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ABSTRACT

Iron-rich amesite is found in a metasomatically altered
granite sheet 20 to 40 cm thick emplaced in serpentinite of
the Thetford Mi[es ophiolite complex at the Lake Asbestos
mine (z16o01'N, 1 1"22' W) ntheQuebec Appalachians. The
amesite is associated sdth 4lodingife 6semblage (grossu-
lar + calcite t diopside t clinozoisite) that has replaced
the primary minerals of the granite. The Quebec amesite
occurs as subhedral grains 2@ to 6@ pm. in diameter that
have a tabular habit. It is optically positive with a small
2V, a 1.612,1 1.630, (t -'o = 0.018). Its structural for-
mula, calculated from electron-microprobe data, is:
(Mg1. 1Fe6.eA1s.e)(Alo.esil.df Os (OH)r.2. X-ray powder-
diffraction data yield dvalues that are systematically greater
than those of amesite from Chester, Massachusetts, prob-
ably because of the partial replacement of Mg by Fe. The
calculated unit-ceu parameters are: a 5.385(Q, b9.2gl(5),
c 14.124(16) A and o 90.02(ll)", B %.AQ2). afi 7
89.96(8)'. To our knowledge, this is the fhst specimen of
iron-rich amesite to be described. It formed during
hydrotiermal alteration of granite in serpentinite at the
same low P-T conditions that prevailed during the forma-
tion of the rodingite suite and the chrysotile asbestos in the
serpentinite.

Keywords: amesite, lgdingrte, ophiolitic complex, Thet-
ford Mines, Quebec.

Souuarnn

On trouve une nm6site riche en fer dans une dcaille de
20 i 40 cm d'dpaisseur de granite mdtasomatiquement alt€r6
d la mine du lac d'Amiante (46'01'N, 71o22'W). Ce gra-
nite a 6td mis en place dans la serpentinite du complexe
ophiolitique de Thetford Mines. L'am€site est associ€e i
un assemblage rsdingitigue Grossulaire + calcite * diop-
side t clinozoisite) qui remplace les min&1ux primaires
du granite. L'am6site qudbdcoise apparait en grains sub-
idiomorphes i facies tabulaire de 200 d 600 m de diam&-
tre. EIle est optiquement positive av*, faible2V et a 1.612,
1 1.630 (r - o : 0.018). Sa formule structurale esl
calcul6e i partir des donndes de la microsonde:
(Mg1.1Fe0.eAb.t(Ab.eSi1.dO5(OH)r.u. Les donndes par
diffraction des rayons X (mdthode des poudres) indiquenr
que les espacements d sont systdmatiquement plus grands
pour l'am€site du lac d'Amiante que pour celle de Ches-
ter, Massachusetts, ce qui est probablement dO au rempla-
cement partiel de Mg par Fe. La maille 6l6mentaire a pogr
param&tres calcut6s: a 5.385(6), b9.291(5), c 14.12-4lA L,
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o 90.02(1 l)', P W.42(12)', 1 89.96(8)'. A notre connais-
sance, c'est la premibre fois qu'on ddcrit une am6site riche
en fer. Elle s'ct form€e pendant l'altdration hydrothermale
du granite dans la serpentinite, dans les m€mes conditions
de basses pression et temperature qui ont prdsid6 d la for-
mation de la rodingite dans le granite et de I'amiante-
chrysotile dans la serpentinite.

Mots-clds: am6site, rodingite, granite, complexe ophio-
litique, Thetford Mines, Qu6bec.

INTRoDUc"iloN

Amesite is a raxe hydrated aluminosilicate of mag-
nesium in which some ferrous iron usually is found
replacing mapesium. The extent of this replacement
can be appreciable in some cases, so that the ideal
composition of arnesite is given in terms of AlrO3,
(MgO, FeO), SiO2 and HrO. Amesite, with chamo-
site, greenalite and cronstedtite, is related chemical-
ly to the chlorite goup aud structurally to the
serpentine and kandite gfoup of minerals. The name
septechlorite has been proposed for these minerals
(Nelson & Roy 1958) as they are structurally charap-
terized by serpentine-like layers with d@r - 7 L.
Largely on the basis of thermal studies, Orcel(1927)
and Orcel et al. (1950) were the first to suggest that
amesite must be regarded as distinct from the main
group of chlorites. According to the AIPEA (Associ-
ation Internationale Pour I'Etude des Argiles)
Nomenclature Committee, ,tmesite belongs to the
kaolinite-serpentine group (Bailey 1980a); this com-
mittee recommended that the names kandite and sep
techlorite not be used for kaolinite- and
serpentine-group minerals.

