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ABSTRACT

Stilpnomelane is widespread at St-Pierre-de-Broughton
and Robertsonville in the Quebec Appalachians, 65 km
south of Quebec City. The mineral occurs in regionally
metamorphosed, intermediate-pressure, biotite-grade rocks
of appropriate bulk chemical composition, and in metaso-
matic rocks adjacent to blackwall that encloses steatitized
parts of the ultrabasic Pennington sheet. The ratio
Fe3+/(Fe3* + Fd+) in the stilpnomelane ranges from 0
to 0.83. All Fe3+ probably represents primary Fe2* oxi-
dized during weathering. Stilpnomelane coexists with iron-
rich biotite and chlorite in which the Fe*/(Fe* + Mg) ra-
tio exceeds 0.57 and 0.53, respectively. Other minerals com-
monly associated are albite, phengite, quartz and titanite.
The Xo"./Xs, partition coefficient of mineral pairs and
the distributidn of tie lines lines on the AFM projection
suggest that regional metamorphism and metasomatism
were coeval. The blackwall formed during steatitization is
considered a residue whose volume is about half that of
its precursor rock, Postmetamorphic deformation, possi-
bly of Acadian age, has in places sheared the steatitized
ultrabasic rocks from their blackwall shell at St-Pierre-de-
Broughton.

Keywords: stilpnomelane, blackwall, Quebec, Ap-
palachians.

SoMMAIRE

La stilpnom6lane est rEpandue d St-Piene-de-Broughton
et e Robertsonville, i 65 km au sud de Qudbec, dans les
Appalaches qudb6coises. On la rencontre dans des roches
de composition appropriee m6tamorphis6es d l'6chelle rdgio-
nale, i pression moyenne, jusqu'au stade de la biotite, ainsi
que dans l'enveloppe m6tasomatique des salbandes chlo-
riteuses ("blackwall") qui renferment les parties stdatiti-
s6es de l'6caille ultrabasique de Pennington. Le rapport
Fe3 * /(Fe3 * + Fd * 

) de la srilpnomdlane varie de 0 i 0.83;
le Fe3+ serait surtout dt d I'oxydation du Fd* primaire
par alt6ration atmosphdrique. La stilpnom6lane coexiste
avec biotite et chlorite riches en fer dans lesquelles le rap-
port Fe*/(Fe* + Mg) d6passe 0.57 et 0.53, respectivement.
Sont aussi pr6sents: albite, phengite, quartz et titanite. Le
coefficient de partage Xgg./X\4rentre min6raux et I'atti-
tude des assemblages coexistants dans les projections AFM
indiquent que le m€tamorphisme rdgional et le mdtasoma-
tisme 6taient contemporains. Le "blackwall" serait un
rdsidu occupant environ la moitid du volume de la roche
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originelle. A St-Pierre-de-Broughton, un dpisode de d6for-
mation posterieur au mdtamorphisme' peut-Otre d'6ge aca-
dien, a d6tach6 ca et li les roches st6atitis6es ultrabasiques
de leur enveloppe mdtasomatique.

Mots-cl4s: stilpnom6lane, salbandes chloriteuses' Appala-
ches qu6b6coises.

GENERAL Srarsl4gNt

Stilpnomelane is a dark brown to black layer-
silicate mineral found in some low-grade regionally
metamorphosed terranes. Although particularly well
developed in iron formations, stilpnomelane may
also occur in pelitic, quartzofeldspathic and mafic
rocks. The megascopic appearance and optical prop-
erties of stilpnomelane mimic closely those of other,
more common minerals, and in cursory studies, it
may easily be overlooked. In hand specimen, for ex-
ample, stilpnomelane resembles biotite, whereas in
thin section, it is easily mistaken for biotite, oxidized
chlorite or green phengite.

From the Quebec Appalachians, stilpnomelane has
been reported heretofore only as an accessory miner-
al in weakly metamorphosed rocks located 30 km
southwest of Quebec City (Zen 1974) and near the
town of Richmond (Trzcienski 1976). The intent of
the present report is to indicate that stilpnomelane
occurs widely in low-grade rocks of Early Paleozoic
age in the Quebec Appalachians, and that the mineral
is a major constituent of schists in an area from St-
Pierre-de-Broughton to Robertsonville. Although
some exposures occur in modern quarries, others are
found in wooded outcrops where, for more than a
century, coarse-grained stilpnomelane presumably
has been misidentified as biotite.

Geot-octcnt- Ssrrtl.{c

Sedimentary and metamorphic rocks of the Que-
bec Appalachians are divided broadly into two parts
separated from one another by a regional fault or
unconformity. Rocks of Cambrian and Ordovician
age in the north constitute the "Taconian orogen"
(St-Julien & Hubert 1975); rocks of Silurian and
Devonian age of the Connecticut Valley - Gasp6 syn-
clinorium occur to the south. Stilpnomelane is ap-
parently restricted to low-grade metamorphic rocks
of the Taconian orogen.

423



R_ -*
or-.^*t!orm

l:P

I

I
I
I

f'
lzz

o9''*"

x"\'ee)rt \
Vt

\zz 
\ -j

fi ,.{
li I
h fso
l l 3
l\* trt

i t

E
\ { o

to \

"n?
) f"

-
5!t

3!t- +..
Roberlsonville

TI{E CANADIAN MINERALOGIST

Frc. l. Generalized map of the St-Pierre-de-Broughton - Robertsonville area, showing part of the Pennington sheet
(grey), Bennett Schist (blank), and sample sites Qarge numbers; those in circles are the composite samples of schist
listed in Table 5). Geology simplified from unpublished map by Pierre St-Julien.

