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"Introduction

'mlcrosc0pe.

. REPORT OF INVESTIGATION OF ITALIAN MINE
: " SAMPLES AND RELATED POWDERS '

sl

o Talc is hydrated magnesium silicate (Mgasiuolo(OH)z)
which can occur in a number of forms. In its compact form

1t . ie known as stealite or soapstone. The form normally

employed for .toilet purposes is soft and very friable in
character. It is mined in many parts of the world including

-the U.S.A., Canada, France, Italy, Norway and India, as well

as several other countries. It occurs in both a flaky and

" lath 1like form and the chief deposits occur in altered

magnesia-rich calcareous rocks such as dolomite, marble, and

° - magnesian limestone. The purest talc deposits occur in

association with dolomite and marble. Talc also occurs in -
altered basic rocks such as serpentines and again as thin beds
In mica schists. -~ Commercial talcs contain a number of
related mineral impurities. They may include antigorite
{hydrated magnesium silicate) magnesite or members of the

.magnesite-chalybite series of carbonates, dolomite (calcium

magnesium carbonate}, tremolite and actinolite (calcium, iron

- magnesium silicates}, chlorites (magnesium aluminium iron
silicates) and other minor minerals such as the sulphldes and

sp;nels.

The hand spec;mens examlned in thlS report were collected
at the Italian mine and do not represent an average collection
of specimens of material being produced at the mine. The
‘specimens were collected with the intention of sampling those
areas with obvious non talc mineral inclusions. Specimens
were retained which showed differences in physical appearance,
i.e. fibrous, flakey, massive and powdery in texture.

'Specimens of ore:in which colour variation was observed were

also collected. In general the colour of the talc ore
varied from grey through white to -a light. green colour.

lObvious inclusions in the talc ore itself were retained and a
careful search at the various sample locations in the talc

seam was performed for fibrous amphibole minerals.

-

Specimens of the hanging and footwall were also collected
to assess their mineral content as these were likely sources

‘of ore contamination, although the method of mining which
- consisted of hand filling methods precluded any gross contam-
'inatlon of” the ore.

- The hand specimens have been, where possible, prepared
for examination by the optical microscope and both polished
blocks and thin sections of material have been employed.

" Representative fractions of all hand specimens have been
"reduced to powder form and subjected to powder X-ray diffrac-
-~ tion examination. The representative powdered samples also

form the samples Ifor morpnoloslcal eyamlnatlon by the electron

-

f
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e The 1ist of samples obtalned from the Itallan mine are
f_",given in Tables 1 and 2 and throughout this report the samples
. are referred to by the preceding code number for each specimen.

: . The objectlve of the exanlnatlon has been malnly to es-

- - tablish the major minerals which .occur in association with talc
" at: the Italian mine. In particular to look at the association
of these minerals with the talc and especially those minerals
~which are of the same family as the commercial asbestos

j;minerals, i.e. the amphlboles and serpentlnes.

R P
E LU Yoo e T e
@ R
- . L

: The objectlve of the optlcal examination has been to
establish textural and mineral relationship and not to quantify
the phases occurring in each hand specimen. X-ray work has
- been aimed at establishing the minerals observed by optical -
"-means and to produce reference patterns for future investiga-
tion together wrth computed data from pattern measurement.

S : Electron mlcroscope work ‘has been selective in nature and

-.: .77 performed on the finer fraction of the powdered specimens. Its

R - . aim has been to describe the morphology of the particles
produced by comminution of the hand specimens and to investi-
‘gate any obvious structural information which might be of use
in identification of individual mineral particles.

RS Representatlve data obtained from the various examrnatxons
- are. included in the following report._ .

Protected Document--Subject to Protective drder ¥ o . ‘ JNJA255_600000091

D-7038 Page 4 of 124

Provided by Johnson & Johnson through www.factsabouttalc.com



. TABLE 1 .
oo 7 . 1,187 OF ITALIAN MINE SAMPLES

Q4ﬁﬁ' '7 CodeaNo.- - C. S ~ Description

j7l“3?li.i.1.'ﬁ' 0 Tale from footwall contact |

.mij;;{f;n¥f. I.2;'E iV; : ;usenting pieces\(with obvious celeur differencesl'

. | ~".'A.Zl'..3.:.-“: ll;;- lﬂ Coloured talc (green) | .. |
‘1;4;:pp?’f'tfi ‘*Face lO sample with’ obvious amphlbole inclusion.
lri,s; A_- l;preneral ore:

i“353:75f7f’9'1;6.'} 477fﬂ.-1ﬁ~Suspected Quartz sample

,'“vI.7. - :lflv *" Mica schist’ specimen :
| I.8. '-Ai'x " Massive talc
;' "Te9. . '_ f. '~ Grey talc 1st face
_ ) I.10. . V_' Granular talc sample
:Tfilfl B : I.11. _p S Carbonate and talc
Q - a2y | : Footv;all sample? 'Amphibolii:e '
. ‘. I.l3. o ) Inclus:Lon shown_ng passage into talc bottom

~ . .. . . . . | transit. :
'I,lé. l B A'l Inclusion in talec seam face 4, middle of seam.
. I.lS;hi_j;;'_:l_;Tale_fpoﬁwall:chtaet_' '
.lI.IG,p 'i _.:. Ineluslon.fnom:faee 1,
| 41.17;_ . 'A ;,f Fbotwall rock sample
I.18; ' : Faee.3 carbonate/talc sample
. Led9. ) ",Tremolite/quartz/talc sample
I.20. - Amph_i_bolé, sample from Gianna lewvel. 1212
_i.Zl.._ _ Inclusion from face 2. | -
i;zz.-' A Carbonate/talc.sample
\ '1;23;;n“ ;' Black gneiss 2 ft below talc seam"
<. | “1.24; o o Tale next to carbonate face 2.

I.25. ' - Footwall limestone

"I.26. } ., Talec inclusions
. . - et AV mmet w1l TemmYii~e T A S
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}Tabie»l Co#tinuedf

¢ .07 code Ne. - - .. v pes 'ription

"\ L T T.28. . T Qua.rtz./i:alc sa‘mplé e
i "I.ZQ; S Sample 6 footwall \\ .
-11536; 5‘ ;ﬁ'.ﬁ- Quartz/Carbonate/talc sample
: i I. 31. ; ' Black inclus:x.on face 1 -
I o “1;32.“ ":v‘3. ' Face 2 inclusxon from base of talc
";fmf;ﬂ'.-f;’f;Bﬁé ' 3' "'Ta1c from lower left end of working
L .'_1334. -  7?t” jMarble_/tunnel wall | e
'1;35; ._' | . Massive carbonate from reér end of wbtking
Ur.36. :;"  Grey talc specihen .

. T.37. . - Carbonate in talc inclusion

i

I, 38. - R — Pyrite/té.lc specimen
~ .'7..1 ;1;39. - 5“ —'0. pieces-from cfﬁsher
Q‘ | . T.40. | ' Plate.y talc ' ' ‘
S Af' : I.4l;' R Face 2, good 5pec1men

| ‘ ‘:-t.42'. : Face 1, coloured green (tach

'f‘}1;43.,}”;.'f'.1 -faCe 10, flbrous sample
T.44. - :Face 1, pure talec? .

I.45. - . Face 1, good specimen |

‘_1.46J R - Face 3, coloured specimen

\> AL ¢
-
L
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" h cbde NO.- L " Description B _ ) ERRRp

iﬂéziifLTJ
B3

_. 34
.‘ ?5.
Y .

A_B’7

iii' 1  :f” B8

. B9

5

" TABLE 2 |

- OTHER SPECIMENS EXAMINTD

" pure talc lst face

4-;';v 51Greénishftalc ist:facekfji

1.

.  ’Inc1usion in.télq .fi

. Talc 2 ft above inclusion

i

. Section 2 ft above indiusion
Pure talc 1lst face

'fG;ey talc 1lst face

- 1)

’ . © [ . .
.o . ) B .
DA ’/340-.,.“.. L . B . R .
N . . R . . ., PRI Lo .

a2

Also examined )

. Batch shipments of ggg@g talc

oid samples of British powders.

L
.o
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" OPTICAL EXAMINATION OF SPECIMENS I1 = 146'

. e Thin and polished sections were prepared of the Specimens
hgof wallrock and, where possmble, the talc ore, :

¢</’ig . <. 'The minerals which formed a major constituent in at least

' "~ .. one of the sections were guartz, nuscovite, talc, chlorite,
(var sheridanite), calcite, garnet, and tremolite; the latter
only occurred as a major constitucnt in section Il9. Phases

~which were always minor or accessory were microcline, plagio-

. clase, biotite, pennine, epidote, clinozoisite, hornblende,

- actinolite (section I7), rutile, and opaque constituents pyrite,
pyrrhotite, and chalcopyrite. . .

LRI

_ 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), combined
te el with the results of the X-ray diffraction study of the crushed
~t .. - ... hand specimens. In some cases material was extracted from the
- : sections and examined in R.I. liquids as in determining that
" the most common chlorite mineral in these specimens is a variety
* called sheridanite having a R.I. w equivalent of 1.590 % 0.005
"~ and a birefringence of 0.012 - 0.014. Similarly much of the
muscovite was nearly uniaxial with a R.I. of 1.600 correspond-
ing to the variety phengite, an abnormally siliceous muscovite.
In the case of talc its confident determination opticaliy is
. difficult since its optical properties are identical to musco-
T . vite. However, it was found that the common *feathery" form
Q', S of the talc combined with the invariable occurrence of minute
- transparent inclusions (suspected to be silica) in the talc
producing a 'dusty' appearance in thin section and a greenish
- colour in hand specimen, enabled talc to be distinguished from
- .muscovite. Talc also exhibited slightly higher order inter-
ference colours :in general ." Where talc was only an accessory
mineral to muscovite, as in some of the wallrock samples, then
-it could -not be. dlstlngulsned thh certaintly.. T Lo

In the following pages (no. 7 to 48 ) the Italian
specimens are systematically described as regards their mineral
.. composition and mode of intergrowth. Numerous photomicrographs
. taken under PPL and XN are provided with the descrlptlon to
-mainly illustrate the rock textures which, it is hoped, will
provide information useful in the comminution of particularly
L .- _ ..the talc ore samples, and also displays the ncn occurrence of
SR F"_'asbestiform ampnlboles ln the talc ore. :

B P
. Lo
1)

. e . . - -
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'”;_pec1men 1 o o

. Specimen Il consmsted of several pleces of wallrock wlth
‘one piece displaying the talc/footwall contact. One polished

'f 25'5-73 section was made of the talc/footwall contact and one th;n
) \. sectlon of the wallrock alone. : .

C A The wallrock is a schist Wthh in thln sectlon dlsplayed
. .» .  a segregation of the main minerals into thin lenticular bands

~i0m . composed, as in Figure 1, of lony tabular aggregates of

) "' 7 intermixed muscovite (var. phengite) and chlorite (var sherida-

- nite), and granular quartz exhibiting a polygonal grain

" boundary structure. Accessory rutile.occurs as orientated
inclusions in the chlorite and muscovite, and also opaque con- ‘
.stituents which in polished section were identified as dominantly
- R rite metacrysts with minor pyrrhotite. Some subhedral .

- out - porphyroblasts of plagioclase also occur. e

Fig. l. Photomicrograph, X 40, of thin section of wallrock Il
under crosscd nicols. A schist of quartz (granular
white~black), muscovite (lamellar vellow=-blue), and
chlorite (lamellar white-blueish greyl. '

.. - specimen I3: ‘coloured talc"

: S The minerals composing this specimen are major talc and S
4. chlorite (var sheridanite) with the talc content much greater
- . than chlorite, together with accessory garnet, rutile, and an

unidentifiable finely dispersed phase occurring as minute
.+. . . . transparant inclusions along the cleavage planes and grain
(ﬁ'. ~ < boundaries of the talg ‘and imparting a dusty brown appearance
. .. to the talc in thin section and a greenish colour in hand-
specimen. The talc ocdcurs as medium grained feathery aggre-—
: gates which are in places ‘'dusty' and grade into ‘clean'
B - transparant aggregates which are free of any inclusions. it
: : - appears that some retrograde metamorphic process has caused
' . the inclusions to be removed or incorporated into the talc

- - . - “ . - - Y
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8.

...+ minor chlorite is dispersed in the talc matrix as small .
" ' - lenticular and globular. fibrcus aggreg ites. Rare garnet, - .
“-CJIZ ' . possibly a member of the ugrandite series because of its

. .- . - anisotropy, occurs as subhedral porphyroblasts. :

\

et v o - oo - - \

- GAGuiiat Ll ity si e It ot Sl o s t*"‘m?

igib' Fig. 2. Photomicrograph, X 24, of thin section of ‘coloured

. S talc' specimen I3 under crossed nicols, Dominantly
77 .. - talc (yellow-blue interference colours) showing murky brownish
' ' black patches due to presence of fine unidentifiable inclusioas.

 Specimen Is-izgenérél'éfe

)

: A coarse aggregate of curv1ng foliaceous and feathery
crystals of talc dlsplaylng evidence of shearing and translation
'twinnlng. As in specimen I3, dusty inclusions of a transpa-
rant mineral with a general prismatic habit occurs dispersed
in the talc. As before, but to a lesser extent, the talc is
.- cleansed of these. inclusions along zones associated with defor-
*  mation and translation twinning, and it appears that the ' ’
inclusions have either been converted to tale (as in the con-
version of tremolite to talec by low temperature CO, metasomatism)
- 0r incorporated into the talc structure as a result of retro-
grade deformation metamorphism. Rare small subhedral garnet
- porphyroblasts also occur. , - o ) ‘L

: JNJAZ55_000000097
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Fig. 3. Photomicrograph, x 24, of thin section of ‘general oret
e . . specimen I5 under crossed nicols showing the texture
-~ . - .. . of the talc, and the ‘'murky' inclusion-rich talc
gl.' : o .- compared to the clear inclusion-free talc.,

 Speclmen IG | s “  -

_ Specimen IG ‘consists of a very coarse aggregate of. inter-
locking anhedral magnesite grains which-exhibit strongly :
irregular and angdlar penetrating grain boundaries. “The mag—
nesite is characterised in thin section, Fig. 3a, by its marked
change ‘in relief and perfect rhombohedral cleavage in plane -
polarised light, and very high order lnterference colours, Fig.
- 3b, under crossed nicols.

: Interglanular pockets of fine grained follaceous and
. radiating prismatic crystals of talc together with rare v
" chlorite (var. sheridanite) occur. In places the prismatic
clusters of talec appear to- have formed at the expense of the
magnesite, perhaps as a result of a retrograde thermal metamor-— -
. phism with its formation being ascribed to a reaction between -
: .the magnesite and silica. One subhedral porphyroolast of
i B plagloclase felspar occurs in the thln section.

“ ERr. . . .
v

AR

s Conmmnan
o
.
¥
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A:". JvuA v

A Fig; 3a. 'Photomiérograph, x 24, of thin section of specimen
Ig under plane polarised light, consisting dominantly
of magnesite with minor talc and rare chlorite.

N
——_

,'/
-
V ...........J....--.‘.-; e i ilnett s v o bt J-.’J......
o .

RS ' "Fig.: 3b.. Photomicrograph of thin section of specimen Ig,
S mag x 24, under crossed nicols showing the occurr-—
y S ence of small equigranular and orismatic crystals
<. : ’ of talc penetrating and interstitial to coarse

anhedral nmgnes;te .
i
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A~; Specimen'tf

et

.CW -ff)*f? - - This specimen of wallrock is a qua:tz—muscovxte-garnet
) sthist (Figs. 4a, 4b, and 4c) containing some accessory
-~ 2 -actinolite, brown hornblende,‘talc and rare biotite.

x o A - The muscovite (var. phengite) forms' long lenticular bands
:5 .~ 7 showing a preferred-orientation in a matrix of interlocked
L f-equigranular quartz grains displaying strongly irregqgular grain
' '~ “'boundaries. Large euhedral porpnyroblasts of garnet, forming
- one of the major phases, are dispersed throughout the rock.

- Accessory subhedral tabular and rhombic sections of
. "actinolite (colourless to bluish green pleochroism) occur.
.t ~orientated parallel to the schistosity. The actinolite also
. .oceurs as rims-to euhedral grains of rhombic and tabular outline’
- which may have.originally been brown hornblende but now are
. pseudomorphed by what appears to be a mixture of talc, chlorite
" and residual hornblende.  Some talc is present as small pockets
within the muscovite layers but this identification is based on
. the form, the lower refractive index and the occurrence of dusty
inclusions. The colour, birefringence etc. of the talc is
otherwise the same as muscovite. :

e In pollshed section the main opaque accessory mlneral is
R " pyrrhotite occurring as subhedral laths lying parallel to the
-~_.". =~ schistosity. Traces of chalcopyrite also occur, and some
;(6‘-: © " rutile rods mainly as inclusions in the garnet porphyroblasts.

Q ' Fig. 4a Photomicrogr:?\ph. of polished section of I7 showing |
o pyrrhotite (white), garnet (light greyl, and

: muscovite—quartz (Garker greyl. Very dark to

! .+ °* < . . black areas are pits in the surface.

R )
-
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B A12'.'

. N . . e ) . : . . - . . A"' "'._"

-. . 7. -Fig. 4b. Photomicrograph, mag. x 40, of thin section of I7
e consisting of garnet, muscovite and quartz under
- ’ e plane polarlsed light.

(. , Fig. 4c. Photomicrograph, mag. x 40, of tiin section of Iy
; ST : under crossed nicols showing subziedral garnet

oo o A (black), anhedral interlocking cuartz (white-grey-
; . .~ black), and lamellar muscovite {coloured).

H . - 2
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Specimen I8 . 7 o - : .

R N : In hand specimen Ig appears as a coarse aggregate of foli-
o TE . aceous talc varying in colour from whi*e to greenish white. The
.~ .. _ general texture in thin section is of (oarse foliated talc
( . 7+ . preferentially orientated and alternating with long lenses of a
: . . finer talc in which a preferred orientation appears to be absent
e ' as a result of shearing parallel to the schistosity. Minoxr
-7 ..+ . - chlorite (var. sheridanite) occurs as orientated laths intimately
Sae T intergrown with the coarse talc.and as fibrous aggregates in the
gt finer talc lenses. Rare anhedral garnet, possibly pyrope, occurs.

