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INTRODUCTION

THE OBUBCTIVE OF THIS THEBIS WAS TO DETERMINE THE LATERAL ZONATION OF
MINERALS THAT LED TO THE FORMATION OF TALC BY REPLACEMENT OF MARBLE IN THE
Rusy RANGE OF SBOUTHWESTERN MONTANA., DATA WAS ACCUMULATED THROUGH THE STUDY
OF HAND BAMPLES TAKEN DURING THE SUMMER OF 1982 FROM AN EXPOSED OUTCROP, AND
FROM THIN EECTIONG MADE FROM THE HAND BAMPLES @ THROuGH 23, THIS LED TO AN

UNDERSTANDING OF MINERAL ZONATION PRESENT IN THE OUTCROP,

THME MAND SAMPLEE WERE TAKEN FROM A PROBPECT NORTHEAST OF TREASURE MINE
(Fra. 2). THe PrRoOSPECT 18 LOCATED IN THE SE 1/4,Sec. 11, T7S, R.6W, Map-
180N CounTY, MONTANA, IN THE MINE GULCH QUADRANGLE. AsouT 40 FEET OF TALC
18 EXPOBED IN AN OUTCROP WITH A TOTAL WIDTH OF ABouT 120 rFEeT. RoCKk SAMPLES
WERE TAKEN ABOUT EVERY THREE FEET ALONG THE FACE OF THE OUTCROP, AND ABOUT
ONE FOOT BENEATH THE EXPOGED SURFACE. SAMPLES 13 AND 18 PROBABLY WERE FROM

TRANSPORTED OVERBURDEN,

THE BAMPLES WERE BTUDIED AB MAND SBPECIMENS AND IN THIN SECTIONS, WITH
MOST OF THE EFFORT BPENT IN THIN SECTION 8TUDY., PARTICULAR ATTENT(ON WAS
PAID TO THE LREPLACEMENT OF MINERALS AND THE TYPES OF METAMORPHIEM THAT THEY

UNDERWENT,

THE BECTION ON THE EXPLORATION OF TALC MAY BE OF INTEREST TO THE READER.
DuRING THE SUMMER OF 1982, THE WRITER WAS INVOLVED IN THE TESTING OF A NEW
GEOPHYSICAL TECHNIQUE WITH THE INTENTION OF EXTENDING THE EXISTING ORE BODIES
INTO THE OPEN GROUND., BECAUSE OPEN GROUND WAS UNAVAILABLE, A PARALLEL ANOM-
ALY ON AVAILABLE QROUND WAS ISOLATED USING BAMPLING GRIDS. THE TECHNIQUE MAY

BE OF INTEREST IN THE FUTURE,
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TaLc

A) CHEmICAL AND PHYSICAL PROPERTIES

TALC 18 A HYDRATED MAGNESIUM SILICATE WITH THE THEORETICAL FORMULA:

THE CHEMICAL COMPOSITION OF NATURAL TALC, HOWEVER, 18 VARIABLE, |T 18 AN EX-
TREMELY 6OFT MINERAL AND 18 No.1 ON MOHB SCALE OF MARDNESBS, I|T VARIES IN
COLOR FROM SNOW WHITE TO GREENISH GRAY AND VARIOUS BHADES OF GREEN, THE SBPE-
CIFIC GRAVITY RANGES FROM 2.58 70 2.83, TALC UBUALLY 16 DERIVED AS A SECON-
DARY MINERAL BY ALTERATION OF OTHER MAGNESIUM BILICATES SUCH AS SERPENTINE AND

PYROXENE .,

TALC 18 A SHEET SILICATE MINERAL, |T HAS A TRIOCTAHEDAL STRUCTURE WITH
THE OCTAHEDAL SITES IN THE LAYERS OR "SHEETS'" OCCUPIED BY MAGNESIUM, CHEM-
1CALLY, PURE TALC RARELY I8 FOUND IN NATURE IN COMMERICAL QUANTITIES., PRrRAC-
TICALLY ALL OF THE TALC PRODUCED 158 AN IMPURE PRODUCT. EVEN HAND-SORTED
SELECTIVELY MINED COSMETIC TALC CONTAINS EXTRANEOUSB MINERALS, ONLY A VERY
SBMALL PERCENTAGE OF THE WORLD RESERVES ARE "PURE" TALC, WHEN IMPURE TALC
PRODUCTS ARE REPRESSED BY FROTH FLOATION OR SIMILIAR SELECTIVE SBEPARATORY
METHODE, VERY KIGH PUR$TY TALC CAN BE PRODUCED. TALC 18 CALLED "PURE" §F IT

CONTAINS ABOUT 95 PERCENT Mag SlS 059 (OH)y.

DIFFERENTIAL THERMAL ANALYSIS (DTA) ano X-Rax Dersracwion-(XRD) (Bere,
1979,,.13) BOTH PROVIDE GOOD ANALYTICAL METHODS FOR IDENTIFICATION OF TALC
AND MANY OF THE IMPURITIES WITHIN TALC. A LARGE ENDOTHERMIC PEAK AT 965°C
18 TYPICAL OF TALC MINERAL ANALYZED BY THE DTA METHOD, THAT I8 LESS THAN 95

PERCENT PURE,
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B) CommeERIcAL PROPERTIES AND USEs

TALC DEPOSITS CAN BE CLASBIFIED INTO FOUR CATAGORIES (Bema,1979,7.3):
(1) Steatite: COMPACT, MASSIVE, CRYPTOCRYSTALLINE, CAN BE SAWED, ORILLED, OR
MACHINED TO REQUIRED SHAPES., STEATITE CONVERTS ON FIRING AT 1800°F ror six
HOURS TO INTERLOCKING CRYSTALS OF CLINOENSTATITE. THIS PRODUCT HAS GOOD

ELECTRICAL INSULATING PROPERTIES,

(2) Sort PLATY TALC: ALTERATION PRODUCT OF BEDIMENTARY MAGNESIUM CARBONATE

ROCKSE, CHLORITE 13 COMMONLY ASSOCIATED WITH THIS TALC. THIS 18 THE MOST
IMPORTANT TYPE OF TALC. IT POBSSIALY HAS MORE USES THAN ANY OTHER TALCOSE

MATERIAL,

(3) TremoLtTE TALC: SOMETIMES CALLED "HARD" TALC. |T 18 MASSIVE OR LAMINATED

ROCK COMPOSED OF VARYINQ PERCENTAQGES OF TREMOLITE, ANTHOPHLLITE, CALCITE,
DOLOMITE, AND SERPENTINE, IT 18 CHARACTERIZED BY CALCIUM OXIDE CONTENTE OF 6

1o 10 PERCENT.

(4) Mixep TaLc ORes: INCLUDES THE 66 CALLED "S8OFT TALC", A FRIABLE, WHITE

SCHISTOSE ROCK COMPOSED OF PLATY TALC, DOLOMITE, CALCITE, SERPENTINE, AND
SMALL AMOUNTS OF MANY OTHER MINERALS, A MIXTURE OF TALC, CHLORITE, AND DOLO~-

MITE ARE COMMON IN BOME LOW=-GRADE DEPOSITS,

BECAUBE OF IT8 PHYS8ICAL PROPERTIES, TALC HAS MANY USES, THE LARGESTY
CONBUMER OF TALC FOR DOMESTIC USE 18 THE CERAMICS INDUSBTRY, CERAMICS I8
FOLLOWED BY PAINT, PAPER, PLASTICS, ROOFING, COSMETICS, INSECTICIDES, RUBBER,
AND A NUMBER OF MINOR UBES., TALC I8 USED FOR CERAMICSE BECAUSBE OF PROPERYIES
THAT INCLUDE MIGH SPECIFIC HEAT, RESISTANCE TO ACIDS, MAGNESIA CONTENT FLUX-
ING AGENT, AND LOW FIRING SHRINKAGE, HIGH GRADE STEATITE I8 UBED FOR

ELECTRICAL, CHEMICAL, AND REFRACTORY PURPOSBES,

(4)



c)

TALC ALSO 16 USED AB AN INERT EXTENDER AND FILLER IN PAINTS, THE Apo#-
TION OF TALC SLOWS THE SETTLING RATE OF PAINT, PROMOTES DURABILITY AND EBMOOTH
FLOW, AND AIDS IN THE DIBSPERSION OF PIGMENTS, TALC REPLACES BOME OF THE MORE

EXPENSIVE PIGMENTS SUCH A8 TITANIUM DIOXIDE,

TALC 18 UTILIZED A8 A LUBRICANT IN PAPER MANUFACTURE TO CONTROL PITCH
THAT WOULD BOND TO THE EQUIPMENT AND PROOUCE BROWN SPOTS IN THE FINIBHMED
PAPER, FINALLY GROUND TALC OF STEATITE GRADE OR NEAR BTEATITE GRADE IS USBED
IN THE PAPER INDUSTRY AE FILLERS IN THE HIGHEST GRADES OF PAPER, AND IT 56

USED IN FACE POWDERS AND PHARMACEUTICALS,

INTERMEDIATE TO LOWER GRADE TALC I8 USED AS AN INSECTICIDE CARRIER, AS-
PHALT FILLER, AND DUSBTING AGENT AND FILLER IN THE RUBBER INDUBTRY, I iIN-
CREASES THME PHYSICAL STABILITY AND RESISTANCE TO WEATHERING OF ROOFING
MATERJALS AND IT I8 USED A8 A FILLER TO REDUCE THE COS8T OF FINISHED PLABTICS

AND RUBBER PRODUCTS.

