Late Palaeozoic-Early Mesozoic Fore-Are Basin Sedimentary
Rocks at the Pacific Margin in Western Antarctica.

By G. Hypen & P. W. G. Tanner, Cambridge *)
With 4 figures

Zusammenfassung

Wir folgern, daf3 die Formationsgruppe der Halbinsel Trinity in der antarktischen Halb-
insel in ein Vorderbecken des Kompositentyps abgelagert wurde, das sich zwischen dem
aus plutonischen und dlteren gneiflosen Urgesteinen bestehenden Bogengebirgsmassiv von
Gondwana und einem Unterziechungskomplex befindet, der jetzt durch ,,Griinschiefer”
und ,,Blauschiefer und Albit-Epidot-Homblende tragenden Gesteine von dem vorjuras-
sischen metamorphen Komplex vertreten wird.

Die Formationsgruppe der Halbinsel Trinity ist hinsichtlich des Typs nochmals gepriift
geworden und kann in Hope Bay-, View Point- und Legoupil-Formationen eingeteilt
werden. Sedimentgesteine von allen Formationen sind von Turbiditfazies: Metalagerla-
ven werden zum ersten Mal durch diese Gesteine beschrieben.

Mehrphasige Schichtenfaltung ist in allen Formationen bemerkt geworden, und Re-
gionalmetamorphose erreichte Prehnit- und Pumpellytfazies.

Analysen mit Mikrosonden der Relectpyroxenen in den Lagerlaven weisen darauf hin,
dal das Stammagma wahrscheinlich Innenplattealkalibasalt war. Analysen der Schutt-
granaten zeigen, dal sie sich von den metamorphen Granaten im Unterziehungskomplex
auf Grund von Komposition unterscheiden, was darauf hinweist, daf} diese dem Vorder-
bogenbecken keine bedeutende Belieferung von Material beschaffte.

Eine nahe Ahnlichkeit mit dem Terrane von Torlesse in Neuseeland wird bemerkt und
wir schliefen daraus, daB3 eine spitpalaeozoische — frithmesozoische Vorderbogenbecken-

umgebung um den Rand des Pazifiks von Siidamerika bis Neuseeland fast ununterbrochen
erkannt werden kann.

Abstract

We infer that the Trinity Peninsula Group of the Antarctic Peninsula was deposited
in a fore-arc basin(s) of composite type located between the Gondwanian arc massif
(consisting of plutonic and older gneissose basement rocks) and a subduction complex,
now represented by “greenschists”, “blueschists” and albite-epidote-hornblende-bearing
rocks of the pre-Jurassic metamorphic complex.

The Trinity Peninsula Group has been re-examined in the type area and can be divided
into the Hope Bay, View Point and Legoupil Formations. Sedimentary rocks of all for-
mations are of turbidite facies; meta-pillow lavas are described for the first time from
these rocks.

Multiphase folding has been observed in all formations and regional metamorphism
reached prehnite-pumpellyite facies.

Microprobe analyses of relict pyroxenes in the pillow lavas indicate the parent magma
was probably within-plate alkali basalt. Analyses of detrital garnets show that they are
different in composition from metamorphic garnets in the subduction complex, indicating
that the latter did not supply a significant amount of material to the fore-arc basin(s).

A close similarity with the Torlesse terrane in New Zealand is noted and we conclude
that a late Palaeozoic-early Mesozoic fore-arc basin environment can be traced almost
continuously around the Pacific margin from South America to New Zealand.,

*) Address of authors: G. HypEN and P. W. G. TaNNeR, British Antarctic Survey,
Natural Environment Research Council, Madingley Road, Cambridge CB3 OET, UK.

34 Geologische Rundschau, Bd. 70, Heft 2, Seite 529—541 529



Aufsitze
Résumé

Nous pensons que le Groupe de la Péninsule Trinity de la Péninsule Antarctique a
été déposé dans un bassin de l'arce externe de type composite situé entre le massif
de T'arc Gondwanien (composé de roches plutoniques et de gneiss d'un socle plus
ancien) et d'un complexe de subduction, représenté actuellement par des « schistes-
verts », « schistes-bleus » et des roches & hornblende, albite et épidote du complexe
métamorphique pré-Jurassique. Le Groupe de la Péninsule Trinity a été réexaminé
dans la région-type; il peut étre subdivisé en formations de Hope Bay, de View Point
et de Legoupil. Les roches sédimentaires de toutes les formations sont du faciés turbidi-
tique; pour la premiére fois des laves en coussins métamorphisées y sont décrites.

