metamorphism was fellowed by metasomatic addition
of material and accompanied by various stages of alteration. Silicic
magnegian limestones altered to diopside-grossularite marble by the
introduction of iron, The addition of iren, little magnesia, and alumina
altered the marble to a diopside-grandite tactite. Additianai»irnn'was
deposited as magnetite and accompanied widespread dedolomitization ahd
altergtian. Rocks near the intrusive contact wers replaced by epidobe,
‘mica, and | scapolite.

Areag of intense metamorphism occur at the granodiorite contact,
Mebamorphism is Jlocalized in areas of intense folding, fracturing,‘aﬁd
shearing.

The basic border of the stock indicates assimilation of calecareous
rocks by the graﬁodiarite; the transfer of caleium acrosg the contact
resulted in the development of pargasite, diopside, and $capoli£a.
Daforﬁation of the sediments was preceded and, in part, accompanied by

forceful intrusion of the granodiorite,
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INTHODUCTICON

This geologic study of an arsa around the Cable stock, Deer Leodge
County, Montana (fig. 1), was initiated as part of a larger and broader
research program conducted by Dr. William T. Holser of Columbia Univer-
sity. The purpose of this investigation was to supplement and furnish
data for a study already in progress in the Philipsburg area of western
Montana. Detailed geologic mapping of the contact zone of the (able
stock, a granodiorite intrusive surrounded by Paleozoic sediments (pl. 1),
contribtuted to a better understanding of the stratigraphy and structure;
morecver, the mapping permitted a later petrographic study of the meta=-
morphic rocks to be integrated with the areal geoclogy.

The basic geologic work of this investigation consisted of detailed
mapping during August and September, 1947, and a detailed miocroscopic
examination of the metamorphic rocks during 1948-49, Seotions were
measured at Maywood Ridge, the ridge west of Bledgett f[reek, and in cuts
along the railroad grade east of Georgetown lake (pl. 1) in order to
provide accurate stratigraphic control. Key marker beds of Paleozoic rocks
were carefully traced into zones of most intense metamorphism at the border
of the stock. In areas adjacent to the granodicrite, various rock types
were examined for reconstitution and replacement of sediments by complex
sllicates and oxides, for recrystallization and alteration, for joint=
controlled silicate mineral deposition, for evidence of metasomatic effecis,
and for the relation of these various mineralogical changes to local
structural and chemical control,

The base map of the Cable stock area (pl. 1) =as prepared from U. S,
Forestry Service aerial photographs made in 1947 and covers 14 square

miles at a scale of 1:22,320, Detailed maps of the grancdiorite contact
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were made by plane table and alidade surveys.

The area around the Cable stock is easily accessible hy highway,
and many small roads and trails furnish local access. The average
altitude of the area is about 6,500 feet, and the relief is not in excess
of 1,000 feet. This locality is characterized by moderate rainfall; the
summers are warm but subject to wide temperature variations. The region
presents the rare combination of excellent bedrock exposures and attractive
woodlands of firs and pine trees (fig, 2). |

Field work during the summer cf 1947 was made possible by Columbia
University's Special Research Fund in Economic Geology. The Geologic
Division of the California Imstitute of Technology generously furnished
sixty rock thin-gections for the petrographic study. wWilliam Holser
carefully supervised the field work during 1947; grateful recognition
of his cooperation is expressed to Ur. Holser. The writer expressas
hig appreciation to Dr. Jan GCampbell and Dr. Richard Jahns of the
falifornia Institute of Technology for their guidance and many valuable
comeents throughout this project and for their review of this thesis,

GENERAL GEQLOGY

The area around the exposed part of the Cable stock ig underlain
by a gtratigraphic thickness of about 4,000 feet of calcitic and dolomitic
Paleozoic sediments, These calcarsous beds overlie, with regional uncon=-
formity, an unknown thickness of Algonkian sediments, mainly quartzites,
and are overlain by Tertiary glacial debris and Recent stream gravels,

Regional faulting is dominated by & west-dippimg thrust along the
Fhilipshburg Valley. This thrust fault may be an extension of the lewis
overthrust (Willis, 1902), Calkins (Emmons and Calkins, 1513) provides
ample evidence that thrusting was follpwed by major folding. At George=

town, Algonkian rocks are faulted against Carboniferous rocks, and the
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fault trace subsequently folded. The sediments have been steeply folded,
parallel te the trend of the thrust, and the flanks of the resulting
anticlinal structure have been faulted., (ompressional forces of the major
deformation produced a rupture across the axis of the anticline; this was
followed by intrusion of a Tertiary granodiorite intoc the overlying
Paleozoic sediments, Evidence of forceful intrusion is present, as detailed

in the discussion of tha Cable stock,

Paleopoic sedimentary rocks

Dambrian system
The principal lithologic features of the Cembrian rocks are shown
in Table 1, which represents a composite of measurements made by (Oalkinsg
{Emmens and Calkins, 1913) and the writer near the Cable stock. A detailed
description and an accurate measurement of thickness of the Red Lion forma—
tion were obtained in a railroad cut between Gold Coin amd Georgetown
Lake (pl. 1). Other ssctions were measured west of Blodgett COreek and

northwest of Gold Coin mine.

Flathead guartzite

The Flathead-quartzite is exposed at Cable Mountain, In outcrop
the Quartzita is a white %o buff, fine-grained and vitreous rock; It is
generally thick-bedded and uniform in composition; however, near the
intrusive contact the guartzite is iron~stained and shows a faint banding.

Silver Hill formatiocm

The flanks of Cable Mountain provide the best exposures of the Silver
Hill formation. For purposes of this study, the formation was subdivided
into two mappable unité. The lower unit, delimited by Calkins (Emmons
and Calkins, 1913), consists of a bright to dark olive-green, thin-tedded

shale, Thin lenses of reddish-buff sandstcne with maroon shale fragments
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are interbedded with the shale. Maywood Ridge affords the bhest section
of ummetzmorphosed shale., Iochmwan and Duncan (1944) correlate ths shale
of the Silver Hill formation with the Wolsey shale, whereas the upper
part of the formation is a correlative of the Park shale and Meagher
limestone. The green shale is very fisgile and weathers into asmall thin
plates,

The limestone of the upper member has wavy siliceous banding., These
siliceous laminae are very thick but lack the larger calcareous‘unitﬁ
found in beds of an overlying formation,.

Hasmark dolomite

Three distinct lithologic units make up the Hasmark dolomite. The
lower member, which consists largely of blue—gray dolomitic limestone,
crops out on a ridge west of Daly Gulch. This rock is finely crystalline
and dense, Hard gritty surfaces of the dolomite are caused by differential
weathering of the carbonate grains. A partial analysis is given below
(Fmmons and Calkins, 1913):

TNSOLUB1Ee o o o o 0 0 0 s . 0445%
Cale = v o o o o 2 o & o o « 44332
MEO: o o o o v o o s o o oo bR

The shale of the middle member is exposed in a shallew shaft at Gold
Coin Gulch. The rock consists of chocolate~brown shale bands, 5~10 mm
thick, interlayered with lentieular, gray fossiliferous limestone, which
represents ahout 20% of the entire rock. The layers are uniform in
thickness,

From top to bottom, the upper member congists of a massive blue-gray
magnesian limestone, a yellow %o buff dolomitic limestene that weathers
gray, a shaly thin-bedded limestone, and a thinly laminated magnesian

limestone, A detalled section of this membher is shown in Table 2.
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In general, the upper part of the Hasmark delomite is distinctly more
calcarecus and thin-bedded than the lower member,

Hed Iion formation

In the measured sections (Table 2) the Red lion formation was found
to be consistent in thickness and lithologic characteristics; therefore,
this formation provided good stratigraphic control for a detailed study
of the metamorphic rocks near the border of the intrusive,

The lower part of the Red Lion formation contains two black shale
horizons separated by about 10 feet of dolomitic limestone and highly
siliceous limestome. The upper part of the formation is characterized
by a blue-gray laminated limestone. Thethin, wavy laminae range in
thickness from 0.1 to 1.0 mm and consist «f a delicate, anastomosing
lacework of silica. On weathered surfaces, the laminae stand ocut in bold
relief (fig. 3), and where the silica content is greater, the limestone
is enclosed as discrete lenses (fig. 4). The buff laminae on a fresh
surface weather to a deep yellow or reddish brown,

In the lower part of the formation, purple or reddish-purple lgminae
consist of carbonaceous material and siliceousg shale. The total insoluble
material, iargalywsilica, ranges from 10% to 85% of the total rock by
meight and increases downwards in the formation. The upper part of the
Red ILion formation is mainly a highly calcareous microcoquina and contains
varying amounts of silica (detrital quartz). Microccquinas occur as small
lenticular masses in a sublithographic limestone matrix and are interbedded
with silicecus limestone.

Maywood formation

The best exposures of the impure carbonate rocks of the Naywood
formation are found on a ridge northwest of Gold Coin (pl. 1) and élong

the abandoned railroad grade., Gray, buff and olive-green shales interbedded
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with gray magnesian limestones, buff to maroon calcarecus sandstones,
and a crystalline delomitic limestone that contains black chert at its
bage comprise the Maywood formation.

About 80 feet of massive, red to buff siliceocus dolemitic limestone
occurs near the top of the formation. The dolomitic limestone is overlain
by 2 massive pink limestone, which is the basal part of the Jefferson
formation.,

Dewonian system

The only rocks of known Devonian age in the vicinity of the Cable
stock belong to the Jefferson limestone, However, a bright-yellow
calcareous shale, which is believed by the writer to be the overlying
Threeforks shale, is exposed near a railroad cut southwest of Georgetown;
it is the mly known exposure of upperncst Devonian rocks in the rhilips—
burg quadrangle, The shale is overlain by the Madison limestone.

Jafferson limestone

The Jefferson limestone is well-exposed on a ridge southwést of
Georgetovm {pl. 1).‘.A pink, crystalline limestone, which weathars to a
conspicucus ridge of massive sugary rock, comprises the b@aal unit. The
pink limestone ig 6verlain by a geries of gray to black, massive magnesian
linmestones . Finely divided carbon particles impart a dark color to these
liiasfones. A highly fracturéd, dark-gray limestone, cut by numerous
calcite veinlets, occurs midway in this sequence of carbonate rocks. This
brittle limestone is overlain by three limestones characterized by gray
mottling, a pale blue color, and fossils, respectively. The uppermost
part of the Jefferson limestone is marked by the yeilow, calcareous

Threeforks shale,



Mississippian systenm

Madison limeatone

The lower unit of the Madison limestone is expused near Georgetovn (pl. 1
and ig characterized by black flaggy limestones that weather grav, A tan
shaly limestone occurs near the top of the lewer unit. The basal shale is
missing; however, a black calcareous shale is exposed in the lower part of
one measured rock seguence,

The upper member crops out conapicuously on a hill east of Georgetown
lake., This limestone is pale bine-gray, massive, and very foamiliferous,

4 cherty, gray-blue limestone of the upper unit is exposed in Daly Gulch.
Calkins (Emmons and (alkins, 1913) estimated the thickness of the lower
member to be about 1,300 feet and found the total thickness of the lime-

stone to be 1,800 feet at nearby Rock Creek.

