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ABSTRACT

The Kisseynew Domain, a major tectonostratigraphic domain in the internal Trans-Hudson Orogen of central Canada,
originated as a sedimentary basin filed urith turbidite of the Bumtwood Suite at 1.86-1.84 Ga. Rocks of the Kisseynew Domain
were tbrust southwestward over, and structurally interleaved witb, the 1.9-Ga Snow I.ake island arc and ocean-floor assemblage
during convergence of the Trans-Hudson Orogen and the Archean Superior craton at -1.821--1.81 Ga. At Snow Lake, the zone
of tectonic interleaving records polyphase deformation (F,-Fo) and is characterized by a northerly increase in peak tempera-
tures of metamorphism at 4-6 kbar pressure. The central Kisseynew Domain was metamorphosed at uniform high grade of
750 + 50'C and 5-6 kbar. Pressure and temperahre calculations on 13 representative samples from the Snow Lake area in a
critical temperature window of 500-7@oC (staurolite and sillimanite zones) yield evidence for two successive thermal regimes
that varied in time and intensity from south to north. n 0.842-1.835 Ga) was the major burial event, and may have been
followed by thermal relaxation in a 15-35 Ma time interval between Fl and F2. Garnet commenced growing during early F2
(1.82-1.805 Ga) at -50fC and -4 kbar tbroughout the study area. During Fr, temperature and pressure in ttre staurolite zone
increased by -5trC and 1-1.5 kbar to peak conditions. In the staurolite zone, cooling had commenced by the trme of F3, as
indicated by cblorite-Fade F3 assemblages. In the sillimanite zone, howevero metamorphism was related to a thermal event in
the Kisseynew Doma'in. Here, peak conditions continued until after F, (duration of more than l0 Ma), on the basis of isograds
and isotherms cross-cutting large F3 structures. We suggest that low- to medium-pressure, high-temperature metamorphism in
the Kisseynew Domail resulted from heat advected by sheets of -1.815 Ga peraluminous granitic rocks. The solidi of the
granitic rocks buffered the peak conditions of metrmorphism. A possible cause for the mobilization of granitic magma in the
lower crust of the Kisseynew Domain was high basal heat-flow resulting from convective rhinning of the lithosphere during
thickening of the crust.

Keywords; Trans-Hudson Orogen, Kisseynew Domain, Flin Flon Domain, metamorphism, metamorphic zones,
geothermobarornetry, P-T-t path, thermal anomaly, granite intrusions, heat advection, polyphase deformation, Snow Lake,
Manitoba.

Sonnrlann

Le domaine de Kisseynew, domaine tectonostratigraphique majeur dans la zone interne de la ceinture orog6nique trans-
hudsonienne, au Manitoba, a pris naissance comme sdquence de turbidites (suite de Bumtwood) dans un bassin sddimentaire
e 1.86-1.84 Ga. Ces roches ont 6t6 chevauch6es vers le sud-ouest et imbriqudes avec la s6quence d'arc insulaire et de roches
ocdaniques du lac Snow (1.9 Ga) au cours de la collision impliquant la ceinture trans-hudsonienne et le socle arch6en de la
Province du Sup6rieur, e 1.84-1.81 Ga. Au lac Snow, la zone d'imbrication t6moigne d'une d6formation polyphasde (F,-Fr)
et d'une augmentation vers le nord de la temperature maximale de mdtamorphisme i une pression de 4 h 6 kbar. Le domaine
de Kisseynew cental a 6tE m9tamorphis6 d un deg€ uniform6ment 6lev6, 750 t 50'C et 5-6 kbar. La pression et la temp6nture
calcul6es pour treize 6chantillons repr6sentatifs de Ia r6gion du lac Snow, dans un intervalle critique de 500-700"C (zones d
staurolite et d sillimanite), r6vdlent la pr6sence de deux r6gimes thermiques successifs, variables dans leur intensitd et dans leur
dur6e du sud vem le nord. La d6formadon 4 Q.842-1,.835 Ga) correspond d l'enfouissement majeur, et a peut-effe 6t6 suivi
d'une ddcontraction thermique dans un intervalle 15-35 Ma entre F1 et F2. l* grenat est apparu au stade prdcoce de
F, ( I .82-1 .805 Ga) h environ 500"C et 4 kbar partout dans la r6gion 6tudi6e. Au cours de Fr, la temp6rature et la pression de
la zone de la staurolite ont augment6 d'environ 50oC et t-1.5 kbar,jusqu'aux conditions maximales. Dans la zone d staurolite,
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un refroidissement a ddbutd avec l'avenement de F3, comme le t6moigne le developpement d'assemblages F I chlorite. Dans
la zone d sillimanite, cependant, le m6tamorphisme est attribuable i un 6v6nement thermique dans le domaine de Kisseynew.
Ld, les conditions maximales ont continu6 pour plus de 10 Ma, aprbs la fin de F3, comme le r6vblent les isogndes et les
isothermes qui recoupent les strucnres majeures de Fr. A notre avis, le m6tamorphisme de faible I moyenne pression et de
temp6rature 61ev6e du depains de Kisseynew est le rdsultat de I'advection de chalew associde I la mise en place de masses
stratiformes de roches glanitiques peralumineuses i environ 1.815 Ga. Le solidus de ces magmas a tamponn6 les conditions
m?udmales du m6tomorphisme. [a mobilisation de magma granitique dans la crotte infdrieure serait l'expression d'un flux de
chaleur d0 h l'amingissgrngnt de la lithosphare au cours de l'epaississement de la cro0te. 

(Traduit par la R6daction)

Mots-clds: ceinture orogdnique trans-hudsonienne, domaine de Kisseynew, domaine de Flin Flon, mdtamorphisme, zones
mdtomorphiques, g€othermobarom6trie, tracd P-T-t, anomalie thermique, intrusions de granite, advection de chaleur,
d6formation polyphas6e, lac Snow, Manitoba.

Irr.rnooucrroN

Low-pressure, high-temperature metamorphism is
characteristic of extensional tectonic settings, such :rs
the Pyrenean massifs in France (Zwart 1.962, L967,
1969, Wickham & Oxburgh 1985, 1987), but it also
occurs in compressional regimes, for example the Slave
province, in the Northwest Teritories (Thompson
1989), and some Proterozoic inliers in Australia (e.9.,
Wyborn et al. 1988, Sandiford & Powell 1991,
Reinhardt 1992). High+emperature metamorphism in
middle to upper levels in tle crust results from heat
advection by intruding magmas (Wells 1980, Lux et al.
1986, Warren & Ellis 1986, Bohlen 1987, Barton &
Hanson 1989, De Yoreo et aI. 1989a, b, 1991, Harley
1989, Loosveld 1989, Sandiford & Powell 1991). The
generation of magmas in the lower crust requires
anomalously high basal heat-flow, which is commonly
manifested in rift settings by condensed isograds
caused by lithospheric thinning (McKenzie 1978,
Thompson 1981). In compressional settings, anoma-
lously high basal heat-flux can be produced by a
variety of tectonic processes, including crust-mantle
delamination, convective removal of the lithospheric
mantle root, and simultaneous thickening of the crust
4nd thinning of the lithosphere @ird 1979, Houseman
et al. L981, Loosveld & Etheridge 1990, Platt &
England 1993).

