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REPORT OF TNVESTIGATION OF ITALIAN MINE
SAMPLES AND RELATED POWDERS

Introduction

Talc is hydrated magnesiwr silicate {(Mg3Sis010 (OH)2)
which can occur in a numper of forms. In its compact form
it is 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 iIndia, as well
as several other countries. It occucs in both a flaky and
lath 1like form and the chief deposits oeccur in altered
magnesia-rich calecareous rocks such as dolomite, marble, and
magnesian limestone. The purest talc deposits occur in
assotiation with dolomite and marble. Talc also ocgurs in
altered basic rocks such as serpentines and again as thin beds

An mica schists. Commereial tales contain a number of
related mineral impurities. They may include antigorite
{hydrated magqnesium silicate} magnesite or members of the
magnesite-chalybite series of carbonates, dolomite (ealeium
magnesium carbonate}, tremolite ard actinolite (calcium, iron
magnesium sillicates}), cblorites (magnesium aluminium iron
silicates} and other minor minerals such as the sulphides and
spinels. . .

fhe hand specimens examined in this 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 obvioug non tale 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 coloux of the talc orxe
varied from grey through white to a light green colour.
obvious 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 conteat as these were likely sources
- of are contamination, although the method of mining which
consisted of hand filliug methods precluded any gross contam-~
ination of the ore.

rhe hand specimens have heen, where possible, prepared
. for examination by the optical microscope and both polished
blocks and thin sections of matarial have heen employed.
Representative fractions af all hand specimens have been
reduced to powder form and subjected to powder X-ray diffrac~
tion examination. Thae representative powdered samples also
form the saaples for morphological examinatjon by the electron
micxoscope. ! c -
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The list of samples obtained from the Italian mihe are
given in Tables 1 and 2 and throughout this report the samples
_are referred to by the preceding code number for each specimen.

The objective of the examination has been mainly to es~

_ tablish the major minerals which.occur in association with talc
at.the Ttalian mine.  In particular to logk at the association
of thoge minerals with the talc and especially those minerals
which are of the same family as the commercial asbestos
_minerals, i.e. the amphiboles and serpentines.

Phe objective of the optical examination has been to
establish. textural and mineral relationship and not to guantify
the phases occwrring in each hand spacimen. Xwray work has
been aimed at -establishing the minerals observed by optical -
‘means and to produce reference patterns for future investiga=
tion together with computed data from pattern measurement.

Electron microscope work has been selective in nature and
performed on the finer fraction of the powdered specimens. It
aim has been to deseribe the morphology of the particles
produced by comminution of the hand specimens and te investi-
gate any obvious structural information which might be of use
in identification of individual mineral particles.

Representative data obtained from the various examipations
are included in the following report. .

O
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Code No..
I.1.
1.2,
L.3,
Lok -
.5,
s
I.7.
I.8.
I.9.
I.10.
i I. 11,
I.12.
I.13,

I.14.
1.15,
1.16.
1.17.
I.18.
r.13.
1.20.
r.21.
.22,
.23,
" 1.24.
1.25,
.26,

I..27o

TABLE 1

LIST OF ITALIAN MINE SAMPLES

Tale from footwall contact

Sorting pieces (uwith obvious colour differences)
Coloured tale [{green) )

Face 10 sample with obvious amphibole inclusion.
General ore .

Suspected Quartz sample

Mica achist specimen

Massive talc

Grey talc 1st face

Granular talc éamplé

Carbonate and talc .

Footwall sample? ‘Amphibolite

Inclusicr showing passage into tale bettom
transit.

Inclusion in talc seam face 4, middle of seam.
Tale fooiwall contact

Inclnsiog fzom face 1.

Footwall xock sample

Face 3 carbonate/talc sample
Tremolité/quartz/talc sanple

Amphibole sample from Gianna Jewael 1212
Inclusion from face 2. )
CarBonate/talc sample

Black gneiss 2 ft below talc seam

Ta;.q next to carbonzte face 2.

Footwall limestone

. Tale inclusions

Lithological inclusions Zace 1
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Table 1 Continued

Code No . Description
I.28, ' Quartz/talc sample
. Te28. Sample 6 Footwall e T T
I.30. Quartz/Carbonate/talc sample .
Za 31, © Black inclusion face 1
I.32. Pace 2 incinsion from base of talc
1,33, Talc from lower left end of working
I, 34, Marble/tunnel wall
I.35. Massive carbonate from rear end of working
. L.36. Grey talc specimen
1.37. Carbonate in talc inelusion
I.33. . Pyrite/talc specimen
- I.39. 5" -« 0 pieces from crusher
) I.40. . Platey ta'lc
I.4la ' Pace 2, good specimen
T.42. Face 1, coloured green (talel
I.43. Face 10, fibrous sample
I.44. Face 1, pure talc?
L 45, ' Face 1, good specimezi -
Tod6n . Face 3, coloured specimen )
.
N
$
K
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TABLE 2

" OTHER SPECIMENS EXAMINED

" Code No. " Deseription

Bl : Pure tale Ist face

B2. - - . Greenish talc .ist face —_—
B3. ' . Tale 6 inches above foot'wali :

B4 Talc from above inclx;sion

BS l Inclusion in talg:

B6 Taic 2 £t above inclusion )
BY7 . ' T Section 2 Et above incllfsion

138: . Pure talc lst fa‘ce‘. '

BS Grey talc lst face

Alzo examined

1) Batch shipments of Zgg@s talc
2} 0Cld samples of British powders.
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" OPTICAL EXAMINATION OF SPECIHENS Il -~ 146

" Thin and polished sections were prepared of the specimens

© of wallrock and, where possible, the talc ore.

The minerals which formed a major constituent in at least
one of the sections were guartz, muscovite, talc, chlorite,
{var sheridanite), calcite, garnet, and tremoclite; the latter
oaly occurred as a major constituent in section I19- Phaseg—--~
which were always minor or acclessory were microcline, plagio~-
clase, biotite, pennink, epidote, clinozoisite, hornblende,

——

.actinolite” (secticn 1771, rutile, and opagque constituents pyrite,

pyrrhotite, and chalcopyrite.

The identification of the minerals in the sections of
these specimens was based on the optical characteristics of - -
the minerals in transmitted and reflected light, both under
plane polarised light (PPL) and crossed nicols (XN}, combined
with the results of the X-ray Qiffraction study of the crushed
band specimens, In some cases material was extractad from the
sections and examined in R.I. liquids as in determining that
the most common chlorite mineral in these specimens is a variety

" ealled sheridanite having a R.I. u equivalent of 1.590 * 0.005

and a birefringence of 0.012 - 0.0l4. Similarly much of the
Buscovite was nearly uniaxial with a R.I. of 1.600 correspond~
ing to the variety phengits, an abnormally siliceous muscovite.
In the case of talc its confident determination optically is
difficult since its optical properties are identical toc musco-

. vite. However, it was found that the commen Yfeathery" form

of the talc combined with the invariable cccurrence of minute
transparent inclusions (suspected to be silica) in the tale
producing a ‘dusty' appearance in thin section and a greenish
colour in hand specimen, enabled tale to be distinguished from

* muscovite. Tale also exhibited sligatly higher order inter-—

fexence colours in general. Where talc was only an accessory
mineral to muscovike, as in some of the wallrock samples, then
it could not be distinguished with certaintly.

In the following pages (no. 7 to 48 ) the Ttalian
Specimens are systematically described as regards their mineral

-composition and mode of intergrowth. Numerous photomicrographs

taken under FPL and XN are provided with the description to

mainly illustrate the rock textures which, it is hoped, will

provide information useful in the comminution of particulariy
the talc ore samples, and also displays the non occurrence of
asbestiform amphiboles in the talc ore.
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Speecimen T1

Specimen Il consisted of several pieces of wallrock with
one piece displaying the tale/foofwall contact. One polished
Section was made of the talec/Footwall contzct and one thin
section of the wallrock alone.

The wallrock is a schist which in thin section displayed
a segregation of the main minerals into thin_lenticular bands
composed, as in Figure 1, of lonYy tabular aggregates of
intermixed muscovite (var. phengite) and chlorite (var sheri@as" —~.
nite}, and granular quartz extiibiting a polygonal grain
boundary structure. Accessory rutile oceurs as orientated
inclusions in the chlorite and muscovite, and also opague con=~
stituents which in polished section weré identified as dominantly
pyrite metacrysts with minor pyrrhotite. Some subhedral .
porphyroblasts of plagioclase also occur.

Fig. 1. Photomicrograph, X 40, of tiin scetion of wallrock 11
under c¢rosscd nicols, A schist of quartz (granular
white-black), muscovite (lamellar yellow-blue}, and
¢hYorite (lamellar white—Blueish grey).

Specimen I3: ‘coloured tale?

The minerals composing this specimen are major talc and
chlorite (var sheridanite) with the talc content much greater
than ecnlorite, together.with accessory garnet, rutile, and an
unidentifiable finely dispersed phase occurring as minute
€ransparant inclusions along the cleavage planes and grain
boundaries of the talg and imparting a dusty brown appearance
+to-the talc¢ in thin section and a greenish colour in nand
sSpecimea. The talec ofecurs as medium grained feathery aggre~
gates which are in places "dusty'’ and grade into ‘clean®
transparant aggregates which are free of any inclusions. It
appears that some retrograde metamorpilic process has caused
the inclusions to he repoved or incorporated inte the tale
atruactura Aince sinagle talo crvstals disniav hnin tvoes. The

J&J-0080650
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minor chlorite is dispersed in the talc matrix as smail
lenticular and glopular filircus aggregates, Rare darnet,
possibly a member of the ugrandite. series because of its

- anigotXopy, occurs as subhedral porphyroblasts.

W" Rl e et e e et T e ,—w—?-—.,_a—?!'-?

12N . -
S . . ) - . . : 2

|

pash 2T . 1
&U"»“-\'-'-.‘J-»‘-u-'. T A T S YO R PO

\

Fig. 2. Photomicrograph, X 24, of thin section of ‘colouraed

. talc’ specimen I3 under crasscd nicols. Dominantly
talc (yellow-blue interference colours} showing murky brownish
black patches due to presence of fine unidentifiable inclusions.

Specimen I5: general ore

A coarse aggregate Of curving follaceous and feathery .
crystals of talc displaying evidence of shearing and translation
twinning. As in specimen I3, dusty incliusions of a transpa-~
rant mineral with a general prismatic habit cccurs dispersed
in the talc. As Defore, but to a lesser extent, the kailc 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 talc {as in the con~
version of tremolite to tale by low temperature CO. metasomatism)
or incorporated into the talc structure as a result of retro-
grade deformation metamorphism. Rare small subhedral garnet
porphyroblasts alsc occur.

J&J-0060651
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¥Fig. 3. Photomicrograph, % 24, of thin section of 'genexal oret
specimen 15 under crossed nicols showing the texture
of the talc, and the ‘murky’ inclusion-rich talc
compared to the clear inclusion-free .talc.

Specimen Xg

Specimen I6 consists of a very coarse aggregate of inter~
locking anhedral magnesite grains waich-exhibit strongly
irregular and angular venetrating grain boundaries. The mag~
nesite is characterised in thin section, Fig. 3a, by its marked
change in relief and perfect rhombohedral cleavege in plane )
polarised light, and very high order interference colouwrs, Fig.
3b, under crossed nicols.

Intergranular pockets of fine grained Foliaceous and
radiating prismatic crystals of talc togetner with rare

“chlorite (var. sheridanite) occur. In places the prismatic

clusters of talc appear to have formed at the expense of the
magnesite, perhaps as a xesult of a retrograde thermal netamor—
phism with its formation being ascribed to a reaction between
the magnesite and silica. One subhedral porphyropblast of
plagioclase felspar gccixs in the thin section.