= : -In thin section the talc which appears greenish in hand
e specimen is seen to be crowded with minute inclusions of a
pinkish mineral occurring as rounded to thin tabular grains and
having a lower refractive index than the talec. A grey-brown
- amorphous material is also ‘presaent. This material together with
the granular inclusions is presumably responsible for the greenish
. colouration of the talc in hand specxmen. As in I3 and I5 the
-~ ' greenish.talc has been cleansed of inclusions along planes :
S parallel to the schistosity by some later metasomatic process or .
retrograde metamorphic process. This ‘absorbtion' of the inclu-
sions by the talc or removal of the inclusions. does not effect
the form of aggregation of the talc crystals. Boundaries between
the clean ‘transparent and ‘murky' talc often transgress the
schistosity and there is no change in the coarseness or mode of
..> .. . aggregation of the talc across such boundaries. X-ray diffrac=-
' * tion of the transparent white talc and the translucent greenish
N talc revealed no differences and the composition of these
‘(\ ‘ inclusions is at the moment unknown. Figure 5, under crossed
. o nicols, shows such a transgressive boundary between the clear
: and 'murky' or dusty talc-. :

———y .
S
2

YV R UM VTR

' . - - s PR .

L 24 . ' o
(. - Fig. 5. Photomicrograph, mag x 24, of thin section Ig showing
. : o the nature of the talec intergrowth under crossed nicols,
i e . and the transqgressive boundaries betwecen clear trann-=
! I - parent tale and the inclugion-rilch ‘murky' tale which

appears grecnish white in hand specimen.
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-

ffSPecimeh’Ig; '‘Grey talc lst face'. .

In épecimeﬁ Ig talc and chlorite (var. sheridanite) are ‘the

. main constituents. They occur intimately inte'argrov.m as long
N ™ .- . orientated foliaceous aggregates alternating with finer platy
ST, - .‘aggregates in which the talc and chlorite fibres are randomly

orientated and which form lenses elongated parallel to the.
- schistosity of the coarser foliaceous talc (Figs_;. 6a and 6b).
_As in previous sections the talc appears mur].cy in parts due to
the presence of minute unidentifiable- inclusions. I :

: The talc is also crowded with small irregular and rod-
. gshaped grains of rutile . ‘ Rarc subhedral porphyroblasts of

_garnet (possibly pyrope) also occur. . .. R L

i

Y PN AT, L T
R TREVEA
sy .

L3
K o

. e :
Fig.. 6a - Photomicrograph, x 40 mag, of thin section Ig under
.. ' . plax}e pol@rised light showing subhedral garnet
. o _ ‘grains in an orientated foliaceous aggregate of talc
L e and chlorite. S oo ' :
: (b ’ : . . ’ - A -

[
'
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. Fig. 6b. Photomicrograph, x 40 mag., of thin section Ig
S . -~ under crossed nicols showing garnet (black)
-+ . . . . in a coarse matrix of foliaceous talc (bright

. : interference colours) and chlorite (wh:.te to.

blue—grey J.nterference colours) .

e v
o
.
»
4™

Na

RE
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' Specimen‘Ilo and 110A= fgrahular talc' _‘-ng- o
: Both Ilo and IlOA consxst of an lntergrowth of medlum
. . grained and randomly orientated major talc with minor chlorite
- . (wvar. sheridanite) (Fig. 7). Some small porphyroblasts of .
L. w0 w0 . garnet also occur scattered in the talc/chlorite ground mass.
<. . " In this specimen the talc is not crowded with inclusions as
.. is the case in most of the other samples.

-

£
B

ar e

L -
PR PR B

Fig. 7. Photomicrograph, X 40 maq., of thn sectlon I,., under
crossed nicols,. consisting of talc (bluec and y€llow
.interference colours), chlorite (white and greys), and
garnet (black). : o

. Specimen I11 : ‘carbonate and tale' = SRR '_ -

. Specimen I}3 consists dominantly of a mosaic of coarse to

.+ . fine grained anhedral interlocking magnesite grains with

- - .. interstitial pockets of coarse to medium grained foliaceous

DR aggregates of talc (Figs. 8a and 8b).. The talc is crowded with

- near sub-microscopic inclusions of a transparant phase together
-'with a brown amorphous material which causes the talc to appear
dusty or turbid in thin section. Some fibrous chlorite (var.

it . sheridanite) occurs as small pockets intergrown w1th tne talc.

ui -+ - Traces of rutile and pyrite occur. .

[ .
* 13

O

ot e
f
1s
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'?QN.: Ak Pos®on
YL, P, M S

o

-,

' 0,
¥ ,
o """ Fig. 8a., Photomicrograph, x 24 mag., of thin section Ill. o
o S under plane polarised light showing a subhedral
) -Pyrite metacryst (black}l in a matrix of compact
4 - L «granular magnesite with interstitial foliaceous
.o i . " talc (top centrel. . .
B P T e
H U '.l."'Vt*.._ lf! .-
' ".;;‘Fig; 8b, bhotomicrograph, x 24 mag., of thin section Iii o
@ - under crosscd nicols showing a pyrite metacryst -
i A (black) In a gqranular magneasito matrix, with a
. IR foliaccous interstitial aggregate of talc (top
i . . . centre). :
| = S |
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Specimen 117 - -_Vﬁ-! .Lifrf-‘ 'ﬁ._?'

C “a, - . -, . An aggregate of anhedral guartz as the main constituent
.‘_ .- - with minor interstitial muscovite and green chlorite (var.
. .+ .. pennirie} Fig. 9. The long muscovite laths show a preferred
T orientation. Chlorite occurs in interstitial pockets as
.. . 7 . randomly orientated platy grains. Some. epidote is present
"and a trace of magnesite. .’ . ' '

. The chlorlte dlsplays a pleochrOLSm from light green to
RN . brownish-cream, and anomalous blue interference colours in
-+ .. .. .. some cases, However, most of the chlorite grains display
PR o lower second order to upper first order interference colours.

- ‘Thus a range of chlorite com9051tlon is probably represented
~in the section. :

'ﬁ’;l ‘V,vaﬂ "-'\" —"‘..,

~ l.f."'}"

"Fig; 9, Photomicrograph, x 40 mag., of thin section Iy2
- under crossed nicols. .’

-SPecimen I13

-

: This 5pecrmen gonSLSts of an aggregate of rmainly medium
(. grained platy to fibrous chlorite (var. sheridanite) and
AN ; .equigranular guartz.' These two enclose ragged replacement

\ : ~ . residuals of caicite and subhedral metacrysts of pyrite with
: © - rare chalcopvrite.

. .
H

] - . K . .
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PRI I

'Photomictograph,.X'4O mag., . of thin section

I73 under PPL showing subhedral pyrite meta-
crysts (black) in a matrix of dominantly

" chlorite and quartz with minor calcite.

Photonticrograph, x 40 mag., of thin section

T13 under XN showing chlorite (fibrous white

and grceenish=grey) and calcite (colouread)
enclosing sublhadral gralng of pyrlto (brLack) . ‘
‘Equigranular grey grains are quartz. -

JNJAZ55_000000108
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'~Specimen 114 s i'%}.' L e RN ,f

e . i e

This specimen 1s dominantly composed of very coarse grained
magnesite enclosing minor amounts of talc and very minor
chlorite (var. sheridanite). The talc and chlorite form
pockets of radiating lamellar and foliaceouu crystalq ag in
Figs. lla, llb . R : -

N
tme

. | L :. Fig; 1lla Photomicrograph, x 24 mag., of thin section Iy,
' : under PPL of coarse magnesite and intergranular
pockets of ‘dusty' and 'clear' talc.

. L
) rl
T
.

: ;_)”

\ - 'V'?iq. 11b Photdmicrograph,Ax‘24 mag., of thin section Ij4
B ' : under XN of magnesite (greenish) and pockets of

i . : ' -+ radiating lamellar talc (blus. purnle. vellow).
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tj”‘ﬁ'i;“"Specimen-IlsA ‘  "e e~;"fﬁ”iffg FERRE o :i"l‘ui:f_ '"f:]

This specimen of wallrock is- a garnet-muscovite-quartz
schist with minor green chlorite, blOtlte, and rare talc and
feldsgar (Figs. 12a and 12b).

- o B The garnet occurs as large (1-3mm dlam.) porphyroblasts .
A altered along irregular fractures to a mixture of greenlsh
chlorite, biotite, and same feldspar, and enclosed in a matrix
. composed: of orientated tabular grains of muscovite, forming _
elongated lenses, and alternating with 'mosaic' granular quartz .
‘contalnlng randomly dlspersed biotite and chlorlte flakes.

- N

Fig; 12a" Photomicrograph, x 24 mag., of thin section Ijsa

RS . R UNDER PPL showing a large altered porphyroblast

i . o of garnet in a matrlx of domlnantly muscovite with
7 R © - " minor quartz,

P - <

e 4
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T |
aQ
' .o Fig. 12b. "Photomicrograph, x 24 mag., of thin section
S Ijs5a under crossed nicols. Garnet ‘(black},
. A"". Muscovite (dominantly purple interference
S ' ‘colours). Quartz (white and greys).
. : ) . " - . . -
" ; . . ., ’
i . N ) . ’
N ! . . .
. ; ) . . ‘.~ ’T . ' '
o ot
.‘. s .
. i . _
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Specimen I;g o
Do e © This specimen is dominantly composed of chlorite (var.
. sheridanite) and quartz as orientated aggregates producing
C -+ .. a schistosity. Very minor amounts of magnesite and talc
. ,4a. . . . occur. The talc occurs as thin laths intergrown with the
@) ‘.- chlorite (Fig. 13b). . - . T |
."‘{ - = v..- '

’ e N .:I ‘r‘lﬁ

-‘.("‘\‘ ¢ - - ) - . . ’ : .
. .~ : Fig. 13a - Photomicrograph, x40 mag., of thin section Ijs under
: . : PPL showing the irregular but preferred elongation of
: o : _granular guartz segregations in a matrix of fibrous
- chlorite (var. sheridanite).
. e
!
‘ . N ‘ N
RSy | N LAY S i |
@ _ S .
) . Fig. 13b-. Photomicfog-raph, x 40 mag., of thin scction Iis under.
i ’ .- XN, comvosed of chlorite (fibrous white, greenish
E grey, black), quartz (granular white-grey-black), and
: talce (blue, red, and yellow interference colours).
' JNJAZ55_000000112
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. the rock. - L

" ference colours.

.24

Specimen Ijg: - 'first face inclusion"®

This speéimen is composea of ‘a medium grained‘aggregate
of dominantly chlorite (var. sheridanite) and quartz, with

‘. minor magnesite,'clinoZoisitef'talc,Aand muscovite, and

displaying a poor scnistosity. Scattered euhedral to sub-

- hedral pyrite metacrysts occur as well as medium grained

‘crystal aggregates of rutile associated with c¢linozoisite
forming 'stringers' parallel to the general schistosity of

In the ?hotomicrographfof figﬁré 14a the brownish
speckled areas are dominantly chlorite although in Figure 14b
talc and muscovite are more apparent because of their inter-

N -
.-

. Figure l4a - Photomicrograph, x 40 mag., of thin scction Ijg

unde: PPL. - -

D-7038 Page 26 of 124

Provided by Johnson & Johnson through www.factsabouttalc.com

JNJAZ55_000000113



T : ‘ : 25 ;
) e
- | 2 . ! \, '
el ':'v «
L
N c' . // .
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T o " "Fig. 14b . Photomicrograph, x 40 mag., of thin section TI;gq
: _ L, . . under crossed nicols. . A chlorite - quartz rock
f o . :  with minor talc and muscovite, and accessory
i , : .~ magnesite, clinozoisite, rutile and pyrite.
; >.'”J ° ] - - .. - . . . . --" . . ..Q‘.
14
i
d g :
\ '! . - 5 ;
SN : K ) ;
(, ‘ .
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Specimen Iy7: T‘'footwall!

Ce This specimen of footwall rock 1S a muscovite-quartz—

anhedral quartz

‘f_gffﬁ;ji-=---garnet schist consisting of long lenticular _
Teo s -aggregates. Both are enclosing fiactured and altered euhedral

Q‘ . Fig. 15a
L
LY i~ ".
R :
O T .

¢ -
Protected Document--Subject to Protective Order

porphyroblasts of garnet.
well as serpentine-quartz ps

playing rhombic and tabular scctiong, ,

Accessory sphene also occurs as

eudomorphs after a mincral dig-

'Phbtomicrograph, x 24 mag., .of thin section I)7 under

PPL showing garnet euhedra in a matrix of segregated

quartz and muscovite.

. 5 ) :
Photomicrograph, x 24 mag., of thin section I37 under

XN. Garnet (black},

Py -

gquartz (white to gr

‘muscovite (lamellar and coloured).
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~:F{ J;}f¥‘: 'Sgpcimen 118' tFace: 3, carbonate/talc‘

e Jfk~;c “ A coarse to medium grained aggregate of subhedral inter-.
o &jf.t}'_locking grains of magnesite with minor talc occurring as

“ ... 7. scattered small interstitial clusters associated with rare
"t chlorite (var sheridanite) and muscovite (Figa, l6a, 1l6b),

' . el —..
. : 2
: y ..
‘ : S .
.

4
2
I‘
*
i L o T -Ai , ’ o S '
- Plg. 16a  Photomicrograph, x 24 mag., of thin section Iig
. Q s under PPL of granular magnesite with scattered
o e . - - . tabular crystals and clusters of talc,
3 . _‘Ef}
‘ ¢ e
b
' '. _".l
(AR
L o -Fig. 16b Phctomicrograph, x 24 mag., of thin section Iig under
C. s XN of granular magnesite (high order interrference
"colours, '‘and scattered tabular crystals and clusters
S o ‘-~ of tale (top right, coloured) and rare chlorite
- s R (whlte to blue-grey colours).
| L ’ ) '
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- Specimen I19:

LT ThisAspecimen'COnsists of an'aggregate of coafse gféihed
S anhedral magnesite intergrown with solitary bladed crystals

. and crystal aggregates of tremolite associated with minor
amounts of fine fibrous talc and rare anhedral grains of

é. - guartz (Figs. 17a, 17b).”

m e e @ ————
. R [

: }:;.’“ ‘ : .'-i e ",'. ' "/'f)?"*::"'j*'(f’{'a |
i

A o RE!
l"‘ S BT okt

_"-i-—‘h'h W 'Lh"‘n‘:n"‘-'z. - N ‘ ' B A-;{ﬂ;‘;
e _‘ F1§. 17a - Photomicrograph, x 24 mag., of thin section of Iq

- (. - under PPL, showing coarse bladed tremolite inter-

- ‘ . grown with very coarse grained magnesite.

- .A
".‘ .
T
" ) .
’ ~
-~
.
i
!.
[ N
4

, : K S R o : ,
(, o Fig. 17b_ Photomicrograph, x 24 mag., of thin section I;g
' . . .~ under crossed nicols showing coarse bladed
. _ . tremolite and anhedral coarse-grained magnesite
i: - T " with minor small fibrous aggregates of talc ,
! ' . (top left).. - : S
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o !t - Specimen Izy: ‘Inclusion, face 2°¢. )
i .. Specimen I31 is composed of a fine'grained-'interlocking '
N ©° .+ aggregate of anhedral magnesite, as the major constituent,
ok S associated with scattered laths and interstitial fine-grained
- ( S .- fibrous aggregates of very minor talc (Figs. 18a and 18b),
B PLEE ST
Lot i . u:ﬂd.&.‘:j';
(- - Fig, 18Ba. Photomicrograph, x 24 mag.,, of thin section I2}
’ . . under PPL. Magnesite with rare talc. .
. ;' .»." - ‘.'
g | af{‘
. & - r 73
1T -
K .
&, ///?
o .
1.
! .
) S ' * Fig. 1‘8_!_::_ Photomicrograph, x 24 mag., of thin section Ip1
' o : . - . under crossed nicols, Magnesite with rare talc.
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. Cos o This specimen is dominantly composed of coarse subhedral
. .+ - : . "to euhedral interlocking grains.of magnesite associated with
w .o 77 .intergranular fibrous clusters of talc which often enclose.
,;-.-‘__‘f/’vé‘-" . .. smaller euhedral magnesite grains (Fig. 19). . _
. - Fig. 19 ' Ptﬁotom‘icrograph, x 24 magnificai:ion, of thin
. . section I22 under plane polarised light. Magnesite
_._and interstitial aggregates of talc.
o e e .
St - K
. h ) i N !
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" Specimen Io3: ‘BLack Gneiss 2' below talc veih'.

: . o Spedimen-123 consists dominantly of medium grained anhedral
3 o - Interlocking guartz as orientated bands enclosing large micro-
L " cline anhedra and anhedral ‘aggregates. Scattered platy .
N aggregates. of muscovite occur orientated parallel to the general
e direction of the guartz banding. Minor epidote and chlorvitao

: .. also occur (Figs. 20a and. 20b). o - T

O LR LR RTLSW

i .

.,- - i ‘ .“‘. - . 0- :

Sy

Ll s

S e

TR “

, - -t - . : . )

Lgii' e FPig. 20a Photomicrograph, x 24 mag., of thin section Ia3

Co. - e ‘ under PPL. Quartz—-muscovite-microcline gneiss,

. / . . . o ! —-Qﬁ-t; ,4&"‘_,’, [N “"‘,":’ .. 9/::"'5'“{4‘
S R 1 00 X RN

- -~
' [ -
i

) L
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.
.‘ -

: .

. _

. . - ' -

i ¢

e SR R A L Ar S TN TP S (S SR, S

R EET N : < o
: . . S . " STV . i sk,
: - L ' - }m aougt LAY
A ’

3
_
IS ' RO N Sy

£
Fig. 20b Photomicfograph, x 24 még., of thin section Izj

s L under XN, Quartz-muscovite—microcline gneiss,

o <. - * ‘. o ] ; : . L X

B . . . . . .
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. Y T
* Specimen 12414 f%&ce 2, Talc next to carbonate!

‘ This specimen of talc ore consists dominantly of coarse
‘ e fibrous talc with minor chlorite (var. sheridanite) occurring
.- .+ = .+ as small lenticular fibrous aggregz:es within the main mass of
( L - talc (Figs. 2la and 21b). A few small subhedra of garnet are '
- 3 . present. As in previous specimens there are two forms of talc
.o ... present: (1) a talc that in thin section appears brown (Fig.2la)
s . ... - . under plane polarised light due to finely dispersed dusty inclu-
R sions of a transparant mineral and a brown amorphous material,
e - (2) a‘clear transparant talc free of inclugions which appears to
B B have' been formed at the expense of the other by some metasomatic
'cleansing' process. Talc crystals in optical continuity can bo
seen to change sharply from ‘'dusty' brown talc to the clear tqlc.

H .
’

‘ Fig.Zla__Phbtomicrbgraph; x 24 mag., of thin section I24 under
- PPL. 'Dusty' and clear talc enclosing small lenticular
aggregates of chlorite, .. - ' ' : .

