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OCCUPATIONAL EXPOSURES 
TO NON-ASBESTIFORM TALC IN VERMONT 

Maryanne G. Boundy, Karen Gold, Kenneth P. Martin, Jr., 
William A. Burgess, John M. Dement 

Department of Environmental Health Sciences, Harvard School of 
Public Health, Boston, Massachusetts 02115 

INTRODUCTION 

EXHIBIT __,d.,_..__ 
WIT: f!.u~~ 
DATE: ]j1!J_ 
C. Campbell, RDR CAR CSR i 13921 

An environmental study of the Vennont talc mines and mills was undertaken in 
support of a concurrent epidemiological study of talc workers. Since geological 
studies dating from the ear1y 1900's have shown that the Vermont taJc deposits 
contain no asbestos and little quartz this population represents a group of taJc 
workers employed in mining and milling operations who have no association with 
these two fibrosis producing minerals (Jacobs, 1914, 1918; Weiss and Boettner, 
1967). Therefore, the intent of this study was to verify these geological reports by 
quantitating the personal dust exposures of these talc workers, and by identifying 
the mineral content of this "clean" talc ore. 

MINERALOGY 

Pure talc mineral is a hydrous magnesium silicate (Table 1) and consists of a 
brucite sheet containing magnesium ions sandwiched between two weakly held 
silica sheets (Hildick~Smith, 1976). This· mineral is extremely soft and slippery, and 
has a hardness of 1 on the Mohs scale. However, as used industrially, the term "talc" 
refers to a mixture of minerals that meet certain physical requirements rather than 
one which has a fixed chemical composition (Brown, 1973). Industrial grades of talc 
(Table 2) usually contain chlorites which are sheet silicate minerals containing 
magnesium, iron, and aluminum, and carbonates which include magnesite, dol~ 
mite, and calcite. Quartz, iron oxides, serpentine (one of the minerals from which talc 
evolved) and tremolite may also be present. Since the constituents of industrial talc 

TABLE 1. Some Chemical and Physical Properties o1 Talc 

Refractive indices: 1.54 ·1 .6 

Speclfic gravity: 2.6- 2.8 

Hardness (Mohs Scale): 1 

Cok>r: White or gray to apple green 

Morphological varieties: Laminated and Fibrous 
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366 BOUNDY ET AL. 

vary in their mineral and fiber content, the ensuing product has a considerable range 
in hardness and particle shape which contributes to its versatility. 

TABLE 2. Some Minerals Found In Industrial TaJc 

Chlorite (MgFe)5AI(AISis)010(0H)8 

Magnesite MgC03 

Dolomite CaMg(COJ2 

Calcite caeo3 

Serpentine ~(Si401J(OH)8 

Quartz SiO 2 

Tremolite ~Mg5Si8022(0H)2 

RELDSTUDY 

The three major Vermont talc companies were surveyed in the summer of 1975 
and the winter of 1976. Bulk samples from representative milling and mining opera­
tions were collected and were analyzed qualitatively for their mineral constituents 
A total of 312 personal respirable mass samples ( 118 in mines and 194 in mills) were 
taken using nylon, 10 mm cyclones at a flow rate of 1.7 lpm. Seventy percent of 
these samples were analyzed for free silica content by infrared spectrophotometry 
or x-ray diffraction (Cares eta/. , 1973). Fifty-seven parallel filter samples were taken 
for fiber determinations on 0.8 p.m Millipore filters using phase contrast microscopy 
at X437 magnification and on 0.4 p.m Nucfepore filters using scanning electron 
microscopy at X5000 magnification. 

BULK SAMPLES 

Bulk samples from the mines and mineral mixtures or products from the mills 
were obtained from each company. Each sample was ground, dried, and scanned 
qualitatively by x-ray diffraction (Table 3). For all the samples, talc and magnesite 
are found in major amounts, chlorite and/or dolomite are minor constituents, and 
dolomite, calcite, quartz, biotite, ankerite, chromite, oligoclase, or phlogopite may be 
found in trace quantities. 

Quartz was present in trace amounts in 15% of these samples. Further analysis 
by NIOSH, which included petrographic microscope analysis, transmission electron 
microscopy, and x-ray diffraction with step-scanning, revealed no asbestos in these 
samples. 
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EXPOSURES TO NON-ASBESnFORM TALC 367 

TABLE 3. Qualitative Analysis of Bulk Samples by X-Ray Diffraction 

Source Major Minor Trace 

(20-100%) (5-20%) (<5%) 

Mine(37) Talc Chlorite [)ok)mite 
Magnesite (Ook>mite) Calcite 

Quartz 

Biotite 

Ankerite 

Chromite 

Phlogopite 

Oligoclase 

Mill (20) Talc Chlorite Calcite 

Magnesite ([)ok)mite) Quartz 

Phlogopite 

Biotite 

[)ok)mite 

RESPIRABLE MASS SAMPLES 

The personal respirable mass concentrations of the miners for the two sampling 
surveys are presented in Table 4. Companies A and B were wor1<ing one mine, while 
Company C had three mines in operation in the summer and two mines during the 

TABt..E 4. Respirable Mass Concentrations ot Vermont Miners 

Company Sunvner 1975 Wmter 1976 

(N) GM GSO (N) GM GSD 
(mg/!W) (mg/mg3) 