Igneous rocks
Cable granodiorite

Cccurrence and field relations

Grancdicrite formed a small stock, roughly circular in plan and about
iwe miles in diaﬁeter, at ﬁearly the center of the (able Yountain aticline
{pl. 1). The granediorite is uniform in composition but. has minor variations
in the ratio of hornblende to biotite., At its contact with the sediments,
the stock becomes more basic; here, the granodiorite has altered the sedi-
ments to marble, btactite, and hornfels,

The intrusive contact is best exposed at Daly Guleh, near fGeorgetown
and Pyrenees, and at the Atlantic Cable Extension prosnect east of Cable.

The worder of the granediorite is sharp and well-defined in these areas
{(fig. 6). Any local gradation in the contact ocecurs within a few inches

or several feet. In areal extent, the intrusive contact appears to bte
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concordant with the bedding of the sediments, but in detail the contact
ig irregular or faulted and cuts across the bedding. The grancdicrite
isclates several sedimentary masses within its borders and breaches the
{able Mountain anticline., $Several small dikes extend out from the stock.

Although the age of the granodiorite has been tentatively regarded as
Tertiary, the youngest sediments engulfed by the intrusive are Fermsylvanian
(fuadrant formaticn) in age; however, similar adjacent intrusives have been
shown 1o be contemporaneous with the first great deformaticn uf.the sediments
at the close of Cretaceous or in early Paleocene time (Kmmons and Calkins,
1913, p. 83).
Pelrography

Sampling and restudy by the writer provide additional data and warranpt
further description of the intrusive, although the grancdiorite has been
described by Calkins (Emmons and Calkins, 1913, pp. 94=97).

The pronocunced poikilitic texture of the orthoclase and smaller gnartz
grains is the most striking and persistent microscopic characteristic of
the granediorite (figs., 7 and 8), The poikilitic relationship of plagioclase
in large orthoclase or quartz crystals pergists to within a few centimeters
of the calcareous sedimentg. This texture is obliterated or noticeably
modified in the vicinity of apophyses or in areas of assimilation of the
sediments.

Sericite is a common alteration product of the calcic core of the
zoned plagiocclase. The cores are silicified and epidotized alcng cleavage
planes and zonal boundaries (fig. 9). The bulk of the plagioclase has a
composition of An45 but tends to become more calcic near the intrusive
contact.,

Granodiorite sampled from 1,000 feel to 2,000 feet from the bordexr of
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the stock has a ratio of bictite to hornblende of 3:;l. Calkins (Emmong
and Calkine, 1913) found the ratio to be 2:3; however, ihe writer found
the central parts of the stock to be richer in biotite than hornblende.
{nly near the border does the amount of hornblende exceed that of biotite.
The relationships of the various rock samples from the Cable stock
are showm in a von Woiff daagram {fig. 5). Sample la represents the
calculated norm of an analysis of granodiovite from a guarry near the
center of the stock (Emmons and Calkins, 1913, p. 96). The rock is a
tonalite according to a modified Jobannsen classification.

Marginal facies

The ignecus rock becomss more basic and more highly altersd as the
border of the stock is approached; quartz diminishes, the biotite-hornblende
ratio detreases, and the poikilitic texture of the orthoclase and quartz
disappears. The basic facies is indicated by samples 7 and 11 (fig. 5).
Biotite gradually decreases in the border zone and is absent whers pyroxene
begins to appear. Depletion of bioctite at the outer edge of the stock
probably made available considerable iron, alumina, potassium, and silica
for reactions with the carbonate rocks. An appreciable amount of pyroxene
occurs within two feet of the intrusive contact., The pyroxene 1s locally
accdmpanied by atundant aphene, epidote, and a little scapolite.

Border rocks are rich in hornblende, whereas the amount of quartz
decrsases. Plagioclase is more calcic. A typical border rock (sample 7,
fig. 5) shows that (a) the hornblende is more sodic; (b) part of the
plagioclase has a composition in the range of Ang3.gy; (c¢) cores of zoned
plagiociase are sericitized and zoisitized; and (d) the amount of sphene,
ilmenite, rutile, and apatite has increased.

Border rock from the Pomercy mine at Southern Cross (plL. ») shows

sericitized, silicified, and epidotized plagioclase. Small sphene crystals
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accempany the epidote. Phlogepite replaces parts of the earlier
minerals. In the Cable mine (pl, 7) altered granodicrite contains
crthoclase with a spolty texture, a result of replacement of the ortho=-
clase by epidote and calcic plagioclase. Rutile and ilmenite are present.
Phlogopits is a late replacement mineral. ¥any of the mineral grains ars
fragmented or distorted and show the effect of shearing stress near thz
contact,

At the bordsr of the stock, iron, titanium, magnesiam, caléium,
sodium, potassium, and chlorine increase, whareas free siliéa (quartz)
disappears.

Grancphyric inclusions and streaking

Small flattened or sllipscidal granophyric inclusions occar in the
Daly Gulch area, at Granits Hill, angtgﬁso are scattersd irregularly
throughout the stock. The inclusions have about the same composition as
their hoat rock, except the inclusions are richer in biotite and ortho-
clase, Biotite grains give the rock a distinct.planar structurs, Some
of the inclusionsg are partly resorbed and drawn out as schlieren, Bands
of biotite, zlrcon, rutile and sphene in these guartz-rich inclusions,
arranged asg heavy-minerals in a sedimentary rock, suggest that the nrigigal
rock wasg probably a feldsgpathic sandstone. The high quartz content also
suggested a sedimentary origln of the original rock.

Locally a perceptible planar structure is developed in the grancdiorite
within a few inches of tég?gﬁﬁgfle to its contact with the ssdimsntis.
Distinct linsar and planar structures have been developed only in the area
of altered feldspathic quartzite at Daly Guleh {figs. 10 and 11),

8ills and dikes

Several small sills occur in the vicinity of the stockj; the bsst

exposure of a sill ia at South Hill (pl. 2). This sill of massiva, finew—



-1 -

grainad granite is 7 feet thick and crops cut for a distance of about 350
feets Rock from the sill shows a pseudonataclastic texturs. In comparison
with the normal granodiorite, hornblende content in the sill rock {sample 5,
fig. 3) decrsased, whersas quartz increassd. Assimilation of an ad jarent
shaly siltstone, now & blotite hornfels, may account for ths increase in
gilica, Seversl of the inner zones of the plagioclase crystals are rimmed
with magnetite and chloeritse,

A amall pegmatite dike, exposed near the dolomite contact ih the
Cable mine, has a graphic texture that results from an intergraowth of
albite and quartz. Wicrocline is present. Albitization of some feldspars
has been followed by sericitization and saussuritization. 2 thin, highly
aLbitic pegmatite dike of unknown extent occurs on a ridge east of Cable,

The trace of a dike of hornblende felsits porphyry is marked by float
between Georgetown lake and Gold Coin, 1args porphyritic hornblende crystals
are held in a fine-grained feldspar matrix (fig. 12). In this dike rock the
hornblende has undergons uralitization and partial propyliitization., The
foldspars are almost completely sericitized., A similar dike rock ocours
in an adit at North Hill, shboul 200 feet east of the contact with the Maywood
formation, Hbrnbiehda is partly altarad., Feldapar cores are epidotized
and almost completely saricitizsd. The rock has a compositon of 73.9%
fzldspar, 23.7% hornblende, 2% magnetite, and 0.4% accessoriss, largely
apatite,

At Jouthern Oross {pl. 1) & large dikke extends westward to the
Montana mine and is exposed at the millsite, Near the stock the dike
appears Lo be normal granocdiorite, whereas at the nmins the dike rock is
epidotized and has a spotty texture due to pyroxene,

Mear Cable, a large dike appears to have been intruded partly along

tne conbtact of the Maywood formation and the Jefferson limestone but has
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also cut across part of the Jefferson limestone., Near Fyrsnees several
small apophyses extend several nundred feet from the (able stock. Granodio-
rite in the apophyses weathers to a sandy, gramlar mass similar to the
waatherad rock at Cable.

Mode of emplacement

The various processea by which the granodiorite might have been
emplaced can be reduced in number by examination of the field data.
Spatizlly, the contacts are discordant; their steeply dipping wﬁlla eut
acrosg the sedimentsa, The shape of the intrusive mass appears to bs related
to the structure of the anticline, the fold axis and plunga (pl. 1),

Stoping and inclusionss= The large sedimentary inclusibnskhave a
periphsral arrangement in the stock; similar inclusions are absent from
the center of the intrusive., An elliptical inclusien of Pennsylvanian
fuadrant formation, aﬁout 400 feet in the long dimension, is located
near the contact with the Madisen limestone northeast of Gold Coin {pl. 1).
Its bedding dips into the stock. According to its spatial relétion, the
inclusion may be a roof pendant where the gramodiorite has-risen along the
contact between the Quadrant formation and the Madison limestone, isolating
a block of the Quédrant formation,

A% Daly Gulch, an altered quartzite inclusion appsars to have bheen
moved into its present position by the granodiorite during intrusion. The
orientation of biotite grains preserves the original silty bedding., The
underground contact of the inclusion with the grancdiorite is marked by a
six~inch clay zeone, which indicates the inclusion may have besn partly faulted
into its present position. However, planar structurss in the inclusion
are partly parallel to and partly normal to the intrusive contact.

Bedding of the Maywood inclusion at Pyrenees (pl. 4) is essentially

undisturbed, although the strike and dip of the bedding indisates the



- 15 =
inclusion has been rotated. The dolomite inclusion at Cable (pls. 1 and 7)
is faulted on part of its wastern contact with the grancdiorite and is
sheared throughout a large area underground. Relationships of the rocks
in tne mine and on the surface ara not sufficiently detal led to determine
the spatial position of the inclusion, but dips of bedding and crumpling
of the rocks indicate severe compression of the inclusion and posgsible
rotabion,

Evidence of forceful instrusion:= The Paleozoic sedimenta a§paar to
have vielded to the forces of intrusion as well as to compreasional forces
exerted during periods of major deformation. Along thé western contact,
the beds dip steeply into the stock and twist around as if they had been
"gqueezed? into position (pl. 1); this “sgueezing® is particularly notice=-
able north of Pyrenses, at Southern Cross, and at South Hill whare the beds
are nearly overturned, At North Hill, beds in the Red Lion formation are
isoelinally folded and faulted parallel teo the granodiorite contact. XNo
major dislocations occur in the wall rock of the stock,

Assimilations= The basic border of the stock indicates some assimilation
of calcareous sedimenis by the granodiorite in addition to the transfer
of calcium acroasﬂthe contact into the stock that resulted in the endometa=~
marphic development of hornblends, diopside, and scapolite. The transitional
contact and compoaition of the altsrsd feldspathic quartzite at Daly Gulch
also indicate partial assimilation by the host rock. Many reentrants in
the contact contain altersed rock.

Absence of a chilled bgrder indicates that the granodiorite may have
heated the sedlments to ahout the temperature of the intrusive, a condition
conducive te migration of constitvents, and may have lost its heat slowly.
Deformation that precedes aﬁd accompaniesa inurusion, faulting, brecciation,

and folding of the wall rock, crezate areas of dilatancy (Mead, 1925}, which
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provide space and a differential preasure for the concentration of early
and late residual mineralizers. The minerzlizers in turn establish faverable
conditions for further stoping and assisilation. Deuteric effects found at
the contact partly substantiate the accumulation of the late residual
magmatic solutions,

The continual mixing of crystals and diffusion of constituents within
the granodiorite at the close of intrusion ard the attendant assimilation
of calcarsous sediments may partly account for the lack of lineai structures

in the stock as well as a narrow basic border.