J&J-0060652
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- Pig. 3a. Photomicrograph, x 24, of thin sectlon of specimen
£ig. o2 3
Ig under plane polarised light, consisting dominantly
of magnesite with minor talc and rare chlorite.

Fig.' 3b, Photomicrograph of thin section of specimen Ig,

. mag x 24, under crossed nicols showing the occurr-
ence of small sguigranular and prismatic crystals
of talc penetrating and interstitial to coarse
anhedral magnesite.
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Speclmen T7 M
This specimen of walirock is a guartz-muscovite-garnet
schist (Figs. 4a, ib, and 4c) containing some accessory
*actinolite, brown hornblende, talc and rare biotite.

) The muscovite (var. phengite) forms long lenticular bands
showing a preferred orientation in a matrix of interlocked
equigranular guartz grains displeying strongly irregular grain
boundaries. large euhedral porphyroblasts 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) oceur.
orientated parallel to the schistosity. 'The actinolite also
occurs as rims-to euhedral grains of rhombiec and tabular outline
which may bave.originally been brown hornblende but now are
psewdomoxrphed by what appears to be a mixture of tale, chlorite
and residual hornblende. Some tale is present as small pockets
within the muscovite layers but this identification is based on
the form, the lower refractive index and the cccurrence of dusty
inclusions., The colowr, birefringence etc. of the talc is
otherwize the same as muscovite.

In polished section the main opaque accessory mineral is

" pyrrhotite occurring as subhedral laths.lying parallel to the
scEIstosity. Traces of chalcooyrite also gccur, and some

rutile rods mainly as inclusions in the garnet porphyroblasts.

— v — e £ S e
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Fig. 4da Photomicrogrhph of polished sectien of I7 showing .
pyrrhotite {white}, garnet (light grey), and
muscovite~quarkz {Garker greyl. Very dark to

black areas axre pits in the surface.
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- Fig, 4b, rhotomicrograph, mag. x 40, of thin section of I7

consisting of garnet, muscovite and giartz under
. plane polarised light.

ey

g

1389

————y

Fig. 4c. Photomicrograph, mag. % 40, of txin cecticn of Iy
under crossed nicols showing subazedral garnet
{black), anhedral interlocking cuartz (white-grey-
. black}, and lamellar muscovite (coloured).

J&J-D060655
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Specimen Ig

In hand specimen Ig appears as a coarse aggregate of foli~

- aceous talc varying in colour from white to greenish white., The

general texture in thin section ie of coarse foliated tale
preferentially orientated ang alternating with long lenses of-a
finer talc in which a preferred orientation appears to be absent
as a result of shearing parallel to the schistosity. Hiner
chlorite (var. sheridanite) occurs as -orientated laths intimately
intergrown with the coarse talc.and as fibrous aggregates in the
finer talc lenses. Rare anhedral garnet, possibly Pyrope, occurs.

In thin section the talc which appears greéenish in hand
specimen is geen to be crowded with minute inclusions of a
pinkish minerail occurring as rounded to thin tabular grains and
having a lower refractive index than the tale. A grey-brown
amcrphous material is also present. This material together with
the granular inclusions is Presumably responsible for the greenish
colouration of the talc in hand specimen. As in I3 and Is the

. greenish talc has been cleansed of inclusions alcng planes

parallel to the schistogity by some later metasaomatic process or
retrograde metamorphic process. This ‘absorbtion’ of the inclu-
sions by the talc or removal of the inclusions. oes not effect
the form of aggregation of the talc crystals. Boundaries bekween
the clean transparent and ‘mourky' talce often transgress the
schistosity and there is no change in the coarsen2ss or mode of
aggregation of the talc across such boundaries. X-ray diffrac~
tion of the transparent white talc and the translucent greenish
talc revealed no differences and the composition of these
inclusions is at the moment unxnown. Pigure 5, under crossed
nicols, shows such a transgressive boundary between the clear
and. "murky! or dusty talc.

Fig, 5.

LT A Vv o eempremin - LA R aadod
B . D W .

f‘f . . _,__'i__" BRI

- 3 [ .. PO
L: LUV N R PV S A S R N e

P ] . . .
Photomicrograph, mag x 24, of thin sect:ion_r.B showing
the nature of tie talc intergrowth under cressed nicols,
and the transgrensive bonndacics berwenn. cloar trans-
Parent tale ami the incluglon-rleh furky! tale which
appears grecnlsh white in hand spccimen.
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Specimen Ig: ‘CGrey talc lst face'.
In specimen Ig talc and chlorite (var. sheridanite} are the
main constituents.

They occur intimately intergrown as long
orientated foliaceous aggregates alternating with finer platy

aggregates in which the talc and chlorite fibres are randomly
orientated and which form lenses elongated paraliel to the.

- schistosity of the coarser foliaceous talc {Figs. 6éa and &b).
As in previous sections the talc appears murky in parts due to
the presence of minute unidentifiable inclusions. ’

The talc is also crowded with small irregular and rod-
shaped grains of rutile .

' Rare subhedral porphyroblasts of
_garnet {possibly pyrope) also occur. .

.- 6a -

Photomicrograph, x 40 mag, of thin section Ig undér
plane polarised light showing subhedral garnet

grains in an orientated foliaceous aggregate of talc
and chlorite.

PO
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‘Fig. &b, Photomicrograph, x 40 mag., of thin secticon I
‘undex crossed nicols showing garnet (black)
- in & coarse matrix of foliaceous talc {(bright

interference colours) and chlorite {white to
blue-grey interference. colours).

-
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Specimen L1 _and Iyjna: ‘granular talc{

Beth Ijg and Iy consist of an lntergrowth.of mediym

_grained and randomly orientated major talec with minor chlorite

{var. sheridanite) (Fig. 7). Some smail porphyroblasts of
garnet also occur scattered in the talc/chlorite ground mass.

In this specimen ths talc is not crowded with inclusions as

is the case in most of the other samplés.

Pig. 7., Photomicrograph, x 40 mag., of thin section I,., under
. crossed nicols,. consisting of talc (bluc and yelilow
interference colours), chlorite (white and greys), and
_garanet (black]-

Specimen I7] : ‘carbonate and talc' -

Specimen Ij] consists aomlnantly of a mosaic of coarse to
fine grained anhedral interlocking magnesite grains with
interstitial pockets of coarse to meaium grained foliaceous
aggregates of talc (Figs. B8a and 8b}. The talc is crowded with
near sub-microscopic inclusions of a ttansparant phase together
with a brown amorphous material which causes the talc to appear

.dusty or turbid in thin section. Some fibrous chlorite {vac.,
sheridanite) occurs as small pockets intergrown with tne talc.

Traces of rutile and pyrite occur. »

J&.3-0060659
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Fig. 8a, Photomicrograph, x 24 mag., of tﬁin section I33

\,) Fig. 8b.

.

under plane polarised light showing a subhedral
pyrite metacryst (black] in a matrix of compact

granular magnesite with intergtitial follaceous
talc {top centre}.

By BT
)

-. }mﬂ-.‘ 1 s

Photomlcrograph, » 24 mag., of thin section Ii}
under crossed nicole showing a pyrite matacryrt
(blrck} In a granugtor magneae bBe matrtx, with a

foliaccous interstitial aggregate af tale (top
ce.nt.r&) 3 ’ . ' .

J&J-0060660
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Specimen I3, L

An aggregate of anhedral guartz as the main constituent
with minor interstitial muscovite and green chlorite (var.

pennine) Fig, 9.  The 1ong muScovite laths show.-a-preferied — " -
orientation. Chlorite oceurs in interstitial pockets as

randomly orientated platy grains. Some epidote is present
and a traces of magnesite. : )

The chlorite displays a pleochroism from light green to
brownish~cream, and anomalous blue interference colours in
some cases. dowever, most of the chlorite grains display
lower second order to upper first order interference colours.
Thus a range of chlorite composition is probably representad
in the section. .

al g
:‘.u’é:.{'_-‘.? o

NAT .
. R A
AP R P
."-d"'ﬁu'&iﬁl-" .

Fig. 9., Photomicrograph, x 40 mag., of thin section Ijj
under crossed nicols.

-

Sgec imen I3

This specimen gonsists of an aggregate of mainly medium
grained platy to fipbrous chloriite (var. sheridanite) and
equigranuliar guartz.' These &wo enclose ragged replacement
residuals of calcite and subhedral metacrysts of pyrite with

' rare chalcoovrite.
=ue Lo rive
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Ph_otomi.crog:raph, x 40 mag., of thin section
I73 wnder PPL showing subhedral pyrite meta~
crysts (bDlack) in a matrix of dominantly

" chlorita and quartz with minor calcite.

”’y - »
2 .“'\“.' W
(e ie .-?_3{5 el %
N A ELLA S AR
e

Photonti crograph, x 40 mag., of thin section

. I33 undar XM showing chlorite (Zibrous vhite

and grecnisi-groy) and calecite {coloured)
enclosing subhedral graknyg of pycdie (Liack) .
EBguigranulay grey graing are quartz,

J&J-0060682
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Sgecimen 114

This specimen is dominantly compcsed of véry coarse
2 ralned
magnesite enclosing minor amounts of t&lc and very minor 7 )
chlorite (var. sheridanite). The talc and chlorite form

pockets of radiating lamellar and foliaceoun cryastals .
Figs. 1la, 11b. N f Y 4 ag in

’

rrmrimy

e,
[

.-

T

Ak e

Fly. lla  Photomicrograph, x 24 mag., of thip section Iys
under PPL of coarse magnesite and ‘intergranular
pockets of ‘dusty’ and 'clear® talc.

A LI

PR l.
T S

- Filg. 11b Photomicrograpch, x 24 mag,, of thin section Iyu
under XN of magnesite (greenish) arcd pockets of
radiating lamellar talc (blue, purple, yellow).
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Sgecimen‘ 'IlSA L -

This specimen of wallrock is-2 garnet-muscovite-quartz
achist with minor green chlorite, biotite, and rare talc and
feldspar (Figs. 1l2a and 12bj}. ’

The garnet occurs as large (1-3mm dlam.) porphyroblasts
altered along irregular fractures to a mixture of greenish
- chlorite, biotite, and some feldspar, and enclosed in a matrix
composed of orientated tabular grains of muscovite. forming
elongated lenses, and alternating with ‘mosaic' gxanular quartz
containing randomly dispersed biotite and chlorite flakes.

Fig. 12a Photomicrograph, x 24 mag., of thin section Iisy
UNDER PPL showing a large altered poxphyxchlast
of garnet in a matrix of dominantly muscovite with
minoxr guartz,

J&J-0060684
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Fig. 125. Photomicrograph, x 24 mag., of thin section
" Ijsa under crossed nicols., Garnet (blackl,

Muscovite {dominantly purple interference

colours). Quartz (white.and greys}.

J.

-
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-~ Specimen Iyg . .

This specimen is dominantly composed of chlorite tvar. “
sh.eric_ia.m.te) and quartz as orientated aggregates producing
a schistosity. Very minor amounts of magnesite and ‘tale

occux, The talc occurs as thin laths. intersromn with the
chlorite (Fig, 13b). _ e .