Un plissement multiphasé est observé dans toutes les formations, et le faciés préhnite-
pumpellyte marque le métamorphisme régional. Des analyses par microsonde de restes
de pyroxene dans les laves en coussins démontrent que le magma parental etait probab-
lement un basalte alcalin. Des analyses de grenats détritiques démontrent que les
grenats sont dune composition différente des grenats métamorphiques dans le complexe
de subduction, indiquant que ces derniers n’ont fourni que peu de matériaux au bassin
de Tarc externe.

La ressemblance est proche avec le terrain Torlessse de la Nouvelle Zélande et nous
concluons qu’un environement de bassin d’arc externe (fin du Paléozoique & début du
Mésozoique) peut étre tracé presque sans interruption auteur de la marge Pacifique,
entre 'Amérique du Sud et la Nouvelle-Zélande.

Kparkoe cogep:xaHae

ABTOpBI IPHIIIH K BLIBOAY, UTO CBHTBI IOJYOCTpoBa TPHHHUTH aHTAPKTHYSCKOrO
IIOJyOCTPOBA OTJIOMEHBI B OacceliHe TiepejHe#t AYTH CJIOXKHOI'O THIA, HAXONUB-
HIMMCA MeXAy AYTOBBIM MaccHBOM I'OHJIBAHBI, COCTABJEHHBLIMH IJIyTOHHTAMH H
OPEBHHMH THEHCOBBIMH IIOpPOAAMM (yHAaMeHTa, M CyOAYUHPOBAHHBIM KOM-
NJIEKCOM, IIPEJICTABJIACHHBIM CerogHA ,3eJIeHBIM CcJaHIeM“, ,TOoJyObIMH CJIaH-
naMu‘ ¥ IOpOoAAMH, BMEINAIONIMMH aJbOHT, BIHMAOT M POTOBYH OGMaHKY H3 JO-
IOpCKOTro MeTaMopdOHOTO KOMILIEKca. YceaemoBaJid CBHTBI NOJyocTpoBa TpH-
HUTH 10 HX THOAM M NoApasfenunu Ha copmauuu: Hope Bay, View Point u
Legoupil. Ocamounbie NOPOABLI BCEX HTHX (OpMAlHH IIPOABJISAIOT (alHiE MYTH;
cpeAHeNoAyllIeYHbIe [AaBbl ONMHCAHLI 37€Ch BIEPBBIE.

MuorogasHasg CKJIAAYATOYTE CJIOEB OTMEueHA HO BCEX OTJIOKEHHAX, & Pperuo-
HaJbHBEIH MeTaMophH3M gocruraer danua Prehnit’a u Pumleppyit’a.

JaHHBle aHAJH33 C IIOMOIIBI0 MHKDPO3OHJOB OCTATOYHBIX IITHPOKCEHOR B II0-
AYIISYHBIX JIABaX YKa3BIBAIOT HA TO, YTO HCXOAHAS MarmMa, BepOSTHO, SBJIANACH
BHYTPUIIJINTOHBIM IeJIOYHBIM 6a3aJibTOM. AHAJH3 OGJIOMKOB rpaHaTra IIOKa3aJ,
YTO 3TH PEe3KO OTJIHYaIOTCA II0 CBOEMY COCTaBY OT MeTaMODP(MH3HPOBAHHBIX I'paHa-
TOB B CyGAYyLHPOBAHHOM apeaJie; HTO TOBOPUT O TOM, YTO B 6GaccelH IepejHHX
AYyT He IIOCTABJANOChH 3HAYHUTEJNIBHBIX KOJIMYECTE MaTepHaJia.

OrmevyaeTca cXoAcTBO ¢ oGiacTbro Torlesse B Horo#i 3emasawum, H aBTOpam
Ka)eTcsd, YTO 3/eCh B NO3JAHEM Najleo30e-paHHeM Me3030€ IIPOCTHpajach Helpe-
peiBHaA Ayra ot IOxuHOoM Amepurm o HoBo#t 3enampum, xoropad o6paMiIAja
TuxHil OKeaH.

