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Abstract — The high-grade basement of the northwestern Wilson Terrane at Oates Coast is subdivided into
three roughly north-south trending zones on the basis of tectonic thrusting and differences in metamorphic
petrology. New results of detailed petrological investigations show that metamorphic rocks of the central
zone were formed in course of one single, clockwise directed P-T evolution including a medium-pressure
and high-temperature granulite-facies stage at about 8 kbar and >800°C, a subsequent isothermal
decompression and a final stage with retrograde formation of biotite + muscovite gneisses. In the eastern and
western zones the majority of metamorphic rocks experienced clockwise oriented metamorphism at somewhat
lower P-T conditions of about 4-5.5 kbar and 700-800°C. While some rocks in both zones did not reach the
upper stability limit of muscovite + quartz, granulite-facies rocks detected in parts of the western zone were
formed under P-T conditions similar to those of the central zone. New SHRIMP data support an age for the
metamorphic peak of 496-500 Ma in the central zone (Henjes-Kunst et al., 2004$°Ar dating of
amphiboles and micas indicate a general trend to younger ages from the west to the east of the basement
complex,i.e. from 488-486 Ma to 472-469 Ma for amphiboles and from 484-482 Ma to 466 Ma for micas.
This is explained by temporal differences in the retrograde metamorphic evolution of the three zones in the
course of the late-Ross-orogenic thrust-related uplift of the basement complex, with the western zone being
exhumed earlier than the eastern zone.

INTRODUCTION basement complex (Schissler, 1996; Schussler et al.,
1999). Detailed results on the pressure-temperature-
Since 1988, the expeditions GANOVEX V andtime evolution of the high-grade metamorphic rocks
VIl of the Bundesanstalt flir Geowissenschaften unave now been obtained including data on abundant
Rohstoffe Hannover (Germany) and the joint Germansamples from the eastern and western zones of the
Italian Antarctic Expedition 1999-2000 have visitedbasement complex. In particular, the joint German-
Oates Coast (sometimes also called “Oates Landifalian Antarctic Expedition 1999-2000 field
west of northern Victoria Land at the Pacific end ofnvestigations were focussed on the Lazarev
the Transantarctic Mountains (Fig. 1a). During thesklountains in the western zone, where several
expeditions, a systematic geological mapping anldcations were visited and sampled (Roland et al.,
sampling was carried out for the first time in the000). This paper presents these new petrological and
Oates Coast area&(g. Roland et al., 1996, 2001; geochronological data and discusses their bearing on
Schissler et al., 1998). In the frame of the¢he tectonometamophic evolution of the high-grade
GANOVEX V and VIl expeditions in 1988/89 and Oates Coast basement complex.
1992/93, respectively, it was recognized that the high-
grade metamorphic basement of this area, forming the
northern end of the Early Palaeozoic Ross Orogenic GEOLOGICAL SETTING
Wilson Terrane, is subdivided into three parallel
orientated zones, commonly separated from each other The geology of northern Victoria Land and Oates
and from adjacent low-grade metamorphic series yoast is comprised by three tectono-metamorphic
major thrusts (Floéttmann & Kleinschmidt,1991; 1993)terranes of Early Palaeozoic age, the easternmost
Petrological and geochronological investigation®Robertson Bay Terrane, the Bowers Terrane and the
concentrated on the central zone of the Oates Coagtsternmost Wilson Terrane (Weaver et al., 1984;
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Fig. 1la— Geological sketch map of Oates Coast and nortWetoria Land. Cambro-Ordovician lithologies of the three tectonic terranes
are undiferentiated except low-grade metasediments of McCainf BME) and Beg Mountains (BM). Post-Ordovician lithologies are
omitted. Black dots denote occurrences of granulite-facies rdtkssts: L, LazareWhrust; E, ExilesThrust; W, Wilson Thrust. Mountain
ranges: D, Dessent Ridge; DFR, Deep Freeze Range; DR, Daniels Range; KH, Kavrayskiy Hills; LR, Lanterman Range.

Fig. 1a). In the course of the late-Pan-African RosB/high T belt, in part granulite-bearing, at its
Orogeny the Robertson Bakerrane, a former flysch southwestern inboard mgin next to its suspected
trough, and the Bower®errane, a former island arc, boundary with the Eagintarctic Craton (Deep Freeze
were accreted to th&Vilson Terrane by plate Range, Daniels Range, Oates Coast, see Fig. 1a)
convegence and craton-ward directed subductiofGrew et al., 1984Talarico 1990;Talarico & Castelli,
processese(g. Gibson & Wright, 1985; Kleinschmidt 1994, 1995:Talarico et al., 1989, 1995; DMincenzo
& Tessensohn, 1987; Kleinschmidt et al., 1992t al., 1997; Palmeri, 1997; Schussler et al., 1999;
Dallmeyer & Wright, 1992; Matzer1995; Rocchi et Palmeri et al., 2003).
al., 1998, the latter assuming an additional translation At the Oates Coast, the northern end of the low to
and rotation of a fore-arc span of thWilson medium P/highT metamorphic belt is exposed,
Terrane). geographically covering th@/ilson Hills and the
The Wilson Terrane, which is interpreted as theLazarev Mountains (Fig. 1a). Due to the compressive
palaeo-Pacific active continental ngan of the tectonic regime during the Ross orogenic terrane
Antarctic craton afected by the Ross Orogeny accretion, the high-grade basement rocks of this area
extends over about 600 km from the Ross Sea in thesre detached and thrust along #Wéson Thrust to
southeast to the Pacific coast in the northwest (Fithe east and along the Lazar€hrust (also called
la). Apart from various low- to medium-gradewestern ExilesThrust) to the west onto low-grade
metamorphic rock suites, this terrane is characterizedetasedimentary rocks of thWilson Terrane,e.g of
by an eclogite-bearing medium to ultrahigh P/mediurivicCain Bluf and the Beg Mountains, respectively
to high T belt along its outboard mgin to the north- (Figs. 1la, b; Fl6ttmann & Kleinschmidt, 1991, 1993;
easterly neighbouring Boweierrane (Dessent Ridge, Roland et al., 1996, 2001; Schussler et al., 1998), the
Lanterman Range, see Fig. 1a) and a low to mediumtter having been intruded by the granites of the
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Fig. 1b — Regional distribution of critical
phases within the metamorphic complex of
the northernWilson Terrane at Oates
Coast.All mineral assemblages occur
together with quartz, plagioclase, biotite
and + K-feldspar Thrusts are labelled like
in Fig. 1a.The hatched area indicates the
transition between eastern and central
zone.A, Mount Archer; AN, Archangel
Nunataks; BM, Beg Mountains; E, Eld
Peak; H, Harald Bay; MB, Mount
Blowaway; MC, McCain BIuf R, Rescue
Nunatak;WH, Williamson Head.
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Archangel Nunatakswithin the high-grade basement,detail. UsingTHERMOCALC (Powell & Holland
thrust tectonics also led to the juxtaposition of zonek994), P-Tconditions were calculated for the
with different metamorphic grades at the present levBdrmation of mineral assemblages of one sample and
of exposure (Fig. 1b)The ExilesThrust separates a indicate a metamorphic evolution from an earlier
western zonei(e. the Lazarev Mountains) from a medium-pressure granulite-facies metamorphism to a
central zone east of the Matusevich GlaciEihe subsequent low-pressure granulite-facies to upper
boundary between the central zone and an easteamphibolite-facies metamorphisihe latter has taken
zone has not yet been analysed in detail, so that itpsace about 494 — 484 Ma ago during the Ross
not clear wether it is a continuous transition oOrogeny as determined by U-Pb dating of monazite
tectonic (Fig.1b). from three samples (a slightly higher age of 500 —
The subdivision of the Oates Coast basemedB6 Ma for the metamorphic peak was achieved by
complex into an eastern, central and western zomecent SHRIMPinvestigations on zircon from various
was derived from petrological results (Schisslesamples of the central zone; Henjes-Kunst et al.,
1996; Schussler et al., 199%ccording to these 2004). Howeverit has remained unclear from these
investigations, the central zone has experiencddvestigations whether the earlier medium-pressure
granulite-facies metamorphism leading to mineragranulite-facies assemblages belong to the same Early
assemblages including sillimanite + garnet Palaeozoic event or are inherited from much older
cordieritex spinel and orthopyroxenge garnet+ relics of the Precambriafintarctic Craton. Cooling of
clinopyroxene. For the eastern and western zonebg central zone from high-grade conditions was dated
somewhat lower grade metamorphic conditions up toy Rb-Sy K-Ar and Ar-Ar age determinations on
the formation of sillimanite + cordierite + K-feldsparmicas from metamorphic rocks and an associated
are common. Howeveour new data show that partspegmatite, yielding ages varying between 476 and
of the western zone also reached granulite faciely0 Ma (Schissler et al. 1999)wo Ar-Ar age
conditions. spectra of 472 and 466 Ma were obtained from
Until now, only the central zone wasmuscovites of two pegmatites in the eastern and
petrologically and geochronologically investigated ircentral zone which intruded the basement with a
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subsequent commoeooling history (Henjes-Kunst, tectonometamorphic evolution of the central zone,

Fléttmann, Kleinschmidt, unpubl. results).

Tab. 1 —Numbers, locations and description of mineral assemblages of important samples indicative for the

U. Schuissler et al.

especially highlighting the relations between the
Based on the investigation of adar number of medium-pressure and the low-pressure granulite facies

samples, new petrological and thermobarometric datéwvents. Furthermore, these investigations help to

presented here provide more insight into thelucidate diferences in the tectonometamorphic

metamorphic evolution or the age determination.