MINING, PROCESSING AND EXPLORATION

TALC 18 MINED BY CONVENTIONAL METHODS OF UNDERGROUND AND OPEN PIT MINING,
IN orPEN PIT MINES, THE OVERBURDEN 18 REMOVED AND CLOSELY SPACED HOLES ARE
DRILLED TO SAMPLE THE ORE BODY, DATA TAKEN FROM THE SAMPLES 15 UBED #N PLAN=
NING A MINING SEQUENCE FOR THE VARIOUS GRADES OF TALC. BLENDING OF THE DIF-~

FERENT GRADES 18 USED TO PRODUCE THE MAXIMUM AMOUNTY OF MINEABLE MATERIAL,

THE PRIMARY PROCESS ING METHODS ARE BENEFICATION AND PULVERIZATION, THE
PURITY OF THE ORE WILL DICTATE THE METHODS OF BENEFICATION, FROTH FLOTATION
18 BUPPLEMENTED BY HIGH~INTENSITY MAGNETIC SEPARATION ON SBOME TALC ORES.
PULVERIZATION I8 USED TO PRODUCE TALC OF HIGH BRIGHTNESS® AND OF EXTREMELY

FINE QGRAIN S1ZE, AFTER INITIAL PULVERIZATION IN ROLLER MILLS, THE TALC 1§

*BRIGHTNESS 18 A MEASURE OF THE REFLECTIVITY OF THE TALC COMPARED TO AN MgO

STANDARD,
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FED INTO A FLUID-ENERGY MILL, WHERE T 18 PULVERIZED BY ATTRITION IN A
CIRCULAR CHAMBER IN WHICH EITHER COMPRESSBED AIR OR STEAM PROPELE THE TALC
PARTICLES THROUGH A CIRCULAR PATH, A CENTRAL PORT IN THE CHAMBER .ALLOWS
THE FINER PARTICLES TO LEAVE A8 THE COARSER PARTICLES TRAVEL AROUND THE

PERIPHERY OF THE CHAMBER,

AFTER GEOLOGIC INVESTIGATION, EXPLORATION FOR TALC I8 DONE 8Y DRILL-
ING. MARBLE OUTCROPE ARE EXAMINED FOR TALC VEINS8 AND POD8., AREAS WHERE
THE MARBLE HAS BEEN FOLDED OR WHERE FAULTS ARE ABUNDANT ARE QOOD AREAS FOR
TALC OCCURRENCES, DRILLING 18 USED TO PINPOINT THE AREA FOR MINING.
STREAM SAMPLING OF THE BEDIMENTS FOR TALC 1S USED IN AREAS OF THIZK FOR-

ESET COVER,

A NEW ABOVE~-GROUND GEOPHYSICAL METHOD THAT HAS PROVEN VERY EFFECTIVE
IN TEXAS 18 AN ELECTROMAGNETIC PROSPECTING DEVICE, T8 PURPOSE 15 TO MEA-
SURE THE ELECTRICAL RESISTIVITY OF THE TALC AND THE SURROUNDING ROCKE, A
CURRENT 158 INDUCED IN THE EARTH BY AN ALTERNATING MAGNETIC FIELD TRANEMIT-
TED THROUGH AN ANTENNA., A SECOND RECEIVING ANTENNA MEABURES BOTH THE FIELD
RECEIVED DIRECTLY FROM THE TRANSMITTER FIELD AND THE RESISTIVITY DISTRI~
BUTION IN THE EARTH, COMPARISON OF THE AMPLITUDE AND THE PHABE OIFFERENCES
OF THESE TWO FIELDS ALLOWS CALCULATION OF THE ELECTRICAL REBIEBTIVITY OF THE

EARTH BENEATH THE TRANBMITTER-RECEIVER PAIR,

ALTHOUGH THE GEOPHYSICAL METHOD LED TO THE DISCOVERY OF SOME 10 MiILLION
TONS OF TALC IN TEXAS, IT HAS NOT BEEN A8 EFFECTIVE IN MONTANA, THE REASONS
FOR THIS INCLUDE THE LACK OF EXPERIMENTATION IN AREAS OF DIFFERING QEOLOGY,
AND, UNDERSTANDING OF THE EQUIPMENT, WITH FUTHER TESTING, THE INSTRUMENT

MAY PROVE A8 EFFECTIVE IN MONTANA A5 IN TEXAS,
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OTHER GEOPHYSICAL TECHNIQUES THAT MAVE BEEN TESTED WITH SOME REL |ABLE
RESULTS ARE BELF POTENTIAL (SP) AND RESISTIVITY METHODS. THE SP METHOD MEA-
SBURES THE NATURAL, SBTEADY-STATE ELECTRICAL FIELD AT THE SURFACE OF THE EARTH.
VARIATIONS OF THIGE FIELD ARE CAUSED BY THE PRESENCE OF BURIED METALLIC
MINERALS, BY SUBSURFACE HEAT OR FLUID FLOW, AND BY CHANGES IN ROCK AND S8OIL
CHEMISTRY ACROSE FAULTS OR CONTACT3., ELECTRICAL RESISTIVITY MEASURES THE
RESISTIVITY OF A GIVEN ROCK, RESISTIVITY THAY §5§ CONTROLLED BY THE POROSITY
OF THE ROCK AND THE SALINITY OF ANY PORE FLUID. HIGHER POROSITY AND SALINITY
YIELDE LOWER RESISTIVITY VALUES., THE AMOUNT OF EQUIPMENT AND THE EXPENSE OF

THESE TWO GEOPHYSICAL METHODS DO NOT ALLOW COVERAGE OF LARGE AREAS,
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. OtHeR TALc Mining Districrs(Frae.3)

_THERE ARE FIVE MAJOR TALC DISTRICTS IN THE UNITED STATES, EXCLUDING MON-
vana: (1) CaLtrornia-Nevapa, (2) Norte CaroLINA-GEOR@IA-ALABAMA, (3) New
York, (4) VErRmoNT, AND (5) TexAs. THERE ARE MANY SIMILARITIES AND DIFFER-
ENCES AMONG THE TALC-BEARING AREAE, SOME SIMILARITIES INCLUDE TALC BODIES
THAT ARE TABULAR AND CONCORDANT; THAT GENERALLY OCCUR IN PRECAMBRIAN ROCK
UNITS, WITH A FEW IN ROCK UNITS NO YOUNGER THAN EARLY PALEOZOIC; AND THAT
THE TALC 15 A SECONDARY MINERAL FORMED "IN SITU" FROM PRE-EXISTING ROCKS

OR FROM INTRODUCED MATERIAL, OR BOTHM.

CaLiForNtA-NEVADA

TALC 15 FOUND IN THREE PROMINENT ARZIAS IN SOUTHWESTERN CALIFORNIA: THE
Invo PANAMINT RANGE, DeaTH VALLEY-KINGSTON RANGE, AND THE StLVER LAKE-Yucca
CROVE AREA. THE INYO PANAMINT AREA TALC IS5 FOUND ALONG FRACTURED AND BHEARED
ZONES, IN STEEPLY DIPPING METADOLOMITES AND QUART2ITES OF ORDOVICIAN AND
SILURIAN AGES. DOLOMITE-QUARTZITE CONTACTS CONTAIN TALCOSE ZONES DUE TO RE-~

PLACEMENT BY TALC,

In THE DEATH VALLEY-KINGSTON RANGE, TALC 18 FOUND IN THE MIDDLE OF THE
PRECAMBRIAN CRYSTAL SPRING, METADOLOMITE., THE DEPOBITS ARE ASS0CIATED WITH
A THICK DIABABE SILL THAT INTRUDED MILDLY METAMORPHOSED BEDIMENTARY ROCKE.,

THE SiLveER LAKE-YUCCA GROVE AREA TALC OCCURB IN A FELDBPAR~DIOPSIDE
HORNFELE WITH PRECAMBRIAN METABEDIMENTARY ROCKS. THE TALC OCCURE AS AN AL~

TERATION OF CARBONATE ROCK, MOST LIKELY DOLOMITE,

NorRTH CAROL INA-GEORGIA-ALABAMA

IN NoRTH CAROLINA, THE TALC IS MINED IN THE MURPHY TALC DiSTRICT. Ir
18 FOUND IN METASEDIMENTARY ROCKS AND 15 ASSOCIATED WITH ULTRAMAFIC BODIES,

THE HOST ROCK 18 THE MuRPHY MARBLE,
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THE GEOLOGY OF MONTANA TALC DEPOSITS—R. H. OLSON
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THE DEPOSITS IN GEORGIA ARE LOCATED IN Murray CountTy. THE TALC 15 BE-
LIEVED TO HAVE FORMED BY THE ALTERATION OF DOLOMITIC PORTIONS OF THE COHUTTA

ScHisT oF PrecamBriAN AGe (Ouson,1976,r.106).

THE MINING OF TALC IN ALABAMA 18 DONE IN TALLADEGA COuUNTY, THE DEPOSITS

OCCUR IN A CARBONATE BEQUENCE THAT LIKELY wAS CAMBRO-ORDOVICIAN IN AGE,

New YoRrRk

THE TALC-BEARING STRATA ARE PART OF THE GRENVILLE SERIES, WHICH 18 AN
IMPURE SILICATED METADOLOMITE. HIGH HYDROTHERMAL SOLUTIONS CHARGED WITH
SILICA REPLACED THE CARBONATE. TALC FORMED DURING RETROGRADE METAMORPHISM,
AT WHICH TIME MAGNESIUM WAS AVAILABLE IN SOLUTION, MORE THAN HALF OF THME

NEw YORK TALC ORE IS TREMOLITE THAT WAB NOT REPLACED BY THE TALC.