The Paleoproterozoic Kisseynew Domain, a 300 by
150 km wide lithotectonic domain in the ilterior
Trans-Hudson Orogen of Manitoba and Saskatchewan
(Frg. 1), was metamorphosed at low- 1e 6sdiu'n-pressure,
high-temperature conditions during compressional
deformation (Gordon 1989, Gordon et al.1990,1993).
Peak metamorphic grade was uniformly high in the
central Kisseynew Domain, and much lower at the
north and ssuft flsnks (Frg. 2) (Bailes & McRitchie
1978, Froese & Moore 1980, Gordon 1989, and
references therein, Perkins 1991, Briggs &Foster 1992,
Gordon et aI. 1993, I994a, b).

Our work has concentrated on the southern
boundary zone of the Kisseynew Domain (Fig. l).
Detailed structural work is presented in Kraus &

Williams (1998). Microstructural studies and
geothermobarometry are used in this study to
interpret tle tectonometrmorphic history of tle area.
A companion paper by Menard & Gordon (1997)
presents detailed metamorphic P-T-t paths calculated
from hydrothermally altered volcanic rocks of the
Snow Lake assemblage (see below).

Gsol-oclcAt. SBT'IT.Ic

The Snow Lake area hosts three distinct
tectonostratigraphic assemblages. The fust comprises
Fe-ricb, Al-poor distal metaturbidites of the Bumtwood
Suite, which were deposited on oceanic crust in the
marginal Kisseynew basin at 1.86-1.84 Ga, probably
during rifting (Fie. 3) (Bailes l9SOb,Zwanzig 1990,
Ansdell & Norman 1995, Machads Slvtanz.ig1995,
David et aI. 1996). The second is the correlative
fluvial-deltaic Missi Suite (e.9., Stauffer 1990, Ansdell
1993, Ansdell & Norman 1995, Ansdell et al. 1995).
The third is the Snow Lake assemblage, comprising
-I.9-Ga island arc rocks and synvolcanic intrusions,
which are coeval with the amalgamated island arc and
oceanic assemblages of the Amisk Collage to the west,
although the Snow Lake assemblage and the Amisk
Collage are chemically and structurally distinct (Stern
et al. 1995a, b, Lucas et al. l996,David et al. 1996,
Ryan & Williams 1996). Sandstones of the Missi Suite
may have unconformably overlain the Kisseynew basin
margin, and now sit unconfomlably on the Snow Lake
assemblage rocks east of Wekusko Lake (K.A. Connors
& K.M. Ansdell, pers. commun., 1996). The southern
boundary zone of the Kisse)mew Domain around Snow
Lake comprises a series of folded tectonic slices of
sedimentary and volcanic rocks @g. 3). We define this
zone of tectonic interleaving, which also includes
ocean-floor assemblages at the northeast side of Reed
Lake and east of Wekusko Lake (Fig. 3) (Syme et al.
1995), as the Snow Lake Allochthon. The Snow Lake
Allochthon terminates to the west against the Amisk
Collage along the Morton Lake fault (Fig. 3) (Stern er
aI. 1995a, b, Lucas et al.1996).To the northwest ofthe
Morton Lake fault the continuation of ttre Snow Lake
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Ftc. l. Uthotectonic domains of the interior Trans-Hudson Orogen, ald location of the Snow Lake area at the southem margin
of the Kisseynew Domain. CL: Cleunion Lake, JL: Jungle Lake.
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Allochthon comprises interleaved rocks of the
Kisseynew Domain and the Amisk Collage, and is
called the south flank of the Kisseynsv,, p66ain
(Zwautg 1990, Ansdell & Norman 1995, Norman er
al. 1.995). The Amisk Collage and the Snow Lake
Allochthon constitute the central and eastern segments
of the Flin Flon - Glennie Complex, respectively
(Lucas et aI. 1996, 1997).

Tectonic imbrication occurred during nvo phases of
deformation (Fr F) that obscured the precise location

4,ffi ar. Volcanic Rocks

€ifD Ar" Pluton"

Faults -

of the southern boundary of the Kisseynew Domain
and structurally underlying assemblages (Kraus &
Williams 1998, Connors 1996, David et al. 1996,E.
Froese, pers. commun., 1996). Kisseynew sedimentary
rocks were transported generally to tle southwest
during north-soutl convergence of the forming
Trans-Hudson Orogen and the Superior craton at
1.84-1.8 1 Ga (Zwanzig 1990, Zwanzig & Schledewiz
1992, Norman et al. 1995, AnsdelT et al. l995,Ltcas et
al. l996,David et al. 1996, Kraus & Mliams 1998).

Ftc. 2. Metamorphic isograds ofthe southeastern Trans-Hudson Orogen, after Gordon
(1989). Mireral symbols after Iftetz (1983).
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54035'
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Flc. 3. Snow Lake - File Lake - Wekusko Lake map, including isograds of Froese & Gasparrini (1975), Bailes & McRitchie
(1978), Gordon (1981), Gordon & Gall (1982), and Zaleski & Gordon (1990). HLGD: Herblet Lake gneiss dome, WLP:
Wekusko [*ke pluton, RLP: Reed Lake pluton. Geochronological results refer to age of emplacement of granitic rocks, as
cited in text.
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Hc. 4. Simplified structual map of the study area.

In the Snow Lake area, F, produced, transposed,
and dismembered isoclinal ductile folds at all scales
(Fig. a). Large-scale Fr structures were truncated by
late F, movements on the Snow Lake and Berry Creek
faults. F deformation may have spanned a narrow
rime-interval, which is bracketed by the ages of the
youngest detrital zircon in samples of the Burntwood
Suite (1845 t 2 Ma and 1842 + 2 Mai Machado &
Zwanag 1995), and the age of the post-F1 Wekusko Lake

granite (1841 + 5 Ma, 1837 +81-6 Ma and 1834 +8/-6
Ma; Gordon et al. l990,David et al. 1996) (Ftg. 3).

During F2 at L.82-1.805 Ga (Gordon et al. 1990,
Ansdell & Norman 1995, Parent et aI. 1995, David
et al. 1996), the tectonostratigraphy was folded
into southwest-verging, tight to isoclinal curvilinear
structures, such as the Mcleod Lake fold (Fig. 4), with
moderately to steeply dipping axial planes, producing a
regionally pervasive axial plane S, fabric (Kraus &
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Frc. 5. P-T data [calculated with TWQ 1.02, except * calculated with the database ofHoisch (1990); see Table 5] and isograds
of the study area. For comparison, P-T esrimates calculated witl conventional thermobarometers are given in Table 5.

Williams 1998). F2 structures were dismembered by
late F2 reverse faults, such as the Mcleod Road and
Birch Lake faults (Fig. 4), that had southwesf-directed
transport (Kraus & Williams, in press).

F3 produced the large-scale, open, upright, north-
northeast-trending Threehouse synform (Fig. 4) (Kraus
& Williams 1998) during broadly east-west shortening
at -1.8 Ga (Ansdell & Norman 1995, Connors 1996).
Folding was associated with sinistral oblique collision

of the Trans-Hudson Orogen with the Superior
province (Hoffinan 1988, Bleeker 1990, Connors 1996,
Kraus & Williams, in press).