A Underground Mine (18) 0.6 2.1 (16) 0.5 2.1 
8 Underground Mine (15) 1.5 1.6 (23) 0.9 1.9 
c Underground Mine (12) 0.5 1.9 (19) 0.7 1.8 

Walk-ih Mine (7) 1.2 2.2 

Walk-in Mine ( 6) 1.7 3.3 

Open Pit Mine ( 2) 5.1 1.4 

GM- Geometric mean 
GSO- Geometric standard deviation 
N- NOOlber of samples 
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368 BOUNDYETAL 

winter survey. Table 4 shows that the highest dust concentrations in the under­
ground mines occur at Company B. The ore in this mine is relatively hard, and the 
extensive drilling operations required to break apart the large boulders may account 
tor the higher dust levels. There is no statistical difference between the dust 
exposures of the summer and winter surveys for the mines. 

The respirable mass data of the millers for the summer and winter surveys are 
presented in Table 5. With the exception of Mill #1 at Company C, all the Vermont 
talc mills are large, bam-like, drafty structures heated by space-heaters. Despite the 

TABLE 5. Respirable Mass Concentrations of Vermont Millers 

Company Summer1975 , Winter 1976 

Shift (N) GM GSO (N) GM GSO 
(mg/m3 ) 

Company A 1st ( 4) 1.7 1.6 (13) 1.7 1.9 

2nd ( 6) 0.5 2.0 ( 3) 1.5 2.2 

CompanyB 1st (22) 1.8 1.8 (42) 1.8 1.6 

2nd (12) 2.9 1.7 (16) 1.9 1.61 

CompanyC 

Mi11#1 1st (12) 0.9 2.4 (20) 1.1 2.8 

3rd ( 3) 0.8 2.0 ( 4) 1.4 1.9 

Mill#2 1st (11) 1.0 1.4 ( 8) 0.5 1.7' 

2nd (13) 0.8 1.5 ( 3) 1.1 1.5 

•p<0.5 
2P<0.2 
GM - Geometric mean 
GSO - Geometric standard deviation 
N - Number of samples. 

winter closed-door policy, Table 5 shows that the dust concentrations were statisti· 
cally different for only two shifts during the winter study. At Company B, the lower 
winter respirable dust exposures for the second shift may be caused by the severe 
weather conditions which forced the milling area employees to stay inside their 
acoustical booths whenever possible. 
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Of the three companies, the millers at Company C have the lowest respirable 
dust exposures. The bagging area at Mill #1 was not operational in the summer, 
since most of the product is shipped in bulk. However, this area was sampled during 
the winter survey and may partially account for the slight increase in the mean dust 
exposures. Since only the bagging area at Mill #2 was operational during the winter 
survey, the mean exposures are lower than the summer data. 

FIBER COUNTS 

The carcinogenic potential and the hazards of asbestos exposures have been 
well documented. Also, several types of asbestos are known to be. geological 
contaminants in talc ore. Since the accepted best index of exposure to asbestos 
requires counting the respirable fibers in the wori<er's breathing zone, a problem 
arises in the methodology of distinguishing asbestos fibers from talc. Charcteris­
ticalry, tate has a tendency to cur1 and stand on its edge which may result in many 
erroneous counts by optical microscopy. 

The latest USPHS/NIOSH method for counting asbestos fibers requires phase 
contrast microscopy at X400-500 magnification, and aroitrari'ly defines a fiber as a 
particulate with a Jength to width ratio of 3:1 or greater, and a maximum width and 
rnlnlmum leflgth of 5 micrometers (Leidel eta/., in ptess). This method is a crude 
determination of total fiber exposure because of the resolution limitations of opticaJ 
microscopy. Most airborne asbestos fibers are less than S1-4m in length, and those 
that are longer may have diameters too small to be resolved by phase contrast 
microscopy. 

To compensate for the many controversies, our sampling protocol involved 
taking paraJiel fiber samples on Millipore (0,8 J.'m) and Nuclepore (0.4 #A-m) filters 
and quantitating the fibers by phase oontrast microscopy and scanning electron 
microscopy. The fiber samplers were placed in the mmediate vicinity of the worker, 
and a breathing zone sample was obtained without having the man wear the pumps. 
The Millipore filters were oounted using the latest USPHS/NIOSH method at X437 
magnification. 

The evaluation of the oorresponding Nuclepore filter by scanning electron 
rn croscopy at XSOOO magnification allows one to morphologically distinguish rolled 
talc particles and talc shards from actual fibers. Fibers less than five micrometers in 
length may be oounted by the higher magnification of this instrumentl and the 
sample stage may be rotated to view a specific particle at various angles. Figures 1 
through 7 represent scanning electron micrographs (SEM) of some Nuclepore filter 
samples showing rolled talc and elongated talc particles. Phase contrast magnifica­
tions cannot resolve the detailed morphology of these particles., and hence they 
would be erroneously counted as fibers. 