In the St-Pierre-de-Broughton - Robertsonville is found in a strictly regional environment in schists
area, located 65 km south of Quebec City (Fig. l), of appropriate bulk chemical composition and meta-
stilpnomelane occurs in two contrasting settings. It morphic grade. Stilpnomelane also occurs in a
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metasomatic enyironment in rocks that have under-
gone major chemical exchanges with abutting ultra-
mafic bodies dudng their alteration to talc-carbonate
rock and steatite.

Sru,pNotrlsLANE-BgAFJNc Rocrs

Regional environment

Stilpnomelane in regionally metamorphosed rocks
has been identified by the author in the Bennett
Schist in the St-Pierre-de-Broughton - Robertson-
ville area (Fig. I and Group E in Table l) and in the
St-Daniel Formation near Sherbrooke.

Dark brown stilpnomelane in flakes 5 mm in di-
ameter is concentrated in laminae in a fine-grained,
light yellow-green epidote schist, 4 km north of St-
Pierre-de-Broughton Qoc. 16, Fig. 1). Layers of
coarse-grained chlorite schist in the same outcrop
contain flakes of stilpnomelane as much as I cm in
diameter. Brown, medium-grained, somewhat gneis-
sic stilpnomelane schist constitutes small outcrops
on a hillside overlooking the Pabner River valley,
6 km southeast of St-Pierre-de-Broughton (loc. 15,
Fig. l). The rock is complexly deformed and con-
tains sericitized albite. Fine- to medium-grained bi-
otite schist in a roadcut 4 km southeast of

St-Pierre-de-Broughton (oc. 17, Fig. l) contains
minute flakes of stilpnomelane less than 0.1 mm
long. One hundred km southwest of St-Pierre-de-
Broughton, a massive to faintly laminafsd, dssp
brown to black metavolcanic rock in the Lower Or-
dovician St-Daniel Formation is exposed along auto-
route 55, 10 km northwest of Sherbrooke. The
rock contains l09o stilpnomelane as nearly colorless
(Z pale green) flakes 0.6 mm long, but only 0.015
mm thick. The flakes are arranged in radial ag-
gregates set in a muddy-appearing matrix composed
of finely granular (< 0.02 mm) albite and epidote,
with accessory chlorite, sericite, rutile and titanite.

Met aso m at ic env iro nment

Unusual stilpnomelane-rich metasomatic rocks are
associated spatially with the ultramafic Pennington
sheet at St-Pierre-de-Broughton, and between that
village and Robertsonville (Fig. l, Groups A to D
in Table l). Active and abandoned talc quarries af-
ford exceptional exposures.

The Pennington sheet is a relatively thin, gently
dipping, areally extensive ultramafic body that
marks the sole of a regional thrust-fault. The sheet
was emplaced tectonically as serpentinite and sub-
sequently was altered (steatitized) in many places to

TAELE 1. GENERALIZED MDAL COMPOSITIONS OF]7 SCHISTS FROII IHE ST-PIERRE-DE-BROUGHTON - ROBERTSONVILLE AREA
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talc-carbonate rock or to steatite composed of talc
alone. Contact relationships ofthe Pennington sheet
with the surrounding country-rocks mimic those of
small ultramafic bodies to the south in the Ap-
palachians of Vermont and Massachusetts; these
were described in detail by Chidester (1962), Jahns
(1967) and Sanford (1982).

Alteration of serpentinite to talc-bearing assem-
blages involves major chemical exchanges with sili-
ceous host-rocks, and leads to a regular succession
of metasomatic zones from a few centimetres to

several metres thick and disposed outward from the
ultramafic body. The thickness and composition of
each zone are determined by the original composi-
tion of the host rock, the composition and availa-
bility of hydrothermal fluids, and the metamorphic
T and P that prevailed during the talc-forming reac-
tions (Sanford 1982). Two well-defined zones of
metasomatic rocks envelop talc-rich parts of the Pen-
nington sheet. The innermost zone is blackwall, com-
posed nearly entirely of chlorite. As in many New
England examples (Jahns 1967, p. 147; Sanford
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1982, p.605-606), blackwall is succeeded by a zone
enriched in Na, comparable to the albite-
porphyroblast rock of Chidester (1962, p. e-65).
The accompanying enrichment in iron, which in New
England is manifested by an abundance of biotite
(Chidester 1962, p. 123) or by a relatively higher
Fetr'/(Ire'r + Mg) ratio in biotite and amphibole (San-
ford 1982, p. 560, 565, and Figs. 18,20,22), in Que-
bec is expressed in the crystall ization of
stilpnomelane.

TALC-CARBoNATE-RoCK QUARRY Ar
St-Prcnnr-or-BnoucnroN

A singular, fine-grained albite-stilpnomelane
schist makes up a discontinuous layer as much as 30
cm thick, admixed with albite-porphyroblast rock
immediately overlying blackwall on the hanging wall
of the Pennington sheet. The schist is composed of
untwinned, saccharoidal, white albite in erains <0.1
mm in diameter, and subhedral to euhedral black
stilpnomelane in bent plates from 5 to l0 mm across
and arranged in radial aggregates (Fig. 2A). Other
minerals are titanite (about 490 modally) and minor
chlorite, apatite and pyrite. The associated albite-
porphyroblast rock is fine- to medium-grained, dark
green-grey muscovite schist peppered with euhedral
porphyroblasts of dusted white albite I to 3 mm in
diameter. Ilmenite, iron-rich chlorite, titanite and
apatite are accessories.