Fig.  13a Photomicrograph, x40 mag., of thin section Iig under
PPL showing the irregular but preferred elongation of

. granelar guartz segregations in a matrix of f£ibrous
chlorite fvar, sheridanite).
»

Fig, 13b Prhotomicrograph, x 40 mag., of thin scction I15 undex
XN, composaed of chlorite (fibrois white, grecenish
groy, black), guartz {(granular white-grey-black), and
talc (blue, red, and yellow interference colours).
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Specimen Ijg: “first face inclusion

This specimen is composed of 'a medium grained agqregate
of dominantly chlorite (var. sheridanite) and quartz, with
minor magnesite, clinozoisite, talc, and muscovite, and
displaying a poor scihistosity. Scattered eunedral to sub-
hedral pyvrite metacrysts ocewr as well as medium grained
‘crystal aggregates of rutile associated with clinezoisite
forming 'stringers® parallel to the general schistosity of
the rock, .

In the photomicrograph of figure 14a the brownish )
speckled areas are dominantly chlorite although in Figqure 14b
talc and muscovite are more apparent because of their inter-—
ference colours.

Figure 14a Photomicrograph, x 40 mag., of thin scction I
) wnder PPL - .

\.
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~fig, 14b - Photomlcrograph, x 40 mag., of thin section IXig
. under crossed nicols. A chlorite -~ quartz rock
with minor talc and muscovite, and accessory
. ] magnesite, clinozoisite, rutile and pyrite. .
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Specimen I;7: ‘footwall!

This specimen of footwall rock 1s 2 muscovite-quartz-
garnet schist consisting of long lemticular anhedral quartz
aggregates. Both are enclosing fractured and altered euvhedral
porphyroblasts of garnet, Arcessory sphene alsc occurs as
well as serpentine—quartz pseudomorpbs after a mineral diu-
playing rhombic and tabular suctlons.. -
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Pig. 15a Photomicrograph, X 24 mag. , of thin section I3j7 under
- PPL showing garr'zet eunhedra in a matrix of segregated
guartz and muscovite. -

; : . 117 under
Fig. 15b Photomiexograpz, x 24 mag., of thin section
8 XN, éarnet (bla:.ck) .- quartz {white to grev), and
muscovite (lamellar and coloured).' C
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-~ 'Speeimen Ijg: ‘Pace 3, carbonatestalct

. B coarse to medium grained aggrejate of subhedral in

5 tex-
locking grains of magnesite with minor talc occurring as
scattered small Interstitial clusters assoolated with rare

" ghlorite (var. sheridanite) and muscovite (Figs, l6a, 16b).

Pig, 16a Photomicrograph, * 24 mag,, of thin section I38

under PPFL of dgranular magnesite with, scattered
tabulax crystals and clustexs of tale.
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Flig. 16b Photomigrograph, x 24 mag., of thin section Iig nnder
N of granular magnasite (high order interierence
colours, ‘and scattered tabular crystals and clusters
of talc (top right, coloured) and rare chlorite
(white.to blue-grey colours}. .
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. This specixpen'c_:onsists of an aggregate of coarse grained
. anhedzal magnesite intergrown with solitary bladed erystals
: and crystal aggregates of tremolite assoeciated with minon
i amounts of fine fibrous talc and rare anhedral grains of
gquartz (Fige. 17a, 17b}.

Fig. 172 Photonicrograph, # 24 mag., of thim section of Ijg-
— under PPL, showing Corse bladed tremoliite inter=
. grown with very coarse grained nagnesite.

L
rig. 17k photomicrograph, * 24 mag., of thin section Ilg
under crossed nicols showing coarse pladed
tremolite and anhedral coarse~grained magnesite
with minor small fibrous aggregates of talc
: . (top left) -.
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Specimen Tp1; ‘Inclusion, face 2°.

specimen I21 is composed of a fiz;xe grained
. 1% 32 . . interlockin
aggregate of anhedral magnesite, as the major constituent, g

. associated with scattered laths and interstitial fine~grained

f;brou’s aggregates of very minor tale {Figs., 1Ba and 18b).
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¥ig. 18a . photomicrograph, * 24 mag. s ‘of thin ‘section Iz}
wndex PPL. Magnesite with rare tale. .

" Fig. 1§_'p_ shotomicrograph, ¥ 24 mag.. of thin section 121

under crossed nicols. Magnesite with rare tale,

»
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Specimen 22

Thige specimen 15 dominantly composed of coarse subhedral
ta euhedral interlocking grains .of magnesite assoclated with
intergranular fibrous clusters of talc which often enclose
smaller evhedral magnesite grains TFig. 19}« T e

£23
S

2 ~—
* Pig. 18 " Photomicrograph, x 24 maqnifica5cicn, of thin
. section Iz wnder plane polarised light. Magnesite
Jand interstitial aggregates of talc. .
. o , .
.
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l - 'specimen I»3: “Black Gneiss 2° below talc veln'

) Specimen I23 consists dominantly of medium grained anhedral
X interlocking guartz as orientated bands enclosing large micro-
- ¢line anhedra and anhedral -aggregates.  Scattered platy .
aggregates of musgovite occur orientated parallel to the general

‘ : . direction of the guartz banding. Minor epidotue and chloritn
b ] alsgo oceur (Figs. 202 and 20bj. : - -

31 o
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. pig. 202 Photomicrograph, x 24 mag., of thin .section Iz3
. uwnder PPL. Quarl':z-muscovit:e-microcline gneiss.,

P ity

Y. 2 A I

3 A
Fig. 20hL pPhotomicrograph, x 24 mag., of thin section 123
under XW. ngréz-mqscovi.te~m.crcclgne gneiss.
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. © gpecimen o4z }f?éca 2, .Talc next to carbonate®

i this specimen of talc ore consists dowminantly of coarse

¥ 3 £ibrous talc with minor chlorite (var. sheridanite! occurring

i ag small lenticular £ibrous aggregates within the main mass of

talc (Figs. 2la and 21b). A few small subhedra of gaxmet axe

) present. AS in previous specimens there are two forms of ralc
: . present: (1) a talc that in thin section appears brown (Fig.2la}
under plane polarised light due to finely dispersed dusty inclu~

) sions of a txansparant mineral anéd a brown amoxphous material,
: {2} a elear tranuparant talc free of incluaions which appoiry to
have: been foruwed at th cxpensu oF the Othur Dy some mutasowstle
icleansing? process. 'fale crystals in optlcal contlnulty can bo
seen to changc sharply from t3usty® brown talc to tho cleax talc

srein

x-’.:.lu .

'..~:',..,.ﬁ-._.....&' N

: Ei:j.Zla_ ghotomierograph; x 24 mag., of thin section Lz4 under
- " ppL. 'Dusty‘ and cleazr talc enclosing small lenticulax
aggregates of chlorite. .

£ig.21b photomicrograph, X24 mag.. of thin sectiqn 124 \_mder i .
Coarse talc with lenticwular aggregates OF chlorite.
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; Thie specimen of footwall rock consists of an interlocking
. aggregate of medium grained anhedral guartz enclocging occasional
T large anhedra of microclina feldspar (Figs. 22a,22by. Mimor

. magnesite occurs as pockets interstitial to the quartz, and also
g scattered laths of muscovite. Green chlorite {punninejand

. epidote occur in trace ampunts- .
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o ol T e i s
- Fig. 22a Photomicrograph, % 24.mag., of thin.section Izg undsex

PPL; dominankly a quartz-microcline rock with minor
- : muscovite and rare pennine and epidote.

Pig. 22b Photomigrograph, X 24 mag-. of thin section Izg undex
AN . . .
J3.J-0060676
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Specimen I26

This specimen contains ‘chiorite, tale, magnesite and rutile
One part of the thin section consisted of a massive coarse
£ibrous and feathery aggregate of talc enclosing pockets of
coarse magnesite. This texture graded into one which was
dominantly f£ine grained chlorite ({var. sheridanite) intimately
intergrown with minor quantities of flbrous and platy talc (Fig.
23) as well as scattered small equigranulax and rod-shaped
rutile crystals. ) ’ .

Pig. ~23. Photomicrograph, x 40 mag., of thin section Ygg under
. crosgsed nicols showing minor tale (colm;red) inti~
mately intergrown with major chlorite. -

J&J-0060677
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Speclimen I27

Specimen I37 is dominantly composed of guartz, chlorite
lvar. sheridanite) and talc (Figs. 24a and 23b).  Thin
lenticular bamis af course feathery btale amd chlorite altornsta
with anhedral yranular interlocking agyrcgates Of quartz.
Scattered inclusiong of ruiile and epldote oceur, nu woll as
occasional larye microgline anhedra. ’
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Pig. 24a Fhotomicrograph, 40 mag., of thin gection 127 under

PPL, showing a fibrous and feathery aggregate of talc
and chlorite enclosing anhedral segregations of guartz
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flg. 24b Photomicrograph, x 40 mag., of thin section 127 under
AN .
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Specimen Izg

Specimen I29 is a"gnelssic rock cansisting of segregated
,bands of medium to fine interlocking aphedral guartz grains
alternating with minor muscovite as’ orientated platy clustera
and enclosing large microcline anhedra. Some rare pennine
and very rare epidote occur intergrown with the muscovite.

-

),ﬂ

-t

g. 25a Photomlcrograph, X 24 mag., of thin sectlon 139 under
.Fi _5 PPL} quartz; muscovite, and microclire (top left)

K. e Ly
A
FPig, 25b Photomlcrograph, x 24 mag., of thin sc_ction' I25 under

-

- XN.
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Specimen I3y . . - ‘

Specimen 133 is a muscovite-guartz schist containing minor
pennine, sphene and tremolite. - '

The rock is dominantly made up of coarse orientated lamella
Begregations of muscovite intergrown with flakos of minor growa-
ish brown chlorite {penninc) und cnclosligt vubedral to wubltwlzal
gratns of sphenc. Minor interlocking Finn ko madium grainwl
quartz segregibions occcur altornating with thoe smscovite bansda,
Hexagonal sections of an awphibole, probably tremolita, ocour
dispersed in the muscovite makrix.

Fig, 26a rhotomd.crograph, x 40 mug,, of thin. gection I3) undar
: _ PPL; muscovite-quartz schist.

e e i, g Mt - s

[ I N

: E‘ig,' 26b Photomicrogra'ph., % 40 mag., of thin section I3}

under XM: muscovite-guartz schist,

J&J-006D680
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. : SEeci.men I32

This specimen consists of coarse feathery lenticular aggre-
gates of dominantly chlerite (vax. sheridanite] intimately
intergrown with minor amounts of talc (Figs. 27a and 27hb).

Small inclusions of rutile occur along the boundaries
" (shear planes) hetween the chlerite aggregates and also along
¢hlozite cleavage planes. Finely dispersed submicroscopic
dusty Inclusions of an unidentified phase similax to that found
in talc occur in the chlorite. '
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Fig, 27a Photo:nicrografsh. *x 24 mag., of thin section I3 under
. XN. Feathery .aggregates of sheared chlorite (white to
greenish grey to black) with minor talc (coloured}.
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" Pilg, 27 Thotomicrograph, x 24 mag., of thin section Ij; under
XN. Finar grained chlorita=talc sixtura.
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S}g_ec.imen' I33

This specimen of talc ore conslsts of a2 medium to fine
grained' randomly orientated intergrowth of dominantly talc
with minor chlorite ([var, sheridanite), The chlorite is
intimately mixed with the tale (Fig. 28}, Some pockets of
coarse interlocking anhedral magnesite grains occur enclesed
by the talc-chlorite matrix.
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Fig. .28 Photomicrogragh, x 24 mag., of thin section I33

under Xu.
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Specimen 135

This specimen consists dominantly of magnesite as a very
coarse to medium grained interlocking aggregate of euvhedral 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 magnesité. Minor chlorite (var. sheridanite) and

. rare ‘talc occur associated with the tremolite segregations.
{vigs, 2%a, 29b}. . .

