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Abstract

New chemical, optical, and X-ray data are given for talc, tremolite, and a manganoan
amphibole (tirodite) from the Gouverneurmlntng district, New York. Al talc examined is
found to be triclinic, a=5.25s, 6= 9137, ¢= 9.448A, a=90°46' /3= 98°55', 7=90°0', space
?roup Clor Cl, structure type L-layer triclinic SITC Chemical analysis gives the composi-

ion of talc from the Amold pit as Mga (53 960io- 0i0(OH)i 90 On the basis of fluorine
analyses of 22 talcs from worldwide localities it is observed that talc derived from meta-
morphosed sedimentary' rocks contains appreciable fluorine, from 0,11 to 0.48 -weight per-
cent, whereas talc derived from ultramafic rocks contains less fluorine,

Two of the three tremolite sgeumens examined have prominent lamellae, oriented
parallel to EIOT% of a second amphibole having the following unit-cell Earameters mono-
clinic, 0=9.50, 6=18.04, ¢=5.28 A, /5=102°25", space group P2, or P2\/m. Chemical and
X-ray evidence indicates that this amphihole is tirodite having the aPprommate composi-
tion Cao.iIMno »Mgs 9S|3022£ &@2 The tirodite probably exsolved from the host tremo-
lite at temperatures below 500

New unit-cell data are given from three tremolites. X-ray powder data are given for
talc and tremolite.

Introduction

The purgose of thi Ft) ger 5 to present new ?hemtcal X- rag dand opti-
cal gata for talc an assomate amphinoles, tremolite and tirg |te
found In certain schists from the. Gouverneur mining district, New York.

This study is part of a broader |nvest||gat|on whichthe ayithors are con-
ductlnq on the phy5|ca and chemtcal 0 erttes of taIc and the associated

mmerasl mtesstem Ca0- %i The metamor-
sedim ntar rocks of the New ? GrenV|IIe L?I\/evl%%%%larelv :tjheﬁnl

0se

Por such a stud hy r many of the minera composmons

this s stem The present Ipaper W|Ipresent data only for th etaI tremo

lite schists of the Gouve neur area. Although the ctiemical and physical

ro ertles of talc and tremolite were tholght to be well known, our
and the recent studies of Bown (196b) and Rayner and Brown

lgge pshatcsagg that much 15 yet to be done in oraer to fully characterize

1Studies of silicate minerals (10). Publication authorized by the Director, U. S. Geo-
logical Survey.

71

CAM-109



752 MALCOLM ROSS, WILLIAM L. SMITH AND WILLIAM H. ASHTON

The Gouverneur Mrnrng District

The Gouverneur, or Balmat-Edwards, mining district is in the Gren-
ville Lowlands of the northwest Adirondacks,” St. Lawrence County,
New York. Most of the bedrock of the Gouverneur area consists of meta-
sedimentary and metasomatic rocks referred to as the Precambrian
Grenville Series. The talc contarnrng schists are found in a northeast
trendrn bet which was described r( Engel 51962) as more than six
mr es on pm a%proxrmate 45° 0 {hé northwest robablg extend

S0 e () feet and attaining a maximum tnickness of
% atert an 400 feet. The talc bodjes occur as, sheets and lenses m a
%g/ folced and sheared marble of the Grenville Series,
tamorphic. reactions between quartzite and dolomite produced
various magnesium- and calcium-bearing srlrcates especially ‘diopsige,
tremolrte anth? hyllite, and talc. Some”of the talc and anghophylite
robab Z thie serpentine formed zlaterateratron of tremoljte.
Som of the Schists are calcitic, probabya aby-product in the alteration
of tremolite to a more magnesium rich g sg

The amounts of the various minerals differ throughout the. area;
however the predominant mineral s usually tremolite; In addition to

groxene amphibole, talc, and serPentr e constituents of the ores,
ther are also var md amounts? uartz, carbonaes, gsum chlorite,
and accessory mirierls. Texturally the talcs range from Thassive to platy,
and they vary in color from buff and gray to white.

Occurrence

The Amold pit of the International Talc Compa rP/ near Fowler, was
vrsrtedrnl961 and a%arn In October 1966 Many of thie samples desciibed
|nt IS study were 0 tahne from this rP

The ex osed rock at the Armold pit, near the old Amold shaft, consisted
of a acrated surface which w bern cleared of soil, and into which
excavations were bernp made. The wicith of the expostire was estimated
to be from about 280 o over 300 feet in the area sampled. The sequence
of rock types from the footwall dolomite to the hanging wall dolomite was
observed to he as follows, as traversed across the floor of the mine in a
westerly to northwesterly direction;

footvvaII dolomite
alc rock. about 30 feet SG 162
coa rsely crystalline talc” Iens bou 5feet (G-17)
4) massive "talc ore,” about 1 feet g;
5) a sequence of an irregular |nterbe ding of coarsely crystalline