Talc-carbonate rock in the quarry contains numer-
ous tectonic inclusions of host rock. Most of the in-
clusions have the form of thin slabs tens of metres
long and have been altered wholly to blackwall.
However, two bulky inclusions are concentrically

Sarple no.

Nwber of lons on the basls
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zoned and contain a core of more felsic rock with
stilpnomelane Gamples 6 and7, Table l) that differs
from stilpnomelane-rich rock on the hanging wall
in that it contains grey quartz, is relatively darker
colored, and is layered and gneissic (Fig. 28) rather
than schistose. Stilpnomelane occrus as undeformed
plates more than 5 mm across, some of which are
arranged in radial aggregates (Fig. 2C). Other miner-
als present are titanite, zircon, rutile, apatite and
pyrite.

OrHsn LocALITIES

Stilpnomelane is a major phase in fine- to medium-
gained, dark brown to black, salt-and-pepper albite-
rich schist just outside the blackwall of both the
hanging wall and footwall of the active steatite quar-
ry (ocalities 9 to ll, Fie. l) 5 km northeast of
Robertsonville. On the hanging wall of an aban-
doned talc pit oocality l2,Fig. 1), 0.7 km southwest
of the active quarry, chlorite and stilpnomelane make
up 35 and 3090, respectively, of a dark, fine- to
medium-grained mafic schist similar to blackwall.
Stilpnomelane occurs sporadically in fine-grained,
dark brown schist adjacent to blackwall and talc-rich
ultramafic rocks at the large abandoned quarry at
the Broughton Soapstone Co. mill (localities l3 and
14, Fig. l). The schist contains bent flakes of mus-
covite and is more quartzose than stilpnomelane
schist elsewhere in the metasomatic environment.

MrNsRArocY

Microprobe analyses were carried out on 11 grains
of stilpnomelane, 7 of biotite, 16 of chlorite, 8 of
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muscovite, 2 of actinolite and 3 of calcite. Stilpnome-
lane compositions are grven in Table 2, whereas re-
maining compositions are available, at nominal
charge, from the Depository of Unpublished Data,
CISTI, National Research Council of Canada, Ot-
tawa, Ontario KIA 0S2.

Stilpnomelane

The author has used the nomenclature of
Hashimoto (1969) to distinguish ferristilpnomelane
from ferrostilpnomelane, with a division between
the two at a value of the atomic ratio
Fd+/(Fd+ +F*+) of 0.50. The term stilpnomelane
is reserved for the entire series. Fe3+ contents were
calculated by solving the following pair of simulta-
ueous equations:

Fe,N _ Fe2+ + Fe3+ (l)

(100 - ferrostilpnomelane) =
(Fd+ +Al)/(Fe3+ +Al+Fd+ +Mg+Mn) A)

The value (10 - fenostilpnomelane) was determined
eraphically @eer e/ al. 1962, p. 106) based on the
n, of each Crain of stilpnomelane measured in
sodium light.

In the Quebec rocks, stilpnomelane constitutes
euhedral to subhedral plates that in most samples
have a porphyroblastic habit and a radial arrange-
ment (Fig. 2C). Color and pleocbroism range widely,
and depend on the Fe3+,/(Fe3* + Fd+) ratio of the
mineral. Ferrostilpnomelane with little or no Fe3*
(samples 6 and 7 , Table 2) is weakly pleochroic: X
colorless, Y : Zpale gey-green. With only slightly
higher Fe3+ contents (samples 9, l0), pleochroism
becomes pronounced: X light yellow-tan, Y = Z
medium olive-brown. Grains of ferristilpuomelane
are strongly pleochroic: Xmedium bright yellow, Y
: Z deep orange-brown to opaque.

The role of Fe3+ in stilpnomelane has been
deliberated extensively @obretsov el a/. 193). Based
on evidence from crystal chemistry (Egeleton &
Bailey 1965), phase equilibria(Zen 1960, Craw 1981)
and field relationships (Robinson 1969), agreement
is general (but not unanimous: see Eggleton 1972)
that stilpnomelane forms as ferrostilpnomelane that
subsequently may undergo oxidation, commonly by
weathering. This view is supported by observations
in the Quebec Appalachians. Samples 6 and 7, con-
taining pure ferrostilpnomelane, were taken from the
core of the largest tectonic inclusion, riven by blast-
ing only months prior to sampling in the quarry at
St-Pierre-de-Broughton. Ferrostilpnomelane from
the hanging wall of the active steatite quarry north-
east of Robertsonville (sample 9) comes from schist
uncovered by quarrying in the past few years,
whereas ferrisflpnomelane from fl1e langing wall

(sample l1) is frorn a natural outcrop enlarged by
quarrying. All rock is weathered in tle shallow pit
to the southwest, where sample 12, containing fer-
ristilpnomelane, was taken. Sample 13, also contain-
ing ferristilpnomelane, is from a near-surface sile
exposed by quarrying in the last century. All stilp-
nomelane in natural outcrops (samples 15 to 17) is
ferristilpnomelane. Furthermore, pale green fer-
rostilpnomelane commonly is encased in thin shells
of light brown stilpnomelane easily interpreted as the
product of incipient oxidation, a r.elationship also
reported by Hutton (1938), Brown (1971) and Craw
(re81).