Eastern zone
US-221 P.1420 wsw” Mt. Shields, Metatexite: Biotite + muscovite + plagioclase + quartz, biotite and
70°12°S/159°44'E muscovite retrograde, relics of sillimanite in muscovite
US-222 P.1250 wsw’ Mt. Shields, Hornblende-gneiss: Ca-amphibole + plagioclase + quartz
70°12°S/159°38°E
US-227 P.1250 wsw” Mt. Shields, Leucosome in migmatite: biotite + sillimanite + cordierite + K-feldspar
70°12°S/159°38°E + plagioclase + quartz, sillimanite included in cordierite
US-231 Mt. Simmonds N-ridge Gneiss: biotite + muscovite + sillimanite + plagioclase + quartz,
70°19°S/159°33°E prograde formation of sillimanite replacing muscovite
US-233 Mt. Simmonds N-ridge Migmatite: biotite + sillimanite + cordierite + plagioclase + quartz +
70°19°S/159°33°E retrograde muscovite, pinitized cordierite containing relics of sillimanite
Central zone
US-317 Eastern Exile Nunatak Amphibolite: Ca-amphibole + plagioclase + quartz + clinopyroxene
69°55°S/158°06°E
US-380 Thompson Peak E-ridge Migmatite: garnet containing sillimanite in the rim area
69°24°S/157°44°E
US-390 Outcrop nw” Stanwix Ridge Migmatite: garnet + biotite + orthopyroxene + cordierite + plagioclase +
69°17°S/158°20°E quartz.
MBA-1 P.1170 sw” Mt. Blowaway Ultramafic rock: olivine + orthopyroxene + spinel + Ca-amphibole +
69°43°S/158°02°E serpentine + phlogopite
US-408 Babuskin Island Restite in diatexite: biotite + plagioclase + quartz + orthoamphibole,
69°06°S/157°36'E cummingtonite, Ca-amphibole completely replacing orthopyroxene
US-410 Babuskin Island Restite in diatexite: garnet + biotite + cordierite + sillimanite + spinel +
69°06°S/157°36°E K-feldspar + plagioclase + quartz, sillimanite-inclusions in garnet,
cordierite replacing garnet along the rims
US-445 Harald Bay, southern end Migmatite: garnet + orthopyroxene + plagioclase + quartz + graphite +
69°14°S/157°49°E retrograde biotite, amphibole
US-447 ff Harald Bay, southern end Calc-silicate rocks: orthopyroxene + biotite + clinopyroxene +
69°14°S/157°49°E plagioclase + quartz + amphiboles replacing orthopyroxene
HB-2 Harald Bay, southern end Migmatite: garnet + biotite + cordierite + sillimanite + K-feldspar +
69°14°S/157°49°E plagioclase + quartz, sillimanite-inclusions in garnet, cordierite
replacing garnet along the rims
HB-4 Harald Bay, southern end Migmatite: garnet + cordierite + biotite + K-feldspar + plagioclase +
69°14°S/157°49°E quartz
HB-40 Harald Bay, southern end Migmatite: orthopyroxene + biotite + plagioclase + quartz + amphiboles
69°14°S/157°49°E replacing orthopyroxene
US-473 Celestial Peak, NW-ridge Migmatite: plagioclase + quartz + orthoamphibole, cummingtonite, Ca-
69°32°S/158°02°E amphibole completely replacing orthopyroxene
us-477 Celestial Peak, NW-ridge Migmatite: garnet + cordierite + sillimanite + biotite + K-feldspar +
69°327S/158°02°E plagioclase + quartz, sillimanite-inclusions in garnet and cordierite I,
cordierite IT replacing garnet along the rims
AP-2 Mt. Archer, N-ridge Calc-silicate gneiss: othopyroxene + clinopyroxene + biotite +
69°127S/157°39°E plagioclase + quartz
AP-7 Mt. Archer, N-ridge Migmatic gneiss: garnet + orthopyroxene + biotite + plagioclase +
69°12°S/157°39°E quartz, orthopyroxene partly replaced by amphiboles
AP-12 Mt. Archer, N-ridge Migmatite: garnet + biotite + spinel + sillimanite + K-feldspar +
69°12°S/157°39°E plagioclase + quartz + graphite, sillimanite and spinel included in garnet
US-501 Harald Bay, western end Migmatite: garnet + biotite + sillimanite + cordierite + spinel + K-
69°137S/157°45°E feldspar + plagioclase + quartz + graphite, cordierite, sillimanite and
spinel included in garnet
US-503 Harald Bay, western end Calc-silicate gneiss: orthopyroxene + clinopyroxene + plagioclase +
69°13°S/157°45°E quartz
WHI-11 Williamson Head, NE-ridge Migmatite: garnet + orthopyroxene + biotite + plagioclase + quartz
69°11°S/158°02°E
US-507 ff Williamson Head, S-ridge Migmatite: orthopyroxene + biotite + plagioclase + quartz
69°14°S/158°01°E
US-509 ff Williamson Head, S-ridge Migmatite: garnet + orthopyroxene + biotite + K-feldspar + plagioclase
69°14°S/158°01'E + quartz + graphite
WH2-44 Williamson Head, S-ridge Migmatite: garnet + biotite + sillimanite + cordierite + spinel + K-
69°14°S/158°01'E feldspar + plagioclase + quartz, sillimanite included in garnet
WH3-4 Williamson Head, central ridge, Migmatite: garnet + orthopyroxene + biotite + cordierite + K-feldspar +
69°12°S/157°58°E plagioclase + quartz
WH4-3 Williamson Head, NW-ridge, Migmatite: garnet + biotite + cordierite + sillimanite + spinel + K-
69°127S/157°58°E feldspar + plagioclase + quartz, sillimanite included in garnet, garnet in
part replaced by cordierite
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evolution between the central zone and the eastettme central zone, migmatites are diatexites with high
and western zones. Samples from the whole area hasaounts of formerly molten material and in some

been studied foAr-Ar age determinations in order tocases with almost plutonic texture. Diatexites and

better constrain the ages of thrusting and the latggmatites occur also in the western zone, but are
Ross-orogenic exhumation history of the high-gradeestricted to some limited outcrops (a few tens of

basement complex at the Oates Coast as a whole. meters wide) E of Mount Martyn along the eastern

border of this zone.

Metasediments have mainly been derived from
greywackes (Henjes-Kunst & Schiissl@003) and
show a common assemblage consisting of biatite

The metamorphic basement at Oates Coagtrnet + plagioclase K-feldspar + quartz. Few
consists of extensive series of psammitic metasamples, more pelitic in composition, howeyver
sediments with local variations to more quartzitic ocontain lighter or darker layers and schlieren in a cm
more pelitic compositions. Intercalations of layers oor mm scale, with typical index mineral assemblages
boudins of calc-silicate rocks are common, whereascluding cordierite, sillimanite, garnet, spinel or
amphibolitic layers are rare. Lenses of ultramafiorthopyroxene. Individual samples with indicative
rocks occur within the metasediments especially iassemblages are listed in table 1.
the northern part of the central zone. During the
1999/2000 field campaign, such lenses have also beeASTERNAND WESTERN ZONES
found along the eastern border of the western zone.

The clastic rocks underwent a more or less In one sample from the eastern zone (US-231 Mt.
intensive migmatization. In the eastern and weste®immonds) and four samples from the western zone
zones, metatexites with low amounts of partial melfuS-378 and —379 highpoint 740 north of Rescue
and stromatic migmatites with a clear subdivision inttNunatak, MS-3487 Burnside Ridge, 23.1T13 Drury
palaeosomes and neosomes (Mehnert 1968) and wiluinatak), assemblages of sillimanite + biotite +
formation of melanosomes and leucosomes prevail. plagioclase+ muscovite + quartz occurwith

PETROGRAPHY AND MINERAL REACTIONS

Tab. 1 —Continued.