Table 6 represents a partial list of fiber samples, and shows that by phase 
contrast microscopy the counts range from 0 to 60 fibers/cc. The parallel filters 
counted by SEM are greaUy reduced and range from 0 to 0.8 fibers/cc. These 
concentrations are below the present time-weighted average (TWA) of asbestos 
which is 2 fibers/cc greater than five micrometers in length based on the phase 
contrast method. lt the minimum length restrtction is released, then the total fiber 
concentration tor some of these sampJes changes slightly and ranges from 0 to 2.0 
fibers/cc. Thus this SEM method provides a more realistic approach to fiber count· 
ing in the talc Industry. 
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370 BOUNDYETAL 

FIGURE 1. Scanning electron micrograph of a Nuclepore filter showing a counting field at X400 which is 
the magnification recommended for fiber counting by phase contrast microscopy. Notice the number of 
elongated particles that fit the definition of a fiber. 
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FIGURE 2. Scanning electron micrograph at X7000 magnification showing that the elongated particle 
located in the center of Ftgure 1 is morphologically not a fiber. 

D-8079  Page 7 of 20



372 BOUNDYETAL 

AGURE 3. Scanning electron micrograph of one rolled talc particle at X12,000 which has cur1ed on both 
sides to fonn a tube. At a lower magnification this particle would be counted as a fiber. 
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FIGURE 4. Scanning electron micfograph of an elongated particle standing on edge at X3500 
magnification which might be considered as a fiber. By rotating the sample stage 60" (F~gure 5), the 
laminated features of this talc particle can be seen. 
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FIGURE 5. (aee Ag. 4 for legend). 
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FIGURES 6. Scanning electron micrographs showing that even some "fibers" are not immune from 
closer scrutiny. When the sample stage of the "fiber" In Figure 6 Is rotated &f, this "fiber" has the 
appearance as shown In Figure 7. These magnifications are XSOOO and X15,000 respectively. 
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FIGURE 7. (see Fig. 6 for legend). 
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TABLE 6. Fiber Counts 

Company location 

A Mine Bobcat area 

Drilling area 

B 

c 

Mill Crushing area 

Bagger 

Palletizer 

Mine Driller 

Scraper 

Mill Crusher 

Bagger 

Palletizer 

Underground Driller 

mine Mucker 
Walk-in Mine Automatic Miner 

Mill#2 Bagging Area 

Palletizing area 

CONCLUSIONS 

Phase Contrast SEM 

(fibers/em~> 5 1-Lm length) 

3.8 0 

4.1 0 

4.7 0 

63.5 0 

7.9 0.7 

0.8 0 

16.1 0.7 

1.6 0 

6.0 0.8 

4.6 0.3 

0.6 0.3 

0 0.3 

7.5 0 

0.6 0.1 

1.7 0 

377 

SEM 

fibers/em' 

0.3 

2.0 

0.6 

The Vennont talc industry was selected by NIOSH for both epidemiological and 
environmental surveys to establish a TWA dust exposure because this talc was 
believed to contain minimum amounts of quartz and asbestos. This environmental 
study characterized bulk samples from the three companies, and quantitated the 
talc workers' dust exposures. X-ray diffraction studies showed that the bulk samples 
contained major amounts of talc, and only trace amounts of quartz were found in 
15% of these samples. Petrographic microscopy analyses, analytical transmission 
electron microscopy, and x-ray diffraction with step-scanning revealed no asbestos 
in the bulk samples. · 

The study further showed that SEM should be considered as an adjunct to the 
USPHS/NIOSH method when counting fibers in a dust environment. Phase con­
trast microscopy may sufftce in an asbestos environment, but the resolution limita· 
tions of optical microscopy and the inability to distinguish rolled taJc particles and 
talc "shards" from actual asbestos fibers will allow only a crude detennination of the 
total fiber exposure. 
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7700 6.6
REPORT OF THE EXAMINATION OF ROCK

SAMPLES FROM THE VERMONT MINE 

The hand specimens examined in this report were collected

during a visit to the Windsor Minerals talc mine in Vermont by

Dr. F.D. Pooley. They represent samples of the ore footwall

and hanging wall rocks and the minerals found in these samples

may be regarded as the likely mineral contaminants to be found

in any talc produced from this particular mine.

The specimens have been subjected to optical examination

by standard mineralogical procedures and also to electron

microscope examination and powder X-ray investigations.

The list Of samples examined are given in the following

table, each specimen having been given a code number which is

used to denote the specimen in the following report.

Sample No. Name and Description 

V1 Core of Orebody

V2 Talc close to core of orebody

V3 Centre of Orebody

V4 Footwall boundary

V5 Footwall contact

V6 Hanging Wall rock

V7 Talc ore with visible chlorite

Vg Chlorite at contact with footwall

Vg Amphibole in talc specimen

VIO Magnesite nodule from orebody

V11 Plate-like talc ore

V12 General ore

VI3 Ore close to centre of orebody

1714 Grey ore near footwall

J8..1-0070814

Protected Document--Subject to Protective Order JNJH29W_000008571

DX7046.0003
DX7046.0003

Provided by Johnson & Johnson through www.factsabouttalc.com



OPTICAL EXAMINATION OF THE VERMONT TALC SAMPLES 

Thin and polished sections were prepared of the specimens

. of wallrock and talc ore except in the case of V12 and V15.

The minerals which were present as a major constituent in

at least one of the sections were talc, chlorite, biotite,

muscovite, quartz, magnesite, dolomite, tremolite, idocrase,

and antigorite. Actinolite only occurs as the major phase in

Sample V9 and is non-asbestiform. Phases which were always

minor or accessory were garnet, zircon, rutile, ilmenite, and

the sulphides pyrrhotite, pentlandite, pyrite, and chalcopyrite.