Introduction

The name Trinity Peninsula Series was introduced by Adie (1957) to describe
a sequence of siliceous greywackes and shales found in northern Antarctic
Peninsula (Fig. 1). These rocks were mapped in more detail in the 1960s by
members- of the British Antarctic Survey (Eirior, 1965, 1966, 1967 a; FrLEET,
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1965, 1968; ArrkENBEAD, 1975) and comprehensive summaries of this work have
been given by DarzieL & Evvior (1973) and Eruior (1975). THoMsoN (in press)
has formally proposed that the Trinity Peninsula Series be called Trinity Pen-
insula Formation in the type area. However, in view of recent fieldwork discussed
below we propose to upgrade Trinity Peninsula Formation to Trinity Peninsula
Group (TPG).

The more important features of the rocks of this group may be summarised
as follows:

I) They are of turbidite facies and consist largely of sandstone and mudstone
with minor conglomerate, quartzite, chert, greenschist and rare limestone.

II) Age control is poor but the most likely age range is (?) Carboniferous to
late Triassic (Apig, 1957; Tuowmson, 1975).

III) The sandstones are arkosic and indicate a source terrain composed domin-
antly of intermediate to acid plutonic, hypabyssal and volcanic rocks with
lesser amounts of metamorphic and sedimentary rocks.

IV) There is no known base to the group and estimates of its thickness are
complicated by the deformation but we suggest that the group is at least
several kilometres thick.

V) All rocks have been affected by low-grade regional metamorphism and
multiphase deformation.

VI) The group is unconformably overlain by middle Jurassic sedimentary and
volcanic rocks and has been intruded and locally thermally metamorphosed
by ‘Andean’ plutons.

A better understanding of the TPG is crucial to unravelling the pre-middle
Jurassic history of the Antarctic Peninsula and we present the results of a pilot
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Fig. 1. Sketch map showing present-day positions of Antarctic Peninsula, South Orkney
Islands (SO) and South America.
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study carried out north of Russell East Glacier (Fig.2). This work shows that
stratigraphic (and probably also structural) relations are more complex than was
previously thought and that this group of rocks was probably deposited in a late
Palaeozoic — early Mesozoic composite fore-arc basin.

Other formations having similar features include the Miers Bluff Formation
(South Shetland Islands), Greywacke-Shale Formation (South Orkney Islands)
and the LeMay Formation (Alexander Island) (Fig. 2) (for reference to previous
work and discussion, see Davrzier & Evrvior, 1973; Ervior, 1975; DarzieL, in
press). Relations within the LeMay Formation are complex (R. W.Burn pers.
comm. 1979) and it probably encompasses a number of formations of differing
age.

Trinity Peninsula Group
Stratigraphy

Recent fieldwork by G.H. in northern Trinity Peninsula from Hope Bay to
Russell East Glacier (Fig. 2, inset), suggests that at least three lithological asso-
ciations occur within the TPG. Each association is considered to be a distinct,
mappable unit which extends over a significant area and hence merits forma-
tional status. We propose that these lithological associations be named the
Legoupil Formation (HaLperN, 1965), Hope Bay Formation (for strata around
Hope Bay) and View Point Formation (for strata in the area of the Cugnot Ice
Piedmont between View Point and Russell East Glacier) (Fig. 2, inset). The
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Fig. 2. Outline map of the Antarctic Peninsula showing the main outcrops of the Trinity
Peninsula Group (TPG) and LeMay Formation. GI: Gibbs Island; MB: Marguerite Bay.
The inset location map shows the only known outcrops (starred, 1—3) of metabasic rocks
within the TPG. C-I-P: Cugnot Ice Piedmont; PN: Panhard Nunatak; SC: Stepup Col.
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major differences between these formations lie in the varying proportions of
fine to coarse grained rocks and the presence of interbedded siliceous sandstone
and mudstone units in the View Point Formation. Both the Hope Bay and View
Point Formation are marked by an unconformable contact with overlying middle
Jurassic sedimentary and volcanic rocks but no base was observed to any of
these three formations. Neither the precise age ranges nor the lateral relations
of these formations are known.

The Hope Bay Formation

This formation consists of sub-equal proportions of massive and thinly inter-
bedded sandstones and mudstones. Beds are generally upright, gently dipping
(<50°) and conform to textural zone 1 of Bisxor (1972).

The View Point Formation

This formation comprises both massive and thinly interbedded sandstones and
mudstones and thinly interbedded siliceous sandstone and mudstone units, these
latter units being restricted to this formation, and minor amounts of conglomer-
ate. Sandstones form less than 309 of exposed strata. Beds are generally over-
turned, with abundant M- and Z-folds and can be classified as belonging to
textural zone 2 A (Bissor, 1972). A deformed oxycone ammonoid was collected
from this formation on the northwest side of the Cugnot Ice Piedmont; it has
been interpreted as being of probable Mesozoic age by Dr. M. R. A. THOMSON.