.

wr . a0 i VNS
inill. . @0 i S i A a3 s 0 e e

Flg.21lb Photomicrograph, x24 mag., of thin section I54 under XN..
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Vet o Specimen’ Ios

‘ This specimen of footwall rock consists of an interlocking
V.o 7. aggregate of medium grained anhedral guartz enclosing occasional
Segtweot o0« large anhedra of microcline feldspar (Figs. 22a,22b). Minor
. .. magnesite occurs as pockets interstitial to the quartz, and also
-+ .scattered laths of muscovite. Green chlorite (pennine)and
- . epidote occur in trace amounts. ' ; E :

.
B

S .
i,
-  ;?“‘1 L Fig.vzéé"Photomicrogtaph, %x 24 mag., of thin section Izg under
6 R : - - PPL; dominantly a quartz—microcline rock with minor
T o muscovite and rare pennine and epidote. .
; -
, .
i ‘ o T A Y T
<!l’ T . 'Pié; 22b Photomigrograph, x 24 mag., of thin section Izg under
‘ N : . : XN. - . . . » . . . .
,) M CLe ’ - . . . . ‘“
JNJA255_000000122
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(.' Pt 34
%; : "' ,f"Specimen 125 _— *: ﬂl_:1.i3”' "?fo; ) o
ok A,};- .+ - This specimen contains chlorite, talec, magnesite and rutile,
't . -. - ' One part of the thin section consisted of a massive coarse
.(“- L fibrous and feathery aggregate of talc enclosing pockets of
S - coarse. magnesite. This texture graded into one which was _
’ ~ . :.  dominantly fine grained chlorite (var. sheridanite) intimately

..+ .+ intergrown with minor gquantities of fibrous and platy talc (Fig.
B 23) as well as scattered small equigranular and rod-shaped
.. 7 rutile crystals.. : S : : : . :

——
i e T .

;
v : s 7
s /
' CTORA AL S :"LL‘&X“ ~
; : ‘
“Fig<.=~’23; Photomicrograph, x 40 mag., of thin section Izg under
crossed nicols showing minor talc (coloqred) inti-
R mately intergrown with major chlorite. R
. ' . . .
T ; §
@ 3
s, ‘ < '. : e ) - -
A . S
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IEARERIR ‘Specimen I27
I L T Specimen I37 is dominantly composed of quartz, chlorite

SRl FER R TIRI (var. sheridanite) and talc (Figs. 24a and 24bh). Thin

' Lo lenticular hands of courso feathery tale and chlorite altornata
('aﬁ'q*?”'ﬁ  with anhedral granular interlocking aggregates of quartz,

. g’ . . . Scattered inclusions of rutile and epldota occur, au woull as
’Ji" ;. -.> ~oeccasional large microcline anhedra, o ‘

B - . L . . ‘ B - . e oLl : ’

A .

o l

. i i  A'-.‘_ o . - ' . *

o { . ‘Fig. 24a Photomicrograph, x 40 mag., of thin section I37 under
S PPL, showing a fibrous and feathery aggregate of talc

e e and chlorite enclosing anhedral segregations of quartz.

PR
.

- Y o v e
Cpee— [T
-

.
O F . .
! »
* -
.‘-
1 Ad . - i ._ .. . . .. ' . s . ‘4 -Y' g . \ ‘., ) . _'V .
FET] - ! R ) : - Lo . X W . o ‘..\.'l'f \".. v t .
i B PR P A ) Py AW i L S I . i I e P DR
p ’ o : Do ST e e B R S R
. . Coae s Y - P R . o, SO, e T Y
: ) . A P } - -t - K RN LR cdna Nowr ™l

Vet '~Fig;=24b - Photomicrograph, x 40 mag., of thin section I27 under

. - - :
.
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Specimen Iog

.- s R T : \

'Specimen Izgiis'a gneissi¢:£ockj§¢nsisting of segregated

f.bahds of medium to fine interlocking . nhedral gquartz grains

alternating with minor muscovite as orientated platy clusters
and -enclosing large microcline anhedra. Some rare pennine

.. and very rare epidote occur intergrown with the muscovite.

\ - :

[ e

AR
res L‘,',:"-\
T,

pogr
e

L and oG
g

,.
e,

Fig. 2Sa Photomicrograph, x 24 mag., of thin section Isg under

PPLj gquartz, muscovite, and microcline (top left)

RN . Fig, 25b Photomicrograph, x 24 mag., of thin section I29 under
.‘_} T . XNe - - . - -
- o . - Lo . ) o . :
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o e N :C37f

Specimen I3y e o if

RN _ Specimen I3] is a muscbvité—@uartz schist containing minor -
SERE I - pennine, sphene and tremolite. ' S o

The rock is dominantly made up of coarse orientated lamellar
segregations of muscovite intergrown with flakos of minor graooeii-
. £sh brown chlorite (pennine) and vincloulng vuhiedral to gubhiodral

Vﬂﬂ .'hgrains of sphene. Minor interlocking fine to medium grafnaod
, - . . quartz segregations occur alternatlng with the muscovite bandu,
Sxol -7 o Hexagonal sections of an amphibole, probably tremolite, occur
f“;i;” .. dispersed in the muscovite matrix. : : . -
s b s o e N o Y e
.~‘E!: . ] . '. Lo ¥ . R - . . . "
: 5’5' s
- -
e
!.;,.' S
'. B
Iy
e
- i‘ y RN e i
Ll R :‘fig. 26a Photomicrograph, x 40 mag., of thin.section I3) under
S DU - " PPL; nmuscovite-quartz schist. '
C B )
g.l .t
A . -
S
e o
ot | :
i
. AR S PRI S ‘
74: RS ‘Fig.'QGb Photomicrograph, x 40 mag., of thin section I3}
o ' _ . under XN; muscovite-quartz schist,
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Specimen 132

' %af:1[;. o This specimen COnSlStS of coarse feathery lentlcular aggre-
J{-:p ~gates of domlnantly chlorite (var. sheridanite) intimately
o intergrown with minor amounts of talc (Figs. 27a and 27b).

o ff” “Small inclusions of rutile occur along the boundaries . . |
AT (shear planes) between the chlorite aggregates and also along

.7 e chlorite cleavage planes. Finely dispersed submicroscopic .
A dusty inclusions of an unidentified phase sxmilar to that found
L 1n talc occur in the chlorite.
o ‘f  g 7a Photomlcrograph X 24 mag., of thin section I32 under

o 7 ~ XN. Feathery aggregates of sheared chlorite (white to
- T greenish grey to black) with minor talc (coloured).

8 R »‘ - . ) . o «‘. ':'..": ) : A »' . - . ‘.‘(’\' ] 4
. ; . Jeia -.A,..w N~ .f..-&'w

~'Pig. 27b Photomicrograph. X 24 mag., of thin section I3> under
XN, Finer grained chlorite—-talc mixture.
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39

'78pecimen I33 "-fjf“ . f :
.. - . [

‘This specimen of talc ore consists of a medium to fine
grained randomly orientated intergrowth of dominantly talc
with minor chlorite (var. sheridanite). The chlorite is

. Intimately mixed with the talc (Fig. 28). Some pockets of
- -coarse interlocking anhedral magnesite grains occur enclosed
.. by the talc-chlorite matrix. :
el ST S Lo BT R TR
H : “
A i . PR . . . 3
. R " .
i E ;
! _
' | '
- ! .
SR i)
/-«\ > .
. (‘.
-
' ’ H "’ C

! { g : PR N ’“t

) e Tt WA .“a\;fiaau-;:nn

S " Fig. 28 Photomicrograoh x 24 mag. , of thin section I33
b under XN. .

- . .
!. . J . . !:..

: . ‘
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¢ specimen I35

_ " This specimen consists dominantly of magnesite as a very
coarse to medium grained interlocking aggregate of euhedral to
subhedral grains. Minor tremolite occurs as long prismatic
crystals forming interstitial clusters, and as solitary
crystals penetrating the magnesite and along the grain bound=-

. aries of the magnesite. Minor chlorite (var. sheridanite) and

..rare talc occur associated with the tremolite segregations.
(Figs. 29a, 29b). S o e

¢ o K A/t&l
C '3: © Fig. 29a Photomicrograph, x 24 mag., of thin section I35 unaer

. PPL. Magnesite-tremolite-chlorite-talc rock.

. N Y T

LIVERp TR TR

P
H
A
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e Rt ot tints el B s e G Cod bt m--w—J

i o . Fig. 29b Photomicroyraph, x 24 mag., of thin soction 135 under
P XN. Prismatic tremolite in magnesite in the extinction
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e . Specimen I37 R : ,j‘ : . o R

~ -~.. -This specimen consists dominantly of magnesite with minor
(:i; . : talc. The magnesite occurs as an aggregate of very large
',—’, . -magnesite anhedra enclosed by finer grained subhedral magnesite
v i . - which is intergrown with feathery intergranular clusters of

N - E ' e .'“. . CaT et o M L S - . et o L .
-
. ‘ :
' : . s
f - . e .
. ' '
L ] .
e e e e AT S - ’ . -
: RE
B h .
DA .
: . 1
- . - Y .
! . T : l ra¥ Y\ N TR \;‘_4 ’:"."':"'.",:?-I’ i : AREA *.'f.‘f,f"'-.\-f"ﬁ
v e S . v"’ S RTD SR O ' A , ,’[ ¢ ' '.',"’:7'1 "“ .
i
'
p .
, .
' .’/
l »
: S R U Ty AT
HOEIEIFETRANNL | W SEENPO SR I L TN, R uh? e
] o e
Do .t . ’
! N ' . . -'l

; e " Fig., 30 Photcmicrograrh of thin section I37, x 24 mag.,
i : . . under XN showing the finer intergranular magnesite
! : -+ assaciated with small laths of talc (fibrous and
i coloul‘-ed_) . N . -

Yonoine wmanent )

N . - ) . . .
5 .
t
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et . 42
~ Specimen I3q . L R e
Ci;, T This specimen is dominantlyAcomposed of talc forming coarse
- : feathery aggregates intimately intergrown with minor finer grained
. "-. - chlorite (var. sheridanite) and containing fine disseminated inc-
i o . lusions of rutile. Occasional fine grained guartz as well as
"7 ... =+ larger oval-shaped augen of quartz and rare garnet occur

scattered throughout the talc matrix. The talc is for the most

part crowded with inclusions, as in previous sections, but elongate

‘clean' talc occur as in Fig. 3la.

. areas of

-(ﬂ\.;n.
. ._
“ J°
I39 under PPL,
.
qA %
? L “«  By . -”-';i
N L e T i e i |
A o 'Fig;‘BLQ Photomicrdérnph, x 24 mag., of thin soction I3g, under XN
i . -

t .
K .
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. . . Specimen"lral ' : : : -
PH . This specimen of talc ore consists of a coarse aggregate
(,; of feathery talc intimately intergrown with minor chlorite -
‘ ‘ {var, sheridanite), and enclosing rare large porphyroblasts
of subhedral garnet which occasionally contain long prismatic
A _ inclusions of tremolite (F:.g 32a)
s L : ]
P =
4 Y RO Ul :-wp: iy
i\ T\:" . )
3
.
b
i ’
b :
-~ ,5 N X
i
il ' . -
‘ ' " ».A'V.L i'. . . . .- Lo ». . .. - 1 ] . . .
N Fig. .32a - Photomicrograph, x 24 mag., of thin section Iy
. o . -+ under XN. Feathery aggregate of talc with garnet
- | porphyroblast (bottom rlght, black). - -3
b B - o '
A -
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o : ERE 48 . - e
St ;’;‘ff , - Specimen I42: 'No.l Face,Agréen coldured® _

_(;{., Pf*..55;~  1Spéciﬁen I42 consists dominantly of'éﬁ'aggfégaté §f'fine'..
. .-~ grained fibrous chlorite (var. sheridanite) intimately inter-:
N P . grown with minor very fine grained talc as in Fig. 33,

'
‘A r
R . ] . . ) L. - . . 5
." 3 - . .
e 3 - .
. ]
. - e K =
3 : - - . .
M
.
n C
@
K
- .
- - KW .
. .
]
Pl
,

. i . !
i ’
§
'

_ o Y 7 d
{ :. .. o e P 2 i

-, L , ~under crossed nicols of chlorite (white, greenish

|
|
L I -Fig. 33 Photomicrograph, x 24 mag., of thin section I4>
. grey, black), and fine grained talc (yellow). e

. )
P -
4 = K ‘. . B . .
- < . : - . : — Cor . . . : .
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. Specimen I43: 'Face 10 fibrous sample' .
I43 consists‘dOminantlf of chlorite (var.-

e Specimen
occurring in the form of a coarse sheared

".sheridanite),
fibrous aggregate Lntlmately intergrown with very minor talc

‘”“jae in Figure 34.

r,ﬁ, rr,l’ ‘ wvr
ft!t &} A @

Photomicrogyraph, x 40 mdg., of thin scction I43 unde
crossed nicols showing deformed fibrous chlorite

" Fig. 34
" (white-greenish gtey—black) intergrown with platy
and prismatic crystals of talc (coloured). ‘

N

v
L ]

Specimen I43a
As for I43 the specimen conSLSted dominantly of chlorite
'cross fibre!

The

. (var. sheridanite) with very minor talc.
type texture found in I43 and produced by shearing at right

angles to the schistosity was absent in specimen I43p.
. N ‘ ' .'" . ' ' . ’;-.

t o .
“1
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; ’ T T s o -

. - Specimen T44: ' '‘First face pure talc"
- A coarse aggregate of lamellar talc showing a preferred
-orientation and enclosing augen of what appears to be an :
intimate intergrowth of quartz and serpentine (Fig,: 35). Both
talc crowded with fine unidentified inclusions and 'clear®
talc are present. See also description for I4s.
. _ R e P L

‘e

i
| IV
-
V ' 1 '—-f._.-_i.".udn-a.'-k-. -’—-I.J‘J.'r.;..-'a‘-‘--i.;--.!-'g'x“;'.
”Fig.”351' Photbmiciograph,'x 24 mag., of section I44 under
: crossed nicols showing coarse lamellar 'talc oo
C . ) enclosing rare anhedral segregations of probable
e . serpentine-quartz composition. o :
. i . * : . - .
i ' BN B '

ofect : B o o ‘ ) 00000135
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' Specimen ‘I453 *No.1l good specimen!' ,
f; e This specimen of ‘talc ore'. consists nearly ﬁhollf of
\_,» “+..- ... talec occurring in the form of a randomly orientated '"matted' -

‘ e aggregate of fibrous talc enclosing minor quartz-serventine
2 e augen. - As in previous sections the talc is rendered murky
LT or dusty by fine inclusions of a brown amorphous material

v*.. +» ;. -and an unidentified transparant phase. In places the talc

has ‘been cleansed of these inclusions along zones which
- appear to be independent of any intergrowth or crystallographic
-.features of the talc (Fig. 36). L
. \ : - _i; .
B 1A B ! .o
R = :
- o :
Y _
i ’ ~
i R '
H - |
- o A
: . SRR
: . WA
L. - .
f! - o R . ) . ) . 3 . L3 ) \ .
] 7 . ¥Pig. 35 - Photomicrograph, x 24 mag., of thin specimen I4s
N : N ; under crossed nicols showing the form. of aggre-—
S , .. <. . . gation of the talc and the difference between the
L{\h, w0 o c0or L 'murky' talc and the linear transgressive zone of
( U R . ‘clear'‘talc. . B
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Y " specimen I46: ‘'No.3 face, coloured'
J. . ohis speéﬁnen consists of very coarse lenticular .
‘ I aggregates of long fibrous and feathery talc crystals
enclosing rare anhedral porphyroblasts of garnet.
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‘ ‘- 'DIGESTIVE TESTS
,F“;~";‘fJ - To confirm the presence of acid soluble carbonate material
s - and also to help identify the type of carbonate present in the

..+ . . . rock specimens collected,each powder speCLmen was subjected to
g a digestlve test. :

: -Half gram quantltles of each of the powders were treated ,
with normal hydrochloric acid for several hours at approximately
. 70°. The residues were reweighed and the filtrates were
- analysed for their calcium and magnesium content using the EEL,
240 Atomic Absorption Spectrophotometer. The aim of the '
digestion was not to estimate the total acid soluble fraction
only to help establish the carbonate minerals present and to .
A o estimate roughly their qguantity to help interpret the X-ray
N S powder photographs obtained from the samples.

_ The results are present under  three headlngs, namely
*Rock Types', ‘Carbonate Specimens', and 'Talc Specimens"‘.

It can be seen that only small quantities of carbonate
material are present in the talc specimen group, similarly in
- ... . the rock specimens with the exception of the marble specimen

(“ < -  which is practically 100% calcite. The carbonate group of
- ‘ : - specimens appear to be mixtures of calcium and magnesium
carbonate with a number of specimens being possible dolomites.
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* © _ROCK TYPES
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Specimen % Weigh A % %
No. Loss - - .. Calcium Magnesium .
Il <0.2% <0.2% <0.2%
X7 - 3.0% - <0,2% <0.2%
I12 - <0.2% -<€0,.2% <0.2%
Il3 4.2% 1,08 .- 0,4%
I15 6.0% - <0.,2% . 0.4%
I16 4.8% - 2.0% 0.4%
I17 - 6.0% - <€0.2% <0.2%
I20 11.2% .-<0,2% . <0.2%
- X23 l.4% - <0.2% - €0.,2%
- I25 22.4% . <0.,2% . €0.2%
127 . 9.0% . . €0.2% . <0.2%
- - . X29 - 3.6% . €0.2% - <0,2%
“I31 1 9.6% . <0.2% <0.2%
134 - 92,.2% - >»20.0% . - <0.2%
CARBONATE SPECIMENS
~ Specimen % Weight 2 8
' No. Loss Calcium Magnesium
14 22.8% 3.0% - 1l.d%
I6 - 48,0% 6.0% 1.15%
-I11 21.6% 3.0% 6.4%
I14 44.2% 7.0% ~ 5.0%
Il8 75.2% 14.0% 24.0%
I19 37.8% 5.0% 4.0%
I21 61.8% - 8.4% . " 8.,0%
122 91.2% 16.0% 15.2%
I30 15.0% 1.9% l1.6%
I35 50.8% 6.6% . 13.4% .
137 51.0%" 4.4% - 24.0%
o TALC SPECIMENS
Specimen $ Weight . % %
No. Loss Calcium Magnesium .
- I2 3.6%  <0.2% 0.4%
I3 1.6% . <0.2% <0.2%
IS, . 5.4% <0.2% . <0.2%
I8  6.0% <0.2% <0.2%
19 ¢0.2% <0.2% . <0.2%
I10 : 4.2% <0.2% - <0.2%
124 . 8.0% . <0.2% " <0.2%
I26 .%0.2% <0.2% . 20.2%
128 f 12,63 . <0.2% " <0.2%
I32 v 1.2% <0.23 - 0.4%
I33 - 5.6% 0.34% . <0.2%
136 _4.6% . <0.2% © ¢0.2%

- /Continued....
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TALC SPECIMENS (Continued)

No.

