[AMERICAN JOURNAL OF SCIENGE, VOL. 287, FEBRUARY, 1987, P. 127-169]

GRANITOIDS OF NORTHERN VICTORIA LAND,
ANTARCTICA: IMPLICATIONS OF CHEMICAL
AND ISOTOPIC VARIATIONS TO REGIONAL

CRUSTAL STRUCTURE AND TECTONICS

S. G. BORG*, E. STUNMP*#*, B. W. CHAPPELL*#*¥*,
M. T. McCULLOCHS, D. WYBORNS, R, .. ARMSTRONGS,
and J. R. HOLLOWAY#*#

ABSTRACT. The pre-Devonian basement of northern Victoria
Land (NYL), Antarctica, may be divided into three geological terranes
separated by north-northwest-trending high-angle faults. The Wilson
Terrane (WT) in the west is characterized by amphibolite-grade, con-
tinentally-derived metasediments of late Precambrian(?) age. The
Bowers Terrane (BT) in central NVL has been interpreted as a
Cambrian voleanie arc assemblage. The Robertson Bay Terrane
(RBT) in the east is underlain by a folded lower greenschist facies
graywacke-shale (turbidite) sequence of early Paleozoic age.

Two spatially and temporally different groups of granitoids are
present, and each displays distinet and different compositional
polarity. The Cambro-Ordovieian Granite Harbour Intrusives (GHI)
are confined to the WT and consist of various lithologies which are
exclusively I-type in the east and predominantly S-type in the west.
First order trend surface analysis of major and trace elements is
compatible with increasing involvement of peraluminous metasedi-
mentary (old continental crustal) material in production of GHI
from east to west and supports an interpretation of GHI as a plutonic
belt on the margin of the East Antarctic Craton (EAC). Nd and Sr
isotopie data corroborate involvement of old material. The Devonian
Admiralty Intrusives (AI) are found only in BT and RBT and consist
predominantly of I-type tonalites, granodiorites, and monzogranites.
Pronounced compositional polarity (major and trace elements) indi-
cate increasing involvement of old erustal material from south to
north. Regular variations of initial €x, and &g, corroborate this inter-
pretation. These data do not support a model of emplacement of Al
in their present setting on the EAC margin.

The isotopic compositions as well as the major and trace ele-
ment character of the two groups of granites indicate that a major
discontinuity in the lower crust coincides with the houndary between
WT and BT + RBT. The compositional polarity in Al may be in-
terpreted as evidence that BT and RBT are allochthonous terranes.
Details of the juxtaposing of the three terranes are not clear, but
assembly of BT + RBT with WT is inferred to have occurred after
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Admiralty plutonism and is constrained to have occurred hefore
deposition of the Beacon Supergroup in NVL (basal units are pre-
sumed to be Permian).

INTRODUCTION

This paper summarizes the results of a comprehensive regional recon-
naissance investigation of granitoids of northern Victoria Land, Antarc-
tica. The petrographic and chemical data discussed here are the result of
studies by Wyborn (1981; unpub. data), Borg, Stump, and Holloway
(1986), and Stump, Borg, and Armstrong (unpublished) which include
samples of granitoids collected from outcrops scattered over the entire
78,000 km?2 area of northern Victoria Land. In addition, new Sm-Nd and
Rb-Sr isotopic data for some of these granitoids are presented and dis-
cussed. This paper is a direct result of a Ph.D. dissertation by Borg (ms,
1984), and its goal is to synthesize the granitoid data into a coherent re-
gional picture in order to address questions relating to their origin and
tectonic setting.

Modern geologic investigations in the Transantarctic Mountains be-
gan in the late 1950’s during activities associated with the IGY. From that
time through the late 1970’s, work on the granitoids was generally re-
stricted to reconnaissance geologic mapping and petrographic descriptions.
In northern Victoria ILand, mainly under the auspices of the United
States Antarctic Research Program (USARP) and the New Zealand Ant-
arctic Research Programme (NZARP), many field parties contributed
information on the location and petrography of the granitoids. This work
was reported by Harrington and others (1964, 1967), LeCouteur and Leitch
(1964), Gair (1964, 1967), Nathan and Schulte (1968), Riddols and Han-
cox (1968), Skinner and Ricker (1968), Crowder (1968), Sturm and Carryer
(1970), and Laird, Andrews, and Kyle (1974), among others, and was
summarized by Gair and others (1969) in the first geologic map of
northern Victoria Land. Aside from this basic mapping, only a few chemi-
cal analyses and several isotopic ages had heen produced. Nevertheless, the
limited age data provided the hasis for the distinction of two groups of
granitoids in the region. These were the lower Paleozoic Granite Harbour
Intrusives of Gunn and Warren (1962) and the middle Paleozoic Ad-
miralty Intrusives of Harrington (1958), as redefined by Grindley and
Warren (1964).

In the early 1980’s, more comprehensive studies of granites were be-
gun, first under the auspices of the German Antarctic North Victoria
Land Expedition (GANOVEX I: Wyborn, 1981) and then under USARP
(Stump and others, 1982; Borg, ms, 1984; Borg, Stump, and Holloway,
1986). These studies have provided a wealth of new information on the
granitoids allowing consideration on a regional scale.

The study area, shown in figures 1 and 2, occupies the northernmost
part of the Transantarctic Mountains in the Ross Sea sector. The central
and eastern parts are the remains of a broad upland which has been severe-
ly dissected by alpine and large valley glaciers which drain north into the
southern Pacific Ocean and east and southeast into the Ross Sea. Although
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Fig. 1. Location map of the Transantarctic Mountains. Areas of granitoid outcrop
arc stippled.

this arca may have supported a more extensive ice plateau in the past,
only a small ice sheet, the Evans Névé, remains today. The western mar-
gin, which borders the Polar Plateau, has been dissected by relatively
small plateau outlet glaciers which coalesce and move north (to the south-
ern Pacific) via the Rennick Glacier or south (to the Ross Sea) via the
Campbell Glacier. The vast majority of the area is covered by ice and
snow with less than 5 percent being exposed bedrock. Outcrops exist pri-
marily as ridge lines and cliff faces, and fresh (unweathered) rock is easily
obtained.
REGIONAL GEOLOGY
Northern Victoria Land (NVL) occupies an important position with
respect to Gondwana geology, because it lies at the former juncture be-
tween southeastern Australia and the Transantarctic Mountains. Thus, a
proper understanding of the geology of this area is imperative to regional
interpretations. NVL is conveniently divided into three distinct geologic
regions or terranes (Stump and others, 1983b; Weaver, Bradshaw, and
Laird, 1984; Tessensohn, 1984) which are referred to here as the Wilson,
Bowers, and Robertson Bay Terranes. These regions are defined by dif-
ferent groups of pre-late Paleozoic metasedimentary hasement rocks and
arc shown in figure 2.
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In the west, toward the LEast Antarctic Craton (EAC), is the Wilson
Terrane (WT). This region is characterized by amphibolite grade schists,
gneisses, and minor marble. Clastic lithologies, ranging from siltstones to
conglomerates, are dominant. The rocks have been complexly deformed
during two and perhaps three folding events (Wodzicki, Bradshaw, and
Laird, 1982; Kleinschmide and Skinner, 1981). These rocks are referred
to as the Wilson Group (WG) as defined by Dow and Neall (1972, 1974)
and include the Rennick Schist of Gair (1964). The precise age of these
rocks has heen elusive but is constrained to be older than about 500 to
550 Ma (Gair and others, 1969; Adams and others, 1982). Grindley and
Warren (1964) suggested that these rocks are correlative with the Pre-
cambrian Nimrod Group, a possibly cratonic assemblage in the central
Transantarctic Mountains, but the possibility exists that they are cor-
relatives of the Beardmore Group (Ross Supergroup) of the central Trans-
antarctic Mountains {see Stump, ms and 1982, and Grindley, 1981, for
definition and description of the Beardmore Group). The question of
precise correlation remains unresolved; however, an important interpreta-
tion, which seems to be held by all parties, is that WG represents a phase
of geosynclinal sedimentation on the margin of the Antarctic Craton
during late(?) Precambrian or Farly Cambrian time.

Also present in the Morozumi Range of W'T are greenschist [acies
meta-turbidites. These rocks had been correlated with the Robertson Bay
Group of the Robertson Bay Terrane (see below) in previous studies (for
example, Gair and others, 1969; Tessensohn and others, 1981). However,
recent work has shown that there is no evidence to support this correla-
tion (Bradshaw and Laird, 1983). Indeed, the fact that Wyborn (1983)
found that chromites, possibly derived from volcanics within the Bowers
Supergroup of the Bowers Terrane, are a significant component of the
Robertson Bay Group, but are absent from the turhidites in the Moro-
zumi Range, provides further evidence against correlation. Finally, Cam-
bro-Ordovician fossils described by Wright, Ross, and Repetski (1984)
from the Robertson Bay Group indicate that it was being deposited about
the same time that the Morozumi Range turbidites were being intruded
by a Granite Harbour pluton (see below). Thus, WT metamorphic rocks
comprise a lithologic province distinct from Bowers and Robertson Bay
Terranes.