NO—
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%eerinoclarte varretf hexagonite) and massive talc ore, about 130 to 150
(6) hanging wall d)olomrte

The occurrence of a lens of coarsely crystalling talc near the footwall
Was at)(prca of the exposed rock. The complex Interbedding of coarsel
c sta ing talc and the hexagonite-pearing rock was pronounced towar
te anging wall. The expostres of this type of talc rane from a few
inches 0 a few feef in width. Thesecrmens of the coarse C staIIrne
talc whrch were coIIected for mingral rTuca study were oun to De domi-
nant talc wrthasma amount of Clear unaltered tremolite. The rela-
trvehy Coarse 9rarne éa known as scae at the mines, IS assqciated
with™ but dis nctIY erent from the fine-grained commercial talc.

A similar coarse c stalling taIc was notéd in May, 191, on the
fourth level of the Wight mine of the |nternational Talc Company, which
15 located ap ut3000 ee} t0 the southwe fst of the Arnold pit, rn esirme
formatron The material from this arto the mine 1s rrcher In tremolite;
the, trans ucent to pure white talc an cear coIor ess tremolite heing the
maj orP ases. Minor fibrous anthoph% Ite, partly altered to falc, iS'also
present as aminor constituent. The sheetlike body of tremolite-coarsely

Fig. L Index map of the Gouverneur talc mrnrng areas, St. Lawrence County, New
York. Modrfred in part, from Engel, 1962, Plate .
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crystalline talc rock was about 12 feet thick where examined and was
reported to extend more or less continuously along the strike of the ore.
The body extends from the surface of near the surface down through the
srxth IeveI o the mine.

dditional san(rsoles of well cry staIIrzed talc obtained previously from
the Arnoldgrt 1), and the * Tac mine (CS- 1’) Gouverneur, N.Y.
and alspa s ’oeo nearly pure riuartz -tremolite fock from an area 3/4
of a mile fsout est of the Wight mine %G 2421 were also, studieq. The
ocatron of the varjous mines |s Iven in the Index maP I(IFrgure 1)

aggarent mineral associations of the more carefully Studied sam-
Ies are as follows:

1) G-I, talc-minor clear tremolite and anthophyllite
G-16; clear tremolite-serpenting-talc- mrnor car onate and tirodite
-7 talc-minor clear tremolite
4) G-19 21, lavender fremolite (hexagonite)-minor quartz, carbo-
nate trrodrte and tourmaline
tremolrt qhartz minor tirodite
ma amounts car afe appear asacementrnrq agent in samples G-16
and G-24. On the b asrs of a rapid reaction to dilute”FICI the cementing
carbonate is probanly calcite.

Talc

hemr aI composition—The coarsely cr stallrn? talcs GI Gl?) taken

teArnI pitin 191 and 1 ? re near R}re only a ewsmall
crystaso fremolite appear on careu optrca exa |nat|on of the pickeg
material. Three spectrographic anag/fs abe lg show less thla ?2
ercent calcium thus tfie ‘amount of included tremolite Is ne% Igible
et chemical analysis (Table 2) confirms the presence of fluoring in the
talc structure, Total loss (HA+F) on ignition for samples G-I and G-17
are ﬂrven in Taple 3

The chemical formula of this talc as given by the analysis G-I is:

Mgaoz. 3 %0I00F. OF) 1.5

The ana dysrs shows a few tenths of a percent excess FI2) and thrs S con
srdered Ue 10 ana ytical error. The small amounts of Fe, 4In
efc., sh own to ri [present are assumed to be mamly due to the smaII
amounto fremolife
Partial chemical analysis for HZ and fluorine were also made of talc
EG 17)3and tremolite (G-21) samRIed from the Amold pit n 1966 BTabIeg
and'3). Fluorine analyses:for a number of other talc specimens obtaine

1The samples were fused in 3.5 grs. of sodium carbonate, cooled and leached out in
weak sulfuric acid. Samples were then transferred to stills and 100-125 ml. of 1:2 H2SO«
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Table 1. Spectrographic Analyses of Talc and T remolite
from the Gouverneur Talc District, New York

Talc Talc Talc Tremolite  Tremolite
(G-)» (G-I)» (G-17)° (G-21)d (G-24)f
Si >10% 20-40 20-40 20-40 20-40
Mg >10 20-40 20-40 15-30 10-20
Fe 0.03 0.1 0.1 0.2 0.1
Mn 0.03 0.01 <0.005 0.3 1-2
Al 0.03 0.1 0.05 0.2 0.3-1.0
Ti 0.001 0.01 0.005 0.02 0.03
Ni _¢£ <0.005 <0.005 <0.005 -
Cu — <0.005 <0.005 <0.005 -
Li 0.001 0.005 0.005 0.02 .
Na 0.01 0.05 0.05 05 0.1-0.3
K 0.001 0.01 0.02 0.1 0.1-0.3
Ca 0.03 0.2 0.1 5-15 5-15
S - <0.005 — -
Ba — <0.005 - — —
F 1.0 — — 0.30s 0.31s

aAmold pit, Analyst: C. L. Waring, U. S. Geological Survey.

b Arnold pit, Analyst Bernard Snyder Battelle Memorial Institute.