East-west-trending Fo cross folds north of Snow
Lake overprint favorably oriente4 large-scale F3 folds,
yrelding dome-and-basin to musbroom-shaped interfer-
ence patterns (Fig. 3). These domes are cored by
synvolcanic intrusions, which are now orthogneisses
(Bailes 1975, Gordon et al. t99O,Davidet al.1996).
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We interpret the Fo folds to result from renewed
north-south convergence.

Metamorphic grade increases to the north, from
sub-biotite grade at Wekusko Lake to lower granulite
grade in the central Kisseynew Domain (Figs. 2, 3, 5).
Metamorphic zones in the Snow Lake Atlochthon
extend -70 km eastward from File Lake to east of
Wekusko Lake (Figs. 2, 3) (Hanison 1949, Froese &
Gasparrini 1975, Bailes & McRitchie 1978, Gordon
1981, Gordon & call 1982, Bailes 1985. Zaleski &
Gordon 1990).

North of the study area, sillimanite-bearing
migmatites in the vicinity of the Herblet Lake gneiss
dome (Fig. 3) were produced by partial metting @ailes
1975, Bailes & McRirchie 1978). The entire central
Kisseynew Domain, north of the Snow Lake gneiss
domes, is characterized by the widespread occlurence
of quartz + plagioclase + biotite + garnet + cordierite +
sillimanite + graphite assemblages, which suggest uni-
form peak conditions of metamorphism at temperatures
of 750 + 50'C and pressures <5.5 t I kbar @igs. 2, 3)
(Bailes & McRitchie 1978, Gordon 1989, W.D.
McRitchie, pers. commun., 1996). Tlvo suites of
voluminous granitic rocks are present. An older
calc-alkaline suite dated at 1.84-1.83 Ga (e.g., the
Wekusko Lake pluton; Fig. 3), which also intruded
the Amisk Collage and the Snow Lake Allochthon, and
a younger peraluminous suite, which is restricted to the
cenffal Kisseynew Domain (Gordon 1989, Gordon et
al. I99O). The younger suite occurs as sheets ofgranitic
rockso which have been interpreted as the products of
in situ anafr..rts during low- to medium-pressure, high-
temperature metamorphism (Bailes 1975, Bailes &
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McRirchie 1978, Gordon l989,Zwanz.rg 1990, Gordon
et al. 1993). These granitic rocks have yielded ages of
1816 +231-12 and 1814 +L7l-ll Ma (Gordon 1989,
Gordon et al. l99O), which are generally regarded as
the age of the tlermal peak of met,morphism in the
Kisseynew Domain,

Regional metamorphism began during F1 and has
been interpreted to have peaked during the early stages
of F, at 1.82-1.805 Ga along the southern flank of the
Kisseynew Domain (Zwanzig & Schledewitz 1992,
Ansdell & Norman 1995, Norman et al. l995,Parcnt et
al. 1995, David, et al. 1996). Similarly, in the Snow
Lake Allochthon, zircon ages interpreted to date the
peak of metamorphism range between l80fl +7 Ma and
1803 + 2 Ma @avid et aI.1996).

Mellrops

In a related study, the structure of the Snow Lake
area was determined by detailed structural mapping of
over 1000 outcrops (Kraus & Williams 1998). In the
present study approximately 200 thin sections of rocks
of the Burntwood and Missi suites 1ve1s slamiaed
petrographically in order to examine regional variations
in metamorphic grade. Specific targets were variations
(1) across the Berry Creek and Snow Lake faults (Fig.
4), (2) across the tectonostratigraphy, and (3) along
strike of tle tectonostratigrahy (between the Snow
Lake and Mcleod Road fault; Fig. a). Metaturbidite
samples from thirteen representative locations (Fig. 5)
were analyzed with an electron microprobe to deter-
mine mineral compositions for geothermobarometry

(b) 41tr-p.t (?arnar

0 400 800 1200
Distance (pm)

Ftc. 6. Compositional profi.les across two grains of garnet in metaturbidite of the
Bumtwood Suite. For sanple locations, see Figure 5.

1lE-Pl Gamet

Snow Lake town



(Tables 1-4). In a parallel study of the metamorphism
of hydrothermally altered rocks of the Snow Lake
assemblage, Menard & Gordon (1997) examined more
than 200 additional samples from the Snow Lake area
and 10 samples ftom the Kisseynew gneisses.

E le c tron-mic rop ro b e analy s is

The chemical analysis of selected samples was
performed on the firlly automated JEOL 733
Superprobe at the University of New Brunswick using
an acceleration voltage of 15 keV. The maximum
counting times were 20 s with a be2m current of 50 nA
for garnet line h'averses, and 40 s at 10 nA for
phyllosilicates and plagioclase. Sillimanite was
assumed to have an ideal composition. Tlvo detailed
compositional profiles across g:rnet were acquired for
zoned crystals (Fig. 6). Spacing of analyses in the
traverses was reduced in steps from 25 Fm in the core
of grains to 2 W at the rim.

Geothermobarornetry

Temperatures and pressures (Frg. 5) were calculated
with the TWQ 1.02 program using thermodynamic data
from Berman (1988, 1991), and activity models for
garnet (Berman 1990, Berman & Koziol 1991), biotite

rt25

(McMullin et al. l99l), amphibole (Miider et al. 1994),
and plagioclase (Fuhrman & Lindsley 1988). The
results were compared to temperatures aDd pressures
obtained from conventional geothermobaromeory using
the following assemblages: garnet + biotite (Kleemann
& Reinhardt 1994), garnet + biotite + plagioclase +
quartz (Hoisch 1990), and gamet + biotite + muscovite
+ plagioclase (Hodges & Crowley 1985, Powell &
Holland 1988, Hoisch 1990). Note that the data-set of
Powell & Holland incorporates the model of Hodges &
Spear (1982) for garnet. For compositionally zoned
grains of garne! minimu6 Fe/(Fe + Mg) values near
the rim were used to obtain maximum recoverable
temperatures, which likely are underestimates of the
peak temperatures (Spear 1991). For homogenized
grains ofgarnet in high-grade rocks, peak conditions
were estimated using core compositions. In all cases,
compositions of matrix biotite near Out not in contact
with) the garnet (both separated by matrix quartz) were
used for temperature calculations, together with the
assumption of an infinite reservoir of biotite. Only
samples without retrograde chlorite were used, in order
to minimize the effect of retrograde net-transfer
reactions on the calculated P-T conditions (Spear 1991,
1993, Spear & Florence 1992).T\e construction of
metamorphic P-T-t paths from zoned garnet in the
metapelites was found to $s impossible in the samples

FLIN FLON AND KISSEYNEW DOMAINS. MANITOBA

FIc. 7. Orthogonal porphyroblast-matrix relationships between internal S, foliation in
garnet and extemal 52 from the sillimanite zone. Similar relationships are evident in
the staurolite zone (Kraus & Williams 1998) and the migmatite zone of the central
Kisseynew belt (Menard & Gordon 1997), indicating that the beginning of garnet
growth everywhere predated the development of ^Sz, and thus F, folding (Kraus &
Williams 1998). Sample D23Vl-Pl. For sample location, see Figure 5. Width of field
of  v iew:2.7 mm,
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TABLE I. GARNET COMPOSMONS USED FOR P_T CALCULATIONS