Some authors have proposed that progressive
leaching of K accompanies the oxidation of ferro-
to ferristilpnomelane. Frey et al. (1973) found that
green (ferro-)stilpnomelane contains as much as ten
times the amount of K in brown (ferri)stilpnomelane.
Brown (1971, p. 282-283) went further and, basing
his argument on the composition of stilpnomelane
coexisting with the chemically equivalent pair
chlorite-minnesotaite (on an Al-Fe-Mg plot) in an
iron formation, suggested that the minimum content
of potassium in natural occurrences of stilpnome-
lane is 1.8890 KrO.

The Quebec stilpnomelane sheds some light on
these problems, but one must first emphasize the er-
ratic behavior of potassium and the uncertainty as-
sociated with its analysis in stilpnomelane (Graham
L976, Craw l98l). Comments on the present ana-
lyses (Table 2) are in order. The microprobe at the
Universit6 Laval is a model 121000 ARL fitted with
two crystal spectrometers. Spots to be analyzed were
selected beforehand and located prechely on thin sec-
tion drawings by the author. Analyses by repeated
ten-second integrations, two elements at a time, were
carried out on each spot. Potassium was analyzed
on the third or fourth run. By completion of the five
required runs (for nine elements), target spots on fer-
rostilpnomelane (except sample 3) were darkened to
a deep red-brown color, and many had strongly en-
hanced birefringence. Target spots on ferristilpnome-
lane were unchanged. Alterations of potassium
content may have taken place at target spots in the
course of analysis, particularly in ferrostilpnomelane.
For example, whereas analysis of ferrostilpnomelane
in sample 7 by electron microprobe gave 1.5V0 KrO,
analysis of a concentrate ()9590 stilpnomelane)
from the same sample gave 0.8690 KzO bV atomic
absorption, and 0.92V0 K2O by X-ray fluorescence.
Stilpnomelane in sample 17 behaved in a particular-
ly unusual fashion: under the electron beam during
analysis, potassium counts increased progressively.
Nowhere on the mineral were counts stable, and a
value of l0/o K2O, the approximate value at the on-
set of analysis, was assigned (Table 2). The mechan-
ism proposed by Graham (197Q and modified by
Craw (1981) best explains this behavior: OH- ions
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IDEAL StILPMlrlEUlllE

(K ,  Na,  Ca)0 .00  -  0 .84
(Al, F€, l. lg, tn)2.04 _ l..tt
s lg . ro  -  3 .7s  A lo .go  -  o .zg*

(K, Na, Ca)n* o" U*
(Tlo.r A12.3 F":s.s i lgg.: ho.g)

(st63 Al9)*

volatilized by the beam are replaced by nearby, loose-
ly bound K+ ions that migrate to fill the structural
vacancies created. The problem of charge balance
remains unresolved.

The correlation between K and Fe3+/(Fe3+
+Fd+) is erratic in the Quebec occurrences of
stilpnomelane. On average, ferrostilpnomelane con-
tains more K than ferristilpnomelane (respectively
1.4 and 0.990 K2O by weight). Nevertheless, the
most oxidized ferrisiilpnomelane (in sample 12) con-
tains more K (0.9% K2O) than ferrostilpnomelane
in sample 3 (0.690). The data do not support the
minimum KrO content of unaltered stilpnomelane
proposed by Brown (1971).

The ideal formula of stilpnomelane is in dispute.
Stilpnomelane from Quebec Clable 3) shows gener-
al agreement with formulae proposed by Chauvel
(1973) and Eggleton (1972).

Biotite

Biotite is anhedral, with Z-direction colors that
range from olive to dark red-brown with increasing
Fe*/(Fe* + Mg) ratio. Iron-rich biotire
[Fe*/(Fe* +Mg) >0.57] coexists with stilpnomelane,
although relatively magnesian biotite [Fe*/(Fe* t
Mg) : 0.501 coexists with stilpnomelane in sample
t7.

Chlorite

Prograde anhedral chlorite occurs in 15 ofthe 17
samples. It is secondary after biotite in sample l, and
is absent in sample 9. Compositions vary chiefly in
the ratio Fex'/(Fe'* +Mg). Strongly pleocbroic, bright
grey-green, iron-rich chlorite [Fe*/(Fe* + Mg) >0.53]
coexists with stilpnomelane. More magnesian chlo-
rite is pale green, and the chlorite in the blackwall
[sample 4; Fe*/(Fe*+Mg) 0.19] is nearly
colorless.

Muscovite

Phengitic muscovite, mostly as robust, subhedral

(K ,  Na,  Ca) ' . *  -  O.34
(Al, Fe, I ' ls, W)Z.qA - Z.gu
slr.: l - :,oo A1o.az - o.u

(K,  Na, ca)0.7 _ 5,6
(Alo.o -  q.s F za.z -  rs. r  M9r0.8 -  r5.3 Mn0,3 -
(sr63 A15.9 _ .11.6)

(l) saEples 6, 7, 9 and l0; 'Chalvel (1972) bqsd on l l (g); s Egglaton (1972) blsod on Sl " 63i * Eggleton t Chqppell (1978) bas€d on st , 6t.