Western zone
27.1T8 Rescue Nunatak Migmatite: Garnet + biotite + cordierite + sillimanite + plagioclase +
69°37°S/157°26'E quartz, sillimanite included in garnet, cordierite rims around garnet
US-378 P.740 N of Rescue Nunatak Gneiss: biotite + sillimanite + muscovite + plagioclase + quartz, all in
69°31°S/157°25°E contact assemblage
US-379 P.740 N of Rescue Nunatak Gneiss: garnet + biotite + sillimanite + muscovite + plagioclase + quartz,
69°31°S/157°25°E beginning reaction between sillimanite and biotite
MS-3478 P.740 N of Rescue Nunatak Gneiss: garnet + biotite + sillimanite + cordierite + muscovite +
69°317S/157°25°E plagioclase + quartz, reaction between sillimanite and biotite forms first
cordierite
28.1T8 P.740 N of Rescue Nunatak Migmatite: garnet + biotite + sillimanite + cordierite + K-feldspar +
69°317S/157°25°E plagioclase + quartz, sillimanite included in garnet and cordierite,
cordierite around garnet
28.1T13 Between P.740 and Mt. Martyn, Gneiss: garnet + biotite + sillimanite + cordierite + K-feldspar +
69°28°S/157°18°E plagioclase + quartz, sillimanite included in cordierite, locally in contact
to biotite
29.1T3 Nunatak SE” Mt. Martyn Sillimanite inclusions in cordierite,
69°26°S/157°17°E cordierite rim around garnet
MS-3475 Mt. Martyn, SW-ridge Gneiss: biotite + sillimanite + cordierite + K-feldspar + plagioclase +
69°24°S/157°11'E quartz, sillimanite included in cordierite, locally in contact to biotite
31.1T8 Mt. Martyn, N-ridge Sillimanite inclusions in cordierite,
69°23°S/157°11'E cordierite replaces garnet along the rims
26.1T17 Eld Peak, E-ridge Sillimanite inclusions in cordierite, discontinuous cordierite rim around
69°21°S/157°11'E garnet
MS-3486 Reynolds Peak Gneiss: garnet + biotite + sillimanite + cordierite + plagioclase + quartz,
69°15°S/157°02°E sillimanite included in cordierite
US-437 Ridge between Coombes Ridge Gneiss: biotite + sillimanite + cordierite + K-feldspar + plagioclase +
and Reynolds Peak, quartz, sillimanite included in cordierite, locally in contact to biotite
69°12°S/157°04'E
MS-3487 ff | Burnside Ridge, S-ridge Metatexite: biotite + sillimanite + muscovite + K-feldspar + plagioclase
69°13°S/157°12°E + quartz, sillimanite in contact with biotite and adjacent quartz
MS-3490 Burnside Ridge, S-ridge Amphibole-gabbro: Ca-amphibole + plagioclase
69°13°S/157°12°E
23.1T13 Drury Nunatak Gneiss: sillimanite + biotit + plagioclase + quartz, sillimanite in contact
69°14°S/156°57°E with biotite
US-405 Drury Nunatak Migmatite: cordierite + biotite + K-feldspar + plagioclase + quartz
69°14°S/156°57°E
MS-3495 Ridge N of Drury Nunatak Gneiss: cordierite + biotite + sillimanite + plagioclase + quartz,
69°117S/156°50°E sillimanite includes in cordierite
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coexisting sillimanite + biotite in the presence oft plagioclase+ quartz, euhedral cordierite is
quartz, with coexisting primary muscovite + quartzsometimes in textural equilibrium with euhedral
or with sillimanite just replacing muscovite or in agarnet, showing straight common grain boundaries
beginning reaction with biotiteThese samples (sample HB-4Tab. 1).

represent the lowest metamorphic grade in both Garnet with sillimanite inclusions is often replaced
zones, when the following reactions have still not oby a second generation of cordieritdhe replacement

just started: starts from rims or cracks of the garnet and is
(1) muscovite + quartz consistent with the reaction
= silimanite + K-feldspar #/melt (6) garnet + sillimanite + quartz ¥ = cordierite
(2) sillimanite + biotite + quartz ¥ (for example Holdaway & Lee, 1977). Sometimes the
= cordierite + muscovite transformation into cordierite is complete. In extreme
(3) sillimanite + biotite + quartz = cases, only a small garnet remains enclosed melar
cordierite + K-feldspar ¥/melt cordierite blasts.
(Chatterjee & Johannes, 1974; Holdaway & Lee, Typical for the central zone are rocks with
1977; Loomis, 1976; Xu et al., 1994) orthopyroxene-bearing parageneses, the simplest of

More common are assemblages with sillimanite which is orthopyroxenet biotite + plagioclase +
cordierite + biotite+ K-feldspar + garnet + quartz. In addition, clinopyroxene, garnet, cordierite
plagioclase + quartz, in which spindle-shapednd K-feldspar may occutf garnet is present, this
cordierite is surrounded by biotite and includes relicsineral is sometimes in textural equilibrium with
of fibrolitic sillimanite, indicating that reaction (3) hasorthopyroxene. More commonly however
taken place. K-feldspar is not always presendrthopyroxene is more or less decomposed
(probably as a consequence of Being removed by retrogressively and replaced by symplectites of biotite
the fluid phase). Garnet, if present, commonly does quartz or by amphiboles, often inggowths of
not include sillimanite. Exceptions to this are twarthoamphibole + cummingtonite + Ca-amphibole. In
samples of the western zone (27.1T8 Rescue Nunatalany samples, the former presence of orthopyroxene
and 28.1T13 small Nunatak north of Rescués still indicated by pseudomorphs consisting of such
Nunatak), where relics of sillimanite were observe@amphibole integrowths. If present, garnet is also
within cordierite and garnet, indicative for thereplaced at its rims by fine-grained aggregates of

granulite-facies reaction sheet silicates (micas, chlorite).
(4) sillimanite + biotite + quartz In few samples, euhedral garnet without
= cordierite + garnet + K-feldspar Wmelt sillimanite inclusions shows inclusions of biotite

(for example Holdaway & Lee, 1977)The oriented in the same direction of biotite of the matrix
replacement of garnet by cordierite along the rimgpck. This garnet is interpreted as having formed
observed in these two and some further samples,dsiring a late stage of metamorphisire. on the
due to reaction (6)(see below). retrograde path.

Parts of these samples are strongffeeted by a Parts of the rocks have defed a strong
retrogressive overprint with more or less completestrogressive, but still syntectonic overprint with-far
replacement of cordierite by a second generation o#aching re-equilibration and a transformation into
muscovite, but with relics of sillimanite still muscovite-biotite gneisses with few relics of
remaining in the centres of the pseudomorphs. cordierite and sillimanite.

CENTRAL ZONE
MINERAL CHEMISTRY

Assemblages consisting of sillimanite + garnet +
cordierite + spinel + biotite + K-feldspar + Mineral analysis was carried out for samples with
plagioclase + quartz are widespread. Sillimanite imetamorphic index mineral assemblages from all
almost always included in garnet, commonly in théhree zones in order to derive P-dstimates; selected
rim regions, rarely it is present in the garnet cores. Bnalyses are given in table 2. For analytical methods
some samples, sillimanite is also included irsee appendix.
cordierite. Both garnet and cordierite are therefore
inferred to have formed in the course of reaction (4CORDIERITE
Green spinel which often occurs in association with
garnet and/or cordierite may have formed by reaction Cordierite is widespread in the high-grade

(5) sillimanite + biotite + quartz metamorphic basement and was formed by reactions
= cordierite + spinel + K-feldspar (+ ilmenite) +(3) in the eastern and western zones and by reactions
V/melt (4), (5) or (6) in the central zone, in rare cases also

(Loomis, 1976; Grant, 1985; Schubert & Oleschin the western zone. Since Hensen & Green (1973)
1989, Hensen & Harleyl1990). In sillimanite-free and Holdaway & Lee (1977), the,\)g( of cordierite
assemblages consisting of cordierite + garnet + biotiteas been used as a pressure indicator for cordierite
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Tab. 2a —Selected microprobe analyses from indicative samples of all three zones. Cordierite (crd) was formed by reaction (3) in
US-227 and MS-3475 of the eastern and western zone, respecthiyelgaction (4) in HB-4 and by reaction (6) in HB-2, both
samples from the central zone. Orthopyroxene (opx) of samples US-445 and HB-43 is partly replaced by cummingtonite (cum) and
Ca-amphibole (Ca-am). Garnet (grt) stands in paragenesis with cordierite (HB-4) or with orthopyroxene (US-445). Garnet of sampl
HB-2 with diffusional Mg loss along the rims is going to be replaced by cordierite according to reactidhe(@pinels (spl) are

typical for granulite-facies assemblages in the central zone. Cations were calculated on the oxygen number given irF¢fiefeable.
garnet, spinel and amphibole was calculated assuming an ideal site oc¢cdipaacyphibole the midpoint of the possible range was

taken.

U§-237 HE-4 HB-2 MS-3475 HB-4 US$-445 HE-2 US$-445 HB-43 US$-445 HB-43 HB-43 WH2-4 WH4-3
wt, % erd crd erd crd grt grt art opx opx cum com  Ca-am spl spl
Si0, 48.15 4624 48.51 48.14 38.06 3810 3743 4951 51.60 52.465 54.006 50.20 <0.05 <045
TiO, (.05 <005 <0105 <005 <().05 <0.05 <005 0.20 0.10 (13 0.13 16 <0.05 <105
ALO, 3245 3345 33062 33.00 21.61 21.71 21.21 397 0.83 3.86 0.75 4.96 56,70 5845
Cr.0, - - - - <(.05 0.06 <005 <103 0.1l (.05 <(.05 0.20 0.13 0.30
Fe,0, - - - - 0.15 <0.05 021 - - 62 1.01 299 4.13 1.84
My 7.36 9.75 9.27 7.69 7.59 7.24 343 18.69 1901 17.43 18.87 14.06 4.41 4.33
Cal <005 <005 <0.05 =005 1.48 1.64 1.62 0.8 0.73 (128 0.56 11.74 <0.05 <05
MnO .30 Q.30 .20 .50 3.99 243 5.59 0.78 043 67 0.42 L16 0.13 0.16
FeO §.40 570 6.60 880 26.24 829 3107 502 2049 2191 21,78 11.86 29.49 3108
Zn0O - - - - - - - - - - - - 489 3ol
Na,0 0.90 0.15 0.09 0.20 - - - <0.05 0.06 .31 <0.03 0.33 - -
K. <005 <045 <0.05 <105 - - - <0105 <005 <0.03 <0.035 0.34 - -
Total 97.56 94.59 98.29 98.33 99.12 99.47 100,56 99.25 99.36 9756 ¥7.54 97.11 99,54 99.77
Oxygens 18 13 18 1% 24 214 24 6 6 23 23 23 4 4
Si 501 500 1.96 498 398 598 5.98 1.0 1.98 1.64 7.86 7.35 0.00 0.00
Al 399 400 4.05 402 4.00 4.02 400 018 003 .60 0.13 085 191 1.95
Ti (.00 0.00 .00 .00 0.00 .00 0.00 0.01 0.40) (LOI 0.01 (L02 0.00 0.00
Cr - - - - 0.00 0.01 0.00 0.00 0.00 0.00 0.00 002 0.00 0.01
Te™ - - - - 0.02 0.00 003 - - .07 0.11 (.33 0.09 0.04
Mg 114 148 1.41 1.19 1.78 1.69 0.82 1.06 1.09 377 .09 307 0.19 0.18
Ca 0.00 000 0.00 000 0.25 (.28 0238 001 003 04 0.04% 1.84 0.00 0.00
Mn 0.03 0.02 0.02 0.04 0.53 0.32 0.76 0.03 001 .03 0.05 002 0.00 0.00
Fe™ .73 048 .56 .76 345 371 415 (.62 0.85 2.00 2.65 1.435 0.70 0.74
Zn - - - - - - - - - - - - 0.10 0.08
Na 013 003 002 004 - - - 000 001 .09 0.00 Il - -
K .00 0.00 Q.00 .00 - - - 0.00 0.00 LO0 .06 0.06 - -
Total 11.08 11.01 11.02 11.03 16.01 16.01 16.02 4.01 4.00 15.02 14.9¢ 15.12 299 3.00