We found an iron-rich variety of amesite associat-
ed with gxossular, calcite and, more rarely, diopside
and clinozoisite in a rodingitized body of granite en-
closed within the serpentinized peridotite of the Lake
Asbestos mine, at Black Lake in the Quebec Ap-
palachians. We report here the description of this
occurTence.

GEoLocIcAL SETrING

The Lake Asbestos mine is located at 46'01 'N,

71"22'W rnthe Black Lake area near Thetford Mine
(Frg. l). The serpentinized peridotite bearing the
chrysotile-asbestos ore forms the lower strustural
unit of the Thetford Mines ophiolite complex (Lau-
rent l95a). This ophiolite was tectonically emplaced
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Ftc. l. Geological map of the Lake Asbestos mine at Black Lake and location of the amesite-bearing rodingrte.

Ftc.2. View ef tfus thin and lenticular body of amesite-
bearing rodingrte within the highly serpentinized harz-
burgite of the Lake Asbestos mine (ocation of outcrop
given in Figure l).

in the internal tectonic domain of the Quebec Ap-
palachians during late Early or Early Middle Ordo-
vician time (St-Julien & Hubert 1975). The ophiolite
has been thrust over regionally metamorphosed
Cambrian rocks known as the Caldwell Formation.
The thrust fault dips at a high angle to the soutleast.
The asbestos mines are located near this tectonic con-
tact in the peridotitic lower unit of the ophiolite.

The serpentinized peridotite of the Lake Asbestos
mine @ig. l) is a tectonite harzburgite grading lo-
cally to dunite. The rock is strongly serpentinized
along shear zones, which trend in a northeasterly
direction parallel to the basal tectonic contact. Sheet-
like and lenticular bodies ofgranite' from less than
I m to more than 100 m thick, occur especially wi-
thin the shear zones. They are deformed and
hydrothermally altered (Cooke 1937, Riordon 1953'
De 1972, Laurent 1975b, Laurent & H|bett 1979,
Laurent 1982, Laurent et al. 1984).

The iron_rich amesite is found 11 a l6dingife lo-
cated inthe southeastern corner of the LakeAsbestos
mine at 3500 N and 9250 E (Fig. 1). This ro.lingite
oscupies a northwest-striking fault plane (oblique to
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Fro.3. Sample la,l898l of iron-rich amesite in thin section under crossed nicols. a.
Single crystal showing a perfect cleavage parallel to (@l) and sector twinning on
(@l), surrounded by isotropic grossular. b. Group of amesite crystals (A) with
different optical orientations, showing cleavage and twinning, in association with
calcite (C) and grossular (G), Bar represents 0.1 mm.
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the main shear-zone) that dips subvertically within
hiebly serpentinized harzburgite. The body of roding-
ite is thin and lenticular (Fig. 2), between 20 and
40 cm thick and at least l0 to 20 m long. The pro-
tolith of the redingite was a calcalkatine biotite-rich
eranite sirnilar in composition to the thick and well-
preserved sheets of granite tlat crop out in the mine;
they have been described recently by Laurent et al.
(1984). In those granite sheets that are thicker than

2 m, hydrothermal alteration is limited to their mar-
gins. This alteration id thought to be associated with
the episode of serpentinization that led to the de-
velopment of chrysotile-asbestos in the enclosing
peridotite (Laurent & Hdbert 1979, Laurent 1980,
Laurent et al. 1984).