VERMONT
THE TALC DISTRICT IN VERMONT RUNS THROUGH THE CENTRAL PART OF THE BTATE,
MOST OF THE ORIGINAL PERIDOTITE OR PYROXENITE BODIES MAVE BEEN COMPLETELY

SERPENTINIZED AND IN PART ALTERED TO TALC,.

Texas

TALC 18 PRESENT IN THE CENTRAL PART OF THE STATE, IN THE LLANO DISTRICT,
AND IN THE WEBTERNMOST PART IN THE ALLAMOORE DISTRICT. ToDAY THME ALLAMOORE
DISTRICT 16 THE ONLY AREA OF IMPORTANCE IN Texas, THE TALC THERE OCCURS IN
PRECAMBRIAN ROCKE OF THE ALLAMOORE FORMATION, THE FORMATION CONSISTS OF
INTERLAYERED LIMESTONE AND VOLCANIC ROCKS, THE ORIGIN OF THE TALC 168 FROM

AN ALTERATION OF DOLOMITIC MARL OR MAGNEBIUM RICH TUFF,
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GeoLoay OF MONTANA TaLc

ALMOST ALL OF THE KNOWN TALC IN MONTANA OCCURS IN PRECAMBRIAN DOLOMITIC
MARBLE, IN THE "CHERRY CReex BeD8". THESBE METAMORPHIC ROCKS, ALONG WITH
ARCHEAN GNE18S, ARE KNOWN AS THE PRE-BELT METAMORPHIC ROCKE. THEY ARE TERMED
PRE-BELT BECAUSE THEY ARE OVERLAIN BY BEDIMENTARY ROCKS OF THE BELT BUPER-
@rOUP. THE ARCHEAN GNEISE 18 OVERLAIN BY THE CHERRY CREEK ROCks. IN SOME
CLASSIFICATIONS, THE ARCHEAN GNEISS 18 INCLUDED IN THE PONy SERIES, FOR
EXPOSURES IN THE VICINITY OF THE TowN ofF PoNvy, IN THE Toesacco Root MounTAaiNns.
Tue CHERRY CREEK ROCKE, WHICH INCLUDE MARBLE, MICA SCHIST, QUARTZITE, AND
GNEI1ES, WERE NAMED FOR EXPOSURES BETWEEN CHERRY CREEK AND WigwAam CREEK, IN THE

GrAVELLY RANGE.

AGE RELATIONS AND ROCK DISTINCTION ARE DIFFICULT BETWEEN BEDS OF THE PRE-
BELT METAMORPHIC ROCKS, OSOME SEPARATION CAN BE DONE BABED ON AN AGGREGATE OF
ROCK TYPES PREBENT IN A THICK EXPOBURE. IT 158 DIFFICULT TO PUT TOGETHER A
STRATIGRAPHIZ BECTION, OR TO CORRELATE UNITS FROM RANGE TO RANGE, DUE TO THE

1SOCLINAL FOLDING IN THE AREA,

TALC USUALLY OCCURS AS LENBES AND STRINGERS IN THE MARBLE. It 15 Associ-
ATED WITH TIGHT FOLDS, FRACTURES, MARBLE BRECCIA ZONES, BEDDING PLANES, AND
FAULTSE, THESE, AS WELL AS COMPOSITIONAL AND CHEMICAL FACTORS, ARE IMPORTANT

TO THE FORMATION AND THE LOCALIZATION OF TWE TALC.
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. OR1GIN OF TALC IN MONTANA

THE DOLOMITIC MARBLE DOES NOT CONTAIN SUFFICIENT QUARTZ FOR THE COMPLETE
REPLACEMENT OF DOLOMITE BY TALC. THE QUARTZ I8 A MINOR CONSTITUENT OF THE
MARBLE, HOWEVER, METEORIC WATZR IS THOUGHT TO HAVE DISSOLVED BILICA FROM
OVERLYING ROCKS DURING IT5 DOWNWARD MOVEMENT. HYDROTHERMAL FLUIDS FROM
PRECAMBRIAN PLUTONS AND POST-METAMORPHIC PEGMATITE DIKES ALS0 HAVE BEEN SUG-
eesteo (OLson,1976,p.113) As SOURCES FOR THE S|02-a:AR|Ne WATERS, HOwEVER,
PRECAMBREIAN PLUTONS CRYSTALLIZED AFTER BOTH THE TALC AND CHLORITE FORMED, AND
THUS COULD NOT HAVE BEEN THE SBOURCE. THE POST-METAMORPHIC DIKES OCCUR ONLY
RARELY IN MARBLE AND ARE NOT FOUND IN THE VICINITY OF TALC DEPOSITE, MAKING

YHEM ALBO UNL IXELY SOURCES FOR THE BILICA,

ExPERIMENTS CONDUCTED BY SLAUGHTER, KERRICK, AND WALL(1975) INvOLVED THE
REFPLACEMENT OF TREMOLITE B8Y TALC. OF THE THREE POSSIBLE REACTIINS BETWEEN
TREMOL ITE AND TALC IT WAS GETERMINED THAT THE TEMPERATURE RANGE wAs rFrom 400°
10 575°C, AND THE RANGE OF FLUID PRESSURE wAS FRom 1ks 1o 5ks. For THE
REACTION, DOLOMITE TO TALC, THE TEMPERATURE RANGE 18 SOMEWHERE BETWEEN 400°
anp 460°C. So, OVERALL, IT 18 ESTIMATED THAT THE TALC IN THE MONTANA DEP-

o
08175 FORMED BETWEEN 400 10 500°C AND AT FLUID PRESSURE LESS THAN 5K3,

TALC 15 BELIEVED TO MAVE FORMED DURING A PERJOD OF REGIONAL METAMORCHIEM,
THE METAMORPHISM WAS TO GREENSCHIST GRADE, WHICH APPARENTLY POSTDATED AN
AMPHIBOL I TE PERIOD OF METAMORPHISM AND PRE-DATED THE INTRUSION OF THE DIABAGE
DIKES. TALC 15 CONSIDERED TO HMAVE FORMED DURING RETROGRADE METAMORPHISM
(Bera,1979,7.14) As 17 (TALC) 15 OF A LOWER TEMPERATURE ASSEMBLAGE AND WOULD
HAVE BEEN CONVERTED TO A MIGHER ASSEMBLAGE DURING THE AMPHIBOL | TE-GRADE META-

MORPHEISM,
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THE TALC FORMED (N DOLOMITIC MARBLE OF PRE-BELTIAN AGE BECAUSE THE MARBLE
LAYERS DO NOT CONTAIN 8302, OR INTERBEDE OF METAQUARTZITE, IT 15 BELIEVED
THAT THE 8002 WAS INTRODUCED. TALC IN SOUTHWESBTERN MONTANA 18 BELIEVED TO

HAVE FORMED UNDER THE FOLLOWING REACTION:

3CaMa(CO4), + 4S10, # H0 = Ma,S1,044(0H), + 3CaCO5 + 300,

3 3

FOR A COMPLETE REPLACEMENT OF DOLOMITE BY TALC IN THIS REACTION, 32 VOLUME
PERCENT OF QUARTZ 18 NECESSARY, BECAUSE DOLOMITE 16 PRESENT AT THE DIFFERENT
TALC LOCALITIES, QUARTZ BECOMES A LIMITING FACTOR IN THE REPLACEMENT OF
MARBLE, THE LACK OF CALCITE N CLOSE ASSOCIATION WITH THE TALC MAY MEAN

THAT IT WAS "FLUSHED" FROM THE SYSTEM BY THE HYDROTHERMAL FLutos (Bere,1979,
P.12). THE TALC APPARENTLY FORMED BY THE ACTION OF MYDROTHERMAL FLUIDS CON-
TAINING SILICA DURING METAMORPHISM OF DOLOMITE, THE PRESENCE OF MYDROUS
MINERALS SUCH AS CHLORITE, BERICITE, AND BERPENTINE, FOUND NEAR THE TALC
BODIES SUGGESTS THAT WATER PENNATRATED THE ROCKS BEYOND THE BOUNDARIES OF TKE

TALC BODIES.

CHLORITE 15 CLOSELY ASEOCIATED WITH THE TALC, AND 13 CONBIDERED TO HAVE
FORMED AT THE SAME TIME AS THE YALC, CHLORITE MAY HAVE FORMED FROM THE

QUARTZOFELDSEPATHIC GNEISE BY THE ADDITION OF MAGNESIUM FROM THE DOLOMITE,

THE METASOMATISM OF DOLOMITE TO TALC HAS BEEN DATED AT 1600 m.v. (Bers,
1979,r.14). No TALC HAE BEEN FOUND IN DOLOMITIC FORMATION OF CAMBRIAN,

Orpovician, AND DEVONIAN AGE,

(13)



Rusy RANGE GEOLOGY

THe Rusy Range (F16.4) 18 AN UPLIFTED BLOCK OF PRE~BELT METAMORPHIC
ROCKE TRENDING NAOE, witH A wioTn oF 10 to 15 miLes (Ouson,1976,r.115). THe
Ruey RANGE HAS A WESTWARD DIP OF 30 To 70 pearces (Perrv,1948,r.4), It 15
SURROUNDED BY INTERMOUNTAINE BASINS PARTIALLY FILLEOD wiTH TERTIARY SEDIMENTS.
THE PRE-BELT ROCKS WERE BUBJECTED TO MULTIPLE PERIOOS8 OF PRECAMBRIAN DEFORMA-
TION, WHICH PRODUCED I1SOCLINAL FOLDS AND A MINERAL ASSEMBLAGE OF AMPHIBOLITE
FACIES. PALEOZOIC AND YOUNGER SEDIMENTARY ROCKS ARE EXPOBED IN THE NORTHERN

PART OF THE RuBy RANGE WHERE THEY FLANK THE PRECAMBRIAN CORE.

