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Assrnecr

The assemblage cordierite-anthophyllite characterizes the alteration zone ofthe Lar Cu-Zn deposit in the Lynn Lake volcanic
belt, in Manitoba; in some altered rocks, cummingtonite is present as well. Under appropriate pressure-temperature conditions
(approximately 3-4 kbar and 550'-700'C), colinearity in the composition of cordierite, anthophyllite and cummingtonite, in the
presence of quartz, results in the degenerate univariant reaction anthophyllite = cordierite + cummingtonite. We suggest that the
assemblage cordierite-anthophyllite crystallized below the temperature of this reaction, and the assemblage cordierite -

anthophyllite - cummingtonite, slightly above. Mantling of cummingtonite by anthophyllite probably was the result of cooling
from peak conditions of metamorphism.
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Sour,rene

L'assemblage cordierite-anthophyllite caract6rise la zone d'alt6ration associ6e au gisement Cu-Zn de Lar, dans la ceinture
volcanique du lac Lynn, au Manitoba; la cummingtonite est aussi pr6sente dans certains cas. A des conditions appropri6es de
pression et de temp6rature (environ 3-4 kbar et 550'-700'C), une colindarit6 dans la composition des min6raux cordierite,
anthophyllite et cummingtonite, en pr6sence de quartz, mbne ) une rdaction univariante dite d6g6n6rde, anthophyllite = cordierite
+ cummingtonite. A notre avis, l'assemblage cordierite-anthophyllite aurait cristallis6 au dessous de la tempdrature de cette
r6action, et I'assemblage cordierite - anthophyllite - cummingtonite, l6gdrement au dessus. Une surcroissance d'anthophyllite
sur la cummingtonite r6sulterait d'un refroidissement post6rieur i la culmination m6tamorphique.

(Traduit par la Rddaction)

Mots-clds: cordierite-cummingtonite, m6tamorphisme, gisement de Lar, ceinture du lac Lynn, Manitoba

INrnooucuoN

In the alteration zone associated with the Lar Cu-Zn
deposit at Laurie Lake, Manitoba, cordierite-antho-
phyllite rocks are accompanied, in some cases, by
cummingtonite (Elliott-Meadows & Appleyard I 99 1 ).
Cummingtonite is typically surrounded by a rim of
anthophyllite. The same textural relationship has been
recorded by Eskola (1914), Tilley (1937), and Tella &

Eade (1978). This feature suggests the stable coexist-
ence of cordierite + cummingtonite at some metamor-
phic conditions. Earley & Stout (1991) described the
occurrence of cordierite + cummingtonite in textural
equilibrium in rocks within the stability field of an-
dalusite and, on that basis, defined a low-pressure fa-
cies in aluminous ferromagnesian rocks.

Phase relations among cordierite, anthophyllite, and
cumminstonite have been discussed by Robinson &
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Jaffe (1969). Based on a study of rocks from the Lar
deposit, furlher considerations of this topic are pre-
sented, and phase relations are used as indicators of
metamorphic conditions.

Gnor-ocrc.qr- Serrwc

The Lar deposit is located at Laurie Lake (Fig. 1 ) in
the Lynn Lake volcanic belt, a major geological unit in
the Precambrian Shield of Manitoba (Gilbert et al.1980,
Baldwin et al.  198'7). Older volcanic rocks and
greywacke of the Wasekwan Group (1910 Ma; Baldwin
et al. 7987) are overlain by greywacke of the Burntwood
Group and alluvial sandstone and conglomerate of the
Sickle Group. Rocks of all three groups have been meta-
morphosed in the amphibolite facies. Metamorphosed
alteration zones in volcanic rocks of the Wasekwan
Group (Fig. 1, location taken from Jackson 1988b) have
been studied by Mustard (1974), Lustig (1979), Gale
(1983) ,  Barham & Froese (1986) ,  E l l io t t  (1986) ,

Barham (1987), Olson (1987), Jackson (1988a, b), and
Elliott-Meadows & Appleyard (1991).