- ¥ SRR Y ; .
) SHON .2 SR SO . 2
- oS CABL0 1Y Blue el S e st i

Pig. 29a Photomicrograph, x 24 mag., of thin section I35 under
PPL. Magnes it_:e—tz:emol:Lt:e-cblorite—talc xock.
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Figq. 29b Photomicroyraph, x 24 mag., of thin saction I35 under
%M. Pricmatic tremolite in magnesito in the extinction
poslition.
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Sgecimen Ia37 ' . , '

.mhis specimen consists dominantly of magnesite with minor
talc. The magnesite occurs as an aggregate of very large -
magnesite anhedra enclosed by finer grained subhedral magnesite
which is intergrown with feathery intergranular clusters ‘of
talc (Fig. 30]. . '
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Pig. 30 Photemicrograph of thin section 137, ¥ 24 mag.,
under XN showing the finer intergranular magnesite
) associated with small laths of talc (£ibrous and
colouxz‘e’d) .
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Specimen Taq .o . . .

This specimen is dominantly composed of talc forming coarse
feathery aggregates intimately intergrown with minex finexr gralned
chlorite (var. sheridanite) and contalning fine disseminated inc-
lusions of rutlile. Occasional fine grained guartz as well as
larger oval-shaped ausgen of quartz and rare garnat occur
scattered throughout the talc matrix. The talc is for the most

" part crowded with inclusions, as in previous sections, but elongate
aream of '"clean' tale occur as in Flg. 3la.

t?&\.

. PRI PR T ..
RTINS W g F SV

Fig. Jla Photomicrograph, x 24 mag., of thin section I3y under PPL
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.I“Lg. 31b Photomicrograph, x 24 mag., of thin soction 139, under XN
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- Specimen I4) ’ -

’

this si:ecimen of talc ore consfats of a coarse aggregate
of feathery talc intimately intergrown with minor chlorite -
{var. sheridanite}, and enclosing xare large poxrphyroblasts

;- ) of subhedral garnet which occasionally contain long prismatic

Lnimegrrems v e e e

inzlusions of tremolite .(Fig.32al, -

.

F:l’.g:.. .32a Photomlcrograph, x 24 mag,, of thin section I4)
. under Xu. Fea.tt'zery aggregate of tale with garnet.
porphyroblast (bottom right, black). - 2
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Specimen I42: ‘'No.)l Face, green colCured®

Spécimen I42 consists dominantly of an aggregate of fine
grained fibrous chlorite {var. sheridanite) intimately inter--
grown with minor very fine grained talc as in Fig. 33.
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Fig. 33 Fhotomicrograph, -x 24 mag., of thin section I42
under crossed nicaols of chlorite (white, greenish
_grey, black}, and fine grained talc (yellow].
| ¢ .
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" Specimen’ T43: ‘Pace’ 10 fibrous sample!

Specimen I43 consists dominantly of chlor:.te (vaz.-

‘ ".sheridanite}, occurring in the form of a coarse Sheared

£ibxous aggregate intimately intargrown with very minor talc
ag in Figu.re 34. ) . )

" Flgs 34 . prhotomicroyraph, x 40 mag., of thin soction I43 unde
g crossed nicols showing deformed fibrous chlorite
(white—greenish grey-black} intergrown with platy

" end prismatic crystals of talc (coloured).’

Specimen T423p

As for I43 the specimen cons:.sted domi.nantly of chlorite
{var. sheridanite) with very minor talc. The *crosS fibre'
type texture found in I43 and produced by shearing at right
angles tQ the schistosity was absent in specimen Ig3a.

-

’ -
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‘Pig. 35-

" Specimen T44: 'Pirst face pure tale*

A coarse aggregata of lamellar talc showing a preferred
oxfentation and enclosing aungen of what appears to be an .
Intimate intergrowth of quartz and serpentine (Ftg. 35). Both
tale cxowded with fine unidentified inclusions and ‘clear’
talq are present, See also description for I35.
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Photomicrograch, = 24 mag., .of sectior I44 under
crossed nicols showing coarse lamellar - tale ‘
enclosing rare anhedral segragations of probable
sexrpentine~quartz composition. ’

Y
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* §pechmen I4s53  ‘No.l good specimen' .

: mg.'--as . photomicrograph, x 24 mag., of thin specimen I45

This specimen of ‘talc ore’. consistg nearly wholly of

* tale occurring in the form of a randomly orientated 'matted*

aggregate of fibrous talc enclosing minor quartz-serpentine
aungen. As in previous sectidns the tale is rendered murky

or dusty by fine inclusions of a hrown amorphous material

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 (Pig. 36}.

under crossed nicols showing the form.of aggre-
gation of the talc and the difference between the
‘murky*® talc and the linear transgressive zone of
‘clear®itale. : :

4
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Speclmen Tsg: 'No.3 face, coloured®

Thiz specimen congists of very coarse lenticular
aggregates of long fibrous and feathery talc crystals

enclosing rare anhedral porphyroblasts of garnet.,

J&J-0060691
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DIGESTIVE TESTS )
B VE - el e
To confirm the presence of acid soluble carbonate-matérial
and also to help identify the type of carbonate present in the
rock specimens collected,each powder specimen was subjected to
a digestive test,

. ———

Half gram quantities of each of the powders were treated
with normal hydrochloric acid for several hours at approximately
70°C.  The residues were rewelghed and -the filtrates were
analysed for their calcium and magnesium content using the EEL,
240 Atomic Absorption Spectraphotometer., The aim of the
digestion was not to estimate the total acid soluble fraction
only to help establish the carbonate minerals present and to
estimate roughly their quantity to help interpret the X-ray
powder photographs obtained frem the samples.

The results are present under- three headings, namely
‘Rock Types', ‘Carbonate Specimens', and 'Tale Specimens!®,

It can be seen that only small guantities of carhonate
material are present in the talc Specimen group, similarly in
the rack specimens with the exception of the marble specimen
which 1is practically 100% calcite. The carbonate group of
specimens appear to be mixtures of caleium and magnesium
carbonate with 2 nunber of specimens being possible .dolomites.

J&J-0060692
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ROCK TYPES

1

Y

Specimen % Weight ) 3
No. Loss Caleium Magnesium .
Il <Q0,2% © <0,2% <0, 2%
17 3.0% <0, 23 . <0,28%
112 <0.2% <0,2% <0,28%
T 113 4.2% l.0% 0.48
115 6.0% <0.2% 0.43
Ile 4.8% 2.0% 0.48
117 6.0% <0.2% <0.2%
T20 11.2% . €0.28% <0.2%
I23 1.4% - <0.2% <0.2%
128 22.43% <0,2% . <0_2%
127 9.0% . . <0.2% <0.2%
129 3.6% . €0,28’ <0.2%
I3l 9.68 ., <0.2% . <0.2%
134 92,23 >20.0% . <0.23%
CARBONATE SPECIMENS
Specimen % Weight £ 8
No. Loss Caleium Magnesium
I4 ©22.8% 3.0% 1.1%
16 48.0% 6.0% . 1,15%
111 21.56% 3,08 6.4%
I14 44,23 7.0% . 5.08%
118 75.2% 14,0% 24.0%
I19 37.8% 5.0% 4.0%
21 61.8% ‘B.4% 3.0%
I22 51.2% . la.08 15,2%
I30 15,08 l.9% 1.5%
I35 50. 8% 6.6% 13,43
37 51.0% 4.48 24.0%
TALC SDECTMENS
Specimen § Weight 3 ¥
No. Loss Calcium Magnesium .
12 3.6% <0.2% 0.4%
13 1l.6% <0,2% <0.2%
15, 5.43% <0.23% <0.2%
18 6.0% <0,2% <0.2%
19  <0.2% <0.2% <0.2%
Ilo 4.23% <0.2% " <0.2%
I24 8,0% <0.28% <0.2%
126 . 80.2% <0.2% | £0.2%
128 Y 12.6% <0.2% " <0.23%
I3z . L.2% <0.24% 0.4%
I33 _5.6% 0.34% <0.2%
I35 . 4.6% . <0.2% <0,28

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

Specimen % Weight 3 3
Bo. Loss - Calcium Magnesium
¥38 1.0% . <0.2% . <0,2%
139 ' . <0.2% <0,2% ’ <0.2%
I40 7.0% - <0.2% <0,2%
4L - . <0.2% . %0,2%8 <0.2%
a2 0.8% <0.2% <0.2%
I43 6.,2% <0Q,2% <0,2%
144 .. %028 <0.2% .40, 2%
IAS . 8,0% . ¢0.2% . 20,28
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Electron Microscope Fxamination of Italian
Mine Samples and Immorted Batch Shipments of
Italian Powder

The main purpose of the electron microscope examination
of mine samples and also representative fractions of the
Italian powder has been to establish whether or not any
particles corresponding to the commercial forms of asbestos
were present. The electron microscope is an instrument which
is most usefully employed in the examination of particles less
than ten microns in size. It has been used in this investi-~

“gation therefore to examins only the finer particulate portion

of the Italian samples. It may be argued that only a small

‘fraction of each of the powdered samples was examined ‘and that

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-
point. Also as the sizé 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 particlea formed
by the commercial asbestos minerals, Figs. A-D have been
included. They represent samples of Amosite, Crocidolite,
Anthophyllite and Chrysotile asbestos. Also Figs. B~T have
been inserted to demonstrate typical single particle electron
diffraction patterns which can be obtained from the four
asbestos types for comparison with patterns obtained from the
Italian samples,

Sample Precaration’

Swall portions of the powdered rock samples and imported
powder specimens were placed in 15cc centrifuge tubes to which
distilled water was added. The powders were then dispersed
first by hand shaking and then with the aid of a smail ultra—
sonlic bath. The concentration of suspended material in the
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
sediment to the bottom of the tubes.

El&ctron microscope grids coated with carbon £ilms were
prepared and small drops of the particelate material from each
of the specimen tubes were mounted on specimen grids angd
allowed to dry. The specimens were lnserted into an A.E.I,
&.M.6. electron microscope and examined for particles resemb~
ling commercial asbestos Zibres. Where suitable particles were
observed, selected area electron Giffraction patterns were taken
and comrpared 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.

J&J-0060695
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Particle Morpholoqy

The carbonate rich materials were found. to produce
compact particles which were very eleccron dense. On the
whole they were finer particles than those obtained after
crushing talec rich. specimens, No fibrous material whatso-
ever was found when carbonate material only was comminuted.
The morphology of particles produced from the footwall rocks
i.e. limestone, marble, gneiss and the amphibolites were also
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 -
fibrous particles were very scarce. Those lath like parti-
cles detected resembled the amphibole minerals rather than
chrysotile. Selected area diffraction patterns which were
obtained from the lath like particles im no way resembled
the typical amphibole fibre diffraction pattern. They were
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
other mineral associations, presented a very different picture,
as far as particle shape was concerned. In the main parti-
cles were flat and plate-like, some being very thin and
translucent in the electron beam. Particle sizes varied from
very small to quite large plates some with very sharp discrete

“edges, others with rather ragged outlines. Comparing parti-

cles from those samples of talc which varied in bulk morphology
in hand specimens, no observable difference could be drawn
between them. Simllarly, a comparison of particles produced
from talc specimens of varying colour revealed no differences
in the overall particle shape. Similarly those specimens
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 twa
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 regular and also very much larger in projected diameter.
Diffraction patterns from these particles matched those
obtained from the platy particles with which they were assc-
ciated and in no way resembled the typical amphibole diffrac-
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
fibres rather than amphibole minerals. They often had a
somevwhat textile appearance but were, howWever, crystalline.
Diffracticn patterns from these fibres were very distorted
and in no way matched tyopical chrysotile or amphibole patterns.