STRUCTUHE

The most prominent structural feature of the mapped arez is the Cable
Mountain anticline. The trend of the anticline is nearly northenortheast
and parallels a large thrust fault to the west. The south-plunging anti-
cline is asymmetric, as the beds dip more steeply on the sast flank of the
anticline,

The faults on the flanks of the anticline ars normal or of the gravity
type and trend parallel to the fold axis, Small trangverss faults aecross
the anticline are tensional features associated with the major deformation.

The southward pitching axis of the Cable Mountain anticline is partly
cut off by the Cable stock, but the anticline continues southward with an
gndulating crest towards the Anﬁconda Range., Compregsional forces from
the west and tensional forces operating along the anticlinal axis appear
to have squeezed and pulled this struacture until rupture occurred somewhere
north of Granite Hill. The heds dip toward the stock,

Local folding and overturned dips near the contact may be due to the
force of intrusion, At South Hill the beds are nearly wertical at the

contact; near Cable similar beds in the Red Iion formation are overturned,
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North of Fyrenees, strata of the Jefferson limestons are sharply folded
and overturned {fig. 13); nearby a smzll dike of granodiorite nas squeezed
and folded dolomitic marble. At North Hill, laminae in the Red ILion
formetion are isoclinally folded to the extent of rupture (fig., 14).

Thrusting in the west is probably a continuation of the lewls over—
thrust described by Willls {1902, pp. 305-352); however, a local thrust
fault at North Hill is bvelisved by the writer to be caused by inﬁruaive
forces rather than regional tectonism. The thrust dips northeastward,
and its strike 1s normal to the regional thrusis.

The anticline is faulted parallel to its axis; for example, at Daly
Gulch the Madison limestone is faulted against the Red Lion formation {pl. 1).
Two wide mineralized breccia zones mark the traces of the normal faults.
Farther east two large normal faults have cut out parts of the sedimentary
rocks; their downthrown sides are nearest the stock. At Cable the Hasmark
dolomite is faulved against lower formations by a transverss féult.

A postulated transverse fractﬁre, now partly occupied by a long dike
of altered grancdiorite that cuts across the sediments and extends westward
from Southern Croés, may have provided initial access for the intrusion
of granodiorite. This same dislocation also allowed the force of intrusion
to shift the southern part of the Cable Mountain anticline to its present
pogition,

Transverse fauliing occurs at the south end of Cable Mountain, at
Daly Gulch, and west of Blodgetit Creek. Mineralized fault zones near
Gold Coin strike nearly wast-northwest and dip steeply toward the stock
(fig. 15).

Twe prominent sets of joints are rscognized in the (able arsa. They
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trend N, 400 W, and No 55° 5., According to this joint pattesrn developed
locally in the sediments, the forces responsible for their origin sesm to
have been operating in an easterly dirsction and are probably directly
related to the forces responsible for the regional deformation, ) second
get of joints is formed near the border of the stock, Theycoincide in
direction with the joints in the'granediurite and are related to post-
intrusive adjustmenis., These jointas follow irregularities in the contact
and may have been caused by contraction and cooling phenomena, |
REIATTONSHIPS IN THE AREA OF METAMORPHIC RCCKS

Sedimentary rocks surrounding the Cable stock show the reaﬁlts of
metamorphism in the simple marbles and complex tactites. The intensity
of metamorphism is governed, to some extent, by the nature of the intruded
sediment. Locally a limsstone, such as the Jafferson or Madison limesiones,
is simply recrystallized, whereas siliceous beds of the Red Licn formatiom
are transformed into tactites.

The following descriptive names of rock types, commonly féund in the
literature and characteristic of metamorphism in the vicinity of the Cable
abock, are briefly defined for reasen of clarity:

Marble - granuiar crystalliine rock containing carbonate,

Reaction marble — a marble in which the original constituents or in-
troduced congtituents react under thermal conditions to form additional
minerala,

Tactite - granular aggregates of silicate and oxide minerals (pyroxene,
hornblende, garnet, magnetite, etc.) containing only a minor amount of
carbonate (Hess, }919).

Hornfels = very fine-grained aggregate of aiiicate miherals (bioﬁite,
feldspar, quartz, etc,)

Grandite - garnet rock containing a homogeneous mixture of grossularite
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and andradive (Winchell, 1951).

Mineral namss of the important constituents are prefixed to these
names in order to describe a particular rock type. Textural adjectives,
such as "banded® {applied to a fine visual banding similar to the siliceocus -
laminae of the Red Iion formation), are also prefixed to the rock=-typs name.

Daly Gulech area

Contact at South Hill

The contact of granodiorite cuts across the Red Jiocn farmatinn and
forms a thin sill hetween this formation and the Hasmark dolomité {pl. 2)e
Two shallew shafts penetrate the intrusive rock at 2 dépth of about 2¢
feet on the sonth slope. Northward, the contact crosses Daly Gulch and
marks a small re%%rant. At this point the contact becomes indefinite; a
zone of “transition® rock intervenes betwesen the normal granodicrite and
tactite. An inclusion of cross-bedded quartzite crops out to the northeast,
Rock frem the inclusion shows affinities to the indurated sandstones of
the Spokans formation, |

At South Hill, the Hasmark dolomite has been changed to a white
erystalline dolomite marble with a maximum grain size of about 1.5 mm,.
Impure shaly lamimae, which are generally thin and discontinuous, form
large brown nodulzs im a bleached crystalline matrix (fig. 16). >At the
north end of the s8ill, the dolomite contains a small body of magnetite
associated with a hard, bright green, brittle mica,

The basal shale bed of the Red lion formation has been altered 1o a
spotted biotite hornfels. The beds directly abeve the sill have been
metamorphosed te an epidotized grandite-diopside tactite. The tactite
nearby is probably fractured but is completely surrounded by a zone of
diopside-grossularite marble and diopside-calcite marble, Banda of

porphyroblastic grossularite are in a matrix of diopside-calcite marble (fig. 17).



Partially scapolitized zoned—-garnet-epidote tactite occurs near the
granodiorite with the following relations;

Gag Mg i

diopaide scapolite phlogopite
grandite -—-=  gpidote e grancdiorite---grancdiorite
magnetite plagioclase nhornblends

e Fe’ Al, Si, Fl:) K

Along much of the contact, the Red lion formation is recrystallized
and locally has small amounts of diopside in the siliceous banded laminae
of the marble. Near the upper reentrant, a large mass of zoned garnet is
exposed, It is bordered on one side by scapolitized-epidotized granodiorite
and on the other side it lies in contact with a grandite-diopside tactite.

Contact at North Hill

The contact is irrsgular but well exposed along parts of the Maywood
formation; At the top of the hill, a small apophysis cuts acrogs the bedding
of the Maywood and Red Lion formations and parallels part of their contact
{ple 3). As at South Hill, most of the beds of the Red Lion formation are
a recrystallized siliceous limestone, Several elongate arsas, parallel to
the intrusive contact and sheared, are underlain by coarsely crystalline
marble. Most of ﬁhe marble contains some diopside, especially near the
contact. The siliceous laminae have been folded and have partly flowed
into irregular blebs near the granodiorite contact; compressional forces
were normal to the contact,

Several elongate areas of garnet-diopside tactite, partly enclosed
by an intense green border of diopside-opidote rock, are exposed on the
hill. A band of tactite parallels the folded bedding on the ridge and
is probably controlled by bedding-plane fractures. Another mass of
tactite appears to be faulted against a banded diopaide-grossularite

marble; however, the sharp contact may be the result of the metamorphic
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effects actually naving crossed the marble and bedding and localized by
fractures. The exact nature of the contact is difficult to ascertain as the
rock ig sheared,

Zoned garnet tactite orops out adjacent to the apophysis ai the top
of North Hill, The garnel is partly bordered bj garnet~diopside tactite,
which contains a moderate amount of magnetite parallel to the bedding,

X narrow band of radiating sheaves of scapolite lies betwsen the zoned
garnel and the grancdiorite., The zoned-garnet tactite is characﬁerizad
by large crystalline masses of garnet with concentric color banding (fig. 18).

Rock of the Maywood formation bordering the apophjsis has altersd to
a diopside~rich rock or pyroxenite. FElsewhere the same beds are changed
to a diopside~calcite marble that contain bands of black chert., wNear the
contact of the stock, the chert has altered to a complex tactite by reaction
of silica with dolomite and introduced iron, alumina, titanium, potassium
and chlorine., Tne marble was changed to a garnet-diopside tactite where
the intrusive cut the Maywood heds, The'upper part of the formation is
changed to & diopaide horanfels that contains bands of garnet and tremolite;
its contact with the grancdiorite is well-defined to within a fraction of
an inch (fig.i%ﬂ.- Here the original texturs of the granodiorite is retained
in even the smallest apophyses cutting the rocks.

At the scuth end of the area, a2 small mass of forsterite dolomite
marble is isolated by the granodiorite, The forsterite is altered to
serpentine, which contains some chrysotile, antigorite snd brucite. An
area of altered feldspathic quartzite is located between the inclusion of
marble and the Maywood formation. The quartzite aontaing many small
inclusions and show planar structure (fig. 19),

The basal member of the Red Lion formation exhibits the effects of

intense nstamorphism. The black shale marker bed, which is a biotite
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hornfels elasewhara, is transformed into a spotted chiastolite hornfels that
contains gillimanite and knots of partly replaced cordierite (fig. 20).
Although no intrusive contact was observed because of the soil cover,
abundant granodiorite float adjacent to the hornfels indicates the presence
of a nearby intrusive,

Pyrenses area

Over most of the area, the Jefferson limestone is a partly recrystallized |
rock; however, near the intrisive, the beds become a ccarse, whiﬁe to light-
gray marble (pl. 4). The marble crops oub near Geargetown; Hest of the
carbonaceous matter has besn expelled from the originai limestone. Nearby,
iron gossan is sxposed at the contact in an area of highly fractured marble,
The cherty beds of the Maywood formation at the Joker prospect cdntéin
masses of actinolite and forsterite.

Beds of the Maywood formation on the west limb of the antieline consist
of siliceous and argillaceous dolomitic limestone with intercalated silty
and shaly layers. The east limb of the anticline is in contact with a
small sill=-like mass of granodioriie. Here, the silty limestone is altered
to a diopside~calcite marble, and as at North Hill, the black chert is
partly changed to-a complex tactite, Tn places tha‘shaly layers are
matamorphosad 1o a tremolite hornfels. (ioasan is common near the contact.