The Legoupil Formation

This formation was defined by Harpern (1965) and consists largely of massive,
thinly interbedded sandstones and mudstones. Mudstone is the dominant litho-
logy and massive sandstones are thinner (< 50 cm) than in the other formations.
Minor amounts of conglomerate and pebbly mudstone were recorded by HALPERN
(1965). Beds are generally upriglit and belong to textural zone 1 (Bisuor, 1972).

Lithology
Sandstone

Massive, graded sandstones up to 2 m thick are common in the Hope Bay and
View Point Formations. A few outcrops show that some of these ‘massive’ units
comprise a series of graded sandstone beds making an amalgamated bed. The
component beds are up to several centimetres thick, often have irregular bases,
show scour marks and contain mudstone clasts suggesting deposition from a
turbidity flow. The massive sandstones have sharp bases and are laterally con-
tinuous on a nunatak scale (1—2 km).

Mudstone

Massive, structureless mudstones attain thicknesses of a few metres and rarely
contain thin sandier beds. Cleavage is well developed in this lithology in the
View Point and Legoupil Formations, but is only poorly developed in the Hope
Bay Formation.
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Interbedded sandstone and mudstone units

These units, a few centimetres thick, are common in the Hope Bay and View
Point Formations. The sandstones are commonly cross-bedded in the Hope Bay
Formation but elsewhere they are usually graded. Bases and tops are usually
plane-parallel, but parallel wavy partings also occur. Possible syn-sedimentary
slumping occurs in this lithology at View Point and Stepup Col (Fig. 2, inset).

Interbedded siliceous sandstone and mudstone units

These units have been observed only in the View Point Formation and have
similar sedimentary features to the above lithology. In hand specimen the sand-
stones are greeny-grey with a vitreous-like surface (Preworked tephra deposits).

Conglomerates

Conglomerates are restricted to the View Point area in the present study but
have been recorded from near Mt. Bradley and Longing Gap (both south of
Russell East Glacier) (ArrkenHEAD, 1975) and from the Duroch Islands (Fig. 2,
inset) (Harpern, 1965). At View Point they occur as organised and disorganis-
ed beds and vary in thickness from 0.3—3.0 m. They contain clasts of granite,
diorite, acidic and lesser amounts of basic volcanic rocks, schist and Plow-grade
metasedimentary rocks (intraformational clasts). They are clast supported.

Sandstones, mudstones and siliceous sandstones of the thinly interbedded
facies are commonly less than 5 cm thick and may represent distal turbidites, levée
deposits or contourites. These rock types often occur in conjunction with massive
sandstones, massive mudstones, or both, where they are thought to represent
levée deposits associated with a meandering channel.

The sedimentary sequences observed in Northern Trinity Peninsula could be
produced in a fan environment, the amalgamated and massive sandstones being
deposited in channels, the interbedded sandstones and mudstones as levée or
overbank deposits and the mudstones as a blanket deposit over the fan.

Pillow lavas

Metamorphosed pillow lavas and hyaloclastites (found by R.D. Hamer & M.
C. Sharp) are described for the first time from the TPG. They occur in the View
Point Formation and together with two previously recorded outcrops of meta-
basalt (ArtkENHEAD, 1975) and three of greenschist (Eriiot, 1966) are the only
known rocks in the TPG with a basic composition. The pillow lavas vary from
close-packed to isolated forms, are significantly vesicular and attain maximum
dimensions of about 2m. The associated hyaloclastites are interbedded with
sandstones that are indistinguishable from other sandstones in the TPG, and
both hyaloclastites and sandstones show a deformation style similar to that of
the first phase of ductile folding observed elsewhere in this area.

Structure

Rocks of the TPG north of Russell East Glacier have undergone two main
episodes of ductile deformation: an early phase of folding associated with the
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development of a penetrative cleavage, and a later phase in which a crenulation
cleavage and lineation were formed.