The identification of the minerals in the sections of

these specimens was based on the optical characteristics of the

minerals in transmitted and reflected light, both under plane

polarised light (PPL) and crossed nicols (XN)i combined with

the results of the X-ray diffraction study of the crushed hand

specimens.

In the following pages the Vermont samples are systemati-

cally described as regards their mineral composition and mode

of intergrowth. Numerous photomicrographs taken under PPL and

XN are provided with the description as part proof of the

identifications, but mainly to illustrate the rock textures

which, it is hoped, will provide information useful in the •

comminution of particularly the talc ore sample. The photo-

micrograpItalso display the non-occurrence of optically visible

asbestiforM amphiboles in the talc ore,

J&J-0070815
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Specimen V1 

In thin section V1 consists of a .coarsely crystalline

aggregate of dominantly magnesite, talc, and chlorite, with some

isotropic 'serpentine' material and accessory scattered grains

of ilmenite, pyrrhotite, and pentlandite, associated with very rare

chalcopyrite. These accessory opaque constituents were identi-

fied in polished section. No identifiable grains of olivine

were seen but some fine grained remnants may be present.

The magnesite occurs as medium to coarse granular aggregates

in a groundmass mainly composed of orientated coarse lamellar and

feathery talc which is intimately intergrown with scattered scaly

and platy crystals and aggregates of chlorite (Pig.1). The

chlorite shows a weak pleochroism from light green to light brown

and displays anomalous blue and brown interference colours. It •

is probably close to the composition of the variety pennine.

Fig. 1. Photomicrograph, x 24 magnification, of thin section V1

under XN.
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Specimen V2

This

3

specimen consists of dominantly talc as coarse

-lamellar aggregates enclosed by areas of finer grained talc

associated with minor chlorite (Figs. 2a, 2b). Some serpentine

material appears to be present. Coarse anhedral grains and

fine granular aggregates of minor magnesite occur scattere
d

throughout the talc aggregate.

Small scattered anhedral opaque grains in thin section

were identified in polished section as dominantly pxrrhotite 

and pentlandite with rake pyrite and very rare chalcopyrite. 

Only one small grain of ilmenite was present in the polished

section.

tarweiteeditlr,..s
' •

r.

e44‘i

• Fig. 2a. Photomicrograph, magnification x 24, of thin section

V2 under PPL showing grains of anhedral magnesite in

a compact coarse to fine grained talc matrix.
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Fig. 2b. Photomicrograph, magnification x 24, o
f thin section V2

under XN showing areas of coarse 
lamellar talc inter-

grown with fine grained talc-serpe
ntine aggregates and

enclosing anhedral grains of magnesite
.

Specimen v3

An aggregate of mainly fine grained 
fibrolammellar crystals

of antigorite and colourless chlorit
e (giving anomalous grey-blue

interference colours (Fig. 3b)), assoc
iated with other serpentine

material which could not be identified
 optically, and which may be

amorphous. This fine grained matrix.composes mo
st of the section

(rigs. 3a,3b) and encloses medium graine
d isolated aggregates of

anhedral magnesite. Some minor talc occurs scattered throu
ghout

the section as small platy aggregates.
 Very small anhedral

magnesite grains also occur scattered ra
ndomly. throughout the

antigorite-chlorite matrix.

Scattered opaque anhedral grains in thin s
ection were identi-

fied in polished section as composit
e grains of pyrrhotite and
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pentlandite with rare chalcopyrite. No ilmenite was found in

the polished section.

Fig.

•

:11.- •
• ‘,:t.
• . ..•

3a. Photomicrograph, x 24 mag., of thin section xr3 under PPL

showing antigorite and other serpentine material

enclosing magnesite.
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Specimen V4

This specimen (Figs. 4a and 4b) is composed of a very

coarse to medium grained granular aggregate of quartz, 
chlorite,

biotite, and euhedral polygonal grains of greenish yellow

mineral showing zoning and exhibiting strong pleochroism

(colourless to greenish-yellow) in tabular sections. It is also

uniaxial negative. This mineral is probably idocrase. The

quartz is a major phase and occurs, in one half of the section,

as compact medium grained polygonal grains with major idocr
ase

and minor scattered laths of biotite. In the other part of the
;

section quartz occurs as an aggregate of coarse grains exhibiti
ng

a ragged boundary relationship with each other and poikilitically

enclosing polygonal grains of idocrase, small prismatic crystals

of muscovite, and larger laths and lathlike aggregates of biotite.

The chlorite, which is also a major constituent of this

rock, occurs mainly as scattered pockets of very coarse lathlike

or columnar aggregates bounded by the coarse grained quartz in

one half of the section and by the finer granular quartz-idocrase

aggregate in the other half. Poikilitic inclusions of idocrase

also occur within the chlorite laths. The chlorite has iden-

tical properties to sheridanite which commonly occurred in the

I samples.

The biotite occurs in a similar way to the chlorite but is

less abundant. Accessory very dark brown rutile occurs as

scattered subhedral grains and aggregates, and in polished

section typical knee-shaped twins could be seen. No sulphides

were seen in the polished section examination.
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Fig. 4a. Photomicrograph, x 24 mag., of thin 
section V4

under PPL showing a coarse 
aggregate of quartz

(white), chlorite (light brown), 
idocrase (brown

polygonal grains), and biotite 
(dark brown).