J& J-0060696
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The only group of specimens in which amphihole fibres
were confirmed were In those Specimens with known amphibole
compasition. However, even the f£ibres fownd in these speci~
mens barely resembled the fibres formed by the commercial
amphibole asbestos minerals. To assess the particles produced
from the pure amphibole mineral (Tremolite],found in three of
ths specimene, small crystals of the mineral were taken from
the hand specimens and crushed separately. an examination of
the- finer particles produced revealed stubby electron dense
fibres associated with irreqgular .lumps of the same mineral..
Diffraction patterns from these fibres were similar to those
obtained from the commercial amphibole minerals, although they
were more difficult to obtain because of the gireater thickness
of these particles. Other specimens in the group, which did
not contain talc but were composed of sheet silicate minerals
mainly muscovite, %“ere also practically free of fibrous parti-
cles., There appeared to be no general tendency for these
other minerals to form fine fikrous particles. A number of
very fine short fibres ware observed on grids prepared from
several of the talc specimens, these were, however, chance
emall pleces torn from the edges of talec plates. They
appeared in those samples which had a -tendency to form copius
pumbers of very fine particles when subjected to comminution.

The specimens examined can be grouped into four categaries
on the basis of particle morphology and thgy are as follows:

{(a) Talec specimens with impurities of carbonate and chlorite.
{b) nRrock type specimens, i.e. footwall limestone etc.

{(c)] Those specimens composed mainly of carbonates.

(d} Amphibole specimens with carbonate and talc.

The talc specimens were characterised by the large number
of plate like particles often translucent in the electron bean,
Rock specimens varied from specimens which were composed mainly
of compact electron denss particles to those with some sheet
silicate content iIn which plate like particles become apparent.
Those specimens composed mainly of carkonate material produced
compact rounded particles, often very small and grouped to-

_gether in aggregates. Finally the specimens containing amphi-

bole were characterised by the compact nature of the particles
with evenly distributed fibres and very few translucent plates,
The groups of particles described are illustrated by the foll~
owing micrographs which illustrate the various forms.

Selected area electron diffraction patterns obtained from
single particles of the amphibole mineral are also presented
showing the similarity of these patterns to those obtained
from commercial asbestos fibres. Also included are single
crystals patterns and polycrystalline patterns, from talc,
chlorite and muscovite rich specimens. It can be seen that
they are very different in character to those obtained from
the amphiholz mineral. However, patterns from the sheet
silicate mingrals mwentioned above are ail very similar and it
is impossible tc identlfy each of these minerals Erom tueir

J&J-0060697
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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 mentiocned earlier, patterns obtained from lath like
particles found in the talc specimens were identical to those
gbserved 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 tale patiern.

J&J-0060698
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Examples of Commercial Amphibole and Chrysotile asbestos
particles together with typical selected area electron
diffraction patterns. . ) .
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Chxysotide asbéstos particles x 3000

. Anthophyllite asbestes particles x 3000
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Croecidolite asbestss particles x 3000
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Amphibole asbestos selected area
electron diffraction pattern.
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‘Chrysotile ashestos selected area
electron diffraction pattern..
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Blectron micrographs of particleé produced from
specimens wihich have been classified as rock

TYPES. .
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Specimen I)3 seam ‘inclusion showlng passage
into talc x 3000. The particles are mainly
gompact and electron dense. A few flakes,
no fibres present.
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Specimen I)5. Tale:'footwall contact. x 3000.
Compact particles with a few small £lakes.

No fibres present.
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Specimen I}6. Lithological inclusion from
Face 1. x 3000. Compact electron dense
pdrticles. No fibres present.
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Spacmen Ii7. Footwall rock sample, x 3000.
Mainly compact particles produced with a few
plate like forms.
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Specimen I23. Black gneiss, 2fk below tale
seam, x 3000. Compact electron dense
‘particles produced.
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Specimen I25, Footwall limestone. x 3000.
Compact electron dense particles.
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Specimen I27.
X 3000.
No f£ibres,

Lithological inclusion faca 1.
Platey electron dense particles,
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Specimen T29. Sample
Compact eleckron dense
plate-like forms.
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Fig.10. Specimen I34. Marble from tumnnel wall. x 3000
Mainly qompact electron dense particles witk a
: fewr plate~like Eorms.,
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.Electrori micrographks of particles produced from those
specimens mainly cComposed of carbonate minerals.
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-Fig. l. Specimen I1]. Carbonate inclusion with some’

§ tale. x 3000. Partlcles consist of a mixture
. . of compact and plate~like forms.

§

Fig, 2. Specimen I34- TInclusion in talec seam Face 4,
i middle of sSeam. x 2000. Granulay particles
with plate~like types and lath-like forms.
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Fig. 4.

Specimen Ijg. Carbonate/talc sample, x 3000,
Particles compact and electron dense, a
few plate-like forms.
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Specimen I2)1. Inclusion from Face 2. .x 3000.
This specimen produced plate-like and compact
particles with some lath=like fozms.
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Fig. 7.

Fig 1] 8'

Specimen I26. Coloured talc inclusions, x 3000.
The particles produced from the various coloured
inclusions in the talc were found to be mainly

plate~like with a few lath forms.
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Specimen I28. Talc/Quartz specimen, X 3000,
Particles from this specimen were mainly plate-
like but accompanied by more compact opague
particles. A few textile type fibres were
obsexrved. .
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Specimen I32. Face 2 irclusion from base of
tale seam, X 3000. The specimen produced a
mixture of irreqular particles varying Efrom
compact to plate~like in form with a few lath
like particles.
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Specimen Ir33. Talc from lower left ‘end of working
¥ 3000, Particles mainly plate~like with soms
lath formg.
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" Pig. 1l. Specimen I3g. Pyrite/'i‘alc specimen, x 3000,
Plate~like particles with some rolled tubes
of talc.
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'E‘fg. 12. Specmex{ I39. 5% - 0 coloured pleces from the
. crusher, x 3000. These various coloured talc
pleces produced only plate-like particles.
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Fig. 13 Sopecimen I41. Face 2, good talc speecirs

Plate—-like particles together with rol:
sheets lath forms and textile type fiby
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Pig. 1l4. Specimen I42. Face 1, green coloured &
This cgloured specimen produced plate-l
¢les which were rather more electron ae:
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Filg. 15. Specimen I43. Face 10. Fibrous looking hand
" specimen, x 3000. This sample was found to
be practically all plate-like in form.

- .. ._.-~.'-"_ " faail - .
L 3 : : : W
S \ " P 1. T ‘
df' b i . - 4 ,4. Kk~ . ‘
"y,.,.‘ e - :
-\‘ FEVEN i
Ek % k' p&a—‘ﬂ.—uh—L '5—.._11».-4-- -

" Fig. le. Specmen I44. Face l. Pure talc sample, X%3000.
Plate-like particles with some lath—like forms.
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*Flg., 17, Specimen I4S5. Face l. Good tale specimen, -
®- 3000. A mixture of plate-like particles and
- £fibrous forms, including rolled tubes and
textile type fibres.

" Filg. 18. Specimen Ijs. Face 3. Coloured specimen
‘% 3000. Plate-like particles with shards and
lath lixe forms, together with a typlcal
textlle foxm, which can be seen to have a
sheet-like form. ’
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Electron Micrographs of particles praduced from

. those specimens conﬁaining amphibole mineral and

also fram the amphibole mineral itself,
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*Fig. 1. Specimen I19. Tremolite/carbonate tale
gample x 3000. Compact particles,a few

lath foxms present,

* Fig._ 2. Specimeh I120. Amphibole sample from Guiana
" ievel 1212, X 3000. Cowpact particles with

nunerous lath forms.
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. Figs. 3 and 4

Particles produced from single ecrystals of
tremolite extracted from specimens Ijg and
I20. x 3000, Very few fibrous particles
were produced when this sp=cimen was crushed,
Those that wexe fibrous in nature were thick
and stubby in character, less than 50% of
the particles wers elongated in shape,
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' ' Selected avea electron diffraction pai:terns
obtdined {rom amphibole particlies found in
: specimens X139 and Iyp. .
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Typlcal selected area diffraction pattern
obtained from talc plates.

Pl A

Selected area diffraction pattern obtained
from a typical textile type fibre showing
features of a rotated or coiled structure.
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X-RAY ANALYSIS OF ITALIAN MINE SAMPLES

Introduction

This report concerns the -X-ray powder analysis of the
Italian mine samples. The samples were classifiled Into
three categories according to their chemical and physical |

.propaxties: .

{i} 'Rock' Type
(i1} ‘Tale' Type
(111} ‘Carbonate' TPype

All the samples were prepared by similar means and
the procedure for obtaining the X-ray powder patterns was
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 particular
locality from specimans at that locality.

The samples were compared with these standards by com—

puter methods and yisually and the results and discrepancies
between the methods af comparison notéd. -

LIST OF SAMPLES

See Table 1

SAMPLE PREPARATION

The sampleé were received mainly as large rocks and were
labelled according to their appearance and location in the
mire. s :

With the larger samples a sectlon was cut f£rom the
middle to b= 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 grinding rrills and other apparatus used were thorough-
1y cleaned between samples and during the grinding care was
taken to obtain a good representative sample. i
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All the samples were analysed using a Debye-Szherrer
camera mounted on a Raymax RX 3-D X-ray generator. A
copper X-ray tube was used with nickel filters (0.02 mm
ggickl and the power rating of the tube set at 36 kV and

Ml -

The apparatus was carefully aligned and checked before

" mounting a sample. All the samples had the same exposure

time of 8 hrs.

The samples were loaded into 0.5 mm diametey Lindemann
glass tubes to be mounted in the Debye—~Scherrer cameras.

"In.the cameras Ilford Industrial ‘G' X-ray £ilm was used.

The film was processed using Kodak D¥-8C developer and
I1ford Hypain 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 minutss and allowed to dry naturally. The X-ray
£ilms were then measured, '

Using an illuminated screen and the line-spacings
calculated, taking into account £iim shrinkage, from these
1ine spacings the bragg angle and *q' spacings can be calcu-
lated.

.

STANDARD PATTERNS

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 Rineral
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 £ind a
purer standard. These samples were then crushed in a
similar way to the samples crushed beforehand. For X~ray
analysis they were placed in 0.2 mm diameter tubes and given
a 12 br exposure, , This method was used to give finer lines
oh the X-ray photograph and the larger exposure was to try and
detect as many impurities as possible. .

The 'd! spacings of the standards were compared with the '
#.5.T.M. index and also with themselves. They were compared
with themselves to check that all the Talc and Chlorite
standards matched each other and were similar in intensity.

Several standards were prepared containing the same
nineral. This was because the 'd' spacings of the mineral
varied slightly from sample to sample and especially with
chlorite, depending on its composition the major reflections
varied betwaen 13.5% and 15.0%. Phis was nainly due to
varying iron dovtent and this can easily be seen on the.
X-ray films as it causes fluorascence witii copper radiation
and blackens the #-ray £ilm generally.

JB.J-0060728
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RESULTS

For the analysis of the results the samples have been

divided into five sections: )

{1} standard patterns

(i1) sample pattermns {rock type)

(i1i) sample patterns {carbonate type}

{(iv} sample patterns ({talc type)

{v} batch sample patterns {includes old powders and
shipments).

‘'m0 methods were used to find the mineral present in
the sample. One method uses a computer program to detect
the mineral.

In this method the hragg angles of samples were compared
with the bragy 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 guite long, the lines in the sample
were first sorted ipto order of decreasing intensity and then
the three most intense lines of the sample compared with the
standards. If all three lines falled 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.