. : ) . Specimen

- % Weight

Loss

. Calcium

$
Magnesium

ST PR =13
) N I39

'.- T40

. I41

T D <
; S 143
o 1

- 1.0%
<0.2%

U €0.2%

0.8%
. 6.2%
0 %0.2% .
o 8.0%

-<0.2%

- <0.2%

<0.2%
. <0.2%
<0.2%
<0.2%

<0.2%
. <0.2%

- <€0.2%
<0.2%

- <0.2%

. <0.2%

. <€0.2%

. <0,2%

. <0.2%.

. %0.2% .
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Electron Microscope E#amination of Italian

~ Mine Samples and Imported Batch Shipments of
. Italian Powder

" The main purpose of the electron microscope examination
. i . of mine samples and also representative fractions of the
.74 .n 0 Itallan powder has been to establish whether or not any
'rrn7~31"'y - particles corresponding to the commercial forms of asbestos
LA “  Were present, The electron microscope is an instrument which

4 : - ~is most usefully employed in the examination of particles less
;?(-: - - _ than ten microns in size. It has been used in this investi-

R TR "gation therefore to examine only the finer particulate portion
4 : . of the Italian samples. It may be argued that only a small
-.dget:o- 0 fraction of each of the powdered samples was examined and that
- {w to " this was not representative of the total sample. However,

we can assume that the fraction examined was representative of
the dust formed from each sample and that it is this finer
, - fraction which is the most important from a biological stand-
i 3 . point. Also as the size of the biologically active commercial
: : asbestos particles fall entirely within the particle size range
examined we can consider the main aim of the examination to be
" entirely satisfied by only looking at the finer fractions from
each of the Italian samples.. . ' : -

‘To acquaint ourselves with the type of particles formed
by the commercial asbestos minerals, Figs. A-D have been
- included. They represent samples of Amosite, Crocidolite,
Anthophyllite and Chrysotile asbestos. Also Figs. E-F have
been inserted to demonstrate typical single particle electron
diffraction patterns which can be obtained from the four
i | asbestos types for comparison with patterns obtained from the
‘va ~ Italian samples. : _ . ; :
! :
!
t

Sample Prevaration

- o - small portions of the powdered rock samples and imported
P " . powder specimens were placed in 15cc centrifuge tubes to which
I" : , distilled water was added. The powders were then dispersed

ty. ‘f£irst by hand shaking and then with the aid of a small ultra-

: e sonic bath. The concentration of suspended material in the

v S tubes was adjusted by eye using dilutions of distilled water.

" : The tubes containing suspended solids were then allowed to stand

.- for 20 minutes to allow the larger particles of mineral to
e : sediment to the bottom of the tubes.

1

ilf e Eléctron microscope grids coated with carbon f£ilms were
R ' prepared and small drops of the particulate material from each
ji[?' of the specimen tubes were mounted on specimen grids and
i .- allowed to dry. . The specimens were inserted into an A.E.I.
A - E.M.6. electron microscope and examined for particles resemb-
> < " . 1ling commercial asbestos fibres. Where suitable particles were
(J. . observed, selected area electron diffraction patterns were taken

" and compared with those produced by the commercial asbestos
) minerals. In all cases photomicrographs representative of the
. ' type of particles found in each sample were taken while
' interesting diffraction patterns were also recorded.
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>“i3:.ggrticle Morphology

' ll S The carbonate rich materials were found té produce
:'ijitz‘:} t: compact particles which were very electron dense. On the
N7 7 whole they were finer particles than those obtained after
. 7 .crushing talc rich specimens. No fibrous material whatso-

ever was found when carbonate material only was comminuted.

;. ... The morphology of particles produced from the footwall rocks
% .- -7 i.e. limestone, marble, gneiss and the amphibolites were also

i ' "l . very compact, although in the gneiss specimen platey parti-
.- ... cles were present probably representing the muscovite content
"% .. - ... of the specimen. Again in the footwall rock specimens -
S fibrous particles were very scarce. Those lath like parti-
T " cles detected resembled the amphibocle minerals rather than

i chrysotile. Selected area diffraction patterns which were
2k obtained from the lath like particles in no way resembled
. the typical amphibole fibre diffraction pattern. They were

I Srel T generally very distorted patterns containing streaks rather
- .. .. .- - than spots indicating a rather stressed and deformed material.

: _The specimens which were composed of talc together with
'y - - other mineral associations, presented a very different picture,
p o ' as far as particle shape was concerned. In the main parti-
cles were flat and plate-like, some being very thin and
: o translucent in the electron beam. Particle sizes varied from
T very small to guite large plates some with very sharp discrete
- . - . edges, others with rather ragged outlines. Comparing parti-
) -7 -1 .- «cles from those samples of talc which varied in bulk morphology
'Qii,* S in hand specimens, no observable difference could be drawn
- between them. Similarly, a comparison of particles produced
_ _ from talc specimens of varying colour revealed no differences
ST in the overall particle shape. Similarly those specimens
I - rich in chlorite did not form particles with any distinctive
features. ‘ . .

There were, however, observable differences in particle
morphology between individual powder specimens. In the main
most produced good plate like particles, however, one or two
specimens were found to contain considerable numbers of lath
like particles, these being very thin in character. These
particles resembled the amphibole asbestos type particle being
less regqular and also very much larger in projected diameter.
Diffraction patterns from these particles matched those

o ; obtained from the platy particles with which they were asso-
¢, .. . ciated and in no way resembled the typical amphibole diffrac-
i o _ - tion pattern obtained from single amphibole asbestos fibres.

Other fibrous particles were observed in the mainly talc
specimens which to some extent resembled chrysotile asbestos
A .7 .. . fibres rather than amphibole minerals. They often had a
N B o somewhat textile appearance but were, however, crystalline.
. .. - .. Diffracticn patterns from these fibres were very distorted
.(ii'- .. and in-no way matched typical chrysotile or amphibole patterns.

A

- e
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A I RSP - _ . :
’“li' ... 7 The only group of specimens in which amphibole fibres
A - were confirmed were in those specimens with known amphibole
b . .- composition. However, even the fibres found in these speci-
.f{;. .-+ . mens barely resembled the fibres formed by the commercial

S A - - amphibole asbestos minerals. To assess the particles produced
;(“.fg”;~;‘fzsmfrom the pure amphibole mineral (Tremolite),found in three of
‘ ..+, - the specimens, small crystals of the mineral were taken from
g .- Y. the hand specimens and crushed separately. An examination of

. .the finer particles produced revealed stubby electron dense
ey -, fibres associated with irregular lumps of the same mineral.
sy ey Diffraction patterns from these fibres were similar to those -
L " ... obtained from the commercial amphibole minerals, although they
R A .. . were more difficult to obtain because of the greater thickness
ciib 7 .- - of these particles. Other specimens in the group, which did
cot ... 'not contain talc but were composed of sheet silicate minerals’
: - .. mainly muscovite, were also practically free of fibrous parti-
u";l!J,“_ .. . .cles.. There appeared to be no general tendency for these
B DRI - other minerals to form fine fibrous particles. A number of
o i very fine short fibres were observed on grids prepared from
.00 - . several of the talc specimens, these were, however, chance
lf~.‘ . - 'small pieces torn from the edges of talc plates. They
e . . . appeared in those samples which had a tendency to form copius
4numbers of very fine particles when subjected to commlnution.

Yy

B I AT '-_ The specxmens examlned can be grouped into four categories
b - on the basis of particle morphology and they are as follows:

{iii*:zefﬁti“"(a) Talc specimens with impurities of carbonate and chlorite.
.ﬁ S - (b}  Rock type specimens, i.e. footwall limestone etc.
. Q.“\"» o '. ... (ec) Those specimens composed mainly of carbonates.

N ;'_A': ()] Amphibole specimens with carbonate and talc.

The talc specimens were characterised by the large number
of plate like particles often translucent in the electron beam,
Rock specimens varied from specimens which were composed mainly
of compact electron dense particles to those with some sheet
silicate content in which plate like particles become apparent.
o . . Those specimens composed mainly of carbonate material produced

A - compact rounded particles, often very small and grouped to-
by , . gether in aggregates. Finally the specimens containing amphi-
.+ . .. ' bole were characterised by the compact nature of the particles
L o .- with evenly distributed fibres and very few translucent plates,
?;!" S The groups of particles described are illustrated by the foll-
: o - owing micrographs which illustrate the various forms.

Tyt

e "+ Selected area electron diffraction patterns obtained from
i R single particles of the amphibole minerzl are also presented
I S showing the similarity of these patterns to those obtained
Sy : _ from commercial asbestos fibres. Also included are single
DU crystals patterns and polycrystalline patterns, from talc,
T - chlorite and muscovite rich specimens. It can be seen that
e, - they are very different in character to those obtained from
NV.?f j@L;w -the amphibole mineral.  However, patterns from the sheet
L‘ L silicate minerals mentioned above are ail very similar and it
SRR is impossible to identify each of these minerals from their
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-:'electron diffraction patterns or to tell them apart without

applying a more sophisticated approach to the diffraction
procedure. With specimen tilt facilities enabling the
particle to be rotated through more than 450 discrimination

is possible between certain of these minerals.

As mentioned earlier, patterns obtained from lath like

‘is»éarticles found in the talc specimens were identical to those
- observed from general plate like forms. Those fibres with

a textile like appearance often only gave very streaked
patterns but in one or two cases these also resembled very

'~ closely the normal talc pattern.
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.::1;; , ;t  4-f Jf ;7 ‘; - 550'-- | .
,ff:fufv ) Examples of Commercial Amphibole’ and Chrysotile asbestos
Lo particles together with typical selected area electron

- diffraction patterns. . . )

- ;\.-p.lf;,'
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@
7 ' "+~ Anthophyllite asbestos particles x 3000
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i - R . . - Crocidolite asbestos particles x 3000
Protected Document'--Subject fo Protective Order' . ' ’ JNJAZ55_000000146

D-7038 Page 59 of 124

Provided by Johnson & Johnson through www.factsabouttalc.com



e
. .
B A :
~ : - . - .
. * .
.
. . . *
. .
* -
;o »
. . : .
. . : - -
' ' .
: . ,
. '
| . : .

Protected Document--Subject to Protective Order

Provided by Johnson & Johnson through www.factsabouttalc.com

: Lo 'Amphibolé asbestos selected. area
.-+ .+ electron diffrac

tion pattern.

'Chrysoﬁire asbestos selected area
electron diffraction pattern.
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. ‘ L - Blectron micrographs of particles produced from
.. . specimens which have been classified as rock -
e - types. S ‘ -
» :. ' . " D e i
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V'gf'”p :<ff?§'Fig. 1. Specimen I13 seam inclusion showing passage
e _ into talc x 3000. The particles are mainly
oo, Teompact and electron dense. A few flakes,
‘L. % .. ... ..+  'no fibres present. .

:',‘:»Q' . . Fig. 2. Specimen'Ils; Talc footwall contact. X 3000.
e - Compact particles with a few small flakes.

No fibres present. '

'
° . C . ‘.
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RN "-Fig.=3. Specimen Iieg. Lithblogical inclusion from
Mitaloo . Face 1. x 3000. Compact electron dense
Cepce o 0 0 particles. No fibres present.

‘ (\. T Fig. 4. Spc‘cmen 117. Footwall rock sample, x 3000.
T A Mainly compact particles produced with a few
plate like forms. _
i . e “ oo o .
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N S TR > & 1 5. Specimen I23. Black gnéiss,'zft below talc
’ R seam. Xx 3000. Compact electron dense

‘particles produced.

"éff ( cd

A © " Fiq. 6. Specimen I25. Footwall limestone. x 3000.
CoT : g } Compact electron dense particles.

s
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‘iQii.'I' - ' Fig. +« Specimen I27. Lithological inclusion face 1.
) ’ T x 3000, Platey electron dense particles., :

e . No fibres.
-
s
-
'
'
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Fig. 8. Specimen I29. Sample 6 Footwall. x 3000
. Compact electron dense particles with a few
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-'.':,! . 'Pig. 8. Specimen I31. Black inclusion face 1. x 3000
e A mixture of plate-like and compact forms
.(“), e mainly electron dense in character. ;
!!/%1 .
oo
5 L
a
S
o . . N . ) - ';'
i Sy .

' ' ,Fig.10. Specimen I34. Marble from tunnel wall. x 3000
. . Mainly c¢ompact electron dense particles with a
% . o few. plate-li?e forms.
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Electréri micrpgraphs of particles produced from those ‘
- specimens mainly composed of carbonate minerals.
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"- Figo 1.

Specimen il’l- '~ Carbonate inclusion with some
“tale. x 3000. Particles consist of a mixture
of compact and plate-like forms.

[ ]
C R Y

-
A
ot

2N

Specimen Iy4. Inclusion in talc seam Face 4,
middle of seam. x 3000, Granular particles
with plate-~like types and lath-like forms,
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..?ig;= . SPeéimen Iy;g. Carbonate/talc esample, x 3000.
~ _ Particles compact and electron dense. "A
o few plate—like forms. .
:. "\:: -

ey ,m w: w.‘

N -'Fig.'4; Spécimen I21. Inclusion from Face 2. x 3000.
T : This specimen produced plate-like and compact

i o particles with some lath-like forms,

]
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Fig. 5.  Specimen I3s. Massive carbonate from rear
R end of working, x 3000. Compact electron
. . . dense particles with some plate—like talc

particles.

'Carbonaue in taic inclusion

g 6. Specxmen I37.
X 3000. Compact particles together with

¢ = "_‘  - some plate-like forms and rolled talc sheets.
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Electron Micrographs of specimens of talc with
carbonate and other mineral inclusions.

|
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+Fig. 1. Specimen I3. Coloured talc (Green) x: 3000.
- Particles plate-like. Few fibres, rolled
-sheets and shords. . S

. ———lie b e

Do F'ig. 2. Spec’inien Is. General ore, X 3000. Plate-like
C\ Sl T : particles together with short lath=-like
. i : : o particles, also a typical example of textilse

§ o type fn.bre. : _ L .
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< pig. 3.

- Fiq. 4.

Specimen Ig. Massive talc} x 3000.
_like particles with a few lath- forms also
typical textile type long flbre.

Plate~

Specimen I9. Grey talc First Face, x 3000.
Practic ally all plate-like Wlth a- feW-
lath forms._ :
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‘ 1.Fig; 6.

.72

i, A B

Specimen Ijp. Granular taic,'X'BOOO.
All plate-like particles.

.Specimen I24. Talc next to carbonate inclusion,

x 3000. This specimen was found to contain a
large number of lzth-like particles, as can be
seen Irom the micrograph above. Nc diffracticn
pattern corresponding with an amphibole fibre
was obtained from a selection of the elongated
particles.
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Specimen I26. Coloured talc inclusiohs, x 3000.

Fig. 7.
L . The particles produced from the various coloured
inclusions in the talc were found to be mainly

plate-like with a few lath forms.

" Fig. 8. Specimen I28. Talc/Quartz specimen, X 3000.
Particles from this specimen were mainly plate-

like but accompanied by more compact opague
A few textile type fibres were

.1' . 3 ) R - particiles.
= ' -~ .+ - '+ ... observed.

’ " INJAZ55_000000162
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. S - Pig. 9. Specimen I32. Face 2 inclusion from base of

R S P AR A . ~ .talc seam, x 3000. The specimen produced a
oty oo e o - mixture of irregular particles varying from

' compact to plate-like in form with a few lath

Q a ' ’ " like particles.

o " Fig.10. Specimen I33. Talc from lower left ‘end of working -
o ¥ 3000, Parxrticles mainly plate~like with some ,
lath forms, ' ,
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*4}-.«;’ "gig#?li. Specimen I38. Pyrite/Talc specimen, X 3000. b
S . : _ : P?ate—like particles with some rolled tubes ﬁ
- ) Loy , ".' - ‘- '- o - ’ " . N " — Of talc . . C '

'%f

’ | Fig. ecimen the
Y T . - pig. 12. Specimen I39. 5" - O colou§ed pieces from
S " crusher, x 3000. ' These various coloured talc
.7 .. " - " pijeces produced only plate-like particles.
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Fig. 13 Specimen I41. Face 2, good talc specimen x 3000,
- Plate-like particles together with .rolled talc
sheets lath forms and textile type fibres. :

!
B
et P L.
- N i .
i . -
i .
.
g
P
-
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A. &:4.'“-.-—,: i -‘!

-

Cb " Fig. 14. Specimen. I42. Face 1, green coloured tale, x 3000.
- ' This coloured specimen produced plate-like parti-
cles which were rather more electron dense.

Protected Document--Sﬁbject to Protective O}der o JNJAZ55_000000165

D-7038 Page 78 of 124

Provided by Johnson & Johnson through www.factsabouttalc.com



o ’ ] 77
. . " Fig. 15. Specimen I43. Face 10. Fibrous looking hand
A : " specimen, X 3000. This sample was found to
R be practically all plate-like in form.
°:
T
I:}‘ ' . mu}h mﬂihw
o -~ - Fig. 16. Specimen I44. Face 1. Pure talc sample, x3000.
- : . - Plate~-like particles with some lath-like forms.
b . o _' : -2 . :
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Specimen I45. Face 1. Good talc specimen,

. £fibrous forms, including rolled tubes and

textile type fibres.

- Piq. 17.

Face 3. Coloured speéimen

Specimen I46-.

"x 3000.
T lath like forms, together with a typlcal

Protected Document--SubjécttoProtectiveOrder +av+ile form. which can be seen to nave a

D-7038 Page 80 of 124

Provided by Johnson & Johnson through www.factsabouttalc.com

A mixture of plate—like particles and
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Wi T Electron Micfpgraphs of particles produced from
o ;.".'T_A:’I_'_. ‘those specimens containing amphibole mineral and
" also from the amphibole mineral itself.
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 Fig. 1.

e

" Fig. 2.
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Specimen Il9. Tremolite/carbonate talc

sample x 3000. Compact particles,a few
- lath forms present. c -

ﬁl ‘ DEI - ‘ 3 L».;_“A_ial;l lh.h k-m‘ :

Specimeh I20. Amphibole sample from Guiana

- level 1212. x 3000. Compact particles with

numerous lath forms.

[
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- Figs. -3 and 4 _ . o
) S -~ particles produced from single crystals of
(6, R tremolite extracted from specimens I19 and
Lo ' . I20. x 3000. - Very few fibrous particles
were produced when this specimen was crusihed.
. Those that were fibrous in nature were thick
. and stubby in character, less than 50% of
the particles werg elongated in shape.
) ' ' JNJAZ55_000000170
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' . ._ .Figs. 5 and 6 4

D -_7‘ S 'Selected area electron diffraction paﬁterns o
N obtained from amphibole particles found in
. - specimens 119 and I20.
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' :é' L Fige 7. Typical selected area diffraction pattern
IS AR S ~ obtained from talc plates. .
B R '

_ o : Selected area diffraction pattern obtained
g R ' . from a typical textile type fibre showing

£ -+ .+~ features of a rotated or coiled structure.

