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ABETRACT Mineral composition and quantitative thermobarometric studies indicate that the Teslin-Taylor Mountain
! and Nisutlin terrancs within the Teslin suture zonme (TS7), Yukon, record widespread high-P/T
metamorphic conditions consisien{ with subduction zone dynamothermal metamorphism. The highest
P-T conditions (575~750° C and 9-17 kbur) are preserved in tectonites formed during normal dip-slip
ductile shear, Dextral strike-slip tectonites revord lower P—7" conditions (400--350° C and 5-8 kbar), and
tectonites which show reverse shear have peak temperatures of ¢. 420° C and a minimum peak pressure of
3 kbar. Dynamothermal metamorphism took place in a west-dipping B-type subduction zone outboard of
western North America in Permo-Triassic time, TSZ tectonites were underplated against the hangingwall
plate of the subduction zone. Following subduction of the ocean basin which separated North America
from the hangingwall plate, TSZ tectonites were overthrust eastward as a coherent structural package as a
result of A-type subduction of Cassiar strata in early Jurassic time,

(Par)autochthonous Cassiar tectonites, which comprised the leading edge of the western North R
American margin, record prograde moderate-P, high-T metamorphism (550-750°C and 7-13 kbar)
synchronous with top-to-the-east ductile shear. Metamorphism oceurred as a result of subduction of the
North American margin into the TSZ subduction zone in early Jurassic time. Following metamorphism
Cassiar tectonites cooled slowly from 500 to 300°C during the period middle Jurassic to middle !
Cretaceous.

i TSZ and Cassiar tectonites were deformed during changing P~T conditions. Data from each of these
tectonite packages indicate that grain-scale strain partitioning may have allowed tocal recrystallizatien of

I indjvidual minerals by the addition of mechanical energy. The composition of the new grains reflects the
P-T conditions under which that particular grain was deformed.

Key words: dynamothermal metamorphisti; high-# mectamorphism; Permo-Triassic; subduction; thermo-
barometry; Yukon. .

1988, 1989b). However, to date the only hard evidence

INTR . L . .
NTRODUCTION that TSZ tectonites formed within a subductien environ-

The Teslin suture zone (TSZ), in southern Yukon, is the
boundary between North American strata and accreted
terrancs in the northern North Amcrican Cordillera. The
TSZ is juxtapused against rocks of the (parjautochthonous
Cassiar terrane, which is the Permo-Triassic margin of
North American continental crust (Tempelman-Kluit,
1979; Hansen, 1989b). Both TSZ and Cassiar racks in this
Tegion are L-$ tectonmites that record mid-crustal
deformation. T8Z-related rocks extend south to the British
Columbia border and north to east-central Alaska (Fig. 1).
Cassiar rocks lic to the east in southern and central
Yukon, and they are correlative with North American
Sfrata o the east and notth. Based on regional geological,
Structural, and petrologiczl evidence, several warkers have
Preposed that the TSZ formed zlong a west-dipping
Convergent plate margin  in  Permo-Triassic  time
(Tﬁmpelman-K]uit, 1979; Erdmer, 1985, Hansen, 1987,

ment lies in isolated eclogite blocks of uncertain structural
context {Tempelman-Kluit, 1970; Erdmer & Helmstaedt,
1983; Erdmer, 1987). In addition, little {s known about
the metamorphic evolution of the Cassiar rocks and their
role in terrane accretion. Armstrong (1988) postulated
that these rocks were metamorphosed during a widespread
mid-Cretaceons thermal event accompanied by plutonism.
The metamorphism of both of these packages is important
to our understanding of the Mesozoic evolution of the
northern North American Cordillera and processes of
terrane accretion, as they record Mesozoic dynamics along
and outboard of the western North American margin.

In this paper I document the Mesozoic metamorphic
cvolution of TSZ and Cassiar terrane tectonifes. Both
packages record high-P/T dynamothermal metamorphic
histories, yet the P-T—time—displacement paths for each
tectonite package are quite different. TSZ tectonites were
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metamorphosed  as a coherent belt under high-P/T
conditions when they were underplated  onto  the
hangingwall of a west-dipping B-type subduction complex.
A B-subduction zonc 1s onc along which oceanic
lithosphere is subducted in contrast with A-subduction in
which continental lithosphere is subducted (cf. Bally,
1981). “Lhe TSZ was thrust eastward over the North
American continental margin in early Jurassic time,
resilting in collision and accretion to Nerth America. In
contrasi, Cassiar tectonites, which represent the lcading
edge of North Amcricsn continental crust, experienced
high-2/ 7T metamorphism as a result of A-type subduction.
The T4/ and Cassiar terrane comprise a pair of high-2/1
tectonite belts which record B-type subduction prior (o
collision and A-type subduction as a result of subduction
of North American continental crust, respectively. The
record of subduction zone deformation and metamorphism
is partly obscured by subduction-related strike-slip
fauiting, and by collision of the TSZ with the North
Americsn  continental margin, which resulted in the
accretion of TSZ tcctonites to the subducting footwall
plate.

This paper is divided inte two parts. The first part
presents quantitative P-¥ constraints on the conditions of
deformation of each tectonite package and discusses the
implications of these data for the effect of strain
partiticning on grain-scale chemical equilibrium in L-8
tectonites in general. The second part combines P-T
constraints with existing age and structural data in order
to reconstruct P-T-time—displacement paths for the
individual tectonite domains, and in it the regional tectonic
implications of these deduced paths is briefly discussed.

TECTONIC SETTING

The &lide Mountain, Teslin-Taylor Mountain, and
Nisutlin terranes, which lie structuraily upon parautoch-
thonous (Cassiar terrane) to autochthonous Eower Jurassic
or older North American strata, comprise the easternmost
accreted terranes in the northern Cordillera (Fig. 1). These
three terrancs are referred to as the overthrust
asserblape, and Cassiar and North American strata are
referred to as the underthrust assemblage. The overthrust
assemblage was emplaced in latc Triassic to late Jurassic
time (Tempelman-Kluit, 1979). A sliver of the overthrust
assemblage, together with its  (par)autochthonous
substrate, was offset approximately 450km by post-
Jurassic dextral displacement along the Tintina fault
(Roddick, 1967; Tempelman-Kluit, 1979). Both the
overthrust and underthrust assemblages are dissected by
high-angle dextral strike-slip zones, and they are intruded
by mid-Cretaceous plutons (Gabriclse, 1985).

The Siide Mountain terrane, generally the easternmost
accreicd terrane, is composed of imbricate fault slices of
weakly metamorphosed Devonien to Triassic oceanic
Strata wnd Permian to Triassic arc-related strata (Harms,
1985; Nelson & Bradford, 1987, Nelson e al., 1988).
Displacement, along low-angle faults, is generally orogen-
hormat with continemtward vergence, although orogen-

N

parallel displacement is seen locally (Nelson et af., 1988;
Nelson, 1990}. Tmbrication of the Slide Mountain terrane
occurred prior 1o late Triassic—early Jurassic emplacement
onto antochthonous lower-plate strata (Gordey er af.,
1982; Harms, 1985).

The Teslin-Taylor Mountain and Nisathin terranes arc
composed of dynamothermally metamorphosed sedimen-
tary, volcanic and plutenic rocks characterized by an [.-$
tectonite fabric, Teslin-Taylor Mountain protoliths include
metamafic and metasiliceous oceanic rock types which are
correlative with Slide Mountain lithologics (Hansen, 1987,
1988, 1990; Wheeler ef al, T988). Nisutlin rocks are
dominantly quartz-rich clastic metasedimentary rocks.
Togcther the Teslin-Taylor Mountain  and  Nisutlin
tectonites form a zone of gently dipping tecionites m
cast-central Alaska and western Yukon, which tapers into
the relatively narrow TSZ in southern Yukon. in the TSZ,
tectonite foliation strikes NNW and dips moderately to
steeply west, parallel 1o the trend of the zone (Fig. 1). The
Teslin-Taylor Mountain and Slide Mountzin terranes
repiesent different structural levels of a collapscd marginal
ocean basin, and Misutlin protoliths represent marginal
clastic sediments (Hansen, 1988, 1990; Wheeler et al.,

1988).
The underthrust assemblage is composed of
(parautochthonous continental-margin  stratz  of the

Cassiar terrane and/or ancesiral western North America
(Wheeler ef af., 1988). These rocks range in metamorphic
grade from unmetamorphosed to amphibolite facics, L-5
tectonite fabrics characterize amphibolite-grade Cassiar
rocks, which include Devonian-T.ower Carboniferous
urthogneiss that records Proterozoic U—Pb inheritance and
Sm-Nd model ages similar to North American cratonic
basement values (Bennett & Hansen, 1988; Hansen ef of.,
1989).

GEOLOGICAL AND STRUCTURAL
RELATIONS

The eastern Laberge—western Quict Lake area, southern
Yukon, pravides the best continuous cxposure of TSZ
teetonites and Cassiar tectonites. The TSZ cxposes a
15-20-km-thick structural section. Geological and structu-
ral relations arc summarized from Hansen {1989b).

The region is divisible into three north-trending
structural belts (TFig. 2). West of the Big Salmon fault
mainly TLower Carboniferous non-metamorphosed or
low-grade volcanic, volcaniclastic and sedimentary rocks of
the Quesnel terrane (Wheeler ef af, 1988) are cut by
extensive NNW-striking, high-anple faults. L-5 tectonites
of the TSZ comprise a steeply dipping rock package
between the Big Salmon and the d'Abbadic faults.
Metamorphic grade ranges from albitc—epidote amphibol-
itc and rare eclogite facies in the west, to greenschist
facies in the cast. Tectonites include rocks of the
Teslin-Taylor Mountain, Nisntlin and, locally, Cassiar
terranes. East of the d'Abbudic fault the Teslin-Taylor
Mountain and Nisutlin tectonites lie in klippen above
Cassiar paragneiss and orthogneiss. Typically concordant
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Hansen, 1939b).

foliation in the klipren and underlying tectonites marks
gentle, upright, gently plunging folds with NWestriking
axial surfaces. Klippen are generally preserved within the
synforms, whereas the antiforms  expose  Cassiar
tectonites,

The d'Abbadic fault, which separates steeply west-
dipping tectonites fo the west from pgently dipping
tectonites to the east, posi-dates late Cretaceous dextral
ductile shear {Hansen er af, 1991). Upper Cretaceous
granitic piutons intrade the d’Abbadie fault. Neither the
sense nor the amount of displacement associated with
brittle deformation along the d’Abbadie, Big Saimon and
Teslin faults are known.