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 find 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.
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Fattexns used as standards from the
Italian mine samples and their
comparison with A.S.7.M, data and
against themsalves, _
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* Comparison against A.§.T.-M. index: 1 line unmatched, 1.1145 .

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

Muscovite (1M}, 7-32 Muscovite (2M1), 7-76 Ripidolite
) {Chlorite}, 7-78-Thuringite (Chlorite), 7=166 Bavalite

. e - {Chlorite), 10-183 Peninnite Chlorite , 1l1-78 Dolomite,
B and T Quartz.

- Most probable minerals present: Tale Muscovite Calcite

[ . N Comparison against Tralian Standards

* Patterns not included: Chlorite (I42), Chlorite {IZ),
Muscovite (I35), Magnesite {(I6), Tremollite (I18/I20), Dolomit

.Most probable niinerals present: Talc

et + 1 man

. _ Visual comparison . Minerals detected
: Palc, Caleite / Télc, Caleite
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TR S

. index: 2 lines unmatched, 1.1159.
1.1353%

; Comparison agalnst A.S.T.H

1. Patterns not inciuded: 7-76 Ripodolite (Chlorite},
' 7-78, Thuringite (Chlorite}, 7-166 Bavalite (Chlorite}.

Most probable minerals present: Tale, Muscovite, Caleite

* Comparison against Italian Standards

e

!

}

‘ ' ‘- Patterns not included: Chleorite (I42), Chloxite (14},
: Tremolite (I19/120}.

Most probable minerals nresent: Talc, Muscovite, Magnesite,

_ Vigual Comparison ; * Minerals Detected
i " Talc, Chlorite, Magnesite Tale, Chlorite; ™Magnestie

J&J3-0060731

FITZGERALD(00115
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Most probable minerals present: Chlorite, Talc .

SAMPLE SIP 3 CHLORITE
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Comparison against A.S.7T.M. index: 2 lines unmatched, 1.17398,
[o]
1,258

- patterns not included: 6~263 Muscovite ~2Ml, 7-25 Muscovite {I¥]
7=32 Muscovice {(2nl), 7-79 Porsterite (0Olivine}, 87479 Magnesite

" Most prokable minerals present: Chlorite, Talc

Comparison against Italian Standards .
Patterns not included: Muscovite (I35}, Tremolite (I19 and 126)

" Most probahle minerals present: Chloriteg, Talc.

" Visual Comparison : " " Minerals Present .
Chlorite, Talc .Chlorite, Talc

© SAMPLE SIP 4 CIHLORITE

; o ) BRI
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H - t ¢~
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e

- . AP VT T Y e
Comparison against A.S5.T.M, Index: 3 lines unmatched
[3)
) ] 1.1741%, 1.13188, 1.0984%.
1 .
‘patterns not included: 6~263 Muscovite -2Ml, 7~32 Muscovite
(2M1), 8-479 Hagnesite, 11-78 Dolomite, 13-437 Boric Acid.

v

COmDarisén against Italian Standards

Patterns not included: Calcite {I34), Magnesite (137}, -
Muscovite (I35), Tremolite (I18/T20), Dolcmite.

Most probable mineral present: Chlorite, Talc

visual Comoarison ' ) Minerals Present
Chlorite, Talc b Chlorite, Talc

J&J-0060732

FITZGERALD00116
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SAMPLE SIP 5 TAIC

e - Y TR BT e tare gy TTey Ty G \W‘wﬁq.wm-rrj
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Comparison against 4'.8.T.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 probakble minerals present: . Talc, Muscovite, Chlorite

' Comparison against Itallan Standards
" Patterns ngt included: Chlorite (142), Chlorite (14),

Magnesite(I16), Tremolite (X1%/120),

" Most probakle minerals present: Talc

" Visual camparison . Minerals Present
" Tale, Chlorite ' .Tale, Chlorite

SAMPLE SIP ¢ MUSCOVITE

-y - 7:7..:.?? ERFEN _w-.-w_..—._—---—----..~ - ""*-qq“\l—v\r.v y ceor ¥ S
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Comparison against A.S.T. M. index: 3 lines unmatched 1. 7999A
: 1. 3721A 1. 2741A.
Patterns not included: 3-881 Talc, 7-79 Forsterite (Olivine),

7-166 Bavalite (Chlorite), 7-183 Pemninite (CHlorite),
8-479 MHagnesite, 11-78 Dolomite, 19-770 Talc.

Most probable minerals oresent: MNuscovite, Chlprite

domparison against Italian Standards

Patterns not included: Magnesite (I37), Tremolite (Il9 and Izo}
Dolomite

Most vrobable mirerals present: Muscovite, Talc

visual Comgarison Mineral Present
Muscovite, Calcite

Muscovite, Calcite

J&J-0060733

FITZGERALDO00117




SAMPLE SIP 7 MAGNESITE
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i
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- Comparison against A.S.T.M. Index: 1 line unmatched 1.10921?
Patterns not included: 5-586 Calclte, 6-263 Muscovite -2M1,
7-25 Muscovite (Li}, 7-32 Muscovite (2M1}, 7-160 Chlorite
(Kotshubeite}, 7-76 Ripodolite (Chloxite), 7-78 Thuringite
{Chlorite}, 7-166 Bavalite (Chlorite), 10-183 Penninite
Chlorite, 13-437 Premolite.

Most probable minerals pfesent: Magnesite, Dolomite, Talc

" Comparison against Italian Standards

Patterns not included: Caleite (I34), Chlorite {14}
Muscovite (I35), Tremolite (I1%9/I20}.

Most probable minerals present: Masnesite, Dolomite, Talc

Visual Comparison + Minerals Present
Magnesite, Tale Pale, Magnesite,

SAMPLE SIP 8 TREMOLITS

e TIPS ST e et ey TL XN B HTYILUEN P e F P Ty
e | . ‘\3‘. v, . !‘ .
J "{...
':: it 1, 4
syl CH i
":'—_"J}- ¢
i
e mad J:Aj -J 2

. )
Comparison against’A.S.T.M. Index: 1 line unmatched 1,1118A

Patterns not included: 6-263 Muscovite -2Mi, 7~25 Muscovite
(IM}, 7-32 Muscovite (2M1l}, 7-42 Muscovite (3T), 7~75 Forcter-
ite (Olivine). :

Most probable minerals present: Tremolite, ‘I‘a_lc, Calcite

-
)

'Coﬁlparison' agalnst Italian Standards

Patterns not inecluded: Magnesite (I27}, Chlorite (X4),
.Muscovite (I35). :

Most probable minerals present: fTremolite, Tale, Calcite

Visual Comparison Minerals Present.
Tremolite, Talc : © Tremolite, Talc

J&J-0080734

FITZGERALD00118
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ooung Bt DLE 9 DOLOMITE

Qomparison acgainst A.S.8.M, Index: 1 line wvnmatched 1.10942

Patterns not ineluwded: 3-881 Tale, 6=-263 Muscovite -2M1,
7-25 tuscovite (Tt), 7-32 Muscovite (2M1), 19-814 Muscovite
M1 (Vapadian], 7-160 Chlorite {Kotschubeite), 7-79 Forster-
fte (Clivine), 13-437 Trepolite, 19-770 Talc.

Most probable minerals present: Dolomite, Muscovite

" Comparison againgt Italian Standards

" Patterns not intluded: Magnesite (I37}, Chlorxite (I4)
Tremolite (L19/I20).

Most probable minerals present': Dolomite, Tale

* V¥igual Comparison . ’ . Minerals Present
‘ Dolomite, Muscovite, Caleite Dolomite, Muscovita, Calcit

SAMPLE SIP 10 CALCITE

R an mat R R S T e il Daaisarolies casns i atanid San SRl oo bl i i Uit ahbiiimatll
L .

PO | 2 A A —

Comparison against A.S.T.M. Index: 3 munagched lings o
1.20954, 1.109BA, 1.0526A

Patterns not ‘included: 7~160 Chlorite {Kotschubeite),
779 Forsterite. (Olivine), 13-437 Yremolite.

yosff probable minerls present: Caleite, Muscovite

Comparison against Itallian Standards
.Patterns not included: Magnesite {I6), Tremolite (I13-I20),

- Most probable minerals present: Calcite, Muscovite

* ¥isual Comparison . ‘ Minerals .Present
Calcite [ . . - " Qalcite, Muscovits

J&J.0060735

FITZGERALD00119
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SAMPIE SIP 11 MAGNESITE

=
q

.

[y

Comparison against A.S.T.M. index: 1 unmatched line 1.1085§

Pakkerns not included: 5-586 calcite, 7-25 Muscovite (XM},
7160 Chilorite (Kotschubeite), 7-7¢ Ripidolite (Chlerite),
7-78 Thoringite (Chlerite), 7-166 Bavalite (Chlorite),
16~183 Penninite Chlorite, B & T .Quartz.

Most probable minerals presemt: Magnesite, Dolomite, Talec

,Comparison against the Italian Standards

patterns not included: Calcite (T34), Chlorite (T4},
Muscovite (I35}.

Most probable minerals present; Magnesite, Dolomlite, Talc

Visual Comparison Mineérals Present
. Magnesite, Dolomite, Talc Magnesite, Talc, Dolomite
e -

J&J-D0B0O736

FITZGERALD00120
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BExamples of Pabterns Obtained from '

Rock Type Specimens and Their
Major Mineral Content from X-Ray
Comparison. )

J&J-0060737

FITZGERALD0D121
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SAMPLE T1 ' TAIC FROM FCOOTYALY CONTACT

) Comgarison
.Patterns not 1ﬁcluded: Magnesite (I37), Tremolite (I13/I20}.

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

'Visual Comparlson: Talc Chlorite, Calcite

Minerals Present: -~ Talc Chlorite, Calclte.

SAMPLE X7 MICA SCHIST

* Comparison
* patterns not included: Magmesite (137), Talc (I46},

Tremolite (119/I20}).

Most probable minerals nresent- Muscovite, Tale, Quartz

" Yisual Comparison: Muscovite, Tale,Quarkz

Minerals Present:

SAMPLE 112 FOQOTWALL SAMPLE? AMPHIBOLITE

[+ [}
- Comparison: 3 lines unmatched. 6.4653A 1.2818A 1.225A

Patterns not included: Calclte (I34), Magnesite (137},
) fralc (X46), Talc (I5), Tremolite
(T1%/120}.

' - Most probable minerals present: Muscovite, Dolomite, Quartz.

- visual Comparison: Muscovite, Chlorite, Quartz

" Minerals Present:

J&J-0060738

FITZGERALD00122
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SAMPLE 713 INCLUSION SHOWIMG DASSAGE INTO TALC BOTTOM TRANSYT

o S N G S e Yo oy ot e oy
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Compariscn: 1 unmatched line 1.1541A

Patterns not included: Magnesite (I37), Muscovite (X35), .
Tremollte {I19/Y20}, Dolomite

Most probable minerals present: Chlorite, Talc, Quartz

Visual Comparison: Chlorite, Muscovite, Quartz

Minerals Present: chlorite, Mﬁscovite, quartz

SAMPLE I15 TALC~FOOTWALL CONTACT

" A P ™ nr N 2y el n-\\\:rﬁ\ - 'l_l_’(
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. ' savie TRt - . Voo - <
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T A s S
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Comparison: .
Patterns not included: Magnesite (137}, Tremolite (I19/I20).