Protected Document--Subject to F;rotective Order

D-7038 Page 85 of 124

Provided by Johnson & Johnson through www.factsabouttalc.com

. .
.
..
.
.

JNJAZ55_000000172



e g g ——

ZIntroduction

'AItalian mine samples. ~ The samples were classified into

'f;propertles~

(1i)  ‘Talc' Type

l“the procedure for obtalning the X-ray powder patterns was

;_-locallty from specimans at that locallty.

X—RAYVAANALYSIS OF ITALIAN MINE SAMPLES

.This report concerns the X-ray powder analysis of the’

three categories- accordlng to the;r chemical and physical

@) *Rock* Typ.eu -

(iii) 'Carbonate Type .
All the samples were prepared by similar means and
standardised.

“From these powder photographs, several were chosen which
clearly showed distinct mineral phases. = These were used as
standards for this group of samples. These standard patterns
were compared against the ASTM index and this comparison
illustrates the need to prepare standards for a partlcular

The samples were compared with these standards by com-'7

. puter methods and visually and the results and drscrepancres
'1.'between the methods of comparison noted. :

- LIST OF SAMPLES

.See Table 1

. SAMPLE PREPARATION

A The samples were received mainly as larqe rocks and were
labelled accordlng to their appearance and location in the
mire. '

.With the larger samples aisection was cut from the

':'middle to be a representative sample, for the smaller samples
-as many pieces as possible were crushed to form the represen=

tative sample.

TheSe samples were then roughly broken up and placed in

~a "Tema' disc mill and ground for 5 mins. until all the

. . sample was below approx. 100 mesh. These powders were -
" stored in clean plastic bags. The samples, when required

for X-ray analysis, were further ground (to less than 300

- mesh) in a small-agate ball mill and then sieved through

a 350 mesh screen and stored in plastic bags.

" The grlndlng N1lls and other apparatus used were thorough-

.1y cleaned between samples and during the grinding care was
- taken to obtain a good representative sample. :
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e X-RAY ANALYSIS

N "All the samples were analysed using a Debye-Scherrer

LjereT o T camera mounted on a Raymax RX 3-D X-ray generator. A
i:r -~ . copper X-ray tube was used with nickel filters (0.02 mm

..~ thick)} and the power rating of the tube set at 36 kV and

'{  S - The'apparatus was carefully aligned and checked before
.- - mounting a sample. All the samples had the same exposure
. time of 8 hrs. - CoL o .

r.«-<.
1.

o The samples were loaded into 0.5 mm diameter Lindemann

: _-- . 'glass tubes to be mounted in the Debye-Scherrer cameras.

iﬁ,- " = In the cameras Ilford Industrial ‘'G' X-ray film was used.
SR The film was processed using Kodak DX-80 developer and

Ilford Hypain fixer. The films were developed for 5

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

- =m0 2 minutes. The films were then washed in running water

e LT for 30 minutes and allowed to dry naturally. The X-ray

" £1ilms were then measured. : : '

S oy .
FO S LI L

A e ' ysing an illuminated screen and the line-spacings

- calculated, taking into account film shrinkage, from these

C . 1line spacings the bragg angle and 'd' spacings can be calcu-
lated. : : ‘ '

o e e e = .
. —— ~——
-y — et

'STANDARD PATTERNS

)..,.,

N L
A-.---—. ’ _-' . ¥ - “

.. When all the samples X-ray photographs had been ‘
measured and the 'd' spacings calculated, they were visually
. _ inspected to find the film showing samples with pure mineral-
e - - phases. These patterns were then taken as standards.

]

The samples were then broken up and the different

_ , mineral phases were sorted by hand to attempt to find a
TR . purer standard. These samples were then crushed in a

e .. similar way to the samples crushed beforehand. '~ For X-ray
analysis they were placed in 0.2 mm diameter tubes and given

; : a 12 hr exposure. This method was used to give finer lines
RENES B on the X-ray photograph and the larger exposure was to try and
R detect as many impurities as possible. . : '

The 'd' spacings of the standards were compared with the
A.S.T.M. index and also with themselves, They were compared
. with thamselves to check that all the Talc and Chlorite
o .- standards matched each other and were similar in intensity.

_ Several standards were prepared containing the same
S I mineral. This was because the 'd' spacings of the mineral
v ' varied slightly from sample to sample and especially with

x . A ' chlorite, depending on its composition the major reflections
B . wvaried between 13.5% and 15.0%. This was mainly due to
®

varying iron cortent and this can easily be seen on the
X=ray films as it causes fluorescence with copper radiation
and blackens the X-ray film generally. _ :

. s s s . .
Dot : . - .
[ 5 . - . .

< i N T .
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. RESULTS

86

For the analysis of the results the samples have been

' divided into five sections:

(1)~ standard patterns .
(ii) sample patterns (rock type)
(11i} sample patterns (carbonate typel

. (Lv) sample patterns (talc type) :

(vl  batch sample patterns (includes old powders and
- shipments). - _ AR

‘Pwo methods were used to find the mineral present in

1the sample. - One method uses a computer program to detect

the mineral.

: In this method the bragg angles of samples were compared
with the bragg angles of the standard and the number of lines .
fitted printed out. A print out was also obtained of all

the standards which fitted a particular line to find all the
possible minerals present and to see which lines were common

to several standards.

As this procedure is quite long, the lines in the sample

‘were first sorted into order of decreasing intensity and then

the three most intense lines of the sample compared with the
standards. If all three lines failed to match it was consid-—
ered that that standard was not present and so the program
deleted that standard from the comparison. At the end of
the program the list of the standards was printed with the
percentage of lines fitted to the sample noted. e

The obvious disadvantage of this comparison was that .
the program could take no account of the relative intensities

" of the lines and so a visual method was used to £ind which

was the major mineral phase. The computer program usually
found the mineral phases present in the samples but could

not place them in the correct order.

By -

-
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Patterns used as Standards from the
Italian mine samples and their

[ .. . . .. comparison with a.s.r.u, data and’
.Q. P ’ 3 o .» B against themselves. .
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- SAMPLE SIP 1 : : TALC .

P T U
. ] i

" Comparison acgainst A.S.T.M. index: 1 line unmatched, 1.1145 A

. (Chlorite), 10-183 Peninnlte Chlorlte s 11-78 Dolomite,
" B and T Quartz.. ' E :

: Most'probable mlneralsApresent: Tale Muscovite Calcite

* patterns not included: Chlorite (I42), Chlorite {x4),

couion Shenmtll kisasaiosayl 3 RANE
LT e e SR Pl 1 .

" Patterns not included: 7-76 Ripodolite (Chldrite),

' Visual Comparison
" Talc, Chlorite, Magnesite

R S
liktots” il e S

_patterns not included: 6-263 Muscovite -2M1, 7-25

Muscovite (1M), 7-32 Muscov1te (2M1), 7-76 Ripidolite
(Chlorite), 7-78 ‘Thuringite (Chlorite), 7-166 Bavalite

Comparison against Italian Standards

Muscovite (I35), Magnesite (I6), Tremolite (I19/120), Dolomiteﬁ

..Most_probable mineralsvpfesent:- Talc ’ S .f. o ﬁ
-Visual comparison . Minerals detected

~Palc, Calcite : - / "Talc, Calcite

- SAMPLE STP 2 ° TALC . ‘ L g S ‘ E

Comparison against A.S.T.M. index: 2 lines unmatched 1. 1159A

7-78_Thuringite (Cnlorite), 7-166 Bavalite (ChloritE).

'a Most probable minerals present: Talc, Muscovite, Calcite »

“ Comparison against Italian Standards

+

- Patterns not included: Chlorite (I42), Chlorite (14),

Tremolite (I19/I20).

" Most probable minerals oresent: Talc, Muscovite, Magnesite.

' Minerals Detected

" Talc, ChloriteﬁﬁMaghestiev
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b . . SAMPLE SIP 3 CHLORITE
kg " L . ) . : wwmr . poremppf Ty e s

1fgzli}'% j:comparison against A.S.T.M. index: 2 lines unmatched, 1.17398,

N cn e : S : :
4 . Patterns not included: 6- 263 ‘Muscovite -2M1, 7 25 Muscovite (IM)
: - 7=32 Muscovite (2Al), 7-79 Forsterite (Olivine), 8~479 Magnesite
; -JTMost probkable minerals present- Chlorite, Talc . .
' - Comparison against Italian Standards . :
'+ Patterns not included: Muscovite (135), Tremolite (I19 and I20)
:Most probable minerals present* Chlorite, Talc.'
: " Visual Comparison : 'iﬂ-i:f ) “"Minerals Present .
' . Chlorite, Talc oovywew i chlorite,’ Tale
‘4. - SAMPLE SIP 4  CHLORITE

rs*w"wv"myrm"ﬂr"”v' At et S
Lo
i1
S
l!! [V . MBI A - ) "
’i - Comparison_against A.S.T.M. index: 3 1ines unmatched
b e 1.1741%, 1.1318%, 1.0984%.
e e .

Patterns not included: 6=~ 263 Muscovite —2M1 7-32 Mascovite'
(2M1), 8-479 lMagnesite, 11-78 Dolomite, 13- 437 Boric Acid.

1 . .. Most probable minerals present: Chlorite, Talc

Comparison agalnst Italian Standards

Patterns not included: .Calcite (I34), Magnesite (I37), et —
Muscov1te (135), Tremollte (119/120), Dolomite.

Most probable mineral present: Chlorite, Talc )
’G..’f o visual Comvarison ' -~ " Minerals Present
. A.‘ . . 3 v ) - -
g Chloxite, Talc - Chlorite, Talc
. 3 . L _ ;- o - -
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SAMPLE SIP 5 TALC

o wrM'WW4'WﬁH’- T ""tm

'COmparison against A.8.7.M. index:

Patterns not included: 5-586 Calcite, 7= 25 Muscovite (IM),
7-77 Sheridanite (Chlorite), 7-79 Forsterite (Olivine),

-~ 7=166 Bavalite (Chlorite).

. Most probable minerals present: .Talc, Muscovite, Chlorite

H‘Comparison agalnst Ttalian Standards
" Patterns not included: Chlorite (I42), Chlorite (I4)

. MagneSLte(IG), Tremolite (119/120).

" Most probable mlnerals present: Talc

'Visual'compariéon L _' : 1---kMinerals Present
"Talc, Chlorite ¢ D :._;-ETalc, Chlorite

" SAMPLE SIP 6 MUSCOVITE

: o
Comparison against A S.T.M. index: 3 lines unmatched, 1.7999A,

o o
1.3721A, 1.2741A.

Patterns not included: 3-881 Talc, 7-79 Forsterite (Olivine),
7-166 Bavalite (Chlorite), 7-183 Penninite (CHlorlte),
8-479 Magnesite, 11-78 Dolomlte, 19-770 Talc.

Most probable minerals present: Muscov1te, Chlorite

Eomgarison aaalnst Italian Standards

_~Patterns not included: Magnesite (I37), Tremolite (Il9 and IZO),

Dolomite

Most brobable miderals n;esent-- Muscovite, Talc
Y .

Visual Comvarison R Mineral Present
Muscovite, Calcite : » o Muscovite, Calcite -
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SAMPLE SIP 7 MAGNESITE

o |
4

e — e g T e

Comparison aaainst A. S T M. Index- l line unmatched 1,1092A

Patterns not -included: 5-586 Calcite, 6-263 Muscovite -2M1,
. 9=25 Muscovite (Li], 7-32 Muscovite (2Ml), 7-160 Chlorite
; , ' {(Kotshubeite), 7-76 Ripuvdolite (Chlorite), 7-78 Thuringite
. .. % (chlorite}, 7- -166 Bavalite (Chlormte), 10~ 183 Penninlte
“w. . - .. .7 Chlorite, 13-437 Tremolite.

Most probable minerals present. Magnesite, Dolomite, Talc

] R - Comparison against Italian Stmndards

Patterns not included: Calcite (r34), Chlorite (I4)
Muscovite (IBS), Tremolite (119/120).

- Most probable minerals present: Maanesite, Dolomite, Talc

Ty emow ot w e

_ ) . Visual Comparison e . Minerals Present _ 2
C‘ . i Magnesite, Talc o 5 -+ Talc, Magnesite.

SAMPLE SIP 8 TREMOLITS

TN . : et T T T e e P W T At R

'E“

e st ol Juﬂwdmuwi.

| FARa o i e

Comparison against A.S.T.M. Index: 1 line unmatched l.lllBA

Patterns not included: 6-263 Muscovite -2M1, 7-25 Muscovite
(IM), 7-32 Muscovite (2Ml), 7-42 Muscovite (3T), 7-79 Forster-—
‘ite (Olivine).

Most‘grobable minerals present: Tremolite, Talc, Calcite

-

Comparlson against TItalian Standards

Patterns not included: Magnesite (I37), Chlorite (14),
Muscovite (I35).

: C/. S " Most probable minerals oresent. Tremolite, Talc, Calcite
Visual Comparison' N o Minerals Present
) “ Premolite, Talc ' . _ ' . Tremolite, Talc

-
-

Protected Document--Subject to Protective Order JN
JAZ55_000000180

D-7038 Page 93 of 124

Provided by Johnson & Johnson through www.factsabouttalc.com



’ .
B T L SN NP PO
C - A

R R e R L Y

P

1
1

N

-

SAMPLE SIP 9 - DOLOMITE

-

o : . \ ' o
~Comparison against A.S.T.M. Index: 1 line unmatched 1.1094A

.~ Patterns not included: 3-881 Talc, 6-263 Muscovite -2M1,

7-25 Muscovite (ILi), 7-32 Muscovite (2M1) , 19-814 Muscovite
2Ml (Vanadian), 7-160 Chlorite (Kotschubeite), 7-79 Forster-

" ite (Olivine), 13-437 Tremolite, 19-770 Talc.
Most prokable minerals present: Dolomite, Muscovite

_-”."Comparison-aqainst Ttalian Standards :
", " Patterns not included: Magnesite (I37), Chlorite (I4)

, » Tremolite (I19/120).
" Most probable minerals pfesent: Dolomite, Talc

“Visual Comparison . o . Minerals Present
"Dolomite, Muscovite, Calcite ﬂ Dolomite, Muscovite, Calcite

SAMPLE SIP 10 CALCITE '
R T T L N A3 O D DI R 4 Mﬂ’?’"/f”"‘/'ﬁYM?/%'MI”‘/{%!{#?W}’Mi’WW,;'4,.. «m

i

troeey ‘[ X

A R

e

.Comparison égainst A.S5.T.M. Index: 3 unmatched lines
—= , o o o
: 1.,2095A, 1.1098a, 1.0926A

Patterns not'incfuded:A'7—160 Chlorite (Kotschubeite),
7-79 Forsterite. (Olivine), 13-437 Tremolite.

- Mosfuprobable minerls present: Calcite, Muscovite

 f_,Combarison against Italian Standards o
', Patterns not included: Magnesite (I6), Tremolite (I19-120),

" Most probable minerals present: Calcité, Muscovite

" Visual Comparison , L - Minerals Present
.. Calcite PRI R T - calcite, Muscovite
. N ‘ - N B - T N
" ' ' ' JNJAZ55_000000181

Prc;tected Document--Subject to Protective Order

D-7038 Page 94 of 124

Provided by Johnson & Johnson through www.factsabouttalc.com



.7 SAMPLE SIP 11 MAGNESITE

- T : L n el et s el B Wi e b iy W e il

' cOmparison against A.S.T.M. TIndex: 1 unmatched line 1.1085A

o Patterns not included: 5-586.Calcite, 7-25 Muscovite (M),

s .J=160 Chliorite (Kotschubeite), 7-76 Ripidolite (Chlorite),

: 7-78 Thuringite (Chlorite), 7-166 Bavalite (Chlorite), .
10-183 Penninite Chlorite, B & T Quartz.

Most probable minerals present: Magnesite, Dolomite, Talc

G - .- .comparison against the Italian Standards
b o - patterns not included: Calcite (I34), Chlorite (I4) '
SR o : Muscovite (I35).
' Most probable minerals present; Magnesite, Dolomite, Talc
Visual Comparison Minerals Present
. Magnesite, Dolomite, Talc . Magnesite, Talc, Dolomite
Ny '
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—

I '"'_;': 1'-A * ©  Rock Type Specimens and Their
SRR .o <. _Major Mineral Content from X-Ray
L".- R ;;. . Comparison. '

[——

/"-»-“.‘
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“ SAMPLE Tl ' TALC FROM FOOTVWALL CONTACT

o8

:Comparisbh

'patterns not imcluded: Magnesite (I37), Tremolite (I19/120).

Most proEable minerals present: Chlorite{ Muscovite, Talc,

‘t - - ' . Dolomite. 1
@;¥? S yasual Cbmoérisonzﬁ,Ta16 .Chlo:ite,‘Cachte |
7i!é . Minerals Present: - palc Chlorite, Calcite.
. ' SAMPLE I7 MICA SCHIST
it - compartson ST SR |
'!;. "~ . patterns not included: Magﬁé#iﬁé'(Iéi);vfalc (1465,A
:1 . A , | | .?remolite (I119/120).
.“ . Most probable minerals present: Muscovite, Talc, Quartz -
'yi. -Z'Visual Comparison: Muscovite; Talc,Quartz
'_{2i,f ' 'Minerals Present: | | |
‘ i SAMPLE I12 FoQTvaLL SAMPLE? M@HI}SOLITE

o o e
‘ Comparison: 3 lines unmatched. 6.4653A 1.2819A 1.225A

Patterns notiincluded: Calcite (I34), Magnesite (I37),
- ' Talc (I46), Talc (I5), Tremolite
(I19/120).

‘Mést probable minerals present: Muscovite, Doiomite, Quartz.

JVisual Comparison: Muscovite, Chlorite, Quartz .

" Minerals Present:

s
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e A A

SAMPLE Il3 INCLUSION SHOWING PASSAGE INTO TALC BOTTOM TRANSIT

W"ﬂwwﬂ "H‘lr"'"’\vmw Wlw'—w mwum;pq«w—;-, ’-p el r»--‘
. I

Cancaek

Comparison- 1 unmatched line' 1 154LA

N T i_' 4',V'Patterns'not included:' Magnesite (I37), Muscovite (I35),
S T . - Tremolite (x19/120), Dolomite

- Most probable mineralsgprésent: Chloriﬁe, Talc, Quaftz"

Visual Comparison: Chlofite, MuScbvite, Quartz -

'Minerals Present: Chlorite, Muscovite, quartz

FETS Y

" SAMPLE I15 TALC~FOOTWALL CONTACT

(oiek o b 4 !l i il D10 BN TS e,

v »'_7f ‘ﬁ" Compérison-

Patterns not included- Magnesite (137), Tremolite (IlB/IZO).