At Pyrenses, a small inclusion of Maywood has beea altered %o a
dolomitic marble. OCorrelation was made on the basis of lithology, includ-
ing a faint banding, distinctive of the Maywood formation exposed near the
Joker proapect. Characteristic of other apophyses, sills, and reentrants
at the border of the stock, a small apophysgis in the inclusion is surromndsd
by an area of intense melamorphism, which consists largely of an epidotized
diopside-garnet tactite. Gossan is common at the surface; at depth, a

snlfide ore body was mined., At the nose of the anticline, the Red iion
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formation crops out ags a banded silica=~calcite marble,

Southern Cross area

Typical of its occurrence in other areas, the Hasmark dolomite crops
out as a fine-grained dolomite with a distinctive rough sugary texture.
Altered dolomite marble is exposed in numerous small pits at the Holdfast
mine (pl. 5). Forsterite, serpentine, and phlogopite are the main con—
stituents of the marble (fig. 21). Magnetite replacemsnt of the dolomite
is common as exemplified by exposures in open cuts near the OrQ-Fina mine

At the Pomeroy mine, the Hasmark beds are massive and recrystallized,
Magnetite occurs as massive replacement bodles or as disseminated mineral
in bands of dolomite and with much serpentine. Surface expesures over the
caved gtopes only show gross relationships. The serpentine is an aitaraticm
of large masses of olivine, which were altered probably by iron=bearing
solutions,

Along the western flank of the anticline mnear the intrusive, the
Silver Hill formaticn crops out as @ series of tactites. Farther away
the beds are represented by a biotite~valcite marble., The granodiorite
projects into beds of the Silver Hill formation in an area of tactites.
The garnet-diopgiae tactite at the border, which is in the upper part of
the Silver Hill formation, changes to a calcite marble that contains
biotite and pyroxene at a distance of 300 to 500 feet from the contact.
The lower part of the formation contains magnetite.

Near the Southern Cross shafi, the Red [ion formation crops out as
gilicecus banded marble. Red lion beds have been changed to a mixture of
tactite and marble in the vicinity of the Trinity prospsct. The writer
believea that these local areas of intense metamorphism are due to
unexposed apophyses or dﬁés, as epidotized granodiorite is exposedin several

shallow prospect pits at Southern Cross,
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A geologic map of a part of the Trilby tumnel (pl. &) shows part of
the complexity of the metamorphism near the granediorits contact. In
geveral places the contact is indefinite or transitiomal, Parts of the
limestone, heyond the zone of aptinolite at the contact, are essentially
urmetamnorphosed.

Distinctive of.its occurrence in otner mines of adjacent areas, mica
replaces part of the fractured granodicrite near its contact in the Trilhy
tunnel. The mica is brown to green, slightly brittle, and platy. locally
the marble has been replaced by biotite, and the open spaces partly filled
with clear celcite rhombs (fig. 22). Chlorite and antigorite replaced the
mica in fracture zZones,

In summary, the introduction of large amounts of X, Na, 341, and Si
were ﬁecessary for large—scale replacement of marble by mica., According
to the patiern of replacement, the mineraliszing solutions foliowed ths
fractures in major shear zonea and spread through the marble along inter~
granular boundaries of crystals, and perhaps hy ionic diffuasion through
crystal lattices. The contemporanecus removal of carhbnata congtituents
at the time of biotite replacement resulted in a concentration of zrgillaceous
material into shaiybhands.

large crystals are peculiar to sevaral tactites, in particular, the
actinolite-magnetite tactite in the Triloy tumnel (fig. 23). A diopside-
grossularite tactite near the granodiorite is replaced locally by epidote,
phlogopite, and scapelite, A similar alteration rock was found within
a few inches of the intrusive contact at South Hill. At the end of the
tunnel, bedding of the original banded sediments is preserved by bands
of grossularite, epidote and calcite {fig., 24). Magnatiié bodies are
small and closely associated with actinolite or marble., In the coarse

white marble of the Hasmark dolomite, the magnetite is largely disseminated,
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Cable area

The Hasmark formation at Czble has been faulted against the slgonkian
Spokane quartzite and bent around the nose of the Cable Mountain anticline,
both east and west of the trend of the anticline {pl. 7). 0On the east
flank of the anticline, the Silver Hill formation appears to be cut out
by a downthrown bloek of dolomite.

The Hasmark dolomite at ithe Union prospect and the Stirton mine is a
typical recrystallized merble. 4t the Stirton mine, the rock in.thﬂ contact
zone ls sneared and largely replaced by mieca. Actinclite-magnetite tactite,
gimilar %o an occurrence in the Trilby tumnel, 1s found at the Stirton nmine.
Yein guartz and gossan occur in exposures of dolomite at the Uncle Billy
shaft., 2 dolomite cutcrop near the shaft has numerous magnetite~fililed
fractures.

At the Cable mine, dolomite exposed at the surface direetly above the
caved stopes is sheared and contains several small zones of magnetite,

Near the caved stopes as well as at the southwest énd nf the inclusion,

the Hasmark dolomite is marmorized (bleached and recrystallized) to a
coarse white marble, Ouartz and hematite fill the fractures. The dolomite
crystals as 1argeﬂa$ ten inches are remarkably free of impurities or
organic inclusions. The glide lamellae havea discontinucus characteristic
showing the effect of shearing; twin planes are sheared.

Underground at the Gable mine, alteration and mineralization have
intensified areas of faunlting, which might otherwise be concealed by
rohealing of the delomite. Altered granodiorite retains the relic poikilitic
texture of orthoclase and quartz even in zones of shearing and hrecciation.
The western contact is ﬁharacterized by areas of coarse breccia (fig. 25)
in zones of extensive faulling and serpentine alteration. The scuthwest

part of the inclusion has been severely faulted in wide shear zones.
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As on the surface, the Hasmark dolomite in the Cable mine is & bleached
white marble., Bliotite replacement veinlets, especislly in areas of
magnetite mineralization, are prominent; their boundzries are sharp but
irregular. ¥Fhlogopite and white chlerite (leuchtenbergite) are common
constituents of micaceous marble., Individual plates of mica show the
effect of shearing through bending, distorticn, and fracture. 2 pink mica
related to mangandphylliteoccurgiéthe micaceous marble. In the southeastern
stopes, magnetite is disseminated through the altered mica. Thié bright
green chioritic micaceons rock is refractursd and contains many dalcita
veinlets (fig, 26). ¥rlagioclase, fluor-apatite, and quartz are present
in micaceous arsas,

Magnetite is earlier than biotite and calecite. Generally the
magnetite bodies are tabular (fig. 27) but are fractured and cut by later
carbonate rock. The magnetite is disseminated or has formed coarse breccias
in sheared areas (fig.28), In the area of sulfide mineralization, largely
pyrite, partial dedolomitization has resulted in the fdrmation-of foraterite,
which is partly altered, WNear ihe contact of the magneiite, sphene is
very aburndant, |

Near the Atléntic Cable Extension prospect (pl. 7), the Hasmark
formation has been pressed into # semi-rounded mass; it is cut off at
both ends by grancdicrite. As at Cable, the dolomite is marmorized and
contains several small replacement bodies of magnetite, which are locallized
by shear zones. Near the south end of the prospect ihe magnetite continues
acrogss the contact inte the Red lion formation and is disseminated in a
garnet~hornblende tactite. At the so thern extremity of tha Red lion
formeticn a magnetite~garnet tactite is rimmed by a dark-green zone of
diopside and epidote and bears a marked similarity to the occurrence of

magnetite at Cable.
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(irancdiorite at the contact of the Maywood and Red lion formations
is epidotiﬁed and containg pyroxene. Several areas of garnet-diopside
tactite are exposed in trenches and outcrop; these areas are bordered by
steeply folded calcite=gilica banded marble, charcteristic of the Fed
Iion beds. The impure siliceous marble shows a seriate texture, in part,
and also shovs a cataclastic texture where the graing of calcite are
elongate or partly crughed., The maximum grain éiza of the marbla is 0.6 mm,
Poikiloblastic phlogopite and feldspar contain grains of calcits; PYTUXELE ,
and quartz and are scattered through the marble, 3 shaft in the May#ocd
formation near the grancdiorite contact penetratés a dibpside Hornfels
similar to that at North Hiil.

In sumnary, the changes across an area of metamorphosed sediments
are as followsas () from siliceous banded marble to diopside—calcite
banded marble, Si and CO, remain essentially'constant, where#s Fe and Mg
increased slightly; (b) from diopside-calcite banded marble to diopside=—
grossularite marble, Fe and Mg increased moderately and (0, decreased; and
(c) diopside~grossularite marble to epidotized grandite-diopside tactite,
fe and Mg increased éansiderahly, whereas 0O, is very low or absent. From
the siliceous marbie to the tactite, alumina increased slightly, whereas
Si remsins about constant. Tactite generally borders the intrusive.

o ISCCHEMTCAL THERMAL METAMORPHISM

Marmerization

Theory concerning the relation of recrystallization and macrocrystalliza-
tion in this area is summarized by Holser (1950, pp. 1068~1069); however,
geveral points are sufficiently important to bear repetiticn., Plastic
strain energy stored within erystals as a result of deformaticn is released
upon heating and results in crystal growth (Buerger and Washken, 19Y47;

.Buckley, 1651)., Inasmuch as deformation almost always precedes the thermal
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effects of intrusion, regardless of its origin (pre-intrusive regional
deformation or deformation by forceful inmtrusion), crystalline limestones
or dolemites have stored sufficient elastic strain (petential) energy to
have aided recrystallization and macrocrystallization under thermal effects
accompanying intrusion; with restricted pore space and openings, diffusion
tecomes a deminant process (Bugge, 1946; Holser, 1947),

Heat of intrusion and the accompanying water (magmatic liguids and
the pore fluids of sediments) are conditions conducive to racrysﬁallization
and macrocrystallization in permeable zones (Verhoogen, 1948), generally
fractured areas or bedding planes (Bain, 1934, 1936) on highly deformed
anticlines or synclines; such areas were found at Pyrenees, Daly Gulch,
and Cable,

Tn these areas the coarse-grained marble coinecides with zones of
shearing along which repeated adjustments hawve taken place., Most of these
areas are within two hundred feet of the granodioriie contact. 7he grain
gize of a marble within a single exposure is uniform, although the grain
gize diminishes, abruptly in places, away from zones of shearing. The
Madison limestone at the southeast contact of the granodiorite changed to
a highly sheared ﬁarbla. The marble containg individual crystals as large
as 6 mn, Subsequent shearing has given the marble a Msheeted" or layered
APPEaTANceE .

Bleaching

The phencmenon of bleaching in the Jefferson formation is generally
accompanied by the expulsion of foreign particles from the calcite grainsg.
Locally the marble may contain graphite and bictite. At Pyrenees the
Jefferson limestone is gray, as only part of the rarbonaceous material has
been expelled from the calcite grains; yet, the grain size has increased

appreciably over that of normal calcitic limestone.
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Near the inclusion of {madrant formation (pl. 1) at the south border
of tne stock, bleaching has accompanied macrocrystallization in the
Madison limestone. 8imilarly at Cable, very large crystal surfaces are
developed at the south end of the inclusicn of Hasmark dolomite. 4t Daly
Gulch, aureoles of bleaching surround areas of macrocrystallizationg the
grain size decreases rapidly away from the coarse crystalline mass and
yet remains within the bleached area.

falcium deficient rocks

The basal biack marker bed of the Red Lion formation at South Hill
is changed to a spotted blotite hornfels., Some of the biotite grains are
purple, characteristic of manganian mica., A few grains of'zifcon and
sphene occur in a mosaic of quartz and feldspar. At North Hill, the same
ved is highly altered and contains seversl distinctive minerals; andalusite
(var. chiastolite)} assoclated with magnetite and rutile; sillimanite in
mesh of acicular needles; tourmaline (var, schorlite). The matrix of
feldspar, quartz, and bilotite contains large ellipsoidal "knots", which are
compoged of cordierite intergrown with micas, Biotite has alitersd to
+8illimanite; sericite has partly altered to andulusite. A coarse granitic
dike of quariz, ofthoclase, and plagioclase cuts the hornfels and is
bordered by poikiloblastic phlogopite and tourmaline. The introduction
of constituents is evidenced hy tourmaiinization of this aluminous rock
(Fe, B), phlogopite (X, Fl), and rutile (Ti, Fe).