Sample 432 425
-P -PI

42rc 60-2 CKOR3 9340
-Hl P-l -y2 -Plo

Dl56 D238- D238
-Pt -l-Pl -FKl

)o(5 sL53
-PI-B -A-PI

AN5
-t-2P

D58
-P1

SiO, n41lo
Tio,
AI'o.
Mgo
FeO
MDO
CaO

Total

38.07 37.'.16 37.49 37.25 37.95 37.69 35.86 38.79 38.31 38.66 38.63 38.52 38.25
0.05 0.1I 0.04 Ld. 0.U) 0.08 0.09 n.d. rd. 0.04 ad. rd. 0.04

21.35 2r.n 2t.19 2t.41 2t.28 21.29 21.@ 21.78 21.45 2r.5'l 21.79 21.56 21.55
t:76 l. l9 2.44 2.86 3.08 3.16 2.76 4.40 29t 3.95 4.62 4.6 4.4

32.03 24.95 37.U 35.33 35.85 32.76 37.9'1 33.40 37.9'1 36.78 35.13 34.10 35.V2
3.83 8.80 0.72 2.16 t.9 2.63 0.21 0.62 0.M 0.87 0.69 1.22 1.49
4.il 7.40 t.76 1.52 1.66 2.35 1.30 3.61 1.69 1.48 2.13 1.34 r.46

101.73 l0l.t8 101.48 l@.55 101.83 99.% 99.19 102.@ 102.86 103.35 102.99 101.4 102.21

nd.: lotd€f6t€d

TABLE 2. BIOTITE COMPOSMONS USED FOR P-T CALCUH-TIONS

Sssple 432 425 42rc,
-P -Pl -P3

60-2 CKOR3 $4 n$ SL53 D5E
-Pt -Y2 -Plo -Pl-B -A-Pl -Pl

DI56 D23E D238 AN5
-Pl -l-Pl -FKl -l-2P

SiO, vtolo
Tio,
AI'o.
cr"O,
Mso
F€O
M0O
KrO
Cso
Naro

Total

35.52 35.36 35.31 35.65 15.29 35.t0 34.50 3705 35.56 35.15 36.41 34.81 35.44
l.El L83 I 53 1.qz l.5l l.9t 2.U2 I 48 1.39 l., l t 1.93 1.86 Ln

18.07 t7.9t 19.20 19.18 t9.64 t9.12 19.61 16.85 19.25 19.63 18.47 1922 19.55
0.03 0.06 0.01 0.07 n.d. 0.04 0.09 0.01 0.05 rd. 0.0t 0.08 0.42
E.9l 9.44 9.15 10.03 10.33 10.50 9.16 t3.26 9.t5 10.96 l l.2E 10.38 10.43

20.9 2t.r4 20.45 t9.r0 18.88 18.7s 20.8t t6.94 19.35 18.51 183l 19.91 19.03
0.06 0.17 0.01 0.01 0.01 0.10 trd. nd. rd. nd. rd. 0.05 trd
9.18 9.t2 E.90 8.79 E.1L E.15 7.81 8.56 8.74 8.63 8.24 8.16 t.s4
0.05 0.07 0.03 rd 0.01 0.03 0.07 rd. 0.03 rd 0.03 nd. rd.
0.10 0.V2 0.2E 0.34 0.20 0.31 ad. 0.01 0.29 0.25 0 31 0.14 0.m

94.72 95.t2 94.87 9s.@ 94.58 94.0t 94.07 94.16 94.sr 9521 95.06 .67 94.

nd.: not def*ted"

TABLE 3. MUSCOWTE COMPOSMONS USED
FORP_T CALCTJI;TIONS

Dst Dl56
-Pl -Pl

Suplo 42AC
-P3

6G2 CKOR3 93-40 '0(5 SL53-A
-Pl -n -Plo -Pl-B -A-Pl

(Figs. 3, 5) contain the assemblage chlorite + biotite +
qtartz + plagioclase, with minor muscovite, ilmenite,
rutile, pyrrhotite, tourmaline, magnetite, zircon, and
monzLzite. chlorite (locally with some muscovite)
defines an ̂ !2 slaty cleavage to a crenulation cleavage
tlat cross-cuts large (hundreds of meters) F1 folds.
Locally, a bedding-parallel S' chlorite fabric is pre-
served. At higher grades, S, wraps around biotite
porphyroblasts. A distinct garnet + biotite zone is not
developed (Froese & Gasparini 1975), but garnet
appears in and near calc-silicate pods near the staurolite
isograd. These grains ofgarnet have high Ca and Mn
contents and grew at lower temperatures than in typical
samples of the Burntwood Suite (cl Spear 1993).

Staurolite + biotite zone

Staurolite-grade metaturbidites occur between
Wekusko, Snow and Squall lakes (Fies. 3, 5); they
contain the assemblage staurolite + biotite + garnet +
muscovite + quartz + plagioclase + graphite * chlorite,
and accessories as above. Locally, retrograde cblorite
partialy replaced biotite and the rim of garnet grains,
and retrograde chlorite and muscovite replaced the rim
of staurolite grains. Although there is no marker fabric
associated with the retrograde chlorite, this replacement

SiO, wClo
110,
AI,q
Cr"O,
Meo
FeO
MtrO
CqO
Na.o
Kp

47.93 48.41
0.2 t  0 .18

33.92 33.97
n.d. 0.01
o.34 0.46
0.65 0.86
ed. trd
0.35 nd.
2.79 1.39
7.78 8.30

44.23 44.78 44.75
0.54 0.57 0.

34.90 3s.18 36.27
tr.d. 0.01 nd.
l.0l o.74 0.41
2.65 1.30 0.67
nd. nd. rd
rd. 0.03 ed.
1.06 t.22 1.54
8.68 9.10 7.6

47.84 44.87 45.70
rd. 0.41 0.30

35.18 36.25 36.90
n.d. n.d ed.
0.69 0.51 0.3s
0.83 l.0l 0.84
ad. rd Ld.
rd. [d. Ld.
0 .47  l .3 l  t .n
9.96 9.06 E.63

95.Ot 93.42 .49Total .97 93.58 93.0'1 .91 91.58

nd: below detetim lirir

studied owing to the lack of either compositionally
zoned plagioclase or appropriate inclusions in garnet.