Xy 0.6l 0735 0.72 0.6 034 131 016 057 056 (158 060 03 0.19 0.19

Tab. 2b —Microprobe analyses from
consistent thermodynamic data set.

sample 26.1T17 of the western zone which were used t@dedations applying an internal

Crdl Crdl Btl Bt2 ri rn Bt2 Crd2 Grtl Grtl Crd3 Bt4 | VS Pz
wt, % core rim el foliution core vim incl. core core rim onear Ger near Gt core rim
5i0, 48.89 49,74 34.50 36.07 61.54 5943 3584 48.06 3795 38.27 48.78 36.07 60.43 60.22
Til}, 0.05 <0.05 3.62 321 <.03 <0.05 3.25 <0.05 <.05 <0.05 <0.05 3.36 <0.05 <0.05
ALO, 34,15 34.00 20,43 2077 2599 26.27 20.54 34,17 2246 2209 3392 20,32 2562 26.38
Cr), 0.06 <005 <(.05 10 <003 <0.05 (L1 <0.05 <005 0.05 <(.03 0.26 0.05 <05
MgO 8.06 8.035 8.04 803 006 <.05 8.87 7.80 4.80 335 829 934 <005 <005
Cal) <0.05 <0035 Q.11 <005 6.48 7.7 <0.03 <0.05 1.34 111 0.03 0.00 6.31 (.99
MnO 0.17 0.22 0.06 .07 <t.03 <0.05 0.06 0.20 210 2.57 0.20 0.03 0.08 <0.05
Fe* 8.73 8.82 18,52 19.76 005 0.16 19.08 9.10 3372 35.5% 834 18.17 <0.0% <005
Na () 0.16 0.17 (123 .05 12 7.78 (.22 0.16 - - .20 0.29 7.9 7.91
K0 <0.05 <0.03 8.61 9.27 0.26 0.16 9.32 <0.05 <0.03 <005 <0.05 Q.20 0.30 .20
Total 10027 10100 94.12 98.23 10250 10057 97.28  100.09 10237 10302 99.76 9706 10074 10L70
Oxygens 18 18 22 2 8 8 22 18 24 24 18 22 8 8
Si 495 499 527 5.30 2.67 2.63 5.31 4.94 5.88 5.86 4.95 5.34 2.67 264
Al 4.07 402 308 3.60 133 137 350 4.09 410 406 4.06 354 1.34 1.36
Ti 0.00 0.00 0.42 .36 0.00 0.00 .36 0.00 0.00 Q.00 0.00 0.37 0.00 .00
Cr 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.03 0.00 0.00
Fe™* 0.00 0.00 0.00 00 0.00 0.00 0.00 0.00 0ls 0.03 GO0 0.00 0.00 G0
Mg 1.22 1.20 1.83 1.96 000 0.00 1.96 118 111 (L.78 1.25 2.06 0.00 (L0t
Ca 0.00) 0.00 0.02 .00 030 0.34 000 0.00) 022 19 .00 040 0.30 ¢33
Mn 0.02 n.02 Q.01 0.01 0.00 0.00 .01 0.02 0.28 0.34 0.02 081 0.00 .00
Fe** 0.74 0.74 237 243 0.00 0.01 2.37 0.77 4,19 4.61 0.71 223 0.00 .00
Na 0.03 0.03 0.07 0.0 0.68 0.67 0.06 0.03 - - .04 0.08 0.68 0.67
K 0.00 001 168 .74 001 0.01 176 0.00 001 .00 O 1.74 0.02 a0l
Total 1103 1102 15.34 1541 X0 502 15.44 1103 15.96 15.98 1104 1541 501 502

T X 062 062 (144 45 - - 045 .60 0.20 14 (64 044 - -
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formation. Cordierite which formed according to Orthopyroxene-bearing assemblages are
reaction (3) in samples of the eastern and westecommonly free of garnet. In few samples, however
zones shows comparablg,xvalues, with sample garnet is either in direct contact with orthopyroxene
averages varying between 0.58 und 0.65. Cordierite of was in contact with orthopyroxene, but is now
sample 26.1T17 from the western zone (Eld Peakdgparated by an alteration rim, or it belongs to the
which was used for P-E€stimates with an internal paragenesis, but without direct contact with
consistent thermodynamic data set was also formedthopyroxene. In all situations, the compositions of
by reaction (3), the Rgg-values vary between 0.60 garnets are similar: in their cores, the garnets contain
and 0.62. Cordierite of the same sample formed kpgyrope between 25 and 36 mol%, almandine between
reaction (6) has an X of 0.64. 57 and 69 mol% and spessartine between 2 and 7
Cordierite of the central zone formed by reactionmol%. At their rims and also in very small relics,
(4) and (5) and has significant higher sample averagdeese garnets are composed of 16-28 mol% pyrope,
between 0.67 und 0.7Fhe highest X of 0.75 was 59-73 mol% almandine and 3-8 mol% spessartine.
observed in sample HB-4 with euhedral cordierite and/ith these chemistries, the garnets in orthopyroxene-
garnet in paragenesis. Comparable values webearing assemblages do not significantlyfetiffrom
obtained for cordierite of the central zone resultinghose of the orthopyroxene-free assemblages.
from reaction (6), scattering in sample averages
between 0.67 and 0.76. PYROXENE

GARNET
The range in orthopyroxene compositions of 13

In orthopyroxene-free mineral assemblages of theSa@mples is 51-58 mol% enstatite, 41-48 mol%
central zone, garnet is either more or less euhedral, f§frosilite and 0-2 mol% others, mainly the Mn-end
it is affected by corrosion which started from rimsmémber There is no diference between ortho-
and cracks. Most of the analyzed garnet crystafyroxene in garnet-bearing assemblages and
contain inclusions of sillimanite and were formed byrthopyroxene in garnet-free ones. Clinopyroxene
reaction (4).The corroded garnets are commonlyf0€xisting with orthopyroxene in one sample is
replaced by cordierite along the rims in the course §fopside with 38 mol% enstatite, 16 mol% ferrosilite
reaction (6)All garnets are almandine-pyrope solig@nd 46 mol% wollastonite endmembers. Ortho-
solutions with only minor contents of spessartinelyroxene is often replaced by amphibole along broad
andradite and grossulare end-memb@tsey consist ""MS and sometimes is completely pseudomorphed by
of large, chemically homogeneous core regions which'®se phasesthis amphibole is anthophyllite or
make up by far the majority of the garnet volume§Ummingtonite in a.flrs_t generation and magnesio-
and which typically have pyrope contents between Jgornblende to actinolite in a second generation.
and 33 mol% and almandine contents between 62 and
68 mol%. The spessartine content usually is 2 mol%,
but in rare cases is 7-9 mol% at the expense of THERMOBAROMETR Y
almandine.The euhedral garnets have very thin rims
where retrograde difsion has led to a slight increase  The lack of index mineral assemblages makes it
of almandine (64-71 mol%) at the expense of pyropgifficult for many samples to estimate metamorphic
(22-30 mol%).A few garnetse.g.those of HB-4 conditions.A few samples from all three zones that
which are in equilibrium with euhedral cordierite,contain assemblages withg cordierite, sillimanite,
have almost no zonation. Corroded garnets havsotite, garnet can be used for thermobarometry
similar core compositions, the rims of these garnet
relics (which are not the original rims of the garnet
grains), howevershow a pronounced pyrope loss (14CORDIERITE AND CORDIERITE + GARNET
24 mol%) and almandine gain (70-80 mol%). THERMOBAROMETRY

A further group of euhedral garnets without
sillimanite-inclusions, but with oriented biotite- Hensen & Green (1973) and Holdaway & Lee
inclusions, is depleted in pyrope, if compared witl{1977) quantified the pressure-dependent Fe-Mg
garnet described above. Core compositions are 14-2dibstitution in cordierite as a tool for P-estimates in
mol% pyrope, 54-76 mol% almandine and 4-12 mol%netamorphic rocks. In the working area, cordierite
spessartine, rim compositions show even less pyropas formed by reactions (3), (4) and (6) and therefore
(10-16 mol%), but more almandine (68-79 mol%) andhay allow for a comparison of metamorphic pressures
spessartine (5-20 mol%). between the diérent zones or the dérent stages of

Garnet of sample 27.1T17 from Eld Peak in thenetamorphic evolution, respectively
western zone is composed of 73 mol% almandine, 19 In the eastern and western zones, cordierite was
mol% pyrope, 5 mol% spessartine and 4 mol%lmost exclusively formed by reaction (3). From its
grossular in the core, varying to 78 mol% almandiang—vaIues a pressure range between 2.5 and 5.5 kbar
and 13 mol% pyrope at the rim. at temperatures between about 600 and®@3hay be
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sample HB-4 from the central zone (Harald Baye
assemblage is in textural equilibrium, the mineral
grains show only slight chemical zonation, and the
sample is interpreted to represent more or less the
highest temperature stage of metamorphi3ime
geothermometer of Bhattacharya et al. (1988) was
used, calibrated for the temperature-dependent
exchange of Fe and Mg between cordierite and
coexisting garnetAssuming a pressure of 8 khar
calculated temperatures range between 810 and
850°C, when the garnet core compositions were
used.Taking the rim compositions, the values are
760-780C (Tab. 3).