Diopside hornfels is distinctive of part of the Hayﬁaod formation
at North Hill and Cable. Zlocallv the rock is a pyroxenite. 2 mosaic of
embayed or corroded guartz grains and sericitized feldspars is held in a
matrix of intergramlar diopside (fig. 29). The Maywood beds are also
characterized by a tremolite hornfels. The rock is composed of fine bands

of prismatic tremelite, idocrase, iron-poor epidote (clinozoisite) and
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clusters of tiny sphene crystals. (ther layers are micacecus and contain
chlorite, bictite, pistacite, and quartz. Magnetite, epidote and sphene
are late minerals. Loecally, this hornfels contains bands of garnet with
prikiloblastic phlogopite replacing feldspar and diopside. 4 few bands
are rich in hedenbergite.

At Daly tulech, the brown shale member of the Hasmaék dolomite is
altered to a sericite-cnlorite hornfela that contains minor foraterite,
magnetite, epidote and relic flakes of biotite. The rock is largely quartz.

Variations in the mineralogy of the hornfels indicate a movement
of original materials and the introduction of new constituents; however,
reconstitution is the dominant process. The most important constituents
introduced into these rocks are iren, titanium, boron, and potassium,

Inpure limestones

Tsochemical reactlon marbles

Most of the reaction marbles occur within 50 feet of the intrusive
contact. In the vicinity of the Joker prospect, silica~rich areas or
cherty zones in the upper part of the Maywood formation, are rimmed by
amphiboles. The host rock is a slightly altered forsterite marble that
contains a minoxr ambunt of Jleuchtenbergite and rutile. The sgiliceous
area is surrounded auccessively by a fine-grained border of magnetite, a
band of fibrous tremolite and cnaisa magnetite, white chlorite and, finally,
eoarse actinolite and magnetite. These same relationships were observed
in the Trilby tunnel (pl. 6).

The black chert at the base of the Maywood formation has & complex
reaction rimj; diopside~calcite mearble is the host rock, The chert contains
gquartz, biotite, and slongate blebs of magnetite. A zone of pistacite
surrounds the chert, Pargasite (magnesium hornblende) encloses isolated

calcite graina,. Garnet is silicified, feldspathized, and rimmed by diopside.
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large poikiloblaatic crystals of phlcgopite replace parts of the entire
masy. Magnetite is pseudomorphous after garnet; din the quartz matrix,
it has a cellular texture, which resembles an explcding bomb and is typical
“as well as characteristic of its ococurvence in large deposita,

The introduction of iron, titanium, alumina, potassium and sodium
probably adds to the complexity of the original simple reaction. The
most importanf metasomatic constituenty are iron and aiumina.

Dedolomitizaticn

Forsterite marbles are widesprzad in the Hasmark formation.
Forsterite and antigorite constitute as much as 304 of these fine-grained
marbles. Brucite is commonly associated with large masses of antigorite-
gerpophite mixtures, as may be expected hecause of similarity in their
erystal structures (Selfridge, 1936; Bowen, 1949). In coarse-grained
asctions, spinel and magnetite are common., The spinel cuts forstasrite and
is in turn rimmed by magnetite. Veinlets of phlogopite, commonly distorted
(or sheared, cut across the marble adjacent to calcite~filled fractures,
Permine and leuchtenbergite are mederately abundant in the micaceous marbles,.

large-scale dedolcmitization is distinctive of the Hasmark formation
near the intrusive. Phleogopite is characteristic of late alkaline hydrothermal
action. Forsterite fixes silica and magnetite, whereas the excess alumina
is fixed by spinel.

In general the regional pattern of isochemical thermal metamorphism
is controlled by the granodiorite. Areas of dilatancy, marked by intense
folding, fracturing and shearing, control the lccal metamorphiswm: crystal
growth is controlled, in part, by thermal and stress effects., Metasomatism
is important in the formation of complex silicates; iron and alumina are
most Important in this role.

ALLOCHEMICAL STLICATE METAMORPHISM

Much of our present knowledge concerning isochemical thermal {contact)
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metamorphism and allochemical (metasomatic) metamorphism is discussed and
sumuarized by Turner and Verhoogen {1851), Eskola (1939), Turner (1948)
and Harker (1939).

Girossularite marble

In the grossularite marble, the garnet and the marble correspond to
the original giliceous laminae and limestone of the unmetamorphosed equivalents
in the Red Lion formation, vespectively (samples 13.1283-84, Table ). The
gamet, a mixture of light grossularite partly rimmed by darker éndradite
(sometimes hemogeneous ), occurs as large dodecahedral porphyroblasts between
the silicecus laminae and the marble (fig. 17). Tndividual garnetl crystals
gxcaad a diametgr of one centimeter. Zoned crysials are partly replaced
by epidote, calcite and caleic plagioclase, which leave skeletal or
dodecahedral shells of garnet, an example of retrograde metamorphism
according to Usborne (1932) and Harker (1939).

Diopside is disseminated throughout the marble but is largely con=—
centrated inside the border of the silica zone. Garnet appearé to be a
reéction product of diopaide and marble, Pargasite occurs between the garnet
and the marble asa reaction product (fig. 30).

An ircn-poor-eﬁidoteﬁ reserbling the non-ferrian variety of zoisite,
with almost parallel extinction {29} and anomalous blue interference
colcra, ia called clinozoisite., Tt occurs in the silica zone as large
poikileblastic ecrystals that contain pargasite and diopside. (Clinozoisite,
together with calcite, replaces the amphiboles. Magnetite also cccurs at the
border of the silica zone and partly replaces diigide and epidote.

Pistacite generally replaces garnet. The siliceous zone contains minor
amounts of sphene, allanite, twinned anorthite, and hedenbergite,

Felaltionships indicate that diopgide and silica react with the

marble to form garnet, with an introduction of iron in the formation
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of andradite~rich garnet; nevertheless, thess minerals are controlled
locally by the original sgilicecus laminae. Pargasite fixes Mg and 8i and
indicates the introduction of Ha and 31l. Infroduced alumina is essential
for the formation of garnet. Minor amounts of titanium, iron, and
alumina are flxed by epidote and sphene,

Dicpside martle

Various dicpsidic marbles are closely related to the grossularite
marbles but usually show only a skeletal form of garnet. Thess garnatifereua
areas are deveid of diopside; it is the writer's opinion that the diopside
entered into the formation. of the garnet, The siliceous parts of the digpside
marble are characﬁerized by a concentrztion of magnetite, In f;he unmetae
morphosed Red licn beds, the magnetite is confined to the giliceous laminae
and has increased in amount near the calecitic parts of the rock {(sample
13,1285, Table 2).

The cencentration of minerals in the giliceous laminae way be
attribn{;bie to the permeability of ithe ;ilica graing and intercomnected
lacework. Calcic plagioclase (anorthite~bytommite range), clinczsisite,
and large poikiloblastic hornblende, which contains dicpside, are common
in the silica zone;

Near the intrusive contact, the marble is scapolitized. Poikiloblastic
scapolite contalns many unreplaced inclusions of diopside and clinozoisite;
scapolite is localized in the silica zone. large phlogopite crystals are
also scapolitized.

8ilicate tactites

Diopside rock
A rock rich in diopside borders more complex tactites in many plages,
Diopside is commonly associated with clinozoilsite., Flstacite and abundant

sphene replace dicpaside. The replacement is selective along particular
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layers, generally the fine~grained beds. Sericite, allanite, and magnetite
occur in minor amounts.

At North Hill, the Maywood beds at the border of the small apophysis
have been metamorphosed to an almost pure diopside rock or pvroxenite.
The fine—gfained parts show a granoblastic siructure and are non-pleochroic.
Indices of the diopside are Ny~ 1.687, Nym 1.657, and Np= 1,660, which
corresponds to about 25% clinoenstat ite (MgMgsio0Og ) member, In coarse-
grained areas, slightly pleochroic diopside occurs as radial sheéves,
characteristic of hedenbergite, and is intergrown with fibrous actinolite,
N g exceeds 1.68, equivalsnt to about 20% hedanhargite? Scattaered graing
of corroded quartz and sericitized feldspar occur as relic'cryétals and
probably represent the original sediments, BRorders of the pyroxahita are
graigonal into a diopside hornfels and a cherty dicpside marble, The
diopside rock represents the altered basai sand member of the Maywood
formation, wohich is generally not well exposed,

Garnet-diopaide tactite

Tactite rieh in garnet is commonly localized around reentrants,
apophyses, and sills, Brown nassive garnat at North and South Hills
shows a zonal structpre. In its growth againgt calcite, garmet is
idiomorphic and occurs as crystals as large as 2 cm. Blue~green pargasite
generally rims the calcite (fig. 30). 1In weathered zones, leaching of
ths calecite leaves a vmggy rock; however, its vuggy character alse may be
due to a decrease in volume resulting from a loss in {0,. &S in the marbles,
garnet ls replaced ny late minerals such as pistacite, calcite, and caleilc
plagioclasa,

Fractures act as feeders Tor garnst forming constituents, which are
carried from a garnet-rich zone and rsdeposited in a diopside marble.

Similarly, depssition of abundant magrnetite and sphene followed by spidote



- 35 -
occurs in fractures; the sclutions move out from the fractures into the
intergramilar spaces, between crystal faces, and perhaps by diffusien for
ghort distances,

Diopside is generally disseminat2d in the marble, poikiloblastically
included in phlogopite, or concentrated in bands parallel to the gilicaous
laminae, In asome of the tactitss, magnetite is disseminated along the
bedding; its replacement is controlled hy open spaces, fractures or the
zonal pattern of the gamet {fig. 31).