Fig. 4b. 
Photomicrograph, x 24 mag., of thin section 

V4

under XN.

t:

1*

t•
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Specimen V5

This specimen is dominantly a coarse aggregate of

granular quartz and lathlike biotite with minor pockets of

chlorite and accessory fine grained euhedral idocrase, .qarnet 

and zircon. Some talc is also present.

The zircon occurs as inclusions in the biotite. Dark

pleochroic halos are seen in the biotite around the zircon

inclusions (Fig. 5a).

The idocrase (identical in properties to V4) and garnet

are found dominantly as scattered poikilitic inclusions in the

quartz, but small euhedra also occur within some of the

biotite laths and aggregates.

The quantity of chlorite and biotite present increases

across the section (at right angles to the schistosity) until

chlorite, intimately intermixed with some fine grained talc,

occurs in equal abundance to the biotite as long foliated

lenses.

The rare small scattered opaque grains seen in trans-

mitted light were identified in polished section as pyrite.

Some rutile also occurs.
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Fig. 5a. 
Photomicrograph, x 

24 mag., of th
in section V5 

under

PPL consisting 
dominantly of q

uartz and bio
tite.

Note the dark 
halos around zi

rcon inclusion
s in the

biotite.

Fig. 5b. 
Photomicrograph, x 

24 mag., of th
in section V5

-under

XN
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Specimen v6

This rock specimen is a ouartz7biotite-muscovite-

chlorite schist (Figs. 6a and 6b) consisting dominantly of

layered segregations of foliated muscovite and of granular

quartz (quartz > muscovite).

Occasional rounded 'knots' or augen-like aggregates of

chlorite associated with platy muscovite occur around which

the long lenticular muscovite segregations and smaller lath-

like chlorite aggregates are bent. Some of the augen con-

tain remnants of garnet and it appears that these chlorite-

muscovite 'knots' mass have resulted from the break down of

the garnet.

Biotite, which is less abundant than the muscovite,

occurs as scattered laths and small columnar aggregates

generally aligned with the overall schistosity of the rock.

In places muscovite is intergrown with and replaced

along the cleavages by an opaque material which under the

reflected-light microscope was difficult to resolve and may

be, from its colour and reflectance, an iron oxide which in

part is hydrated.

Coarse scattered anhedral masses occur throughout the

section which, in polished section, were identified as

dominantly pyrrhotite exhibiting some inversion to marcasite

along fractures. Some chalcopyrite and rutile was also

present.

J&J41070824
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Specimen V7

This specimen is a biotite-muscovite rock consisting domi-

nantly of a very coarse columnar and lathlike aggregate of

biotite with minor intergranular pockets of muscovite(Figs 7a,

7b). Much of the biotite contains small inclusions of zircon 

around which are characteristic dark pleochroic halos. Small

subhedral scattered grains of garnet, occur as poikilitic

inclusions in the biotite, and also some rutile.

Fig. 7a. Photomicrograph, x 24 mag., of thin section V7 under PPL

Fig. 7b. Photomicrograph, x24 mag., of thin section V7 under XN.

J&j4070826
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Specimen Vs

Thin section V8 is dominantly composed of fine grained

laminated aggregate of thin foliated and prismatic crystals of

chlorite  (var. pennine). Minor magnesite also occurs as

occasional large (up to 2mm across) subhedral porphyroblasts

(Fig. 8a).

Opaque material is fairly abundant in the section (in

greater amounts than magnesite) as scattered small and large

subhedral grains in the chlorite groundmass and poikilitically

enclosed in the magnesite. In polished section the opaque

constituents were identified as pyrrhotite containing small

flame-like exsolution masses of the nickel mineral pentlandite.

Some opaque grains were of ilmenite 'showing replacement by

ileucoxene1; a mixture of pseudobrookite, brookite, and rutile.

Traces of chalcopyrite also occurred.

J&J4M70827
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Specimen Vg

A coarse aggregate of colourless Actinolite crystals

.displaying the characteristic amphibole cleavage in rhombic

sections. Talc also occurs, in slightly less abundance, as

coarse radiating feathery aggregates forming pockets intersti-

tial to the euhedral actinolite crystals. The actinolite is

non-asbestiform (Figs. 9a and 9b).

Fig. 9a. Photomicrograph, x 24 mag., of thin section V9 under PPL

displaying coarse actinolite with minor interstitial talc.

Fig. 9b. Photomicrograph, x24 mag., of thin section V9 under XN.

ner-ririheFtiforr3 natnre of nctinonte is clenrly seen

J&J-0070829
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Specimen V10

This specimen is dominantly composed of a medium to coarse

grained compact granular aggregate of a carbonate free of any

other phases as inclusions or interstitially (Figs. 10a and lob).

One edge of the section shows a fairly sharp contact between

the compact granular magnesite and an aggregate of dominantly

medium grained feathery talc and minor chlorite (colourless under

PPL and grey interference colours under XN) enclosing and inter-

stitial to grains of magnesite..

•••••

*. zi4:••
. •••4.

%71-41,61,V.Iy4,17

Fig. 10a. Photomicrograph, x 24 mag., of thin section V10 under

PPL.
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Fig. 10b. Photomicrograph, x 24 meg., of thin section V10

under XN.