VanrerroNs rN METAMoRPHTc GRADE

Chlorite an^d chlorite + biotite zone

Metaturbidite samples of the Burntwood Suite on
the islands near the west side of Wekusko Lake
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TABLE 4. PLAGIOCLASE COMPOSMONS USED FOR P-T CAI-CTJLATIONS

r t27

D238
-1-Pl

AN5
-t-2]

D238
-FKI

Ds8 Dl56
-Pl -Pl

9340 )O(5 SL53
-P10 -Pl-B -A-Pl

Smple 42W. 60-2 CKOR3
-P3 -Pl -P2

SiO2 u49lo
A,Q
FeO
CaO
Naro
&o

62.42 61.89 62.52 60.20
24.@ 24.35 24.83 .98
cd.  0 .02  0 .02  019
5.48 5.35 s.'7t 6.96
8.76 8.74 8.88 8.07
0.07 0.23 0.17 0.08

62.33 ,16.00 61.80
23.18 35.52 24.36
0.t2 0.04 0.23
4.89 18.29 5.64
E.84 1.35 7.'t2
0.07 0.05 0.o7

62.82 59.82 62.34 63.
24.t0 26.41 24.30 25.00
0.08 ed. 0.20 Ld.
5.05 7.69 s.32 5.58
9.29 '1.56 9.01 8.86
0.08 0.22 0.07 0.1I

Iotal 101.33 100.58 lo2.l3 101.48 99.43 101.25 99.82 t0t.42 101.70 101.24 t02.81

[d.: not det6ted.

occtured most likely during Fr, in agreement with
chlorite aligned parallel to a local 53 in hydrothermally
altered rocks of the Snow Lake assemblage of compa-
rable peak metamorphic grade (Menard & Gordon
1997). The majority of the samples examined of any
metamorphic zone, however, lack a pervasive retrograde
overprint. Prograde muscovite grew during F,, defining
a bedding-parallel ,S1 that was subsequently crenulated
and differentiated into an,12 domainal cleavage during
F2 (Kraus & Mlliams 1998, cf. Briggs & F oster 1992,
Connors 1996). 52 anastomoses around porphyroblasts
of garnet, biotite, and staurolite. Trails of inclusions in
porphyroblasts of garnet, staurolite and biotite are
straight or preserve open F2 crenulations of,i,, and thus
docu'nent early increments of 52 development (Fig. 7).
A detailed description of porphyroblast-matrix rela-
tionships is given by Kraus & Williams (in press).

Grains of almandine-rich garnet 1-3 mm in diameter
are compositionally zoned (Fig. 6), with Fe/(Fe + Mg),
X6o, and Xsn" decreasing from core to rim, and Xouo and
Xp* increasing, which may indicate growth during
min61 lsagfug and loading (Spear er a/. 1991). Never-
theless, the nagnitude of the zoning in garnet is small
(Fig. 6), indicating that the changes in temperature and
pressure during growth were minor. The rims of gamet
grains display patterns of zoning that suggest minor
modification by diffusion during cooling (Fig. 6). The
lack of significant diffrsional homogenization of garnet
is in agreement with modeling by Spear (1988), which
predicts that grains of gamet with a radius greater than
I mm will not experience significant modification of
zoning at a thermal maximum of 585'C (following
65 Ma of heating).

Laths of porphyroblastic biotite up to 2 mm long
are aligned with (001) along S, (Kraus & Williams
1998). The biotite is compositionally homogeneous.
Prograde chlorite is preserved only as inclusions in
porphyroblasts, suggesting that chlorite was consumed
during growth of the porphyroblasts. Euhedral,
poikilsfla5lig, texturally zoned grains of staurolite are
up to 14 cm long and contain abundant inclusions of
partially corroded garnet, suggesting that garnet was
consumed during the staurolite-forming reaction.

Grains of matrix plagioclase are generally small
(<0.25 --), untwinned and nearly unzoned
(<2.5 wtvo variation of CaO + Na2O from core to rim).
Compositions vary from An20 to An36 in fypical
rocks of the Burntwood Suite, and ftom Anr6 to
Anse in rare calc-silicate pods and layers. Within an
individual thin section, An contents of plagioclase
rims vary by only O.4 to 2.1wt7o. A second generation
of albite-twinned plagioclase occurs in F2 pressure
shadows of staurolite and biotite, and thus postdates
growth of the peak metamorphic assemblage.

Sillimnnite + biotite and sillimnnite + garnet +
biotite zones

Above the sillimanite isograd north of Snow Lake
(Figs. 3, 5), metaturbidites of the Burntwood Suite
contain the assemblage biotite + garnet + sillimanite +
qtrartz + plagioclase + graphite t muscovite *
staurolite. and the accessories listed above. In rocks
that record peak temperatures of approximately
600oC immediately south of Squall Lake (Fig. 5),
small volumes of fibrous sillimanite nucleated on
plagioclase-plagioclase or plagioclase-quartz grain
boundaries. Locally, nodules of fibrolitic sillimanite
(Faserkiesel) replaced biotite (cf Vernon 1987, Foster
1991). Sillimalite fibers that replaced muscovite in the
Ssepta were subsequently kinked by F, or Fa, and
display recovery features, such irs migrated kink-band
boundaries and rare growth of new grains parallel to
the kink planes, as is common in micas (Etheridge &
Hobbs 1974, Williams et aI. 1977).In rocks exceeding
calculated temperafures of 650'C, muscovite and
staurolite are not observed in the matrix. Locally,
staurolite relics and biotite are armored by large grains
of twinned plagioclase, suggesting that the breakdown
of staurolite may have involved the formation of
plagioclase. Here, an early generation of garnet is
texturally identical to the garnet in the staurolite zone
(see above), but a second generation of garnet (up to
5 mm in diameter) is texturally zonedo with inclusions
of quartz, plagioclase, biotite and sillimanite in the
core. and fibrolitic sillimanite close to the rim. Both
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TABLE 5. MINERAL ASSEMBI-AGES AND CAIriuB.-^.*IU) P-T FSTIMATES

PGbq)r T ('c)"

s.'nte Asmblage

432-P2 Gr+Pl+Bt+Chl+Q4z
42rl Girt+Pl+Xlt+Qrz
42N-V3 St+Grt+Pl+Bt+MFtsQtz
6O-2-Pl St+Grt+P[FBt+MstsQtz
CKOL3-P2 St+Gd+Pl+Bt+Iv[&tsQE
93-40-Pl0 Sil+Sr+ft+Pl+Bt+lus+Qz
,O(sB-PI-B Si+ c.r +Pl +Bt+M8+ Qrz
sL53-A-+l SfNcrt+Pl+Hbl+BrtsM$rQtz
Dst-Pl St+GflrPl+Bt+lv1eQe
Dl56-Pl St+Crn+Pl+Bt+MsrQE
D238_l_pl cn+pl+Bitretz
D238-FKI Sil+Grt+Pl+Bt+Qtz
AN5-|-2P Sil+St{CrtrPlrBf+Qrz

TWQ P-T t-lrrg l-rsz-MA2-F. 3 4

4.1-54o 4.2 4.2 4.0 4.1
4 .1 . -  550 4 . t  4 . t  4 . r  4 .2
4.5, ff i 4.4 4.s 4.4 4.4
5.6-600 5.t 5.8 5.6 5.6
4.3,570 4.7 4.7 4.5 4.6
6 .0-6@ 6.1  6 .1  6 .1  6 .1
4.5 .- 560 4.4 4.6 4.5 4.4
5.6 - 605 4.4 4.6 S.O 4.6

6.31 6.41
7.0-71o 7 .5  7 .1
6.0 - 680 6.4 6.3

K&R TWQ

540 - 550 tO- 550
505 - 5t5 5(p - 510
545 - 555
550 - 560
555 - 565
5r5 - s95
565 - 575
595 * 605
555 - 565
590 * 600
645-655 @-670
105,7 tS
655 - 660