Most_probable minerals present: Chlorite, Talc, Muscdvite,
. . - Quartz. )

Visual Comparison: Chlorite, Talc, Quartz

Minerals Present: Chlorite, Tale, Quartz

J&J-0060739

FITZGERALD0DD123
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SAMPLE I16 FACE 1 INCLUSION BELOW SEAM

Comparison

patterns not included: Talc (I45), Tremolite {r1s/1201
' polomite

Most probable minerals present: Muscovite, Chlarite,
. ) Calcite, Quartz .

Visual Cémparison: Chlorite, Muscovite, Calcite, Quart2

- Minerals Presentt Chlorite, Muscovita, Calcoite, Quartz .

IS

SAMPLE 117 TFOOTWALL ROCK SAMPLE

e

; IR .
. . e . . N .,
a i ke e $iF e te b T O Yertnnd 12 DA JUR WSS P AR It

Ussarreal

o] [}
Comparison: 2 unmatched lines 6.68574, 1.6305A

- patterns not included: Talc (I46}, Chlorite {X42),
Muscovite (135}, Magnesite (L6}, Tremolite (T19/120), Dolomite_.

Most probable Minexals present: Calcite, Tale, Quartz

visual Comparigon: Calcite, Talc, Quartz

Minerals Presemt: Calcite, Tale, Quartz .
o - ) . .

J&J-0060740

FITZGERALD00124
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SAMPLE I20 AMPHIBOLE SAMPLE FROM GUIANA LEVEL 1212
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- L. T ) i
v i . . B ; . .
.. - gl e ¥e th
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Comparisonz 1 unmatched line L.GBOBg

" - patterns not included: Chlorite (142), Chlorite (I4],

Muscovite (1I35), Magnesite (I6), Dolomite.

" Most probable minerals present: Tai&, Tremolite, Calcite,
. Magnesite. L

' yisual Comparison: Talc, Tremolite, Chlorite

Minerals Present: ralec, Chlorite, Tremolite

SAMPLE I23 BLACK GNEISS

- T
_'_'.'/-.-'.":
LT

';,/;'"t £ !

i ¢
O A W TR DR 1

P Y R .
FRT O LT .0 B TR PV E: SEENTE T e

Do Q o
comparison: 5 unmatched lines 6.3586A, 1.449A, 1.2278A,
1,2121%, 1.15208.

Patterns not included: Calcite (f34), Tremolite (119/120)

- Most probable minerals present: Muscovite, Tale, Magnesite,
guartz

-

Visual Comparison: Muscovite, Magnesite, Quartz

Minerals Present: Muscovite, Magnesite, Quartz

J&J-0060741

. FITZGERALD00125
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SAMPLE 125 LIMESTONE FOOTWALL

-~

Comparison
Patterns rot included: Calcita (134), Tremolite (¥19/120),

Most probable minerals present: Tale, Chlorite, Quartz

Visual Comparison: Talc, Magnesite, Quartz -

" Minerals Present: Talc, Magnesite, Quartz .

' SAMPLE ¥27 LITHOLOGICAL INCLUSION

" Comparison

Patterns not included: Chlorite (T42), Chlorite (14},
Tremolite (I19/120), Magnesite (I},
Dolomite

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

Visual Comparison: fTaleg, Calcite, Quartz

Minerals Present: Talc, Calcite,‘Qu;rtz'

SAMPLE 129 SAMPLE 6 FOOTWALL

(] o
Comparison: 2 unmatched lines 1.1526a, 6.3031A

Patterns not included: Calcite (I34), Magnesite (I37},
Chlorite (I4), Tale (I5).

Mogt probable minerals vpresent: Muscovite, Quartz, Dolomite,
: Talc

Visual Comparison: Muscovite, Quartz:

Minerals Present: -~ Muscovite, Quartz
o

J&J-0060742

FITZGERALD00126



SAMPLE I31 BLACK INCLUSION

e

FITURIDWYNEL | VOV NIV 55 F 56 25 BBt iireny ink S o B B

. . [+]
* Comparisons: 1 upmatched line 1.2145a

" Patterns not included: Magnesite (I37), Talc {15} ,Dol'omiée'

" Most probable minerals present: * Muscovite, Calcitas, Talc

" ¥isual Comparison: ' Muscovite, Calcite

" Minerals Present: Muscovite, Calcite

"SAMPLE 134 TUSNEL WALL ~ MARBLE

“
S Lt
has ) SV

Comparison -
'i?atterns not {ncluded: Tremolite (I19/I20}, Magnegite (I6)

Most probable minerals present: Calcite, Muscovite, Talc:

* Yisual C’émparison, Calcite -

Minexals Present Calcite : ,

J&J-0060743

FITZGERALD00127
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Examples of Patterns Obtained
from the Carbonate Specimens
and their Major Mineral Compo-
sition Obtained from Comparison
with Standarvds.

J&J-0060744

FITZGERALD00128
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SAMPLE I35 MASSIVE CARBONATE. END OF WORKING

P
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5COmgarison:

" Patterns not included: Tremolite (X19/120)
T T =

" Most probable minerals Present: MuséoviteL Magnesite,
. Chlorite

" Visual Comwarison: Magnesite, Tale, Chlorite

Minerals Present: Magnesite, Talc, Chlorite
=Hherals Present: 2

SAMPLE 137- CARBONATE AND TAIC

b3
e .3 -
oo tt Sian s danda .':_,..'.li."—'-. .}x‘\':. cn ame PR . -8 f{ A nf’r

" Comparison

et m el

e e st s

) ??n' ilf

/ 3-‘

F ]
T NS R |

m

Yatterns not included: Calcite (134), Chlorite {x4),
. Muscovite (I35).

Mbst brobahle mznerals present: Ma nesite, Dolomite, Tale

*Visual Comparison: Magnesite, Malc

Ming; «ls Present: ' Magnesite, Talc

t

J&J-0060749

FITZGERALD00133
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Examples of Patterns and
Majér Mineral content of
Those Specimens Classified
as Tale Types Ohtained by
Compazison,

J&J-0060750

FITZGERALD00134
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SAMPLE I2 SORTING PIECES -

‘.u.m i-..n.udna;-b—u&iuﬁmi-v'. St .-u..-n‘ H

. Comparison
Patterns not included: Tremolite (115/1201

)

Most probable minerals present: Chlérite, Magnesite, Talc

Visual Comparison: Chlorite, Falc

" Minerals Presents: Chilorite, Talc

SAMPLE X3 COLOURED TALC

o 4
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o
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e

/l-—..‘ .
Pl o g o SN

x\
menals a.—.p.ux._....m,.-«k

Comparison:

‘l

patterns not included: Chlorite {I42), Chlorite (I4),
Muscovite (I35), Magnesite (I§}, Tremolite (119/1201, Dolomite,

‘,_

Mast nrobable minerals present: Talc
Visual Comparison: Tale

s
Minerals present: : Talc

J&J-0060751

FITZGERALDO00135
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SAMPLE I5 GENBERAL ORE
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Comparison: 2 unmatched lines 18.1157A 7.00732
'Paﬁterns not included: Chlorite {(T42)}, Chloxite (Iﬁ),
. Muscovite (X35), Dolomite.
" Most probable minerals present{ Talec, Magriesite
visual Comparisons Talc
Mineralg present: fale
SAMPLE I8 MASSIVE TALC \
e — I £ O/ G N N
Ji!-/. }f T
ol ; P
. 1 '5 : LA
‘ PRSI -3' 1 . .8
. . - B i_s, .a".: L o
-;Q_.‘: 3 . "-1} e
o ek s [T W Y ~.~ . pe—

Comparisgon

pPatterns not included: Magnesite (I6), Tremolite (I19/I20}.

Most probable minerals present: Talc, Chlorite

Visﬁal Comparison: _Tale, Chlorite
4
Minerals Present: . Talc, Chlorite

J&J-00607562

FITZGERALDO00136
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"SAMPLE IS FACE 1 GREY TALC

\a ™ d g PSR & 1 T
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Comparison ' K

patterns not included: Calcite (r34), Magnesite (I37),
Muscovite (135}, Magnesite (I6), Tremollte (319/120).

Most probable minerals present: Talc,, Chlorite .

visible Comparison: Tale, Chlorite

" Minerals Present: Talc, Chlorite

.

GAMDLE T10 GRANULAR TALC

Comparison .

patterns not included: Calcite (x34)}, Magnesite (137},

: Chlorite (F42) chlorite (14},
Muscovite (I35), Magnesite (I6)
Tremolite (r19/r20})

Most probable minerals present: Talc, Dolomite

visible Comparison: Talc, Dolomite : . é,
,J
. Minerals Pregent: ralc, Dolomite

J&J-0060753

FITZGERALDO00137
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' SAMPLE I24 TALC PACE 2
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’ Comparison:

" Patterns not included: Muscovite (I35), fTremolite (Ils/Izbi
Magnesite (16),

Most probable minerals present: Talc, Chlorite, Dolomite,

Magnesite
Visual Comparison: "Dolomite, Magnesite, Talc
Minerals Present;: Dolomite, Magnesite, Talc

SAMPLE T26 TALC INCLUSIONS

,’;'-5.._4_i~.r~ii-$.a.~.. o FAA L2 U Ko metle s o i }-‘--ﬂv‘

Comparison

" Patterns not included: Caleite (T34), Tremolite {119 /120}

" Most ‘probable mineralé presents; Tale, Chlofite,_Dolohite

)

Visual Comparison: Talc, Chlorite
Minerals Present; “ Talc, Chlorite
L

J&J-0060754

FITZGERALDO00138
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SAMPLE I28 QUARTZ TALC

" Comparison

Patterns not included: Muscovite (I35}, Tremolite (I1%/120}
: Magnesite (I6), Dolomite

" Most probable minerals present: Chlorite, Talc, Quartz

* vigual Comparison: Chlorite, Tale,Quartz

" Minerals Present: Chlorite, Talc, Quartz:

SAMPLE I32 COCCLUSION FACE 2

m-...l.._....,.—.a-fi-».nu‘-42"..;'.’:.. [ SO S -~ -y .

P - aadil g YT v e Ty

Comparison

o

patterns not included: Muscovite (I35}, Tremolite (I19/3120]
- bolomite

' Most probable minerals present: Chlorite, Tale, Magnesite

visual Comparison: Chlorite, Talc

Minerzls Prasenk: ' CRlozite, Tale

J&J-0060755

FITZGERALDO00139
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SAMPLE 133 TALC END OF WORKING
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Comparilson: . )
Patterns not included: Muscovite (I35), Tremolite (119/120)

‘."Most probable minerals‘p;esent- Talc, Chloxite, Magnesite

Dolomite
. Visual Comparison: Talc, éhlorite, Magnesite
" Minerals Present: Tale, Chlorite, Magnesite
SAMPLE I36 GREY TALC .
o ’ o
" Comparison: 2 unmatched lines 1.2204a3 1.1517A

Patterns not included: cCalcite {T34),, Talc (146}
" Tremolite (I139/120).

‘Most probable minerals g;esent- Chlorite, Muscovite, Talc

" ¥isual Comparison: Chlorite, Talc
Minerals Present: Chlorite, Talc

" BAMPLE X338 TALC AND PYRITE

R )
' Comparison: 1 unmatched llne 1.041A

. Patterns not included: Chlorite (I42), Chlorite (1), .
Muscovite (135), Tremolite (I19/I20)

Most probable minerals present: Talc, Calcite

Visual Comparison: ' Talc, Calcite
Minerals Present: ) Talc, Calcite : - o

.

J&J-0060756

FITZGERALD®0140




SAMPLE I39 S-'Q' FROM CRUSHER

Comparison . - ' -
‘Patterns not included: Muscovite, (I35), Tremolite (I19/T20),

Magnesite (X6}.