The lats solutions are rich in alkalies and iron as shown below in

an exanmple of replacement:

phlogopitae| replaces both replaces Jgarnet
magnetite epidote —==———---\diopsgida

Three varieties of epidote occur in the tactite., (Clinovzoisite is
associ%@d with diopside and garnel in the silica zZone, Allanits is zonally
rimmed by pistacite. The intergrowth of allanite with pistacite indicates
instability or non-equilibrium in the replacing solutions; they are decreasa-
ing in Mg and Fe content. The enclosure of some epidote by bands of dicpshie
may result from reirograde effects, the late formation of dicpside, or the
forceful growth of late epidote crystala,

The sequence of replacement and the poikiloblastic texture of cordierits,
pistacite, phlogopite, and scapolite indicate the replacement nature of thess
late minerals. BScapolite is the latest mineral and replaces the other minerals.,

Amphibole-rich rocks

Tactites in the Tribly tummel contain congiderable amounts of actinolite
and pargasite. Radiating crystals and fibrous clusters of actinolits contain
304 to 504 tremolite member. Calcite has replaced the amphiboles along
cleavagess chlorite is a common altsration winsral of the amphiboles,

Intargranular magnetite, sphene, and apatite are moderately abundant.
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Afocording to the average optical characteristics and indices of clinozoisite,
it containg 10% to 153 pistacite.
Transitional faciss
The contact of tha stock is generally sharp; all transitional zonas
ars ralatively narrow or nonexistant. An entirs sequence of mineralogical
changes, from normal granodiorite to diopéide tactite, can occur within

a few iachss. The sequence given below involves aboat two inches of rock:

Feg }11’ Ti‘, ?3 Na ~———

normzl ) phlogopits) hedenbergzite) actinolite diopside
grano—- }» sphene tremolite= pyroxene pistacite
dioritef ehlorite achinolita pistacitae

pargasite plagioclase

(allanite) (ghosta)

—~— }g, (a

Fyroxene is probably a mixture of diopside and hedenbergits, The prominent
zones ara marked by the introduction of phlegopite (fig. 32); pargasite
layers; radiating flbrous tremolite (fig. 33); and diopside. prlagiocclase
"ghosts! are epidotized at the center and almost complately sericitized.
Allanite is associated with hedenberyite.

The transition from normal grancdiorits to garnet tactite is not as
well defined as the previous sequence, This sequence occurs within a
distance of two feet and is divided into thres zones as follows: (a) pistacite
zone, (b) intermediate zone, and (¢) garnet zone. The grancdiorite is
raplaced by epidote, which is represented by the first zone. Apatits and
actinolite are poikiloblastically included in tne epidote. Almost without
axception, a profﬁsion of tiny crystals of sphens accompanies pistacite
at the contact zone. Flagioclase is epidotizsd and sericitized. Magnetite,
fibrous actinolite, pargasite, phlogopite, and less amundant sphene and
apatite occur in the intermediate zons., In the garnet zone, qQuartz and

plagioclase partly replace the garnet and lsave remnants of zoned garnet.
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Diopside is moderatsly abundant in the garnet zone.

The transition from garnet tactite to diopside rock is marked by
sharp boundaries (fig,. 34). The diopside zone contains fibrous actinolits,
magnetite, and mincr amounts of quartz and feldspar, Magnetite is dissemi~-
natad between the two zomes, A thin band of pargasite marks the boundary
between the zones (fig. 35). The pargasite is optically positive,
pleochroic (¥ yellow=grsen, Y emerald-grsen, 2 blue-grsen), zac =190
maximum, ?i@i19533 and Ny=l.657, The blades of pargasite ars norﬁal to the
contact of the two zones.

Z0NED GARNSET TACTITE

In the vicinity of the Cable stock, zoned garnet only occurs in the
Red Iion formation. At North Hill, large crystals of paripherallj zoned
garnet'oacur in & narrow band parallsl to the intrusive contact {pl. 3).
The garnet trangsects the bedding of tihe siliceous calcits marble and is
bordersd by a zone of scapolite, At Soubh Hill zoned garnst occurs within
sgveral inches of the grancdiorits,

The tactite consists of dodecahedrons of pale~bruown o red-brown
garnet, as large as three inches, In the pale-brown gawmet, the Zzones
are ¢ -ntinuous froﬁ brystal to crystval, as well as concentric to the individual
-orystal (figs. 18, 36). rones in the red-brown garnet ars composed alternately
of pistacite and gavnet, The individual cores of the garnet consist largely
of pistacite, some diopside, gquartz, feldspar, and calcite as replacement
or poikiloblastically included minerals. The dark-rsd garnet contains con-
giderable andradite (npl.78).

Replacement of the garnet 1s mainly along radial fractures, zonal
houndaries, and crystal faces. Fractures provided easy access to the
zonal boundaries along which the diffusion of replacing consitituents took

place. Tne presence of anorthite indicates that zoned garnet at Daly Guleh
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was probably formed by a reaction of an unstanle calcium silicats, such
ag wollastonite, of an early tactite, anorthite, and intrsduced iron,
Zoning may reprasent periods of non-eguilibrium during the formation
of garnet, and periods of equilibrium during wnich no constituents, such
as iron were added to an early tactite. In addition, the intermittant
metasomatic introduction of iron at a late stage followsd by crystéllization
of iron—-Tree grossularite under thermal conditions may account for the zoned
grandite, BSmall traces of impurities at the zonal boundaries may have
impeded depogition or may represent a period of non-deposition.
MAGNETTTE MINERALIZATION

Magnetite-—carbonate marble

Magnetite-rich marbles are characterized by large~scale dedolomitization
and widespread alteration. Mozt of these rocks are exposed at the Pomeroy
mine near Southern Cross (pl. 5). Altaration in the banded magnetite-
forsterite-~carhonate marbles indicates that most of the serpentine minerals
are derived from the alteration of olivine,

Depogition of the magnetite was controlled by fractures and bedding
planes, The magnetite cut across or replaced minerals along the bedding.

In an ophicalcite,-magnetita deposition was initially controlled by cleavage
and twin planes »f the dolomite host rock.

4% North Hill, a small inclusion of serpentine marble is exposed;
hers, forsterite has altered to antigorite. Fibrous chrysotile ocenrs
in small veinlets accompanied by antigorite and finely digseminated
magnetite., Brucite is associated with antigorite. In addition, phlogopite
and spinel occur in the marble,

Magnetite tactits

In most of the tactite, the magnelite replaces dolomite or calcitas,

quartz, and feldspar, It embays and corrndes the quartz and feldspar bt
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genarally replaces an entire carbonate grain., Ia an amphibole-rich tactite,
the magnetite bends and shatters the fibrous actinolite and chlorite (fig. 36).
1t replaces parts of the garnet crystals and is controlled by ithe zonal
stracture of the garnet, Some magnetite grains are rimmed by leuchtenbergite,
probably the result of hydrothermal action,

In the Trilby tunnel large crystals of fibrous actinolite and calcite
arg replaced by magnetite., Veinlets of magnetite cut and are cut by epidote-
filled fractures and veinlets of secondary calcite, indicating céntamporaneous
deposition or redeposition of thess minerals,

SCAPOLITTZATION

Scapolite ocvcurs as gray to white prismatic or radiating crystals at
the contact of tne intrusive. Sphene, apatite, clinozoisite, parcasite,
pyrnxeﬁe, and calcite are poikiloblastically included in scapolite. Small
dodechedral garnsts are scatisred through the scapolite, whersas scapolite
partly replaces the large massive garnet.,

Under the microscope, most of the zoned scapolite is rieh in meionite
menber, whereas the marialite-rich scapolite occurs in é mosaic pattern and
has wavy extinction. The average indices are No= 1,567 and Ne= lo544, which
correapond to 4@%—%4% meionite, varisty diapyre.

The zoned varieties ocour nearest the limestone at the contact. The
gsoda-rich scapolite replaces parts of the granodiorite and adjacent tactites.,
The variation in composition of the scapelite indicates the direction in
which the exchange of constituents occurred, namely, chlorine and sodium

from the granodiorite and calcium carbonate from the limestone.
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SUMMARY AND CONCULISIONS

The composition of the grancdiorits is uniform over the entire
stock, with the exception of local variations in biotite and hornblende.
In places the composition and texture of the granodiorite are the sane
a fow feet from the conbact as they are at the center of the intrusive,
The contact of the stock is sharp; all transitional zonss are narrow
or absent,

The hasic border of the stock indicates some assimilation of calearsous
rocks by the grancdiorite; the transfer of caleium acrogs the contact
regulted in the endometamorphic development of hornblende, diopside, and
scapolite. Border rocka are rich in sodic hornblende (pargasite) and very
calcic plagioclass, Many raentrénts in the contaet contain epidotiged
intruaive rock, Deformation of the sediments accompanied forceful
intrusion of the granodiorite.

Reconstitution is the dominant proceas in the basal hornfals of the
Red Lion beds and the massive Hasmark dolomite; nowever, iron, titanium,
boron, and postassium have been introduced into these rocks. Tepletion
of biotite at theﬂedge of the stock made available considerabls amounts
of iron, alumina, petassiam, and siliea for reaction with carbonate rocks;
large~$cala replacement of marble hy mica utilized these same constitusnts.

Iron is the most important metasomatic econstituent in the vicinity
of the Cable stock. e, 11, 8i, Fl, Cl, X, B, Na, and Ti from the stock
have been exchanged with Ca, Mg, and COp from the carbonate sediments,
Tactites consist chiefly of grandite, pargasite, and magnetite. The
late exchange of sodium chloride from the stock and calcium carbonate
from the sediments provided constituents for scapolitization at the intrusive

contact,
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larze-svale dedolomitization precedes and accompanisg depnaition
of sagnevite. Oarnet tactites contain considerable magnetite. Magnetite
ogcurs Ag massive replacement bodies and as disseminated nmineral in dolo-
mita and serpantine-rich marblass,

Poikileblaatic texturs is common in the prominent replacement,
minerals., Solutions that provide constituents for the formstion of
common replacement minerals were rich in iron, alkalies, and sme
halogens.

In addition to impurities at the crystal faces impeding alternate
deposition of andradite and grossularite, intermitianit metasomatic in-
troduction of iron followed by crystallization of iron~fres garnet under
thermal conditions may account for the formationi;oned garaet,

Areas of dilatancy and stress, marked by intense folding, fracturiag,
and sheariﬁg, control metamorphism. Mineralizing solubtionsy follewed
fractures in sneared areas and spread out into the sediments along inter-
granular spaces, crystal faces, and perhaps by diffusion for short

distances,
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Table 1 = Charzcteristiss of the Faleozoic rocks

%gel/

Formation;j

Thickness
(feet)

Character

¥ississippian

Kinderhookian=—

(sagian

Madison
limastone

1300

limestone, black, dense,
compact browny flaggy to
shaly at base; gray, massive,
fossilifarcus in upper part;
calecitic, cherty, and petroli-
ferous at base,

Devonian

Senecan

S E——

Jefferson
limestone

6002300

Iimestone, white, to gray-
black, sugary, dense, gram=-
lar, mottlsd,massive, marked
hy yellow shale at top;
alightly dolomitic; fractured,
carbonacacus .

Trampaleauan

Maywood
formation

200-300

Iimestones, gray to red and
siliceouns ;intervedded, gray,
ouff shales, maroon sandstone
with interbeds o dolomitic;
calesarcus; bulfl to maroom,
fine~grained, dolomitic; black
chert at basej basal part is
gandy.

Upper Cambrian

Franconian

Red Iion
formation

270-280

R, . A T S R 7 YRR

linmestone, light to dark blue-
grays; sublithographic {to
fine=-grained,calcitic and
giliceous; calcarsous portion
fosasiliferous,very low silica;
microcoguinag jlaminae nuff to
reddish brom, 9.1 to 0.8
inch thick, wavy, thin, anasuo-
moging, siliceous and carbon-
aceous; 10 to 85% $i0p; basal
portion is shaly, deolomitic
and sandy.

