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FIG. 7. a. Phase diagram illustrating the position of the calculated equilibria for sample
MSB93-T54D, which contains the assemblage Grt + Sil + Spl + Crd + Pl + Qtz. The
number of independent equilibria for this assemblage equals 3. b. Phase diagram
illustrating the positions of the calculated equilibria for sample MSBT2A, which
contains the above assemblage plus biotite. There are four independent equilibria for
this assemblage. Skn stands for sckaninaite, the Fe end-member of cordierite.
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FiG. 8. Photomicrographs illustrating the overprinting of
granulite-facies mylonites by lower-grade assemblages.
a. Secondary biotite and sillimanite growing in the
fracture of a deformed grain of garnet. b. The replacement
of cordierite by biotite and chlorite. ¢. Fine-grained
muscovite replacing K-feldspar.
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and sillimanite may have taken place during retrograde
metamorphism via the reverse of reaction 2, that
defines the transition from the granulite to the
amphibolite facies.

Other samples within the shear zones show evidence
of retrogression at still lower temperatures. Many
sillimanite-bearing samples contain coarse-grained
muscovite, which replaces K-feldspar (Plint &
McDonough 1995, Fig. 2b). The coarse-grained nature
of the muscovite suggests that it grew during relatively
high-temperature rehydration and breakdown of
K-feldspar, perhaps via the reaction:

Kfs + Sil + H,0 = Ms + Qtz (4)

Granulite- and amphibolite-facies mylonites are
variably, commonly pervasively, overprinted by
greenschist-facies mylonites. Cataclastic textures -
associated with greenschist-facies mylonites are well
developed in the megacrystic granitic rocks, where the
crystals of K-feldspar are brittly fractured and sheared
apart. In the metapelitic rocks, garnet and cordierite are
replaced by fine-grained chlorite and biotite (Fig. 8b),
and K-feldspar is replaced by fine-grained muscovite
(Fig. 8c).

TIMING OF GRANULITE-FACIES METAMORPHISM AND
SHEAR-ZONE MOVEMENT

U-Pb geochronology on zircon and monazite from
pelitic paragneisses and numerous intrusive rocks,
combined with their respective field-relationships,
constrain the timing of high-grade metamorphism
and shear-zone movement. Isotopic analysis of single
crystals of monazite from a sample of granulite-grade
pelitic gneiss collected at Myers Lake along the Leland
Lakes shear zone yields U-Pb ages between 1926 and
1923 Ma (McDonough er al. 1997). Monazite from a
sample of high-grade pelitic gneiss from the Charles
Lake shear zone yield ages between 1925 and 1919 Ma
(McDonough et al. 1997, Fig. 12). Crystals of meta-
morphic monazite from samples of the TBC range in
age from 1933 to 1913 Ma, suggesting that granulite-
facies metamorphism occurred at approximately this
time. These results contrast with the earlier estimates of
approximately 2.4 Ga for the timing of granulite-facies
metamorphism in this region (Godfrey & Langenberg
1978, Nielsen er al. 1981, Langenberg & Nielsen
1982).

The above range in ages for the timing of granulite-
facies metamorphism is consistent with constraints
deduced from the geochronology and field relationships
of intrusive rocks. The Arch Lake pluton, which is
bound on the west and the east by the Leland Lakes and
Charles Lake shear zones, respectively (Fig. 2), has a
mylonitic foliation in the shear zones. This foliation is
comprised, in part, of ductilely deformed K-feldspar
megacrysts, implying high-temperature shearing. U-Pb
geochronology from zircon in the Arch Lake pluton
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yields an age of approximately 1938 Ma. This age is
taken to represent the maximum age for granulite-grade,
ductile deformation in both the Leland Lakes and
Charles Lake shear zones (McDonough ef al. 1997).