0Armold pit, Analyst: Bernard Snyder.

d Amold pit, lavender tremolite, Analyst: Bernard Snyder.

0— not looked for,
S deolorIess tremolite, 3/4 mile SW of Wight mine, Balmat, N. Y., Analyst: Bernard
nyder

ye By wet chemical analysis.

from worldwide localities were made to_obtain mare knowledge on. the
ran eb(if fllluonne content in this mineral. These fluorine analysesare given
In Table

Phgsmal roRemes —Talc speumens coIIected from the Arnold pit show
two disti ct abits: onevanet% Is fine grained somewnhat fibroys in nature
EG g 1S assomated Wi wh|te tremolite. The second variet
0ars I%cr ystalline (G-I, 17), often occurrmg In nearI}/ mono-miner II|c
zones. Onl tecoarse varlet Was studied y echniques.

The coarsely crﬁstallme taIc forms Rla% %yst?ls u t0 lcm In width.
Thec stals are IJo re white, transl cent |é % adamantme luster,
Some Crystals %ow 2 neary perfect gseu otrigona (Yraml s lying on
(001). Otten the pyramids are truncated by a small (001) face.

added (volume kept below 150 ml.). Fluoride was separated from interfering substances
according to the method of Willard and Winter (steam distillation at 165°C2 he distillate
was collected in 500 ml. volumetric flasks. F|uoride content of the distillate was then de-
termined by a thorium nitrate colorimetric titration.
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Table 2. Chemical Analyses of Talc (G-l) from Arnold Pit, Fowler, N. Y.

GI* Ratiosh Ideal0
@ 62.68 3.958 63.37
MgO 32.33 3.042 31.88
F 0.48 0.096 -
HD U 0.33 —
HD (+ 4.79 1.009 4.75
100.00
Total 100.61
=F -0.20
10041

0Amold pit, collected in 1961, Analysts: Joan Lathouse and R. D. Foltz, Battelle
Memorial Institute,

b Ratios calculated on basis of MgJ-Si=7.000.

* MgSiDioOH)2

Ten falc cr [%/stals from samEIe G-l were examined with the Buerger
Brecessmn carhera. All crystals gave |dent|cal unit-cell parameters:
est measurements are |ven In Table 5. This talc is triclpic; thesace
group is Cl or Cl, and the structure type 15 one Iayer tr|cI|n|c(T
ontrast to hoto ra hs of the common m|cal<, he okl and é)rece s|on
ecession pnotograpns show a strong triclinic |nten5|ty d| tribution.
here is little )%pparent mono |n|c seu 08 mmeﬁry In ai teXray
photograh POW er data for this materia are IVen in Tabee
T ﬁlc crystals from sample G-1/, one crystal fro as?m le from
the “Talc” mine, Gouverneur, N. Y. CSl) and one crystal from a Bal-
sam, North Carolina, sample (CS-2) were also studied by precession

Table 3. Fluorine and HD) Analyses for Talc and Tremolite®

Total loss (HD+F) Talc (G-I) Talc (G-17) Tremolite (G-21)
In weight percent

Obs.  Calc. Obs.  Calc. Obs.  Calc.

e BB W i

550°-1000° 17y 49 4.'332} 4.96 1g5h 23

F 048 0.48 042 042 030 0.30

HD (+) 479 451 410 454 126 207

Analyst: Joan Lathouse, Battelle Memorial Institute.
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Table 4. Fluorine Analyses op Talc from Various Locations