THE PRE-BELT ROCKS OF THE Rusy RANGE ARE OF THREE MAJOR UNITS (F1e.5):
THE CHzrRry CREEk SERI1ES, THE DILLION GRANITE GNEIES AND THE PRE-CHERRY CREEK
"RockS. THE DILLION GRANITE GNEISS 18 EXPOSED IN THE MIDDLE OF THE Rusy RANGE
AND SEPARATES THE CHERRY CREEK ROCKS FROM THE PRE-CHERRY CREEK ROCKS8., THE

CHeRRY CREEK ROCKS ARE THE MOST IMPORTANT AS THEY HOST THE TALC DEPOSITS.

THE CHErRRY CREEK SERIEE 15 AN INTENSELY METAMORPHOBED BERJIES OF EARLY
PRECAMBRIAN SCHIBTSB, PHYLLITES, LIGHT AND DARK-COLORED GNEISS, AMPHIBOLITES,
ECHISTOSE QUARTZITE, CONTAINING KYANITE, AND SILLMANITE., THE BERIES BTRIKES
NORTHEAST PARALLEL TO THE NORTHWEST FLANK OF THE Ruay RaANcE, AND I& TRUN-
CATED TO THE NORTHWEST BY RANGE FRONT FAULTE, THE THICKNEGS OF THE BERIEE
tS FOUR TO SIX THOUSAND FEET. THE SERIES I8 OF SEDIMENTARY ORIGIN, AND IT
HAS BEEN INTRUDED BY DIKES ANG SILLS, SOME OF WHICH ARE METAMORPHOSED. [SO-
CLINAL AND OVERTURNED FOLDS AND CRUMPLED BEDS ARE EVIDENT. THE MARBLE LAYERS
ARE WELL-BEDDED, INDIVIDUAL LAYERS THAT ARE LIGHT GRAY IN COLOR AND GENERALLY
WELL EXPOSED. INDIVIDUAL QUARTZITE LAYERS IN THE CHERRY CmeEeEk SERIES RANGE
FrRom 15 1o 180 Feer (OLson,1976,P.118) IN THICKNESS AND MAKE GOOD UNIT

MARKERS. AMPHIBOLITE AND HORNBLENDE GNEISE VARY IN THICKNESS FROM 6 INCHES

(14)
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METAMORPHIC
SUBDIVISION

CHERRY

CREEK

GROUP

DILLON
QUARTZO-
FELDSPATHIC
GNEISS

PRE -
CHERRY
CREEK
ROCKS

ULTRAMAFIC
ROCKS

DIABASE

MAJOR ROCK
TYPES

A) marble (locally
talcose} and

calc - silicate gnejss
(the latter more
abundant to the south}

B) metaquartzite

C) amphibolite .

D) sillimanite - biotite
gneiss and schist
mica schist. retro-
grade chiorite schisi.

EYiron formation
(quartz - magnetite -
iron silicate schist)

F) anthophyllite
schist.

hornblende - biotite -
garnet - microcling
gneiss {leucocratic
to mafic varieties)

biotite - hornbiende -
garnet gneisses
and schisfs = augen
gneiss. amphibolite
anthophyllite schist,
migmatite

metaperidotite, mela-
pyroxenile, serpen-
tinite.

several petrologic
varieties

PROTOLITH

Allimestone /dolomite,
shaly- quartose
carbonate rocks

B}orthoquartzite,
impure sandstone

Clbasic sills (flows?)
and dikes mafic
pyroclastics (?)

D) pelites

E} ferrugenous
sediments. {shallow
marine - brackish
water 7}

Flultrabasic intru-
sions? anatexis of
metasedimentary rk ?

quartz - illite (?) silt-
stone and granitic
derivitives

pelites,impure
sandstone  basic
dikes, sills
volcaniclastics 7
{hornblende
gneiss)

peridotite ,
pyroxenife

tholeiitic basait

THICKNESS

A) < Imto about
Ikm. Mostly a
few tens to
hundreds of
meters

BY<IOm in the
north to 60m
in the south

C)<im to a few
hundred meters
500m to south

D)variable

E)few meters to tens
of meters Carter Cr
deposit is 100-155m
thick (folded)

FY0.5 to 20(P7)m

9km thick, with
substantial  folding
and interlayered
amphibolite .

unknown . {400m
minimum in scuthern
range)

voriable

dikes wp to 6km
long and 100m
wide ,

LOCAL EXPOSURE
AREA

A) a 3-5 km wide belt along
the western range flank,
southwest of Spring Cr.

area east of Kephart fault
across Ruby dam into
Greenhorn Rg. Examples
Ruby Pegk marble ,

"Reqal" marble .

D)discontinuous sillimanite
interlayers in biotite gneiss
to the north. schist belts o
few hundred meters wide

near Spring Cr. and along
Mine Gulch

E) Kelly and Carter Cr,
deposits . thin units at
northern range tip and
between Trout Cr. and
the Dillon synform

F)scattered lenses, thin
iayers associated with
amphibolite . relict kyanite
and staurolite along Stone
Cr Jlarge lens at Hinch Cr

underlies 325 km2
along range crest

6 km {ong belt between Sage
and Mormon Crks 25km
area centered on Moose
Cr. not present northern
range . best exposed north
of Cottonwood Cr

scattered pods, lenses,
boudins .

not abundant to the north .
elsewhere intruded along
northwest - trending weakness
directions and faults

TYPE AREA /
REGIONAL DISTRIBUTION

Cherry Creek type locality is east

flank of Gravelly Rg. The Group

occurs also in the Tobacce Root,
Highland , Greenhorn , Madison,
Tendoy (?) Ranges. (Big Snowy
block has Archean marbles )

E)Copper Mtn area, S.Tobacco Rt
Mis and Ruby Cr. area, E Gravelly
Rg. also have iron deposits

F) Tobocco Rt Mts occurrences,
see Vitaliano and others, 1979

Type locality is in Blackicl Rg
near Joke Cr. Found also in
Tendoy Rg., area north of
Armstead . similar quartz- feldspar

gneiss near Pony and in the southern

Madison and Tobacco Rt Mts

eastern Blacktoail, southern Madison
Ranges

found
throughout
southwest
Montana
pre-Belt
exposure
area



To 1500 FEET IN THE INDIVIOUAL UNITE (OLSON,1976,P.118) AND ARE IMPORTANT IN

TERME OF THE TOTAL VOLUME OF ROCKS PRESENT.

THe DiLLtoNn GRANITE GNEISS BEGAN AS A LARGE TABULAR INTRUBIVE BODY OF
BATHOL#THIC PROPORTION. THE GNEISS CONSISTS MAINLY OF QUARTZOFELDSPATHIC GNE-
166, BUY CONTAINS PEGMATITE AND APLITE, |T SEPARATES THE CHERRY CREEX ROCKS
TO THE NORTHWEST FROM THE PRE~CHERRY CREEK ROCKS TO THE BOUTHWEST. THE
GNEISS 15 CONFORMABLE W{TH THOBE METASEDIMENTARY ROCKS THAT 1T INTRUDED,
GRANITIZATION AND 1BOCHEMICAL METAMORPHISM ALSO HAVE BEEN CONEIDERED AS ALTER-

NATIVES FOR THE FORMATION OF THE DtLLION GRANITE GNEISS,

THE PRE-CHERRY CREEK ROCKS LIE SOUTHWEST OF THE DiLLioN GRANITE GNEISS,
THE UNITS ARE BIOTITE-QUARTZ-FELDSPAR GNEI38, HORNBLENDE GNEIS3S, AMSHI30LITE,
SILLIMANITE GNE!ISS AND CHLORITE GNE#SS8, THESE ROCKS ARE CONSIDERED TO BE
OLDER THAN THE CHERRY CREEK ROCKS BECAUSE THEY LIE STRATIGRAPHICALLY BELOW
THEM, THEIR ORIGIN 18 BELIEVED TO HAVE BEEN AS MAFIC SILLS AND INTRUSIVES
BECAUSE OF THE DISCONTINUOUS NATURE OF SOME OF THE AMPHIBOLITE BOOIES. THE

PRE-CHERRY CREEK ROCKS ARE COARSE GRAINED AND BANDED,

OTHER ROCK BODIES IN THE AREA THAT ARE WORTH MENTIONING INCLUDE ULTRA-
MAFIC ROCKS, GRANULITES, AND DIABASE DIKES. THEY ARE PRESENT THROUGHOUT THE
Ruasy RANGE, THE ULTRAMAFIC ROCKS INTRUDE THE PRE-CHERRY CREEX, THE CHERRY
Creex Grour, AND THE DiLL19N GRANITE GNEISS IN THE SOUTHWESTERN PART OF THEC
Rusy RANGE. ALL OF THE PRE-BELT ROCKS PLAY HOST TO THE ULTRAMAFIC ROCK BODIES
IN THE MIDODLE OF THE RuBy RANGE. THE THREE MAJOR TYPES OF ULTRAMAFIC ROCKS
ARE METAMORPHOSED PERIDOTITE, PYROXENITE, AND BERPENTINITE. THE GRANULITES
USUALLY ARE FOUND IN TERRANES UNDERLAIN BY THE DiLL1oN GRANITE GNEISS,

IT 18 THESE LOCATIONS, NEAR TWO TALC-BEARING MARBLE UNITS, THAT MAKES THE GRAN-

ULITES OF INTEREST,

(17)



DIABASE DIKES ARE COMMON ALONG THE SOUTHERN TWO-THIRDS OF THE WESTERN
FLANK OF THE Rusy RANGE., EXCEPT FOR THE MARBLE, THE COUNTRY ROCKE WERE
BASICALLY UNEFFECTED BY TME INTRUSION OF THE DIKES AND HAVE BEEN META-
MORPHOSED TO THE GREENSCHISBT FACIES. THE DIABASE DIKES ARE THE YOUNGESY
PRECAMBRIAN UNIT IN THE RANGE, THEY WERE EMPLACED LATER THAN THE PHASBES
OF EHEARING AND RECRYSTALL{IZATION THAT ARE ABSOCIATED WITH THE ULTRAMAFIC

ROCKSE AND THE OTHER PRE-BELTIAN ROCKS.

