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Mafic dykes are a characteristic geological feature of the Ruker
Complex in the southern Prince Charles Mountains. We present
new geological, geochemical, and Sm—Nd isotopic data for these
rocks, which place constraints on their genesis, mantle sources, and
relative timing, as well as providing a substantial basis for a com-
parison between these intrusions and similar rocks from other
Archaean terranes of East Antarctica. The oldest of the intrusions
Jorm dykes composed of distinctive rocks rich in Mg, Cr, and Ni.
These rocks were probably derwved via varying degrees of partial
melting of a metasomatically enriched and radiogenic mantle source
at relatively shallow mantle levels. Younger and volumetrically more
significant dykes are composed of subalkaline tholeiite. These tholei-
wic dykes strike ENE, NW or NNE and can be divided into two
geochemically distinct subgroups: a low-LILE (large on lithophile
element) group (mostly the NNE-trending dykes) and a high-
LILE group ( NW-trending and partly other directions ). The low-
LILE group rocks originated from an enriched mid-ocean ridge
basalt-like source and are characterized by relatively young Sm—Nd
T par model ages between 1-9 and 2-4 Ma. The high-LILE group
rocks have higher LILE/HFSE (high field strength element)
ratios, which imply derivation from an enriched subcontinental
mantle source. These rocks have generally older Ty model ages be-
tween 2-3 and 3-8 Ga and display geochemical similarities to mafic
metavolcanic rocks found within the Palaeoproterozoic Ruker
Group, a cover sequence to the Archaean Ruker Complex. As was
observed by earlier researchers, the subalkaline tholeiitic dykes in the
Ruker Complex have many compositional features in common with
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mafic dykes from the Napier Complex of Enderby Land and from
the Vestfold Hills. However, our data do not provide convincing evi-
dence for a direct correlation with these dyke suites. The youngest
phase of mafic intrusions comprises distinctive high-Ti—P rocks
that occur as sills within the Neoproterozoic Sodruzhestvo Group,
another cover sequence to the Ruker Complex. The high-Ti—P rocks
do not correlate with any of the dyke suites observed within the
Ruker Complex, nor from elsewhere in East Antarctica. They are
interpreted to represent manifestations of plume-related magmatism
assoctated with extension, subsidence, and accumulation of the
Sodruzhestvo Group.

KEY WORDS: Antarctica; geochemistry; mafic dykes; Proterozoie;
Sm—Nd systematics

INTRODUCTION

Mafic dykes are common cross-cutting features observed in
the Archaean complexes of the Enderby Land to Princess
Elizabeth Land sector of East Antarctica (Fig. 1). The Ar-
chaean complexes include the Napier Complex of Enderby
Land (Sheraton & Black, 198]; Black & James, 1983) to-
gether with its reworked margin in Kemp Land (Kelly
et al., 2004; Halpin et al., 2005), the Vestfold Hills Complex
of Princess Elizabeth Land (Collerson & Sheraton, 1986)
and the Archaean components of the southern Prince
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Fig. 1. Location maps of the study area. (a) Antarctica with the locati

on of the study area highlighted with a polygon. Areas in dark grey are

outcrop, areas in light grey are ice shelves. (b) East Antarctica between 45 and 80°E illustrating the regional geology of the Amery Ice Shelf-

Prydz Bay region (after Corvino et al., 2011). Location abbreviations:

FC, Fisher Complex; GM, Grove Mountains; LC, Lambert Complex;

NC, Napier Complex; RC, Ruker Complex; RI, Rauer Islands; VC, Vestfold Hills Complex. Right-hand schematic illustrations show the com-
position, orientation, relative emplacement order and available age data for mafic dykes in the Napier Complex of Enderby Land (Sheraton &

Black, 1981; Suzuki et al., 2008), in the Vestfold Complex (Collerson &
Complex (Mikhalsky et al., 2007; this study).

Charles Mountains (sPCM) (Kamenev et al., 1993; Boger
et al., 2006; Mikhalsky et al., 2006a; Phillips et al., 2006).
Within the southern Prince Charles Mountains mafic
dykes are found in the Menzies Group and Mawson Suite
of the Ruker Complex (Boger ¢t al., 2006; Phillips et al.,
2009) and within the middle Archaean Manning Orthog-
neiss of the adjacent Lambert Complex (Boger et al.,
2008). Dykes are, however, mainly absent from the Palaco-
proterozoic rocks of the Lambert Complex, and the Meso-
proterozoic Rayner Complex (Mikhalsky et al., 20065)
that separate the inland southern Prince Charles

Sheraton, 1986; Hoek & Seitz, 1995; Mikhalsky, 1995) and in the Ruker

Mountains from the Napier and Vestfold complexes on the
coast (Fig. 1). This observation has allowed the presence or
absence of dykes to be used as temporal stratigraphic mar-
kers (Tingey, 1982, 1991).