Rocks on either side of the d’Abbadic fault ure L-S
tectonites. West of the d’Abbadie fault TSZ foliation dips
stoeply in the west and becomes shallow in the east. The
TSZ is itself divisible into three structural domains on the

base of differently orientated eclongatiop lineation, Le
(Fig. 3). From west to east, these are: (1) Dy, which
comprises a 5-8-km-wide zone of top-to-the-WSW, or
apparent right-normal oblique shear; (2) D, which
matks a 1-2-km-thick zone of dextral sirike-slip shear;
and (3) Dgg,. 8 1-10-km-wide zone of top-te-the-5E, or
apparent right-reverse  obligue shear. MNds identifies
normal-sense dip-slip displacement, Dss dextral strike-slip
and Rds reverse dip-slip. T refer to these three domains
collectively as the TSZ tectonites. Ductile deformation of
the TSZ tectonites occurred prior to rapid cooling in carly
Jurassic time as shown by “Ar/*Ar mincral age data
(Hansen e al., 1991). L-S tectonites adjacent to the
d'Abbadie fault record dextral strike-slip shear. Although
these tectonites appear correlative with Dy, tectonites on
the basis of structural geometry and kinematic data, they
include an orthogneiss unit that rccords late Cretaceous
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Fig. 3. Schematic block diagram of the
Laberpe—Quiet Lake map area (Tig. 2)
showing kinematic interpretation and
WA rfYAr cooling dates (Hansen, 1989b;
Hanscn et af., 1991). Dy, identifics
normal-sense dip-slip shear, Dy, dextral
strike-slip shear, Iy, reverse dip-slip

>195 Ma

Drgs Do Decs Dossera (~100Ma}

T~/ tactanites
=160 to 120 Ma)

shear, and 1, 4 dextral sirike-slip shear
parallel with the &’ Abbadie fault.

dextral shear (c. 97Ma), and they are assigned to a
separate domain, Dy a. Dss stands for dextral strike-slip
displacement and d’A indicates parallelism with the
d’Abbadie fault. East of the d’Abbadie fault, paragneiss
and orthogneiss of the Cassiar terrane record top-to-the-
cast ductile shear, and are referred to as Cassiar tectonifes.
Although Cassiar tectenites record top-to-the-gast dip-slip
shear similar to Dy, tectonite of the TSZ, they record
slow cooling between 500 and 300° C between the late
Jurassic and middle Cretaceous (¢. 150-109 Ma; Hansen ef
al., 1691).

P-T CONDITIONS

The prade of metamorphism in Teslin-Taylor Mountain
and Nisutlin rocks varics from albite—epidote amphibolite
tacies in rocks in the west, to blueschist and greenschist
facies preserved in Klippen to the east; eclogite blocks are
preserved locally (Tempelman-Kluit, 1970, 1979; Gordey,
1981; Erdmer & Helmstaedt, 1983; Mortensen, 1983;
Erdmer, 1987). Metamorphic grade across the TSZ ranges
from albite—epidote amphibolite facies with rare eclogite
blocks in the west, to greenschist facies in the east
(Tempelman-Kluit, 1979; Erdmer, 1985; Hansen, 1987).
Amphibolite, pelitic schist, calc-silicatc gneiss and
orthogneiss are the rock types most useful for constraining
P-T conditions within the study area. Micaceous
quartzite, graphitic quartzite, calcarcous phyllitic quartzite
and marble comprise much of the TSZ. The interlayering
of rock types and the structural and kinematic signature of
TSZ tectonites allow extrapolation of metamorphic facies
and P-T conditions over a broad area. Coexistence of
ilbite, epidote and hornbiende in amphibolite indicates
that moderately high-£/T metamorphic conditions (Apted
& Lioy, 1983; Maruyama et af., 1983) accompanied both
Dy, and Dp,. tectonism. Orthogneiss, calc-silicate gneiss
and pelitic schist have no minerals that constrain pressure,
Because of the limited applicability of phase relations in
ThFh‘e rocks, P-T constraints were derived qualitatively by
Mineral chemistry and quantitatively by thermobarometry.

Constraints are provided by: (1) amphibole composition;
{2) garnet-biotite, garnet-hornblende and calcite~
dolomite thermometry; (3} garnet—biotite—muscovite—
plagioclase, garnet—plagioclase and garnet—hornblende—
plagioclase barometry; and (4) white mica composition.
Coupled with tectonite fabric relations and age data, these
P-T estimates are used to trace the evolution of these
rocks through time and space. For example, although both
Dra. and Dy, tectonites contain albite—epidote amphibol-
ite facies assemblages, their mineral compositions reveat
significant P—-T" changes frem the formation of pervasive
Dy, fabrics to localized Dy, fabric zones.

Electron microprobe analyses

Samples used for calcite—dolomite thermometry were
analyscd on an ARL-EMX electron microprobe equipped
with automated crystal spectrometers and Tracor-Northern
NS5-880 energy- and wavelength-dispersive  systems,
Analyses were obtained with a sample current of
approximately 18 nA, accelerating voltage of 15kV, and a
defocused spot diameter of 10--15 um. Synthetic and
natural minerals standards were analysed before, during
and after each sample suite in order to monitor drift. Data
were reduced on-line using the alpha correction factors of
Albee & Ray (1970). Control standards showed a
reproducihility of +2% for major elements and £10% for
minecr elemenis.

All other samples were analysed using an automated
Cameca CMB electron microprobe, with a sample current
of approximately 18 nA and accclerating voltage of 15 kV.
Ten-oxide analyses were performed using a minimym
beam diameter of 2—4 um for all phascs, cxcept for micas,
for which a slightly broader beam was used. Data were
reduced on-line using the ZAF correction scheme.
Analysis of synthetic and natural mineral standards was
reproducible to better than +2% for major elements and
+£10% for minor eclements. Most analyses reported
represent an average of three or more individeal spot
analyses and are therefore more precise (approximately
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+1% for major elements). Analyses are given in Table 1
and Tables 3-8. Spot-analysis traverses were made to
check for zonation in garnet, plagicclase, hornbleade and
mica.

Amphibole analyses were recalculated using the
algorithm of Laird & Albee (198Ea) to estimate Fe'* e
ratios. The minimuin Fe®* consistent with stoichiometry is
reported in this study. Iron in chlerite, garnet and biotite
was assumed to be all ferrous. Iron in plagiociase and
epidote was assumed to be all ferric. Iron in white mica
analyses was assumed to be all ferrous, except where noted
as recalculated using the algorithm of Laird & Albee
{1981a) to estimate Fe* /Fe®” ratios,

Amphibole chemtistry

The Ti content of hornblende, in the presence of a Ti-rich
phase such as rutile, ilmenite or titanite, increascs with
increasing metamorphic grade (Rasse, 1974; Spear, 1981).
Ti content in Dug and Dy, hornblende defines two
overlapping populations, indicating qualitatively higher
metamorphic temperatures for Dy, (Fig. 4).

The compositional variation of amphibole within mafic
schist containing the common assemblage Ca-amphibole +
Ep+ Pl+ Chl+ Ti phasc + Fe-oxide + Wm £ Qtz reflects
the metamarphic environmenf of formation (Laird &
Albee, 1981a, b), Actinolite, the stable amphibole in the
grcenschist facies, grades compositionally toward tscher-
makite and edenite through AI“Al(Fe, Mg)_8i_, and
NaAl"[ ]_,8i_, substitutions, respectively, in the amphi-
bolite facics, and toward glaucophane  through
NaAl"Ca_ (Fe, Mg)_, substitution in the blueschist facies.
Laird & Albee {1981a,1) constructed a series of
compositional plots, based on amphibole site occupancy,
which discriminate four petrotectonic environments of
amphibole formation marked by widely varying P-T'
conditions. The compositional varation of Ca-amphibole
in 'TSZ mafic tectonites is primarily a function of
tschermak, pargasite and glaucophane substitution (Fig.
5). The amphiboles plot chiefly within the Sunbagawa and
Franciscan field of Laird & Albee (1981a, b); therefore,
TSZ metamorphism is  consistent  with  high-P,
intermediate-T metamorphism (Miyashiro, 1961), such as
in a subduction zone environment (Ernst, 1975).

Although TSZ amphiboles in general show substitution
similar to Sanbagawa and Franciscan amphiboles, Dy, and

0 Dwos
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Fig. 4. Plot of Ti content in amphibole in the asscmblage
amphibole + Ep + PL+ Chl + a Ti phase & Fe-oxide £+ Wm & Qtz.
Dy s amphiboles display higher Ti content than Dy, amphiboles,
which indicates a higher grade of metamarphism. # = number of
analyses.

Dp.. amphiboles have distingt compositions. 1Dy,
amphiboles show greater enrichment in glaucophane and,
to a lesser extent, tschermak components than Dy,
amphiboles (Fig. Sb-d), and reflect qualitatively higher
P—T conditions. Na™* site occupancy, which increases with
pressurc (Brown, 1977), is greater for Dy, tectonites.

Sample DW-280, a D,,,, amphibolite tectonite, containg
two ftexturally and compositionally distinct types of
amphibole (Table 1). Coarse-grained and [ne-grained
flocally as rim overgrowths on coarse grains} amphiboles
plot within the Dy, and Dy, ficlds, respectively, on
amphibole discrimination diagrams (Fig. 3), and are
interpreted to represent progressive metamorphic condy-
tions during Dy, and Dp... During Dr..., grain-scale strain
partitioning may have allowed localized recrystallization of
individual minerals by the addition of mechanical cnergy,
thereby permitting a portion of the coarse-grained
amphibole to recrystallize with a new composition
reflecting the metamorphic conditions associated with
Dy, If local equilibrium existed on the scale of a fow
grains, it 1s possible that different minerals or suites of
minerals formed during heterogencous ductile strain may
record successive points along the P--1' evolution of a
dynamically recrystallizing rock. If so, additional analysis
of individual prains may reveal compositions indicative of
changing P-T condifions during deformation.

These compositional data indicate that: (1) TSZ Dy,
and Dy, tectonites were metamerphosed at high pressure,
consistent with metamorphism within a subduction zone
environment; and (2) Dy, deformation took place at
generally higher P-T than Dr,...

Thermobarometry

Four rock types were used for thermobarometric analysis
(Table 2); the locations of samples are shown on Fig. 2.
Metacarbonates yielded tcmperatures based on calcite-
dolomite/Ca—Mg exchange thermometry, Thermobaro-
meters based on cation cxchange among garnet-biotite,
garnel—biotitc-plagioclase and garnct-biotite—muscovite-
plagioclase were applied to garnct mica schist, and white
mica compositicn constrains metamorphic pressare in
two-mica quartzofeldspathic  schists and  orthogneiss.
Garnet-hornblende  and  garnet-hornblende-plagioclase
exchange thermobarometers were used to constrain
amphibolite P—T' conditions. A lack of aluminium silicate
polymorphs in these Al-deficient tectonites precluded the
use of other thermobarometers.