(18)



HAND SAMPLE ANALYS1IS

HAND S8AMPLES 9 THROUGH 23, BHOWN IN THE CROSE BECTION (F1e.6), were
STUDIED TO IDENTIFY THE ROCKS AND THEIR MINERALS, A PiE-D1AGrAM (F1a.10)
SHOWS THE OVERALL COMPOBITION OF THE HAND BAMPLES, THE LATERAL BEQUENCE,
THAY THE SAMPLES FOLLOWED IN THE OUTCROP, WAS A MICAEOUS SCHIST WITH QUARTZ
VIENS FOLLOWED BY DOLOMITIC MARSBLE AND TALC AND A MICAEOUS GNEISS WITH

CHLORITIC ALTERATION.

Tue sampiLes 9, 10, 11, AND 12, CONTAINED AN AVERAGE OF 75.5 PERCENT 00LO-
MITE AND 23,5 PERCENT TALC. MINOR CONETITUENTS CONEIST OF ,08 PERCENT GRAPHITE
AND ,02 PERCENT CALCITE. THE GRAPHITE FORMED LONG AFTER THE TALC AND §8 OF NO
SIGNIFICANCE IN THE FORMATION OF TALC. SOME OF THE SAMFLES SHOWED MINOR FEOx

ETAINING,

In 8AMPLES 13 THROUSH 20, TALC WAS THE PRIMARY MINERAL, TALC AVERAGED 90.8
PERCENT WITH DOLOMITE SHOWING 5.4 PERCENT. TME MINOR CONSTITUENTS ARE 1.5 PER-
CENT OF LIMONITE, AND 1.3 PERCENT OF GRAPHITE, OSMALL TRACES OF avpPsuMm (SAMPLE

15) AND CALCITE ALSO WERE VISIBLE.,

THE LAST sAMPLES, 21 THROUGH 23, CONTAINED LITTLE TALC AND DOLOMITE.
CHLORITE WAS PRESENT, BUT WAS HARD TO OISTINGUIEH FROM THE TALC IN THESE
SAMPLES. THE MAJOR CONSTITUENT WAS QUARTZ AT 45 rERCENT, OTHER MINERALS
PREBENT INCLUDED, 30 PERCENT CHLORITE, 10 PERCENT PLAGIOCLASE AND MINOR

AMOUNTE OF MUSCOVITE, MAGNESITE, GRAPHITE, AND GARNET,

SamrrLes 1 THROUGH 8 GHOWED GARNETIFEROUS MICAEOUE SCHIST AND SOME META-
DOLOSTONE. SAMPLES 24 THROUGH 27 SHOWED PHYLLIC ALTERATION AND MYLONSTIC
ZONES., THESE 12 BAMPLES WERE NOT USED, BECAUSE ANY SIGNIFICANT CHANGES THAT
HAD TAKEN PLACE IN THE FORMATION OF TALC WOULD BE NOYICEA!LE IN THE SAMPLES

9 THROuGH 273.

(19)
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E) SameLeE Bags 18
THROUGH 27

=\ o 273
F) SawpLE BAGS 23

THROUGH

u*Qf PHOTOGRAPHS SHOWING SECTIONS OF THE OUTCROP Wi TH

(Fre

saMPLES 18 THROUGH 27 IN PLACE.



.02% CaLcire

.04 GRAPHITE

75.5% SaMPLES 9 THROLGH 12
DoLomiTe

1.3% GaaPHITE
1.5% LimoniITE

SAamMPLES 13 THROUGH 20

5%

MAGNES I TE To CraPHITE

SamMPLES 21 THRougH 24

CHLORITE

(Fie. 10) Pie DiAGRAM ANALYS|S OF HAND SAMPLES



THiN Secrion ANALyses

IN THIN SECTIONS O THROUGH 11, DOLOMITE WAS THE MAJOR CONSTITUENT. |T
OCCURS IN SUBHEDRAL CRYSTAL FORM AND VARIES IN S1ZE FROM ,5 vo 3MM. THE TALC
IN THESE THIN SECTIONS OCCURE A5 FINE AGQREQATES, BHOWING REPLACEMENT OF

THE DOLOMITEIC MARBLE, MINOR AMOUNTE OF GRAPHITE ALS0 WERE NOTICEABLE,

TALC 168 THE PRIMARY MINERAL IN THE THIN SECTIONS 12 THROuGHM 20. IT
OCCURS AS FINE AGGREGATES, REPLACING THE SUBHEDRAL, DOLOMITE GRAINS. CHLOR-
1TE, IN THE FORM OF CLINOCHLORE WAS VISIBLE IN SCATTERED AMOUNYS IN THIN
secTions 14 THROuGH 17. THME CLINOCHLORE GRAINE VARIED IN SI1ZE FROM .5 710

1.5MM. MINOR AMOUNTS OF GRAPHITE, AND LIMONITE ALEO WERE VISIBLE.

IN THIN SECTIONS 21 THROUGH 23, A GARNETIFEROUS MICAEOUS GNEISS WAS RE-
COGNIZED WITH MAJOR AMOUNTS OF CHLORITE AND QUARTZ, THE QUARTZ OCCURRED
A5 ROUNDED ANHEDRAL GRAINS IN VARIOUS S1ZES WITH SOME OF THE GRAINS SHOWING
DEFORMATION DUE TO STRESS8, CHLORITE OCCURRED AS THE GROUNDMAES. THE FOR-
MATION OF THE CHLORITE WAS DUE TO THE MAGNESIUM BEING ADDED TO THE .QUART-
ZOFELDSPATHIC GNEISS. THE MOVEMENT OF MAGNESIUM FROM THE DOLOMITE TO THE
GNEISS wAB, PROBABLY, DUE TO HYDROUS SOLUTIONS, SMALLER AMOUNTS OF FELDSPAR,
BIOTITE, AND GARNET WERE VISIBLE. THE ACCESSBORY MINERALS VISIBLE INCLUDED
EPIDOTE, ZIRCON, GRAPHITE, SERICITE, AND MUSCOVITE. SERICITE OCCURRED AS AN

ALTERATION PRODUCT OF THE PLAGIOCLASE,

MINERALS FORMING FROM HIGMER TEMPERATURES, BUCH AS TREMOLITE AND SER-
PENTINE, WERE NOT FOUND IN THE TMIN BECTIONS., EVIDENCE OF THE HIQHER TEMP-
ERATURE FORMING MINERALS WOULD HAVE BEEN HELPFUL IN YHE UNDERSTANDEING OF THE

TYPE OF METYAMORPHISM THAT THE TALC UNDERWENT,

(25)



SUMMARY

GENERALIZATIONS CAN BE MADE ON THE ZONATIONAL CHANGES THAT OCCURRED IN
THE FORMATION OF TALC FROM THE HAND SAMPLES AND THE THIN SECTION ANALYSIS,
THE GENERALYZATIONS APPLY ONLY FOR THE OUTCROP FROM WHICH THESE SBAMPLES WERE
TAKEN, THE ANALYS8IS OF THE ROCK SAMPLES IN THE HAND SPECIMENS AND THIN
BECTIONS LED TO THE CONCLUSION THAT THE TALC HAS REPLACED THE QUARTZ-FREE
MAGNESITE~-BEARING MARBLE. TMIE DOES NOT MEAN THAT THE ONLY PLACE TALC wiLL
BE FOUND I8 IN THE DOLOMITIZ MARBLE, HOWEVER, IT DOES MEAN THE TALC CAN BE

FOUND IN THE MARSBLE,

THE FORMATION OF TALC WAS DEPENDENT ON FACTORS, SUCH AS PARENT ROCK,
PRESENCE OF QUARTZ, WATER, AND TEMPERATURE, IN TERMS OF TEMPERATYURE, IT
WOULD BE LIKELY THE FORMATION OF TALC WOULD HAVE TAKEN PLACE UNDER LOW
TEMPERATURES OF 500°C. DOLOMITE 16 STABLE UNDER A RANGE OF TEMPERATURES.
1T WILL NOT REACT IN THE ABSENCE OF QUARTZ UNTIL THE TEMPERATURE REACHES
AN EXCESS OF 760°C. WITH THE PRESENCE OF QUARTZ, DOLOMITE WILL REACT TO
FORM TALC AY A LOWER TEMPERATURE., BECAUSE IT 15 UNDERETOOD THAT QUARTZ
WAS INTRODUCED INTO THC DOLOMITE BY HYDROUS SOLUTIINGS, A LOW FORMING TEMP-
ERATURE WOULD BE LIKELY, ALBO, NO HIQHER TEMPERATURE MINERALS WERE FOUND,