Most probable minerals present; ' Talc - Chlorite

" Visual Cowmparison: Tale, Chloklte, Calcite

"Minerals Present: Talg, Chlorite, Calcité

" SAMPLE 140 DLATEY TALC

Comparison: )
Paﬁterns not included: Tremolite (E£19/120)

. " Most probable minerals present: Talc, Magnesite, Chlorite

" Visual Comparison: . Talc, Chlorite, Magnesite

" Minerals Present; Talc, Chlorite}.Magnesite

SAMPLE Y41 ' GOOD SPECIMEN No.2. ‘ '

" Comperison: .
Patterns not included: Calcite {134), Muscovite (135),
- Tremolite (X19/X20}, Magnesite (X6},
Dolomite

Most probable minerals present: Talc, Chlorite

o

" Visual Comparison: Talc, Chlarite

Minerals Present: Tale, Chlorite

< -

. J8J-0060757

FITZZGERALD001441
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SAMPLE T42 COLOURED TALC No.l.

L .il --
mus.i adliveia é\uA

.

Comparison

Patterns not included: Magnesite {237), Tale (I46J, Muscovite’
(135), Dolomite.

." Most probable minerals present: Chlorite, Talc.

Yisual Comparison: Chlorite, Talc

Minerals Present: “‘Chlorite, Tale

* SAMPLE T43 ' FIBROUS TALC FACE 10
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Comparison: " 2 unmatched linass 4.8928a, 4.4431a

Patterns not included: Calcite (134}, #agnesite (I37),
Muscovite (X35}, Trewmolite {I19/I20)

" Most probable minerals Present: Chlorite, Tale

" Visual cComparison: " chlorite, Talc .

Minerals Present: - Chlorite, Talc
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: Visual Comparison: Tale, Magnesite, Chlorite

SAMPLE 144 ' PURE TALC FACE 1

Comparison: ! unmatched 1line .1.0798

" BPatterns not included: Magnesite (I37), Tale (T42},
. _Muscovitg {I35}, Tremlita (I19/120}

Most probable minerals present: Chlorite, Talc, Dolomite

»

Minerals Present: Talc, Magnesite, Chlorite

-SAMPLE T45 - GOOD SPECIMEN FACE 1

R b

" Visual Compariscon: Talc .

34.... T ik i»ﬁ'-' SV

o o
Comparison: 2 unmatched lines 1.0882a, 1.0505a

" Patterns not included: Caleite {X34), Chlorite (£42), Chlorite {14)

Muscovite (X35}, Magnesite (I8, Tremolite (I19/I20), Dolomite,

' Mgst probable minerals present: Talc, ' Magnesitae

Minerals Present: Talc

" SAMPLE I46 _COLOURED TALC FACE 3
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" Comparison:

Patterns a0t included: Chlorite (I42), Chlorite (14), Muscovite
v (I35}, Tremolite (X19/120).

"Most_probable mincrals nresent:  Talc, Magneeilta

Visuval Comwarisen: _ Talc, Magnesite

Minerals Present: Talc, Magnesite

J&J-0060759
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Specimen Patterns and Comparison Data for .
Samples of 01d Powders and 29993 Shipmentg
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SAMPLE BATCH 6  POWRER Fl P¥.J, 035

d Cmnga;:-isonz b unz;zatched line 8.19722

Patterns not included: Muscovite (I35), Tremolite (x29/120)

" Most probable minerals present: - Tale, Magnesite, “Chlorite
Visuval Comparison: Tale, Chlorite, lMagnesite

" Minerals Present: Tale, Chlorite, Magnesite

v

" SAMPLE BATCH 8 POWDER (S and @) PW.J. 035
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" Compaxison ' '
Patterzns not included:  Magnesite (16]), Tremolite (I1%/720)

' Most probable minerdls présent: - Tale, Magnesite, Boric Acid

" ¥isual Comwarison: Talc, Chlorite, Borie Acid
"Minerals Present: Tale, Chlorite, Boric Acid’

' SAMPLE BATCH ¢ POWDER T4  B.W.g. 035

)
Comparison: 1 unmatched line 1. 2587a

Patterns not included:. Tremolite {I12/120)

" Most prokable minenals present: Tale, Chlorite, muscovite,
Magnesite, Boric Acid

v

Visual Comzarison: .Talc, Chlorite, Boric Acid._

Minerals ®Presert: Tale, Chlorite, Baric Acid

J&J-0060761
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1 SAMPLE BATCH 10 POWDER SK1BP PW.J. 035

Comparison : .

Patterns not included: calcite {I34), Muscovite (135},
R Tremolite (I13/I20), Dolomite

" Most probable minerals present: - Tale, Chlorite, Magnesite,
Boric Acid,

" Visual Comparisont Tale, Chlorite, Boric acid

" Minerals Present: Tale, Chlorite, Boric Acid

' SAMPLE BATCH 11 POWDER ID18P DPW.J. 035
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Comparison: 1 unmatched line 8.13563A

' Battexns not included: Magnesite (I6), Tremolite (I19/I20)
Dolomite

Most probable minerals.present: Talc, Chlorite, Boric Acid
" Visual Comparison: Tale, Chlorite, Boric. Acid, Magnesite
* Minerals Present: Talc, Chlorite, Boric Acid, Magnesite

" SAMPLE BATCH 12 TALC 1960 PW.J. 025

o
Comparison: 1 unmatched line -8.12 A
* Patterns not included: Tremolite (X19/120)

" Most probable minerals present: Tale, muscovite, cklorite,
: Boric Acid. -

" Visuval Comparison: Talc, Chlorite, Boric Acid, Magnesite
[SY . .

Minerals Dresent: .Talc, Chlorite, Boric Acid, Magnesite

J&J-0060762
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SAMPLE BATCH 13 'TALC 1961 PW.J. 026

" Comparison -

Ch ot wad mban teemesmi= e

Patterns not included: Calc.tte {T34), Muscovite (}:35}

Tremolite (I19/I201.

T T Most p_obable minerals present: Tale, Ch.lorite, Magnesite

. Boric Acid

'Visua'l' Comparison: Talc, Chlorite, Magnesite, Boric Acid

" Minerals Present: 'I’alé » Chlorite, Magnesii:e, Bor:tc Acid

S, ' SAMPLE BATCH 19  §.S. CATHERINA W. 02/05/72
v i )
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Compariscon
- Patterns not included: Tremolite (I1%/I20)

" Most probable minerals present: Talc, Chlorite, Magnesite

" Visual Comparison: Talc, Chlorite, Magnesite
Minerals Present: Tale, Chlorite, Magnesite

.

© SAMPLE BATCH 2 TALC S.S., EDNA 'B' 14/02/72

Comparison

" Patterns mot included: Talc {I45}, Tremeclite (T19/720)

" Most probable minerals present: Tale, Chloxite

- ¥isual Comparison: Talc, Chiorite

Minerals Present: ' Talec, Chlorite
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The optical examination has shown that there are g
large number of minerals associated with the rock types
found both in the talc seam and in the associated rocks.
The footwall rocks in contact with the talc are mainly

composed of the minerals quartz, muscovite, chlorite,

. garnet, and some carbonate material both calcite and

magnesite. Minor minerals in the footwall contact rocks
include epidote, microcline, tremolite and actinolite,.
sphene, rutile, bornblende, rare tale, biotite, pyrite,
pyrrhotite and chalcopyrite. Rock type inclusions into
the talc have gimilar compositions to the footwall rocks
but with higher muscovite and chlorite contents, The
muscovite was generally an iron rich variety {phengite),
while two forms of chlorite were observed namely sherid-
anite and penninite. Other talc inclusions consist
mainly of carbonate minerals, caleite and magnesite in

. varying quantities. It is with these ncdules that some

tremolite is found. The rocks further away from the
tale seans, namely the gneiss, become richer in quartz
and microcline and belew these marble occurs.

The carbonate specimens examined by optical means
showed that the carbonate minerals, calcite and magnes-—
ite, were accompanied by talc, chlorite, tremolite,
muscovite, rutile and pyrite, all in minor amounts. In

_general the carbonate inclusions were large and very i

discrete in the talc seam itself.

The specimens examined, which can be classified as
tale samples, were found to be in the main composed of
talc with chlorite as the major contaminant. Some .
Specimens, however, were predominantly composed cf chlor-
ite with minor talc inclusionms. Other minerals found in
association with the talce specimens inecluded garnet,
rutile and magnesite with rare tremolite and a guartz or
serpentine inclusion. Some differences were observed in
the talec itself, some of the talc appearing to be a
little murky in texture. X-ray pictures of the clear
and murky material showed no differences however.

The powder X-ray examination confirmed the major
minerals occurring in the hand specimens and a classifi-
cation was possible into the three groups already men-
tioned, i.e. rock types, carbonate samples and talc spec~
imens. The only askestos type minsral to be detected
in the hand samples was tremolite, which was found in
three of the specimens. The tremolite was associated
with carbonate minerals, namely magnesite and calcite,
RO tremolite was detected in the tale type specimens.
Chlorite was, however, verv common in the tale types,
50me oI the specimens teing very nearlv pure chlorite in
composition. There appeared to be some association of
the chlorite with coloured talc specimens, especially
those with a greyish colour. Other colour variations
Que to rutile were not detected by X~-ray examination.

J&J-D060764
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The examination of consecutive samples at face 1 in the
mine showed that the chlorite content can vary very
8rastically over a2 6ft thick section of the talc seamn.
Patterns obtained from several shipments of 9999y +alc
showed that chlorite, together with carbonate material,
were the major contaminant minerals. This was also trus
of powder samples ranging back to 1949 in which. the only

_observable difference was the presence of bori¢ acig.

The electron microscope examination of the powdered
samples showed that a difference could be drawn between
particles produced from the various samples. fThe carbon-
ates and rock types on the whole produced compact fibre

- free particles, The talc specimens were, however, platew

like in appearance with varying quantities of lath like
paxticles coupled with fibres which were textile in
appearance. Both lath and textile ‘types of particles
were not composed of minerals associated with the commer—
cial asbestos industry. - Particles -Formed from the
amphibole mineral found at the mine were hardly fibrous
in character, the majority ocf the tremolite breaking to

. glve compact particles. Those fibres formed were short .

and had a very large diameter when compared with the

- commercial varieties of asbestos. No amphikole or

chrysotile mineral was detected in any of ihe numerous
powders examined.

The Italian -talc 22993 contains observable quantities
of chlorite ard carbonate minerals aznd could contain any
cne of the following minerals in very minor amocunts:
muscovite, guartz, tremoclite, garnet and rutile. It
small pieces of fcotwall rock were to contaminate the ore
duzring production, several of the other listed minerals
found in the rock type specimens could appear in the
shipped product. Tt is unlikely that they would be
present in detectable amounts. -

-

-F.D. PQOLEY
- - Project Supexvisor
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SAMPLE Y22

103

MAGNESITE, DOLOMITE, TALC

3

- " Patterns not included:

. It "
m" MO i b iy eseiely umw‘-ﬁu—\kh

Comparison:

st Snaliily o

Calcite ({I34}, Talc (I45), Talc (I46}

Muscovite (I35}, Tremolite {I19/120),

Dol:omi,te , Magnesite,

Most probable minerals presen't:

* Visual Comparison:

Chlorite, Talg.

Tale, Dolomite.

Minerals Present:

Taic, Dolomite

SAMPLE I30 TALC AND OTHERS
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Comparison:
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‘Patte_rn's not included: Magnesite (I37)}, Talec (I5),

Most probable minerals presents:

Tremolite (I19/%20}.
Deolomite, Chlorite,

Visual Comparison:

Mugeovite, Tale. -

Talc, Chlorite

{

Minerals Present:’

Talc, Chlorite
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