(r. m, ca)q.r

(A1l.g F":z.o il9rg.5 ilno.s)

(s153 A15.3)

flakes, is the only white mica in the samples studied.
In the metasomatic environment it is widespread at
the three southernmost quarries (samples 9 to l4).
Based on 22 oxygen atoms, Si ranges from 6.12 to
6.73. The value of Xpmgonite is between 0.04 and
0.10, and even lower, 0.03, in the only albite-free
sample (no. l2). Although generally common in the
Bennett Schist, muscovite is present in only one sam-
ple (no. 15) from the regional environment. It is
weakly phengitic, with Si = 6.09 and ds6genilg =
0.06. Relatively iron-rich muscovite [Fe*/(Fe* +
Mg) > 0.53.1 is found with stilpnomelane. In
stilpnomelane-free sample 8, the ratio is 0.32.

Actinolite

Actinolite occurs in two samples. In sample l, ac-
tinolite is bright blue-ereen in thin section [Fe*,/(Fe*
+ Mg) = 0.46i Alzo: : 2.6Vol, whereas in sam-
ple 17 it forms nearly colorless anhedra [Fe*/(Fe*
+ Mg) : 0.30; Al2O3 = 0.9901.

Calcite

Anhedml carbonate, in part present as porphyrob-
lasts, is a major constituent in the hanging wall at
the St-Pierre-de-Broughton quarry. It is also a com-
mon accessory mineral in the regional sshists. Car-
bonates in samples l, 2 and 17 consist of nearly pure
calcite (>97n/o CaCO3), with minor MgCO3 (0.2 to
0.6V0), FeCO, (0.5 to l.2t/o) and MnCO, (0.8 to
1.590).

PstnoLocv

The discussion that follows aims to establish: (l)
that the grade of regional metamorphism is uniform
throughout the St-Pierrede-Broughton - Robertson-
ville area, Q) that conditions of T and P adjacent
to the Pennington sheet during steatitization resem-
bled those in surrounding host-rocks during region-
al metamorphism, and (3) that metamorphism of the
Bennett Schist and stealitization in the Pennington
sheet were coeval.
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Unfortunately, the petrology of stilpnomelane-
bearing rocks is not without pitfalls. Firstly, the
chemical composition of stilpnomelane is known
imprecisely, and K2O may be in error in many anal-
yses. Secondly, the role of Fe3* in the mineral is
uncertain. Finally, the porphyroblastic habit charac-
teristic of stilpnomelane is open to multiple interpre-
tations.

Prograde stilpnomelane typically occurs as bold-
ly discordant porphyroblasts that locally are filled
with tiny inclusions (Fte. 2C). Such a texture
dominates the Quebec rocks in both the metasomatic
and regional environments, although stilpnomelane
may also be bent or lie weakly oriented with respect
to schistosity. In only one sample (no. 13) is stilp-
nomelane rigorously parallel with schistosity.

The porphyroblastic textures are open to two in-
terpretations. Either stilpnomelane postdates the
regional metamorphism and records a later, static,
thermal overprint, or it formed late in the meta-
morphic episode after virtually all deformation had
ceased. A history of repeated stilpnomelane-forming
events that differentially affected rocks in the res-
tricted St-Piene-de-Broughton - Robertsonville area,
particularly in the absence of intrusive igneous rocks,
is improbable. Rather, the author interprets the tex-
tura, varied as they are, to be consonant with miner-
alogical equilibrium achieved during a single
metamorphic episode. Stilpnomelane constitutes un-
deformed porphyroblasts in rocks where metamor-
phic recrystallization outlasted deformation. Bent

porphyroblasts occur where the reverse held, i.e.,
where deformation outlasted metamorphic recrystal-
lization. Stilpnomelane plates are aligued with
schistosity where deformation and metamorphic
recrystallization were coeval.

Two samples were judged on textural grounds
alone to represent disequilibrium assemblages. Sam-
ple l, without stilpnomelane, contains cross-cutting,
lathlike porphyroblasts of anhedral biotite pseudo-
morphic after stilpnomelane. In sample 17' stilp-
nomelane occurs as minute plates no more than 0.005
mm thick that are not commensurate with the grain
size of the schist, where biotite forms flakes from
0.1 to 0.35 mm thick.

Metamorphic grade

Metamorphic grade appears constant in passing
from the more or less isochemical metamorphism of
the regional environment to the metasomatic en-
vironment characterized by substantial chemical ex-
changes. The widespread ocqurence of biotite' albite
and actinolite, the presence of chloritoid in highly
aluminous pelites at the Harvey Hill Cu mins, aad
the absence of staurolite or garnet, even in iron-rich
pelites, all point to regional metamorphism having
taken place in the biotite zone of an intermediate-
pressure facies series. Stilpnomelane itself is of lit-
tle use as an isograd minslal (Zen & Thompson
197 4). 11 may appear in the lowest-temperature part
ofthe greenschist facies (Dobretsov et al.1973), or

(Xpr/x^rn)biot't" ( X p"/X vn)ttilPnomelane (X p"/ X Mr) "tllPnomelane

1xr"/xrn1"n'o'"u
Frc.3. Fe,/Mg Fartitioning in biotite-chlorite, stilpnomelane-biotite and stilpnomelane-chlorite pairs. All Fe calculated

as Fd+. Sample numbers are from Table l.

1xr"/xrnlo'ot't" 1xr"/xun)"n'ot""



even at lower grades (Seki 1961), and persists into
the amphibolite facies (Brown 1971, Korikovskiy et
al. 1975).