The WT experienced extensive plutonism in Cambrian to early
Ordovician time. Granitoids, along with associated migmatites and peg-
matites, were emplaced in WT during this time and are referred to as the
Granite Harbour Intrusives (GHI) (Gunn and Warren, 1962; Grindley
and Warren, 1964; Gair, 1964, 1967; Nathan and Schulte, 1968; Sturm
and Carryer, 1970; Nathan, 1971a, h; Tessensohn and others, 1981). Sys-

<« Fig. 2. Geologic sketch map of northern Victoria Land. Compiled from maps in
Gair and others (1969), Stump and others (1983h), Borg (ms, 1984), Borg, Stump, and
Holloway (1986), Kleinschmidt, Roland, and Schubert (1984), Tessensohn (1984), and
Weaver, Bradshaw, and Laird (1984). Inset map shows the relationship of the Wilson
Terranc (WT), Bowers Terrane (BT), and Robertson Bay Terrane (RBT).
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tematic descriptions are given by Borg (ms, 1981), Borg, Stump, and
Holloway (1986), and Wyborn (1981). Rock types include metalumin-
ous, often hornblende-bearing, tonalites and granodiorites as well as per-
aluminous, 2-mica = garnet-bearing, granodiorites and granites (rock
nomenclature follows Streckheisen, 1976). Borg (ms, 1984) and Borg,
Stump, and Holloway (1986) summarized isotopic data and concluded
that the hest maximum estimate for the age of magma generation of GHI
is =550 Ma. Furthermore, they conclude that emplacement and final cool-
ing occurred by =500 to ~480 Ma. These are part of a belt of Cambro-
Ordovician granitoids which intrude Ross Supergroup (and older rocks)
throughout the Transantarctic Mountains. The magmatism occurred as
syn- to post-tectonic intrusions associated with the Ross Orogeny (Faure
and others, 1979; Adams, Gabites, and Grindley, 1982; Borg, ms, 1980;
1983; Grindley, 1981; Tessensohn, 1981). K-Ar systems in the WG were
reset during this time (Adams and others, 1982).

The Bowers Terrane (BT) is a northwest-trending, fault-bounded
region in the central part of NVL. The Bowers Supergroup (BSG), ex-
posed in this terrane, contains a variety of lithologies divided into three
groups, a lower volcanic and volcaniclastic unit, a middle unit of Middle
to Late Cammbrian marine sediments, and an upper unit of clastic fluvial
sediments, mainly quartzite and conglomerate (Laird, Cooper, and Jago,
1977; Laird and others, 1972; Laird, Bradshaw, and Wodzicki, 1982; Laird
and Bradshaw, 1983; Laird, 1981; Cooper and others, 1976, 1983). Recent
syntheses of fossil data and stratigraphic relations by Cooper and others
(1983) and Mortimer, Schmidt-Thome, and Tessensohn (1984) indicate
deposition of the latter group of rocks during Late Cambrian to Early
Ordovician time. 'The BSG has been isoclinally folded about northwest-
trending axes (approximately parallel to the elongation of the terrane).
This terrane has been interpreted as representing a Cambrian island arc
complex (Weaver, Bradshaw, and Laird, 1984), but its relationship to the
other rock groups (and terranes) in NVIL. has heen somewhat speculative.

Robertson Bay Terrane (RBT) is defined by the presence of an ex-
tensive graywacke-shale sequence known as the Robertson Bay Group
(RBG), which crops out in the eastern part of NVL (Rastall and Priestly,
1921; Harrington and others, 1964; LeCouteur and Leitch, 1964). These
rocks have been interpreted as rurbidites deposited in a marine {an com-
plex (Crowder, 1968; Wright, 1981; Field and Findlay, 1983), and studies
ol chromites by Wyborn (1981) suggest these rocks may have developed in
assoctation with the Bowers Supergroup. Recent fossil discoveries indicate
a latest Cambrian or earliest Ordovician time of deposition for at least
part of this sequence (Wright, Ross, and Repetski, 1984; Burretr and
Findlay, 1984). These rocks have been tightly folded about northwest-
trending axes (Crowder, 1968; Bradshaw, Laird, and Wodzicki, 1982;
Findlay and Field, 1983). There are no known correlatives of RBG farther
south in the Transantarctic Mountains. Wade and Couch (1982) and
Bradshaw, Andrews, and Field (1983) considered correlation with the
Swanson Formation of Marie Byrd Land, but they concluded that, while
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there are many similarities between the units and they may both be por-
tions of a continuous geologic province, precise correlation is unwarranted,
Based on K-Ar geochronology, Adams and others (1982) inferred that
metamorphism and folding(?) of RBG occurred between 400 and 500 Ma.

In addition to distinct lithologies in the terranes, some structural
dilferences exist as well. While WT shows evidence of complex, multiple
deformation and high-grade (amphibolite) metamorphism (Kleinschmidt
and Skinner, 1981), BT and RBT regionally show only lower greenschist
facies metamorphism and relatively simple folding (Bradshaw, Laird, and
Wodzicki, 1982; Laird and Bradshaw, 1983; Findlay and Field, 1983).

All three terranes contain evidence for mid- to late-Paleozoic mag-
matism (Grindley and Oliver, 1988). Within BT and RBT, a group of
mid-Paleozoic, granitoid plutons called Admiralty Intrusives (Al) intrude
the metamorphic rocks of BSG and RBG (Harrington, 1958; Grindley and
Warren, 1964; LeCouteur and Leitch, 1964; Gair and others, 1969; Tes-
sensohn and others, 1981; and many others). Field relations suggest that
the granitoids were emplaced as strongly discordant, epizonal plutons
(Borg, ms, 1984). Furthermore, they appear to be presently exposed at a
similar structural level throughout the region. Recent work on Al (Wy-
born, 1981; Borg, ms, 1984; Borg, Stump, and Holloway, 1986) shows
this group to consist of a rather restricted variety of rock types including
metaluminous (often hornblende-bearing) tonalites, granodiorites, and
monzogranites, with only four samples mildly peraluminous (CIPW
normative corundum = 1-1.2 wt. percent). Borg (ms, 1984) and Borg,
Stump, and Holloway (1986) have summarized radiometric data and
conclude that emplacement and cooling of Al probably occurred between
~390 and ~360 Ma, with granitoid generation ages slightly older. For
present purposes, an age of 400 Ma is taken as the best estimate of the
time of magma generation of AL

Some authors believe that AI are also found in WT (Stump and
others, 1983h; Tessensohn, 1984; Weaver, Bradshaw, and Laird, 1984;
Bradshaw, Weaver, and Laird, 1985), but there is no evidence that re-
quires this view. The most recent arguments favoring AI in WT have
been reviewed by Tessensohn (1984) and pertain to exposures of granite
in three areas: southern Salamander Range, Mt. Camelot in the Alamein
Range, and Mt. Supernal (fig. 2). Because of the important ramifications
of whether or not Al occur in WT, a careful review of relevant data is
warranted. The Salamander Granite Complex (Borg, Stump and Hollo-
way, 1986; formerly the Salamander Granodiorite of Laird, Andrews
and Kyle, 1974) is a hypabyssal granite pluton of Carboniferous age exposed
in the southern Salamander Range, near the WT-BT boundary. Tessen-
sohn (1984) infers that it is emplaced into both terranes, crosscutting the
fault boundary. Two points are important with regard to this interpreta-
tion. First, no contacts with country rock are exposed, and so there is no
hard evidence for the geologic setting of this pluton. However, the pres-
ence of a Ferrar sill in the granite suggests an aflinity with WT. Second,
this granitoid is considered to be distinct from AI on the basis of petro-
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graphic and chemical characteristics as well as being somewhat younger
(Borg, Stump and Holloway, 1986), and so its geologic setting is prob-
ably irrelevant to a regional discussion of Al Clearly, the geologic setting
of the Salamander Granite Complex is important to the regional evolu-
tion of NVL, as discussed later, but it is not evidence that Al are terrane
“stitching” granites. The granitoid at Mt. Camelot has been inferred to
be of Admiralty age on the basis of one K-Ar biotite date reported by Dow
and Neall (1974). However, the granitoids in this area have subsequently
yielded Rb-Sr mineral isochrons and a 3-point whole-rock isochron con-
sistent with a Granite Harbour age (Borg, ms, 1984; Slump, Borg, and
Armstrong, unpublished). Also, the K-Ar dated sample is from an out-
crop not far from an exposed Jurassic Ferrar sill, and the base of the sill
projects to a position about 20 m above the sample location. Thus, the
K-Ar date would appear to be a product of partial Ar loss during the
Jurassic. The granodiorite at Mt. Supernal lies near the WT-BT boundary
(compare fig. 2 with the geologic map in Tessensohn, 1984), and Tessen-
sohn (1984) infers that it resides at least partly within WG rocks, because
the terrane boundary trends toward the pluton. However, at its southwest
margin, where WG rocks should occur if Tessensohn (1984) is correct, it
intrudes lower greenschist facies metavolcanics of mafic to intermediate
composition (Borg, ms, 1984). These volcanics may be part of the BSG, or
they may be correlative with similar volcanics at Lawrence Peaks and Mt.
Black Prince. Based on interpretations made by Findlay and Jordan
(1984), the former correlation is preferred. The important point, however,
is that the metavolcanic lithologies intruded by the Supernal Granodiorite
are not known from WG, and so there is no geologic basis for placing this
granitoid in WT'. The fact that the WT-BT boundary to the south of Mt.
Supernal trends in a very general way toward this granitoid is insufficient
evidence on which to claim that the pluton is in WT. In summary, then,
we conclude that Al are a feature unique to BT and RBT.

Mid- to late-Paleozoic volcanism in BT is represented by andesite,
rhyolite, and pyroclastics of the Lawrence Peak Volcanics (Grindley and
Oliver, 1983) and in RBT by basaltic-andesites, andesites, and dacites of
the Black Prince Volcanics (Borg, unpub. data; Grindley and Oliver, 1983;
Findlay and Field, 1982). Findlay and Jordan (1984) have described these
rocks as being similar to Andean volcanics and have interpreted fossils
and K-Ar data as indicative of a latest Devonian to Carboniferous age.