Most probable minerals present=' Chlorite, Talc, Muscdvite,'

} - Quartz.

i - . . - - B .

1. visual Comparison: Chlorite, Talc, Quartz ..
t ‘ _ ' o

) Minerals Present: Chlorite, Talc, Quartz’

| "l‘];! 5

e
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SAMPLE Il6 FACE 1 INCLUSiON'BELOW SEAM

Comparison

Patterns not included: Talc (145), Tremolite (119/120)

, Dolomite

Most probable minerals pfesent: Muscovite, Chlorite,
. . ' Calcite, Quartz .

‘ Viéual Cémparison: Chlorite, Muscovite, Calcite, Quartz

-’ Minerals Present: Chlorite, Muscovite, Calcite, Quartz .

SAMPLE I17 FOOTWALL ROCK SAMPLE

-

e P S P
N s T "
[P TGN

Comparison: = 2 unmatched lines 6.6957A, 1.6305A

- patterns not included: Talc (I46), Chlorite (x42),
Muscovite (I35), Magnesite (IG),_Tremolite (119/120), Dolomite.

.- Most probable minerals present: Calcite, Talc, Quartz

Visual Comparison: Calcite, Talc, Quartz -

Minerals Present: Calcité; Talc, buart:.
- : . . . ‘
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.0 . SAMPLE I20 AMPHIBOLE SAMPLE FROM GUIANA LEVEL 1212

LR TN RN SN

Comparison: 1 unmatched~line~ - 1.6309a

R f‘Petferns not included: Chlorite (I42), Chlorite (14)'.2
AL Muscovxte (135), Magnesmte (IG), Dolomite.

'Most probable minerals present. Talc, Tremolite, Calcite,
Magnesite. .

“Visuai Comparison: Talc, Tremolite, Chlorite

‘Minerals Present: ~ Talc, Chlorite, Tremolite

" SAMPLE I23 BLACK GNEISS

. . “ el e .'t-ﬁ"; .,"- L oy, RGN 3,,,_,,5,"15.,,-5,!,,,;‘/& - %a \'w’,.w:uwu.ﬁ'ua-
; - - »? o o ' o
Comparison: 5 unmatched lines 6. 3586A, 1.449A, 1.2278A,
: o)
B o 1 2121A, 1.1520A.
' Patterns not included: Calc1te (134), Tremolite (I19/I20)
_":J.Most prdéable minerals present: Muscovite, Talc, Magnesite,
. R . . Quartz
) o Visual Comoarison-- Muscovite, Magnesite, Quartz g
' ' ~',§ aq, Minerals Present: Muscovite, Magnesite, Quartz
@ LT T
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SAMPLE I25  LIMESTONE FOOTWALL . . -

,i(“ f?~, i .’ Comparison

. .~ Patterns not included: C-alcite'A(I34)', Tremolite (119/120).

_}fﬁxi 31  R LiMOSt prdbéble-minerals présent° Talc, Chlorite, Quartz

iffj v  " 'f;5if Visual cOmoarlson. Talec, Magnesite, Quartz L

‘Minerals Dresent- Talc, Magnesite, Quartzi

" SAMPLE T27 ' LITHOLOGICAL INCLUSION " - &~ & #o.r-

~‘C0mparison'

~-;; ST A'Patterns not included-q Chlorite (I42), Chlorite (I4),
e , ‘ . Tremolite (119/120), Magnesite (x6),
Ve - Dolomite

" Most probable minerals present: Talc, Calcité, Quartz .

" yvisual Comparison: Talc, Calcite, Quartz

:Qii_:“i ‘*'ﬁ' - Minerals Present: Talc, Calcite, Quartzz

" . ' SAMPLE .I29 SAMPLE 6 FOOTWALL
A ' "_‘ . : AU ‘ o °
Comparison: 2 unmatched lines l.1526A, 6.3031Aa
- Patterns not included: Calcite (I34), Magnesite (I37),
. ’ Chlorlte (14), Tale (I5). -
Most probable minerals present:. Muscovite, Quartz, Dolomite,
h Talc
Visual’éomparison: " Muscovite, Quartz
" Minerals Present: ~ Muscovite, Quartz .
- = ) .
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*“:*':-'”Bf.?:.? t75' °}'\% S w100 e S , R

.7 " SAMPLE I31 BIACK INCLUSION
A %‘tkuﬁhdﬁmh&'_'ﬁs&ﬂ-id":fé’&’f odd ik ki
e : ‘ o o ' ,
" ‘Comparison: 1 unmatched line 1.2145A
- patterns not included: Magnesite (137), Talc {IS),Dolbmite'
* Most probable minerals present: ~ Muscovite, Calcite, Talc
 'V£suaI’Comparison: " Muscovite, CalciE&
" - Minerals Present: Muscovite, Calcite T
o -*SAMPLE I34 TUNNEL WALL -~ MARBLE o
: . ‘ : —r— T T R SN
|} -'“'I.I i b i, L i &','l{h',.-'al,;ﬂ;/.,l‘;‘w?l.;l-ﬁ..",'.;'aj':./.-uv}‘, .;;i.,;':;;a".l‘.b...'.t-;ii.,&'a-w.,w -
. Comparison

" s . ‘-i?atterns not ‘included: Tremolite (I19/120)}, Magnesite (16)

Most probable minerals présent; Calcite, Muscovite, Talc:

- visual Comparison, Calcite

- Minerals Present ~ Calcite -

: S :
@ ‘
. L )
H ° N ) . - . R L ) .
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Examples ofrPatterns Obtained

- from the Carbonate Specimens
" and their Major Mineral Compo-

sition Obtained from Comparison

" with Standards;'
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SAMPLE I4 FACE 10 AMPHIBOLE

" Minerals Present: : Maanesite, Talc

Comparison: 3 unmatched lines 1. 2586A, 1.0823a, 1. 074A

* Patterns not inclﬁded:' Chlorite (142), Chlorite (14)

Dolomlte

‘

Most probable minerals present:' Tremolite, Talc, Magnesite

' Visual Comparison: Talc, Tremolite, Magnesite

;Minerals Present: ~ Talc, Tremolite, Magnesite

SAMPLE I6 QUARTZ . -~

Comparison

Patterns not included: Calcite (134), Chlorite4(I4)
. T:emolite (I19/120)

'Moééjprobable minerals present: Macnesite, Dolomite,

Talc

Visual Comparison: MAGNESITE, Talc

¥
=
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R . A e e

. et SAMPLE T11 CARBONATE — TALC INCLUSION

m:.m-mﬂ-ﬂub w'hf-d Bl u.:l Y
.Comparison: 1 unmatched line' . 2143A

R ' iyt FEE ' :
o W\ - S i _u//uu m.m. Mm‘b“ Yl

- - Patterns not included: Chlorite (I42), Chlorite (I4)

*"Most probable minerals present: Magne51te, Dolomite, Talc

Visual Comparison: Talc,_Magnesxte,,Calcite

.Minerals Present: Talc, Magnesite, Calcite

- SAMPLE I14 SEAM 4 INCLUSION IN TALC

. Comparison

(. ' ‘“Patterns not included: Magnésite (137), Chlorite (I14),

A T Muscovite (I35), Tremolite(IlQ/IZO)

'Visual Comparison: Talc, Dolomite

oo " Minerals Present: ~Talc, Dolomite

* SAMPLE T18 FACE 3 MAGNESITE AND TALC

Comparison:

. Patterns not included: Talc ‘IS),,Tremolite_(IiQ/IZO)

- Most probable minerals present: Dolomite, Magnesite,

Chlorite

Visual Comparison: Dolomite, Talc Chlorite

 Minerals Present: Dolomite, Talc, Chlorite.,

-
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!:":‘
/
..:" comparison:
f’a‘t‘t‘é.rns‘ not ‘included: Magnesité (I37$ T ’ . '
ca - . N
' Most probable minerals present: Tremolite, Dolomite,
' - Muscovite, Talc :
" k " Visual Comparisoné Talc, Tremoiite, Magnesite. .
L e '“,___.'_-Minera'ls” Present: Talc, Tremolite, Magnesite
| _.." SAMPLE I21 FACE 2 OCCLUSION (MAGNESITE)
. . " Comparison:s - 7 _
. : * Patterns not included: Calcite (I34), Chlorite (I4), e

Muscovite (I35), Tremlite (IlS/IZQ)

o Most probable mir_zerals present: Dolomite, Magnesite, Talc

O - visual Comnarison:t. Talc, Magnesite, Dolomite
. ' LY '

Minerals Present: A Télc, Magnesite, Dolomite

)

-

o
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.. .  comparison: R R ‘
7. T - patterns not included: Calcite (I34), Talc (I45), Talc (T46)
e : ~ : : ~ Muscovite (135), Tremolite (119/120).
L - Most probable minerals present: Dolomite, Magnesite,!
I ' “"Visual'Comparison: Talec, Dolomite. |
e -+ Minerals Present: Talc, Dolomite - ... . '
e
;.'»A‘ Comparison:
. patterns not inmcluded: Magnesite (I37), Tale (IS), |
o " ' Tremolite (I19,/I20).
- Most probable minerals present: "Dolomite, Chlorite,
: ‘ " Muscovite, Talc. )
‘ . e " ‘yisual Comparison: Talc, Chlorite
@ Minerals Present:  Talc, Chlorite
Protected Document--éubject to Protective Order “
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L3
C

OF WORKING

o . -"-".COmpar:Lson: A . L oo j.. LT e L,
‘_{},?Pattérns not included: Tremolite (I19/120) o
. - : . - -' o v ’ . co 2’
" Most probable minerals present: " Muscovite, Magnesite,
‘ ' ‘ Chlorite L N
-. " Visual Comparison: Magnesite, Talc, Chlorite ' .
) . _FZ , ‘Minerals Present: Magnesite, Talc, Chlorite . _ .
\_Ji -~ SAMPLE 137 CARBONATE AND TALC |

\ - - ‘.Comparison -

patterns not included: Calcite (I34), Chlorite (I4),
, . _ : ~ Muscovite (I35).

'

' Most probable minerals present: Magnesite, Dolomite, Talc

7 visual Comparison: Magnesite, Talc

Q - ' Minessls Present: - Magnesite, Talc

L)

N . <. .
B N - . .
. - R Yo
3 - - “
" .
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Examples of Patterns and

: S - Majér Mineral Content of
f’  ;"-?.’_f4 ; f ?v;:"-»Thoée Specimens Classified
e ~. . . .- . as Talc Types Obtained by
{' ;éA‘ }i..:' ‘;-f,'i;i - Comparison. : :

v
. - - (.
® t
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Gy
-”Comparison L -

_Patterns not included: Tremolite (I19/I20).

Most probable minerals present: ‘Chlérite,,Magnesite, Talc - >~

Visual Comparison: Chlorite, Talc -
ﬁMinefais Present: Chlorite, Talc S 'f{f<;”7J 5;;

+ . . Comparison: S e T

r 4

-

R Patterns not included: Chlorite (I42), Chlorite (14),
. - . -.n ~Muscovite (135), Magnesite (I6), Tremolite (I19/I20), Dolomite.

~*

N

Most probable minerals present: “Tale

Visual Comparison:; . Talc
. _ . =
Talc

%" Minerals present: -
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P 4 o | A o -
St e Comparison: 2 unmatched lines 18.1157A 7.0073A

iﬁ'"d : Paﬁterns not included: Chlorite (I42), Chlorite (Id), _
Lo - Muscovite (I35), Dolomite. ’ NN
‘f"‘Most probable minerals present:.'Talc, Magnesite
.f a1' . . Visual Comparison: Talc
.‘;'.';f“ﬁ .” ‘Minerals present: Talc :
i - >~ :-‘ . . "
SAMPLE I8 MASSIVE TALC o,
VR i ; . ? "1 . R = )
RN s 5 oMbl it Tt st s 1R W it B St aad Bivod & Bty e it sositc b bt A i, o 4 i il
comparison - A .
Patterns not included: Magnesite (I6), Tremolite (I19/I20).

“

“Most probable minerals present: Talc, Chlorite .

. Visual Comparison: . . Talc, Chlorite
. { -

~

(a . . . Minerals Present: , Talc, Chlorite

D e -
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SAMPLE IS5 FACE 1 GREY TALC

Tyt
A

Tl

el . Comparison

71Patterns not 1nc1udéd- Calcite (134), Magnesite'(137); .
Muscovite (1I35), Magnesite (I6), Tremolite (119/120).

" Most probable minerals present:. Talc,.ChloriteA

L Visible Comparison: Talc, Chlorite )
: ..: :, .+ Minerals Present: Talc, Chlorite
) ‘ -‘ : »
i SAMPLE T10 GCRANULAR TALC
i“-\ [ ) :
- Comparison ‘
Patterns not included: Calcite (I34), Magnesite (I37),
o . Chlorite (I42) Chlorite (I4),
PP I : Muscovite (I35), Magnesite (IG)
. © Tremolite (I19/120)
'Most probable minerals presént: Talc, Dolomite
" Visible Comparison: . .Talc, Dolomite L C ,
: ) Minerals Present: . Talc, Dolomite ’
3 S s
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SAMPLE I24 TALC FACE 2

Comparison:

- ;uiiﬂ;fgf“ Patterns not included: Muscovite (I35), Tremolite (IlQ/IZb)‘
L ‘ Magnesite (IG). » .

”,Most probable minerals present-' Tale, Chlorite, Dolomite,
: Magnesite

"Visual Comparison:. "Dolomite, Maghesite; Talc

Minérals‘Present:.> | " Dolomite, Magnesite, Talc

S SAMPLE I26 TALC INCLUSIONS
4
. ComparisonA

. .

“Patterns not included: Calcite (134), Tremolite (119/120)

" Most probable mlnerals present: 'Tach Chlorite, Dolomite

.

Visual Comparison: Talé,'Chlorite

(. _ :Minérals Present: - ‘Talc, Chlorite
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-+ .+ SAMPLE I28 QUARTZ TALC

-
| NS SPRURRRISAY SR .
‘a. = '+ . -comparison - . S A _ .
.'Patterns not included: Muscovite (135), Tremolite (119/120)
: Magne51te (IG), Dolomite
- " Most probable minerals present: Chlorite, Talc, Quartz
i . i t : :
- *yisual Comparison: Chlorite, Talc,Quartzi
'f': - ' * Minerals Present: - Chlorite, Talc, Quartz
. . SAMPLE I32 OCCLUSION FACE 2
C T Bk B e ek bR e i
Comparison
Patterns not includéd: Muscovite (I35), Tremolite (I19/120)
_ - - _ Dolomite : :
) jMostAprobable minerals present: Chlorite,-Talc, Magnesite'
: visual Comparison: Chlorite, Talc -
C‘ . Minerals Present: % ' Chlorite, Talc
. o
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i’ " Comparison: - _ ‘ ' N
' . Patterns not included: Muscovite (x35), Tremolite (Il9/120)
- : “"Most probable mlnerals present°_ Talc, Chlorite, Magnesite
B Dolomxte
”f {Visua1 Compariéon:- 2512, Chlorite, Magnes;ﬁe
.Minérals Present: T bTaic, Chlorite, Magnesite
Tu e, ; | | )
(a~ R gAmivLE I36 GREY TALC | .
w2  »;-?f. ' Comparison: 2 unmatched lines 1.22642; 1.15172
) é Patterns not included: Calcite (134),.Ta1c (I46) |
: . " Tremolite (I19/120).
'Most probable minerals oresent. Chlorite, Muscovite, Talc
" Visual -Comparison: Chlorlte, Talc
.Minerals Present: Chlorite, Talc.
* SAMPLE I38 TALC AND PYRITE
) F‘Comparisoﬁ; 1 unmatched 1line 1. 0412
| Patterns not included: Chlorite (I42), Chlorite (I4),-
' Muscovite (I35), Tremolite (I19/I20)
" Most probaBle minéraié present: ‘Talc, Calcite
(. - "/ Visual Comparison: * Talec, Calcite- .
| " Minerals Present:  Talc, Calcite !
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.~ SAMPLE I39__S-='Q' FROM CRUSHER

Comparison - 'Aj.-'_:"7~?u

‘patterns not included' Muscovite, (I35), Tremolite (119/120) . ;

Magnesite (I6).

" Most probaﬁle minerals present: " Talc - Chlorite 

.tif visual Comparison: Talc, Chlorite, Calcite

..iMinerals'Present; Talc, Chlorite, Calcite

" SAMPLE I40 PLATEY TALC

o Comparison: ' ‘
\.' o faéterns not i‘ncluded‘z' 'Tx;'exﬁoiiﬁe (4119/120')
?fli"ils Most probable minerals'preseﬁt: Talc, Magnesite, Chloritel
:_%'.  f visual Comparison: »Talc, Chlorite,-Magnesite |
By ~ Minera1s PreSent:ﬂ ) _'Talc, Chlbfife,.Magnesiie
,/;” :_.’ e )

'SAMPLE I41 ' GOOD SPECIMEN No.2.

- Comparison:

Patterns not included: Calcite (134)} Muscovite (I35),

o . Tremolite (I19/120), Magnesite (16),
X - Dolomite
. ' Most probable minerals present: ‘Talc, Chlorite

f, fVisua1 Comparison: Talc, Chlorite

"3f1“ >.Minera1s Presents: Talc, Chlorite .
“" . - AL

>
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SAMPLE I42 COLOURED TALC No.l.

-1

" Comparison

Magnesite (137),
(X35), Dolomite,

e Patterns not included:

.* Most probable minérals.present:

' Chlorite, rale.