The first phase produced mainly small-scale isoclinal folds trending roughly
NE/SW with plunges showing extreme variation from horizontal to vertical. The
associated axial planar cleavage is developed in mudstones and more rarely in
fine-grained sandstones; away from fold closures it becomes parallel with bedd-
ing. Both the axial planes of the folds and cleavage dip towards the Pacific at
angles of 60° to 80°. With the exception of a major anticline on Panhard Nun-
atak (ArrkenNHEAD, 1975) (Fig. 2, inset), traceable to the adjacent nun-
atak to the north, and one outcrop at View Point, recognisable folding of this ge-
neration is restricted to the fine grained rocks and thinly interbedded units.
Graded bedding and the distribution of Z- and S-minor folds suggest the beds
are overturned southeast of a northeast trending line through Panhard Nunatak
and upright to the northwest of this line.

The second phase of folding produced more open folds trending approxim-
ately NE/SW, refolding the first phase folds and associated cleavage and only
very locally developing an axial planar fabric. They have axial planes which
trend at 000° to 120° and dip at 50° to 70° to the northwest.

A more brittle phase of deformation occurred at View Point where tectonic
inclusions of interbedded conglomerates and sandstones (to 60 m) are present
in the more normal sedimentary facies described above, giving rise toa broken
formation (BERKLAND et al, 1972). The bedding/cleavage relations in any
one outerop around the inclusions are constant but both bedding and cleavage
are seen to deviate markedly around the inclusions. We infer from these structural
relations that the broken formation developed later than the first phase of fold-
ing.

Although gentle folding (ArrxenmEap, 1975, p.55) and localised cleavage
development are seen in the overlying Jurassic rocks, the two main phases of
folding are restricted to the TPG and are of a Gondwanian age.

Metamorphism

The few available geochemical analyses of the TPG (ELLior, 1967 b; TANNER &
Hypen, unpub. data) show low CaO (wt.%/s < 39%) and up to 0.6 wt. %o of CO,
and have a chemical composition which is unlikely to result in low-grade meta-
morphic minerals diagnostic of any one facies. Petrographic examination of these
rocks has not recorded zeolite minerals or new biotite growth (AITKENHEAD,
1975) and prehnite is rare, Pumpellyite has not been recorded from TPG sedi-
mentary rocks but the associated meta-pillow lavas contain both prehnite and
pumpellyite. However, caution must be exercised in interpreting the pressure-
temperature conditions under which TPG rocks have been metamorphosed since
the occurrence of both prehnite and pumpellyite is not restricted to the prehnite-
pumpellyite facies (cf. Coomss, 1954; Bores and Coomss, 1977).

From the poor development of low-grade diagnostic metamorphic minerals
in the TPG north of Russell East Glacier, we suggest that metamorphic condi-
tions reached the prehnite-pumpellyite facies.

Bores and Coowmss (1977) tentatively suggested prehnite and pumpellyite
formed at approximately 90° und 190° respectively in the sedimentary rocks of
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the Muribiku Supergroup. We suggest that metamorphic temperatures in the
area around the pillow lavas were probably at least 190° C, and that rocks of
the TPG were affected by medium to high pressure metamorphism.

Mineralogy

Two minerals from the TPG have been analysed by electron microprobe:
detrital garnets from the coarse sandstones and fine conglomerates and relict
pyroxenes from the meta-pillow lavas and metabasalts.

Garnet

Garnet is an uncommon mineral in the TPG. It was first reported by Arrken-
ueAD (1975) in sandstones from View Point and from Hurd Peninsula by SMmEL-
LIE (1979) (Fig. 2). The detrital garnets are almandine-rich with some substitu-
tion of calcium and magnesium for ferrous iron. They are sufficiently richer in
Mg to differentiate them from garnets which we have analysed from the pre-
Jurassic metamorphic suite (Fig. 3) occurring in the South Orkney and South
Shetland Islands (Fig. 2). We conclude that the analysed detrital garnets were
not derived from the pre-Jurassic metamorphic suite.

Pyroxene

Relict pyroxene occurs in the meta-pillow lavas from north of the Cugnot Ice
Piedmont (loc. 1, Fig. 2) and from interbedded metabasalts near Mt. Tucker and
Victory Glacier (locs. 2 & 3, Fig. 2) (ArrkenmEAD, 1975).