In WT, Carboniferous magmatic activity is represented by the Galli-
poli Rhyolites, which rest unconformably on Granite Harbour granitoids
(Stump and others, 1982; Grindley and Oliver, 1983), and by the Sala-
mander Granite Complex (SGC). The Gallipoli Rhyolites are composed
primarily of silicic, ash-flow tuffs with a minor, intermediate composition
component. The SGC represents hypabyssal magmatism, perhaps related
to volcanism, but it cannot be co-magmatic with the Gallipoli Rhyolites
specifically as had been suggested by Laird, Andrews, and Kyle (1974),
because the Rb aird Sr values of the Gallipoli Rhyolites do not lie on or
near the Rb-Sr [ractionation trend observed in the SGC (Borg, ms, 1984;
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Borg, Stump, and Holloway, 1986). Thus, these two units represent
distinct occurrences of Carboniferous magmatism in WT.

Relationships between the three groups of volcanics and the SGC are
largely speculative. Despite the similar (but ill-defined) time frame occu-
pied by these rock groups, there is no requirement that any or all are
genetically related or part of a continuous magmatic province. The two
main groups of Paleozoic plutonic rocks are the subject of this paper;
however, the nature and geologic setting of the volcanics, as well as the
tectonic setting of the SGC, remain important aspects of the geology of
NVL which warrant further research.

A period of erosion during the late Paleozoic produced the sub-
Beacon peneplain which is extensively exposed in WT but is not widely
known from BT or RBT. During Permian and Triassic time, glaciogenic,
fluvial, and lacustrine sediments of the Beacon Supergroup were deposited
(Barrett, Grindley, and Webb, 1972). These rocks are found throughout
W, but they are not found in RBT. Beacon rocks have, however, been
described as depositionally overlying the BSG at one locality on the west-
ern side of the Leitch Massif (fig. 25 71°55’S, 164°30°E) (T'essensohn and
others, 1981).

Basaltic sills and flows of the Ferrar Group were emplaced during the
Jurassic (Hamilton, 1965). These rocks are widespread in WT but have
not been clearly identified in either BT or RBT.

Late Cenozoic alkaline volcanics (primarily phonolitic lavas and
breccias) of the Hallett Volcanic province are exposed in a belt that runs
along the eastern coast and bends into the southeastern portion of NVL,
crossing the three older terranes (Hamilton, 1972; Armstrong, 1978). Re-
cently, a 9 Ma hypabyssal alkali-granite pluton was discovered in the vol-
canic province at the mouth of the Meander Glacier (Stump and others,
1983a; Borg, Stump, and Holloway, 1986).

Although the existence and general character of the three Precam-
brian(?) to Paleozoic basement groups have been known since the 1960’s
(I.eCouteur and Leitch, 1964; Gair, 1964; Crowder, 1968; Riddols and
Hancox, 1968; Nathan and Skinner, 1971), it was not until the 1981-82
austral summer that these groups were found to occupy three spatially
distinct terranes separated by fault boundaries (Stump and others, 1983b).
The terrane boundaries shown in figure 2 are the same as shown by Stump
and others (1983b) and Weaver, Bradshaw, and Laird (1984), except that
the southwestern boundary of BT (south of the Evans Névé) has been
shifted =10 km to the west. This placement is based on new data for the
granitoids (presented here), which constrain the boundary to pass east of
Mt. Murchison and west of Mt. Supernal, as well as on new mapping in
the area done during GANOVEX I11 (Tessensohn, 1984; Kleinschmidt,
Roland, and Schubert, 1984). Though the position of this boundary is
still subject to some interpretation, it is gratifying to note that the recent
GANOVEX 1II field work located it in outcrop very close to the position
inferred by Borg (ms, 1984) in an earlier phase of this study.
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Previously, these geologic terranes had been interpreted as the products
of two successive orogenic belts which developed along, and were accreted
to, the EAC (Hamilton, 1964, 1967; Oliver, 1964; Craddock, 1972; Stump,
1978; Elliot, 1975; Laird, 1981; Laird and Bradshaw, 1982). The WG was
thought to represent a continuation of the Ross Orogen (from the Trans-
antarctic Mountains to the south), with folding and emplacement of the
GHI during the early Paleozoic Ross Orogeny. The BSG and the RBG
were believed to represent sedimentation somewhat younger than WG,
but it was assumed that these rocks were folded during the Ross Orogeny
(Laird and others, 1972; Craddock, 1972; Elliot, 1975). A second orogenic
belt, termed the Borschgrevink Orogen, was defined by the presence of Al
and two mid-Paleozoic K-Ar ages on metasediments of RBG (Craddock,
1972). Later, Adams and others (1982) interpreted mid-Paleozoic K-Ar ages
for rocks of BSG as further evidence of thermal metamorphism during the
Borschgrevink Orogeny. Because BSG and RBG were assumed to be part
of the Ross Orogen, the amount of deformation associated wtili the
Borschgrevink Orogeny was unclear {Craddock, 1972).

Subsequently, several workers have speculated on the origin of these
terranes and the nature of their faulted boundaries. These speculations
range from a model in which the boundary faults have merely juxtaposed
different crustal levels of a continuous terrane (Tessensohn and others,
1981) to more complex models of allochthonous terranes juxtaposed by
major transform faults (Bradshaw, Weaver, and Laird, 1985; Weaver,
Bradshaw, and Laird, 1984; Burrett and Findlay, 1984). Also, the results
of recent work on the Leap Year Fault, between BT and RBT, and on
the Lanterman Fault, between WT and BT, suggest they may be major
thrust systems (Wright and Findlay, 1984; Kleinschmidt, 1985; Tessen-
sohn, 1985; Wright, 1985) on which the terranes have been assembled
(Gibson and Wright, 1985). The concept of allochthonous terranes has
particular appeal because of the complete distinction between meta-
morphic rocks of the three terranes which has been emphasized in recent
reviews of the regional geology (Stump and others, 1983h; Laird and
Bradshaw, 1983).

Despite the considerable effort made to address the regional tectonic
problem, the topic has remained highly speculative, because many argu-
ments have been based on inconclusive data such as gross lithologic simi-
larities or dissimilarities, structural style, and metamorphic grade. The
paucity of fossil evidence that bears on the problem and the poor ex-
posure of critical areas allow considerable poetic license in models put
forward. The diversity of tectonic models in even the most recent papers
attests to the continuing controversy. This situation has arisen because
logistic difficulties in Antarctica severely limit classical geologic techniques.
In these circumstances a regional sampling program to address tectonic
problems using chemical and isotopic data may be a fruitful alternative
approach.
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PALEOZOIC GRANITIC ROCKS OF NORTHERN VICTORIA LAND

Introduction—Geologists have long recognized the existence of dif-
ferent types of granitoids and have expended much effort in attempts to
categorize them and to explain their origin. Considering that granitoids
occupy a significant portion of the Earth’s crust, and that they must be
representative of substantial volumes of material in the deeper crust, these
efforts are well justified. Despite the attention over many years, however,
some aspects of the origin of granitoids have remained controversial. With
the advent of modern plate tectonic theory, many granite petrologists be-
gan to study granitoids in relation to their tectonic setting. Regional
studies of granitoid rocks in the past two decades are numerous (Bateman
and Dodge, 1970; Presnall and Bateman, 1973; Kistler and Peterman,
1978, 1978; Chappell and White, 1974; Ishihara, 1977; Strong and Dick-
son, 1978; Pitcher, 1979, 1982; White, 1979; Atherton and Tarney, 1979;
Wones, 1980; DePaolo, 1980; Barker, 1981, and other papers in Granites
and Rhyolites, Jour. Geophys. Research, v. 86, B11; Farmer and DePaolo,
1983; Roddick, 1983; to name a few). It is abundantly evident from these
studies that granitic rocks may form in a variety of ways from a variety
of materials. However, a pervading theme is that granites compositionally
reflect their source materials and that granite types can be correlated, to
a certain degree, with tectonic setting. Broad associations of granitic rocks
with tectonic setting have been recognized for some time. For example,
the calc-alkaline, tonalite-quartz-diorite—granodiorite—-monzogranite series
and the peraluminous, 2-mica, granites are associated, respectively, with
the ocean side and continent side of continental margin mobile belts
(Kistler and Peterman, 1973, 1978; Miller and Bradfish, 1980; Kistler,
Ghent, and O’Neil, 1981; Pitcher, 1982; Farmer and DePaolo, 1983),
whereas peralkaline granites, often rich in fluorine, have been associated
with intracratonic, anorogenic, or perhaps continental rifting environ-
ments (Loiselle and Wones, 1979).

The geographic distribution of granitoid types is important to re-
gional geologic interpretations. In terms of the I- and S-type classification
of granitoids of Chappell and White (1974), several authors have noted
that l-type granitoids are found on the ocean side and S-types are found
on the continent side of continental margin mobile belts (White, Williams,
and Chappell, 1976; Pitcher, 1982; White and Chappell, 1983). Further-
more, studies of Mesozoic and younger calc-alkaline (dominantly I-type)
granitic batholiths (Sierra Nevada, western United States and western
Mexico; Moore, 1959; Bateman and Dodge, 1970; Baird, Baird, and Wel-
day, 1974; DePaolo, 1981a; Farmer and DePaolo, 1983; Bateman, 1983;
Gastil, 1983; Baird and Miesch, 1984; Andes and Antarctic Peninsula;
Atherton and others, 1979; Saunders, Tarney, and Weaver, 1980; Stern
and Stroup, 1982) have demonstrated that major and trace elements, as
well as isotopic compositions, vary in a fairly regular way from the ocean
side to the continent side and have proved valuable in unravelling the
tectonic evolution of some regions (Silver, Early, and Anderson, 1975;
Reed, Miesch, and Lanphere, 1983). Among the most significant of these
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variations are the continentward increase in K,O (and K,O at fixed SiO,),
initial **Sr/~58r, 9130, and decrease in initial **Nd/*¢Nd. Other, less con-
sistent parameters include continentward decrease in specific gravity, CaO,
MgO, total Fe, ALO,, TiO,, and Na,O, and increase in SiO, (Bateman
and Dodge, 1970; Baird, Baird, and Welday, 1974).