Iiresbachian

Hasmrark
dolomite

ca, 1000

Limestone, bluish gray to white
sublithogranhic to crystal-
line dolomite; middls member
shaly, chocolate browsn, dense;
upper member yellow-puff to
gray, denss, dolomitic,
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Formahionl/

Thickness!
{feat )

Gharacter

Middle Cambrian

{ef. Park shale-

Meagher lime=
stons )

formation
upper part

Silver Hillg/ 150-250

Iimestone, with siliceous
and shaly laminas similar
%o Red [ion formation,

Silver Hillg/

(ef. Wolsey 60~120 Shale, dark olive-green;
shale) formation thin interbeds of white to
lowayr part maroon sandatone,
Flathead 135-150 fuartzite, white to buff,
quartzite fine~ 4o medium=grained.,

1/ Stratigraphy according to Calkins (Emmons and Calkins,1913) as
modified by Lochman and Duncan (1944) p. 12-16,
2/ after Holser (1951).
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Tablas 2., Section of Paleozoic rocks in railroad cut west of
Daly Gulch.

MAYAOOUD FORMATION (LOWER PART)

Thickness
{faet)
Sandatone, light buff, calci ous, verv ine-grained,
thin-bedded., 1% iron, {11.1303) 40

Limestone, buff to brown, dolomitic nighly siliceous
magssive and fine-grained., 6U% $10,, 0.4% iron (13.1302) 35

Sendstone, maroon to tuff, cross-bedded, very fine-
grained, calcareous, silty partings and thine—

bedded, lower part; 89% Si0p; 2.3% iren (13.1301) 22
limestone, dolomitic, buff, fine~grained to granular,

siliceocus, 58% SiQg; 1.2% iron, 5
8hale, drab, thin-bedded, slightly calcareous. 2
Iimestone, dalomltlc, bufi, very fine-grained, siliceous;

(65% 810 3 0.3% iron). 7
Coverad 76

RED LION FORMATION

limestone, gray with brown wavy laminae about 1-8mm thick
9% 51053 048% iron; caleareous; iron in silicecus
laminae, coarae=calcite filled fractures and along
stylolites; calcite recrystallized, 1.0 mm (twinmed);
iron as smlfide and oxide cement in silicecus part '
and give~barding tuff color (13.1298) 49

iime:tone, bluish gray and drabegray, thin laminae
~weathering reddish brown, wavy laminae encloses
coarse gray limestone 48% SiOp; 0.3% iron; highly
calcareocus (13,1297) 53

Iimestone, blue gray, calcite partially recrystallized,
0.5 mm, contains few grains of dolomite, feldspar;
and hematite; siliceous portion contains quartz
about 0,02 mmy49% 5i0z; 0.3% iron; highly calcarecus;
beds 2 feet thlck alternate with: (13.1286)

Limestone, drab, btrown gilicecus laminae, weather to bright
reddish-brown; calcite grains 0,02-,04mm; iron as
hematite and magnetite restricted to the siliceous
part at the calcite-guartz border; iron partially
replaces or coats the rhombs of calc1te,86% 5i0p;
R,1% iron; highly calcareous beds are 5-6 feet thick
{13.1285) 53
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Table X = continued Thickness
{{eet )
linestone, blue-gray, fossilferous ,contains recrystallized
calcite up to 0.5 mm; nalcarecus part contain grains
of feldspar and gquartz; irom occurs as pyrite alter-
ing to hematite;$2% Si0s; 1.2% iron; (13,1283) alternates
'with limestone, blua-nray, orown wavy siliceons laminae
74% 91033 1% ipon; siliceous laminae contain quartz,
faldapar, mica and most of the iron contentjzircon,
sphene also oaccur in the laminae; iron minepralization
fille some fractures and spreads out into siliceous
lavers, (13.1282), L5

Linestone, buff, thin purple siliceous laminas; purple
banding (20% of rock, by area) bituminous or carbenaceous
material and quartz grains; borders of guartz and felspar
grains correded; calcite 0.2 mm, with white mica and
quartz; iron oxide coats calcite; few pyrite cubes;
several rhombs of dolomitey87% $10,; 2.2% iron (13.1281) B

limestone, buff dark brown siliceous laminae),€6% SiOy;
1.1% iron, calcareous {13.1280) 14

Limestone, drab, purple silicecus laminae; 83% 3102,
1.68 iron (13,1259) 3

Timestone, gray, tuff wavy siliceous laminae, fossiliferous,
Tew scattered grains of guartz, quartz graing filling
veinlsts; hematite and pyrite along stylolites,

208 810p; 0.4% diron (13.1258) 21

Limestone, buff, thin purple laminae (arenacecus
spargenite) with thin bed of silicecus magnesian
limestone at base; 67% 5i0p, 1.3% iren; (13.1257) 7

Shale, black to dark gray, graded bedding from clay
gize to C.02mm (quartz grains); silicecus portions
~are lenticular; shale characheriatic wvarved
appearance., Detrital gquartz in cross-cutiing

veinlets to bedding. (13.1255) 3
Limestone, drab, dolomitic, thin calcareous silty

partings, thin-bedded siliceocus (13.1256) 4
'Sandstona, buff, thin-bedded, calcareouvs, some silb, 10
Shale, black (same as 13.1255) "5@%”"

HASMARX FORMATTON
Tpper magnesium limestone member

Limestone, purple and white, very thinly bedded with
contorted laminase, dolomitic, shaly near the
base; 0.4% iron, 18% 8i0. (13.1254) 21



Tatle % - continued

Thickness

{feet )
Dolomite, yellow to puff, thin-bedded to massive
a% base, beds 1 to € inches thick, siliceous)
10% 8i0g3 0.3% iron (13.1251) £2
Dulomite, pale yellow to gray, massive (2 ft.
teds), locally calcarsous (R6hto 11% SiO,;
0,1% irom, -
14

1/ si0, determined by weight after initially treating sample
with HC1 and agqua regia and ignition determined colori-
metrically (electrophotometer) with an accuracy of 10%
due to sampling errors. HResidues examined microscopically.

_?:/ the mumbers refer to samples and thin-section
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Figure 2. Daly Gulch from Gold Coin looking north toward
South Hill, Granite Hill, and Cable Mountain.

Figure 3. Laminae in beds of the Red Lion formation near
Gold Coin Gulch, Pencil gives scale,

Figure 4., Laminse in beds of the Red Lion formation near
Gold Coin Gulech. Dark siliceous laminse encloses the

white marble,
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Figure 6, The sharp contact of granodiorite (gd) against
a bed in the Maywood formstion (diopside hornfels). Two
indusions (i) occur in the granodiorite. The hornfels
is cut by a small apophysis of granodiorite. The rock

section is five inches wide.

Figure‘lo, SBtreaking in altered feldspathic rock that
contains granophyric inclusions. Near North Hill,
Daly Gulch, Lower part of the exposure is normal

granodiorite. Pencil gives scale.

Figure 16, Nodules in the Hasmark dolomite at South Hill,
Daly Gulch., Nodules of brown siliceous dolomite generally

cceur as discrete lenticular masses in the white marble,
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Figure 6

Figure 10

Figure 16
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Figure 1ll. Altered feldspathic rock as in figure 10.
Pencil gives scale,

Figure 13. Folded beds in the Jefferson limestone near
Georgetown., Locally the beds are overturned. Width

of the exposure is about twenty feet.

Figure 14, Isoclinal folding in beds of the Red Lion
fdrmation. North Hill about fifteen feet eaat of
reverse fault., At left a small fault was produced
in folded laminae,

Figure 15, Mineralized fault zone, looking west into Gold
'-Coin_Gulch., Stoped area dips apout 60° north and is an

extension of the Gold Coin mine,
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Figure 7. Poikilitic texture of the Cable granodiorite.
Plagioclase (p} is poikilitiecally included in large
crystals of orthoclase (or) and quartz (gz). X 82;
crossed-nicols,

Figure 8. Poikilitic texture of the Cable granodiorite.

X 26, crossed-nicols,

Figure 9, Altered Cable granodiorite. Cores of calcic
plagioclase (p) are epidotized (ep) and sericitized (s).
Chlorite (¢) occurs as large discrete masses. X%82,
plain-polarized light.

Figure 12, Hbrnblénde felsite porphyry. Large crystals of
hornblende (hb) are held in a matrix of feldspars (fd).
cores of plagioclase are partly altered to sericite. From
dike near Georgetown Lake., X 26; crossed nicols.

Figure 20, Spotted chiastolite hornfels in the Red Lion
formation at Hofth Hill, Daly Gulch area. Chiéstolitg (a)
and cordlerite (c¢) occur in a quartz-biotite matrix (gz).
‘Tourmaline borders a small dike cutting the hornfels.

X 26; plain-polarized light. ‘

Figure 21. Forsterite-dolomite marble in the Hasmark dolomite
| from the Southern Cross area. Intergranular magnetitg_(m)
hés‘replacea fqrsterite_(f) and dolomite (dol). Spinel

(sp) is common. Phlogopite, a late minersl, has replaced

parts of the marble, X 26, plain-polarized light.
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Figure 1 7. Grossularite-diopside-calcite marble at South
Hill, Daly Gulch. Garnet preserves the bedding (the
original siliceous laminae) of the Red Lion formation.

The area is asbout three feet wide.

Figure 18, Zoned-garnet tactite in the Red Lion formation
at South Hill, Daly Gulch area. Alternating light and
dark zones of grossulsrite and grandite are concentric

to individual.crystals and groups of crystals,

Figure 19, Altered feldspathic quartzite near North Hill,
Daly Gulch area. The original bedding is preserved by

- biotite layers,






- 548 -

Figure 22, Biotite replacement of marble in the Trilby
tunnel, Southern Cross area, Veinlets of biotite and
calcite have replaced the sheared marble, Width of the

exposure is about three feet.

Figure 23, Actinolite-magnetite tactite and calcite marble - -
from the Red Lion formation in the Trilby tunnel, Southern
Cross area., The marble contains large prisms of actinolite:
below; magnetite and serpentine occur in coarseiy crystalline

bands. The rock is eight inches wide.

Figure 24. Grossularite tactite from the Trilby tunnel,
Southern Cross area. Bands of grossularite (g), epidote
(ep), and calcite preserve the bedding of the.bahded
sediments of the Red Lion formation. The end of a one-

inch eraser gives gcale,
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Figure 25, Block breccia of dark-brown marble in light
marble near the Nowlan raise, Cable mine. Pencil gives

scale.

Figure 26, Biotite and chlorite replacing marble in the
Cable mine. Westernmost stope, 6800-foot level, Biotite
hag replaced the marblg; later the biotite was almost
completely chloritized. Veinlets of late calcite cut
the altered mica, The entire mass has been sheared
repeatedly. Slickensides are visible in many directions,

Width of the exposed rock is about three feet.

Figure 27, Magnetite ore in the Cable mine. Back of main
drift, near main winze, 6800-foot level., Bands of magnetite
réplaced dolomite along parallel and transgverse fractures.

Carbide lamp gives scale.
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Figure 28, Magnetite and marble breccia in the Cable mine
near the Howlan raise, Hagnetite and marble are cemented
by late calcite, Width of ares ie about two feel,

Pigure 30, Garnet-pargasite-magnetite tactite from the Hed
Lion formstion, South Hill, Daly Gulch area, Pargasite
(p) borders grandite (g) and encloses isclated masees of
calcite, MNote zoning in garnet., Pencil ersser gives scale,

Figure 368. Zoned-garnet tactite at Noxrth Hill, Daly Gulech
area, Note alternating dark end light zones of andradite
and grossularite, and the concenirie banding around grouys
of erystals, Width of the oxpeauri is about twe feet.
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Figﬁre 29, Diopside hornfels in granodiorite. From section -
of rock shown in figure 6, Small apophysis of granodiorite
(gd) isolates diopside hornfels (hf) and granophyric
inclusion (i), Note corroded quartz grains (clear) in
dark matrix of diopside. X 26, plain-polarized light.