1
500 800 700 800 900 T

Fig. 2 — Cordierite-forming mineral reactions anqﬂ[ﬁsopleths of

cordierite in the P-Tield at R,,,=P,, (Holdaway & Lee, 1977). ORTHOPYROXENE + GARNET

The hatched field displays the composition of cordierite in th
eastern and western zones, the squared field the compositionﬁaf'ERMOBAROMETR{

cordierite in the central zone. For numbers of reactions see text.

(J), solidus of the quartz — orthoclase — plagioclase,jAn H,O A number of samples exclusively from the central

system (Johannes, 1984). zone contain orthopyroxene in an assemblage with
biotite + plagioclase + quartz. Following Bucher &
Frey (1994), the orthopyroxene-in isograd in the

deduced (B,=P,,). However the cordierite-bearing KFASH-system above a pressure of 4 kbar is almost

rocks are associated with metatexit€berefore the pressure-independent and located at°Z8H,0- and

pressure/temperature range is limited to lower Valu%glartz—saturation assumed. Spear (1993) describes
t

by the solidus of the quartz — orthoclase - plagiocla h - : ;
opyroxene-bearing assemblages in metapelites to
(an,y) - H,O system (Johannes 1984) and reduced Becur above a temperature of 8@0 These values

a range of 4'5'5 kbar/700-835: A limit to.high.er ive a minimum temperature for the investigated
temperatures is given by reaction (4) which did nogssemblages

take place except for samples 27.1T8 and 28.1T13 Four samples of the central zone contain unaltered

(Fig. 2). or nearly unaltered assemblages of orthopyroxene +
Cordierite of the central zone which clearly results y g by

from reaction (6) shows X-values between 0.67 and
0.76 (except RK-9 with 0.62)his cordierite grew at

L o
around 6 kbar and a mlmlmum temperature of €50 Tab. 3 —Results of conventional thermobarometifgmperatures
as deduced from the grid of Holdaway & Lee focalculated for the texturally equilibrated assemblage garnet +
PHZO:Ptot (1977; Fig. 2).According to Martignole & cordierite, observed at 3 locations of sample HB-4, assuming
Sisi (1981) and Harley et al. (2002), the pressu pressures of 5 and 8 kb#verage pressure and temperature values

ti te i t lv d dent f th | t.Iand variation of the individual calculations for orthopyroxene-garnet
estimate 1s strongly dependent from e volatl assemblages found in four samples of the central zone.

content (HO + CQ,) of the cordierite. Using the Temperatures calculated for retrograde muscovite-biotite
calibration of Martignole & Sisi (1981), isopleths foiassemblages of four samples, assuming 2 and 3 kbar pressure.

coexisting cordierite and garnet in the investigate
samples intersect at about 8@independent from | Semple | Garnet-cordierite-thermometer

H,O, however at 5 kbar for HO-free cordierite and Leone PO Lrim €1
at 8-9 kbar for cordierite with nj@ of 0.8.The 0.8 > Kbar s Kbar 2 kb 8 Kbar
. . HB-4/1 791 807 763 79
molecules HO p.f.u. saturation isopleth of Harley e B2 . s e o
al. (2002) conforms to a pressure of 8 kbar at°800 HE4/3 . W e o
Microprobe analyses with generally low totals for th :
. . . . . Orthopyroxenc-garnet thermobarometer

cordierite investigated point to enhanced volatil P — .
contents in the crystal lattice, correlating to a mediu Plkm”“ — b .
pressure level above 5-6 kb&towever taking into US-445 55100 i | 55003 P P
account the cordierite data presented, Harley (pe| wir.n 97200 801 =0 114 0536 1%
comm.) expects pressure conditions for the§ wmuzzo 24200 869 + 23 7.2-10.5 £34.924 48
cordierites below 8-9 kbar WH3-3 80£0.7 840 £ 10 70090 811874 4

In the western zone, cordierite of sample 26.1T] Muscovite-biotite thermometer
formed by reaction (6) shows ar}wg(of 0.64 which T[°C] Average 2 Lo T[°C] Variation n
closely resembles the composition of those cordierit 3 khar 2 khae 3 khar 2 khar
from the central zone and points to similar granulit{ uvs-3st 515+16 496 +17 499-544 480-527 10
facies P-Tconditions. WH2-32 514 £19 495 220 A60-545 469-527 13

A temperature estimate was carried out for t WwHz2-36 507 300+ 7 507-532 488-313 20
assemblage cordierite + garnet at three locations| _Ms-3495 | 491+ 4 Al 4 38649 466-476 4
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garnet (US-445WH2-11, WH2-20, WH3-3). For thermal stability of muscovite, given by several

these, pressure estimates were carried out using tih@scovite-consuming reactions, maximum P-T
geobarometer of Carswell & Harley (1990) which ionditions for the formation of the retrograde

based on a pressure-dependent exchang®l i muscovite are 3 kbar/650.

orthopyroxene, coexisting with garndtemperature Four samples, two from the central zone, one
estimates were done by a geothermometer of Lee f@om the eastern and one from the western zone,
Ganguly (1988), using the temperature-dependent Mgentain abundant retrograde muscovite + biotite in
Fe exchange between coexisting orthopyroxene ameéiktural equilibrium.These samples represent higher

garnet.The averages of pressure values, calculated fgrade gneisses which were almost completely
several locations of each of the four samples, rangeworked to form retrograde muscovite - biotite

between 8.0 and 9.7 khahe temperatures betweenschists. Muscovite - biotite pairs from textural

770 and 878C (Tab. 3). domains in every sample were analyzed and, using
the geothermometer of Hoisch (1989), the temperature

THERMOBAROMETRY USING A conditions for the formation of these muscovite -

THERMODYNAMIC DATA SET biotite assemblages were calculate@{T3). They

range between 490 and 57D, assuming the
In sample US-495 from the central zone (Mtmaximum possible pressure of 3 kbar (for 2 kitae
Archer), the paragenetic mineral assemblage biotite tgsmperatures are between 470 and°60Gt should be
cordierite + sillimanite + spinel + plagioclase +noted, that the pre-requisites given by Hoisch, 1989,

quartz was analyzed in detail. Pednditions for the for the application of the thermometer are fullfilled
formation of this assemblage were calculated usingy the samples investigated).

the THERMOCALC method of Powell & Holland

(1994), based on a new version of the internally

consistent thermodynamic set of data from Holland & RADIOMETRIC AGE DETERMINA TIONS

Powell (1990). Pressures of seven calculations vary

between 7.5 and 8 khafor temperatures between 787  gchiissler et al. (1999) carried out U-Pb age

and 837C and at X,, = 1. The pressure values aréqeterminations on monazites and biotites from partly
lowered by 1 kbar and 3C for X,,; = 0.6. (FOr reyrograded very-high-grade metamorphic rocks from
more details of these investigations see Schusslerigt central zone of the Oates Coast basement
al.,, 1999). , . complex. Monazites from samples US-380 (Thompson
New P-T data were obtained USINgpeay) ys-495 (MtArcher) and US-501 (Harald Bay)
THERMOCALC for the mineral assemblage garnet {jjo|4ed concordant and close to concordant ages

cordierite + sillimanite + biotite + plagioclase + K-between 484 and 494 Ma, which were interpreted as
feldspar + quartz for_the sample 26.1T17 WhiCh Wasiinimum ages for the last high-temperature
taken from Eld Peak in the Lazarev Mountains of thﬁwetamorphism in this geological unit. Biotites from

western zoneThe P-Tcalculation was carried out 1 <4 e samples yielded Rb-8rAr and Ar-Ar

?S'?g ”;e core c(;)r:;]pos_mons of th.? mm_erals in th ges in the range of 476 - 470 Mghe geological
Irst instance an € rim compositions in a secon gnificance of the biotite ages is corroboratedAby

case, and taking into account various values for al, plateau ages of 422 Ma of two muscovite

;(r:';IO Stfstwgs dn folr.(t)r?e acg?c ?é?osf]zearr;q'c.r%%rqnbfab oncentrates from a syn- to late-tectonic pegmatite of
y u uiatl given 1 inggold Knoll in the central zone (Schissler &

2b and full results are shown in tableTaking the Henjes-Kunst, 1994, Schissler et al., 1999).