MAKING THE FORMATION OF TALC UNDER A LOWER TEMPERATURE POBSSISLE,

ALTHOUGH A NUMBER OF REACTIONS ARE POSSBIBLE FOR THE TALC FORMATION, THE

FOLLOWING REACTION SEEMS THE MOST LIKELY:
30AM0(003)2 + 45105 + H0 = M038|4010(0H)2 + 30AC03 + 3C02

EVEN THOUGH A LARGE AMOUNT OF CALCITE WAS FORMED IN THE REACTION, LITTLE
WAS VIBIBLE IN THE THIN SECTIONS OR HAND SAMPLES, THIS EVIDENCE MAY SUP-

PORT THE THEORY THAT THE CALCITE WAS FLUSHED DOWNWARD BY HYDROTHERMAL SOLUTIONS,

(26)



THE CHLORITE FOUND IN THE TYTHIN SECTIONS PROBABLY FORMED BY THE REPL ACEMENT
OF THE QUARTZOFELDSPATHIC GNEISE WITHIN WHICH 1T IS FOUND. THE HYDROUS S0LU~
TIONS MOVED QUARTZ INTO THE DOLOMITE FOR THE FORMATION OF TALC, AND AT THE
SB8AME TIME ALLOWED FOR THE MOVEMENT OF MAGNESIUM FROM THE DOLOMITE TO0 THE

QUARTZOFELDSPATHIZ GNEISE FOR THE FORMATION OF CHLORITE,

THE QUESTION REMAINS AS TO THE TYPE OF METAMORPHIEM THAT THE TALC UNDERWENT,
IF THE TALC HAD UNDERGONE A RETROGRADE METAMORPHISEM, TRACES OF HIGHER TEMPERATURE
MINERALS PROBABLY WOULD HAVE REMAINED IN THE THIN BECTIONS, A COMPLETE
REPLACEMENT GF THE HIGHER TEMPERATURE MINERALS SUCH AS TREMOLITE BY TALC 186
NOT LIKELY. A POSSIBILITY 5 THAT, WATER AND Coz-BEARINQ GASES COULD MAVE
BEEN INTRODUCED ALONG FRACTURES AND SHEAR ZONES AFTER THE TEMPERATURES OF
RETROGRADE METYAMORPHISM HAD SBUBSIDED, ALLOWING FOR THE TALC TO FORM, Tarc

DOES OCCUR ALONG SUCH ZONES IN SOUTHWESTERN MONTANA,

BECAUSE HMIGHER TEMPERATURE MINERALS ARE NOT EVIDENT, A PROGRADE METAMORPHIC
EVENT SEEMS TO BE THE BEST POSSIBILITY FOR THE TALC FORMATION, WITH THE
TEMPERATURES PROBABLY PROCEEDING FROM LOW TO MIGH, THE TALC WOULD HAVE OCCUR=-
RED IN MTE GREENSCHIST FACIES DURING REGIONAL METAMORPHISM, THE THEORY OF
TALC FORMING DURING THE PERIOD OF REGIONAL METAMORPMESEM OF THE GREENSCHIST
GRADE, WHICH POBTOATED THE AMPHIBOLITE AND PREDATED THE INTRUSION OF THE DfA-
sase oiwes (OLson,1976,7.112), WOULD SEEM TO EXPLAIN THE TYPE OF METAMORPHISM
THAT LED TO THE FORMATION OF TALC, THE FORMATION OF TALC IV OTHER DISTRICTS

IN THE UNITED STATES 16 BY RETROGRADE METAMORPMISM,

(27)
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DeratLep DescrirTioNn oF Rock SampiLes AND THiInN SecTions

(30)



1ON OF Rock SrECIMEN

SavrreNo. 9

1HAND SPECIMENDESCRIPTION:

MASSIVE ,MEDIUM=GRAINED YELLOWN~GREEN DOLOMITE CONTAINING FROM

3010 40%TALC AND. 5 T01.5% GRAPHITE.

THINSECTIONSTUDY-SUMHMAR ¥

DOLOMITE GRAINS SHOW ANHEDRAL FORM, TALC 1S SUBHEQRAL AND CAN BE SEEN

REPLACING THE DOLOMI TE.ALSO,THERE IS A SMALL AMOUNT OF GRAPHITE,

THINSeEcTIONSTuDY=-MINERALOGY, TCXTURE,GRAINSHAPES:

DoLomiTe (£0%)SUBHEDRAL GRAINS AVERAGING FROM . 5MM TO 2. 5MM IN
size.

TaLc(35%) SUBHEDRAL GRAINS RANG ING FROM VERYSMALL TO 1. 5vMm,

AccessoRr |

WEATHERINGANDALTERATION FPRODUCTS:

INTrRODUCED (SECONDARY )PRODUCTS

Rock NAME —— e o e .
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DESCRIPTIONOFROCKSPCCIMEN

SampreNo. 10

- ——— —

HAND SPECMENDESCRIPTION:

MASSIVE yMED I UM=GRAINEDYELLOWISH-GREENDOLOMITEWITH 1L
T0154TALCANDSOMEMINORTRACESOFCALCITE.THECALCITEWAS
ONLYFOUND ON ONE OF THC ROCKS®ECIMENS IN TH 1S SAMPLERAG.

UNTILTHETHINSECTION ISLOOKEDAT, ITMAYHAVENOBTZARING IN

THISSANM-LE.,
Trin SecTion CTuov-SuMuARY @

DoLOMITE GRAINSSHOWING SUSHRDRAL FORMANDRIPLACEMENTBY
TALC.TALC IS OCCURRING AS AGGRZGATES. THZGRA>+ 1T ISAGAIN
PRESENT IN ASMALL AMOUNT.

THin SccTtioN Stuov-MineraLogy, TExTurRe, GRAIN SHAres:

m

A
TaLc (707) AGGREGATE STRUCTURE. TALC 1S RETLACING Tw
DOLOMITE,

-~ ~
JorovtTz (257) SUBHEJIRAL CRYSTAL FORM. THE GRAINS VARY
L5y To 2,0Mmv.

5>
O
(]
il
wm
w
o
Py
G)y m
D "

WEATHERING AND ALTERATION Fropucrs:
INTRODUCEN(SECONNARY )PRODUCTS

Rock Namg —

— s — —————— — 1 —— .
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NescrIPTION OF Rock SrPECIMCN
Saupr.e No. 1"

HHaND SereEcimenN DESCRIPTION:

MASSIVE ,MZD IUM=-GRAINEDVELLGWISH-GREENDOLOMITI IITH2S
To3377vALC,

THIN SCCTION STUDY-SUMMARY :

’)OLO‘,‘.ITE GRAINS EHOWING ANHCDRAL AND SU3HITRAL CRVSTAL
FORM. TALC OCCURRING IN FINT AGGRTGATEZS, GRATHITD 1S
VISISLE IN SMALL AMOUNTS.

THin SrcTion Stuov-Minersaiocy, TExTurt, GRAIN GHArES:

TocomiTi (70%) SueHCtRAL GRAING WITH Tmi GRAIN 5125 RANGING

FROM .5 To 2.Cmn,

4
Tacc (257) AGGRCGATE STRUCTURE

Accescorl

D W

o~
1w
- CA
b I

Gy m

WEATHERING ANNDALTERATION FRODUCTS :

INTRODUCED (SECONDARY )PRODUGTS

Rock Name _ -

— e ———— ——— et -\ + mem i S—
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DeEScrIPTION OF Rock SrECIMEN
SamPLE No. 12

———

1Hano SreEciIMiN DESCRIPTION:

*"ASSIVE, MEDIUM-GRAINEC LIG+T-GREEN 20LOMITE wiT:
i
3% 10 357 TaALC.

THIn SccTion 3TubnY-SuMARy :

TH: TALC OCCURS AS FINE AGGREGATES THAT HAVE SOME TYrE OF
PARALLEL ORIENTATION. DOLOMITE SHOWS SUZHEDRAL FORM wITH
THE TALC REFLACING THE DOLOMITE. THE OUTLINES OF THE 20i -
OMITE CAN BE SEEN AS THE TALC REPLACZE IT. ORA®HITE AND

CHLORITE ARE ALSO viIsIusLE,
Tiin Srction Stuov-MiInEraL oYy, TEXTURE, GRAIN GHAPES:

Tarc (65%) AGGREGATE STRUCTURE

JotoniTe (257%) SueHEDRAL GRAINS VARYING FROv .5 To 2.0MM
IN SIZE.

“
CHLorITE (57) CLINOCHLORE 1S THE TYPE OF CHLORITE VISISLE.
T OCCURS AS TASULAR AN: SLONGATED GRAINS. THE SIZE VARISS FROV
.5mMm TO 1.5mMm,

Accessorics (57)
GRA=HITE

WEATHERING ANDALTERATION FRODUCTS:

InTrRoDUCEN (SCCONDARY )PRODUCTS

Rock Name __ g —
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NDEscrIPTION OF ROCK SPECIMEN

SampLe No. __ 13

HAND SrECIMIN DESCRIPTION:

- ; 5101907
MASSIVE,FINE GRAINED, I I1GST-GREEN TALCWITHS TO10%

P
poLomITeE, 1.0 To 2.0% GRASHITE AND SOME MINOR FECy
STAINING.