Specimen V11

This section v-11A is composed dominantly of coarse

deformed foliated and wavy talc intimately intergrown (inter-

laminated) with thin tabular crystals and crystal aggregates

of minor chlorite (colourless, grey interference colours).

Accessory bladed grains of pyrrhotite occur scattered through-

out the section.
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Fig. ha. Photomicrograph, x 24 nag., of thin section VILA

under i*PL.

• • c ..f.:\'Nx, •

• 1;nee • •••

.NZ\‘ •

•

.&-3,4*,••••:•tt ,..4x* •

11111,$v
4r.

Fig. lib. Photomicrograph, x 24 nag., of thin section VilA

under YN.

;

S.
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Thin section Vin from another fragment of rock sample

Vii showed the talc to be less deformed than in thin section

In Figure lid the chlorite

laminated with the talc. A sharp

can be clearly seen inter-

transgressive boundary is

also displayed between talc containing dusty inclusions of a

phase so far unidentified and clear inclusion-free talc (Figs.

11c and 11d).

Fig. 11c. Photomicrograph, x 40 mag., of thin section Via

under PPL, showing the appearance of 'dusty'

and clear talc.

J&J-0070833
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Fig. lid. Photomicrograph, x 40 mag., of thin section Vin

under XN showing the interlaminated chlorite (white)

in talc (displaying range of interference colours),

and the transgressive nature of the boundary between

the 'dusty' and clear talc.

Specimen V12 No thin section examination

Specimen V13

Thin section VI3 is composed of dominantly talc with minor

chlorite and maonesite and accessory quartz with some pyrrhotite.

Half of the section is composed of an aggregate of deformed

coarse, wavy, foliated talc with thin interlaminated lenses of

minor chlorite (similar in properties to sheridanite in the "I"

samples), and occasional small anhedra of magnesite. This
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grades (Fig. 12) into a compact medium grained aggregate of

polygonal magnesite grains with minor talc occurring inter-

stitially as columnar crystals and aggregates. This again

grades into foliated talc enclosing large subhedral porphyro-

blasts of magnesite.

Some quartz occurs in the talc areas in 'augen-like'

pockets associated with a randomly orientated finer talc.

The appearance of the talc is in some parts 'dusty' or turbid

due to the presence of very fine inclusions of an amorphous

and crystalline material (Fig. 12). This is also seen well

in section V11, Fig. 11c.

Accessory pyrrhotite is present mainly enclosed by the

talc.

T

Fig. 12. Photomicrograph, x 24 mag., of thin section VI3 under

PPL showing the gradation from dominantly talc into

dominantly magne site.

J&J-0070835
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Specimen V14

This specimen is dominantly composed of talc and magnesite 

with very minor chlorite.

The section displays a very inhomogeneous texture. Some

parts of the section consist of areas of medium grained granular

magnesite, with occasional large anhedral magnesite grains,

associated with interstitial columnar talc and lenses of foliated

talc (Fig. 13a nci 13b). Other parts consist of randomly

orientated tabular talc aggregates enclosing small anhedra of

magnesite. The chlorite in the section occurs as small tabular

crystals and aggregates intimately intergrown with the talc.

Scattered .2nhedral composite grains of pvrrhotite and

pentlandite rare pyrite were identified in polished

section.

Fig. I3a. Photomicrograph, x 24 mag., of thin section V14

under PPL.

J&J-0070836
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Fig. 13b. Photomicrograph, x 24 mag., of thin section V14

under XN.

J&J-0070837
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ELECTRON MICROSCOPE EXAMINATION OF

VERMONT MINE SAMPLES

The purpose of the examination of the powdered Vermont

mine samples has been to establish whether or not any particles

corresponding to the commercial forms of asbestos were present.

The Vermont samples were prepared for electron microscopy

in the manner described in the report of the Italian mine

samples and were examined carefully for fibrous material.

The following figures illustrate the appearance of typical

particles formed from the specimens.

were similar to those of the Italian

specimens representative of the Talc

The results obtained

mine samples. Those

ore produced narticles of

a flat plate-like appearance, while the rock and carbonate

specimens gave compact irregular particles. The only specimen

with obvious lath like particles was specimen V.9. which was

an Actinolite/Talc sample. The lath-like particles in the

powdered V.9. specimen were readily identifiable as being

Amphibole mineral by selected area electron diffraction..

The Vermont talc ore specimens in general contained smaller

numbers of lath-like particles than the Italian ore specimens.

Also the odd textile-like ribbon fibres found in the Italian

mine specimens were very scarce in the Vermont material. The

talc particles themselves were also more obviously plate-like

in appearance and alsc thinner.

A much closer examination of the powdered Specimens obtained

close to the centre of the

serpentine phase, revealed

confirming the material as

ore body,which is composed of a

no chrysotile fibres at all, thus

being-mainly Antigorite.
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Figs. 1 and 2 Sample V.1. Some compact particles but mainly •

flake}, types. No fibres. x 3000

J&J-0070839
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Figs. 3 and 4 Sample V.2. A mixture of plate-like and compact

particles. No fibres detected. x 300Q

I.

J&J41070840
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Figs. 5 and 6. Sample V.3. Mainly compact particles,some

flakes and a few lath-like forms. x 34000

J&J-0070841
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Figs. 7 and 8. Sample V.4. Flakev and compact particles.