“core”-data, all calculated temperatures are above o
New age determinations were performed to

B0O°C and therefore show clear granulite-faciesrovide additional geochronological constrains for the
conditions at medium pressures of 5 to 8 khising P 9 9

i . . tectonometamorphic evolution of the basement
the “rim”"-data, granulite-facies temperatures are sti ; .
) complex and adjacent areas in the northwestern
reached, at low to medium pressures.

Wilson Terrane. Amphiboles from amphibolites of all
MUSCOVITE AND MUSCOVITE + BIOTITE three zones, muscovite and biotite from Hrehangel
THERMOBAROMETRY granite and muscovite from two late-tectonic
pegmatites, which cross-cut thilson and the

In all three zones there are samples which ateédzarevThrust systems of the eastern and the western
strongly afected by a retrograde overpriffthis led zone, respectivelywere dated by thé°Ar-3%Ar
to formation of secondarylate muscovite, in part incremental-heating method. For analytical methods
together with biotite The presence of the critical see appendix.
paragenetic assemblage biotite + muscovite + K-
feldspar + quartz in most of the samples allows foAMPHIBOLES
application of the phengite barometer of Massonne &
Schreyer (1987). From very low Si-contents of the From the eastern zone, two grain-size fractions of
muscovite between 6.02 and 6.12 p.f.u. and the uppemphibole (125-63um and 250-125.:m) of the
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Fig. 3 —“°Ar-3°Ar age spectra of amphibole fractions: (a, b) amphibolite sample USh2iht-point 1250 westsouthwest of Mt. Shields,
eastern zone, (c, d) amphibolite sample US-317, eastern Exiles Nunatak, (e) ultramafic sample MBA-1, Mt. Blowaway aremnegntral
(f) amphibole gabbro sample MS-3490, Burnside Ridge, western zone.

amphibole gneiss US-222 from height-point 1250 From the central zone, amphiboles from two
west-southwest of Mt. Shields were datélthe samples were datedwo different amphibole size
125-63um fraction yields for about 91 % of thefractions from sample US-317, an amphibolite layer
released gas identicAr-Ar plateau and isochron agesfrom the eastern Exiles Nunatak, yield well-defined
of 4693 Ma and 4782 Ma, respectively (Fig. 3a). Ar-Ar age plateaus and isochrons for about 87 — 91
The 250-125um fraction gave a slightly more % of the released ga¥he plateau and isochron ages
disturbed age spectrum (Fig. 3b). Integration of theary between 4843 and 4813 Ma (Figs. 3c and d).
flat part of the spectrum including about 97 % of th&he amphibole concentrate of sample MBA-1, a
released gas yields an age of 442 Ma gabbroic olivine-amphibole rock from height-point
corresponding to an errorchron age of #FMa. 1170 southwest of Mt. Blowawaygave a somewhat
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stronger disturbedr-Ar spectrum probably due to the 472 — 469 MaThe mica ages are 484 — 482 Ma for

presence of some excesgam. Only three heating the Archangel Granite west of the western zone, 472
steps covering about 59 % of the relea¥¥a define for the late-tectonic pegmatite in the western zone,
a plateau age of 483 Ma (Fig. 3e). From the 476 — 470 Ma for metamorphic rocks and a syn- to
western zone, only one amphibole concentrate ddte-tectonic pegmatite from the central zone and 466
sample MS-3490, a coarse-grained amphibole gabbMa for the late-tectonic pegmatite in the eastern zone.
from the southern part of Burnside Ridge, was dated.

It yields a moderately disturbeir-Ar spectrum with

strongly elevated ages for the first low-temperature PRESSURE-TEMPERATURE-TIME

steps indicative of excessgan (Fig. 3f).The second EVOLUTION

half of the spectrum defines a plateau over 6 heating

steps and almost 50 % of tR¥r released, giving an The new results of thermobarometric calculations

age of 4883 Ma. Including further 4 steps coveringa@nd geochronological investigations give more insight
in total 85 % of the release¥Ar, an integrated age INto the P-Tt evolution of the Oates Coast basement

of 486+4 Ma can be calculated. complex as a whole. Clear défrences in the
metamorphic evolution of the various zones become
MICAS obvious, when the data are integrated.

The Archangel Nunataks are predominantly madEASTERNAND WESTERN ZONES
up by the post-tectonidrchangel granite which
intruded the low-grade metasedimentary @&roup Petrological results indicate that the eastern zone
occurring to the west of the western zone (Fig. 1a, nd parts of the western zones have experienced a
Muscovite from sample US-401a, from a smalVery similar metamorphic evolutiofthe lowest-grade
nunatak immediately west of the tgstArchangel rocks of these two zones contain primary muscovite
Nunatak {e. Outrider Nunatak), wadr-Ar dated in @associated with quartz, as well as biotite associated
two grain-size fractionsThese define ideal plateausWith sillimanite, indicating that reactions (1) and (3)
and isochrons covering about 92 % of the releasd@ve not taken place. Using the position of reaction
39Ar and resulting in identical ages of on averagél) in the P-Tfield (Xu et al., 1994), these rocks did
482+2 Ma (Figs. 4a and b)Two biotite fractions NOt experience temperatures in excess ofPCO0f a
from the same sample gave strongly disturbed agB&essure of 4 to 5.5 kbar and, %=1 is assumed. For
(Figs. 4c and d)Their medium-temperature steps,M0st of the pelitic rocks, howevereaction (3)
however define plateaus over 52 and 72 % of th@roceeded to completiom.he metamorphic P-T
released®Ar with ages of 4843 and 4833 Ma, conditions for the formation of critical mineral
respectively assemblages occurring in these rocks are 4-5.5

The pegmatite 930216-3 from Stevenson BlufkPar/700-840C, if X,,,=1. For X,,o<1, the
located in the eastern zone intruded the thrust plain @mperature range would be reduced from both sides
the Wilson Thrust, pegmatite 930217 from North 10 @ value of about 75C, parallel to a pressure
Nunatak located in the western zone intruded théecrease. Evidence for still highgrade metamorphic
LazarevThrust. Muscovites of both pegmatitesconditions in parts of the western zone, the area
displays almost idear-Ar spectra defining plateaus between Eld Peak and Rescue Nunatak, are relics of
over 16 heating steps and 99.7%34r released Sillimanite in garnet which indicate that reaction (4)
(Fig. 4e, f), with ages of 4@ Ma for the Stevenson has taken place. P-Galculations on one sample from
Bluff and of 4722 Ma for the North Nunatak Eld Peak clearly point to temperatures above°800

pegmatite. at medium pressures of around 7 to 8 kbdhe
replacement of garnet by cordierite according to
REGIONAL AGE DISTRIBUTION reaction (6), as observed in several samples of the

western zone, is the consequence of a more or less

A compilation of the new data together with thosésothermal pressure decrease at granulite-facies
of Schussler et al. (1999) is given in table 5temperatures.
Although the geochronological data base for the three The high-grade metamorphic event has not yet
zones of the Oates Coast basement complex is sti¢en dated for these zones. Rednditions of 2-
limited, a general trend is evident, with mineral age8kbar/~500C could be estimated for the retrograde
becoming younger from west to eaShis holds true formation of secondary muscovite and of
for the amphibole as well as for the mica data. It ieiuscovite+biotite assemblages in some of the
notable that the amphibole ages are several millionetamorphic rocks.
years older than corresponding mica ages from the The metamorphic basement of the eastern and
respective zoneAmphiboles from the western zonewestern zones has been formed during a high-
record ages of 488 — 486 Ma, those from the centredmperature/low-pressure metamorphism that reached
zone 485 — 481 Ma and those from the eastern zoopper amphibolite facies to lower granulite facies. In
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Fig. 4 — “°Ar-3°Ar age spectra of muscovite (a, b) and biotite (c, d) fractions from granite sample US-401a, Outrider Nunatak area,
Archangel Nunataks, of muscovite (e) from a pegmatite at Stevensoh &hstern zone, of muscovite (f) of a pegmatite from North
Nunatak, western zone.

addition, some of the typical low- to medium-pressurebiotite took place at about 5T0. According toVilla
granulite-facies mineral assemblages as have be@®98), the closure temperature for the K-Ar system
found in the central zone occur in parts of thén micas is about 450 - 500. Therefore, theAr-Ar
western zoneA clockwise P-Tpath is suggested by mica age of 4662 Ma in the eastern zone may
the formation of cordierite through reaction (3), analosely date the time of retrograde overprint in the
in the western zone also through reaction (6). Ilaastern zone. It should be noted, howgeteat these
cases, rocks of lower metamorphic grade ocbut dated micas of the eastern zone derive not directly
without a regional correlation within the zonés. from retrograde metamorphic rocks, but from a small
retrograde overprint with formation of muscovitelate-tectonic pegmatite. For the western zone, the
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Tab. 4a- Average pressure-temperature calculations on the interpreted peak assemblage for sample 26.1.00T17
(garnet-plagioclase-sillimanite-biotite-cordierite-microcline-quartz, using core compositions).

(i) The activity data for mineral end-members in tbekr

py ar alm an phl ann east
a 0.00950 9.90e-5 0.330 0.430 0.0246 0.0380 0.0380
o (In a) 0.55915 0.81866 0.15091  0.15000 0.42655 0.39657  0.38888
crd ferd sill mic q H,O
a 0.440 0.140 1.00 1.00 1.00 1.00
o (In a) 0.15000 0.23500 0 0 0

(i) An independent set oéactions involving the mineral end-members.