THIN SECTION STUDY-3UMMARY :

THE THIN SECTION IS MOSTLY TALC REFLACING THE DOLOMITE.
THE DCLOMITE GRAINS ARE S_CTIONS OF SUBHEDRAL GRAINS
THAT HAVE NOT BEEN COMFLETELY REPLACED BY TALC. SoME
GRA“=ITE IS ALSO SRESENT.

THIN StcTioN STupv-MINERALOGY, TEXTURE, GRAIN SHAPCS:

Tacc (GC7) AGGREGATE STRUCTURE HAVING REPLACED THE DOLOMITE
A
DoLomiTe (87) PARTS OF THE SUBHEDRAL GRAINE HAVE NOT BEZEN

RZPLACED BY THE TALC

Accecssories (27)
GRAPHITE

WEATHERING ANDALTERATION FRODUCTS

INTRODUCED (SECONDARY )PRODUCTS

Rock Namc _ . -

(35)



DEScCrRIPTION OF RocK SrECIMEN.

Saver e No. 9

4

HANO SrECcIMEN CSCRICTION:

MASSIVE, FINE GRAINED, L IGHT-GREENTALC wITH 10 T0 15%
«
pocomMiTE, AND 1.0 TO 2.0 LIMONITE.

THIN SECTION STUDY-SUMMARY :
THE TALC OCCURS AS FINE AGGREGATES, WHIC+ REPLACED THE DJOLOMITE.
THE DOLOMITES VARIZS IN S1ZE FROM .5MM To 1.5uM aND occuas AS
SUSHEIDRAL GRAINE. CHLORITE SHOWS TAZULAR STRUCTURE wITH
GRAIN S12E FROM .5 To 1.5MM. LIMONITE 1S MINOR,

Tuin SccTionN Svuov-MineErarogy, TexTure, GRAIN SHArCS:

«
TaLc {807) TINE AGGREGATE STRUCTURE T=AT HAS REPLACID THE
DJLOMITE.

Ped
DoLoviTe (1079) SueHEZDRAL GRAINS THAT HAVE BEEN °ARTIALLY
RESLACED BY TALC,

~ 7
CHLORITE (57) 1T SHOWS TABULAR FORM WITH THE SIZE VARYING FROM
.5MM To 1.5MM. IT 1S OF THE VARIETY, CL INGCHLORE,

Accessortes (57)
LIMCNITE-GRAIN E1Z5 VARISS FROM .2MM TO . 5MM,

i — e . [y S o —— e et e i s m— . —— e =

Wz ATHERING ANNDALTERATIONFRONDUCTS:

INTRODUCED (3ECONPDARY )PRODUCGTS

Rock Name __ . e =
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NCScrIPTION OF ROCK SrrciMoN

Savwpre No, _15

HAND SrrciMin DESCRIPTION:

s A
"ASSIVE, FINE GRAINEDC, LIGHT-GREEN TALC wiTH 2 To 47

GrarHITE, 1 To 27 GrAPHITE, 3 To 57 evpsum, AND 2 TO
~
3% carLciTE.

THIN SccTion_GTUDY-SUMMARY @

THE THIN SECTION SHOWS SLICK AND SLIDE FAULT GOUGES,
THERE 1S A VARIETY OF HIGH = IRCFRINGENCE COLORS, Cut-
LINECS OF SUBHIDRAL GRAINS OF DOLOMITE THAT HAVE BEEN
PARTIALITY OR COMPLETELY RE=SLACED BY TALC ARE VISIBLE,

THI NSRBI MPIHTEIARSY ALPOXYURE BLERAIN SHAPES :

A
Tare {G07) CccurRs AS FINE AGGREGATES AND A RS-LACEMENT
FOR THZ DOLOMITE.

»ed
NDoLomite {5%) PARTS OF THE GRAINS WITH SUBHEDRAL CUTL INES
31:0% REPLACEMINT BY TALC.

CHLORITE (31) CLINOCHLORE IS ~FESENT. T VARIES IN 51ZE
FROM L 5unm To 1mMm.

rd
Accessortes (3%)

BRACHITE-AVERAGE SIZE OF GRAINS 1S .OmM,

LIMONITE-GRAINS VALY FROM .2uM TO . Hmm,

- -~ m m————— — — c———

ey
\

NEATHERING AnND ALTERATION Fropucrs:
INTRODUCED (SECONDARY )FRODUCTS

Rock Name _ . -

(37)



NlescrirTiOoN OoF Rock SreEciMon

Savpr e No. 16

o - ———

Hano Srecimen DESCRIFTION:

MASSIVE, FINE GRAINED, GRELN TALC wiTH 3 70 57
-~
GRATHITE ANO 1 TO 2% LimMONITE,

THIN SeEcTion _STUuDY-SUMMARY :

— i v ———

TALC OCCURS AS FINSZ AGGREGATES. CHLORITE IS “REUSINT IN SMAlLL
AMOUNTS IN TABULAR AND ELONGATE(C GRAINS, THIZIRZ 1S ALSO A
SMALL AMOUNT OF L IMONITE ANO GRAFHITE *RESENT.

THIN SecTioN Stupy-MiINERALOGY, TEXTURE, GRAIN SHACES:

s
Tatc (907) Occurs As FINE AGGREGATES

CHLORITE (5%) CLINOCHLORE 15 PRESINT IN TA2ULAR AND ELONGATED
GRAINS RANGING IN SIZE FROM .2MM TO 1wmm.

A
Accessortes (57)
BRASHITE-GRAIN SI1ZE FROM .2MM TC .3MM,
LIMONITE~GRAIN S1ZE VARIES FROM ,5mv 1O 1.,0Mmwm,

. - —— e ————— e —— - — m— e e

"WEATHERING AND ALTERATION Propucrs:
InTRODUCED (ST CONDARY )PRODUGTS

Rock Namc _ —
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DescrirTion oF Rock SrociMOn.
Saurr e No. 17

Hano Srrcimi v DESCRICTION:

pei
MAsSSIvE, FIdE GRAINED, GRIEN TALC wiTH 3 TOo 5%
«
potomiTE AND 1 TO 2% LiImONITE.

TALC I3 THZI MAJOR GONSTITUENT OCCURSING AS FINE AGGREGATES.
CHLORITE IS SRESENT IN SHALL AMOUNTS, LIMONITE 1S ALSO VvISI-LT

IN THE THIN SECTION IN SMALL AMOUNTS.

THin SecvioN Syupv-MiIneraLocy, TEXTURE, GRAIN SHAPES:

- ! ~ - - g - - — —_
1AL Vv ; UCCURS A3 FINE AGGREGATCS

Chromtts {77) Size vartaTtion FROw . 5vv T0 imm. CCCURS AS
CLINOZHLORY ., 3SRAINS ARS TABULAR IN FORM,

Pis
Acczssories (27)

LIMONITT-S12Z RANGE F&EOM ,244 TO

e — - ————— e ————  —— e s —

VEATHERING AND ALTERATION Pronucrs:
INTRODUCEN(SECONNARY )PRODUCTS

Rock Name o ‘ -
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DEScrIPTION OF Rock SrPECIMEN

Savrre No, 18

s t—

Hano SrrciMiN DoscrRICTION:

N A

"ASSIVE, FINE GRAINED, LIGHT GREEN TALC wit= 2 To 17
v

LIMONITE AND 2 T0 V% GRAPHITE. SOMZ NOLOMITEI WAS

vIiSIBLE, BUT THI SJECES OF ROCK CONTAINING THISE SMALL

AMOUNTS OF DOOLOMITE COULD HAVE L TEN OUT OF LACE,

THIN Sccvion _STupY-SuMuaRy :

TALC OCCURS A5 FINE AGGREGATES. SMALL AMOUNTS OF
ARE VIGIBLE AND SHO. RESLACEIMENT BY T/..C. ToME GR
LIMONITE ARE VISIBLE,

DOLOMITE THAT

ATHETE ANG

THin SccTionN Stupy-MINERALOGY, TEXTURE, GRAIN SHAPES:

- -~
TaLc (907) DccuRs AS FINE AGGREGATES. REPLACES THE 00LOMITE.

o ~
Decomite (5%) RANGES IN SIZE FROM .OMM To 2.5uv. Sus-EOPAL
GRAINS HAVZ BEEN PARMTIELLY RESLACED 3Y TALC. SOME

LIMCNITE ARE vIStIBLE

GRAZHITE AND

Pl
tccessorins (5%)
LiMoniTE-.2 TO .JaM IN GRAIN SI2ZE

GRA®HITE~-.2MM IN AVIRAGE GRAIN SI1ZE

1ay

YEATHERING AND ALTERATION PRODUCTS:
InTrRODUCED (SECONDARY )PRODUCTS

Rock Name

(40)
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DescrIPTION OF Rock SreECIMON
Savpre No. 19
Hann Srrcim N DrscrirTION:

t'ASSIVE, FINE GRAINED, LIGHT=GREEN TALC #ITH 10 To 157
DOLOMITE.

THIN SeEcTion _GTUuDY-SuM“ARY :

TALC OCCURS AS FINE AGGREGATES. DOLOMITE ALSO 1S viSIuLe
H1TH THZ GRAINS VARYING IN SIZE FROM .5MM TO 1, 5uMm,

THIN SccTion Stupy-MINEPALOGY, TEXTURE, GRAIN SHArES:

A
Tarc (927) Cccurs AS FINE AGGRIGATES,

pei
Joromite (107) Grain s1ze FROM .5 70 1.5wv. CuTLines oF
SUBHEORAL GRAINS ARE VISIBLE.