and Origins
Sample Location and Origin % F
G-l Gouverneur talc district, New York 0.48
G-17  Gouverneur talc district, New York 42
WA-3 Gouverneur talc district, New York, 45
metamorphosed magnesian carbonate sediments.
42771 E  Val Chisone, Italy 44
23 Val Chisone, Italy _ 3l
metamorphosed magnesian carbonate sediments.
25 Murphy, North Carolina, _ _ 36
metasomatic replacement of magnesian carbonate sediments.
30 Inyo County, California, , 34
replacement of quartzite along dolomite contact.
26 Bnimado, Bahia, Brazil, _ 29
magnesia metasomatism of siliceous carbonate sediments.
11 Casa Nova, Bahia, Brazil, _ _ 21
lenses of replaced siliceous magnesian carbonate sediments.
S423  Windsor County, Vermont, o 26
schistose talc-carbonate rock, not of ultrabasic origin, but asso-
ciated with ultrabasic body.
7 Allamoore, Texas, . , o 20
metamorghlsm of interbedded limestone and magnesia rich tuff,
8  Madoc, Ontario, Canada, _ 18
metamorphosed magnesian carbonate sediments.
31 Dillon, Montana, ~ 18
replacement of dolomite in fracture zones.
29 Flinders Range, South Australia, _ 17
metasomatism of silicified magnesian carbonate sediments.
32 Esmeralda County, Nevada, . 17
metamorphosed quartzite lens in dolomite.
28 Tong yang, South Koreg, _ 16
metamorphosed ma?neslan carbonate sediments.
14 Dausa, Rajasthan, India, _ Al
metamorphosed magnesian carbonate sediments.
33 Tamaulipas, Mexico, . _ o _ 04
hydrothermally altered basic dike, enclosed in serpentinized schist.
WA-h  Lamoille County, Vermont, _ R
automorphic alteration of ultrabasic rock, associated with segientine.
3 Zambales, Philippines, _ _ _ 01
altered ultrabasic rock, associated with serpentine.
21 Transvaal, South Africa, , _ 007
altered ultrabasic rock, associated with serpentine.
13 Providence County, Rhode Island, 004

associated with serpentine pods in greenstone.

Note: Sediments refers to metamorphic rocks of sedimentary origin.
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Table 5. Unit-Cell Data for Talc

Arnold pit, G-I 8 c b E
¢* pb B
a (A 5.2T¢, 5.21s 5.29 5.26 5.21 5.21 5.28?
M 9137 5.215 530 9.10 9.13 9.13 9,15
MA 9.448 9.450 9.47 18.81 18.88 18.94 18.95
90°46'  84°%3  86°F
98°5'  98°59  98°4  100°0 100°15'  100°40"  99°30'
y 90°0 120°0 120°0
System triclinio triclinic ~triclinic  monoclinic monoclinic monoclinic monoclinic
Diffraction symbol ~ T1C. IP* ip. C*le Cle
Structure type ITc ITc ITc 2Mi 2Mi 2Mi 2Mi

a C-setting (preferred setting).

b P-setting Fconvenhonal settmg?

A Rayner and Brown (1966), Harford County, Md.
B Griner &19343 Harford ounty, Md.

C Hendricks (1 38) Harford County, Md.

D Zvyagin and Pinsker 19492)

E Stémple and Brindley (1960), Manchuria.

technlques All give the same unit-cell data as that given in Table o)
Ross, Takeda, and Wones (1966) have sh own that man% mica sampl es
are composed of more than one polytype. Thus a number of crystals
from a given layer silicate sample should be examined hefore assummg
the specimen is’homo eneous aIc G | from the Amold pit appears t
be so. Our present study coupled with that of Rayner and Brown (1966
?gestst aetlﬁng?}OFal is triclinic. Previous reports of the monaclinic
Unit- ceII data for talcs stud|ed é)rewousl are compared to that of the
ArnoIdPntacmTabe e}]y ata for s no ?glven both jn the
C-centered setting and in a cq vent|onaI primitive o efting So fhat it
may be compared to the results of Rayner and Brown. The transforma-
tign. matrix trom the C-centered unit-Cell to the conventional anltlve
cell js: 1001—1/2—L/2 0] 001 The C-centereq settlnq 1S Erefer ed for it
facilitates comparison with other layer silicate structures. Rayner and
Brown examined the ?ameseomen s that studied by Hendricks in
38 and probably 15 also 1dentical to that examined by Gruner In 1934,
Thus, the onl gew ence oratwo layer monoclinic talc is the work of
Stem le and Brindle g %an Z\yyagin and Pinsker %1949
he optlcal rogere oft eArnoI p|t taIc (G- If are: biaxial positive,
optic angle variable rang mo from 0 «=1.545+0,002, R=
1584+ 07002, The value "of the optic angle is highly dependent on the

=
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Table 6. Observed” and CalculatedX-Ray Powder Data for Talc (G-I)
from the Arnold Pit, Gotjverneur, N. Y., Mining District

C-setting hkl  P-setting hkl ¢ (calc.) A ¢ (obs.) A 7
001 001 9.333 9.34 vs
002 002 4,667 4.68 w
020 010 4,568 4.56 S
T10 100 4531
110 110 4523
111 111 4316
111 101 4.298
021 oil 41251 4.14 vw
021 oil 4,082/

1 101 3.8851 3.85 v
1 1l 3.862/

T2 112 3.504] 343 W
112 102 3.481f

022 012 3.287

022 012 3243

003 003 3111 3.115 s
n 102 3.061

112 112 3.040

T3 113 2.751

T13 103 2.733

130 110 2.632

130 120 2.621 2.632 wm
201 21 2.617.