The cause of these variations in granitic batholiths is somewhat con-
troversial. "They are rather similar to chemical variation in subduction
related volcanic arcs (Dickinson, 1975; Condie, 1976), but there is no un-
equivocal basis for suggesting they are due directly to the same processes.
Rather, variations in plutonic rocks correlate better with crustal thickness
and with variations in country rock compositions than with depth to
seismic zones as postulated from subduction related volcanic arcs (Kistler
and Peterman, 1973, 1978; Condie, 1976). Several papers including Chap-
pell and White (1974), White (1979), White, Williams, and Chappell
(1977), Compston and Chappell (1979), and White and Chappell (1977)
have postulated that regional variations are due largely to regional dif-
ferences in crustal lithologies which became involved in partial melting.
They require no direct association with subduction related magmatism
and argue against involvement of mantle derived magmas (McCulloch
and Chappell, 1982). On the other hand, DePaolo and Wasserburg (1976,
1979), DePaolo (1981c¢), and Farmer and DePaolo (1983) argue that regular
chemical and isotopic variations in continental margin granitoids (specifi-
cally, the Sierra Nevada and southern California batholiths and the north-
ern Great Basin granites) are due to different degrees of mixing of mantle
derived magmas with various crustal components. They suggest that these
mantle derived magmas may be related to subduction processes. To the
east of these marginal batholiths, in the central Great Basin, Farmer and
DePaolo (1983) have emphasized the importance of nearly coincident dis-
continuities in the regional geology and the regional variation of initial
Sr and Nd isotopic compositions of the granitoids. They interpret this as
marking the western boundary of Precambrian craton and note that regu-
Lar variations in chemistry and isotopic compositions do not occur east
(on the craton side) of this boundary.

It is quite evident from the preceding discussion that many problems
remain to be addressed belore the origin of continental margin batholiths
is fully understood. Nevertheless, the chemical and isotopic variations are
an extremely important observation regardless of specific processes in-
volved in producing them. The salient point to be realized is that there is
a real chemical asymmetry associated with continental margin granitoids
and that the variations can, quite logically, be viewed as reflecting greater
involvement ol old crustal, metasedimentary (chemically weathered) ma-
terial in the granitoids from the margin inboard toward the continent.
This point is particularly important to this study, which is aimed at re-
gional tectonic problems.

Isolopic results—Data representation (eyq and €g,. notation) follows
that of DePaolo (1981a) and Farmer and DePaolo (1983). Low €. values
(near zero) are indicative of mantle derivation, whereas higher es, values are
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found in magmas derived from old crustal materials. For exq, values of
about + 8 during the early to middle Paleozoic indicate mantle deriva-
tion (Nelson and DePaolo, 1984), whereas lesser values indicate increasing
involvement of isotopically evolved (old, crustal) material.

Isotopic data collected on the GHI for this study are summarized in
table 1. Initial Nd and Sr isotopic compositions have been calculated for
these samples by using an assumed granite generation age of 550 Ma. The
initial $°Sr/#Sr ratios range from 0.7091 to 0.7148, and the **Nd/*Nd
ratios range from 0.51083 to 0.51068, indicating that the origin of these
granitoids has substantially involved old crustal material. In figure 3,
these values have been put into e-notation.

In figure 3A (exq versus time), the GHI fall within an envelope of
Nd-evolution for continental crust which was generated at ~1.8 Ga. The
peraluminous or S-type granitoids certainly represent crustal melts, and
so their initial Nd compositions reflect the Nd composition of the con-
tinental crustal material underlying the WT at 550 Ma. Thus, the lower-
to mid-crustal material in the WT is not older than ~1.8 to 2.0 Ga and
appears to be similar in age to the crustal material that produced S-type
granites of the Lachlan Fold Belt of southeastern Australia. Another im-
portant feature displayed in figure 3B, is that the array of five data points
extends to the right in eyy versus €s, space with moderate to high initial
€5, values and with no initial exq values <-9. Thus, there is no indication
of involvement of old Rb-depleted lower crustal material similar to the
North American Craton (Farmer and DePaolo, 1983, fig. 7) or of Archean
material (exg<-25). An important implication of this is that the conti-
nental areas from which WG sediments were derived (presumably the
EAC) have an average age of ~1.8 to 2.0 Ga. Thus, one may infer that
the EAC adjacent to NVL is Proterozoic with little or no Archean ma-
terial.

Both Rb-Sr and Sm-Nd isotopic measurements were made on seven
whole-rock samples of Al granitoids (table 2). Initial isotopic compositions
have been calculated using an assumed age of 400 Ma. Initial ratios range
from =~0.7051 to =~0.7169 for 87Sr/%¢Sr and from ~0.51128 to ~0.51096 for
13N/ Nd. These compositions indicate substantial contribution of old
crustal material to some of the granitoids and less contribution to others.

In figure 3A, the data form an array that lies above “typical” con-
tinental crustal compositions and extends toward compositions expected
from a depleted mantle source. This array is similar to arrays of Phanero-
zoic, metaluminous, continental margin batholithic rocks exposed else-
where in the world (Liew and McCulloch, 1985, fig. 11) indicating that
Al has an origin similar to other continental margin granitoids. The array
of data for metaluminous (I-type) granitoids of the Lachlan Fold Belt
reported by McCulloch and Chappell (1982) has been included on figure
3A for comparison. The low end of the array of Al approaches the Nd-
evolution envelope of =~1.8 Ga crustal material. Because there are no
strongly peraluminous (S-type) compositions that would indicate deriva-
tion solely from old continental crustal rocks, it is possible that a mantle



TaBLE 1

Sm-Nd and RDb-Sr isotopic data*: Granite Harbour Intrusives

)

Locality Sample Age** Sm Nd  WISm/14Nd  143Nd/ANd MINGIANG g, 23 Sr B7Ro/ESr  BISrBESr  BTS8Sr .,
- ppmo-- - ppm--

Aviator ELR 490 6.8 36.6 0.1127 0.511144 £ 20 0.51074 135.6 2748 1.4271 0.72338 t 9 0©.7122

Glacier

Mount EOG 527 8.0 35.5 0.135§ 0511318 + 21 0.51083 93.9 254.4 1.0672 0.71747 £ 6 0.7091%

Murchison

Alamein ETC 535 6.1 32.0 0.1153 0.511125 + 30 0.5107% 136.5 2421 1.6306 0.72315 £ 5 0.7104

Range

Daniels ANG25 510 5.81 28.31 0.1242 0.511152 £ 24 0.51070 176.2 136.2 3.7481 0.74417 £+ 9 0.7140

Range

Daniels ANG27 510 9.94 51.37 0.1171 0.511107 £ 22 0.51068 2131 185.0 3.3346 0.73569 x 7 0.7055

Range

* [sotopic measurements were made at the Research School of Earth Scicnces, the Australian National University,
Canberra. Uncertainties are 2-sigma errors. Analytical procedures for isotopic measurements as well as ratios used to nor-

malize the data are found in McCulloch and Chappell (1982).

*% Age estimates: Ages of ELR and EOG are estimates of the cooling age of these rocks as represented by Rb-Sr min-
eral isochrones based on biotite and whole-rock pairs (Borg, ms, 1984: Stump, Borg, and Armstrong, unpublished). The age
of ETC is an estimate of the cocling age based on a three poaint whole-rock Rb-Sr isochron using this sample and two
others from the Alamein Range (Borg, ms, 1984; Stump, Borg, and Armstrong, unpublished). The age of samples ANG25
and ANG27 is based on a Rb-Sr whole-rock isochron age estimate for granitoids of the southern Daniels Range reported

by Keuzer and others (1981).
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TasLe 2
Sm-Nd and Rb-Sr isotopic data*; Admiralty Intrusives

L

-~

Locality Sample Age** Sm Nd WISM/IND TON/TING TONGIING, Ro Sr 87Rb/96Sr  87Sr/885r  B75./285r oy, §
== ppm .- - ppm .- 3

=

lower 2
Tucker ANG3 ~380 8.28 31.78 0.1575 0511611 + 14 0.511188 138.0 197.8 2.032 071818 1 6 0.7065 .
Glacier 3
Yule ANG10 ~383 8,17 39.81 0.1241 0511432 £+ 20 0.511107 196.0 136.8 4.1472 0.73873 =7 0.71514 =
Bay N
=

Yule ANG11 ~383 5.44 27.49 0.1196 0.511344 + 10 0.511031 188.4 131.8 4.1394 0.73607 +8 0©.7125 o’
Bay >
o

Yule ANG14 ~383 7.67 40.27 0.1153 0.511258 + 24 0.510856 256.2 127.9 5.8091 0.74395 £ 8 0.7163 =
Bay RS
Q

Mount  EMN 380 4.3 216 0.1207 0.511395 21 0.511079 91 240.2 1.0862 0.71520 £ 9 0©.7080 3
Adams =
=

=

Mount  ENS 385 3.2 171 0.1128 0511519 £ 18 0.511224 85.8 256.0 0.9679 071123 £+ 8 0.7057 =~
Burril =
&

Mount  FAS 364 4.3 21.7 0.1200 0.511593 + 14 0511279 117.6 181.8 1.8694 0.71604 £+ 8 0.7054 Pl
Supernal S
o

- e

* Isotopic measurements were made at the Rescarch School of Earth Sciences, the Australian National University, Y
Canberra. Uncertainties ave 2-sigma errorvs. Analytical procedures for istopic measurements as well as ratios used to nor- N
malize the data ave found in McCulloch and Chappell (1982). 2
 Age estimates: Ages of ENS and FAS are estimates of the cooling age of these rocks as represented by Rb-Sromin- N
crul isochrons based on biotite and whole-rock pairs (Borg, ms, 1984; Stump, Borg, and Avmstrong, unpublished). The =
age of EMN is an estimate of the cooling age based on a Rb-Sr mineral isochron using whole-rock, quariz + plag, K-feld- g
L5

spar, and biotite (Borg, ms, 1984; Stump, Borg, and Armstrong. unpublished). The age of smnples ANGI10, ANGIL, and
ANGT4 ave based on a whole-rock Rb-Sr isachron age of the Yule Batholith reported by Kreuzer and others, 1981y, The
age of samples ANGH is hased on its proximity to EMN.