The Charles Lake granite is deformed in the Charles
Lake shear zone. Unlike the Arch Lake granite, the
Charles Lake granite contains amphibolite- to
greenschist-grade mylonitic fabrics and shows no
evidence of granulite-grade deformation. McDonough
et al. (1997) reported an age of 1933 Ma for this granite,
Dikes considered to be genetically related to the Slave
pluton (McDonough er al. 1997) cut the high-grade
fabrics associated with the Leland Lakes shear zones
and are weakly to moderately foliated. One such dike
yields a U-Pb age of 1934 Ma (McDonough et al.
1997). The above constraints suggest a lower limit on
the timing of granulite-facies deformation of approxi-
mately 1933 Ma. If portions of the S-type Slave pluton
were generated through anatectic melting of pelitic
paragneiss, as suggested by field relationships,
petrology, and isotopic data (Chacko & Creaser 19953,
Chacko et al. 1994, Thériault 1992), this age also offers
a lower constraint on the timing of regional high-grade
metamorphism.

“OAr/*Ar and K—Ar age data offer some constraints
on the post-granulite-facics thermal history and
amphibolite — greenschist-grade shear-zone activity.
Regional hornblende-cooling ages of approximately
1900 Ma (Plint & McDonough 1995) and 1852
(Baadsgaard & Godfrey 1967) suggest a regional
cooling below approximately 525°C within this time
interval. Plint & McDonough (1995) interpreted the
similarity of “Ar/3Ar from hornblende on cither side
of the Andrew Lake shear zone as indicating a thermal
spike related to the intrusion of late-tectonic anatectic
granite following high-grade juxtaposition.

Secondary muscovite, formed during an
amphibolite-facies overprint of a granulite-facies rock
and later deformed during greenschist-grade shear-zone
movement, was dated by the “Ar/*Ar method and
yields an age of 1803 Ma (Plint & McDonough 1995).
Magmatic biotite from the Charles Lake granite yield
“0Ar/*Ar ages of approximately 1860 and 1800 Ma
(Plint & McDonough 1995). These ages are similar to
the K—Ar dates, 1792 + 40 Ma and 1772 + 40 Ma, for
muscovite and biotite, respectively, reported by
Baadsgaard & Godfrey (1967). These data record a
regional cooling through the 300°C isotherm at
approximately 1800 Ma, suggesting that greenschist-
grade mylonitization along shear zones had ceased
by this time.

CONCLUSIONS
The petrology of metapelitic enclaves present

throughout the southern TMZ in northeastern Alberta,
in conjunction with field observations and
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geochronological studies, provides constraints on the
tectonothermal evolution of the crust during the
development of the orogen. The pelitic paragneiss
contains mineral assemblages representative of
lower-granulite-facies P-T conditions in the east (Grt +
Bt + Sil + Crd + Kfs + Pl) to upper-granulite-facies
conditions in the west (Grt + Sil + Crd + Spl + Kfs +
Pl). Geothermobarometric calculations, along with
phase-diagram considerations, show that peak meta-
morphic temperatures were at least 750°C in the east
and at least 850°C in the west at pressures of 5-7 kbars.
Anatexis accompanied peak metamorphism.

Field relationships, mineral assemblages and
textures, and geochronological data, are consistent with
a single phase of granulite-facies metamorphism at
approximately 1.93 Ga. Strike-lineated, granulite-grade
mylonitic paragneiss and granitic rocks exhibiting
fabrics typical of ductile deformation demonstrate that
granulite-facies metamorphism was at least partially
synchronous with movement along the Leland Lakes
and Charles Lake shear zones.

Textures such as the growth of biotite and
sillimanite in the fractures of deformed crystals of
garnet, and the growth of secondary, but coarse-grained
muscovite, after K-feldspar, indicates that granulite-
facies mineral assemblages were overprinted by
amphibolite-facies assemblages. These fabrics are
found in the north-trending shear zones, indicating that
movement along the shear zones continued as the crust
was beginning to cool. Regional hornblende-cooling
ages of ca. 1900 Ma (Plint & McDonough 1995) show
that movement along the shear zones at amphibolite-
facies conditions must have occurred prior to that time.

Granulite- and amphibolite-facies minerals are
overprinted by cataclastic greenschist-facies mylonites.
Greenschist-grade mylonites are characterized by
abundant fine-grained muscovite, biotite and chlorite.
Regional mica-cooling ages of approximately 1800 Ma
(Plint & McDonough 1995) indicate cooling to
greenschist-facies conditions at that time.
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