Phase equilibria

Three ferromagnesian silicates, chlorite, biotite
and stilpnomelane in order of increasing Fe"'/(Ire'r
+ Mg) ratio, are widely dispersed in the study area.
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X*"./XMspartition coefficients, Ko, have been plot-
ted for the mineral pairs biotite-chlorite,
stilpnomelane-biotite and stilpnomelane-chlorite
(Frg. 3). Samples I and 17, judged already on tex-
tural grounds to be disequilibrium assemblages,
depart significantly.

In sample 1, biotite is relatively too iron-rich with
respect to coexisting chlorite. The biotite is in part
pseudomorphic after an earlier stilpnomelane, which

STILPNOMELANE IN METASOMATIC ROCKS, QUEBEC APPALACHIANS
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Frc.4. AFM (fhompson) projection of chlorite, stilpnomelane and biotite compositions, All Fe calculated as Fd+.
Sample numbers are from Table l. Filled circles, samples with quartz + muscovite; open circles, samples lacking
quartz or muscovite or the t'wo minerals and therefore not compatible topologically with the projection. Biotite in
sample l0 is too fine grained to permit analysis.
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may have influenced its XFe'/X*sratio during the
replacement reaction (Brown l97l):

muscovite + stilpnomelane
- biotite (+ chlorite + H2O) (3)

Ideally, to be in equilibrium with the chlorite
(Xp*/Xue = 0.98) of sample l, a biotite should
have an XF"./XM, ratio of 1.06, whereas the ratio
of a coexisting stilpnomelane should be 1.62 (Fig.
3). The ratio of the biotite i1 sample I is 1.30, an
intermediate value. Presumably, the newly formed
biotite, during the replacement reaction, equilibrat-
ed continuously with matrix biotite to achieve the
medial value. Why the chlorite did not react to be-
come more iron-rich and reach equilibrium with the
new biotite is not clear. Some of the chlorite is sec-
ondary and replaces biotite. Perhaps the late chlo-
rite formed during sanling and equilibrated witl pro-
grade chlorite under conditions unlike those of the
progade metamorphism.

Fine-grained, accessory stilpnomelane in sample
17 is not in equilibrium with coexisting magnesian
biotite or chlorite (Fig. 3). The stilpnomelane-
forming reaction, which postdates the prograde
regional metamorphism, may have been @obretsov
et al. 1973):

biotite + quartz + magnetite + H2O -
stilpnomelane + chlorite + muscovite (4)

The presence of two generations of chlorite, one
primary and the other a $econdary replacement of
biotite, supports the proposed reaction, altlorrgh the
absence of muscovite is unexplained. As in 5ample
l, retrograde reactions are ambiguous.

All compositions determined for chlorite, stilp-
uomelane and biotite have been plotted on an AFM
(Thompson) projection (Fig. 4). The following ob-
servations are pertinenfi (1) All iron in stilpnomelane
was calculated as Fd*. The restricted scatter
of points that represent stilpnomelane with
Fe3*/(Fd* + Fd+) ratios from 0 to 0.83 (Table 2)
lends support to the view that primary iron in stilp-
nomelane is largely or wholly ferrous (Zen 196O,
Robinson 1969). Q) Stilpnomelane that coexists with
iron-rich chlorite, iron-rich biotite, or with both
mins1als, defines a n:urow fan of tie lines. Small
departures are interpreted as artifacts that result from
unreliable analysa for potassium, preferential leach-
ing of potassium from ferristilpnomelane by weather-
ing, or a combination of the two. The widely
divergent. tie-lines of samples I and 17 confirm the
nonequilibrium nature of these samples established
earlier. The tie line joining coexisting chlorite and
biotite in stilpnomelane-free sample 2 falls beyond
the most iron-poor side of the tfuee-phase field chlo-
rite - stilpnomelane - biotite. (3) The concordance

of partition coefficients and the congruence of miner-
al tie-lines from widely spaced samples provide fur-
ther evidence that temperature was broadly uniform
during the peak of prograde metamorphism tlrough-
out the area. Moreover, the overlap of samples from
the regional and metasomatic environments is in
keeping with the view that prograde regional
metamorphism and steatitizatioo in 1hs psnnington

sheet were coeval.

Stilpnomelane and blackwall

The association of stilpnomelane-rich rocks with
blackwall is conspicuous in all the talc quarries. Es-
peciatly sienificant examples are afforded by tectonic
inclusions with cores of albite-stilpnomelane rock
that are enclosed in talc-carbonate rock in the quarry
at St-Pierre-de-Broughton. The unique spatial set-
ting of the inclusions permits semiquantitative mass-
transfer calculations of the chemical and volumet-
ric changes that may have accompanied formation
of the blackwall.