§7!
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Fig. 3.

Diagrams of initial ey versus time and exy versus es;
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A. Initial exq is plotted against time in this Nd-evolution diagram. For reference,
an envelope enclosing compositions of = 1.8 Ga crustal material is shown which was
taken from DePaolo (1981b), and an envelope of compositions representing a depleting
mantle has been sketched using data from Nelson and DePaolo (1984). Fields for south-
eastern Australian granitoids are taken from McCulloch and Chappell (1982).

The Granite Harbour Intrusives fall within the envelope of ~ 1.8 Ga crustal ma-
terial and, because two of these samples are strongly peraluminous rocks representing
wholely crustal melts, it is unlikely that material older than 1.8 to 2.0 Ga was involved.
The Admiralty Intrusives lie in an array above the = 1.8 Ga crustal envelope, extend-
ing toward the depleted mantle envelope. Because there are no peraluminous samples,
the Nd composition of the crustal material involved in the Admiralty Intrusives cannot
be clearly constrained. It is possible that ~ 1.8 Ga or older materials were involved.

compounent is involved in these granites. Thus, it is possible that crustal
material of at least this age, and perhaps older, was involved in produc-
tion of Al. At present, therefore, we cannot rule out the possibility that
the crustal material involved in production of the two groups of grani-
toids in NVL may have a similar age ol =~1.8 to =2.0 Ga.

Despite the possible similarity in age ol crustal materials involved in
genesis of AT and GHI, a comparison ol hoth Nd and Sr isotopic composi-
tions indicates that the crustal sources were distinct. As is evident on
figure 3B, a plot of initial exy versus €g,, Al forms a curved array with the
more crust-like values to the right and the least crust-like values to the
upper left. Samples with the least crust-like signature fall in the field of
southeast Australian I-types, and samples with more crust-like signature
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Fig. 3 (coutinued)
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B. Initial exq versus ey, for the Granite Harbour Intrusives and the Admiralty In-
trusives. Ficlds for island arcs and Cambrian magmatic arcs are from Farmer and De-
Paolo (1983), and fields for southeastern Australian granitoids are from McCulloch and
Chappell (1982).

Values for the Granite Harbour Intrusives indicate significant involvement of old
crustal material to all granitoids. These samples form an array that extends to high
es: while leveling out at exq of —8 to —9, similar 1o ficlds of southeastern Australian
S-types.

The Admiralty Intrusives form a curved array which extends to high ez, with exy
significantly higher than the arrays for the Granite Harbour Intrusives or the south-
castern Australian S-types. In view of the fact that all the Admiralty Intrusives are
metaluminous granitoids, this array indicates that the crustal source materials of the
Admiralty Intrusives are different from the crustal rocks involved in the Granite Har-
bour Intrusives or the southeastern Australian granitoids. See text for further discussion.

define an array to the right which is significantly above the fields for GHI
and the southecastern Australian S-types. Curved, convex-up arrays such
as this are typical of continental margin batholithic rocks and have been
interpreted by DePaolo and Wasserburg (1979), DePaolo (198la), and
Farmer and DePaolo (1983) to be the product of mixing via fractional
crystallization and assimilation between a depleted mantle component and
a Rb-emriched crustal component. Alternatively, this covariance of initial
€xq and €, may be interpreted as evidence of an isotopically variable
source region (McCulloch and Chappell, 1982). Whatever the reason, how-
ever, at high €, values the arrays [latten out at an ey, composition reflect-
ing the age of the local continental crustal materials. With this in mind,
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the arrays of data for AI and GHI are seen to be significantly different in
the following way. The crustal source involved in GHI must have exy=~-9
at 550 Ma. These materials would evolve to ex,~-10 to -11 by 400 Ma.
However, the array of Al appears to [latten out at high es, and may not
g0 below exg=~-8 at 400 Ma. Furthermore, the materials melted to form
the GHI produced strongly peraluminous granites with initial €g,<+100
whereas the materials from which AT were formed did not produce strong-
ly peraluminous granitoids even though they had ex,—+155 at 400 Ma.
Thus, although the source materials of GHI appear to be similar to the
source materials of the Lachlan Fold Belt granitoids of southeast Austra-
lia, they are clearly distinct from the source materials involved in the
origin of Al

COMPOSITIONAL POLARITY OF THE GRANITE HARBOUR INTRUSIVES
AND THE ADMIRALTY INTRUSIVES

General —With respect to regional geologic problems, an important
finding of this study is that significant compositional variation with geo-
graphic position exists within each of the major groups of Paleozoic grani-
toids. Regional variation ol chemical parameters has been examined
using trend-surface calculations following the approach of Baird, Baird,
and Welday (1974) and Reed, Miesch, and Lanphere (1983). First-order
trend surfaces have been calculated by the least squares method which is
particularly useful because compositional variation can be quantified and
the direction of maximum increase or decrease can he estimated without
making assumptions about the orientation of an ancient continental mar-
gin as was commonly done in earlier studies (Bateman and Dodge, 1970;
Kistler and Peterman, 1973).

Granite Harbour Intrusives—In terms of mineralogical and major
element criteria of the I- and S-type classification of Chappell and White
(1974) and White and Chappell (1977), the castern and northeastern mazr-
gin of WT' contains exclusively I-types, whereas S-types are the dominant
granitoid in the southern and western portion (fig. 4). Following argu-
ments of White and Chappell (1977), White (1979), and Pitcher (1982),
this spatial association can be interpreted as a reflection of difterent crustal
source rocks. Specifically, a predominantly mafic dioritic lower crust is
inferred beneath I-types in the north and east, and a metasedimentary
crustal source is inferred in the west and south. This transition from I-
types to dominantly S-types is clearly important and may be an expression
ol the early Paleozoic edge of the Antarctic continent.

Trend surfaces were calculated for major elements, five trace ele-
ments, and a few elemental ratios and sums. Chemical data of GHI used
for these calculations are from Wyborn (unpub. data, 8 rock analyses),
Borg (ms, 1984), and Borg, Stump, and Holloway (1986). While wanting
to maximize the number of samples included in this analysis, it is unde-
sirable to have an extremely uneven sample distribution. Because of the
high sample density in the Monte Cassino region, five representative sam-
ples were chosen from the twelve available to avoid prejudicing the cal-
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Fig. 4. Distribution of I-type and S-type Granite Harbour Intrusives. These early
Paleozoic granitoids are only found within the Wilson Terrane (WT). I-types exclusively
are found along the east-northeastern margin of the WT. S-types dominate to the south
and west. The dash-dot line is the eastern limit of known S-types. Characterization as
I-type or S-type is based on both chemical and mineralogical criteria.

culations. Thus, the 62 rock analyses used in these calculations represent
the largest possible set with the most even (random) distribution possible.
It should be noted, however, that trend-surfaces calculated using all 69
available analyses of GHI do not differ in any meaningful way from the
results reported here.

The results of these calculations are presented in table 3 and shown
graphically in figure 5. This analysis indicates that, in NVL, GHI vary
significantly in composition with geographic position. The statistics relating
to the significance or strength and to the magnitude of the trends indicate
a comparable or stronger correlation of chemistry with geographic posi-
tion for GHI than reported for the Sierra Nevada (Baird, Baird, and
Welday, 1974) or for plutonics in the Aleutian Range, Alaska (Reed,
Miesch, and Lanphere, 1983). The chemical variation is fairly regular and
indicates a pronounced compositional polarity which fits well with the
distribution of I- and S-type granitoids. The arrows on figure 5 indicate
the direction of maximum increase (+ slope) of the chemical parameter
in question. Arrows are also annotated with the rate of change (slope) of
the trend-surface and the percentage ot the total variation explained by
the first-order model.

