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A bstract. A naturally occurring Zn-rich amphibole has been investigated by optical, X-ray, elec-
tron probe and electron microscopic methods. It contains approximately 6 wt. % ZnO and is asbestiform
in character. The asbestos fibrils show abundant Wadsley defects on (0/ 0) and multiple twinning on (/ 00).
Fibrils with an ordered triple chain structure have been observed.

INTRODUCTION

Fibrous amphiboles of unusual compositions have been synthesized (e.g. Fedo-
seev et al. 1970; Grigorieva et al. 1975) including some with major substitutions of
Co, Cu, Zn and Pb. In naturally occurring amphiboles, although a wide variety of
substitutions are found (mainly Mg, Fe, Al, Mn, Ti; Ca, Na and Si, Al) appreciable
substitution by Zn is rather uncommon. One locality well known for unusual zinc mi-
nerals is that of Franklin, New Jersey, U.S.A. Amphiboles with high concentrations
of Mn and Zn have been described from the skarn ore body from this locality, e.g. Pa-
lache (1928), Klein & Ito (1968), but apart from Zn-containing crocidolite (riebec-
kite asbestos; Palache, 1928), other Zn-amphiboles described are not asbestiform.
The specimen of interest originates from the same locality and was obtained from the
mineral collection of the Geology Department, University of Manchester. This zin-
cian actinolite asbestos has been studied by optical microscopy, scanning and trans-
mission electron microsco py, electron microprobe and X-ray powder and single crys-
tal methods.

EXPERIMENTAL

Optical observations.Inhandspecimen the fibres are pale green and due
to surrounding calcite appear stiff. Lightly crushed specimens when viewed under the
optical microscope yield fibres the majority of which exhibitstraight extinction; only
afew fibres were found to show extinction angles ranging from 9°to 19°. Fibres exhi-
biting straight extinction can be interpreted as either composed of smaller fibrils in
random orientation and/or multiply twinned on (/00) or as single crystals lying on
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5 i tend to mat during grinding and do not separate egsﬂy, a behaviour
(cilz(:;ct];}rliitfilcb;efsasbestos. The refragctgive index parallel to the fibres’ length was mea-
sured as n, = 1.634. ; ; '

S.E.M. Scanning electron microscopic observations revealed the character and
morphology of this specimen. Fibres are closely packed in the bu.ndle and do not ap-
pear to be easily separable (Phot. 1) as has been notxgeq also during optical observa-
tions. The micrographs give the impression that the fibrilshave a somewhatrounded
morphology. The widths of fibrils range from 0.1 to 0.5 pm. F{bres are not perfectly
parallel in the bundle and frequently fibres lying across the main bundle were obser-
ved. A few bent fibres are visible on the micrograph shown (arrowed), an indication
of flexibility. s

X-ray diffraction. A smallfibre (20 um) was mounted on oscillation arcs
in a “single crystal” X-ray goniometer. The X-ray photographs from a stationary
(Phot. 2) and oscillating specimen are typical “‘fibre” photographs, and are equiva-
lent to a rotation photograph from a single crystal. The reflections are in the form of
arcs rather than spots, due to slight mis-orientation of the component fibrils in the
bundle. This indicates that the small ““fibre”” examined is not a single crystal but con-
sists of a number of smaller units, i.e. fibrils randomly oriented around the c-axis
(fibres’ length). This confirms the asbestiform nature of the specimen.

A ditfractometer powder pattern was obtained using CuK, radiation with scan
speed of 1/2° (2©) /min. A least-squares computer program was used to obtain the
cell parameters from the observed 2© (CuK, ) and hkl values using the 14 strongest
reflections. Peak positions were measured with respect to those of quartz used as in-
ternal standard.

The cell parameters of the zincian-tremolite asbestos are:

a(A) = 9.871 +0.007
b(A) = 18.153 +0.01
c(A) = 5287 +0.004
B () =104.79 +0.09
V(A% =91599 +0.7

and they are similar to those reported for Zn-rich tremolites and actinolites from the
Franklin deposit by Klein & Ito (1968).