No fibres. x 3000

J&J-0070842
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Fig. 9. Sample V.5. Compact particles only. x 3000

J&J-0070843
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Figs. 10 and 11. Sample V.6. Compact particles only.

No fibres. x3000

J&J4M70844
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Figs. 12 and 13. Sample V.7. Plate-like particles only.

x 3000

J&J-0070845
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Figs. 14 and 15. Sample V.8. Compact particles with a few

flakes. x 3000

J&J-0070846
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Figs. 16 and 17. Sample V.9. Plate-like particles with lath-

like fibres of amphibole mineral. x 3000.
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Figs. 18 and 19. Sample V.10. All particles plate-like in '

form. No fibres present. x 3000

J&J-0070848
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Figs. 20 and 21. Sample V.11. All plate-like particles.

No fibres present. x 3000

J&J-0070849
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Figs. 22 and 23. Sample V.12. All plate-like particles.

No fibres present_ x 3000

-18J-0070850
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Fig. 24. Sample V.13. Plate-like particles with a few

compact types. No fibres present. x 3000

Fig. 25. Sample V.14. Plate-like particles with no

visible fibres. x 3000

J&J-0070851
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X-Ray Analysis of the Vermont Mine Samoles 

This report concerns the analysis of samples taken at

the Vermont Mine. There are 14 samples and they represent

the various mineral phases present.in the mine.

The samples were all prepared by the same method and the

procedure for obtaining the X-ray powder photographs was

standardised. These powder photographs were measured and

the results compared against the A,S.T.M. using computing

methods. They were also checked visually to find the major

phase present.

Sample Preparation 

The samples were received mainly as large rocks and they

were labelled according to their appearance and location in

the mine.

With the larger samples a section was cut from the middle

and taken to be a representative sample, for the smaller

samples as many pieces as possible were crushed to form the

representative sample.

The samples were roughly broken up and placed in a 'Tema'

Disc mill and ground for about 5 minutes until all the sample

was below approximately 100 mesh. These ground powders were

stored for future use in clean plastic bags. The samples,

when required for X-ray analysis, were further ground in a

small agate ball mill. The resulting powder was sieved

through a 350 mesh sieve (British Standard specification) and

the undersize fraction stored.

J&J-0070852
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The grinding mills and other apparatus used were thorough-

ly cleaned between sample, and during grinding care was taken

to avoid cross contamination of the samples.

X-Ray Analysis

All the samples were analysed using a 11.46 cm diameter

Debye-Scherrer camera mounted on a AGI Raymax RX3-D X-ray

generator. A copper X-ray tube, with a power rating of 36kV

at 22mA, was used with nickel filters (0.02mm thick).

The apparatus was carefully aligned and checked before

mounting the cameras. All the samples had the same exposure

time (8 hrs).

The samples were loaded into 0.5 mm diameter Lindemann

glass tubes to be mounted in the Debye Scherrer cameras. In

the cameras Ilford Industrial 'G' X-ray film was used. The

film was processed using Kodak DX-80 developer and Ilford

Hypam fixer. The films were developed for 5 minutes using

a 1:4 dilution for the developer and fixed for 2 minutes.

The films were then washed in running water for 30 minutes and.

allowed to dry naturally. They were labelled and stored in

film holders to be measured.

Results

The X-ray powder photographs were measured using an

illuminated screen with a mm scale. This scale had a vernier

attachment and it was possible to attain a measurement accuracy

of ± 0.05 mm. The line spacings were calculated taking into

account camera corrections for film shrinkage. From these

results the Bragg angle .(8) and the 'd' spacings were calcu-

lated.

J&J-0070853
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Using computer techniques this sample data was compared

against data obtained from the ASTM powder diffraction file

to determine the minerals present. The results were also

analysed visually to determine the major phase present. These

results are tabulated in the appendix.

A print out was obtained of all the standards which

fitted a partie,Jlar line to find all the possible minerals

present and to see which lines were common to several standards.

At the present time there are 75 standards stored in the

computer and it would obviously take a considerable time to

analyse the sar...ple data with respect to these. To reduce

this time the sample data was compared with the three most

intense lines of the standard data (a similar procedure is Used

when comparing the data manually using the FINK index). It

was considered that if the three most intense lines of the standard

were not present, then the standard was not in the sample.

This considerably reduced the number of standards. The effect

of one standard being masked by another was also taken into

account during the analysis.
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6 Unmatched lines

41

APPENDIX A

1.80223, 1.1937A, 1.1416A,

1.1325A, 1.1097R, 1.0974X

Minerals included:- Talc, Serpentine, Chlorite, Magnesite

Most Probable Minerals Present:- Magnesite, Talc, Chlorite.

Sample V2

No Unmatched Lines

Minerals Included:- Talc, Chlorite, Magnesite, Ilmenite

most Probable minerals Present:- Talc, Chlorite, Magnesite.
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Sample V3 

8 unmatched lines: 4.1907A, 2.8139A, 2.6749A, 1.8501A,

1.1828A, 1.1510A, 1.1092A, 1.0650A,

Minerals included:- Magnesite, Talc, Garnet, Antigorite,
Ilmenite, Chlorite.

most Probable minerals Present:- Antigorite, Talc, Garnet,
Magnesite.

Sample V4 

0 o o 0 o
11 unmatched lines:- 6.3638A, 2.3413A, 1.9201A, 1.7828A, 1.4322A,

1.3571R, 1.3271R, 1.3111R, 1.2754X, 1.1802R,
0

1.1525A.