"WEATHERING AND ALTERATION Fronucrs:
InTrODUCED (SECONDARY )rRODUCTS

Rock Name -

(41)



DescrIPTION OF Rock Srecimon

Sauvrre No, 20

Hano Sercimi N DESCRICTION:

s
SIVE, FINE GRAINED, LIGHT-GREEN TALC wiTH 5 10 10
DOLOWI;:, 2 1o 3% gracHiTE, AND 1 TO 27 LiwowiTE.

HIN SCCTion _CTUDY-SUMMARY !

o ——— .- @ ——— e e

TALC CCCURS AS FINE AGGREGATEC, TLATES OF CARBONATES

SHOW CLOSYZ ASSOCIATION WITH QUARTZ GRAINS. THE CARBONATEC
GRAINS AREZ DOLOMITE, SOME LIMONITE ANL 3RACHITE ARE AL 3D
visliat,

THIN SecTlioN Stupy-MiINeraLOcY, TEXTURE, GRAIN GHAPES:

ra
Tatc (£5%) Occur: AS FINE AGGREGATES.

9010MIT (57) GrAIVS RANGE IN SIZE FROM .5uM To 1.5um.

S064Z SUEHECRAL GRAIN OUTL INES CAN EE GECN,
QUARTZ (5 ) RAINS ARE ANHEDRAL IN CRYSTAL FORM., THE
GRAINS AvEragz Tmv IN 31zz.

4
tccessorts {57)
SRAPHITE-SIZE RANGE FROM ,2MM TO ,2mmM,
LIMONITE-GRAINS VARY FROM ,3MM TO . 5mm.

- . ——— r ———— — - ———et . s

NEATHERING AND ALTERATION Fropucrs:
|NTRODUCED(SECONDARY)FRODUCTS

Rock Name B ‘ -

(42)



DESCRIPTION oF ROCK SPECIMEN

SaurLe No. 2

HAND SerciM N DESCrRICTION:
MEDIUM=GRAINED DARK GRAY OR GREEN CHLCRITE CONTAINING

r
20 1o 257 GquarTz, 5 10 107 FELDS=ARS AND us TO 37
GRAPHITE,

THIN Sterion_CTupy-SuMuARY :
LARGE ANHEDRAL QUARTZ GRAINS ARE VISIBLE. THE FELDS=ARE

ARE HIGHLY ALTERED, ZTI0OTITE IS SUBHECRAL WITH NO
S®ECIFIC ORIENTATION,

THIN SccTioN 3TupY-MINERALOGY, TEXTURE, GRAIN SHArcCs:

4
Bro1ite (57) SUSHEDRAL GRAINS RANGING IN SIZE FRGY
.5MM TO TMwm,

e
FeLnspar (107) SUBHEDRAL GRAINE VARYING FROM .1 TO 2w
IN GRAIN S1ZE,

A
CHLoriTE (507 GrounDmasS

Quastz (307) RoUNDED ANHEDRAL GRAINS BETWEEN .5 TO 1wmu
In size.

Accmssortes (57
GRASHITE-.2 TO .5MM IN GRAIN SIZE
ZYRCON-TRACES OF GRAINS .1 TO .2MM IN SI1ZE
TriocTeE-.1 TO .2M4 IN GRAIN SIZE. VISIBLE
IN SOME OF THE QUARTZ GRAINS,

'YEATHERING AND ALTERATION PRODUCTS:
INTRODUCED(SECONDARY )PRODUCTS

Rock Namg

(43)



NEscrIPTION OF Rock SrrciMEN.

Samey e No. 22

—— ————

HanD SPECIMEN DESCRIPTION:

hy

MEDIUM GRAINED, DARK GRAY MICAEQUS GNEISS WITH
QUARTZ.

Ca
-4
o]
N
A,
B

HIN SECTION STUDY~JUMMARY :

JUARTZ GRAINS ARE ELONGATED., DIOTITE SHOWS *REIFERRED ORJENTA~
TION, PARALLEL TO THE QUARTZ. FLAGIOCLASE, wWHICH SHOWS LAMILLAE,
ARE ANHEDRAL AND SOME SERICITE ALTERATION CAN BE SZEwN.

THin_SccTioN Stupv-MiIneraLocy, TEXTURE, GRAIN OHAPES:

A
2rotiTe (127) GRAINS SHOW PREFERRED ORIENTATION. THEY ARE ANKIODRAL
TO SUBHIDRAL IN CRYSTAL FORM, G3RAIN SI1ZE VARIES FROM .5 1O 1mv,

Pl
GARNET (157%) GRAINS ARE ANHIORAL WIT- SOME INCLUSIONS. THE AVERAGE
stz 15 1mMM, THE GRAINS ARE FOIKIOBLASICALLY, ENCLOSING THE QUARTZ,

PLagtoctast (B7) GrAINS ARE ANHEDRAL wITH SOME SEZRICITE ALTERATION,
THE GRAIN S1ZE VARIES FROM .5 10 1um,

tuazTtz (327) VArious GRAIN S1ZES. ORAINS ARE ANHEDRAL IN FORM,
4 -
CrLor1TE (277) AGGREGATED GROUNDMASS
T
Accessorten (67)
"'USCOVITE~SMALL GRAIN SI12E8

71:coN~-.1 TO .2MM IN GRAIN BIZE
SERICITE-ALTERATICN OF PLAGIOCLASE

- . —— o

- - - ~ .
'EATHERING AND ALTERATION PRODUCTS: 3cpiciTe ALTERED FROM PLAGIOCLASE

INTRODUCED (SECONDARY )PRODUCTS

Rock Name  Mica GNEIss -

(4b)



NESCRIPTION OoF Rock SrECIMEN.
SavrrLe No,

—2Fe

Hano Srectimin DESCRIPTION:

"EDIUM GRAINED, MICACEOUS GNELISS wiTH 25 T0 507
-~
QuarTZ, 5 T0 107 Br1OoTITE, AND 2 TO 57 GRAPHITE.
1

THIN SEcTioN _STupY-SuMMmARY :

POLYCRYSTALLINE QUARTZ GRAINS ARE ROUNDED. SOME OF THE FLAG-
IOCLASE SHOW TWIN LAMELLAE WHICH HAVE BEEN DESTROVYED. B1oTITE
1S SUBHEDRAL SHOWING NO SPECIFIC ORIENTATION. THE GROUNODMACS 12
CHLORITE,

THin SecTion Stunv-Mincratogy, TexTure, BRAIN SHARCS:

[ 4
BroTite (10%) AveraGE GRAIN S1ZE .5 TOo IMM, GRAINS ARE MOSTLY
SUBHEDRAL .

“LaclocLASE (207) MOST GRAINS ARE BETWEEN .5 ano 1mm an sizE,
CRAINS ARE MOSTLY ANHEDRAL.

QuarTz (30%) ANHEDRAL GRAINS WITH VARIOUS SIZES RANGING FROM
Jdwm To 1.5vM. SoME GRAING SHOW DEFORMATION DUE TO STRESS.

~
CHLORITE (257) AGGREGATED GROUNDMASS

K
Garnet {107) T“GQUANT, ANSEDRAL GRAINS WIT+ INCLUSIONS, VARIATION
IN GRAIN &1ZES,
-
tccessories (57)
“'uscoviTE
SERICITE-ALTERATION OF PLAGIOCLASE

'WZATHERING AND ALTERATION FPrRODUCTS: SERITIZATION OF PLAGIOCLASE
INTRODUCED (SECONDARY )PRODUCTS

Rock Name '’1ca GnEJSS -

(45)
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AppeEnpix 1

Guioes vo THE OCCURRENCES OoF MONTANA TaLc

(46)



Gutoes 1o THE OccurreENCE oF TALc

FOoR A GOOD UNDERSTANDING OF THE OCCURRENCE OF TALC IN MONTANA, THE FOL-

LOWING POINTS ARE IMPORTANT, THEBE QUIDELINES wERE quoTED Yo Ousom (Ouson,

1976,r.139) B8y A, Oxuma (1971),

"A)

)

c)

o)

ALL OF THE COMMERICAL TALC DEPOSITS ARE INTIMATELY ABSOCIATED WiTH THE
MARBLE UNITS. DOLOMITE MARBLES BEEM TO BE A PREQUISITE FOR THE FOR-

MATION OF HI@H QUALITY TALC IN THE Rusy RangE.

THE TALC QGENERALLY OCCURS IN AREAS OF ETRUCTURAL WEAKNESS, SUCH AREAS
BEING MARKED BY FAULTING, BRECCIATION, SILICIFICATION, AND IN MANY

CASES, RECRYSTALLIZATION,

THE TALC DEPOSITS ARE RELATED TO THE PRESENCE OF INTRUSIVE ROCKS,
PROBABLY OF GRANJTIC OR OTHER COMPOSITION, FROM WHICH THEY OBTAINED
YHEIR BUPPLY OF HYDROTHERMAL SOLUTIONE, TO SOME DEGREE THE NEARNESS
To THE DILLION GRANITE GNEIES ESPECIALLY OF THE OLIVE-GRAY VARIETY

MAY BE A USEFUL GUIDEL INE FOR PROBFPECTING.

AREA8 OF RETROGRADE METAMORPHISM MAY BE OF SPECIAL SIGNIFJCANCE IN

TALC PROSPECTING."