Calcite—dolomite assemblages heve only been found in
Dy and Dp.ea tcctonites adjacent to the ¢ Abbadie
fault. Assemblages necessary for garnet—biotite~
muscovite—plagioclase  thermobarometry  were found
within Dpge Dis and Cassiar  tectonites; however,
assemblages for garnet-homblende—plagioclase thermo-
barometry have only been found in Dy, toctonites.
White mica barometry was applied t0 Dy, Do Drsoa
and Cassiar tectonites.

Thermobarometric calculations are based on the
compasitions of minerals in contact and interpreted to be
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Fig. 5. TSZ amphibole composition in terms of substitutions used to discriminate tectonic environment as suggested by Laird & Albee
(19813, b), Dy, (open triangles) and Dy, (open circles) plot in separate fields; in all cascs, D,,,, amphiboles show stronger glaucophane
(NaAl"Ca_ Mp_,) substitution than Dy, indicating somewhat different metamorphic conditions. Both Dy, and Dy, amphibolcs fall in
the Sunbagawan and Fransican {ield of laird & Albee {1981b) (dashed lines), which indicates that TSZ metamorphism is of a subduction
zong cnvironment. In (a) and (b), pressure increases along the y-axis and temperalure along the x-axis. Closed sguares are amphibole
analyses from DW-280E; coarse-grained (filled) and fine-grained {open; locally as avergrowth rims) amphiboles plot within the Dy, and

Dy, fields, respectively.

in chemical equilibrium. For reasons outlined below, the
assumption of chemical equilibrium may not be valid
across the entire microprobe section. Each composition
used for thermobarometric calculations consists of an
average of 2-68 adjacent spot analyscs of cach mincral.
P-T caleulations for cach mincral pair or suite arc
tepresented graphically; K., lines were plotted with the
computer programs of Spcar (1990). Compositions of
representative mineral pairs or suites for each sample are
presented in Tables 3-7.

Calciie—dolomite thermometry

Mg is partitioned between coexisting calcite and dolomite
& a funtion of temperature (Graf & Goldsmith, 1955;
Goldsmith & Heard, 1961). Although the solvus is well
calibrated between 400 and 800° C (Goldsmith & Newton,
1969; Anovitz & Esscne, 1982; Powell er al., 1934),

A

application of this thermometer may be preblematic due to
retrogressive  exsolution (Essenc, 1982). In order to
minimize the effect of retrogression, a broad electron
beam was used during microprobe analysis, and several
spots were averaged to estimate grain composition at peak
metamorphic conditions {(Perkins er al., 1982).

Two Dgg, and three Dy, carbonate tectonites contain
coexisting calcite and dolomite (Fig. 6). Analyses are
precise to £3% crror in Xy, .. and Xe, g0 Dra, tectonites
yield temperatures of 360-420°C; the presence of
actinolite, aibite, epidote and chlorite in Dy,, metabasalt
requires pressuras greater than 2-3 kbar (Maruyama ef al.,
1983). Sewveral samples which contain Dy, ., tectonite
fabrics yield temperatures of 390-515° C. The difference in
temperatures obtained from the Dgy and Dpgga
carbonates is probably significant, and suggests that either
Dyg. deformation cccurred at lower temperature than
Dygaa, oF Dyg, peak temperature was lower in the north,
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Table 1. Reproscntative amphibole compositions for IXW-280E.

202 2c3 Jcs 211 2fd 413

Sample coparse-grained fine-grained

5i0, 48.01 4627 4702 5270 5141 50,90
Til), 0.30 .36 .33 .12 n.13 0.08
AlO, 1.0 12,19 11.81 441 6.36 5.46
FeO i3.69 1380 13.50 1145 1124 1305
MnC 1220 0,24 028 0.33 36 1415
Mg 025 1147 11,81 1622 1532 0.29
Cal> 1031 1033 10.36 12.43 1230 11.93
Na,O 1.76 [.89 194 .49 0.72 0.69
K0 0.37 0.46 0.36 012 .16 0.17
Total 97.21 9735 9L 97.46 9859 0712

normalized to 23 vxygens

St 6.852 67N 6763 Td64  7.298 7380
Al 1.148 1299 1238 0.536 072 (620
Alv.l 0703 (L7982 (h.768 0200 0362 0313
Ti 0.032 0039 0036 0013 00 0009
Cr 0000 0001 0005 0.000 0004 0.001
Fe™* 0673 0015 0575 0,382 0339 0,355
M% 2596 2477 2.533 3425 3242 3059
Fe'" 0951 1056 1048 0930 0995 L3227
Mn 0035 0029 0434 0042 0.043  0.036
Ca 1.577  1.603 1.597 188G 1781  L.853
Na(hi4) D432 0397 0403 0.114 0.i29 0.147
Na(A) 0.064 0134 0152 0021  0.069 0.047
K 0.067 0085 0.066 0022 0.029  0.031
Total 15.131 15.219 15218 15.042 15.098 15.079

Fel R’ +Mg) 0270 D299 0293 0315 0.235 028
F AR + AT 0489 0440 0428 U656 0484 0531

as recorded by LP-51A and LP-52A, and higher to the
south (DC-125, DC-129, and LV-223C). Alsc, it is
possible that LV-223C records deformation and meta-
morphism associated with Dp... Sample LV-233C contains
two different occurrences of carbonate. Calcite—dolomite
pairs within the foliation give temperatures of 395-515°C,
whereas mineral pairs in veins perpendicular to Le,, yield
temperatures of 340-365°C. Vein temperatures arc
interpreted to reflect the waning stages of ductiic
deformation (presumably dextral shear along the
d’Abbadie  fault), whereas the higher temperatures
abtained from calcite—dolomite pairs within the foliation
reflect earlier, higher grade conditions.

Garnet—mica schist thermobarometry

A number of exchange thermobaremetric calibrations exist
for garnet—mica schist. Garnet-biotite and garnet—biotite—
muscovite-plagioclase exchange thermobarometers were
used, and the garnet-biotite—plagioclase barometer
{(Hoisch, 1990) was used in ene sample in which white mica
was not in close proximity to the other mineral phases.
Fe-Mg exchange botween coexisting garnet and biotife
has been calibrated as a thermometer by many workers
(Thompson, 1976; Goldman & Albee, 1977; Ferry &
Spear, 1978; Ganguly, 1979; Hodges & Spear, 1982).

Garnei—biotite pairs from nine Dy, three Dy, and three
Cassiar tectonites were analysed. As garnet in TSZ ang
Cassiar tectonites is relatively rich in grossular component
(Table 4}, Hodges & Spcar’s (1982) calibration was uged,
Mineral pairs are limited to garnet with Xy, <0.25, and
biotite with X 40 <0.20 and X< 0.05 in the oectahedra)
sitc. All TSZ garnet core-biotite matrix pairs give
temperatures ¢ 50°C  lower than  gamet  rim~
biotite rim pairs. Rim—rim pairs are used throughout this
study, unless otherwise noted. Estimated errors are £50°C
(Hodges & Spear, 1982).

Giarnet—biotite—muscovite—plagioclase thermobare-
metry, which considers changes in Al and Mp-Fe
coordination in muscovite and plagioclase as a funciion of
pressure, and Mg-Fe exchange in garnet-biotite as a
function of temperature, has been empirically calibrated
and shown to be useful for metasedimentary rocks which
lack aluminjum silicate phases (Ghent & Stout, 1981),
Recalibration of this thermobarometer with regard io
grossular component (Hodges & Crowley, 1985} is used to
determine P—T conditions in four Dy, one Dp,, and two
Cassiar tectonites. The samples contain K-feldspar; X, is
=0.12 in plagioclase. Pressures determined by this method
are probably minima, as in each case the highest X, value
(generally X,,=0.20) was used. Tecionites from the
southern part of the area with the appropriate mineral
assemblage have plagioclase with X, = 0.005-0.05; these
were not used. Mixing models used to caleulate An activity
(Orville, 1972) break down, due to the peristerite solvus, if
X.. iz =007 (Ghent & Stout, 1981). Ashworth &
Evirgen (1985) caution against using this thermobarometer
if X,,is =0.20. Errors of £50°C and +1-1.5kbar are
estimated for the calibration (Hodges & Crowley, 1985).

In a few samples, garnet, biotite, muscovitc and
plagioclase are not in contact in portions of the probe
scetion free of evident retrogression. In these cases the
empirically calibrated garnet-—biotite—plagioclase baro-
meter of Hoisch {1990) was used, which was derived with
similar compositional constraints.

The results of thermobarometric analysis are plotted for
each of three TSZ subareas and for Cassiar tectonites (Fig.
7). Garnet-biotite temperatures range from 400 to 750°C;
Dy temperatures are from 550 1o 750°C. Along strike,
average temperatures from Ly, tectonties in the southerm
subarea (Fig. 7a) are lower than the average tempcratures
recorded in the central and northern subareas (Fig. 7b, ¢}
Some D, tectonites yield temperatures from different
mineral pairs that are within the precision of the
calibration {e.p. LV-184 & LV-197AB), whereas others
yield a range of temperatures (e.g. DW-321 & DW-323).
DW-201 records a pressure of ¢ 17kbar, aithough
plagioclase in this sample is Ab-rich (X.. e 0.13)-
Synkinematic pressures detcrmined from two baromefers
range from 7 to 15kbar in the northern and central
subareas. No pressure calculations were possible for rocks
in the southern area, although the presence of albite
indicates a minimum pressure of ¢. 8 kbar (Fig. 7a).

One of the most striking aspects of these data is that the
temperatures recorded by Dy, tectonites are consistently
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Taple 2. Mineral asscmblages of silicate rocks used for quantitative geothermobarometry.

——

Sample Chl

Otz Kfs Ab Pl Ms Bt Gt Il Bp

Ttn  Ap

Zim Mag Rt Im GB GP GH HP WM Dy, Dp,. Dp.e. Cas

LV-184
LV-18Y
LV-1924
LY-193¥
LY¥-1974B
TW-242C
TW-245
TW-26)
TW-263
TW.263D
DW-286
DW288
DW-290
DW-291
DW-204
DW-29%
Dw-321
DW-324
DW-325
DW-240E
DW-242
DW-315B
DW-315D
DC-10973
DC-111B
DC-1128
DE-330
DE-332C
PE-330
DE-345
DE-347
DE-353
DE-3630
DE-370
DE-391
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GB = gamel-bictite thermoemctry; GP = garnet-biotite-muscovite—plagioclase thermobarometry; GH = garnet-hornblende thermometry; HP = garnet—
hownblende—plagioclase barometry; WM = white mica barometry; Dy, Do, Dy 2nd Cas are tectonite domains discussed in the text.

iower than the temperatures recorded by nearby Dy,
tectonites {Fig. 7b), as is shown also by the amphibole
data discussed above. Sample DW-321 is structurally
transiiional between Dy, and Dy, and it shows P-T
valoes consistent with both Dy, and Dy, deformation.
Dy, tectonite DW-315B also vields a range in P-T as
determined from ten garnet-biotite pairs and six mineral
suites,

Many samples yield a range in P-T conditions (such as
DW-315B & DW-321; Fig. 7b). The variation in calculated
P-¥ may result from chemical disequilibrium, or it may
teflect persistence of local equilibrium due to heteroge-
neous strain and strain partitioning at the grain scale,
teflecting real changes in P-7 conditions during
progressive ductile deformation. I interpret the range in
P-T recorded within these samples to reflect changes in
P-T conditions which accompanied ductile deformation.
This interpretation is supported by amphiboles from Dp,,
tectonite DE-280, which are zoned with barroisite-rich
tores and actinolite-rich ritms.