PBTROGRAPHY

Rodingite sample la. 18981 containing the iron-
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TABLE I. CHE}'IICAL @}TPOSITION OF A'1F.9ITE-BEARINC NODINGITE

AND OF CROSSI'LAR

crosaular 10 contact
rlth 9@6l.te

core @r91tr
s io r  37 .35  33 .18  |  2
rro; o.o? 0.09 sto2 40.20 40.27
Al2d1 23.3E 24.71 AIZ03 22.04 20.65
fer-oe 0.33 0.14 Feo 0.28 O.44
re6 

-  
l .6 I  o .a7  Mno o .o9  o . l7

MgO l.2l 0.97 cao 37.A4 38.45
l ino  0 .19  O. l l
cao 34.24 34.5I T0TAL 100.45 99.97
Naro - O.3l No. of toc o ttE ba81s of 24(0)
x r6  o .o9  o .  19  s i  6 .o t  6 .07
H ; o  r . r 5  4 . l o  A l  3 . 8 8  1 . 6 7
c6r  o .57  0 .43  Fe 0 .03  0 .05
roiAl 16:ZZ ld6;ZT lh o.ol o.o2

Ca 6 .07  6 .21

sattole la.1898l:  Frossulat (-902) '  dlopslde'  aneslte '  calcl te '

ctLnozoldtte,  hlot t te (pr i@ry),  chlort te '  sPhene"!rcon
(prtury),  opaque phaae.
Gro66u1ar amlyzed by electron idcroplobe' rodloglte aoal)€eg

by XRF and AA.

rich amesite is a white, homogeneous, fine-grained
rock with a ganoblastic textue. A daxk margin ttrat
is a few millimetres thick, composed of chlorite and
vermiculite, is present at the contact with the serpen-
tinite. The rodingite con$ists of about 9090 euhedral
to anhedral grains of grossular 50 to 100 pm in di-
ameter, replacing the much larger grains of feldspar.
The grossular is closely associated with amesite and
calcite, which occupy spaces between cluster$ of gax-
net gpins (Fre. 3) and constitute less than 1090 of
the material. Small amounts of diopside, titanite and
clinozoisite are locally associated with this rodingit-
ic assemblage. Rare relics of primary biotite and zir-
con of the granite protolith can be observed. Locally,
amesite appears to have grown at the expense of
primary biotite and may be regarded as its replace-
ment product. Table 1 gives the chemical composi-
tion of the amesite-bearing rodingite and of the
grossulax in contact with amesite.

l lg" Fe2'

Frc.4. Graph of the inferred relationship between the in-
dices of refraction and the Mg:Fe ratio of amesite. 1.
Saranovskoye chromite deposit, Northern Urals, USSR
(Anderson & Bailey l98l). 2. Chester, Massachusetts
(Gruner l9M). 3. Lake Asbestos mine (this study).

HABIT AND OPucel PnoPsnuEs

Gruner (1944) described the macroscopic and
physical properties of amesite. Because of the small
;ize of the Quebec crystals, our observations of the
iron-rich amesite are limited to their microscopic
features.

The iron-rich amesite occurs as groups of euhedral
to anhedral crystals oftabular habit, 200 to 600 pm
wide and 50 to 100 1r.m thick, occupying the inter-
stices between clusters of grossular grains. The ane-
site crystals have a perfect cleavage parallel to {001}
6pical of phyllosilicats, and display sector twinning
on (01) as well as hourglass texture @ig. 3a, b). The
amesite is biaxial positive, with a 2V of about Z)o
and positive elongation. It has weak dispersion, r <
v.

Indices of refraction were measlued with immer-
sion oils calibrated with a refractometer: a 1.612,
"y 1.630 (t 0.002), cu - y 0.018. The small crystal-
size of our samples has allowed us to measure only
the maximum and the minimum indices. Because of
the very small 2Z angle observed and the pseudo-
hexagonal symmetry of the crystals, B has been con-
sidered equal to o. Its ideal space-group is P63
(Steinfink & Brunton 1956). The indices given for
the Chester amesite (Gruner 1944) arc: a = I =
L.597, t : 1.6L2. The inferred relationship between
the indices of refraction of amesite and the ratio of
Fd+ and Mg is summarized in Figure 4.

TABLE 2, CHEX'TICAL COMPOSITIO}I OF AHESITE

lake Asbestos (fa.l898l) c:hester' Mreaachuaetta

Samle la. l898l
samle zonei

SiO2
Tro2
Ar2o3
F e O ' *
Un0
CaO
ilgo ^
l12O z*

TOTAl.