The largest tectonic inclusion has the form of an
ellipsoid of revolution. It is made up of a core of
albite-stilpnomelane rock (no. 7, Table 4) whose
major and minor axes are 6 and 2 m, respectively.
The core is enveloped by a shell 0.4 m thick, com-

TABLE 4. CHEI'IICAL AI{D I,IODAL COMPOSI.
TIOIIS AIiD BULK DENSITIES OF THREE
ROCKS THAI @MPOsE A TEC1ONTC INCLU-
SIOII OF COUiTIRY ROCK IN TALC.CARBOMIE

ROCK AT ST.PIERRE-DE.BROUGHTOI{

Sarp leno.  4  5  7
s i02  30 .13  60 ,02  63 .m
Tio2  t .60  1 .40  1 .40
A1203 18 .68  18 .36  14 .85
Fe203 I .75 l. 39 1 .33
Feo 8.75 3.73 3.80
l,ho 0.08 0.05 0.06
Mso U,87 1 .45  l .4s
Cao 0 .06  0 .58  l . l8
Na20 0 .13  9 .84  8 .76
K20 0.00 0.05 0.46
Pzos 0 .02  0 .32  0 .21
c 0 ,  0 . 0 2  0 . 1 3  0 . 0 7
t t ro"  rz .a  l .8o  1 .Bz
H20-  0 .22  0 .13  0 .  t4

99.51 99.25 94.73

Quartz
Albite
I'lus@yl te
Or'lorlte 97.8
Stl lpnomlile
Z l r@n 0 .3
Tl tani te
Rut i le  1 .9
Apatite tr
0paque
Calclte tr

5 . 4
66.542.9

0 . 1

0 . 2
1 . 0

1 . 8
1 . 7

d t

, 0  1 0 0 . 1
D (g/qt) 2.79 2.71 2.67

4, Blacktrall shell thatsurrcmds tie
tectonic lncluslon; 5, Inner shell of
albite-chlorlte schlst; 7, Core of
stl lDnorelane schlst. l let-chemlcal
analyses by Centre de Recherihes lilln-
6ra1es, Qulbec. lilodal Malyses b6ed
on 1435, 1445, i ld 1289 polnts, re-
spectiwly, on standard thln sectlons
by the autior. Prcportlons of quartz
ud alblte detemlned by relatlre
peak lntenslties on rhole-rcck dif-
fractogrm.
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posed of albite-chlorite rock (no. 5, Table 4). A
1.S-m-thick shell of blackwall (no. 4, Table 4) con-
stitutes the exterior of the inclusion. The core and
shells of the inclusion have chemical compositions
unlike those of common rocks, and all are metaso-
matic replacements of a precursor rock. Isolation of
the inclusion in the Pennington sheet, 30 m below
1[s hanging wall and 75 m above the footwall, makes
it likely that metasomatic exchanges were limited ex-
clusively to the testonic inclusion and enclosing ultra-
mafic rocks. Gradients of chemical potential were
restricted to inwardly and outwardly directed radial
paths, more or less normal to the surface of the in-
clusion. Diffusion away from the ultramafic rock
was restricted to a confined space, and components
could not disperse imperceptibly into vast volumes
of host rock as presumably took place at the hang-
ing wall and footwall.

The assumption is made here that the chemical
composition of the precursor rock of the inclusion
was similar to that of the pelitic to semipelitic host
Bennett Schist expo$ed beyond the metasomatic in-
fluence of the Pennington sheet. Accordingly, eight
composite samples of Bennett Schist were taken from
fresh roadcuts and stream-bank exposures within a
few km of St-Pierre-de-Broughton (Fig. l). Two ele-
ments, sodium and titanium (expressed as Na2O
and TiO) were selected for analysis because of their
respective mobility and immobility during the
metasomatic reactions (Table 5).

Three cases are considered (Table 6). Case A is
the present state of the inclusion: its core of albite-
stilpnomelane rock (volume 37.7 ff), inner shell of
albite-chlorite rock (30.1 m3), and shell of black-
wall Q23,9 m3). Based on the chemical composi-
tions and densities of the three rocks, the inclusion
contains 17.6 tonnes of Na2O and 12.5 tonnes of
TiO2. In B, it is assumed that metasomatism oc-
curred at constant volume; that is, the body of
precursor rock had the volume of the presently ex-
posed inclusion Q91.7 m3), a density of 2.7 g/crf ,
and the tenors of Na2O and TiO, in average host-
rock (Table 5). The contents of Na2O and TiO,
(respectively 10.8 and 7.0 tonnes) of such an inclu-
sion fall far short of the amounts of the oxides ac-
tually present in the metasomatized rocks (Iable O.
An equal volume of precursor rock contains less than
two thirds of the required NarO, and just over one
half the TiO2. Case C assumes that the blackwall
shell rqrresents a residue whose volume is only one
half of the precursor rock. Here the calculated con-
tents of Na2O and TiO2 are remarkably close (with-
in 10 and lVo, respectively) to the contents ofthese
oxides observed in the inclusion.

The figures used in the calculations above are semi-
quantitative at best. Their purpose is solely to show
the likelihood that significant volume-loss accompa-
nied the metasomatic formation of blackwall at St-

TABLE 5. Na^O AND TiO^ IN COMPOSITE SAI4PLES OF BENNFTT SCHIST

Sample *

I

4
6

7
6

Average

Na20

'1.04 wt. i
2 . 57
l a ?
'| 

.48
0 .42'I 

.09
0.93
I  .69

1 . 3 8

Ti0^

* * . ,
2.08
0.70
I  . 03
0 .06
U .  J C

0.83
1 .02

0.89

r  See Figure I  for smple sl tes, whlch are al l  f rom the
St-Plerre-de-Broughton - Robertsonvi l  le area.