200 210 2.606 2598 m
131 21 2.590/

023 013 2.588

131 11 2578

023 013 2555,

131 1 2490 248 5-d
131 121 2477]

202 212 2442

113 103 2424

201 A1 2415

113 113 2.409

1 12 2.382

132 112 2.361

004 004 2.333 2.336 w

» CuKa radiation, Ni filter ég((:11.54b§ A). Camera diameter: 114.59 mm. Lower limit

2dmeasurab|e:aproximatelr (110 A
b Calculated from the following unit-Cell parameters: o = 5.275, 6= 9.137, ¢=9.448 A

a=90°46', 3=98°55' 7=90°0, space group CT. All calculated spacings are given to

(=L . . .
+ Vs (very strong), s (strong), ms (medium strong), m( medium), wm (weak medium),
w (weak(), \n);v (ver)g)wea&), d%iffuses. 9t hum{ )
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Table 6. (Continued)
C-setting hkl ~ -P-settinghkl ~ d (cale) A d (obs) A

/((
040 020 2.284 2.284 VW
2.219 m-d
2.103 m-d
1994 sm
1871 m
1.731 w
1.688 wW-d
1.558 W
1.527 nis
1.515 W
1.320 w
1.296 w
1271 YW

amount of twinning in the crystal; highly twinned crystals have low
optic angles.

Amphiboles

Chemical properties—Two varieties of tremolite occ% in the Amold pit
s%eumens 0 eIavender to pink In color (G-19, 212 e other pure whlte
The lavender f rm occurs In large prismatic cr r¥sta|s several
I |meters Ion The varietal name “hexa o Ite” 15 oft e
scrlbe this trem Ite: the tv)e materla repore ascoml T% from. Edwards,
St L awrence County Dana, 1 e White vanety
of tremolite Is assomated with the * I|m talc 616 “and to a small ex-
tent, with the coarsely crystalline talcs (G-, 17). The lavender tremolite
occurs I nearly mond-mineralic zones between the massive talc ore and
hangmg wall_dolgmite,
xcept|onall¥ well- crystalllzed colorless tremolite rock collected
ofamlle sout west of the W %ht mine Was also examined ( 24}
Gpectro?ra Ic analyses of the lavender and colorless varieties (G-2
iven In Jable 1 Quantitative analyses for HA and fluorine
fort e G-21 tremolite are given in Taple 3. The analyzed samples G2l
-24 contain a small. amount of tirodite and quartz.
En el (1962 g 3093 qlves complete mineral analyses for two tremo-
lites collected from the old Arnolo'ming. These analyses are recalculated
In our Table 7, The various an?él/ses (Table L 7) show that the, Gouver-

used to de-

neur tremolites have a nearly’ end:member Composition with some
Mn2+ K, and Na replacing calcium, F replacing (OH), and Al replacing

There are four different occupied cation sites in the tremolite crystal



TRICLINIC TALC FROM GOUVERNEUR 761

Table 7. Tremolite Chemical Analyses erom Engel (1962, p. 309)

Weight percent Atomic ratios
% 15 ® 15

Si02 5783  57.76 Si 7.915 7.893& 8.001

057  0.64 Al 0092 8028
Fed)3 020  0.00 Fed  0.02L
MgO 2425 2473 M 4,945 t
Fe 011 0.4 Fe 0012 5285 OOIo 5.066
Ti02 003 0.5 Ti 0.003 0.0051
MnO 281 0.06 Mnl+  0.325 0.007
Ca0 142 1320 Ca 1.675 L 944%
K2 0.14 0.9 K 0025 1744 00161 2.033
Nad 017 028 Na 0.044 0.073]
h - 006 013
hb+ 209 238 OH 1907  (1820) 2170 (1.882)
F 041 0.26 F 01781 0180 o o 8
Cl 0.01 0.02 Cl 0.002) 0.005/
co? 0.00 —

100.10  99.81
0=F+Cl 017 011

99.93  99.70

“ Arnold No. 3 mine, 11th level, Fowler, N. Y.
b Arnold mine, 14th IeveI Fowler N. Y.
FC’|°Number of ions on the hasis of, number of oxygen atoms=22.00 and (OH) = 2.00-

structure desr% nated Mi M2MM3 and Ma The smaller metal atoms such

nter the M, M2 and Masites whereas the larger cations
suc as Ca and Na enter the Iarge Masite. With our present nowled%e
of amphibole structure vie do not ex ect any alkalies or alkaline eart
0 enterteMr %or Masites. |deally the“Masite should take up 200
calcium atoms per ormgla unit. The smal cations, however m? enter
EG% I\{In4srtes In"appreciable quantities replacing some of the calcium o

iU

Physical properties.- X-ray studies of the Iavender and whrte tremolite
were made usrnﬁ both sindle crystal an gowdfr techniques. The
|avender tremo tesecrmens -19, 21 are essential mono Ineralic.
The crystals aP peal optrcag perfect”with no evrd nce of twrnnrn
exsolution or alteration. Singl crystal phot%%raphs show tremolite G-
to be monoclinic, space group C2/m, Cm, or C2 with a=9.816A, b=18.04,
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Table 8. Unit-Cell Data foe Teemolites from the
Gouverneur, New York Talc District