Chemistry. Table | gives the composition of the Zn-rich specimen examined
by means of the electron microprobe; also it shows the ranges of cation content found
for a number of fibres. The Zn content of 6 wt. % ZnO (0.7 atoms/formula unit) is
unusually high in a natural amphibole. Al content is low and appears to be mainly
[ Al 16. In some fibres increasing Mg content is accompanied by decreasing Fe. Ac-
cording to the LM.A. classification (Leake, 1978) the specimen should be regarded
as zincian actinolite asbestos.

. Klein & Ito (1968) have suggested that in tremolite Zn occurs in M 1, M2, M3
sites. 'Gngone\{a etal. (1975) concluded that Zn preferably occupies M2 in flu(;r-ri-
chterites containing Ni**, Co?*, Zn** and Mn2*. The Zn site preference shown by
Hawthtorne anhd Grundyh( 1977) for zincian tirodite is M1 > M3 = M2 > M4. In the
zlroegegnwﬁisatg’e;ifogeli itis thought that Zn is most likely to occupy M1, M2, M3

There is a deficiency of Ca+Na in M4 and itis suggested i
thatneeded to fill the octahedral sites will occupy M4.g%inally,ﬂ;?1tyt2:ctlsls](;If];(xcc:gf)r?:
abo¥er glrr])ssemnieedgd to f:ll M4 can be accomodated in the amphibole A sites.

1ss1on electron microscopy. The speci i
form of a suspension in de-ionized water were dpegosited g?\clcr:r?)r:)snpégg?ergdcg;)]taﬁ

rids and i 4 By Lok ;
tged Ztar; Zs;lf;g%?tudled using a Philips 400T transmission electron microscope opera-
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Table |
Zincian actinolite asbestos chemical analysis by electron microprobe (average of 6)

. o No. of cations

Ondes Wityetoxide (On basis of 23 oxygen equivalents) Range

SiO, 55.144 Si 7.97} Z 8.00 Si 7.92 — 8.00
TiO, n.d. AV 0.03 4 Ti 0.00
Al, 0O, 0.732 AIVT  0.09 Al 0.09 - 0.19
EEE©) 4.331 Ke 0.52 Y 5.00 Fe 0.48 - 0.57
MgO 16.415 Mg 3.54 % Mg 3.4 - 372
ZnO 5.982 Zn 0.64 Zn 0.60 — 0.70
MnO 3.302 Mn 0.40} X 2.00 Mn 0.35 — 0.43
CaO 10.577 Ca 1.64 ¢ Ca 554 = 1.69
Na, O 0.954 Na 0‘27} A0 Na 0.20 - 0.35
K,0 0.059 K 0.01 2 K 0.00 - 0.04
Total 97.496

* Total iron as FeO; H, O content not determined.

Many fibres exhibited multiple lamellar twinning on (/00), made visible by dif-
fraction contrast (Phot. 3) and also demonstrated by electron diffraction. The twin
lamellae have thicknesses of approximately 220 A.

High resolution lattice images of fibres in orientations with [ /00 ] or [101 ]
parallel to the electron beam, revealed the presence (Phot. 4) of multiple chain —
Wadsley defects on (0/0) frequently described for amphibole asbestos, e. g. Chis-
holm (1973), Hutchison et al. (1975), Veblen et al. (1977) and also in non-asbestos
amphiboles e.g. Mallinson et al. (1980), Dorling and Zussman (1980). Electron dif-
fraction patterns from areas with the defects showed streaking along b* (Phot. 4,
inset).

In some fibres “ordered” regions of triple and wider chains were observed e.g.
(Phot. 5) and the corresponding electron diffraction patterns showed additional ref-
lections appropriate to the larger b parameter (Phot. 5 inset).