As is evident from figure 5A, the slope directions for all parameters
considered are remarkably similar. The slope azimuths (irrespective of +
or — slope) range from N45E to N74E (relative to grid directions where
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TABLE 3

Summary of trend surlace calculations for the
Granite Harbour Intrusives*

Chemical Significance Percent of variance Grid azimuth Slope
Parameter level of the explained by the of maximum

linear mode) mode! increase
S0, 99.99 30.25 238° 5.66 Wt%/100km
TiO, 99.74 18.31 680° 0.23 wt%/100km
AlLO, 98.22 15.17 56° 1.27  wi%/100km
Fe,0, 98.99 30.19 63° 2.25 wt%/100km
MO 99.97 24.47 61° 0.03 wt%/100km
MgO 89.99 26.68 57° 1.53  wt%/100km
Ca0 89.99 33.45 58° 2.22 wWi%/100km
Na,0 18.90 0.71 ND* * ND
K0 99.99 33.03 245° 1.64  wi%/100km
Ko0/Na,0 99.81 19.13 242° 0.65 /100km
Al numbert  99.81 21.29 235° 0.08 /100km
K50 Indext 99.87 20.12 254° 30.83 /100km
Ro 99.99 26.53 253° 87.2  ppm/100km
Sr 99.37 16.77 60° 100.4 ppm/100km
Y 99,93 21.97 67° 10.5°  ppm/100km
Zr 91.38 7.97 45° 69.8  ppm/100km
Ba 81.51 5.56 B84° 90.6 ppm/100km
Rb/Sr 98.99 28.42 253° 1.8 /100km

* Data for 62 samples were used in these caleulations. Data are from Wyborn
(unpublished data, 8 samples) and from Borg, Stump, and Holloway (1986; sece also
Borg, ms, 1984). Analyses of splits of the same rock powders at the two labs at which
these data were produced demonstrate that interlab variations are small for all elements,
and so the data from the two labs can be directly compared with a high degree of con-
fidence (Borg, ms, 1984). Seven samples from the Monte Cassino arca (EKH, EKI, EPD,
EYC, ERH, EZS, and FAF from Borg, Stump, and Holloway, 1986) have been excluded
to avoid prejudicing the calculations with a region of high sample density.

** NI = not determined.
+ Al number is defined as the molar ratio ALOL/(K,0+Na,0+Ca0).
1 KO Index is defined by Bateman and Dodge (1970) as (K.O X 1000)/(810.-45).

the sides of the map are defined as trending north-south) with an average
direction of NG62L and one-o standard deviation of 7.6°. Only trends sig-
nificant at the 90 percent confidence level or greater are plotted. This
limit excludes only Ba and Na,O as all other parameters show statistically
significant trends. A few of the chemical parameters have been projected
onto a section parallel to the average of all trends (fig. 5B). The chemical
variation with location shown on these plots demonstrates that the geo-
graphic variation is real and not a peculiarity of misapplied statistics.
The pattern that emerges, with SiOQ,, Al-number, K,0/Na,O, Rb,
Rb/Sr, and especially K,O and K,O-index increasing to the west-southwest,
and with the other parameters increasing to the east-northeast. is inter-
preted as a reflection of an increasing amount of older continental crustal
material being involved in the production of the granitoids from east-
northeast to the west-southwest. By analogy with chemical studies of
batholithic rocks elsewhere in the world the compositional polarity dis-
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played by GHI is compatible with their being emplaced along a conti-
nental margin with the continent lying to the west- southwest and a
convergent plate boundary lying to the east-northeast.

The average perpendicular to the trends plotted in figure 5A consti-
tutes the best estimate of the trend or orientation of the continental
margin during emplacement of the granitoids in the early Paleozoic. This
orientation (=N30W, grid azimuth) is shown in figure 5A and is very
close to the orientation of the boundary between I-types and dominantly
S-types shown in figure 4. This leads to the conclusion that the orientation
ol the early Paleomlc margin of this part of Antarctica (essentially the
EAC) is best apploxnnated by the line in figure 5A or by the trend of the
1-S Dhoundary. The precise location of this margin is more of a problem
but, with the present state of knowledge, is probably hest placed at about
the I-S boundary (fig. 4). There remains some question about this place-
ment of the continental margin, but the nature of the WG metasediments
indicates that it could not have been farther west. Also, the presence of
exclusively I-type granitoids along the east-northeastern edge of W'T is
mtelplete(l as e\xdence of a Ielauvely mafic lower crust and so the actual
margin may not have been located very far east-northeast of the position
proposed here. This placement would imply that metasedimentary rocks
in the Lanterman Range and the Aviator Glacier area (along the eastern
margin of WI') were probably deposited as a clastic wedge along this con-
tinental margin.

RD-Sr and Sm-Nd isotopic data for samples of GHI are not numerous
and so cannot be treated statistically, but they do tend to corroborate the
inferences from the major element chemistry. Summarized in table 4 are
initial Sr-isotopic compositions, calculated for 18 whole-rock samples, and
initial Nd-isotopic compositions, calculated for 5 whole-rock samples using
an assumed age of 550 Ma. Sample locations are shown on a map (fig. 6A),
and the data have been projected onto a section perpendicular to the
proposed continental margin (Sr, fig. 6B; Nd, fig. 6C).

The ex. data in figure 6B clearly show that while all samples have a
significant proportion of old (crustal) Sr, the amount increases steadily
from east-northeast to west-southwest across the WT. The ey, data (fig.
6CGY do not show a defnitive trend, but the sample set is very small. In
accord with the Sr data, all samples have ey, values indicative of involve-
nment of old, isotopically evolved materials. However, one sample (EOG)
has an exq value that indicates less crustal involvement than the other
four. This sample is an I-type granitoid from the east-northeast margin of
WT, and so the ey, data tend to support the conclusion that there is more
involvement of old crustal material in GHI from east-northeast to west-
southwest.

Another aspect of GHI, which is important to regional geologic prob-
lems, is evident on figure 3B, the plot of initial ey versus eg,. In other
continental margin batholiths, granites inboard on the continent have
€x; and eq, values that plot to the lower right, whereas granitoids on the
outhoard side of the batholithic province plot toward the oceanic correla-
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Fig. 5
Compositional trends of major and trace components for the Granite Harbour
Intrusives based on first-order trend-surface calculations
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A. The arrows indicate the direction of maximum increase of the various parameters.
Shown on each arrow, to the right of the parameter, is the slope of the model trend-sur-
face. Also, beneath each arvow is the percentage of the total variance which is accounted
for by the first-order model. Only parameters that are significant at a confidence level >90
percent are shown. These trends define a strong chemical polarity in the Granite Harbour
Tntrusives. Inset map showing the trend of the continental margin of Antarctica during
the time of emplacement of the Granite Harbowr Intrusives as inferred from the major
and trace element polarity. The dashed lines represent one standard deviation uncertainty
of the trends calculated for (5A). Note that the compositional polarity indicates the trend
of the margin and not the actual position. The actual position may be best approximated
by the I-§ line shown on figure 4.

tion line on these diagrams (McCulloch and Chappell, 1982; Farmer and
DePaolo, 1983). In terms of 1- and S-type granites, I-types plot toward the
oceanic correlation line (more mantle-like compositions), whereas S-types
plot to the lower right (more crust-like compositions).

The important feature of GHI data is that the array in figure 3B
does not extend toward mantle compositions as far as do other conti-
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Fig. 5 (continued)

ot 4l K20/Na
MgO

2

Ca0

..y v ot X
" L L : . 2 P ) L L f : 1 . L 5
OO 25 50 75 100 125 150 175 200 0 25 50 75 100 125 160 175 200
A B A B
DISTANCE IN KM ALONG SECTION LINE A-B DISTANCE IN KM ALONG SECTION LINE A-B

B. Representative plots of various chemical parameters against distance. Each pa-
rameter has been projected onto a line parallel to the average “maximum slope direc-
tion” (parallel to the average direction of the line in (A). These graphs clearly document
that the calculated variations shown in (A) are very real variations with position.

nental margin batholithic provinces. This may, of course, be a product of
the small sample set and surely points out the need for more work on this
problem. However, because most of the rock types present in GHI are
represented and because the samples represent a wide geographic distribu-
tion, this restricted array in figure 3 may be real. If so, these data may be
interpreted as evidence that GHI exposed in NVL represent, approxi-
mately, the inboard half of a continental margin batholithic province. In
view of the geologic discontinuity between WT and BT, this interpreta-
tion is plausible. Support for this view comes from recent work on WG in
which Grew, Kleinschmidt, and Schubert (1984) have apparently identi-
fied the inboard portion of a paired metamorphic belt.

Admivalty Intrusives.—The recognition of three groups of granitoids
in Al based on different K.O trends and the observation that these groups
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Fig. 6. Initial evq and e., compositions of the Granite Harbour Intrusives.

A. Muap showing locations of samples for which Sm-Nd (filled circles) and Rb-Sr
(all circlesy data are available (table 4). The section A-B is parallel to the average com-
positional polarity and hence perpendicular to the inferred trend of the lower Paleo-
zoic margin of Antarctica.

B. e projected onto section A-B.

C. eyq projected onto section A-B.
Although not plotted here, initial Sr isotopic compositions for the southern Daniels
Range veported by Kreuzer and others (1981) and Vetter and others (1983) are similar
to the values reported here for the southern Daniels Range.

trend-surface calculations does not change the ultimate results, though
details of the statistics are affected (actually strengthening the statistical
significance of the trends).

The results of these calculations are given in table 5 and are shown
graphically in figure 8. These trend-surface calculations clearly demon-
strate that Al vary significantly with geographic position, and a well-
defined compositional polarity is indicated. This polarity crosses oblique-
ly the rather uniform northwest-trending structural grain in BT and RBT.
Compared with similar studies of batholithic terranes in southern Cali-
lornia (Baird, Baird, and Welday, 1974) and in southern Alaska (Reed,
Miesch, and Lanphere, 1983), the magnitude of the trends in AT as well
as the statistics relating to their significance or strength are similar.

The directions of maximum change (irrespective of 4+ or — slope) for
the compositional trends considered significant at the 90 percent confi-
dence level are all fairly similar (fig. 8A). The trend azimuths range from
N4W to N45E (relative to grid north) with an average direction of N17E
and one-o standard deviation of 18°. The pattern that emerges, with K,O,
Rb, K.O/Na,O, Rb/Sr, and K,O-index increasing to the north-northeast,
and with AL O, MnO, Ca0O, Na,O, and Sr increasing to the south-south-
west, is interpreted as a reflection of increasing influence of continental
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Fig. 7. Geographic distribution of low, medium, and high K,O-trend granitoids of
the Admiralty Intrusives. Open symbols = low K,O-trend; half-filled symbols = medium
K.O-trend; filled symbols = high K,O-trend.

crustal material in the production of the granitoids from the south-south-
west to north-northeast (fig. 8A). This compositional polarity is compati-
ble with emplacement of Al in a continental margin where (relative to
present orientations) the continent lay to the north-northeast and a north-
northeastwardly dipping subduction zone existed to the south-southwest.
This is a drastically different polarity than is observed in GHI. Barring
an absurd interpretation of nearly 180°, post-Devonian, in place rotation
of BT and RBT along the rectilinear fault boundary between WT and
BT, the compositional polarity of Al indicates that they were not em-
placed on the margin of East Antarctica.