G-21" G-24« G-16d
Single crystal ~ Powderb ~ Single crystal ~ Powderb  Single crystal
a 9.81» 9.818%5 9.796 9,812 (2 9.81s
P: 18.04 18.047( 18.04 18.077(3)  18.04
5216 5.275g 5.28, 5.273 (2 5281
104°30' 104°39° (3] 10425 104°43 (2)  104°35
904.4 904.2(6) © 9039 904.5(3) © 9042
System monoclinic monoclinic monoclinic
Diffraction
symbol CHf cxt Cp

aLavender tremolite, Arnold pit, St. Lawrence County, N. Y.

b Obtained from least-squares refinement of powder data given in Table 9. Errors in
thousandths of an An%strom and minutes given |n parentheses.

* White tremolite, 3/4 mile SW Wight mine, N. Y.

d White tremolite, Amold pit, St. Lawrence County, N. Y.

unfiltered molybdenum radtattontrmo ours show extremely weak

spots representin a second phase. X-ray data for this tremolite_are

summarized mTa es X-ray Ipowder data for tremolite, G-24 and G-21

are gtven In Table 9. Spectrographic analysis was given in Table 1

il A {xddttton to lavender trém I|t descrtbed ab?ve two whlt tremo-
r

Were examined rav. single crystal technigu
Both tremol |tesst%ow uncte rcrossed nycols thin la ellaglonented (ﬂaﬁel

to the (101) plane. In sample G-24 the lamellae are so distinct they can
be seen’in the hand specimen with a low power binocular microscope.

Precession hotogra hs of both sBeumens give unit-cell data close to
that of the I vendér fremolite (Table ). Superimposed on the stron
smgec rystal t?attarns of the host tremohte ﬁ)hase |s%weaker pattern 0
a sécond am This second phase 15 & clino- amp ibole havi Zagspace
%roup s%gn etry P2V/m or P2\ with a=948 A, 6=18.03, e=5.29, and

The, unit: (iell data for the P2\/m amghtgoles gG -16 and 24% are
iven in Table 10 where the data Is compared to that o tatned Iy own

66) ona similar specimen. As pointed out by Bown, who first eporte
existence of this P2Vm-_amphibole, the two cogxisting amphibole
phases have a common e-axis with the e-dimensions almost | ent|cal The

¢=5.276 and g) 104°30". The hl recessmn hoto%ragtts exposed to
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Table 9. Observed” and CalculatedbX-Ray Powder Data por White
(G-24) and Lavender (G-21) Tremolite from the
Gouverneur, N. Y. Mining District

Tremolite, G-24

hid .
d(@c) A d(s)A

020 0039 9054 5

110 8403 8410 40

01 5100 5002 2

130 5,087

Til 41873 4875 0

20 4785 4751 10

040 4519 458 3

01 4441

20 400 4200 5

2 400 4028 5B

111 3.980

131 3875 3880 15

21 3673

041 3382

131 3319

150 3319

240 3203 32 6

310 3116 3120 100+

2 3,103

311 3.016

060 3013

21 3004 3004 5

51 20 204 4

2 2.935

330 2001 2802 %

31 2127

151 2006 2712 100+

i) 2.608

061 2504 2504 %

21 2558 2557 %

“ CuKcv radiation, Ni filter (A= 1.5418

smal

b All calculated interplanar spacin )
less than this are r};lven only where indexablg to an observed spacing.
rom the followin

“Calculated

¢—5.273, B=104°43, space ﬁr%%

ysis: Cai.ano..Mg52is ~!ﬁO
d Calculated from the fo
13=104°39', space group C2/m.

lowing uni

Tremolite, G-21
d (calc) Al d (obs) A

9.024

3.373

3.274
3.115

3.013

2.942

2.121

2.709
2.589

763

60

10
50

10

P

85
100+

3

2
60

15

_ | A) Pattern taken with North American Philips
X-ray diffractometer internally standardized with sodium fluoride. Specimens contain a
amount of quartz and tirodite,

s are given down to d= 2530 A Calculated spacings

%unit-cell parameters: 0=9812 A, 5=18.077,
2Im. Composition by electron microprobe anal-

t-cell parameters: 0=9.818 A 5= 18.047, c=5.275,
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Table 9. (Continued)

Tremolite, G-24

d (cale) A“ d (obs) A

2.550

2.530
2.379

2.295
2.267

2182
2.164
2132
2.046

2015
1.999

1.710
1.685
1.675
1.649
1.617

2
15

2
20

%%

10

2
10

10
15

10

Son

10
40
15

Tremolite, G-21
d (cale) Ad d (obs) A

2.552
2541

(Table 9 continued on following page)