I
20.32

31.68
21.74
0.41
0.43

14.88
10.54

i60m

20. l r
0.03

31 .  14
22.48
0.34

14.59
10 .84

r00.@

0.953
0.960
o.979
0.0t4
0.025
l . 1 3 2
3.765

20.95

35.21
8.28

frac€
0.58

22.88
1 3 . 0 2

100.92

ll*'*'i.;;r "'*,l3ii" or 5 (o) *u 1.[31".
atlv 0.943
Alvt 0.999

0.945
0 .017
0.023
t .  r 53
3.656

Fe
Mn
Cs
MS
OH

0.994
0.999
0.330

1.637
4.00

l .  (Ms1 .15  Fes .e4  A ro . ss ) ! ! o . sa  ! f r . os l l s  ! 9H13 '6s
z .  1ng i . i !  r ee . ! 7  n16 .e6 ) (A ro . l 5  s t 1 . s4 )o5  ! 0H i3 .76
3.  ( ld i . ; ;  F"o. ; i  ero. i i ) (ero.gg st1.6e)o5 (oH)4.00

lr A1l- lron @n8ldered 6 feoi

2. HrO deternlned bY dl f ference;

3 *  c ; l c u l a t e d  b y  D e e r  e t  a L .  ( 1 9 6 2 )

( lnalyet:  J.-P. TrenblaY)
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Csgpttstny

Two single crystals of amesite were analyzed with
an ARL electron microprobe utilizing an operating
voltage of 15 kV and a beam current of0.15 nA. The
standards used are orthoclase for Al and Si, and
kaersutite (Kakanui hornblende, Smithsonian Insti-
tution) for Fe and Mg. Integration time was ten se-
conds, and four points were examined per analysis.
The data were corrected using a ZAF program.
H2O was calculated by difference. Repplicate anal-
yses of standards indicate that the determinations
have a relative accuracy of x. I to 2t/o for major ele-
ments. Samples are considered to be relatively pure
and homogeneous. No visible inclusions of opaque
minerals were observed. Only trace amounts of gros-
sular and calcite @ig. 3a, b) are present, as suggest-
ed by the Ca content recorded (Table 2). However,
it should be noted that the Chester amesite has the
same concentration of calcium.

The oxidation state of iron was not determined;
for the calculation of the structural formula, all the
iron was considered to be Fd+ and to substitute for
Mg2+ in the amesite structure. Thus, the ideal struc-
tural formula of amesite becomes [(Mg,Fe)Al]
(Si,Al)Oj(OH)n. The amesite from the Lake As-
bestos mine contains about 22t/oF{ and l59o MgO.
It is an iron-rich amesite.

Our electron-microprobe data give structural for-
mulae (Table 2) that are consequently different in
conlposition from that of typical magnesian amesite.
For example, the structural formula of the
amesite-2H, from the Saranovskoye chromite
deposit, northern Urals, USSR, analyzed with the
electron microprobe by Anderson & Bailey (1981),
gives: (Mgs.e36Alo.ea3Fe2+o.625Cre.qr.fl6.ozJ(Sir.o,
Ah.ql)(OH)o on the basis of seven oxygen atoms.
For comparison, we give (Table 2) the composition
of the Chester amesite (Gruner 1944), whose struc-
tural formula has been calculated by Deer et al.
(1962). In the calculation of the structural formula
of the Black Lake amesite, we have followed the
procedure of Deer et al, (1962).

CRYSTALLoGRAPHY

Gruner (1944) showed that the amesite structure
is based on a 1:l type la5rcr. Presently, amesite is clas-
sified by AIPEA Nomenclature Committee as a spe-
cies of the subgroup serpentine, type l:l (Bailey
1980a). The unit cell of amesite was considered to
be hexagonal and to contain two kaolin-type layers
@rindley et al. l95l). Steinfink & Brunton (1956)
made the first detailed structural study of amesite;
by assuming an ideal hexagonal symmetry of P6r,
they determined the cation distribution to be ran-
dom. Bailey (1980b) has confirmed this finding.
N.Iore recently, a triclinic symmetry was shown by

TABLE 3, X-RAY POI.IDER-DIFFRACTION DATA I'OR AIISSITE

Lake Aabeatos l{lne
do6s(A") Iobs hk1

Cheater,  l ' laaaachusetts
d ( A ' )  I / t o  h k l

4 . 5 4

2 . 4 8
2 . 3 2
2 . l l
t .925
t . 7 4 9
r .  ) r o
l  . 5 3 1
t . 4 9 5
1 . 4 6 1
r . 4 0 1
1.342
1 . 3 0 4
t . 2 7  6

plus

Data oo Quebec anealte obtal .ned on a polycryatal l lne
aanple Gi.ng caodolf i  114.6 mn qrera ut l l iz ing nlckel-
f lLtered CuKo X-radlat lotr .  Iotenstt lea est l .nated
vteual ly.  z* PDF 9-493. rsee pDF reoark. R! dl f f rac-
t i .oo l {nes showlng slgntf icant di f ferences betoeeo the
calculated and observed 20 valuea. The structural  Lnter-
pretat lon of the obaerved dl f ferenceB requires new rork
ns lo progreas.