4.5 4.4
4.6 4.5
4.7 4.6
5.7 5.9
4.4 4.6
4.4 4.9
4.9 4.9
5.4 4.7

Meahode: 
'l-Mg: 

Iloirch (199), Mg @d-m6bs (Rl); l-Fo: F€ @d-E@bq (R2); 2-Mg: Hoirch (l9o) Mg @d-
tl@bq(Rt; 2-Fo:Fe€od-n@bs(RO; 3:Powdl&tloled(1988) 4:HodgE&crowlsy(198s) K&RKl€ffi
& R€iDhE& (1990; TWQ: TWQ vqiq 1.02 (Bmm l99l)
Notes *P dl@l't€d at T froE TWQ. .' T elerlatql st 4 ad 6 tbe. t d 670"C.

generations of gamet are compositionally homogeneous,
except for strongly retrograde rims up to 100 Ltm wide,
which yielded calculated temperatures up to l80oC
lower than the core. These higher-grade rocks do
not contain staurolite and muscovite, but a second
generation of prismatic sillimanils parallel to ̂ S2,

Spatial distribution of P-T

Calculated temperatures and pressures are shown in
Figure 5 and Table 5. In the staurolite zone, befween
the Berry Creek and Mcleod Road faults, recorded
apparent peak conditions of metamorphism are
constant at approximately 540-570oC and 4.14.3
kbar, in agreement with 550'C and 5 kbar reported for
altered rocks of the Snow Lake assemblage at the T inda
and Photo Lake deposits (Fig. 5) (Zaleski et al. 1991,
Menard & Gordon 1997).

At the northwestem end of Wekusko [ake, rocks of
the Burntwood Suite are exposed on both sides of the
Berry Creek fault without an apparent discontinuity in
metamorphic grade @ig. 5). Calculated temperatures
and minslal assemblages in rocks immediately east of
the Berry Creek fault indicate progressively lower
grades toward the south (Fig. 5). There also is no
detectable change ia 6gtamorphic grade across the
Snow Lake fault. Temperature increases to 600'C
along strike of the tectonostratigaphy, between Snow
and Squall lakes. Along the eastern shore of Squall
Lakeo temperatures increase to the north along shike,
up to >670oC at the north end (Fig. 5). Thus at Squall
Lake, the isotherms crosscut the F3 Tbreehouse
synform, in agreement with the regional pattern
of isograds (Figs. 3, 5) (Froese & Gasparrini 1975,

Zaleski & Gordon 1990). Further north, above the
cordierite + garnet isograd, cordierite + garnet +
sillimanite assemblages suggest uniform temperatures of
750 t 50"C throughout the central Kisseynew Domain
@ailes & McRitchie 1978, Gordon 1989). The lack of
earlier kyanite and the presence of cordierite + gamet
indicate that pressures never exceeded 6 kbar (Gordon
1989, Spear & Cheney 1989).

As mentioned above, tle calculated temperatures
for compositionally zoned grains of garnet may be
slightly below the peak temperatures. In the staurolite
zone, for example, temperatures are constrained by the
absence of sillima6ls to have been less than 580-59trC
(Spear & Cheney 1989). Thus the associated calculated
pressures also may be erroneously low, because tem-
peratures and pressures are positively correlated in the
Snow Lake Allochthon, which experienced heating
during loading (Menard & Gordon 1997, this study).
On the other hando pressures calculated for higher-grade
rocks that contain compositionally homogenized gamet
(T > 650'C) may be slightly overestimated, if the
calculated temperatures are overestimated, because
calculated pressures are temperature-dependent (positive
slopes of K* lines). The calculated temperatures in
such high-grade rocks depend on the corrections of the
barometers for the nonideality of (Mg, FefuAl mixing
and (Mg, Fe)-Ti mixing in biotite, which give tempera-
tures up to 100"C lower than those obtained without
correction (Spear 1993, Spear & Kohn, unpubl. manu-
script). Taking these factors into account, it seems
realistic to assume that pressures associated with peak
temperatures of metamorphism were similar throughout
the study areaat5-6 kbar, consistent with pressures
determined for the central Kisseynew Domain (Bailes
& McRitchie 1978, Gordon 1989).
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Timing of peakmctamarphism: evidence of diachmnism

Garnet commenced growing in metaturbidite
and altered volcanic rocks everywhere in the study
area prior to F, folding, as shown by identical
porphyroblast-matrix relafionships (Kraus & Mlliams
1998, Menard & Gordon 1997, this study). The
temperature of inception of gamet growth was -50fC,
as determined from petrogenetic grids (e.g., Spear &
Cheney 1989) and from calculations of P-T-t paths
(Menard & Gordon 1997). h a companion paper,
Menard & Gordon (1997) report increases in temperature
and pressure during garnet growth in samples from the
Photo lake deposit (equivalent to the staurolite zone in
the metapelites; Fig. 5) of up to 50'C and 1-1.5 kbar to

the sillimanite and partial melting isograds clearly
cross-cut the structure (Fig. 3) (Bailes & McRitchie
1978, Bailes 1980a; see also Connors 1996). Thus,
peak metamorphism was diachronous wirhin the Snow
Lake Allochthon.

Possible mcchanisms of low- to medium-pressure
mctamnrphism

Rocks above staurolite grade had a significantly
higher thermal gradient (tighter spacing of isotherms)
during peak metamorphism than did rocks at lower
metamorphic gradeso indicating a thermal anomaly
centered in the Kisseynew Domain (Gordon 1989,
Ansdell et al. 1995, Menard & Gordon 1997). The
thermal anomaly started after the development of 52,
as demonstrated by syn-S2 gamet fiom Snow Lake
and from the Kisseynew Domain, even though the
Kisseynew samples later reached much higher
temperatures (Fig. 8; Menard & Gordon 1997).

Several models have been proposed to explain the
thermal anomaly in the Kisseynew domain: (1) Produc-
tion ofradiogenic heat in the crust was unlikely the sole
cause, because it would have required a period of at
least 60 Ma to produce the observed high-temperature
metamorphism (Gordon 1989, Gordon et aL 1993). (2)
Conductive response to a high basal heat-flow @ngland
& Richardson 197 7, England & Thompson I 984) could
have resulted in ttre elevated local thermal gradients
during metamorphism (Gordon 1989, Gordon et al.
1993, Ansdell & Norman 1995). Hieh basal heat-flow
was related by Ansdell & Norman (1995) to the inllux
of astenospheric material to the base of the continental
lithosphere as a result of crust-mantle delamilalisa
(Btrd 1979, Btud & Baumgardner 1981, Kay & Kay
1993) or convective removal of the root of the mantle
lithosphere @att & England 1993). (3) Heat advection
by the 1.84-1.83 Ga granitic plutons has been proposed
as the cause (Gordon 1989, Gordon et aI. 1993, Ansdell
et al. 1995). However, rocks surrounding the
1.84-1.83 Ga Reed and Wekusko Lake plutons (Frg. 3)
(Gordon et al. 1990, David et al. 1996; R.A. Stern,
pers. commun., L996) are of low 6stamorphic grade
(chlorite assemblages), suggesting that calc-alkaline
magmatism contributed liule to the overall heat-budget.
Discussion of these alternatives follows, starting with
observable features in the -1.815 Ga granitic suites and
migmatites of the central Kisseynew Domain.