1.685

1.648
1.618
1.585
1.561

10

30
30
20



TRICLINIO TALC FROM GOUVERNEUR 765
Table 9. (Continued)

i Tremolite, G-24 Tremolite, G-21
d (calc) AL d(obs) A/ d(calc) Ad d(obs) A [
51 1.555 1555 10 1.555)
1.554 20
402 1551 1553
1530 10
111 1.524 1525 10 1522
282 1514 1514 1514 100+
263 1512 1511 10 1511
482 1502 1503 20 1501
2,10, 2 1471 1.470 10 1.469 1.468 5
0,12.1 1.445 1.445 10 1.443
1.433 35 1435 7
501 1.398 1.398 10
731 1.365 1.365 155

a-axes of the tremolite and P2i/m amphibole lie | macommon 010) plane

and at an angle of230 of one another The study b Bown W; ade on

atremo Ite from the I|r%tm|ne Lawrence ount)( N. Y. sh OWI%
) lame Al

“extremely fine (001) lamellag,” His material is proba rR/5|m| ar |
composition to speumens G-16 and G-24. In the 12/msetting of Bown
Table 10. Unit-Cell Data for the Second Amphibole Phase
Exsolved from the Gouverneur T remolites

n M -
G2 Gl6»  Bown (1966) Cummmgmmted

a (A 9.502 9.47¢ 9,51 9.467

b (A 18.04 18.03 17.95 17.937

£ (A 5,284 5,285 527 5.292
0 102°25' 101°55' 102°0' 102°14

v (A) 8846 8835 8800 g181

_ System monoclinic monoclinic monoclinic monoclinic
Diffraction symbol p2il* P2i* P2if* C*[*?

T LlDagta obtained from the same single crystal patterns as those of tremolite G-24
able 8).
T %Pag a obtained from the same single crystal patterns as those of tremolite GT6
able
OCeI? edges transformed from the /-centered cell: a=9.87 A, 6=17.9, ¢=5.27,
[3=109.5°, space group 12/m.
d Unit-cell data of an iron free cummingtonite, MiSisCLIfOH)-., as extrapolated by
Viswanathan and Ghose (1965).
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the lamellae are orrented paraIIeI to the (002) plane. Bown suggested
that the lamellae arecrno -anth o ){1
Ross, Papixe and Weiblen (19 g ave made a more complete study of
the composition ang structural stage of the amphiboles in' sample
and allso have srtudred a samoe of the mftn%r 0an am hrbole trrodrte
Seqeler, 191) from the International Ta |ne No. 3 In the nearpy
alcville, N Y area -ray precessron photos and least-squares 8owder
refrnem nt o trro Ite |ve the followin unrt cell data; a=9.550
0.00 00720003, ¢=5298+01001 0= 102°39'+ 1’ space
group 2rmorP2r The srnﬁle rystal photos aIsoshowaweake oatéern
fasecond amphrbole oriente araIIeI 0 the 101) plane af tirodite
The unrt ce | data for th |s secon A) a5 is:. 0= =17.99, c=527,
space grou The IOI% lameliae can be seen olotrcall
|n the trrodrt rams Iectron micropro escans over the TaIcvr Ie trr-
dite ?rve he a proxrmate compositio ﬁ %
The [amellag are about one micron thrck and haveamuc Ignel cacr m
and |ower manganese eontent than the host tirodite ohase
Microprobe éxamination of sample G-24 shows that In addition to the
crystals of caIcrum rich tremolite there are a few [grarns of @ manganese-
rich. amphibole. The lamellae in the tremolite afe manganese-rich and
similar In composition to tirodite. The lamellag in the Mn-rich amphi-
boI are calcium-rich. The apgroxrmate compositions of the trem lite
Mn-rich host phases_ are Cal.aMno.3 58|8)2 F)2 and
CaOzMnOd\/IgG%ré) OH, F)2res ectrvel Chemical and Xra evi-
dence Jeaves no doubt that” sample G-24 contains two amphiboles,
tremolite and trrodrte with tremolite exsolvrng tirodite and’ tiroglife
exsolvin tr%molrte It 15 estimated that trro?rtec mposes ahout 5 weight

oercent f esamroe The tirodite sample from Talcville 1s an analogue
rgt?gmgl?te the major phase is tirodite, the minor exsolved phase

In order to obain more recrse unrt ceII data for the lavender and
whrte tremolites (G-21 and ¥ roowder drffractomgter data
Table 9) was sub ected Ieast squares rer ment The refine param-
ters ar compar 0 t e srnge crystal Xrag data In Table 8
amount of tiradite in sample G-2] i probably less.than one weight per-
cent and in sample G-24, probabIY Iess than 5we| ht percent. No |ines
of tirodite could be detected in either sample and thus should not have
eﬁected the re finement.
The optica Ipropertres of all three tremolites studied (G-16, G-21 and
G- @ae nea yr entrca jaxial neoatrve a= 1604+0.002, B= 1612
+0.00 002), suggesting similar cnemical oomﬁosrtrons
The Iavender varrety does not shiow (L01) lamellag although the X-ray
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Bhotogra hs show definitely that the second amphibole phase is present
ut composing probably less than one volume percent of the crYstaI. The
|amellag are, fch mor? ronounced In G-16 ﬂnd G-24 ?nd he X-ra

Iffraction single crystal patterns of the lamellae are relatively stron
with many reflections appearing in the hQl, hll, and hil nets.