TABLE 6. DEllSlTl! VoLUllE, BUIK IEIGHT, Na20 AND Tl02 lN A IECT0NIC BLoC( IN
TAIC-CARBOMTE ROCK AT 

'IIIE 
QUARRY, ST.PISRRE.OE-BROUATON, AI{D POSSIBLE

PRECURSOR ROC(S OF THE INCLUSION

Rock type Densliy Vol@ Bulk relght l{a20 Tl02

Core
. Innef shel l^ '  Blackral l  shel l

2 . 6 7  3 7 . 7  1 0 0 . 7  8 . 8  1 . 4
2 . 7 1  3 0 .  t  8 1 . 6  8 . 0  l .  l
2 . 7 9  2 2 3 . 9  6 2 4 . 7  0 . 8  1 0 . 0

. 7

CoE - lnner shel l
pEcuBor schlst

B. Blackrel l
precursor schlst

2 . 7

2 . 7

67.8

223.9

1 8 3 . 1

604.5

2 . 5  1 . 6

3l*";:1"::ni:itt 2.7 67.8 rs3.r 2.s r.6
'' 

Slii*ll *n," 2.7 447.8 rzoe.o 16.7 r0.g

515.6 1392.1 19.2 12,4
A. The lncluslo4 as exposed. Core of alb{te-st l lpnomlane rek: a 6 E. b 2
m, D 2.67 g.@-3; Table 4, no. 7.  Inner shel l  of  albi te-chlor l te rccka 0.4
n  t f i l c k ,  D  2 . 7 1  g . @ 3 i  T a b l e  4 ,  n o .  5 .  B l a c k r a l l  s h e l l :  1 . 5  d  t h l c k . 0
2.79 g.f f r i  Table 4, no. 4.  Vol@ ln 03. l {a,O and TtO, tn bnnes-
B. Vol@-for-vol@ replace@nt of pEu6or-schist  by-blackmll .  precur-
sor schlst :  a 9.8 ! ,  b 5,8 n, D 2.7 q.m3, l ta,0 1.382, TlO, 0.89r.
C. Vol@ of bl lckral l  is 50t of  t j le vol@ of-DrecuEdr scfr lst .  Blck of
precuGor schlst :  a l l .5 ! ,  b 7.5 a, D 2.7 9.m.3, Na20 1.38t,  Tl02 O.O9g.

Pierre-de-Broughton. At first glance it may appear
improbable that a volume loss perhaps as gxeat as
5090 sould be unaccompanied by direct structural
evidence. However, the linear shrinkage of the in-
clusion during metasomatism and volume loss would
have been much less. For example, the long axis of
the inclusion in the quarry is about 9.8 m; with a
shell of precursor rock of twice the volume in place
of the present blackwall shell, the long axis would
be 11.5. This is a diminution of less than 1570, an
amount perhaps easily passed unnoticed. Sanford
(1982) has already remarked on this relationship in
a study of blackwalls in New England.

Why stilpnomelane?

Stilpnomelane is not common in metamorphic ter-
ranes. Its surprising abundance in the area of this
report is due to a fortuitous combination of favora-
ble metamorphic conditions and appropriate com-
position of the rocks. Around the world,
stilpnomelane is restricted chiefly to low-grade and
high- or medium-pressure metamorphic rocks
Miyashiro 1973). In the St-Pierre-de-Broughton -
Robertsonville €uea, the Bennett Schist is in the
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greenschist facies. Contiguous rocks to the south-
west with blue amphibole (Trzcienski 1976) and om-
phacite (Laird & Albee l98l) show the high-pressure
affinities of the metamorphic belt.

Among pelites and psammites, only rocks with
high Fe*/(Fe* + Mg) ratios and low contents of Al
and K can contain stilpnomelane. As illustrations,
even though iron-rich, aluminous pelites contain
chloritoid in place of stilpnomelane, and K-rich rocks
contain biotite. Thus biotite in samples l0 and ll
is restricted to small flakes adjacent to aggregates
of muscovite, the only K-rich domains in the respec-
tive rocks. Mineralogical evidence points to the Ben-
nett Schist being poor in K relative to Na.
Accordingly, in the alkali metasomatic rock adja-
cent to blackwall, enrichment was chiefly in Na, and
stilpnomelane is the ferromagnesian mineral ob-
served rather than biotite, which is characteristic in
some Vermont occurrences (Chidester 1962, p. 123,
125). In fact, molar Na2O,/(Na2O + K2O) ratios of
albite-rich metasomatic rocks at St-Pierre-de-
Broughton range from 0.97 to 0.99 (Table 4),
whereas an albite-porphyroblast rock with biotite
from Vermont has the ratio 0.83 (Chidester 1962,
Table 3, no. 24).

ACADIAN(?) DEFORMATION

The history of deformation and metamorphism in
the St-Pierre-de-Broughton - Robertsonville area is
complex and incompletely understood. Nevertheless,
the fact that multiple deformation and the main epi-
sode of metamorphism took place during the Taconic
orogeny is well established (St-Julien & Hubert 1975).
Postmetamorphic shearing has separated the Pen-
nington sheet from its blackwall shell along the foot-
wall in the quarry at St-Pierre-de-Broughton. The
former presence of blackwall is recorded by trains
of coarse, mechanically broken grains of pyrite on
the surface of the host schist where overlain by stea-
tite or talc-carbonate rock. Pyrite is prominent only
in blackwall, where commonly it forms euhedral
cubes several mm across that may reach 390 modally.

The shearing may be of Acadian age. St-Julien e/
al. (1983) have speculated that Acadian deformation
in the Notre Dame anticlinorium (site of the Pen-
nington sheet), heretofore unrecognized, may be
widespread. Evidence in the quarry at St-Pierre-de-
Broughton supports this view.
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