Though the compositional polarity is defined by only 10 significant
trends of the 19 parameters considered and though the sample set is of
modest size, the chemical trends are real and may actually be better than
the statistics would indicate. Figure 8B shows various chemical parameters
projected onto a section parallel to the average direction (N17E; grid
azimuth) calculated for the 10 trends significant at the 90 percent C.L. As
exemplified by plots of CaO, K,O, and K,O-index versus distance along
the section toward the north-northeast, the statistically significant trends
are distinct and quite obviously real. However, similar plots for SiO,,
¥e,O,, and Al-number, which have trends not significant at the 90 percent
C.L., actually show reasonable geographic variation. Thus, as with GHI,
the distinct compositional polarity is clearly not a product of fortuitous
statistics but rather is a real feature of AL

Mineralogic characteristics of Al also reflect, though less distinctly,
the compositional polarity (fig. 8B). Inspection of modal data given by
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TABLE 5

Summary of trend surface calculations for the Admiralty Intrusives*

Chemical Significance Percent of variance Grid azimuth Slope
Parameter level of the explained by the of maximum

linear model! model increase
Sio, 89.18 12.98 18° 1.31  wt%/100km
TiO, 71.92 7.63 134° 0.05 wt%/100km
AlLO, 87.28 20.17 184° 0.38 wt%/100km
Fa,0, 81.08 9.89 134° 0.43 wi%/100km
MnO 96.76 19.29 200° 0.01 wt%/100km
MgO 76.77 8.72 222° 0.36 wit%/100km
CaO 93.80 16.04 176° 0.41  wt%/100km
Na,©O 99.93 47.36 214° 0.33  wt%/100km
K0 89.98 41.43 7° 0.54 wi1%/100km
K,0/MNa,0 89.99 52.31 18° 0.23 /100km
Al number**  78.91 8.27 39° 0.02 /100km
K,O Indext 98.99 44.39 357° 15.40 /100km
Rb 93.99 44.51 7° 37.0 ppm/100km
Sr 89.30 26.63 225° 54.0 ppm/100km
Y: 86.64 19.11 58° 7.0 ppm/100km
Zr 56.27 5.04 120° 10.0 ppm/100km
Ba 64.59 6.28 285° 47.0 ppm/100km
Rb/Sr 99.59 29.08 38° 0.7 /100km

* Data used in these calculations are from Wyborn (unpublished data) and from
Borg, Stump, and Holloway (1986; sec also Borg, ms, 1984). Analyses of splits of the
same rock powders at the two labs at which these data were produced demonstrate
that interlab variations are small for all elements, and so the data from the two labs
can be directly compared with a high degree of confidence (Borg, ms, 1984). Where
these calculations might be affected by interlab variations, a note has been made. To
avoid bias in the calculations due to high sample density of Wyborn’s data in the Yule
Bay region, 8 analyses of the 16 available were excluded from the calculations. Inclusion
of these data does not change the results although details of the statistics are affected,
actually strengthening the statistical significance of the trends.

** Al number is defined as the molar ratio Al,O0,/(K,O0+Na,0+CaO).

t K.O index is defined by Bateman and Dodge (1970) as (KO X 1000)/(SiO, — 45).

1 Though the computations for Y suggest a significant correlation with position,
and the trend is similar to trends of other parameters, the Y trend is not considered
further in this paper. This is because the slope of the trend is only twice the range of
variation between the two labs at which the data were produced and because all Wy-
born’s data are from the north and east.

Borg (ms, 1984) and Borg, Stump, and Holloway (1986) indicates that
there is a tendency for hornblende to be more abundant in the southern
granitoids (range, 2 to 15 v. percent; avg. 7 v. percent) relative to the
northern granitoids (range, trace-8 v. percent; avg. 2 v. percent). This sort
of mineralogical trend was mentioned by Wyborn (1981) in a discussion
of northern relative to central (coastal) granitoids. Also, within rocks of
similar silica content, the northern granitoids tend to contain slightly
more K-feldspar and slightly less plagioclase than the southern granitoids.
This latter characteristic results in the classification of the northern grani-
toids as granodiorites and monzogranites, whereas the southern samples
are classified as tonalites and granodiorites.
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Fig. 8
Compositional trends of major and trace components for the Admiralty Intrusives
based on first-order trend-surface calculations.
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A, The arrows indicate the divection of maximum increase of the various parameters.
Shown on cach arrow, to the right of the parameter, is the slope of the model trend-
surface. Also, beneath cach arrow is the percentage of the total variance accounted for by
the first-order model. Only parameters significant at a confidence level >90 percent are
shown. These trends deline a strong chemical polarity in the Admiralty Intrusives. Inset
map showing the trend of a continental margin in the BT and RBT at the time of
emplacement of the Admiralty Intrusives as inferred from the compositional polarity. The
dashed lines represent one standard deviation uncertainty of the trends calculated for
(A). Note that this inferred continental margin trend should not be interpreted as the
actual position but only as the orientation.

Initial Sr and Nd isotopic compositions calculated using an assumed
age of 4100 Ma (table 6) support the inferences made from the major and
trace element compositional polarity. In figure 9, the sample locations are
plotted on a map and the data have been projected onto a section parallel
to the average direction of the significant (at 90 percent C.L.) chemical
compositional trends (perpendicular to the inferred continental margin
trend on fig. 8A).
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Fig. 8 (continued)
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B. Representative plots of various chemical and mineralogical paramecters against
distance. Each parameter has been projected onto a line parallel to the average “maxi-
mum slope direction” (parallel to the average direction of the lines in (A). These
graphs clearly document the validity of the variations calculated by the first-order
trend-surface analysis. This chemical polarity is also reflected by model mineralogy.
Plots of K-spar and plagioclase versus distance display this mineralogical variation with
geographic position quite well.

Distinct trends are displayed by plots of both initial ey, (fig. 9B) and
initial g, (fig. 9C) against distance. Both ey, and €y, data indicate involve-
ment of old, isotopically evolved material, and the regular geographic
variations indicate a greater influence of old crustal material in granitoid
genesis from south-southwest to north-northeast. These variations are in
accord with the major and trace element polarity of Al, and whether
attributed to mixing models (Farmer and DePaolo, 1983) or to systematic
variations in the lower crustal granitoid source rocks (McCulloch and
Chappell, 1982), they support the hypothesis of emplacement along a con-
tinental margin with the continental “inboard” direction to the north-
northeast. With respect to a mixing model, the systematic variation of gy
and es; requires more interaction (through assimilation and fractional
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Fig. 10. Summary of the major and trace component polarity for the Granite Harbour
Intrusives and for the Admiralty Intrusives. The two temporally and spatially separate
groups of granitoids display distinct and drastically different polarities which demonstrate
that they represent granitoid plutonism on two different continental margins. The BT +
RBT must, therefore, be an allochthonous crustal entity.

The Devonian Al are found only within BT and RBT in NVL. As
with GHI of WT, regional compositional variations of Al clearly de-
fine a marked chemical polarity (figs. 8 and 10). This polarity is drastically
different {rom that displayed by GHI and is not compatible with emplace-
ment of Al within an orogenic province on the margin of the EAC. In-
stead, it indicates that Al were emplaced along the margin of a continent
which, relative to the present configuration of BT + RBT, lay to the
north-northeast, as depicted in figure 10. This is interpreted as strong
evidence that BT and RBT are allochthonous terranes into which De-
vonian Al were emplaced prior to assembly with W1 to produce the
present configuration. The recent report of pre-Admiralty granitoids on
the northern coast of NVL by Vetter and others (1984) fits well with in-



Antarctica: implications of chemical and isotopic variations 159

terpretations made here and provides additional strong evidence that old
continental crust lay to the north-northeast of the BT + RBT.

Nd and Sr isotopic data corroborate the inferences made with the
major and trace element compositional polarity. Figure 11 is a diagram of
a crustal section across N VL onto which initial ex, and eg, compositions
have been projected. I WT the section parallels the trend of the polanty
defined by GHI and then bends northward across BT and RBT running
parallel to the polarity defined by AL

For GHI, initial €., values show a clearly defined regional variation
which is consistent with inferences from major and trace element trends
in demonstrating more involvement of isotopically evolved material from
east-northeast to west-southwest within WT. Initial ey, is not quite so
definitive as a progressive trend but does show that the one sample with
the least “crustal” character is found along the northeast margin of WT.
These isotopic characteristics of GHI may be interpreted to indicate
crustal thickening from eust-northeast to west-southwest within WT' dur-
ing emplacement of GHI, as shown on figure 11.

Within BT and RBT, initial exy and e, values for Al vary in a re-
markably regular fashion from the south-southwest to the north-northeast
(fig. 11). The most “crustal-like” values occur in the north-northeast, while
the least “crustal-like” (and most “mantle-like”’) values occur in the south-
southwest. T'hese regular variations support the inference made from the
major and trace element compositional trends that Al represent granitoids
emplaced along the margin of an allochthonous terrane. The isotopic
data for Al may be interpreted as evidence of crustal thickening from
south-southwest to north-northeast within BT + RBT during emplace-
ment of these granitoids (fig. 11).