Anderson & Bailey (1981) to be more in keeping with
the biaxial character of amesite and the intensity dis-
tribution of its diffraction lines.

The iron-rich amesite was colleced from athin sec-
tion under the microscope. The microsample, which
represents a polycrystalline aryregate of several crys-
tals of apparently pure amesite, was analyzed with
a ll4.Gmrn Gandolfi camera using Ni-filtered CuKcu
X radiation at room temperature. The X-ray-diffrac-
tion data are reported in Table 3 together with the
original data of Brindley et al. (1951). The compar-
ison shows that the dvalues of the iron-rich amesite
are systematically greater than the d values of the
magnesian amesite. This reflects the substitution of
Mg2* by Fd+, the ionic radius of {d+ (0.71 A) be-
ing larger than that of Mg2* (0.66 A) in six-fold co-
ordination (Whittaker & Muntus 1970). It should
also be noted that the lines at.2,733 A and 1.995 A
in the pattern of ttre magnesian amesite were assigned
by Brindley et al. (1951)^to impuritigs: these cor-
respond to the lines 2.7414 and 1.988A in the Black
Lake amesite. They probably reflect impurities also.

The refined values of the unit-cell dimensions de-
termined by Anderson & Bailey (1981) are: a
5.307(l), b 9.195Q), c 14.068(3) A, o 90.09(2)', B
90.25Q)', 7 89.96Q)". The unit-cell parameters of
the Black Lake amesite were calculated using the cell-
refinement progr?m of Appleman & Evans (1973):
a 5.385(Q, b 9.291(5), c 14.r24(lQ A, cu 90.02(l I ) o,

P 90.42(12)' and.y 89.96(8)"; V706.7r(L43) A3. It
is probable that the differences are due to the par-
tial replacement of Mg by Fe.

7 . 0 6
4 . 6 3
3 . 5 3
2.640
2 . 5 t 2
2 .332
2 . t 3 2
I  .938R
I  . 7 6  l R
1 . 6 0 9
I  .549
l . 5 t 5 R
1 . 4 7 2
1 . 4 r 8
I  . 3 3 6
l . 3 I 7 R
t .290

100 002
20 020
90 004
60 20I
70 202
30 203
l0 244
30 205

5 008
5 207

20 060
5 062
5 208
5 064
5 307

l0 262
5 263

ao2
o2*

004
201
202
006,203
204
205
206,OO8
207
060
o62
208
064,0010
209
262
263

to 0.0788

100
20

100
20
60
50
30
70
50
60
60
20
60
60
50
l 0
l0

22 l-lnes
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DlscusstoN

The iron-rich amesite is closely associated with
grossular and calcite. This mineral assemblage de-
veloped through metasomatism at the expense of
quartz, feldspars and biotite of the granite protolith.
In this occlurence, amesite may be regarded as a
replacement product of the primary biotite.

The transformation of the granite into a rodingite
through calcium metasomatism is a byproduct of the
serpentinization of the enclosing peridotite (Laurent
et ql. 1984). Thus the episode of hydrothermal al-
teration responsible for rodingitization of the granite
is also responsible for the development of the
chrysotile-asbestos ore in the enclosing peridotite. It
is therefore probable that the P-T conditions con-
llslling the amesite and rodingitic paragenesis are
similar to those that promoted the concomitant ser-
pentinization. Retrograde serpentinization usually
occurs at temperatures in the 200-400oC range at I
to 5 kbar water pressure @vans 1977). This range
in temperature and pressure allows the development
of both lizardite and chrysotile that make up more
than 5090 of the country rock at the contact with
the rodingite. The amesite is thought to have formed
under similar P-T conditions.
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