1) gr + 2sill + g = 3an

2) 2py + 4sill + 5q = 3crd

3) 2alm + 4sill + 5q = 3fcrd

4) py + 5phl + 12sill = 5east + 4crd

5) east + 2crd = 2py + 3sill + mic +,8

6) 5ann + 6fcrd = 9alm + 3sill + 5mic + 581

(iii) Calculations for the independent set @factions, for the given activity data and a,@)j = 1.0

P(T) o(P) a a(a) b c In K a(In K)
1) 58 1.44 27.60 0.60 -0.11527 5.253 6.688 0.934
2) 56 0.99 -45.70 1.07 -0.06716 9.935 6.850 1.205
3) 50 0.59 90.38 1.09 -0.11622 10.730 -3.681 0.767
4) 39 223 -19.68 16.84 -0.05940 13.228 3.547 3.000
5 76 148 104.61 3.45 -0.01551 -7.049 -4.401 1.221
6) 7.4 0.93 -35.89 5.69 0.07731 -25.061 18.170 2.786

(iv) Average PTcalculated fom the intecepts of theeactions, showing the effect of ymg a (HO).
For 95% confidence, fit (¥2) should be < 1.54:

X(H,0)  P(kbar) g T (°C) g cor X2
1.00 7.7 1.9 1015 142 0.893 1.52
0.75 7.0 1.5 969 116 0.886 1.36
0.50 6.2 1.2 916 92 0.882 1.17
0.25 5.1 0.9 822 66 0.879 0.90

mica age of 4722 Ma of a pegmatite does notfeéif o4ction (4) occurs over a wide field of the granulite
from mica ages of the central zone, but is clearlygjeg (Spear1993). Reaction (4) requires minimum
some 6 Ma older than that of the eastern zGW®  emperatures of 70C if the pressure is >4 kbar and
Ar-Ar amphibole ages of 488-486 Ma for the westergggec at P>8 kbar (KFMASH, Xu et al., 1994).
zone and 472-469 Ma for the eastern zone date so@@rnet-cordierite thermometry using equilibrium
intermediate stage between peak metamorphism aggsemplages of sample HB-4 resulted in a temperature
retrograde formation of secondary mic&he range of 810-85TC at 8 kbar and 790-85Q for
differences inAr-Ar amphibole ages imply that pressures above 5 kbaraf. 3), if core compositions
coolingin the eastern zone was delayed by some ke used for calculationsThese pressures and
million years compared to the western zone, givefemperatures are corroborated by thermodynamic

similar amphibole compositions. calculations on the assemblage biotite + cordierite +
sillimanite + spinel + plagioclase + quartz using the
CENTRAL ZONE method of Powell & Holland (1994), which gave P-

T conditions of 7.5-8 kbar/790-84G (Schussler et
The rocks of the central zone contain much moral., 1999) (all P-¥ data compiled in Fig. 5).

evidence for a medium-pressure granulite-facies event In a few samples, the replacement of garnet +
than reported previously by Schissler (1996) angillimanite by cordierite has been observ@&tis is
Schussler et al. (1999The assemblage orthopyroxeneinferred to reflect reaction (6) which is a
+ K-feldspar + plagioclase + quartz provides a lowedecompressive reaction. From cordierite compositions,
temperature limit at about 800 (orthopyroxene-in P-T conditions of ~6 kbar/>86C can be estimated,
isograde of Bucher & Frgyl994). Orthopyroxene — assuming R,o=1 (5 kbar/>720C for P,,,=0.4).
garnet thermobarometry resulted in Rednditions of Taking cordierite-garnet assemblages of reaction (6),
8-9.7 kbar/770-87T. For orthopyroxene-free rocks,8-9 kbar/~800C results for a EO-rich system (5-6
the assemblage garnet + cordierite as a result kbar /~800C for a HO-poor system).These
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Tab. 4b- Average pressure-temperature calculations on the interpreted peak assemblage for sample 26.1.00T17
(garnet-plagioclase-sillimanite-biotite-microcline-cordierite-quartz, using rim compositions).

(ii) The activity data for mineral end-members in toek:

py gr alm crd ferd phl ann
a 0.00320 4.70e-5 0.450 0.420 0.150 0.0340 0.0350
o(na) 0.65429 0.83621 0.15000 0.15000 0.22524 0.39913  0.40751
east an sill mic q H,0
a 0.0440 0.470 1.00 1.00 1.00 1.00
o(na) 037671  0.10000 0 0 0

(i) An independent set oéactions involving the mineral end-members.
1) gr + 2sill + g = 3an

2) 2py + 4sill + 5q = 3crd

3) 2alm + 4sill + 5q = 3fcrd

4) py + 5phl + 12sill = 4crd + Seast

5) 2crd + east = 2py + 3sill + mic +,8

6) 6fcrd + 5ann = 9alm + 3sill + 5mic + 56

(i) Calculations for the independent set @factions, for the given activity data and a,@j = 1.0

P(T) o (P) a o (a) b C In K g (In K)
1) 3.3 1.23 28.39 0.59 -0.11608 5.267 7.700 0.888
2 4.1 1.00 -43.39 1.05 -0.0716 10.18 8.887 1.384
3) 4.0 0.50 92.68 1.08 -0.12073 10.908 -4.094 0.739
4) 3.6 1.58 35.74 2.35 -0.12279 13.327 3.564 2.884
5) 6.1 1.41 94.14 0.86 -0.00234 -7.188 -6.631 1.394
6) 7.5 0.82 11.73 5.46 0.03204 -25.626 20.958 2.793

(iv) Average PTcalculated fom the intecepts of theeactions, showing the effect of yimg a (HO).
For 95% confidence, fit (¥2) should be < 1.54:

Xx(H20) P (kbar) () T (°C) () cor X2
1.00 6.8 2.2 946 164 0.898 1.93
0.75 6.1 1.8 901 136 0.894 1.73
0.50 5.4 1.4 848 107 0.896 1.49
0.25 4.3 1.0 758 64 0.899 1.05

pressures estimated for the retrograde reaction (gyanulite-facies rocks (Harley 1989). This
underscore the higher pressure values for the pressaretamorphic stage was followed by an almost
peak of metamorphism. isothermal decompression within a clockwise oriented
The metamorphic rocks of the central zone werB-T path, as shown by the P-Gonditions of
formed under medium-pressure granulite-facies5kbar/>800C deduced for reaction (6). Retrograde
conditions at about 8 kbar/>800. Hence they fit Fe-Mg zoning of garnet and the late growth of
into the P-Tfield of 7.5t1 kbar and 80650°C, which euhedral Mg-poor garnet in some samples as well as
is typical for most of the known granulites (Bohlenthe replacement of orthopyroxene by amphiboles may
1987) and which includes almost 50 % of Ridta of have occurred during this decompression stAgeAr
amphibole ages of 485-481 Ma of the central zone
most likely date the end of this phase of the P-T
Tab. 5 Regional distribution of ages obtained #ar-3Ar  Path, as the rocks cooled through 650-85@Villa,
incremental heating experiments on amphiboles and micas. 1998).
In the course of the isothermal decompression, the

Archangel West Central Easter .
renes e enr e peak of anatexis should have been reached. Most
Granite Zome Zone Zone . . .
probably however partial melting has started earlier
! +3 3 &3 2 & . . . . .
Amphibale j:i +4 124 2 :Zq*j i.e. during the medium-pressure granulite-facies stage,
-+ + + . .. .
(486 = - o even if the HO-activity was low The solidus of the
481 +3 .
quartz-albite-orthoclase-j©-CO, system under
Muscovite 482 £2 472 £2 472 £2 466 +2

granulite-facies conditions is reached aOHactivities
8222 between 0.3 and 0.5 (Johannes & Holtz, 1990, 1996).

Biotite 485 =2 462 Maximum activities of 0.4-0.5 can be assumed to
484 =2 4723 initiate partial melting of the central zone granulites.
470 =2

The deduced P-Tonditions for these granulites are
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Fig. 5 —P-T-t evolution of metamorphic rocks T I T T T
in the Oates Coast basement complex. Path | ’ ’

is derived from granulite-facies rocks of the
central zone and from the newly detected Q -

granulite-facies rocks in parts of the western !
zone. Path |l is representative for most of the I c
rocks in the eastern and western zorfege 8
data are distinguished for the eastern (e),
central (c) and western (w) zone.