Analyses of these pyroxenes plotted on the Di-Wo-Fs triangle (Fig. 4 a) have
alkaline affinities although one rock shows a possible quench trend towards the
non-alkaline field of Li Bas (1962). The same analyses plotted on the TiO,-MnO-

50 Alm

Fig. 3. Comparison of the chemistry of detrital garnets from the TPG with that of garnets

from metamorphic assemblages in the pre-Jurassic metamorphic complex. Locations of

samples: squares, View Point, (TPG) (D. 3877.0 & D, 3807.2); triangles, View Point,

(TPG) (R. 751.2 & R. 769.1); small circles, Miers Bluff Formation (= TPG) (P. 43.1) and

large circles, pre-Jurassic metamorphic complex from several localities within the South
Orkney and South Shetland Islands (ypen & Tanner, unpubl. data).
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Fig. 4. Analyses of relict igneous pyroxenes from metabasic rocks of TPG, a) En-Wo-Fs
diagram showing the alkaline, mildly alkaline and non-alkaline fields of Lz Bas (1962);
b) TiO2-MnO-NagO diagram for discriminating between pyroxenes from different magma
types (NisseT & Pearce, 1977) and c) Plot of discriminant functions Fi against F2 for
pyroxene analyses from basic lavas of various magma types (NisBer & Prarce, 1977).
The fields on b) and ¢) are as follows: A, volcanic arc basalts; B, ocean-floor basalts; C,
within-plate alkali basalts; D, all basalts; E, volcanic are, within-plate tholetite and within-
plate alkali basalts. Triangles, R. 650.2, loc. 1, Fig. 2; squares, D. 3923.3, loc. 2, Fig. 2;
Circles, D. 4268.1, loc. 3, Fig. 2.

NazO triangle and F; vs. F, diagram of NisseT and Pearce (1977) (Fig. 4b & c)
suggest that the original tectonic environment and magma type was within-
plate alkaline basalt. This interpretation argues against the possibility that the
metabasalts were generated at a mid-ocean spreading centre or in an island arc
environment. However, the analyses compare well with pyroxene analyses from
a fracture zone in the north Atlantic (SHiBaTA et al., 1979, analyses 11 & 12,
Table 1, p. 181), and we suggest that the pillow lavas and metabasalts from the
TPG originated in a fracture zone in an oceanic plate.

Depositional setting

The outcrop of the TPG lies between the inferred position of a trench which
resulted from subduction of Pacific ocean floor during the late Palaeozoic — early
Mesozoic (SMELLIE & CLARKSON, 1975; Rivano & CortEs, 1976) and the corres-
ponding volcanic arc. “Blueschists”, “greenschists” and albite-epidote-hornblende-
bearing rocks found in the South Orkney and South Shetland Islands probably
belong to the pre-Jurassic subduction complex (Smeriie & Crarxson, 1975;
Suirez, 1976; DAvLzIEL, in press; HYDEN & TANNER, in prep.), but the age of most
of this complex has not been directly substantiated. The position of the arc massif
is more difficult to define: the most compelling evidence so far comes from
Marguerite Bay (Fig. 2) where gneisses thought to be part of the Gondwanian arc
give an apparent Rb-Sr isochron of 175 * 7 Ma (GuepHiLL et al., in press). Plu-
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tonic rocks of late Palaeozoic — early Mesozoic age have proved difficult to
identify by radiometric dating, but the presence of a gneissose basement older
than at least the younger part of the TPG on the eastern side of the Antarctic
Peninsula is suggested by concordant biotite and hornblende K-Ar ages of 237—
243 Ma (Rex, 1976; GLEDHILL et al,, in press).

The TPG is considerable less deformed and metamorphosed than members of
the subduction complex and the rocks retain primary features that are no longer
recognisable in the latter. SuiArez (1976) suggested that the TPG was deposited in
a fore-arc situation close to the contemporary trench; DavrzieL (in press) has infer-
red deposition in a trench or ‘mid-slope’ basin and SmerLie (1979) has refined
these suggestions and proposed a fore-arc basin setting similar to that recently
suggested for the Great Valley sequence in California by Dickinson & SEELY
(1979). We support Smellie’s proposal and draw attention to a present day
analogue seen off the west coast of South America where a series of discontinuous
fore-arc basins occur between a structural high sited on the subduction complex
and the present coastline (CouLBourn & MosERLY, 1977). The basins contain turbi-
dites and are separated by basement culminations. MansFieLD (1979) from work
on the Great Valley sequence has also stressed the discontinuous nature of sedi-
mentary sequences in fore-arc basins and the problems of correlating separate
formations over distances as small as 10 to 20 km.