The three Cassiar tectonites exhibit a broad range of
temperature and pressure (e, 525-750° C and 7-13 kbar)

(Fig. 7d). Coexisting garnet—biotite—plagioclase from
tectonite DDE-347 record significantly lower P-T, as
calculated from garnet and plagioclase cores with matrix
biotite, than P-7' caleulated using parnet and plagioclase
rims. Core-rim relations record prograde (i.e. positive
AP/AT) dynamothermal metamorphism. Tcctonite DDE-
332C shows a similar prograde trend as calculated from
garnet core to rim, using matrix plagioclase and biotite.

Amphibolite thermobarometry

Graham & Powell (1984} calibrated Fe-Mg partitioning
between coexisting garnet and horblende as  a
thermometer. (GGarnet-hernblende pairs from seven Dy,
tectonites were analysed (Tables 2, 3 & 7); no
garnet-hornblende pairs were found in other structural
domains. Kohn & Spear (1990) developed ar empiricaily
calibrated garnet-hornblende—plagioclase exchange baro-
meter. Two TSZ tectonites (TW-263 & DW-200) have
mineral assemblages and mineral compositions which are
within the limits of this barometer.

Quantitative P-T constraints calculated from P




Table 3, Garnct compositions.

Sample 1842 181 197.2 2d5.2 w610 263G 2823 w1z AlsHT dIsD2 3212 324.1 351 3306 M3 3473 3.4
50, el 3l .73 iR 38.91 3800 3783 3565 R4 38,49 B 38.57 38.65 3553 IBEAT O BEHY2T 3844
Titk, n.0s LR\ 014 007 .07 .03 012 0.09 0.0 015 .09 (ER b3 010 (XFR) 0.4 0.03 005
AlgO3 .78 248 21.80 A1.45 2150 21.64 2143 2140 21.32 21,38 2175 2195 21493 2173 21.73 21.80 21,799
Fell 2349 2481 21R5 20106 2657 32.85 2561 24.22 27,24 .77 445 2758 25,06 KIN 27.46 28.90 106
Mo 6.86 A4.35 0.27 474 52 146 857 0. 4.81 4.21 0,38 3.36 0.67 0.75 207 039 026
MeO 1.7 1485 L3 1.52 314 287 1.73 2.16 113 1.38 3l 348 278 .33 147 LAY 248
Caly 038 985 16,46 14,88 6.27 448 6.3 12.97 8.0 9.16 [AN:R) 4.6% 599 7.13 .83 281 B.06
Total 10144 15T L0LST O 10LG3 1239 WLes  1El 10083 w134 I0LE6 1ROl L0210 WL1s 1010 10228 10TR 10207

normalized 10 12 oxypens

i som 3407 2996 3014 3013 2987 2991 3407 S0 w021 3017 ADOD 301 3wl OB 3036 2004
Ti G403 0004 00K DO04 00 000 0.0 naps 0006 0009 D06 0007 Ow0d 0003 0.008 0o 0
Al 2m4 1995 1988 L9sy  noe 2008 1967 Jo00  Lewr 1919 1987 23 2m4 2004 L9 2007 2000
Fe?! LS4l L3  l478 1299 LEW0 2159 169 U576 Lsol  AF¥ 0 LG7 14 LEw 20 1T 1A 24
M 0456 0291 008 0311 0231 0097 05M Gg51 fazz 0280 0025 0353 ofe4 000 0436 D06 001
Ma nopd  c2ls 0051 0075 0368 0336 0204 2% O 06z B3% 4 030 0272 0036 0208 0288
(= 0788 DA33 1364 133 050 041 053 LKL 043 o7 0971 03el 09s0 s 080 0817 067
Vef(Fo+Mg) 0883 0882 0507 0881 083 O8S  0sI2 DR6 093 Gele O8I8 pEiE 0851 QS 099 0800 DT
Bytope oo68 0073 00 0088 0123 0112 006K ouss U044 0055 0421 G036 0109 DO 0o 0o 00
Alman 015 0550  BA4%L 0430 M 0717 0aE 043 Dav 0592 0544 06 0eRl 0.089 0603 064l 0674
Spcss o153 0098 0006 0403 0078 OniR 0191 0017 pa0% 0094 DOBE  Dal9 0ols 0017 0046 D005 00k
Gross 0264 0280 0433 Qa9 0073 003 LA oa65 0246 D2SY 0027 0132 0255 0302 0% 0279 02
Samplc Ige5  UpALS WSR2 2631 2904 2941 206Ad .
80, 4321 W4T O3B0 38 3855 38 AT
Ti0, 04z 020 012 012 0, 1 015 0.07
41,0, a3 2064 262 2131 2Ls6 2165 217
Fiel) 4030 2957 2652 3140 2l4s 26 W04
M 038 272 0.7 115 172 271 0.63
Mg 263 3.07 267 175 216 2.48 476
Calt 754 913 1088 760 1518 1032 &.16
“Total LG4 10020 10120 10035 G007 10192 10048
5t a0 2997 3006 2998 2998 298 3.003
Ti 0007 00iz 0 0.007 0006 0000 0064 i
Al LoR0 1990 L98S 1988 1977 2007 1083 I
Fe! 005 1694 1727 2078 L3%5 16Tl 1803 |
Mn 005 0180 0044 0077 6113 OIFR 0.0l I
Mg 0308 0357 0310 0206 0250 020 054
Ca 0636 (763 0908 0.6aF  L265 0.8% 051
Fel(Fe+Mg) 0856 0.826 0842 0910 Gads DEB 0776
Pytape oG 0118 010+ a9 00RZ 006 0IE3 .
Alman 0665 0566 DS D91 04st 0558 0.634
Spss 020 0080 0015 026 003 003 0014
Gross 0212 0255 0304 05 041 0387 GUT0

“gote, ¥ T

Table 4. Biotitc compositicus,

Sample 184.2 1891 1972 2452 2610 263002 2823 201.2 31584 315D.2 a2z 3240 3251 332C.6 347.3 0.4

510, 36.63 36,56 I 37.37 36.16 35,42 37.96 38,50 3533 37.55 3.0 .99 36,92 36.60 3541 34.57

Tily, 126 0.5% 0.1z 1.43 1.31 1,54 1.55 205 207 175 1.26 1.42 1.83 [ ] 1.96 2.7

Al 17.27 17.43 18,52 15.42 19,03 18.65 16.04 17,48 17 18 16.22 17.4% 17.12 18.63 19.60 1817 19,52

FeO 19.10 18.40 1522 17.23 17.44 20.23 18,37 18.10 2241 16.73 15.52 16.81 18.13% 0.1 T 2198

MO .47 031 0.28 0,32 042 0.14 n.52 G.27 0.24 042 LAY .33 0.08 0.0% 0.26 0.4

MgO 10.87 71.19 11.21 11.66 11.26 R 10,21 0,33 333 12.6% 12.57 12.93 10.60 297 8.58 7.3

Caldr w7 0.5 005 4,10 0.0n4 0.00 0.09 007 0.0l 005 .06 043 .02 0,04 n.o1 .04

N0 nm 0.00 0.0 0.0z 0.04 'R} (.00 Q.01 0.1 0.07 012 012 n.og 0.0l 0.06 0.0

K0 9.54 9.66 0.88 AN D88 .92 59.57 8.76 9.56 9.72 a4 G40 941 .64 a8 9.96

Total 05.24 94,16 96,30 G620 95,59 9587 9d.31 94.61 9482 95.20 U368 96.34 95.72 9633 96,27 96.76 Si |
normalized to 11 oxygens . Al

Si 2.790 2306 2.784 2,77 29422 2.608 2.903 2.901 2,749 2828 2813 2818 2,768 27155 2.7 2,663 Cal

Ti 0072 w3z 0007 0.081 (Li74 0,088 0.08Y 0.1L6 0421 0.099 0.072 0.079 0,103 0.063 0112 0156 Ny

Ad 1210 1.194 1.2140 12210 1.2 1.302 1097 L0 1251 1172 1187 1182 1232 1,243 1,224 1.331 e

AlM 0.340 h383 0.424 0.394 041l 0,373 0.349 (454 0.323 11268 0.376 0313 0.41% 0.494 0.400 0.415

Ledt 1216 1.181 Lz 1073 1.098 1.280 175 1.14] 1432 1.054 0.9%84 1.043 113§ 1.272 137 1400 o

Mo 0.030 (1.020 018 0,024 0.027 0009 0.034 0017 0.0i6 0027 0,008 0.021 0.003 0.006 0.m7 L.00 3

My 1233 1.280 1.255 1,292 1263 1,43 1164 1.048 0,968 1,425 1.420 1429 1.184 1.606 0.970 0.52%

Ca (0.006 0.004 n.004 B.00% 0063 0.000 0.007 0,008 B0 n.00o4 0005 n.onz 000z 0.003 0.00m 0.003

Na 0,002 6000 0.000 0.003 0.006 0.0 0.000 0.002 {1.046 0.010 0.8 0.0L7 0.013 (1401 0.00% 0.007

K 3927 1.946 1947 012 0,949 04964 0.934 N.R42 049 0.934 0913 0.908 0.900 0.926 0.049 0.968 !

Fef(l's + Mg} 497 0.480 0,450 0.454 0,463 (1.533 0,502 0.5 0397 0.425 0,409 0.422 0.4%0 0.558 0.576 0628
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Table 5, White mica compositions.