The striking isotopic discontinuity between GHI and Al is quite
evident on figure 11 and emphasizes the significance of these granitoids
to crustal structure and tectonics. Isotopic discontinuities such as this are
strong indicators of geologic discontinuities in the lower crust. That this
discontinuity coincides with the boundary between WT and BT is com-
pelling evidence for significant lower crustal differences between WT and
B'F. These terranes, thercfore, may bhe separated by a major plate bound-
ary, perhaps a translorm fault. Because the isotopic variation of Al is
regular across the Leap Year Fault, which separates BT from RBT, the
lower crust in these terranes is thought to be a continuum, and hence the

Leup Year Fault does not appear to be a major plate boundary. This evi-
dence supports the inference by Wright and Findlay (1984) that the L. .eap
Year Fault does not separate “exotic” terranes. Thus, the pronounced
isotopic discontinuity between WT and BT + RBT and the isotopic con-
tinuity between BT and RBT support the hypothesis of an allochthonous
origin of BT 4 RBT. The hypothesis that the crustal boundary hetween
W and BT + RBT is a transform may be supported indirectly by the
granitoid data (especially the ey, and e, data on fig. 11). The fact that the
isotopic compositions of GHI appear to represent the “inboard” side of a
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Fig. 11. Initial exq and gg, of the AI and GHI plotted against distance along an in-
ferred crustal section in NVL. The section runs parallel to the compositional polarity of
the two groups of granitoids (see fig. 10) with a bend at the houndary between the WT
and the BT. These isotopic data, along with the compositional polarity of the granitoids
and the surface geology, allow interpretation of crustal structure in NVL, The isotopic
data emphasize the discontinuity in the surface geology between the WT and the BT and
are interpreted as evidence that the lower crust bencath the WT is distinct from the lower
crust beneath the BT + RBT. Th schematic inferred crustal section shows crustal thick-
cning to the west-southwest in the WT and to the north-northeast in the BT + RBT
which is inferred from models of continental margin granite genesis. The isotopic con-
tinuity among the Al in the BT and RBT support the interpretation that the lower
crustal material in these regions is a continuum. Thus, this isotopic data strongly support
an allochthonous origin for the BT + RBT. See text for further discussion.
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continental margin magmatic province might be explained if the “out-
board” side had been replaced by BT 4+ RBT by movement on this trans-
form.

On the basis of the granitoid data presented here, however, the pre-
ferred model of Weaver, Bradshaw, and Laird (1984, fig. 7) can be ruled
out. The evidence for excluding this model is twofold. First, the regional
compositional trends in Al of their model should be nearly opposite to
the observed polarity. Second, there is no evidence that Al were emplaced
into W'T" as terrane “stitching’” granites as they suggest. Both field relations
and chemical and isotopic data indicate that Al were emplaced only in
BT and RBT. These two points are also somewhat difficult to reconcile
with a relatively simple model of continuous westward subduction and
continental collision, as envisaged by Gibson and Wright (1985), Klein-
schmidt (1985), and Tessensohn (1985). Thus, it appears that the tectonic
scenario for the development of NVL is unresolved.

‘The constraints which can be placed on tectonic models by the GHI
and the AT data are:

1. Isotopic continuity of Al in BT and RBT indicates these terranes
have been part of a continuous, but possibly varying, crustal unit, at least
since emplacement of Al during the Devonian.

2. The isotopic discontinuities between, and different compositional
polarities of, GHI and Al indicate that the continental crust in WT is
significantly different than the continental crust in BT + RBT and indi-
cate an allochthonous origin for BT 4+ RBT.

3. The regular isotopic variations with position as well as the chemi-
cal polarity in Al can be explained by: (A) a north-northeasterly dipping
subduction zone which, relative to present orientations, probably existed
to the south-southwest of BT +4- RB'I" during emplacement of Al, and/or
(B) crustal thickness and perhaps lower crustal age of BT + RBT increas-
ing to the north-northeast.

4. If the Al are viewed as subduction related granitoids, then their
polarity requires that BT + RBT was juxtaposed to the WT sometime
after their emplacement in the Devonian. If Al are not viewed as directly
related to subduction then the polarity may not offer any insight to the
timing of tectonic events. However, the apparent absence of Al in the
WT tends to support an interpretation of Al emplacement in BT + RBT
followed by juxtaposing of these terranes against WT.

5. Isotopic compositions and polarity of GHI and AT suggest that the
continental outboard portions of each of these plutonic provinces is miss-
ing. Any models for the tectonic evolution of NVI. must account for this
situation.

Mid- to late-Paleozoic (post-Admiralty) magmatic rocks occur at scat-
tered localities within NVL. These include the Salamander Granite Com-
plex (SGC), Gallipoli Rhyolites, and volcanics at Mt. Black Prince and
Lawrence Peaks. At present, however, these rocks provide no constraints on
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tectonic models for NVI, (Borg, Stump, and Holloway, 1986; Borg
and Stump, 1987). The fact that Black Prince and Lawrence Peaks
volcanics occur in BT and RBT, which have been shown to be related
by this study, may indicate that they are related to a common volcanic
province. However, there is no basis at all for correlating Gallipoli Rhyo-
lites with either Black Prince or the Lawrence Peaks Volcanics, and, thus,
the most that can be said with certainty is that the presence of these three
volcanic entities establishes that late Paleozoic volcanism occurred in each
of the three terranes.

The SGC appears to be emplaced into WT, but no contacts are
known. It may have been related to volcanism but correlation with Gall-
ipoli Rhyolites, and thus a firm tie to WT is excluded because of chemi-
cal differences. For the present, therefore, the SGC and Gallipoli Rhyolites
appear to represent distinct occurrences ol Carboniferous magmatic rocks
in WT, and they do not provide any constraints to tectonic models.
Though not likely, it is possible that the SGC may be within BT. In this
case, the SGC would simply represent another aspect of magmatic activity
within B'T" + RBT during the Carboniferous.

The new information on the Paleozoic granitoids, presented here,
requires that the tectonic evolution of NVL. be viewed in terms of two
separate crustal entities, the WT and the BT 4 RBT. The most plausible
sequence of events in the development of NVL is outlined in table 7. The
WT developed on the margin of the EAC as rocks of WG were folded,
metamorphosed, and intruded by GHI in middle to late Cambrian time.
Although rocks of BT and RBT may have developed together, final as-
sembly ol these terranes, via thrusting on the Leap Year fault, occurred
prior to emplacement of Al. This event is probably represented by the
metamorphism and folding of the rocks in these terranes. Juxtaposing of
BT + RBT against WT is interpreted to have occurred after emplace-
ment of Devonian Al and may have occurred somewhat later. The pres-
ence of Beacon rocks depositionally overlying BSG on the western side of
the Leitch Massif ((Tessensohn, 1981) constrains the assembly of BT 4+
RBT with WT to be pre-Beacon (presumably Permian in this arvea). The
nature and age of the Lanterman Fault (between WT and BT) as well as
the tectonic setting of the mid- to late-Paleozoic volcanics and the SGC
remain important problems which may provide further constraints.

Int view of the key position occupied by NVL in reconstructions of
Gondwana, the relationships discussed above have important implications
to the assembly and perhaps the initial break-up of this portion of the
supercontinent. For example, a comparison of the chemical and isotopic
signatures of the granites of NVIL with those of southern and southeastern
Australia would provide a logical test for the reconstruction proposed by
Stump, White, and Borg (1986). Also, rhese findings imply that adjacent
areas along this margin of Gondwana may contain allochthonous crustal
blocks similar to BT and RBT. Integration of these relationships with
the geology of West Antarctica, southern and southeastern Australia,
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TasLe 7
Sequence of tectonic events inferred {or northern Victoria Land

Age ilson Terran W nd R n Bay Terran

~60-100 Ma Break-up of the Antarctic-Australian segment of Gondwana. The configuration
gf the three terranes in NVL just prior to break-up must have been esentially as
it is today as constrained by the continuity of the magnetic anomalies on the
floor of the Southern Ocean between Antarctica and Australia.

Jurassic Emplacement of Ferrar
dolerite sills and lava flows.
Permian Widespread deposition of Sediments of the Beacon Supergroup
the Beacon Supergroup. are present at one outcrop in the BT.
Juxtaposing of the terranes must have occurred by this time as indicated by the
presence of Beacon Supergroup rocks in the Wilson and Bowers Terranes.
Carboniferous Emplacement of Gallipoli Emplacement of Black Prince and
Rhyolites and Salamander Lawrence Peaks Volcanics after the Al,
Granite Complex. or possibly concurrent with latest AL
Juxtaposing may have occurred as early as the Carboniferous but must have
occurred after emplacement of the Al. This is based on the interpretation that
the Al were emplaced along a continental margin.
Devonian Emplacement of Al along a continental
margin with the continent to the NNE
(relative to present orientation).
Ordovician- Folding of Bowers Supergroup and
Silurian(?) Robertson Bay Group. Folding may

have accompanied thrusting (Bowers
over Robertson Bay), which assembled
the BT with the RBT.

Middle-Late

GHI emplacement along the East

Development of a Cambrian magmatic

Cambrian Antarctic continental margin arc and associated sediments (Bowers
associated with a convergent Supergroup). Deposition of turbidites
plate boundary. Now only the (Robertsen Bay Group). Just where
“inboard” portion of the batholithic  these two lithologic groups developed
terrane is left. and any relationship between them is

unknown

Cambrian Deformation/metamorphism of
the Wilson Group.

Precambrian(?) Deposition of the Wilson Group

along the margin of East Antarctica.

Tasmania, and New Zealand is of paramount importance in further re-
solving the tectonic history of the region.
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