(1) muscovite + quartz = sillimanite + K-
feldspar + vapour (Chatterjee & Johannes, 7 —
1974; Xu et al., 1994)(7) solidus of the
quartz — K-feldspar — anorthifjge— H,0 -
system (Johannes, 1984)8) garnet + . 6 - (

cordierite + sillimanite = spinel + quartz (O e, W)
(Spear 1993; upper stability of the observed Q2 ]I
assemblages);9) aluminum-silicate triple 4 5 B

point (Holdaway & Mukhopadhyayl993); o

(A) variation of garnet — orthopyroxene
thermobarometric calculations derived from

four samples;(B) position of cordierites 4
formed in the central zone (see also Fig. 2;
Holdaway & Lee, 1977)(C) intersection of
XMg—isopIeths of garnet = 0.3 and cordierite = 3 -
0.7, assuming nkO = 0.8 (G) and 0.5 (G
(after Martignole & Sisi, 1983)(D) variation
of garnet — cordierite thermometric 2 -
calculations derived from sample HB-&)
position of cordierites formed in the eastern

and western zones (see also Fig. 2; Holdaway 1 |
& Lee, 1977);(F) variation of biotite — /

w: 488 Ma T
c: 483 Ma
e: 470 Ma

e: 466 Ma

black dots show results of thermobarometric . ' L ' . '

calculations on sample US-495 of the central 300 400 500 600 700 800 900 TOC

zone using an internal consistent thermo-
dynamic data set (Schussler et al., 1999).

muscovite thermobarometric calculations
derived from four samples of all three zones;

located clearly above the dry-melting curve for pelitesaused intensive partial melting especially in the
of Thompson & England (1984). Realistic,® central zone which, together with parts of the western
activities are not definitely known for the momentzone, at that time was the deepest level of the
however the metamorphic reactions mainly producingresently exposed overlying crudthe migmatites,
the granulite-facies assemblages are dehydratialiatexites and in-situ granitoids described above were
reactions, releasing J@ to initiate partial melting. In formed during this stage. Divging from Matzers’s
addition, melt could have been produced directlynodel (1995), a development of the magmatic arc at
instead of vapour during the metamorphic reactionthe outer Gonwana ngin in the form of subduction-
(S. Harley pers. comm.). accretion (Andean subduction type) is assumed by
Isothermal decompression starting from a mediunFessensohn et al. (1999)he intensive partial melting
pressure granulite-facies stage is a typical result cbmbined with fast uplift may also be the
crustal thickening caused by continent-continentonsequence of an arc-continent collision with
collision (e.g.Harley, 1989). Further results of such aunderthrusting of the continental basement as
collision are reinforced partial melting and complexsuggested by Palmeri et al. (2003) to explain the
magmatic processes (Won, 1989), with a peak of ultrahigh-pressure rocks of the Lanterman ramge.
granite formation during the latest stage of collisiomnderthrusting of the Bowers and Robertson Bay
(Hall, 1987).This is caused by intensive release oferranes by a microcontinent was recently discussed
water during regional metamorphic overprint andy Rocchi et al. (2003)A synthesis of all geological
dehydration of the primarily cold upper part of thfeatures,i.e. structural, metamorphic, magmatic and
lower, underthrusting continental plate, initiatinggeochronological data to reconstruct the complicated
extensive partial melting at the hot bottom of theeological evolution of th&Vilson Terrane will be the
overlying upper continental plate (Le Fort, 1981)subject of further work.
According to a geotectonic model of Matzer (1995) Due to the high closure temperature of the U-Pb
for the Ross Orogenythe Wilson Terrane was isotope system in monazite i(M, 1998), monazite
underthrusted by continental crust which may havages of 494-484 Ma obtained by Schissler et al.
been the base of the Bowers und Robertson B4¥999) for samples US-380, US-495 and US-501 of
terranes. Possibly the fluids derived from this materiahe central zone were interpreted to date the high
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temperature stage of metamorphism. New SHRIMPReactions (3), (4) and (6), as observed in several
U-Pb age determinations on monazite and zircon frosamples, can clearly be attributed to this metamorphic
samples of very high-grade metamorphic rockstage.This is underscored by the PeEtimates of >6
yielded 49210 and 4939 Ma for monazite and 500 kbar and >800C obtained on one western zone
+4 Ma for one age population of metamorphic zirconsample.The spatial distribution of metamorphic rocks
(Henjes-Kunst et al., this volumeJhese data point to of different metamorphic grade in the western zone
an age of about 500 Ma for the time of peakeems to be rather unsystemafibie lowest-grade
metamorphismj.e. the granulite-facies stage androcks, showing that reactions (1), (2) and (3) are not
associated migmatisation. overstepped or just started, are from the southern end
The stage of isothermal decompression is followegf Burnside Ridge, Drury Nunatak and height point
by an increase of the cooling rate, and the Path 740 between Rescue Nunatak and Mount Martyn.
reaches the stability of muscovite after crossingranulite-facies rocks have been found at Rescue
reaction curve (1) in a retrograde directioh. Nunatak, Eld Peak, and also in the region of heigh
retrograde overprint under P€onditions comparable point 740.This unsystematic distribution is probably

to that in the eastern and western zones took plaggyesult of internal tectonic dissection of the western
leading to the formation of muscovite + biotitezgne.

equilibrium assemblages in several samplée time (3) Ar-Ar age determinations on samples from all
of this overprint may closely be dated at 476-470 Mgnree zones and from therchangel Granite, the latter
by Ar-Ar mica ages. having intruded low-grade metasediments of thegBer

Group to the west of the western zone, demonstrate a
general tendency from older to younger cooling ages
from the west to the easthe amphibole ages are

. . S 488 — 486 Ma for the western zone, 485 — 481 Ma
Compared to earlier investigations on th

metamorphic basement of Oates Coast, Smﬁgr the central zone and 472 — 469 Ma for the eastern

important new results concerning the metamorphi one.The mica ages are 484 — 482 Ma for the
evolution and the exhumation history have bee rchangel Granite west of the western zone, 472 Ma

obtained: or the western zone, 476 — 470 Ma for the central
(1) Until now the temporal position of the ZONE and _466 Ma for the east_ern zoAs.shown by
medium-pressure granulite-facies stage with p-fhe amph't?o'e ages, the coollng of the basement to
contitions of 8 kbar/>80T in the central zone was the respective closure temperatimethe western zone
questionableA polymetamorphic evolution with a was terminated first, followed by the central and then

Proterozoic medium-pressure granulite-facielY the eastern zone, each over a time interval of
metamorphism and a separate Early Palaeozoic log€veral million years. Concerning the mica data, no
pressure high-grade Ross-metamorphism on the ofignificant diference between_the western zone an_d
hand and a single Ross-metamorphic evolutioWe cgntral zone becomes oby|ous. If this evolution in
including the medium-pressure granulite-facies stagén€ is correlated to exhumation, these ages may give
on the other hand were alternatively discusse¥PMe insight into the order of exhumation of these
(Schussler et al., 1999The new results show that Zones along the Ige thrusts, due to a compressive
wide areas of the central zone contain minerdfctonic regimeThe following scenario is likely:
assemblages indicative of medium-pressure granulitglrst stage: the crystalline basement as a whole was
facies stage, instead of only some small relict part§rusted along the Lazarekbhrust to the west onto
mineral assemblages attributed to a low P/hTgh the low-grade metasedimentary BeGroup rocks.
stage must have formed continuously as a result Buring this movement, the western zone experienced
decompressive reactions from medium-pressuftBe most intensive exhumation.
assemblagese.g. cordierite replacing garnet by Second stage: the central zone was thrusted along the
reaction (6) or various amphiboles replacindg=Xiles Thrust to the west, consequently now being
orthopyroxene; these retrograde mineral reactiordrongly exhumedA difference in time between first
themselves took place under medium-pressu@nd second stage is documented by the ages of
conditions,i.e. reaction (6) at >6 kbar amphiboles which are older in the western zone as
A single loop metamorphic evolution during Rossompared to the central zonks the rather uniform
Orogeny is supported by the new petrological an@lica ages in both zones indicate, the western and
geochronological data. central zones must have experienced again a common
(2) The results presented in this study show th&xhumation history in the course of the late
the medium-pressure granulite-facies metamorphistactonometamorphic evolution.
also afected parts of the western zone. In contrast toast stageThe eastern zone was thrusted along the
the central zone, no orthopyroxene-bearing rock&ilson Thrust to the east, onto low-grade
could be detected in the western zone and the gremetasedimentary rocks as can been seen at McCain
spinel does also not occur in the mineral assemblag@&iuff.
Nevertheless, the cordierite- and garnet-forming

CONCLUSIONS
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Appendix- Analytical methods.

Mineral analysis on samples from GANOVEXand VIl (Tab. 2a) were done at the Institute of Mineralogwiversity
Wirzbug, using a CAMECASX50 electron microprobe with 4 wavelength-dispersive spectrometers. Operating conditions
were 15 kVaccelerating voltage and 15 rb®am current. Counting time was 20 s for each, peak and background, except
for Fe, Mn and Zn (30 s). Natural and synthetic silicates and oxides were used as reference standards. Matrix correction
was calculated by theAP program from CAMECA.The analytical error is <1% relative for major elements except Na
(<2%). The detection limit is between 0.05 and 0.1 wt.%. Measurements on samples from the joint Germakattaicic
Expedition 1999-2000 @b. 2b) were carried out at th&tituto di Geoscienze e Georisor@@NR) in Florence, using a
JEOL JX 8600 electron microprobe fitted with four wavelength-dispersive spetromiteederating voltage was 15 k&hd
the sample current was 10 nA. Natural standards were used for calibration.

Ar-Ar analyses were carried out at the BGR Hannover following the method described in Faryad & Henjes-Kunst
(1997). Hand-picked concentrates with sample weights of approximately 4 - 170 mg, depending on potassium concentration
and the amount of sample material available were dated. Gas was extracted during up to 19 heating steps, each step
retaining a constant temperature for 30 min, up to a maximum temperature 6C1&b@nsure total degassing of the
samples. Measured isotopic ratios were corrected for mass discrimination, total-system blank, d&@aayané 3’Ar, and
for interfering isotopesThe error in the'®Ar/3°Ar step ages was calculated by error propagation of uncertainties including
those of the in-run statistical parameters and the errors derived from the blank contributions, and the correctidrhéactors.
total-gas, integrated and plateau ages also take into account the uncertainty in the flux caltaioors are given at
the 95% confidence levelhe ages were calculated using the IUGS-recommended constants (Steiger & Jager 1977).