Table 7, Iornblende compositions,

sanaple 263D.6 2912 315B7 312 351 332C6 3704 Sample 1845 192A.2 193F.2 2632 290.1 2941 296A.4
§i0. 4627 ASET 4789 4754 4019 4667 4598 S0, 4473 4441 4519 4215 4493 4383 432
O, 056 065 085 019 095 036 057 TiD, 058 053 045 045 052 056 036
A 3431 2845 2854 2937 314 W56 M2 ALO, 1378 1449 1404 13.55 1285 1542 14,95
RO 210 304 443 322 251 127 L66  FeO 1638 1534 1435 20.85 1328 1552 16.80
O 0Oz 005 005 002 004 000 004 MnO 029 02 019 023 031 020 03¢
MeO 0.89 246 219 198 254 100 085 MO 9.50 975 1033 700 1149 052 9.47
Pl 001 000 00T 004 001 004 001 Ca0) 973 862 984 1128 1136 1068 898
N80 088 028 047 026 040 029 035 N0 201 328 225 148 150 206 234
KO 1025 103 1038 1097 906 10.62 10 K0 0.67 055 056 076 107 0.68 048
fotal 95.34 9473 9454 93.62 9587 9485 9494  Total 97.86 9721 97.35 9777 9746 9859 Y712
normalized to 11 axypens notmalized 10 23 oxygens
" 5093 3307 3265 3262 3240 2116 3088 & 6.486 6455 6545 6333 6.564 6342 6.265
T 0028 0033 0028 0010 0.047 0018 0429 AP 1514 1545 1455 1667 143 1658 1733
ALY ‘1’2;’; ?2;‘? ?:?i ?2: ?Zgg ?Sg? ?gﬁ Al 0841 0937 0959 072 0776 0972 (.819
Al 0118 0172 0353 0185 0.8 00n ooes T 0.063 005 0.049 0051 0057 0061 0.061
" 0001 0003 0003 0001 0002 0000 o002 e 0805 0780 0608 0625 0340 0549 1258
Ma 0089 0248 0223 0202 0249 0100 ooss  FeT 1182 1085 1130 1995 2502 1329 0799
o 0001 0000 00U 0003 00M 0003 0001  Mn 0056 0027 0023 0025 1282 0036 0.057
o 0114 0030 0062 0035 005 oo oie M8 2073 2113 2230 1568 0.042 2054 2.046
K @874 0952 0.9 0960 0761 0905 0942 Ca 1.512 1342 1527 1816 L1778 1656 1.305
Na(ivi4) 0.488 0.65% 0473 0.18¢ 0222 0344 0.605
Fef(Fe+Mg) 0.570 0410 0532 0478 0357 0415 0522
Ko, 0.001 0000 0001 0003 0000 0005 oo Ne(A) 0105 0.267 0,158 0247 0228 0234 0.052
X 0115 0031 005 0035 0065 0040 oos K 0124 0102 0103 0.346 0199 0.126 0.089
Yg 0.884  DB6Y 0935 0962 0936 0957 0.952 Total 15229 15369 15.262 15.393 15.428 15.359 15.141

amphibolitc tectonites are presented in Fig. 8. As with the
garnet-bioite results, garnet rim—hornblende rim tem-
peratures are ¢, 30° C higher than garnet core—-hornblende
malrix temperatures, Rim-rim temperatures, interpreted
to represent equilibrium conditions, are used. Garnet—
hornblende temperatures arc consistent within a sample,
as well as throughout the study area, ranging from 530 to
660°C, ‘The Dy, garnet-hornblende temperature is similar
w the gamet-biotite temperature. One sample (LV-184)

Table 6, Flapioclase compositions.

Fe''f(Re™ +Mg) 0363 0.33¢ 0336 0.560 0339 0393 0276
e (B + ALY 0480 0454 0388 0460 0305 0361 0.606

yields garnet-biotite and garnet—hornblende temperatures
of 540-600° C (compare Figs 7a & 8a).

Metamorphic pressure derived from TSZ mafic gneisses
range from 7 to 12 kbar. Plagiociasc in garnet—hornblende
amphibaolite from the southern TSZ subarea is albitic (c.
Ang;), hence the garnet-hornblende—plagioclase baro-

Sumple 261.1  263D.6 2912 3ISBY 3212 3250 33206 3473 37,3 3704 2632 2900 2041 296A.4
Core rim
Si0, 6101 6327 6457 6063 6189  S785  §7.38 6244 6160 5513 6L06  50.92 6549 6381
ALO, 2429 2243 2182 2473 2234 2698 2699 7345 2400 2773 2370 2404 ZL16 2150
CaC 6.21 3.55 2.75 6.26 4.83 9.0 8.70 4.95 564 1034 612 665 214 295
N, O 8.16 939 1033 8.26 9.10 6.47 6.50 8.80 8.41 5.67 8.02 771 1070 10.10
K0 0.09 0.16 0.20 0.07 0.09 0.07 0.12 0.41 0.28 w1z 00w .35 012 008
Total 100.19 9860  99.88  100.20 9843 10025  99.60 10012 100.23 9919 9910  09.12  99.69  09.47

Si 2712 2830 285 2695 2789 258
Al 1273 L& 1137 1296 1187 1410
N 0296 0470 0130 0298 0233 0431
o 0703 0814 0885 0712 0795 0.560

0.005 0.609 Lol 0.004 0.005 0.004

CACaEN) 0295 0473 0128 0295 0227 043
’t: 0295 0171 027 0294 0226 0.433
5 0700 0.820 0863 0702 0970 0.563
0005 0009 0011 0004 0005 0.004

normalized to 8 oxygens

2.580 2767 2.734 2.504 2,736 2. 700 2.891 2.542
L1420 1.225 1.256 1.485 1.252 1.277 1.101 1129
0.419 0.235 0.268 0.503 0.294 0.321 0101 0.141
0.367 0.756 0,724 0.49% 0.697 0.674 0.914 872
0.0017 0.023 0.016 0.007 0.005 0.020 0.007 0.003

0.425 0.237 0,270 0.512 0.297 0.323 009y 0.13%
0.422 0232 0.266 0,499 0.295 0.316 0.099 0.138

0.571 .746 0.718 0,493 0,700 (.a64 0,895 0.858
03.007 0023 iole 0.007 0005 0020 0.007 (0.003
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meter is not applicable. However, a minimum pressure of
7—11 kbar can be estimated by taking the albite—oligoclase
transition together with garnet—hornblende temperatures.
Similarly, in the central region, DW-294 and DW-296 have
albite-tich plagioclase (X, =0.10 and X, = 0.14, respec-
tively) that is outside the Hmits of the Kohn & Spear
(1990) barometer (X,,=0.15); however, the presence of
albite with hornblende constrains minimum pressure for
these samples 10 10 kbar (at ¢. 625°C) and 12kbar (at
¢. 0757 (), respectively, DW-290 yields 650°C, 11 kbar
from garnet-hornblende—plagioclase thermobarometry, In

the northern subarea, TW-263 yields o 8.5 kbar at
§75-660°C; TW-263D, an immediately adjacent schist,
vields 9.5-11.5 kbar at 625-660"C from garneti—biotiic—
muscovite—plagioclase thermobarometry (Fig. 7¢), P-T
consiraints derived from garnet-hornblende—plagiociase
and parnet-biotite—muscovitc—plagioclase  thermobaro-
metry are in good agreement. Albitic plagioclase was
found in each of the samples; however, in each case the
most anorthite-rich plagioclase close to the other minerals
was analysed, and therefore pressure estimates are
minima.

S — — —— e ]

Fig, 7. P-T plots of garnet—mica schist thermobarometric consiraints, AlS510; phase boundarics (Holdaway, 19710 and the
albite—oligoclase (ab—ol} transition for metabasali (Maruyama e al., 1983) are shown for reference. Bach line or symbol represents one

set of mincrals; sets from the same sample are plotted with the same symbol. Steep lnes represent Git-Bit K

mark Grt-Bt-Ms-Pl K

oy

e Short transverse lincs

or Grt—Bt-Pl K (two intersecting lines). Symbols mark intersections for mineral suites. P-T conditions are

fhigher for Dy, tectonites than for Dy, tectonites. Error bars shown in (¢ are valid in (a}, (b) and (d). {a} Grt--Bi calculations from the
southern region: LV-184 = dotted lines; LV-184 = solid lites; and LV-197AB = dashed lines. (&) Grt-Bt and Gri-Bt—Ms— 1 caleulatous
from the central region: Dy, samples show higher T and P than Dy, samples. Dy, samples: DW-1321 (transitional between Dy, and
Dy} = dotied lines, and filled rectangle; DW-324 = dashed lines; DW.325 = solid lines, and filled ellipse; DW-291 = dotted and dashed
lines, and open diamonds. Plis c. Ang 4. Dy, samples: DW-282 = dashed lines; DW-315B = dolied lines, and open ellipses;

DW-315D = solid lines. Note the wide range in conditions recorded by DW-315B. (¢} Gri~Bt and Gri-Bt-Ms-Pl calculations from ihe
northern region: TW-245 = solid lines; TW-261 = dashed Iines, fitted ellipsc = Grt—Bi-Pl; TW-263D = doited lines, open

ellipses = Grt-Bt-Ms—P1. (d) Cassiar tecionites; DE-332C = dotied lines, and open rectangles = Gri-Bt—~Ms—P or Gri—Bt-Pl; caleulated
temperature for two biotite inclusions in garnet is 560° C, consistent with prograde metamorphism indicated by core~rim relations.
[DE-347 = dashed lines, and open eilipses. Grey ayrows show general prograde trend from core to tim for two mineral suites,

DE-370 = solid lines, and filled cllipses. Note the wide range in -7 conditions.
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White mica barometry

White mica composition can be useful in identifying and
constraining conditions of polymetamorphism (Boulter &
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Fig. 8. P-T plots of amphibolite thermobarometric caloulations.
ALSIO, phase boundaries (Holdaway, 1971) and the albite—
oligociase (ab-ol) transition for metabasalt {Maruyama et af.,
1983) arc shown for refercnce. Vertical lines mark Grt-Hbl Ky
symbeols mark barometric intersections [or a particular mineral
suitc. Each line o symbol represents ong set of minerals; sets
from the same sample are plotted with similar symbols. Only Dy
tectonites contain the required mineral asscmblage. (a) Southern
region; plagioclase in all samples is nearly pure albite, and
therefore the ab—ol transition provides a minimum pressurc
cstimate. (b) Central region; plagioclase in I'W-294 and DW-2%
is albite-rich, and thercfore the ab—ol transition provides a
minimum pressure estimate, (¢) Northern reglon.