The Lar deposit (Fig.2) consists of two stacked
lenses of massive sulfide, 3 to 9 and 4 m thick, which
occur in a sequence of predominantly mafic volcanic
rocks, with discontinuous units of felsic volcanic rocks
(Elliott-Meadows & Appleyard 1991, Feneira 1993).
Like the surrounding strata, the sulfide lenses dip to the
north. The prominence ofaltered rocks to the north sug-
gests that the sequence is overturned. Rocks assumed to
be stratigraphically below the sulfide lenses are ex-
tremely altered, notably by Ca depletion and Mg enrich-
ment, probably reflecting common chloritic alteration
associated with volcanogenic massive sulfide deposits.
At the prevailing grade of metamorphism, this alteration
is expressed mainly by the assemblages cordierite-
anthophyllite and cordierite - anthophyllite - cumming-
tonite, accompanied, in some instances, by almandine.

The rocks of the Lar deposit have been metamor-
phosed in the upper amphibolite facies. Metamorphic

102'00'

Ftc. 1 GeologyoftheLaurieLakearea(afterGilbetetal 1980) IsogradsfromJackson(1988a).Locationof alterationzones
from Jackson (1988b).
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conditions are bracketed by the reaction (in the pres-
ence of quartz)

staurolite = cordierite + almandine + sillimanite
( 1 )

and the beginning of anatexis (Jackson 1988a).
The mafic volcanic rocks sulTounding the cordier-

ite-anthophyllite rocks are fine to medium grained and
typically consist of plagioclase and hornblende, with
minor amounts of quartz and epidote. Clinopyroxene is
present in some rocks and cummingtonite in slightly Ca-
depleted rocks. The cordierite-anthophyllite rocks are
medium to coarse grained. Plagioclase is rare.
Cummingtonite is present in some rocks and, in some
instances, is in contact with cordierite. However, more
commonly, it constitutes the core of composite grains
with anthophyllite forming an outer shell (Fig. 3). In
some samples, grains of optical ly homogeneous
ofthoamphibole with a highly variable Al content in
different analyzed sites, ranging from 4 to 15 weight Vo
Al2O3, have been observed. These were not considered
in the study of phase relations. Mineral assemblages
from altered and unaltered volcanic rocks are siven in
Table 1.
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Psese Rer-erroNs IN CoRDIERITE -

ANrnopsvt-lrrE - CUMMINGToNITE RocKs

Minerals from three rocks (Table 2) were analyzed
using a Cameca SX-50 electron microprobe at the Geo-
logical Survey of Canada. Operating conditions were
15 kV, with a beam current of 10 or 30 nA. The raw

Frc. 3. Anthophyllite grain with a core of cummingtonite
(Lar-D D Field of view is 0.67 mm in width.

CORDIERITE _ ANTHOPHYLLITE _ CUMMINGTONITE. LAR DEPOSIT

FIc. 2. Geological setting of the Lar deposit (from Elliott-Meadows & Appleyard 1991).
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TABLE I T\?ICAL MINERAL ASSEMBLAGES- LAR DEPOSIT TABII 2 MINERAL COMPOSITIONS. LAR DEPOSIT

Qtz Pl Bt Sil Crd Ath Alm CM Hbl Ep Cpx IA-179 W-442 Lu-460

Ath Crd A.lm Ath Cm Crd Ath CM Crd Alm
n E 3 6 7 6 4 7 6 5 6

l { {E9 x x x x
In-179 x x x x
I { - O 8 8 x x x x
1 4 - { 4 2 x x x x x
Ltr{60 x
L d l 4 0  x  x
la-513 x x
Lu-167 x x
LT-447 x x
Lt492 x x

x x x x
x x x

sioz 5059 4869 3729 51 18 539t 4872 5040 5134 4891 3768
T i o ,  o o 7  -  0 0 4  0 1 5  0 0 8  0 0 2  0 0 7  0 0 5  -  0 0 3

x x ArO, 421 3403 2129 520 163 3222 398 167 3288 2115
x x FeO 2387 625 3365 "1923 1984 423 2408 2444 654 3426

x x  MnO 028 014 117 042 042 O01 005 006 004 029
x x x MgO 1672 985 5,50 1846 1942 1074 1617 1675 960 493

CaO 028 -  133 042 058 -  031 040 -  144
N a r O  O 2 l  0 0 3  -  0 5 0  0 0 9  0 2 1  o l E  -  O O Z  -