Discussion

Talc—Talc deposits may form by the metamorphism of carbonate
rocks, by the replacement_of silicified carbonate rocks, or by the altera-
tion of Ultramafic rocks. There are reported occurrences of talc formed
from mafic and felsic |gneous rocks, Lpe matites, tuff, and low magnesian
sediments; however, these involve corfiplex and ynique conditigns that
are atypical of the major occurrences. Talc hodies may. also form by
contact mtetamorpmsm in rare instances where the chemical conditioris
are_correct, _ . : :

Twenty-two specimens of essentially pure talc obtained from nipe-
teen different deposits have been analyzed for flyorine content (Table
4), All of the talc samples were found o contain flyorine. Although too
few samples have been studied to permit firm conclusions to be drawn,
the foIIowm? relationships may be inferred; _

@1 Talc ffom deposits believed to be der|v%d from the metamorphism
of carbonate sedimentary rocks, formed b ter%EIacement of sificrfied
carbonate rocks, or occurring in talc-carbonate-amphibole schists, were
found to contain 0.11 to 048 percent fluorine,

_ (nb) Talc from thT five ge Slti believed to be derived from the altera-
tion"of mafic or ultramafic rock, and which are intimately associated
with serpentine, show fluorjne content below 0.04 gercent.

The present sty ay coupled with that of Rayn r and Brown 9966_)
definitely shows that the common variety of alc has a one-layer tri-
clinic stréicture. Other Po%ty%es, if they’ occur will rob%bly e rare
compared to the ITc form.” To summatize, talcs from the “following
localities have been shown to have the one-layer triclinic structure:

1) Harford County, Maryland, U.S.N.M. 82519
Amold pit, St. Lawrence County, New York
TFI|C mine, St. Lawrence County, New York
4) Balsam, North Carolina.

Trermnolitt—Engel and_Engel (1968) _sug%est that the _temBerature of
metamarphismIn the Goyverneur mining Qistrict in the is 500° to 600°C
re}n e. Some of the fremolites wer? enricfied In manganese at éhe EXDENSE
of calcium and sodium (e.?., Table 7, analysis 9b). The evidence given
by Ross, Papike and Weiblen (1968) shows that the manganese-enriched
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fremolite coeX|sted with a second amphibole_tirodite which was enriched
n caqum On coolm both phases unmixed to_produce the (101
Iame 8. APparent hlgh te peratures the M45|te can hold g Prem
ah eC\uantl angan s, [ #gearance of exsolution lamellae in
tremolite should be vefy useful | mu erstand mg the Raragenesm of the
G?uverneur SCIsts and can also give information on the extent of solid-
solution in tremolites.

Alteration of the tremolite-earing schists—Optical and X-ray examina-
tion of a number of tremolite rocks from the” Gouverneur aréa show the
following retrograde alteration sequences:

() Sample CS-1, “Talc” mine
fremolite-f- talc—»anthoghKllllte J-alc
() Sample G2, Internatjonal talc mine, N. Y., G-5, Fullerville, N. Y.
tremolite—>anthophyllite"talc
(3) Sample G-6, Fowler, N, Y.
anthophyllrte—T alc
(4) Sample G-18, Aronold pi
tremohte—»serpentme
(5) Sample G-26, W

tremollte—»anthophyll|te—T alc?

Tremolites CS-1,. G-S, and G-26 show prominent exsolution lamellae.
Stemple and Brindley 1960? ive evidence for the transformation
tremolite—Talc in g specimen from the Gouverneur area.

All of the very fin %ramed talc, thophglllt% anﬁi serPentme noted
in the Gouvermneur Schists 4 Rear {0 avelg g ate ateranonof
fremolite or anthophyllite. The coarsel ystalm talc (eg,
1S assouated with cI ar unaltered tremoljte and appears to eaprlmary
metamor IC assemb ae ot a result of any ret ograde alteration. The
coarsey c stalllne tac | not valuable commer |allg because of jts
oor mil mg{}qua |ta/ The Ine-grained alteration grodu ts of the ami)h-
oese ) forms the commeycial, ore. The superior mil mg
qualit th|s ore 'f probably due to the fine-grained nature of th
magn sium silicate alteration products.
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