Riheim, 1974; Guidotti & Sassi, 1976; Chopin & Maluski,
1980; Liewig ef al., 1981; Saliot & Veldc, 1982; Frey ef ab
1983: Jacobson, 1984). The phengite component in white
mica of a low-variance ussemblage is an indication of the
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Fig. 5. Whitc mica composition diagrams showing §i versus Ti content for micas from TSZ and Cassiar paragneisses and orthogneisses.
Compositions normalized an the basis of 11 oxygens, (a) Dy, tectonites: orthogneiss TW-242C, and paragneisscs DW-286, DW-288. (b)
DBy, paragneiss DW-280F shows two populations of white mica composition, or a single population with gradational composition from
high-8i to low-8i. (c) Orthogneisses DC-109, DIC-111 and paragneiss 13C-112 from the d’ Abbadie shear zonc have three white mica
populations. Twenty grains from each sample. {d) White mica composition [rom six Cassiar orthogneisses. The number in parcntheses
indicates the number of grains from each sample.

pressure of its formation (Ermst, 1963; Vclde, 1967; be determined on the basis of the Si content in white mica,
Guidotii & Sassi, 1976), and is calibrated by Massone &  as a function of temperature, using isopleths of Massone
Schreyer (1987) as a baromester for Otz + Bt+ Wm + Kfs & Schreyer (1987).

assemblages. The phengite, or tschermak, substitution, White mica was analysed from Dy, Dpey Diswa and
(Fe’™, Mg, Mn, Zn)+Si=(Al", Fe*', Ti)+(AI"), Cassiar tectonites. Each sample contains the limiting
relates Ms-paragonite, (K, Na)AB(Si;AIO 4(OH},, to assemblage necessary for white mica barometry. Analyses
celadonite, K(R™R*")8i,0,(OH). As in amphibole, the  of 9-20 grains (commonly preserved as fish) were obtained
Ti confent of biotite and white mica in a rock bearing a  from each sample. Initially, core, intermediate and rim
Ti-saturated phase qualitatively reflects the temperature of  areas of each grain were analysed to check for zoning, but
formation (Rasse, 1974; Eznst, 1988). Ti content in whitc  none was found. A minimum of two analyses, and
mica increages with increasing temperaturc, and this genoraily three, was averaged to give a single grain
relation may be used (o discriminate igneous from  composition. White mica in four TSZ tectonites was
Metamorphic white mica, Phengite with Ti >0.04 per  analysed, inchuding one orthogneiss and two paragneisscs
formuia ynit generally reflects an original igneous white from Dyg., and one Dy, paragneiss. Each sample is
Mica, whereas those with <0.03 probably recrystallized adjacent to one or more samples for which metamorphic
during metamorphism. Thus, the Ti and Si content of  temperature was determined.

white miica from the assemblage of Qtz+ Bt+ Wm + White mica from Dy, orthogneiss and paragneiss shows
Kfs+ Ty phase are uscful in comparing qualitatively  high Si, indicative of high-P metamorphism (Fig. 9a); Ti
‘onditions of crystallization. Furthermore, pressure may  and Si values indicate that the white mica is probably of
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metamnorphic origin. The Si content of white mica from
orthogneiss and paragneiss plotted against Dy, tempera-
tures determined from silicate thermometry constrains
pressure of formation to c. 14 % 2kbar and 10 % 2 kbar,
respectively (Fig. 10a).

Tweniy white mica grains were enalysed from
DW-2805, a Dp, paragneiss. The data show two
wmpositionally distinct groups distinguished on the basis
of Ti and Si (Table 8, Fig. 9b). No textural differences
petween the two groups were recognized. Both groups are
low in Ti, although they have variable Si, indicative of a
moderaiely high-# metamorphic white mica. One group,
with & between 3.3 and 3.4 per formula unit (pfu),
probably formed at higher pressurc than other micas with
§i =3.1-3.3 pfu. Although this tectonitc is from the Dy,
shear zonc that crosses the Dy, domain, it presumably
expericnced  penetrative Dy, metamorphic conditions.
Therefore, the high-8i micas may reflect the high pressure
consistent with Dy, dynamothermal conditions and the
low-Si group may correlate with Dy, conditions. On this
basis, the ranges of Si of the high- and low-8i populations
and the temperatures calculated from adjacent Dy, and
Dy, tectonites are used, respectively, to estimate pressure
{Fig. 10a). This procedure vesults in pressures of
7.5-14 kbar for Dy, and 5-9.5kbar for Dp,., similar to
P-T consiraints derived from garnet-biotite—muscovite—
plagioclase thermobarometry. Plotting the high-Si white
mica against Dy, temperatures results in pressures of
8-11kbar, higher than the 5-8 kbar range calculated from
silicate barometry.

Analysis of white mica fish from Dy orthogneiss and
paragneiss tectonites reveals three populations defincd on
the basis of Si and Ti (Fig. 9). No textural criteria
distinguish the groups. High-Ti, low-Si types (Type D)
probably represent primary igneous muscovite; low-Ti,
high-Si  white mica (Type TI) reflects high-P
metamorphism, and low-Ti, low-Si varieties (Type III),
observed only in DC-112, record relatively low-P
metamorphism. The Si of each of these groups is plotted
against an estimate of temperature of formation in Fig,
10(b). Temperature near the granite solidus was assumed
for Type I mica, and results in a pressure of 5-7 kbar.
Type 1l mica records a high pressure regardless of the
lemperature against which it is plotted. The highest Si
values of Type I white mica result in a peak pressurc of
16-12 kbar at 400-515°C (Dpuana calcite—dolomite ther-
mometry), and pressure up to 14 kbar at 650°C (Cassiar
peak temperature). Type IIf micas are plotted against
calcite—dolomite temperatures  (350-515°C) for Dpgen
tectonites, and gives pressures of 1—4 kbar, Despite the
wide range in the temperature estimated for each white
mica population, significant differences in pressure result.
These are interpreted to reflect real changes in prossure
[a‘tlthuugh not necessarily absolute values) during the
history of these tectonites.

White mica from six samples of Cassiar orthogneiss were
nalysed to constrain pressure during ductile shearing.
Twenty white mica fish from DE-330 show a range in
omposition from high-Ti with low-8i to low-Ti with

high-Si (Fig, 94d). In five other samples white mica shows a
similar range. If ecach is interpreted to reflect chemical
equilibrium, these data serve as a monitor of changes in
pressure dwing progressive ductile shear {Guidotti &
Sassi, 1976; Frey er al., 1983). Each orthogneiss contains
some high-Ti, low-5i white mica indicating primary
igneous crystallization. The resultant pressures  arc
comparable to values for Type I white mica from
orthogneisses DC-109 and DC-111 in the d’Abbadie fault
zone (Fig. 10b). [ interpret these micas as having formed
during primary crystallization at 340-360Ma (U-Pb,
zircon; Hansen ei al., 1989). Peak Si values of all six
Cassiar orthogneisses are >3.3 pfu and are accompanied
by a progressive decrease in Ti; three of the six
orthogneisses record peak Si>3.35pfu; and DE-330
records a peak value of ¢. 3.4 pfu. These 51 values indicate
minimum peak metamorphic pressurcs of ¢ 6, 7 and
10 khar, respectively, at a minimum temperature of 350° C.
Maximum pressures range up to 14 kbar {(Fig. 10c).

If the whitc mica composition in these six Cassiar
orthogneisses, which range from high-Ti, low-Si gradation-
ally through low-Ti, high-Si, results from ductile shearing
during changing P-T, then three different paths could
explain the data, Increase in pressure is required for each
path. The orthogneiss could follow a path which increases
pressure and decreases temperature from primary igneous
crystallization during dynamic recrystallization; also, it
could follow a path which statically increases pressure and
then dynamically decreases P—T'; or the orthogneiss could
statically cool to lower P-T conditions, and later be
sheared under increasing P—T conditions, The first path
requires an increase in pressure and concurrent decrease in
temperature, and hence it is not geologically likely. The
second path is geologically reasonablc. However, quartz
grains in the orthogneisses exhibit flat-field extinction and
straight boundaries, in comtrast to expected undulatory
extinction and tagged bounderies if cooling accompanied
deformation, The third prograde path is similarly
geologically reasonable, and it is consistent with
independent prograde core-rim trends documented in
DE-332C and DE-347 (Fig. 7d). In addition, one might
expect flat-field extinction quartz in a rock which
experienced such a history. Final exhumation of the
orthogneiss may not have been accompanied by ductile
accormmodation of crustal extension and tectonic unload-
ing, because no low-Si and low-Ti white-mica composition
is observed in any of the samples. Thus, all six Cassiar
orthogneisses exhibit a record of white mica transitional
between two end-member compositions. These composi-
tions are consistent with a sequence of events including
primary igneous crystallization (high-Ti, low-Si), followed
by static cooling, later dynamothermal recrystallization
under increasingly high P--T conditions (low-Ti, high-Si),
and finally static exhumation and cooling. This inter-
pretation is consistent with slow cooling, interpreted as
resulting solely from erosion, as indicated by the *Ar/*Ar
cooling history of these tectonites (Hansen ef al., 1991).

If the white mica compositional variations in TSZ and
Cassiar tectonites cannot be attributed to interference

-,
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Table 8. Representative white mica compositions from DW-280T.

IMUL  2MUS  TMUG6  2MU3  3MU7  IMU2
i, 4681 4730 4604 4910 4836 4855
Tie), 0.38 0.39 0.44 0.50 0.46 0.37
ALO, 2845 2836 2910 2631 2533 2687
FoO 4.71 4,34 4.8% 4.1 4.30 424
M0 0.08 007 0.05 005 0.08 0.07
Mgl 2.34 217 1.7% 2,79 2,94 2.58
Cal 0.00 0.04 0.01 0.00 0.0 0ol
Na,O 0.24 0.20 .20 0.6 0.13 017
K0 105 1125 1L 1126 1109 1L11
Total G385 0414 968 9439 0270 9397

normalized to 11 oxygens

Si 3227 3258 3098 334 3378 330
AP 0773 D42 0802 D636 0622 0.66D
A" 1549 1561 1.581 1489 1464 L1519
Ti 0020 0020 0023 0026 002 0.019
Fet 0.273 0250 0284 0241 0251 0246
Mn 0003 004 KO3 0003 0005 000
Mg 0241 0223 D84 0285 0306 0.265
Ca 0.000 0003 0ODI 0000 0000 0.0m
Na 0.03 0027 0027 0021 a7 0023
K 0.976 098 0987 0984 DOSY  OUTS
Fo/(Fe+Mg) 0531 0520 0607 0458 0451 0.48i
X 0,000 0.003 0001 0000 0000 0001
Xy, 0.032  0.026 0027 0021 0017 0.023
Xy 0.968 0471 D972 0979 0983 0976