Note: In Ld-089, Sil is enclowd in Crd
Minsalabbbrwiations.Qtzquart4 Crd@rdiqite,Hblhomblqd€,Plplagioclase, Total 9623 989910027 9556 9604 9621 9524 94'll 9799 9978
Ath mthophyllite, Ep epidote, Bt biotite, Aln almdine, Cpx cliaopyroxme, Sil
siili|mitg Cmmingtonit€

ma Qra Crd, Attu Qtz, Bt, Cd, Qtz, Crd, Ath,
Alr4 MSt Ath Cur! Cur4 AftrL nm

Il4 gabnite

counts were correcred ro elementat concenrrations us- :l'ffi#TlJ:ffif'#t*Lt*ffitff'"fl"$,:WJL:Tff"
ing the Cameca PAP program (Pouchou & Pichoir
198s)

In Figure 4, the stability fields of the aluminum sili-
cates and the location of reaction (1) have been taken
from the grid of D.M. Carmichael in Davidson et al.
(1990). Also shown are reactions radiating from the in- chlorite + almandine = cordierite
variant point involving chlorite - almandine - cordier- + cummingtonite (2)
ite - anthophyllite - cummingtonite, obtained by
intersecting the following two reactions, in the presence chlorite + anthophyllite = cordierite
of quartz, taken from the grid of Spear (1993): + cummingtonite (3)

Chl chlorite
Cum cummingtonite
Ath anthophyllite
Alm almandine
Crd cordierite
St staurolite
Sil sillimanite

* singular point

O corresponds to
pnase oragram

(Fis 5)

Pg.o = P,o,"t

+ quanzc
f

+ l

TI

kyanite

Ath + Alm

sill imanite

andalusite

700600500400
Temoerature oC

FIG 4. Reaction grid for minerals in the system SiO2 - Al2O3 - FeO - MgO.
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NrgO FeO

FIc. 5. Phase relations at three temperatures shown in Figure 4 in the system SiOz - AlzO: - FeO - MgO.
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Reaction (3) is shown with a somewhat steeper slope in
order to accommodate cordierite-cummingtonite rocks
described by Earley & Stout (1991), presumably meta-
morphosed at 550'C and 3 kbar.

According to Stout (1972), anthophyllite is more
magnesian than coexisting cummingtonite if XMs of
cummingtonite is greater than 0.605, but the partition-
ing is reversed for less magnesian cummingtonite. Thus
it is expected that for cummingtonite with Xy, slightly
greater than 0.605, the compositions of cordierite,
anthophyllite, and cummingtonite should become colin-
ear in the system A12O3 - FeO - MgO. In such a case, a
reaction involving the three minerals changes stoichio-
metry. For instance, in reaction (3), chlorite changes
from a reactant to a product. This change along a
univariant reaction is known as a singular point (Abart
et al. l992,W1ll 1998). Two singular points are shown rn
Figure 4, joined by the degenerate univariant reaction

anthophyllite = cordierite + cummingtonite (4)

Interpreted phase relations at 4 kbar and three
slightly different temperatures are shown in Figure 5.
Neglecting the content of minor components, the min-
erals have been approximately represented in the sys-
tem SiO2-A12O3-FeO-MgO. At lower temperatures, the
assemblage cordierite + anthophyllite is stable over a
wide range of composition (Elliott-Meadows & Apple-
yard 1991). Crossing reaction (4) produces the tie line
cordierite-+ummingtonite, which, with further rise in
temperature, expands into a bank of tie lines, flanked
by two three-phase fields cordierite - cummingtonite -

anthophyllite. Some rocks at the Lar deposit reached
metamorphic conditions of the reaction

anthophyllite = cordierite + almandine
+ cummingtonite (5)

Decreasing temperature would shift the three-phase
assemblage cordierite - anthophyllite - cummingtonite
to the right, consuming cummingtonite and producing

anthophyllite. Rims of anthophyllite on cummingtonite
probably are due to such a retrograde reaction. Most
rocks completely re-equilibrated at a temperature below
that of reaction (4), producing the more common assem-
blage cordierite-anthophyllite.
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