Third-order mechanism.s - granite emplac emcnt
versus in situ anatexis?

The widespread migmatites and younger
peraluminous granitic rocks in the central Kisseynew
Domain are generally considered to have been generated
by in situ anatexis, and thus as the product rather than
the (local) cause of high-temperature metamorphism at
moderate pressures (Bailes 1975, Bailes & McRitchie

0 '
400400 500 600 700

Temperature (oC)

Ftc. 8. Calculated P-T-t paths for the Snow [,akeAllochthon
and the Central Kisseynew Domain. Gamet commenced
growing at l; ,S2 formed at 2. For further explanation, see
text.

peak conditions during the development of ̂ S, (Frg. 8).
Thus, taking into consideration that S, predated or
coincided with early stages ofF, folding in strongly
anisotropic micaceous rocks (Kraus & Williams 1998),
peak conditions of meramorphism were reached in the
staurolite zone early during F, folding.

Metamorphism during F'3 in the staurolite zone was
a retrograde event at greenschist-facies conditions. In
contrast, metamorphism during Fs in the sillimanite
zone and above was the peak metamorphic event, as
shown by isotherms and isograds that cross-cut large F,
structures, such as the Tbreehouse synform and the File
Lake antiform 20 km to the west (Fig. 3) @roese &
Gaspamini 1975, Bailes & McRitchie 1978, Bailes
19804 this study). At File Lake, the staurolite isograd
follows bedding in the Burntwood Suite metaturbidite
around most of the F. File Lake antiform, whereas
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1978, Gordon 1989, Zwanzig 1990, Gordon et al.
1990, 1993). In contrast, there is compelling evidence
presented below that heat was advected by the -1.815
Ga granitic plutons and thus caused local anatexis of
the metasedimentary country-rocks at the presently
exposed level of the crust. This disparity has important
implications for possible crust-mantle interactions
(first-order mechanism) ttrat may have led to the
production of granitic magmas at lower levels in the
crust (second-order mechani56).

The origin of the younger peraluminous granitic
rocks and the migmatitic paragneisses in the Kisseynew
Domain can be constrained by the following lines of
evidence. (l) Peraluminous granitic, granodioritic and
minor trondhjemitic orthogneisses occupy ca.4OVo of
the area around Wimapedi Lake, immediately north of
the Snow Lake gneiss domes (Fig. 3) @ailes 1975),
and up to 75Vo of the central Kisseynew Domain
(Zwanzig l99O). (2) The granitic rocks contain
xenoblasts of garnet and cordierite, and locally biotite,
and up to l5%o xenoliths of fertile rocks of tle
Burntwood Suite (Bailes 1975, Bailes & McRitchie
1978, Gordon 1989,Zwanzig 1990). (3) Most of the
large bodies of granitic rocks are tabular, concordant
with bedding or parallel to the axial planes of large
folds, but they also occur :!s dykes and stocks @ailes
1975, Gordon 1989, Zwanag 1990, W.D. McRitchie,
pers. commun., 1996). (4) The contacts between the
granitic rocks and the metasedimentary rocks range
from sharp, intrusive for the larger bodies to diffuse
for the smaller bodies @ailes 1975, Gordon 1989,
Zwanzig 1990). (5) There are no large volumes of
noritic restite located at the margin of larger bodies
of granitic rocks. Restite rich in garnet + cordierite +
biotite occurs only as small-scale domains associated
with ubiquitous small stringers of granitic material
(A.H. Bailes, pers. commun., 1996). (6) The paragneisses
of the Burntwood Suite are compositionally uniform in
the Kisseynew ps6ein, and muscovite was not present
in ttre rocks prior to partial melting (Froese &
Gasparrini 1975, Bailes & McRitchie 1978, Gordon
1989, W.D. McRitchie, pers. commun., 1996, this
study). (7) The peak temperatures recovered from
the paragneisses are also uniform at 750 + 50oC at
pressures of 6 kbar or less @ailes & McRitchie 1978,
Gordon 1989).

These observations lead to the following implications:
(1) The tabular geometry of the bodies of granitic rocks
ald their field relationships with the metasedimentary
country-rocks in the Kisseynew Domain imply the
emplacement of magma along zones of primary and
structural anisotropy (c/. Collins & Sawyer 1996).
Paragneisses of relatively uniform compositions in the
entire Kisseynew Domain had uniform solidus
temperatures, which cannot account for selective in situ
generation of stratiform sheets of granitic rocks with
locally sharp contacts to country rock and xenolittrs.
Local gradational contacts can be explained by anatexis

of country rocks, which were already relatively hot at
the time of emplacement of granitic rocks (see above),
resulting from heat transferred from the granitic rocks.
(2) If the peraluminous granites were generatedby in
situ anatexis and remained at the site of generation,
there should be large volumes of restite associated with
them, which are not observed. Further, magmas created
by high melt-fractions (>3O40Vo) generally have low
viscosities, and are tlus easily extracted to form
plutons at higher levels in the crust (Wickham 1987,
and references therein). Therefore, the voluminous
granitic rocks exposed in the Kisseynew Domain likely
were produced at lower strucfural levels. (3) The
mineral assemblages in the granitic rocks, in particular
the presence of cordierite and the lack of muscovite,
implies H2O-undersaturated conditions during magma
generation (Barbarin 1996). Recent experiments on the
dehydration melting of similar assemblages suggest
that the production of large proportions of melt would
require a temperature significantly greater than 850"C
at 3-15 kbar (r Breton & Thompson 1988, Velzeuf &
Holloway 1988, Patiflo Douce & Johnston 1991,
Gardien et al. 1995, Patiflo Douce & Beard 1995). In
comparison, more hydrous assemblages started melting
at -75trC, and melt fractions increased from 28 to
6OVo betvteen 825 and 96O"C at 10 kbar (Gatdien et aI.
1995). Thus, the metamorphic temperatures in the
Kisseynew Domain appear too low to account for high
melt-fractions during "dry" in siru anatexis.

The available data can be interpreted as suggesting
that intruding bodies of granitic magma, of tabular
geometry, were the local heat-source for a regional-scale
contact metamorphism, similar to ttrat in northern
New England Qtx et aI. 1986, De Yoreo et al. 1989b).
In contrast to conductive heating, heat advection by
innusions is rapid (e.9., Lux et al. 1986, Barton & Hanson
1989), and thus commonly produces near-isobaric
P-T paths, which is consistent with observations of
Gordon (1989) and Menard & Gordon (1997). The
solidus temperatures of the large volumes of granitic
magma in intrusive sheets may have buffered the peak
temperatures of metamolphism, resulting in partial
melting of the paragneisses at a uniform metamorphic
grade and thus in uniform mineral assemblages
throughout the Kisseynew Domain (cl Waters 1986,
DeYoreo etaI.l989b).