from other phases, then the variable, and in some cases
bimodal, white mica compositions may provide Important
clies to their dynamothermal cvolution. Compositionally
different gencrations of white mica may be preserved in
these L-S tectonites as a result of addition of mechanical
energy due to heterogeneous strain partitioning at the
scale of a thin section. For example, it can be assumed that
all white mica in orthopneisses DC-109 and DC-111
crystallized with a uniform mineral chemistry, Fellowing
crystallization, the granitoids acquired $-C fabrics. During
deformation, it is possible that mica grains in certain
domains were greatly strained, such as along C, whereas
others were either protected from strain by more rigid
minerals, or were located within areas of lower strain, such
as within § (e.g. Bell & Hammond, 1984; Bell, 1985).
Mica grains not protected from deformation would have
undergone dynamic recrystallization, and their resultant
chemical composition should reflect the ambient P-T
conditions. Thus, some white mica may have recrystall-
tzed during early hiph-P ductile deformation and was
either protected or re-equilibrated during later deforma-
tion; mechanical strain energy may therefore have
cxeceded the activation cnergy neccssary to  achieve
chemical cquilibrium within a new physical envirenment.
This process may be particularly important when ductile
deformation is near the temperature of recrystallization.
Tectonites DW-280E, DC-109, DC-111 and DC-112
contain evidence to suggest that they experienced at least
two episodes of ductile deformation. DW-280E white mica
data are consistent with field, structural and kinematic
relations which suggest that this tectonite experienced

early high-P/T dip-slip shear followed by strike-slip shear
at lower (although also modcrately high-P) P-T
conditions. All penetrative deformation occurred prior to
cooling and exhumation by ¢ 195Ma (Hansen ef af.,
1991). White mica compositions of DDC-109 and DC-111
are consistent with igneous crystallization, as supported by
field, petrographic and geochemical data. These rocks, as
well as a micz quartzitc (DC-112), then experienced
high-#/7 ductile shear. Ductile shear accompanying
high-P/T metamorphism is suggested by the preservation
of a population of igneous white mica. This requires
deformation and mctamorphism in an environment which
would allow some of the white mica grains to recrystallize
with a composition reflecting equilibriom with new P-T
conditions, yet preserve other white mica grains of igneous
composition. White mica in DC-112 also records a ductile
deformation at low-P not evident in the structurally
continuous orthogneisses DC-109 and DC-111, DC-112 has
a relatively uniform, fine grain size, and it lacks
mechanically robust mincrals, such as plagioclase or
K-feldspar, which might ‘protect’ mica from strain, and
hence chemical recrysfallization. In contrast, ortho-
gneisses DC-109 and DC-111 are coarse grained, with g
range of mineral sizes, and contain plagioclase and
K-feldspar. More data are needed fo resolve these
questions; however, it appears that white mica preserves a
record of three distinet P—T environments.

This has important Implications for the effect of shear
strain on minecal composition. White mica composition in
paragneiss and orthogneiss L-§ tectonites may be useful in
constraining the P—T conditions of ductile deformation, as
well as the P-T path. These data also indicate that care
should be tsken in applying thermobarometric study to
dynamically recrystallized rocks.

In summary, TSZ tectonites record high-P/T prograde
metamorphism, and retrogression which accompanied the
change from Dy, to Dy, deformation. Cassiar tectonites
also record high P—T conditions, although: an overall lower
pressure is indicated.

P-T-TIME-DISPLACEMENT PATHS

Combining the above P-T constraints with previously
documented structural and kinematic (Hansen, 1989b) and
thermochronometric histories (Hansen et al, 1989, 1991)
resufts in P—T—time—displaccment paths for tectonites
within the study arca. The rocks are treated here as two
different packages: (1) TSZ tectonites, betrwcen the
d'Abbadic and Big Salmon faults and in klippen east of the
d’Abbadic fault; and (2) Cassiar tectonites easi of, and
including, the d’Abbadie fault zone. P-T, time-T), and
P-time diagrams annotated with displacment data 8at¢
illustrated for each package (Fig. 11). I can deterinine only
a few points along a particular P—7—time path and the
sequence of these points. The path between any two point$
is constrained by both geological and geochr01lologif35|
considerations. The tectonic histories of TSZ and Cassiaf
tectonites arc discussed separately below, followed by 2
discussion of their common evolution,
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TSZ izctonites

Ductilely deformed and variably metamorphoscd rocks of
the TSZ are comprised of three lithotectonic assemblages
(Tempeiman-Kluit, 1979): {1) an assemblage with affinity
(o oceanic sedimentary strata, which includes metamor-
phosed chert, argillite, cart_)m_late and g}‘aphltlc §1ltstope;
(2) an assemblage characteristic of oceanic crust, including
massive to pillowed basalt, gabbro and ultramafic rock;
and (3) an assemblage which may represent a volcano-
plutonic arc, including felsic gneiss and continentally
derived (7} sedimentary strata. The TSZ evolved as a zone
of high sirain, and is divisible into three domains on the
basis of kinematic history, Dy, D and Dy, from west
to east (ITansen, 1989b).

P--T- iimc—displacement paths constructed for the TSZ
(Fig. tta—c) include P--I'-tiune data from eciogite and
blueschist enclosed in Teslin-Taylor Mountain and Nisutlin
tectoniics, T8Z tectonites follow a clockwise P-T path
that mimics a trench geotherm, similar to prograde paths
of circum-Pacific and Alpine—Himalayan high-P belts
which record subduction zone metamorpbism. Tectonites
show a progressive incrcasce in temperature at ¢ 245 Ma to
a maximuin of 750° C, coincident with pressure increase to
form blueschist, cclogite and high-# amphibolite (Fig. 11b,
c). Not every TSZ tectonite reached the peak P-T
conditions recorded by the TSZ as a whole, nor did all
tectonitcs reach their thermal or baric peak af the same
time, For example, blueschist which records Permian
cocling (Ermder & Armstrong, 1988) reached a peak
temperaiuce of 400° C and cooled through this temperature
by 250 Ma (Fig. 11b), whereas Dy, tectonite LY-197AB
reaches higher peak metamorphic conditions {c. 575°C,
=9 kbary yet did not cool through 350°C until 195 Ma
{Hansen er al., 1991). The highest P-T conditions are
tecorded in D, tectonites {575-750°C and 9—14 kbar),
similar to conditions derived from enclosed cclegite which
tecord hysteretic P-T paths (Erdmer & Helmstaedt,
1983). T3y, deformation occurred under lower P-T1
conditions  (400-550°C and 5-8 kbar)., Dy tectonites
record a peak temperature of ¢ 420°C and minimum
peak pressure of 3kbar. Normal, or west-side down
displacement accompanied the highest pressure conditions,
and was followed by strike-slip displacement at lower P-T
conditions. As evidenced by concordant "Ar/™Ar plateau
cocling dates, the TSZ was exhumed quickly as a coherent
structural block in early Jurassic time. TSZ tectonite
quartz grains typically show flat-field extinction and
Straight  boundaries indicative of latent heating and
innealing  following deformation; hence  deformation
prebably did ot accompany rapid cooling, but rather,
bre-dated rapid cooling. If deformation had accompanied
tapid cooling one would expect to observe highly strained
Quartz {rihbons, undulatory extinction, ragged bound-
aries) rather than the observed anncaled quartz, Dy,
lectonites were also most likely metamorphosed and
deformed prior to fast exhumation of Dy, and Dp,
"ectonites in the early Jurassic because guartz grains in
these rocks also show typical flat-field extinction and

straight boundaries indicative of annealing following the
end of deformation. If Dy, tectonism accompanied, rather
than pre-dated, carly Jurassic cooling one would have to
cxplain  how these rocks were annealed following
deformation.

TSZ. tectenites record evidence of widespread high-P/T
metamorphism accompanied by penetrative ductile defor-
mation within a coherent metamorphic belt e, 15-20 km
wide and greater than 60 km long. LCvidence of high-P/T
metamorphism is not limited to locally preserved lensoids
of eclogite. Dy, tectonites which enclose eclogite
themselves record high P-T counditions. The gencral lack
of retropression of Dy, tectonites may reflect
metamorphism in a non-collisional subduction zone (cf.
Ernst, 1988). Dy, conditions are similar to those recorded
by high-# amphibolitc of the Catalina Schist, California
(Platt, 1975; Sorcnscn, 1986; Bebout & Barfon, 1989),
Dy, tectonites record a retrograde path from higher-P/T
Dy deformation  which  accompanied local dextral
strike-slip displacement. The inverted metamorphic gradi-
ent of Dha,, Dy and Dy, is consistent with metamorphism
within a west-dipping subduction zone in which material
was progressively underplating to the upper plate during
subduction (cf. Peacock. 1987). The tectonite fabric of
cach of these three domains may result from progressive
underplating of material from the subduction channel
(Cloos & Shreve, 1988) to the basc of the upper plate
during subduction (Hansen, 1991). With continued
subduction and underplafing the upper plate—subduction
channel boundary may have migrated trenchward resulting
in ‘growth’ of the upper plate at depth. 'TSZ tectonites
preserved a record of progressive backflow, dextral
margin-paraliel shear, and downflow within the subduction
channel as recorded by Dy, D, and Dy, tectonites,
respectively (Hansen, 1992). The lower P-T conditions
may reflect a change in position within the subduction zone
as a result of subduction zone-parallel translation, or
collision with continental crust. The former explanation
explains better the mineral fabrics and is favoured.

Cassiar tectonites

Cassiar tectonifes record a quite different tectonic history
(Fig. 11d-f). Peraluminous orthogneiss intruded in
Devonian—Early Carboniferous time. Emplacement P-T
conditions, derived from white mica, are consistent with
plutonism within either a voleanic are or a riff environment.
Following igneous crystallization, Cassiar rocks ex-
perienced static cooling (Fig. 11¢). Cassiar orthogneiss and
paragneiss later experienced penetrative top-to-the-east
ductile shear deformation under increasingly higher
pressure, as recorded by the range in orthogneiss whitc
mica compositions (Fig. 11f). A prograde high-P—T path is
consistent with white mica compositions, and with garnet
core—rim compositions. Following prograde dynamother-
mal metamorphism these tectonites cooled slowly under
static conditions (Fig. 11¢, f). Locally, along the trace of
the d’Abbadie fauit, these tectonites were sheared and
ductilely deformed at depth in middle Cretaceous time.
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Cagsiar tectonites were also locally heated and statically
metamnrphoscd along the borders of middle Cretaceous
plutons {Spicuzza & Hansen, 1989; Smith & Erdmer,
1990). . . .