The TPG appears to have been deposited in a basin whose floor consists in part
of the (?) deeply eroded arc massif. To the north the contact with rocks of the
subduction complex is seen only in the South Orkney Islands, where DavzigL et
al., (1977) have reported a metamorphic/structural transition and stratigraphic
correlation between the Greywacke-Shale Formation and the pre-Jurassic meta-
morphic complex. We infer that this contact, across which there has been consid-
erable telescoping in degree of deformation and metamorphic PT conditions, is a
zone of high strain (? thrust contact) which has evolved over a long period bet-
ween the subduction complex and the sedimentary rocks of the fore-arc basin,
and that no correlation of rock units across the zone is possible.

The Gibbs Island dunite/serpentinite complex (TyrreLy, 1945; pE Wit et al.,
1977) is a dismembered ophiolite sequence preserved on Gibbs Island (Fig. 2). It
forms a southerly dipping sheet which is separated from the underlying subduc-
tion complex by a major shear zone. The tectonic position of this slice of oceanic
crust is difficult to explain but we list three possible explanations:

a) it represents mantle intrusion in a transform fault which subsequently under-
went ocean-floor deformation and emplacement into its present position
within the fracture zone or in a trench environment (pE Wi et al., 1977).

b) it could be the only exposed portion of trapped oceanic crust underlying the
western part of the TPG basin.

¢) it may be a sliver of oceanic crust accreted into the trench pile during the
subduction process.

From the fragmentary evidence which is available we conclude that the TPG
was deposited in a fore-arc basin(s), probably of composite type with a floor partly
of sialic crust (eroded plutons and volcanic rocks; older metamorphic basement)
and partly of trapped oceanic (Pacific) crust. Evidence from the composition of
detrital garnets in the TPG suggests that the subduction complex, in which garnet-
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bearing assemblages are common, was not a significant source of sediment. Pillow
lavas within the sequence were probably formed in a transform fault or fracture
zone but their mechanism of emplacement is not known. An anomalous outcrop
of undeformed fossiliferous Triassic rocks occurs at Williams Point in the South
Shetland Islands (OrLanDo, 1968). These beds were probably deposited in a small
basin on the subduction complex in the region of a structural high (SmeLLIE, 1979).

Comparison with other sequences along the Pacific margin of Gondwana
Scotia Arc and Trinity Peninsula

Lithologic, petrographic and structural features of the three formations which
make up the TPG are similar. Other formations having similar features were
mentioned above (p. 532) and are critically discussed by Darzier & Evrrior
(1973).

New Zealand

Attention has previously been drawn to the close similarities between the pre-
Jurassic rocks, mainly Trinity Peninsula Group of the Antarctic Peninsula, and
simijlar sequences in the Madre de Dios basin of South America (DavzieL & Er-
LioT, 1971, 1973; DALzIEL, in press).

Re-examination of part of the TPG has led us to make an equally close com-
parison with another late-Palaeozoic — Mesozoic sequence found along the Paci-
fic margin — the Torlesse terrane of New Zealand.

The Torlesse terrane (Coomss et al., 1976) has the following features in com-
mon with the TPG:

I) It consists of greywacke and argillites deposited in a deep water fan. Chert,

red and green argillite and limestone are uncommon.
IT) Sparse faunal assemblages range in age from Late Carboniferous (JENkiNs &
Jenxkins, 1971) to Early Cretaceous (CampBELL & WARREN, 1965).

III) 1t is derived from an unknown mixed provenance of plutonic and sedimentary
rocks and lesser amounts of volcanic rocks; similar to TPG in mean wt. %o of
SiOg, NaO and K20 (REeED, 1957; Ervior, 1967 b; Tanner & HypEeN, unpub.
data), although the number of analyses is small.

IV) It contains coarsely vesicular meta-pillow lavas that are not accompanied by
other members of an ophiolite suite and are in some cases of alkali basalt
parentage.

V) Multiphase deformational history with steeply plunging and overturned folds
(LiLLie & GunN, 1964) and mélange zones (BraDsuaw, 1973).

VI) Low-grade metamorphism, mainly of zeolite and prehnite-pumpellyite facies.

In the reconstruction of the South Pacific by MoLNAR et al. (1975) the Torlesse
terrane is situated close to Marie Byrd Land. It is therefore not inconcievable that
rocks of the Madre de Dios basin, Trinity Peninsula Group and related formations
and the Torlesse terrane were deposited in a complex extended series of fore-arc
basins along the Pacific margin of Gondwana during late Palaeozic to Mesozoic
times.
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