Second-order mechanisms : implications for melting
of thz lower crust

The peraluminous composition of the -1.815 Ga
granitic rocks and the abundance of paragneiss
xenoliths indicate that the gpnitic magma may have
been generated from rocks of the Bumtwood Suite. The
site of magma generation was most likely the base of
the sedimentary pile, where temperatures exceeded the
solidi of the sedimens, but not of the mafic rocks of the
underlying 6geanic crust. One reason that advection of
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heat, and thus high-temperature metamorphism, were
restricted to the Kisseynew Domain could be that
metasediments did not occur at greater depttr in the
adjacent Flin Flon - Glennie ComFlex and Lynn Lake
Belt @g. 1). Consequently, -1.815 Ga granitic suites
are absent in these domains, suggesting that low- to
6sdium-grade metamorphism there was triggered
mainly by conductive relaxation.

First-order mcchanisms : pos sible crust-mnntle
interactions

The question remains concerning which tectonic
processes generated a deep-seated heat-source that
caused the melting of metasedimentary rocks at
the base of the Kisseynew Domain. Ttree possible
first-order mechanisms are simultaneous thickening of
the crust and ttrinning of the mantle lithosphere
(Houseman et al.1981, Loosveld 1989, Loosveld &
Etheridge 1990), delamination of the lithosphere (Bird
1979,Brd & Baumgardner 1981, Kay & Kay 1993),
and convective removal of the base of the thickened
lithosphere @laft & England 1993), all of which lead to
intrusion of asthenospheric mantle into or accretion
beneath the crust (Furlong f,3 f6rmtain 1986, Huppert
& Sparks 1988). Such heat addition can be sufficient
for dehydration melting of the lower crust to form
granitic magma (Huppert & Sparks 1988, Atherton
1993). Although the thermal effects of the mechanisms
are equivalent, their geological consequences differ
(Loosveld & Etheridge 1990, Platt & England 1993).
Delamination and removal of the root of the
lithospheric mantle are typically followed by a short
period ofextension and uplift (e.g.,Btrd 1979, Sacks &
Secor 1990, Nelson 1992,Kay &Kay 1993, Platt &
England 1993), for which ttrere is no structural or
petrological evidence in the southern Trans-Hudson
Orogen. Thickening of the crust aad ftinning of the
lithosphere, commencing during F,, thus appears to be
the most plausible flust-order mechanism for low- to
medium-pressure, high-temperature metamorphism in
the Kisseynew Domain.

Duration of thz thcrmnl anomaly

In the Wimapedi Lake area of the Kisseynew
Domain (Fig. 3), the -1.815 Ga granitic rocks have
been deformed by a minimrrm of two phases of folding,
as inferred from Bailes (197 5). The earliest generation
of folds affecting the intrusions constitute south-
verging, recumbent structures that most likely correlate
with the Fz folds in the Snow Lake Allochthon and
the south flank of the Kisseynew Domain at Jungle
and Cleunion lakes, ca. 70 km and 90 km to the
west-northwest and west of Snow Lake, respectively
(Frg. 1).Elsewhere in the central Kisseynew Domain,
some bodies of granitic rocks appear as dyke
complexes axial-planar to south-verging (F) folds

(Zwanztg 1990). In the high-grade rocks at Squall and
File lakes, however, metamorphic isograds cross-cut
north-northeast-trending, open F3 folds @g. 3). It thus
appears that granitic magmatism in the Kisseynew
Domain outlasted at least F2, and that temperatures in
the Kisseynew Domain and the high-grade rocks of the
Snow Lake Allochthon must have remained elevated
until after F3.

Wells (1980) calculated that a thermal anomaly
produced by sill-like batholiths lasts as long as
lV2OMu if heat transfer occurs purely by conduction
(although heat advection by late-stage fluids would
accelerate relaxation of isotherms; Huppert & Sparks
1988). In comparisono monazite ages of the -1815 Ma
granitic rocks in the central Kisseynew Domain (which
date the cooling through 725 + 25oC; Parrish 1990) are
1806 + 2 and 1804 + 2 Ma (Gordon 1989, Gordon et al.
1990). At Junele Lake @ig. l), several phases of syn-F2
diatexites and leucosomes, interpreted as having
formed near the peak of metamorphism, range from
I8I2 + 4 Ma to 17 89 + 2 Ma (Parent el a/. 1995). Near
Cleunion Lake (Fig. 1), syn-F2 gneissic veidets were
dated at 1818 t 5 Ma, coeval with peak conditions
ef mgtamo{phism of greater than 580'C at -5 kbar
(Ansdell & Norman 1995, Norman et al. 1995).
Syn-Fr, near-peak metamorphic pegmatites yielded
crystallization ages from 1801 + 3 Mato 1799 + 3 Ma
(Norman & Williams 1993, Ansdell & Norman 1995).
Westward migration of the F3 deformation away from
the Trans-Hudson - Superior suture zone could explain
why sillim6ile-grade conditions were associated with
local F2 in the Jungle Lake and Cleunion Lake areas,
and with locd F3 in the Snow-File lakes area, at the
same time.

Thus, the duration of high-temperature metamor-
phism in the Kisseynew Domain may be explained by
emplacement of many sheet-like bodies in multiple
stages. This scenario can also account for the extent of
the thermal effects into the Snow-File lakes area for
more than 10 km south of the southernmost exposed
granitic rocks (Lux et al. 1986, De Yoreo et al. 1989a).
Such magmatic pulses are compatible with the longevity
of a thermal anomaly at the base of ttre crust caused by
thickening of ttre crust and thinning of the mantle
lithosphere owing to convection (Holseman et al.
1981, Loosveld 1989, Loosveld & Etheridge 1990). In
surnmary, although the geocbronological data do not
date metamorphism directly, they are consistent with
the persistence of near-peak conditions of metamor-
phism for 10 Ma in the Kisseynew Domain and the
higher-grade rocks of the Snow Lake Allochthon.

S ulwterv AND CoNcLUSIoNS

Structural mapping, microstructural studies, and
geothermobarometry on representative samples suggest
that the Snow Lake Allochthon is characterized by
syntectonic, diachronous, low- to medium-pressure
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metamorphism resulting from thermal relaxation a.fter
thickening of tle crust and granitic plutonism in
the adjacent Kisseynew Domain. Because the peak
conditions of metamorphism in the staurolite zone
were coeval with early F, (Kraus & Wlliams L998), Fl
likely was the major episode of burial, and was
followed by thermal relaxation. Burial during F, was
probably rapid (l-5 Ma), as indicated by the youngest
population of detrital zircon in the Burntwood Suite,
and by the age of granitic suites that cross-cut F,
structures (Gordon et al. 199O, Machado & Zwanzig
1995, David et al. 1996). The ductile style of Ft
structures suggests thickening of the crust by thick,
internally deformed nappes (thick-skinned tectonics).
Conditions of metamorphism increased within 15-35
Ma, from chlorite grade to staurolite grade, possibly
isobarically. During F2, temperature and pressure
increased only slightly, suggesting relatively minor
thickening of the crust after F, (Menard & Gordon
1997). A thermal anomaly developed during or after F2,
which led to high-grade met2molphism in the northern
part of the study area and the adjacent Kisseynew
Domain. Peak conditions in the high grade-rocks
prevailed for some 10 Ma until after F3, whereas
mineral assemblages in staurolite-grade rocks indicate
cooling during F3.
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