It was observed that the defect areas rapidly suffered damage in the electron
beam. The observed widths of fibrils are in the range 0.05 xm to 0.5 xm which appe-
ars to be consistent with S.E.M. observations, which indicate separation of fibres
along their interfibrillar boundaries.

CONCLUSIONS

The results of all the methods of investigation employed here lead to the conclu-
sion that this fibrous specimen of unusual chemistry is truly asbestiform in habit.
Macroscopic fibres are built of fine fibrils (0.05 to 0.5 xm in width), with random
azimuthal orientation around the z axis, some of which are multiply twinned.

The present investigation shows thatin natural as well asin synthesized amphibo-
les, asbestiform habit is not restricted to the simple pure MgFe compositions; appre-
ciable Zn can be present.

The fibrils show abundant planar (Wadsley) defects on (0/0) and some regions
with ordered triple-chain structure have been observed. They also show the multiple
twinning which is very characteristic of asbestiform amphiboles.
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Maria DORLING, Jack ZUSSMAN
AZBESTOWY AKTYNOLIT CYNKOWY
Sitrelsiziciz emntile

Aktynolit cynkowy z Franklin, New Jersey (USA) poddano badaniom metodami
optycznymi i rentgenowskimi, za pomoca mikrosondy elektronowej oraz transmi-
syjnego 1 scanningowego mikroskopu elektronowego. Stwierdzono, ze aktynolit
ten zawiera okolo 6% wag. ZnO i ma charakter azbestowy. Wiokna wykazuja licz-
ne defekty Wadsleya wedtug (0/0) oraz wielokrotne zblizniaczenia wedtug (/00).
W niektérych wioknach zaobserwowano obecnos¢ potréjnych tanicuchow krze-
motlenowych.

OBJASNIENIA FOTOGRAFII

Fot. 1. Zdjgcie scanningowe ukazujace morfologie widkien aktynolitu cynkowego. Strzatkami zazna-
czono wygigte wiokna

Fot. 2. Rentgenowskie zdjecie nieruchomego preparatu azbestowego aktynolitu cynkowego, uzyskane
metoda pojedynczego krysztatu

Fot. 3. Mikrofotografia elektronowa wiékna azbestowego wykazujacego zblizniaczenia wedtug (/00),
widoczne dzigki kontrastowi dyfrakcyjnemu

Fot. 4. Jednowymiarowy obraz sieci wickna aktynolitu cynkowego, uzyskany za pomoca wiazki rownole-
gtejdo [/0/ ]. Widoczne 9 A (020) wstegi odpowiadaja szerokosci podwdjnego tancucha amfibo-

lowego. Defekty Wadsleya (0/0) zaznaczono strzatkami .

Wstawka: dyfraktogram elektronowy w kierunku [701] z refleksami rozmytymi rownolegle do b *

a) Mikrofotografia elektronowa (duzej rozdzielezosci) wiokna azbestowego zawierajacego

wstawkg uporzadkowanej struktury sktadajacej sig z potr6jnych tancuchéw. Elektronogram od-

powiada orientacji wiokna. b) Powiekszenie obszaru zaznaczonego na fot. Sa. ¢) Szkic dyfrakto-

gramu elek tronowego ukazanego na wstawce do fot. Sa, na ktorym uwydatniono stabsze refleksy.
Wskazniki dla normalnej komérki amfibolowe;j

Fot. 5.

)
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Mapua AOPJIUHI, Axex 3YCMAH

ACBECTOBbIA LIMHKOBbLIN AKTUHONWUT

Pesome

LUnHkoBbI akTUHONWUT U3 D paHkNuHa B wTaTte Hblo Oxepcwm (CLUA) nccne-
AoBancA OoNTUYECKUMMN U PEHTTEHOBCKUMWU METOAaMM, a TakXe C MOMOLLbI
3M1EKTPOHHOW MUKPOCOHAblI M TPAHCMUCCUOHHBIM M CKaHUHOBbIM 3NEeKTPOH-
HbIMW MUKDOCKOMNAMW. ¥ CTAHOBNEHO, YTO aKTUHONUT COAEPXMUT OKOMO 6 BeC.
% ZnO n HocuT xapakTep acb6ecTa. B BonokHax HabnAaTCA MHOrOYMCNeH-
Hble AedekTbl YOACNEA U NOAUCUHTETUYECKME ABOWHUKM MO (700). B HekoTO-
PbIX BONIOKHaX HabnioAanock NpUCYTCTBUE TPOMHBIX LieNel KpeMHEOKNCOB.