Cassiar tectonites record slow static cooling through
500-300° C from ¢. 145 to 110Ma. Projecting this cooling
ate (. 6°CMa™') back from 500°C at 145Ma (Hbl,
@arf@ap) on the T-time diagram to ¢. 700°C (e peak
metamorphic temperature of Cassiar {ectonites) implics
heating of Cassiar rocks from ¢. 400° C at 195 Ma to 700° C
at 185 Ma (Fig. 1le), consistent with ductile deformation
accompauving  prograde metamorphism as  described
above. An increase in pressure is required (Fig. 1le),
consistent  with  overthrusting of TSZ tfectonites, and
resultani top-to-the-cast imbrication of Cassiar tectonites.
The Cassiar tectonite package cooled slowly through
WP C by 109 Ma, consistent with a lack of ductile
deformaiion accompanying retrograde metameoerphism or
cooling. The depth of emplacement for the Late
Cretaceous Nisutlin batholith (Spicuzza & Hansen, 1989)
falls along the P-T curve projected in Fig. 11(f). Cassiar
and TS7 tectonites both deformed in 2 ductile fashion at
depth during dextral movement along the d’ Abbadie fault.
Ductile deformation probably lasted through 97 Ma at the
level of d’Abbadie L-8 tectonitezs currently exposcd.
Muscovite and biotite from dextral S$-C orthogneiss
adjacent to the fault yielded a “*Ar/*Ar platcau cooling
date of 97 Ma. These data further support slow cooling of
Cassiar tectonites in middle to Late Cretacecus time (Fig,
lle). Granitic plutons intruded Cassiar tectonites and the
d'Abbadie fault zone in middle to Latc Cretaceous time
(Tempelman-Kluit, 1979; Gabriclse, 1985; Armstrong,
1988). Cassiar tectonites cast of the d’Abbadie fault are
interpreted to have continued to cool and to be exhumed
at a relafively continuous rate, reaching the surface at
approximately 60 Ma.

The iollowing relations indicate that the major
deformaiion and metamorphism of Cassiar L-S tectonites
18 not related to middle Cretaceous plutonism: (1} P-T
conditions of Cassiar tectonism show a higher P/T
gradient than modern volcano-plutenic arcs, and they lie
along or above a stable plate interior gradient, (2)
top-to-the-cust L-$ tectonite fabrics preserved in Cassiar
tectonites are cut by the Dycer stock, a middle Cretaceous
Pluton; (3) Cassiar tectonites show no increase in
metamorphic grade adjacent to the Dycer stock; (4)

Cassizr tectonites that record top-to-the-east shear fabrics
arc thermally overprinted within 1km of the middle
Cretaceous Nisutlin batholith (Fig. 1; Spicuzza & Hansen,
1989); (5) Cassiar metamorphism pre-dates middle
Cretaceous plutonism—altheugh Cassiar tectonites record
peak metamorphic temperatures up to 750° C, “Arf Ar
data indicate that these tectonites cooled through 500°C
by 145 Ma, and through 300° C by 109 Ma, whereas K—Ar
mica cooling dates for the plutons generally range from
100 to 75Ma (Tempelman-Kluit 1979; Gabrielse, 1985;
Armstrong, 1988).

I interpret that ductile shear recorded in Cassiar
tectonites resulted from top-to-the-east overthrusting of
TSZ tectonites. Chattermarks preserved locally at the base
of TSZ Kklippen record top-to-the-east displacement
(Erdmer, 1985) and Cassiar tectonites record top-to-the-
east ductile shear (Hansen, 1989a; Spicuzza & Hansen,
1989). TSZ tectonics record rapid cooling through
300-500°C at ¢ 195Ma, interpreted as the time of
exhumation resulting from collision, and interpreted as the
initiztion of Cassiar ductile deformation as a result of
underthrusting. As TSZ tectonites were exhumed and
cooled through 300° C in early Jurassic time, lower-plate
Cassiar tectonites could be cxpected to have undergone
amphibolite facies deformation. TSZ deformation is
interpreted as  B-type subduction, whereas Cassiar
teetonism is interpreted as A-type subduction.

Tectonic implications

TSZ and Cassiar tectonites record different high P-7
metamorphism. TSZ tectonites record a complex dip-slip
and strike-slip displacement history which accompanied
clockwise high-P/T metamorphism along a trench
geotherm, and cooled guickly as a coherent block in early
Jurassic time. In contrast, Cassiar tectonites record
prograde dynamothermal metamorphism along a shallower
P/T gradient accompanied by east-vergent shearing,
followed by static cooling in middle Jurassic through
Cretaceous time. In addition, the protoliths of the two
assemblages are different; the overthrust assemblage is
oceanic and ocean margin matcerial, whereas the
underthrust asscmblage is continental material.

TSZ ductile deformation is compatible with the
calculated thermobarometry. Temperatures are higher
than those typically inferred for blueschist terranes.

Fig. 11. P-T, P—¢, Tt plots for tectonite packages (a—c) I'SZ and (d—f) Cassiar. (a) P—T plot. Dotted lincs mark average geothermal
Bradients for trench (te), stable plate interior {spi), arc complex (ac), and spreading centre (s¢) (after Ernst, 1976). P—T constraints from
this Study are shown in addition to constraints from eclogite (hexagons) from Teslin-Taylor Mountain and Nisutlin tectonites in Yukon
(Erdmer, 1987). The filled hexagon represents the eclogite from the northern TSZ transect (Fig. 2). Other cclogite localities are shown in
Fig. 1 (1) e-T plot. Blueschist (bs) and eclogite dates from Ross River area (Erdmer & Armstrong, 1988} record cooling of individual
tectonites; hornblende and white mica “"Ar/>®Ar dates (Fansen et 41, 1991) record final cooling of the TSZ through 500 and 350°C,
Tespectively. Thin arrows represent possible, but not unique, paths; cclogites record helical paths (Erdmer & 1felmstacdt, 1983). Final
exhumation is constrained by volcanic rocks which locally overlie TSZ-correlative teetonites (Armstrong, 1988). (¢) P—¢ plot. Constraints
Are a3 discussed for (a) and (b). (d) P~T plot. Dotted lines as in (a). P-T constraints from this study are shown. Thin arrows represent
Lore-rin trends, (e) /-7 plot. Granite crystallization from U-Pb (zircon: Hansen et af., 1 984). Static cooling to ¢. 200 Ma is assumed (see
text). Hornblende, white mica and biotite *Ar/*Ar dates (Hansen ef af., 1991) indicate slow coaling. Final exhumation is canstrained by
e projection of the cooling curve determined by hornblende, white mica and biotile dates, and is consistent with voleanic rocks which
erlie Cassiar tectonites (Armstrong, 1988), (1) P—t plot. Constraints ag stated for {d) and (e). See text for discussion.
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Therefore, TSZ rocks must have been deformed in a hot
portion of 4 subduction compiex. Afthough several factors
govern temperature profiles in subduction systems, fwo of
these provide a means by which metamorphism can take
placc  ar  relatively high temperature, The highest
temperature within a subduction complex is along the
hangingwall of the overriding plate. Slow subduction rates
allow rclaxation of depressed geotherms, and could allow
for somewhat elevated temperatures in the subduction
complex. Metamorphic F-7' data reported here, however,
indicate a low gradient (¢. 19°C km™ "} which is compatible
with a subduction environment, Unusual gradients
ptaduced by slow converpence rates are thus unlikely, TSZ
tectonites probably formed close to the hangingwall plate,
and were progressively underpiated to it.

If TSZ tectonites were underpiated to the hangingwall
plate, the distribution of metamaorphic facies may provide
a key to the polarity of the subduction zone. Lower-grade
tectonites in the east and higher-grade tcctonites in the
west suggest an  inverted metamorphic gradient and
west-dipping subduction. The interpretation is supported
by numerous regional relations (Tempelman-Kluit, 1979
Erdmer, 1985; Hansen, 1988; Mortensen, 1991),

The subduction zone is interpreted to have formed by at
least prc-middle to Late Permian time based on K—Ar
muscovite and Rb-S8r dates of 259-249Ma from
blueschist and eclogite (Erdmer & Armstrong, 1988) (Fig.
12). Hence, TSZ tectonites represent a subduction zone

WEST

—

active as carly as 250 Ma with subduction continuing for
=¥ Ma from middlc Permian to Early Jarassic time
(195 Maj. Assuming a moderate orthogonal convergence
rate of 50kmMa™', approximatcly 2500km of oceanic
crust could reasonably be cousumed aloag this boundary
(Tempelman-Kluit, 1979) (this estimate wauld be reduced
to c. 1800 km for a similar rate along a boundary with 45°
of obliguity).

B-type subduction apparcntly ceased in early Jurassic
time as the leading cdge of western North Amcrican
continental crust was subducted (Fig, 12), TSZ tectonites
were uplifted as a coherent block as a result of the
collision. North American (and Cassiar) strata were
imbricated along east-vergent thrust faults, and underwent
high-£{T mctamorphism as a result,

Evidence presented here corroborates the suggestion
that Devomian-Early Carboniferous orthogneisses and
their host metasedimentary rocks (fig. 1) arc tectonically
equivalent 1o the underthrust Cassiar terrane (Ifansen,
1990; Duscl-Bacon & Hansen, 1991; Hansen ef al., 19913,
That is, both packages represent the leading edge of
subducted Permo-Triassic North American continental
crust, and are exposed as structural windows.

CONCLUSIONS

Mineral compositions and thermobaromety indicate that
the TSZ represcnts a coherent belt of high-P/ T tectonites
metamorphosed along a trench geotherm, The highest
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p-T conditions are rccorded in Dy, toctonites {(575-
750° C and 9=17 kbar), similar to conditions recorded by
enclosed eclogite blocks. Dy, deformation occurred under
tower £-T conditions (400-550°C and 5-&kbar}. Dgy,
tectonites record a temperature of ¢ 420° C and minimum
pressure of 3 kbar, Dynamothermal metamorphism ended
prior 1o ceoling in early Jurassic time. Cassiar tectonites
recoid  top-to-the-east  proprade metamorphism  at
mederate-P,  high-T  conditions  (550-750°C  and 7-
13 kbar) along or above a stable plate interior geotherm.
Following metamorphism Cassiar tectonites cooled slowly
through 500-300°C in middle Jurassic and middle
Cretaceous time.

Tectonically, the TSZ represents the deep-seated
portion of a west-dipping Permo-Triassic subduction
complex. TSZ tectonites were underplated to the upper
ptate during B-type subduction. Subducted material was,
in part, underplated to the upper plate during downfiow
and backflow. With continued subduction and underplat-
ing the hangingwall-subduction channel boundary mi-
gratcd basinward resulting in ‘growth’ of the upper plate at
depth. Following basin collapse, TSZ tectonites were
uplified as a coherent structural package in early Jurassic
time during, and as a result of, A-type subduction of North
American and Cassiar strata. Cassiar  strata  were
dynamothermally metamorphosed as a result of under-
thrusting; this metamorphism of these rocks pre-dates, and
is not directly related to, later widespread middle
Cretaceous  plutonism. Underthrust North  American
continental crust in southern Yukon cooled slowly as a
result of exhumation due to erosion. Both underthrust and
overthrust assemblages were dissected by middle Creta-
ceous dextral strike-slip faults and plutons.

T57Z, Cassiar, and d’Abbadie tectonites were deformed
during changing P-T conditions, Data from cach of these
tectonite  packages indicates that grain-scale strain
partitioning may have allowed local recrystallization of
individual minerals, white mica in particular, by the
addition of mechanical encrgy. The compaosition of each
new grain may reflect the P-T conditions under which
that particular grain was deformed.
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