Figure 3l. Garnet-diopside tactite from the Red Lioﬁ}fprmgtion
in the Trilby tunnel, Southern Cross zrea. Megnetite (m)
has filled and partly replaced grossularite (g) and diopsidg
(d). The garnet is partly feldspathized andﬂsilicified (£).
Note zonal boundaries in garnet. X %2; plain-polarized
light., | E |

Figure 32, Phlogopite replacement of granodiorite st the

~ intrusive contrct, Phlogopite (p) has partly replaced
feldspars of the granodiorite. Transition zone between
normal grenodiorite and garnet-diopside tectite at South
Hill;_ Daly Guleh., X 82, crossed nicols. |

Figure 33. Sheaves of rediating tremolite in transition zone |

at intrusive contact (adjacent to area shown in‘figure;§?).
Partly altered gr-onodiorite (gd) is ehown at right, X 26,
crossed nicols. | | o .

Figure 35. Boundary hetween garnet tactite (g) and diopside
rock (d). From rock section shown in figure 34, Sheaves
of pargasite (p) are pervendiculer to boundary. Note
celcite-filled fractures normal to zoning in garnet,

X 26, plein-polarized light. ‘ - L

Figure 37. Actinolite-masgnetite tectite from Trilby tunnel.
Actinolite (a) bends sround megnetite (m): peannine (p) at

boundary, X 82, plain-polarized light.






¥igure 34

Figure 34. Boundary between garnet tactite and diopside
rock of the Red Lion formation, South Hill, Daly Gulch
area, Note sharpness of boundary mérked by pargasite.
Diopside contains clots of white calcite. 2-inch

eraser gives scale,



N7oEW

T NN | 1 l —
bj S fo N ) \em €m
= ea ; Z \ 1 F
BASE: U.S. FORESTRY SERVICE AERIAL PHOTOS 2 4000 8900 faet

CONTOUR INTERVAL & 100 FEET

GEOLOGIGC MAP OF THE GABLE STOCK AREA
DEER LODGE COUNTY, MONTANA.

PLATE

’L:

J’aﬂ‘m—m limestone

S R

Upper Cambrian

N79g

-
i
i

EXPLANATION
SEDIMENTARY ROCKS
T
:
{ Alluvium
. o=ty %)
fe
&5
v { Moraines
5 uwcowFormITY
Q 'S‘\ Quadrant formatien
=
£
¥ [ ]
3 Madizon lim::wi:-
T ‘?a ¢ J

_g"‘
i

TERTIARY

QUATERNARY

CARBONIFEROUS

DEVOMIAN

CAMBRIAN

ALGONKIAN



PLATE 2

EXPLANATION

LITHOLOGY

Dolomitic morsie

78

AN

Siliceous banded coicite marbie

rite-caicite
bo marble

Grandite- side tactite
much spidate

Spotted biotite hornfels

STRATIGRAPHY

Haama doiomite

Geble grancdierite

et
Gomtoct

(] S0 /00 /50 feet
=

Contour interval is 10 Ffeet

AL 3S T e b

Base:plane table. survey CONTACT OF THE CABLE STOCK  Selow by JW.Alinghan 1947
' AT SOUTH HILL, DALY GULGH




LBl woybuj|v ‘m T kg ABojoan

HOIN9 ATva “T7IH HLYON 1V
NOOLS 378vD IHL 40 LOVINOD

199} 01 B [DAIBUL In0lUo]

192} 00E

ool

keains e|qpy sun|d :esog

Ty

.
Syas0y Payoos

so500,0 awos

=
f-\

ie———
—Y————T T

bt

b oo ppubour

e 3LV

@4140ipovosb sjgoy

2]

PIWO[0P NIOWSOH

o oWIDy wOIT pey

uoijowso} poomkow

(¢

AHdVHIILYYELS

ir}
PR
e

Bupjuror

-

dinoy

G
-

4s04upD

Quzpionb papueq djyjods|e; peisjy

sejusoy p
BIRPIOD R} UDW]

A

%204 episdojq

§204 Bjijododg

A

pezijopide Kjjoso)
{490} jeusol-paunz

®414204 POPUDQ 94op1de -apiIsdOIP-JRUIDG

#4430} ejoprde-episdoig

]

#jqi0w papung
8413|192 ~n i o|nss0ib -episdoig

A90T0HLIT

Kpaeys 4jjooop
#|qiow 3)09 -apisdorg

B{QIOW BLWOIOP BINTI0; PRIDIY

®iQJ0W pPeYsoe|q B83.00Y

9|QI0W B}{2|0D PRPUDQ BNORI|IS

[]




PLATE 4

L 7 \'\\ 7 == v
Jonifn_, Mg ¥ p
' X 1 < e _—

4 -1
Sl T £ SNy

L W

V @climasire £ N iR, = I
. o z br 4 %, 0. AR -1 L
bP2 \\4 {Foz\s)ﬁ\‘:"zfeq & il _\./f.n;f{f,m\\\‘\ y2 - - & < L 4 & 4 g, < L 4 z A | I/< &g < > A L57.8 T
o e 10l AL T A Wi v > v i i Vi T~ <
s of s o & N P N & A o 7 ok < 7 v 7(1\ i

Iy y

js0 e ol £ oA Tk sl < S5 x < X e o S djopside-garnet factite’

g A7 S AV L ~A V\-q“-VLL-

>

waenss.a,l £ 314
o FUA S T W R

3

i
=
" )
- 293
“ S
I x 2
5 [
- : |,
:'l : 4> 7
" l o
1
GEORGETOWN : %

LITHOLOGY

e

Calcic limestona

Siliceous dolomitic limestone

STRATIGRAPHY

Siliceous bonded calcite marble Jefferson formation

g
3

Coarse calcite marble Meywood formation e
ol I
Diopside-calcite morble Red Lion formation L3 D.i
Contoct
N Tgé 3 d
Adit
Gossan Fen
Cable granodiorite Bedding =
Geology by J. i - sl hatt
gy by J.W. Allingham - 1947 Seinting Sha i
0 200 1600 Feet b Vo
-
Tranch SRwp

CONTACT OF THE CABLE STOCK
PYRENEES AREA



janjung I30ds0ig
- S
bo oS porog
@
Bujppea iious
% .
pv
uopiowso; suonodg 18 >
<1 ft i
sipziaenb 147 w.
&
« [0807 6113901 peprog silloubon
: § 2]
= M 8411304 BjoucqiDa-ajjieubopm
i B
spIwojop YOWSOH ) Bjziian D
e
i %,
]
YOI IDWI0) BO|T PRM CIHEL I L AL LR

it sare D

uoliowic} poomkon

B(qi0w PEPUDY BI|B|0O=RIIIBIR

siuoipounsb @ ou.—u 2iqi0w pepusq 81188113100
3 NN
sujoion w oiqiow  84|WSI00
EIAE
AHdVHOILVELS A9070HLIT

NOILYNYId X3

¢ 3J1vid

‘ dowky yu v
sojoud [opion 0ojaieg Lisssog sn

V34V SSOHO NYIHLNOS 3HL NI WSIHJHOWVLIW aaing wasvs $IYI0 PUOT ST

Gl GOW MM PGS ‘wesy Peiwod Beel

5 AR
Gi > ity ALt T e
v A
L Vol Vo a et Py
E Y 5
vk
s

* <




D94D $S0JD UJBYNOS - [auun] Aqjia]l a3yl jO uoijiod

~iv6l -
m—rey |
984 QOZ 0o/ o
] o4ijaubop BJIL00) PBpUDQ 820D ~2j0p(da - euiDg
ooy suijusdiag
i \q\\
o 811390} 8jyeuboW-s]jjou| 1oy 8|qiod Byiaj0a-spisdolg
. CRTPLIT: j 1
\»WN(\ —
4
y 94420y 9}0UOQIPI-ay1isubopN 504 85D|90(Bo[d-8)ij0UL}D
Buippeg ¥ _ﬁ;_ /. louiidy
S =
- @ J
oF
ﬁwwp\_._vU. 2413204 -8 jluojnssosb-episdoig 8]qi0W ©4|0|DO @9SIDOD
143 ;
ooy oo MR ADO0T0OHLIT
ﬁt.._c_tmh\kwh

o9 apdorpounsb 2lged

UO)OW IO}  JIUWISTH

wo oWy uor pay

[+=]

AHJVYSILYHLS §

9 3J1vd



> 5 5 2 e £ 2
3 = Z T W 1M aRAlS 5 2 i
= g et R e R e ey s R \
T E e Ee Es Gl e ae & £ Ry
u c e H 8 S R\ =g 2 s
b ¥ - « * s 3 = L] = 2 s e
I = & 2 e . < H Y = 3 O
B ] 2 - s @ o
o« ;. E = - -
5 B : € = % -
[ =% g H = 2 a s
q ek o« = w o
= —— e
I q: Pl woriguinn  Laddy UDIIGLIBD  PYODIU UOLRE  AIRL
L
< . %
° = = £
| - - s S = 5
Al : 2 5 £ = . T 2
] = € e s &
T = 5 e 2 5 E . : o s £
a b3 P v 3
w S 5 £l 2 & v N B 3 2 2 £ ] H
S FE 7 et NG e a3 : : e
2 i B SHEANE s W Radom RS
= e s Al . 3 s s Ry s kais B : S Ag
= = 2 » = a 2 4 g z 3 Y 5 r
bR bR T Ager s eSS U SRieRe Re R L et : 2 -
i 3 = 2 o - 5 = = -
3 - i o o = & < K b 3
2
e :
) 2 E a 3 =
& iEe HE R A R
@ ° 2
a =

s
°
x
&
E 4
-
£
2
&
=
xz
=
=
3
&
2
3
= @
g <
i ‘ >
LA e R 5 4 x T A Bt
m"v"{_v;q T “Vd(bq/’/>d‘; s 4y
h-\u;"")v;‘)v">L"7 ey Sy S e 2 DRIy
£
.Jv,;r\;l.‘——l'-l_’Al\“‘ L7"(_‘1-341,_,’_;,r*‘;.v‘"q‘z\‘v:r:" ”
A >< g
EVL""“TV’ :_>J‘-)_1 \IL,/,f_\ e 15 A % x 9
O, <™ AN PR oo Bai 2 e
LR o RN R (,’th"‘!-d gt M
@ Sl B o by i A oY e W B et
(e posk g ~ G 24> i
; ~ 7 A ST el
e
<T s ~ >y
| & T
L (e Cor
5 2 &8
s

CABLE

[=]
=
o
=
=
a
¥ 2
= 3
<
—J
@
2
i:
d
S
-
8
E
D)
Q|
ol
e

Base compiled from U.S Land Office mineral surveys

1947

METAMORPHISM IN THE CABLE AREA

U.S.Forestry Service osriol photos