Talc (146), Muscovite

Visual Comparison: Chlorite,'Télc

._Minerals Present:

Chlorite, Talc

-~ SAMPLE T43 * FIBROUS TALC ___FACE 10

haaddadensd] o dund iefoced Jf Fudaiing TR
R N :

r
£

o

S o b A & Ao b ok Rastdoo Ahasibas Marni: |
R :

o
.8928a,

s TR

1 SR
.‘..Q »
TR
/
. ” ~
‘.Aé. :

AT ED

o
4.4431A

Calcite (I34), Magnesite (I37),

, Tremolite (119/120)

e, Talc

. Comparison: "2 unmatched lines 4
‘Patterns not  included:
) Muscovite (135)
““Most probabie minerals Present: ' Chlorit
* " Visual Comparison:- "Chldrité, Talc
; Minerals Present: Chlorite, Talc
@ o
'y i
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SAMPLE I44 PURE TAIC FACE 1 . - =%i= oo =0

" Comparison: 1 unmatched line  1.0798

e " Patterns not included: Magnesite (I37), Talec (142) ’
’ SRR R - Muscov:.te (I35), Tremlite (119/120)

'“;.Mostgprobable minearals present' Chlorite, Talc, Dolomite

gt rr T T

er LﬁIT;Visual Comparison: Talc, Magne51te, Chlorite

LSTERLT g_inei:‘als Present: 'I'alc ' Magnesite, Chlorite - S

J:ii ' SAMPLE I45 ~ GOOD SPECIMEN FACE 1

e . . g e e B Gt tae d I -v..-u
;- A

. K e

- -

H ]

H

R L ' o ' o
- . Comparison: 2 unmatched lines - 1.0882A, 1.0505A

N , : < '
\(‘ .. ' Patterns not included: Calcite (I34), Chlorite (I42), Chlorite (I4)
o .+ Muscovite (I35), Magnesite (I6), Tremolite (I19/I20), Dolomite.

‘ Most probable minerals bresent: Talc,'Magnesite

! ::f"Visual'Comoarisonﬁ Talc . e

x " -Minerals Present: Talc
A . ‘
—~
" SAMPLE T46 ' COLOURED TALC FACE 3
et ORI
ey
. 1

it dial i ]

" Comparison: -

g "_.v"Patterns not included: Chlorlte (142), Chlorite (14), Muscovite
Q . (I35), Tremolite (I19/I20).

Most probable minerals present: Talc, Magnesite

Visual Comparison: _ Tale, Magnesite

Minerals Present: Talc, Magnesite
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- o - Specimen Patterns and Comparison Data for .
- o Samples of 0Old Powders and Z@g@p@ Shipments
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% SAMPLE BATCH 6 _ POWDER F1 PW.J. 035 o B

T S : : . . : . el

- _ . oot _
* Comparison: 1 unmatched line B 8.1972a

. Patterns not included: Muscovite (135);' Tremoliﬁe (X19/120)

E Most probable minerals7présent: " Talg, Maghesite,’Chlorite‘ ._'

.‘Visual Comparison: Talc, Chlorite, Magnesite

‘MineraIS'PfeSent=4 Talc, Chlorite, Magnesite

‘" SAMPLE BATCH 8 POWDER (S and G) PW.J. 035

,,’/;\
@ -
- Comparison - I L,
" Patterns not included: Magnesite (16), Tremo11te (I19/120)
 ‘Most probable minerals present: - Talé, Magnesite, Boric Acid
,'VisdaI.COmoarison: Talc, Chlorite, Boric Acid
" Minerals Present: Talc, Chlorite, Boric Acid’
* SAMPLE BATCH 9 POWDER T4  P.W.J. 035
) R o ; ) | o ——
N . - Comparison: 1 unmatched line l. 2587A
‘Patterns not included:. Tremolite (I18/120) ‘
B ?Mostgprobable minerals present: Talc, Chlorite,'muscovite,
Q L ' . Magnesite, Boric Acid

Visval Combarison; Talc,-Chlorite, Boric Acia )

-Minerals Present: - Talc, Chlorite, Boric Acid
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%7, | SAMPLE BATCH 10 POWDER SK1BP __ PW.J. 035

A(‘l',fhi'-;; Comparison T SREDSRRNE S ;jfa‘ﬁ'rf

”.!l.? }fi»Jﬁ” - Patterns not included.: Calcite (I34), Muscovite (I35),
BRI . - Tremolite (I19/120), Dolomlte

'”'*Mosﬁiprobable minerals present-t Talc, Chlorite, Magnesite, :
’ ~ Borlc Acid. -

.'VisuaIZComparison:A Talc, Chlorlte, Boric Acid"

.0 Minerals Present: Talc, Chlorite, Boric Acid

" - SAMPLE BATCH 11 POWDER ID18P PW.J. 035

—

N bl ndined: TIIRCCIY GO 1 LRI | lfwki Ld.wu,izmwbwum v, AP b Ko

- " gcomparison: 1 unmatched line  8.1363R%

i * Patterns hot'lncluded:' Magnesite (I6), Tremolite (119/120)
. Dolomite _
' Most probable mlneralsgpresent- Talec, Chlorite, Boric Acid
"* Visual Comparison: Talc, Chlorite, Boric. Acid, Magnesite
" Minerals Present:  Tale, Chlorite, Boric Acid, Magnesite '
‘* SAMPLE BATCH 12 TALC 1960 PW.J. 025
T B o
Comparison: l unmatched llne -8.12 A'
N ‘Patterns not included: Tremolite (Il9/120)
_. ‘Mcst;probable minerals present: Talc, muscovite, chlorite, ’
. . , _ Boric Acid. . .
: ‘' Visual Comparison: - Talc, Chlorite, Boric Acid, Magnesite

. o .
O” " Minerals Present: Talc, Chlorlte, Boric Acid, Magnesite
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ne o077 SAMPLE BATCH 13 TALC 1961 PU.J. 026

* Comparison R ,L,r {;ffv '

-"”'"Patterns not included: Calcite (134), Muscovite (135)
. Tremollte (119/1201 .

’2‘3}"M05t probable minerals present. Talc, Chlorite, Magnesite |
' _ ) ; Boric Acid S . .

.'~{£:Vi§ual CoﬁpariSOné 'Talc, Chlorite,'Magnesite, Boric Acid'

?leinerals'Present: Talé, Cthrite, Magnesite, Boric Acid‘

e

S.S. CATHERINA W. 02/05/72

. * SAMPLE BATCH 19

cn ’ Gt

‘: .:l;.‘ Lo hlwe
- Q_":' * . Comparison

ijatterns not included: Tremolite (119/120)

-],{_ : . ' Most probable mineralsvpfesent: Talc, Chlorite, Magnesite

" Visual Comparison: - Talec, Chlorite, Magnesite
" Minerals Present: Talc, Chlorite, Magnesite

. -
-~
- . B - I .
S .o - . .- - e

;SAMPLE BATCH 2 TALC S.S; EDNA"B' 14/02/72

" Comparison

4ePatterns niot included: . Talc (145), Tremolite (I19/I20)

* Most prebable minerals present: ' Talc, Chlorite

"TVisuél'Comparison:’ " Tale, Chlorite

' C. %" Minerals Present: Talcfc}llorité

. "‘\ - .
. - .
L s - ’ .
e T > L.
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C . QONCLUSIONS . . - o+ i Tiee

i T CRREE The optical examination has shown that there are a
Qw, - ..+ - large number of minerals associated with the rock types
g - - found both in the talc seam and in the associated rocks.
(@ The footwall rocks in contact with the talc are mainly
" N- o o0 . composed of the minerals quartz, muscovite, chlorite,
;w/ ..+f . . garnet, and some carbonate material both calcite and
- w77 magnesite. . Minor minerals in the footwall contact rocks
include epidote, microcline, tremolite and actinolite,
.4 .- .. ..  sphene, rutile, hornblende, rare talc, biotite, pyrite,
v vt pyrrhotite and chalcopyrite. Rock type inclusions into
;1- .. . the talc have similar compositions to the footwall rocks
"~ but with higher muscovite and chlorite contents. The
S e st .0 muscovite was generally an iron rich variety {phengite),
'1ifilg;?f- . " while two forms of chlorite were observed namely sherid-
Ve L anite and penninite. Other talc inclusions consist
S5 = mainly of carbonate minerals, calcite and magnesite in
. varying quantities. It is with these nodules that some
tremolite is found. The rocks further away from the
talc seams, namely the gneiss, become richer in quartz .
and microcline and below these marble occurs.

“*?-'f‘*t.-'; The carbonate specimens examined by optical means
L ‘ showed that the carbonate minerals, calcite and magnes-

P . ite, were accompanied by talc, chlorite, tremolite,

{. .. muscovite, rutile and pyrite, all in minor amounts. In

U : _general the carbonate inclusions were large and very

@ . " discrete in the talc seam itself.

Y o T The specimens examined, which can be classified as
R g . talc samples, were found to be in the main composed of

T . t. - . talc with chlorite as the major contaminant. Some '
b S specimens, however, were predominantly composed of chlor-
: - - . ite with minor talc inclusions. Other minerals found in
-~ 27 "~ association with the talc specimens included garnet,

L ... _° . rutile and magnesite with rare tremolite and a quartz or
’ : L ©  serpentine inclusion. Some differences were observed in
- _ the talc itself, some of the talc appearing to be a
p- o -o: - 1ittle murky in texture. X-ray pictures of the clear

R .and murky material showed no differences however.

The powder X-ray examination confirmed the major
. -minerals occurring in the hand specimens and a classifi-~

L - cation was possible into the three groups already men-

o o . . tioned, i.e. rock types, carbonate samples and talc spec-
[ A _ . imens. The only asbestos type mineral to be detected -
’ = in the hand samples was tremolite, which was found in

. three of the specimens. The tremolite was associated

I R . with carbonate minerals, namely magnesite and calcite,

‘ : L no tremolite was detected in the talc type specimens.
Coe T Chlorite was, however, very common in the talc types,

C., S some of the specimens being veryv nearly pure chlorite in

. - composition. There appeared to be some association of
the chlorite with coloured talc specimens, especially

e e + those with a greyish colour. Other colour variations

b S due to rutile were not detected by X-ray examination.
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'{f‘V]fyfff¢ﬂi'- The examination of consecutive samples at face 1 in the
PRI mine showed that the chlorite content can vary very , .
coers I drastically over a 6ft thick section of the talc seam. o °

... ..-. Patterns obtained from several shipments of ggggg talc
showed that chlorite, together with carbonate material,
- . Were the major contaminant minerals. This was also true
'+ . of powder samples ranging back to 1949 in which the only
observable difference was the Presence of boric acid.

.+~ _The electron microscope examination of the powdered
. samples showed that a difference could be drawn between
.. Particles produced from the various samples. The carbon-
- . ates and rock types on the whole produced compact fibre
- free particles. The talc specimens were, however, plate-
- -like in appearance with varying quantities of lath like
“particles coupled with fibres which were textile in
appearance. Both lath and textile types of particles
- B - Were not composed of minerals associated with the commer-
R VSRR cial asbestos industry. Particles formed from the
SR amphibole mineral found at the mine were hardly fibrous
- In character, the majority of the tremolite breaking to
. give compact particles. Those fibres formed were short :
and had a very large diameter when compared with the
" commercial varieties of asbestos, No amphibkole or
- 2 _ chrysotile mineral was detected in any of the numerous
e powders examined. : g _ ‘ : o

Y e—— .
R R - ’

The Italian tale PP333 contains observable quantities
of chlorite and carbonate minerals and could contain any
- one of the following minerals in very minor amounts:
‘muscovite, quartz, tremolite, garnet and rutile. If .
small pieces of fcotwall rock were to contaminate the ore
... - during production, several of the other listed minerals
» : found in the rock type specimens could appear in the
o : shipped product, It is unlikely that they would be
... . . - present in detectable amounts. A :

<. T .

: v F.D. POOLEY
B e .. . ... Project Supervisor
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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

An environmental study of the Vermont talc mines and mills was undertaken in
support of a concurrent epidemiological study of talc workers. Since geological
studies dating from the early 1900’s have shown that the Vermont talc deposits
contain no asbestos and little quartz this population represents a group of talc
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, dolo-
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 of Talc
Talc: 3Mg0-4Si0,-H,0

Refractive indices: 1.54 - 1.6
Specific gravity: 2.6 - 2.8

Hardness (Mohs Scale): 1

Color: 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 Talc
Chiorite (MgFe)sAl(AISi)0,,(0H),

Magnesite MgCo,

Dolomite CaMg(CO,),

Calcite CaCo,

Serpentine Mgg(Si,0,,)(0H),

Quartz sio,

Tremolite Ca,Mg,Sig0,,(0H),
FIELD STUDY

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 Ipm. Seventy percent of
these samples were analyzed for free silica content by infrared spectrophotometry
or x-ray diffraction (Cares et al., 1973). Fifty-seven parallel filter samples were taken
for fiber determinations on 0.8 um Millipore filters using phase contrast microscopy
at X437 magnification and on 0.4 um Nuclepore 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-ASBESTIFORM TALC 367

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

Source Maijor Minor Trace
(20-100%) (5-20%) (<5%)
Mine (37) Talc Chlorite Dolomite
Magnesite (Dolomiite) Calkcite
Quartz
Biotite
Ankerite
Chromite
Phiogopite
Ofigoclase
Mill (20) Talc Chlorite Calcite
Magnesite (Dolomite) Quartz
Phlogopite
Biotite
Dolomite
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 working one mine, while
Company C had three mines in operation in the summer and two mines during the

TABLE 4. Respirable Mass Concentrations of Vermont Miners

Company Summer 1975 Winter 1976
(N) GM GSD (N) GM GSD
(mg/m?) (mg/mg?)
A Underground Mine (18) 0.6 2.1 (16) 0.5 21
B Underground Mine (15) 15 1.6 (23) 0.9 1.9
C Underground Mine (12) 0.5 1.9 (19) 0.7 1.8
Walk-inh Mine (7 1.2 22
Walk-in Mine ( 6) 1.7 33
Open Pit Mine (2 51 1.4

GM - Geometric mean
GSD - Geometric standard deviation
N - Number of sampies
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368 BOUNDY ET AL.

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
for 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, bamn-like, drafty structures heated by space-heaters. Despite the

TABLE 5. Respirable Mass Concentrations of Vermont Millers

Company Summer 1975 Winter 1976
Shift (N) GM GSD (N) GM  GSD
(mg/m?)
Company A 1st ( 4) 1.7 1.6 (13) 1.7 1.9
2nd ( 6) 05 2.0 (3 1.5 2.2
Company B 1st (22) 18 1.8 (42) 18 16
2nd (12) 29 1.7 (16) 19 1.6'
Company C
Mill #1 ist (12) 0.9 24 (20) 1.1 28
3rd (3) 0.8 2.0 ( 4) 14 1.9
Mill #2 1st (11) 1.0 14 ( 8) 0.5 1.7
2nd (13) 0.8 15 (3 1.1 15
'p<0.5
p<0.2

GM - Geometric mean
GSD - 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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EXPOSURES TO NON-ASBESTIFORM TALC 369

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 asbesios
requires counting the respirable fibers in the worker’s breathing zone, a problem
arises in the methodology of distinguishing asbestos fibers from talc. Charcteris-
tically, talc has a tendency to curl 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 arbitranly defines a fiberas a
particulate with a length to width ratio of 3:1 or greater, and a maximum width and
minimum length of 5 micrometers (Leidel et al., in press). This method is a crude
determination of total fiber exposure because of the resolution limitations of optical
microscopy. Most airbome asbestos fibers are less than 5 um 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 parallel fiber samples on Millipore (0.8 um) and Nuclepore (0.4 um) filters
and quantitating the fibers by phase contrast microscopy and scanning electron
microscopy. The fiber samplers were placed in the immediate vicinity of the worker,
and a breathing zone sample was obtained without having the man wear the pumps.
The Millipore filters were counted using the latest USPHS/NIOSH method at X437
magnification.

The evaluation of the corresponding Nuclepore filter by scanning electron
microscopy at X5000 magnification allows one to morphologically distinguish rolled
talc particles and talc shards from actual fibers. Fibers less than five micrometers in
length may be counted by the higher magnification of this instrument, 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 taic 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 paralle! filters
counted by SEM are greatly 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. If the minimum length restriction is released, then the total fiber
concentration for some of these samples 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 BOUNDY ET AL

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 Figure 1 is morphologically not a fiber.
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372 BOUNDY ET AL.

FIGURE 3. Scanning electron micrograph of one rolled talc particle at X12,000 which has curled on both
sides to form a tube. At a lower magnification this particle would be counted as a fiber.
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EXPOSURES TO NON-ASBESTIFORM TALC 373

FlGUf!E 4. Scanning electron micrograph of an elongated particle standing on edge at X3500
magmﬁcaﬁon which might be considered as a fiber. By rolating the sampie stage 60° (Figure 5), the
laminated features of this talc particie can be seen.
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FIGURE 5. (see Fig. 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 50", this “fiber” has the
appearance as shown in Figure 7. These magnifications are X5000 and X 15,000 respectively.
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FIGURE 7. (see Fig. 6 for legend).
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EXPOSURES TO NON-ASBESTIFORM TALC 377

TABLE 6. Fiber Counts

Phase Contrast SEM SEM
Company Location (fibers/cm® > 5 um length) fibers/cm®
A Mine Bobcat area 3.8 0 0.3
Drilling area 41 0
Mill Crushing area 4.7 0
Bagger 63.5 0
Palletizer 79 0.7
B Mine Driller 0.8 0
Scraper 16.1 0.7 2.0
Mill Crusher 1.6 0
Bagger 6.0 0.8
Palletizer 46 0.3
C Underground Driller 0.6 0.3
mine Mucker 0 0.3 0.6
Walk-in Mine Automatic Miner 75 0
Mill #2 Bagging Area 0.6 0.1
Pallefizing area 1.7 0

CONCLUSIONS

The Vermont 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 suffice in an asbestos environment, but the resolution limita-
tions of optical microscopy and the inability to distinguish rolled talc particles and
talc “shards” from actual asbestos fibers will allow only a crude determination of the
total fiber exposure.
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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

N Dr. F.D. Pooley.

They represent samples of the ore footwall

and hanging wall rocks and the minerals found in these sampleé

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

H 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.

Vi
V2
V3
V4
Vs
Ve
V7
Vg
- Vo
vVio
vil
Vi2
Vi3

Protected Document--Subject to Protective Order

Sample No.

Name and Description

Core of Orebody

Talc close to core of orebody
Centre of Orebody

Footwall boundary

Footwall contact

Hangiﬁg Wall rock

Talc ore with visible chlorite
Chlorite at contact with footwall
Amphibole in talc specimen
Magnesite nodule from orebody
Plate-like talc ore

General ore

Ore close to centre of orsbody

‘Grey ore near fTootwall
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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 Vy, and Vjs.

* The minerals which were present as a major constituent in

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

muscovite, guartz, magnesite, dolomite, tremolite, idocrase,

B and antigorite. Actinolite only occurs as the major phase in
! Sample Vg 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 transmittéd and‘reflected_light, both under plane
polarised light (EPL) and crossed nicois (XN) ,» 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 intexgrowth, 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-
micrographs also display the non-occurrence of optiéally visiblé

asbestiform amphiboles in the tale ore.,
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Specimen V1

3 In thin section V) consists of a coarsely crystalline

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

isotropic 'serpentine' material and accessory scattered grains

P

of ilmenite, pyrrxhotite, 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.