OBbACHEHUA K ®OTOrPAOUAM

-

®oto 1. CkaHWHrosas MMkpodoTorpadua nokasbisalowan MOpPdONOrno BoNOKOH UMHKOBOTO
aKkTUHonuTa. CTpenkamMu 0603HaYeHbl BbIrHyTbie BONOKHA
®otc 2. PeHTreHorpaMma HENOABWXKHOrO NpenapaTta ac6ecTOBOro UMHKOBOTO aKTMHOMUTA, NO-

Jly4eHHaA MeToAOM eAUHUYHOro Kkpucranna

®oTo 3. 3nekTpoHHaA MUKPOdoTOrpadua ac6eCTOBOro BONOKHA NOKAa3biBAIOLWAA ABOMHUKM MO
(700) BAMMBIe 6naronaps AndpPaKUMOHHOMY KOHTPAcTy
®oto 4. OaHopasmepHbIfi 06pas pew etk BONOKHA LUMHKOBOIO aKTUHONMTA, NONyYeHHbIN C Mo-

Molwbio Nyyka napannensHoro k [ 707 ]. Buaumsie “‘nextsl” 9A (020) COOTBETCTBYIOT
WnpuHe ABOWMHOK amdubonoson uenwn. fedektsl Yoacnes (070) 0603HaveHbl cTpenka-
MU.
Bcraska: anektpoHHan andpakrorpamma no Hanpaenenuio [ 707 ] ¢ pecbnexkcamu pas-
MbITbIMWU NapannensHo b *,

®oto 5. a) AnekTpoHHaA MukpodoTorpadua (6onbuwoii pasaensHON cnocobHOCTH) acbect o-
BOro BOMIOKHa, coAepXalero ‘‘BcraBky’’ ynmopAAOYEHHOW CTPYKTYPbl, COCTOAWEN M3
TPOWHbIX Lenen. SneKTpoHOrpaMMa COOTBETCTBY €T OPUEHTUPOBKE BONOKHA.
6) YBenuuenve yyactka, 0603HaueHHOro Ha dotorpacdum 5a. c) Ick3 INEKTPOHHOM
AndpakTorpaMMbl, NOKazaHHOW Ha BcTaBke K oTorpadun 5a, Ha KOTOpoW NOAYEpK-
HyTbl 6onee cnabble pednekcsl.
WHaekcbl anAa HopmanbHow aMdpurb0onoBoit AYeiku
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Phot. 1. Scanning electron micrograph showing morphology of zincian actinolite fibres. Bent fibres are
marked

Phot. 2. X-ray “single crystal” photograph of stationary specimen of zincian actinolite asbestos
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Phot. 3. Electron micrograph of asbestos fibre exhibiting (/00) lamellar twinning by diffraction contrast

001 021

O s el @ e e @R telle e 6200

° °
000 020 040 060 080

D}

Phot. 5. a) High resolution electron micrograph of asbestos fibre containing a slab of ordered triple chain
structure with corresponding electron diffraction pattern. b) Enlargement of the area marked n

Phot. 4. One dimensional lattice i R ; Sa.c) Sketch of electron diffraction pattern as on inset enhancing the weaker reflections. Indices
9 A (020 lattice fring]éicl?riss Ozdzr;cfctl’nolnq fibre with the electron beam parallel to [ /01 ] are for the normal amphibole cell.

defects on (010) are marked po an amphibole double chain width. Multiple chain Wadsley

Inset: (101 ] electron diffraction pattern with streaking parallel to b*.
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