Minerals Included:- Biotite, Chlorite, Chalcopyrite, Quartz

Most Probable minerals Present:- Quarts, Biotite, Chlorite.
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Sample V5 

o o . o 0

14 unmatched lines:- 3.6731A,
0

2.3401A,
0

1.9175A,
0

1.8463A,
o

1.5938A, 1.4807A, 1.3725A, 1.3560A,
o o o o

I.3285A, 1.3117A, 1.276A, 1.1338A.

0
1.717A6
1.3438A,

Minerals Included:- Biotite, Chlorite, Quartz, Mica.

Most Probable minerals Present:- Biotite, Quartz, Chlorite.

Sample V6 

dr.!

0
8 unmatched lines:- 5.566A, 3.268A, 1.8459A,1.79657\,

1.4332, 1.15132, 1.12962, 1.1132.

1.433A,

Minerals Included:- Mica, Olivine, Chlorite, Antigorite, Garnet,

Ilmenite, Quartz, Biotite.

Most Probable Minerals Present:- Quartz, Mica, Chlorite, Garnet,

Biotite.

Protected Document--Subject to Protective Order

J&J-0070857

JNJH29W_000008614

DX7046.0046
DX7046.0046

Provided by Johnson & Johnson through www.factsabouttalc.com



44

Samole V7 

•7 unmatched lines:- 2.3014R, 1.4387R, 1.3679A, 1.3114A,

1.19481G 1.1785A, 1.1318A.

Minerals :nclude:1:- Talc, Biotite, Mica, Chlorite, Antigorite,
Quartz.

Most Probable :liner:as Present:- Biotite, Mica, Talc, Chlorite.

Sample v8 

6 unmatched lines:- 2.1055A, 1.4322A, 1.3054A, 1.1949A,

1.1319X, 1.0978R.

Minerals Included:- Muscovite, Chlorite, Ilmenite.

Most Probable Minerals Present:- Chlorite, Ilmenite.
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Sample V9

Minerals Included:- Garnet, Chlorite, Actinolite, Talc.

Most Probable Minerals Present:- Actinolite, Talc, Chlorite,

Garnet.

Sample V10

Minerals Included:- Talc, Chlorite, Magnesite, Quartz, Dolomite

Most Probable Minerals Present:- Talc, Chlorite, Magnesite
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Sample V11 

5 unmatched lines:- I.3675A, 1.3095A, 1.1926R, 1.1336A, 1.1169A.

Minerals Included:- Talc, Olivine, Chlorite, Rutile, Ilmenite.

Most Probable Minerals Present:- Talc, Chlorite, Rutile,
Ilmenite.

Sample V12

0 •
9 unmatched lines:- 3.2537A, 1.8445A, 1.8018A, 1.4388A, 1.2052A,

1.1406A, 1.1241A, 1.1083A, 1.095A.

Minerals Included:- Talc, Olivine, Chlorite, Magnesite, Antigorite,
Ilmenite.

Most Probable Minerals Present:- Talc, Chlorite, Magnesite.

Protected Document--Subject to Protective Order

J&J4M70860

JNJH29W_000008617

DX7046.0049
DX7046.0049

Provided by Johnson & Johnson through www.factsabouttalc.com



47

Sample V13

10 unmatched lines:- 3.046A, 1.8471A, 1.8077A, I.4448A, 1.3084A,

1.2061R, 1.1833R, 1.14482, 1.1172A, 1.1061A.

Minerals Talc, Olivine, Chlorite, Magnesite, Garnet,

Rutile, Ilmenite.

Most Probable :linerals Present:- Talc, Chlorite, Garnet, Rutile.

Sample V14 

Minerals Included:- Talc, Chlorite, Olivine, Magnesite,
Antigorite.

Most Probable ;:linerals Present:- Magnesite, Talc, Chlorite.
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CONCLUSIONS 

Optical examination has shown that there are a number of

minerals associated with the talc ore which could possibly

contaminate the final talc product from the Vermont Mine.

These minerals include chlorite, magnesite, biotite, muscovite,

quartz, actinolite, tremolite and idocrase. Other minor

minerals which may be present include garnet, zircon, rutile,

ilmenite and the sulphides pyrrhotite, pentlandite, pyrite and

chalcopyrite.

The amphibole minerals were found in discrete locations

and not disseminated throughout the talc ore and were not

asbestiform in character. Serpentine mineral was found in

the specimens located at the centre of the orebody but no

fibrous components were observed.

The electron microscope examination of the powdered spec-

imens showed that the occurrence of lath-like particles was

low with the excoption of the specimen v9 which contained

amphibole mineral and in which lath-like amphibole particles

could be readily identified by selected area electron diffrac-

tion patterns. The talc specimens produced particles which

Were thin and plate-like in form. The X-ray results confirmed

the majority of the mineral phases identified by optical means.

No attempt was made to confirm the sulphide minerals which were

readily visible in several of the samples.

Special care was taken in the examination of specimens Vi,

V2 and V3 which were associated with serpentine mineral.

Electron microscopy of these specimens showed that the serpen-

tine polymorph chrysotilo was not present in these specimens

and the serpentine phase could therefore be considered to be

antigorite.
F.D. ?OMEN!

Project Supervisor

J&J-0070862
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