R N R

The magnesite occurs as medium to coarse granular aggregates

in a groundmass mainly composed of orientated coarse lamellar and

PN S

feathery talc which is intimately intergrown with scattered scaly

and platy cxrystals and aggregates of chlorite (Fig.1). The

-

chlorite shows a weak pleochroism from light green to light brown

--——".‘-

and displays anomalous blue and brown interference éolours. It -

is probably close to the composition of the variety pennine.

~

Fig. 1. ?hotomicrograph, X 24 magnification, of thin section vy

under XN. !
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Specimen Vo

" This specimen consists of dominantly talc as coarse

“lamellar aggregates enclosed by areas of finer grained talc

associated with minox chlorite (Figs. 2a, 2b). Some serpentine
material appears to be present. Coarse anhedral grains and
fine granular aggregates of minor magnesite occur scattered

throughout the talc aggregate.

Small scattered anhedral opaque grains in' thin section
were identified-in polished section as dominantly pyxrrhotite

and pentlandite with rare pyrite and very rare chalcopyrite.

Only one small grain of ilmenite was present in the polished

section.

" 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.

= X o —1
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Fig. 2b. Photomicrograph, magnification x 24, of thin section V2
under XN showing areas of coarse lamellar talec inter-
grown with fine grained talc-serpentine aggregates and

enclosing anhedral grains of magnesite.

et g el P 7 S YT

T

SEecimen v3

g

An aggregate of mainly fine grained fibrolammellar crystals

of antigorite and colourless chlorite (giving anomalous grey-blue

——r # S—

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

oy ———

H

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

amorphous. This fine grained matrix. composes most of the section

(Figs. 3a,3b) and encloses medium grained isolated aggregates of

e, P

anhedral magnesite. Some minor talc occurs scattered throughout

T

the section as small platy aggregates. Very small anhedral

Mk iy

magnesite grains also occur scattered randomly. throughout the

s antigorite-chlorite matrix.

o v a =
(IR ACIRPTIoE]

Scattered opague anhedral grains in thin section were identi-

e ot e,

fied in polished section as composite grains of pyrrhotite and

camra v

"
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5

pentlandite with rare chalcopyrite. No ilmenite was found in

P itd

the polished section.

T T T

.« e

PRV N P

Fig. 3a. Photomicrograph, x 24 mag., of thin section V3 under PPL
showing antigorite and other serpentine material

enclosing magnesite.

wr -

Fig. 3b. Photomicrograph, x 24 mag., of thin section V3 under XN. f
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Specimen Vg4

This specimen {Figs. 4a and 4b} is composed of a very

S L L L

coarse to medium grained granular agqregéte of guartz, chlorite,

biotite, and euhedral polygonal grains of greenish yellow :

mineral showing zoning and exhibiting strong pleochroism ' 4

(colourless to greenish-yellow) in tabular sections. It is also ;
: uniaxial negative, This mineral is probably idocrase. The {
f

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

as compact medium grained polygonal grains with major idocrase

vm e ey et o

¢ and minor scattered laths of biotite. In the other part of the
section gquartz occurs as an aggregate of coarse grains exhibiting
a ragged boundary relationship with each other and poikilitically

enclosing polygonal grains of idocrase, small prismatic crystals

of muscovite, and laxger 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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Pig. 4a. Photomicrograph, X 24 mag., of thin scecction V4
. t
under PPL showing a coarse aggregate of guartz
(white), chlorite {1ight brown}, idocrase (brown

polygenal grains), and biotite (dark brown).

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

under XN.
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Specimen Vg

This specimen is dominantly a coarse aggregate of

granular quartz and lathlike biotite with minor pockets of

- chlorite and accessory fine grained euvhedral idocrase, .garnet

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

o

biotite laths and aggregates.

The quantity of chlorite and biotite present increases
across the section (at right anéles to the schistosity) until
chlorite, intimately intermixed with some fine grained talc,
occurs in equal abundance to the biotite as long foliiated

lenses.

et e eprmms g ey R —— vy s

e

The rare small scattered opague grains seen in trans-

mitted light were identified in polished section as pyrite.

. -

Some rutile also occurs.

B e e R T R
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Specimen Vg

B R

This rock specimen is a gquartz-biotite-muscovite-

e

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

layered segregations of foliated muscovite and of granular

vo v mare

quartz (quartz > muscovite).

Occasional rounded 'knots' or augen-like aggregates of

v oy

chlorite associated with platy muscovite occur around which

oy e

: the long lenticular muscovite segrégations and smaller lath-

N like chlorite aggregates are bent. Scme of the augen con-
: tain remnants of garnet and it appears that these chlorite- P

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

¢
PR~

dominantly pyrrhotite exhibiting some inversion to marcasite

along fractures. Some chalcopyrite and rutile was also 5
present. :
t
‘.
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Fig. 6a. Photomicrograph, x 24 mag., of thin section V6 under

PPL; a quartz—biotite-‘m.uscovite-—Chlorite schist.
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rig. 6b. Photomicrograph, x 24 mag.. of thin section Vg under’ :

XN. Note the chlorite lath showing dark grey :

interference colours, top right. !
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Specimen V7

This specimen is a biotite-muscovite rock consisting domi-

i

{

nantly of a very coarse columnar and lathlike aggregate of ;
. . . 3
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.

e e vt o e b——— 185 S 3 e on b

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

P -

e vappes mm—r

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

Thin section Vg is dominantly composed of fine grained

. — T T Y S L TS e - canine

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).

L Al L2

v

Opaque material is fairly abundant in the section (in
3 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 opagque
constituents were identified as pyrrhotite containing small
flame-like exsolution masses of the nickel mineral pentlandite.
Some opaque grains wexe of ilmenite ‘showing réplacement by
'leucoxene'; a mixture of pseudobroockite, brookite, and rutile. }

Traces of chalcopyritc also occurred,

-

Vo g e ey
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Fig. 8a pPhotomicrograph, X 24 mag., of thin section Vg

] rite
pPL showing finely crystalline jaminated chlox

j te.
enclosing a large euhedral grain of magnesite
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scattered opaque constituents are dominantly

pyrrhotite.
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Specimen Vg

A coarse aggrcegate of colourless Actinolite crystals
‘displaying the characteristic amphibole cleavage in rhombic ﬁ
sections. Talec 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. %a and 9b).

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

displaying ccarse actinolite with minor interstitial talc.

cmem

Fig. 9b. Photomicrograprh, x24 mag., of thin section V9 under XN.
Thne non-oshastiform nakure of actinolite is clearly seen.
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Specimen Vi]gp

This specimen is dominantly composed of a medium to coarse
grained compact granular aggregate of 2 carbonate free of any

other phases as inclusions or interstitially (Figs. 10a and 10b}.

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..

P I e Tey

rree

Pomg——e T e 0

Fig. 1l0a. Photomicrograph, x 24 mag., of thin section V3o under

B e T T e et

PPL.

cre

[PYON
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Fig. 1Ob. Photomicrograph, % 24 mag., of thin section V)p

under XN.

o s ——— o gt ——— Y 01

SEecimen Vii

Thin section Vija 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. lla. Photcmicregraph, x 24 mag., of thin section Vjja

undcr U PL.
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Fig. llb. Thotomicrograph, X 24 mag., of thin section Viia

undcr XN.
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Thin section V}jp from another fragment of rock sample

V1] showed the talc to be less deformed than in thin section

Viia- in Figure 11d the chlorite can be clearly seen inter-

laminated with the talc. A sharp transgressive boundary is
T also displayed between talc containing dusty inclusions of a
phase so far unicdentified and clear inclusion-free talc (Pigs.

1lc and 11d). H

v .t e omre————

Fig. llc. Photomicrograph, X 40 mag., of thin section Vijm
under PPL, showing the appearance of 'dusty’

and clear talc.

[PPSR
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Fig. 11d. Photomicrograph, x 40 mag., of thin section Vjjp

under XN showing the interlaminated chlorite (white)

oy aye, menmrer

in talc (displaying range of interference colours),

and the transygressive nature of the boundary between

—————

the 'dusty' and clear talc.

Sgecimen Vi2 No thin section examination

Specimen Vi3

vor muy iy e e s

Thin section V)3 is composed of dominantly talc with minor

chlorite and magnesite and accessory gquartz with some pyrrhotite.

P
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 arhedra 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 ccolumnar crystals and aggregates. This again i
grades into foliated talc enclesing large subhedral porphyro-

blasts of magnesite. i

Some quartz occurs in the talc areas in ‘augen-like’
pockets associated with a randomly orientated rfiner talc. i

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 alsc seen well

B v

in section Vi,;, Fig. 1llc.

Accessory pyrrhotite is present mainly enclosed by the

talc.

.
R L e e R T PR R

. awey WA o up g s
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e v
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Fig. 12. Photomicrograph, x 24 mag., of thin section V;3 under
PPL showing the gradation from dominantly talc into

dominantly magnesite.
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3 a 7
Specimen \14

This specimen is cominently 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,

H associated with iaterstitial columnar talc and lenses of feoliated
i talc (Fig. 1l3a and 13b). Othexr parts consist of randomly i
orientated tabular talc aggregates enclosing small anhedra of

magnesite. The chlorite in the section occurs as small tabular

e

crystals and zcgregates intimately intergrown with the talc.

Scatteres znhedral composite grains of pyrrhotite and
pentlandite it~ rare pyrite were identified in polished

section.

2t e e At s b e ey Mt | W st b

Fig. 13a. Photcmicrograph, x 24 mag., of thin section Vjg .

under PPL,
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Fig. 13b. Photomicrograph, x 24 mag., of thin section V)4

under XN,
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ELECTRON HMICROSCOPE EXAMINATION OF

VERMONT MINE SAMPLES

The purpose of the examination of the powdered Vermont

e

mine samples has been to establish whether or not any particles

corresponding tc 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. The results obtained
were similar to those of the Italian mine samples. Those
specimens representative of the Talc ore produced particles 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

Aamphibole mineral by selected area electxon diffraction.

The Vermocnt 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 alsc more obviously plate-like

in appearance and alsc thinner.

A much closer examination of the powdered specimens obtained
close to the centre of the ore body,which is composed of a
serpertine phase, revealed no chrysotile fibres at all, thus

confirming the material as being mainly Antigorite.
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Figs. 1 and 2 Sample V.l. Some compact particles but mainly

D T R B o Yot

flakey types. No fibres. x 3000
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Figs. 3 and 4 Sample V.2. A mixture of plate-like and compact

particles. No fibres detected. x 300Q
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i
Figs. 5 and 6. Sample V.3, Mainly compact particles,some §
flakes and a few lath-like forms. X 3000 ;
i
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Figs. 7 arnd 8. Sample V.4. Flakey and compact particles.
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No fibres. x 3000
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Fig. 9. Sample V.5. Compact particles only. x 3C00 i
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Figs. 10 and 1ll. Sample V.6. Compact particles only. :
No fibres. X3000
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Figs. 12 and 13. Sample V.7. Plate-like particles only. i
X 3000 :

i

J&J-0070845
Protected Document--Subject to Protective Order JNJH29W_000008602

DX7046.0034
DX7046.0034

Provided by Johnson & Johnson through www.factsabouttalc.com



32 i

vt oy e ———am v ot ———————— .o " — o o +8 —— 0w o ety e

i
!
[
'i
|
?
N
1
Figs. 14 and 15. Sample V.8. Compact particles with a few :
flakes. x 3000 :
J&J-0070846
Protected Document--Subject to Protective Order JNJH29W_000008603
DX7046.0035
DX7046.0035

Provided by Johnson & Johnson through www.factsabouttalc.com



B ERTE B AR

PR L PN

Plate-like particles with lath-
x 3000

Sample V.9.
1ike fibres of amphibole mineral.

Figs. 16 and 17.

J&J-0070847

JNJH29W_000008604

DX7046.0036
DX7046.0036

Provided by Johnson & Johnson through www.factsabouttalc.com



34

Figs. 18 and 19. Sample V.10. All particles plate-like in

form. No fibres present. x 3000
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Figs. 20 and 21, Sample V.ll. All plate-like particles.

No fibres present. x 3000
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Figs. 22 and 23. Sample V.12, All plate-like particles.

No fibres piesent. » 3000
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Fig. 24. Sample V.13. Plate-like particles with a few

compact types. No fibres present. x 3000
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4

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

visible fibres. x 3000
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X-Ray Analysis of the Vermont Mine Samples

This report concerns the analysis of samples taken at
the Vermont Mine. There are 14 samples and they represent

the various mireral phases present-in the mine.

The samples were all prepared by the same method and the
procedure for obtaining the X-ray powder photcgraphs was
i " 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.

. et

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 & 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 & '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 powdgr was sieved
through a 350 mesh sieve (British Standard specification) and

the undersize fraction stored.
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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 Analvsis

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 filtexrs (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. 1In
the cameras Ilford Industrial 'G' X-ray film was used. The
film was prcocessed 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 t¢ 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.
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Using computer technigues 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 particnlar line to find all the possible minerals

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

At the prcsent time there are 75 standards stored in the
¢ computer and it would obviously take a considerable time to
analyse the sample 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 pfocedure is used
when comparing the data manually using the FINK index). It
. was con;idercd 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.

J&J-0070854

Protected Document--Subject to Protective Order JNJH29W_000008611

DX7046.0043
DX7046.0043

Provided by Johnson & Johnson through www.factsabouttalc.com



41
APPENDIX A

Sample V1

. e —— r———. sttt

e n a8 S s v et

o) o) e}

. 6 Unmatched lines 1.80223, l.l937é, 1.14164,
€ 1.1325&, 1.10978, 1.0974 |
3 ]
2 Minerals included:- Talc, Serpentine, Chiorite, Magnesite %
Most Probable iMinerals Present:- Magnesite, Talc, Chlorite. ;
Sample V2 i
i

1)
i
:
k
i
!

No Unmatched Lines
Minerals Included:- Talc, Chlorite, Magnesite, Ilmenite

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

J&J-0070855

Protected Document--Subject to Protective Order JNJH29W_000008612

DX7046.0044
DX7046.0044

Provided by Johnson & Johnson through www.factsabouttalc.com



42

Sample V3

o o) o

8 unmatched lines: 4.19073, 2.8139A, 2.6749A, l.BSOIg,
o o o

1.1828a, 1.1510A, 1.1092A, 1.0630A,

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

Most Probable Minerals Present:- Antigorite, Talc, Garnet,
Magnesite.

Sample V4

1
i
(N
1
i
e
!
H

o 0 o} o] o’
11 unmatched lines:- 6.3638A, 2.3413A, 1.9201A, 1.7828A, 1.4322A,
o
) 1.3571%, 1.3271R, 1.3111R, 1.2754X, 1.1802R,
o]
1.1525A,
Minerals Included:- Biotite, Chlorite, Chalcopyrite, Quartz
Most Probable Minerals Present:— Quartz, Biotite, Chlorite.
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Sample V5

o gy T eV T e

1
.
1
)

ceeya e

A haautee LTI TLY

.

o o . o ] o
14 unmatched lines:— 3.6731A, 2.34012, 1.9175g, 1.8463é, 1.717Aé
o .
1.5938A, 1.4807A, 1.3725A, 1.3560A, 1.34384,
[0 o] o]
1.32858, 1.3117%, 1.276R, 1.1338A.

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

{

:j

Most Probable Minerais Present:— Biotite, Quartz, Chlorite. i

‘ '?
Sample V6 [

o o o [o) °
8 unmatched lines:- 5.566A, 3.268A, 1.8459A, '1.7965A, 1.433A,
o o )
1.433%, 1.1513R, 1.1296a, 1.1138.

Minerals Included:- Mica, Olivine, Chlorite, Antigorite, Garnet,
Ilmenite, Quartez, Biotite. .

Most Probable Minerals Present:— Quartz, Mica, Chlorite, Garnet,
Biotite. .
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Sample V7

o) e o o

lines:- 2.3014A, 1.4387a, 1.3679A, 1.3114A,
o] o o
1.1948A, 1,1785A, 1.1318A.

7 unmatched

Minerals Includeci:- Talc, Biotite, Mica, Chlorite, Antigorite,
Quartz. :

Most Probablo Minerals Present:- Biotite, Mica, Talc, Chlorite.

Samplec V8

(o] o] [o] (e}

€ unmatched lines:-— 2.10554, 1.4322A, 1.3054A, 1.1949a,
[o] .
1.13198, 1.0978A. :

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

o 0 o °
5 unmatched lines:- 1.3675A, 1.3095A, 1.19262, 1.1336A, 1.1169A,

Minerals Included:- Talc, Olivine, Chlorite, Rutile, Ilmenite.
Most Probable iMinerals Present:-— Talc, Chlorite, Rutile,

. Ilmenite.
Sample V12

o] 0 o o o
9 unmatched lines:- 3.2537A, 1.8445A, 1.8018A, 1.4388A, 1.2052A,
o) o o o
1.1406A, 1.1241A, 1.1083A, 1.095A.
Minerals Included:- Talc, Olivine, Chlorite, Magnesite, Antigorite,
Ilmenite. '

Most Probable Minerals Present:— Talc, Chlorite, Magnesite,

J&J-0070860

Protected Document--Subject to Protective Order JNJH29W_000008617

DX7046.0049
DX7046.0049

Provided by Johnson & Johnson through www.factsabouttalc.com



47

Sample V13

o o (o] e} [}
10 unmatched iines:- 3.046A, 1.8471A, 1.8077A, 1.4448A, 1.3084a,

Ao e g

i
!

[¢] [o] o ] [o]
1.2061A, 1.1833A, 1.1448A, 1.1172A, 1.1061A.

Minerals IncluZoz:- Talc, Olivine, Chlorite, Magnesite, Garnet,
Rutile, Ilmenite.

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

Sample V14

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

Most Probable Mincrals Fresent:- Magnesite, Talc, Chlorijte.
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CONCLUSIONS

Optical examination has shown that there are a numbex 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,
guartz, actinolite, tremolite and idocrase. QOther minor
minerals which may be present include garnet, zircon, rutile,
ilmenlté 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 chaeracter. Serpentine mineral was found in
the specimens located at the centre of the orebody but no

fibrous componen:ts were observed.

The electrcn microscope examination of the powdered spec-
imens showed that the cccurrence of lath-like particles was
low with the exception of the specimen Vg which contained
amphibcle mineral! znd in which lath-like amphibole particles
could be readily identified by selected area electron diffrac-
tion pétterns. The talc specimens produced particles which
were thin and plate-like in form. The X-ray results confirmed
the najority of the mineral phases identified by optical means.
No attempt was made te confirm the sulphide minerals which were

readily visible in several of the samples.

Special care was taken in the examination of specimens V3,
V2 and V3 which were associated with serpentine nineral.
Electron microscopy of these specimens showed that the serpen-—
tine polymorph chrysotile was not present in these specimens
and the serpentine phase could therefore be considered to be
antigorite.

F.D. POOLEY
Project Supervisor
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