Little is known about the mafic dykes observed in the
sPCM. They are variably deformed and locally metamor-
phosed (Mikhalsky ez al., 2001) and, based on limited geo-
chemical data, show some similarities to the dykes
observed in the Napier Complex and the Vestfold Hills
(Sheraton et al., 1987; Srivastava et al., 2000). On the basis
of these similarities, the sPCM dykes were assumed to be
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of similar Mesoproterozoic age (Sheraton & Black, 198];
Collerson & Sheraton, 1986; Sheraton et al., 1987; Srivastava
et al., 2000). At present, however, the only geochronological
data reported from the sPCM are a single Pb-evaporation
27Ph/?Ph zircon age of ¢. 2370 Ma (Th/U = 0-336) from
a high-Mg dyke exposed in the southern Mawson Escarp-
ment (Mikhalsky ez al., 1992) and a U-Pb zircon age of ¢.
1350—1300 Ma from a single zircon recovered from a tho-
leiitic dyke in McCue Bluff (Mikhalsky et al., 2007). Until
now it remains unknown how many dyke suites are actu-
ally present in the sPCM, nor are the chemistry, age, and
timing relationships between these rocks well under-
stood—certainly not sufficiently well to allow for reliable
comparisons to be made between the sPCM mafic dykes
and those exposed in the Napier and the Vestfold Hills
complexes (Fig. 1).

Here we present new geological, geochemical and
Sm—Nd whole-rock isotopic data for mafic intrusions from
a wide area of the sSPCM (Fig. 2). The rocks sampled repre-
sent undeformed to slightly deformed dykes with clear,
sharp cutting relationships to their country rocks
(Fig. 3a—c). Samples were collected from Rimmington
and McCue Bluffs, prominent outcrops exposed along the
southern Mawson Escarpment, as well as from Mounts
Stinear and Rymill, the Cumpston Massif, and some
other localities (Fig. 2). The data presented provide petro-
genetic constraints on the origin of the observed mafic

MAFIC DYKES, PRINCE CHARLES MOUNTAINS

intrusions in the sPCM and allow a more detailed com-
parison between these rocks and the mafic dykes from
other East Antarctic regions. These data were mostly col-
lected by the authors during the Prince Charles Mountains
Expedition of Germany and Australia (PCMEGA) in
2002-2003, and by S. D. Boger during his work in the
same area in 1997-1998. Geochemical data (X-ray fluores-
cence) acquired by the early Australian expeditions to the
same area were kindly provided by Dr J. W. Sheraton.
Some geological observations and chemical analyses ob-
tained by Russian scientists from expeditions dating back
to the late 1980s are also included.

MAFIC DYKE SUITES IN OTHER
ANTARCTIC ARCHAEAN

TERRANES

In the Napier Complex, at least three dyke suites of
Proterozoic age have been recognized. The oldest suite
consists of high-Mg dykes, which vary in composition
from hypersthene-rich olivine-normative tholeiite (norite)
to hypersthene-bearing quartz tholeiite. These rocks have
yielded a Rb—Sr whole-rock isochron age of 2350 48 Ma
(Sheraton & Black, 1981). This suite was followed by the
emplacement of a NE-trending suite of dykes dated at
2150—1900 Ma on the basis of Rb—Sr and Sm—Nd isochrons
(Suzuki et al., 2008). Dykes of this age can be subdivided
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Fig. 2. Geology of the southern Prince Charles Mountains (modified from Mikhalsky et al., 2001; Phillips et al., 2009; Corvino et al., 2011).
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815913, dolerite
~U-Pb: c. 1350-1300 Ma

Fig. 3. Mafic dyke (a—d) and sill (e) occurrences in the southern Prince Charles Mountains. (a) A vertical ENE-trending dolerite dyke, appar-
ently transected by unsampled (NNE-trending) dykes and shear zones (presumably of latest Neoproterozoic to Cambrian age; Boger e/ al.,
2006; Phillips et al., 2009) gently dipping to the ESE, and an older high-Mg curved dyke (in the right-hand corner), central McCue Bluff (note
person outlined with white oval for scale). (b) Similar dykes suites to those in (a), northern McCue Bluff (note apparently post-1350 Ma
NNE-striking dykes and shear zones). (c) A thick vertical NW-trending metamorphosed dyke, north Tingey Glacier. (d) A network of sheared
dykes, the southwestern part of Cumpston Massif. (e) A sill within Neoproterozoic metasediments, Cumpston Massif; outcrop height is about

250-300 m.

into two compositional groups: tholeiite and high-Mg an-
desite. Both groups exhibit large ion lithophile element
(LILE) and light rare earth element (LREE) enrichment
and negative Nb and Ti anomalies in primitive mantle

normalized trace element patterns (Suzuki et al., 2008).
Suzuki et al. observed a correlation of increasing trace
element concentrations with increasing FeO* /MgO and
attributed the geochemical features of both groups to
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either subduction-related arc magmatism or continental
flood basalt volcanism. The youngest dykes belong to the
1190 £200 Ma Amundsen suite (Rb—Sr whole-rock iso-
chron; Sheraton & Black, 1981). These rocks are of quartz
tholeiitic composition and are divided into two compos-
itional types on the basis of differing trace element geo-
chemistry. The Group I tholeiites have higher contents of
some incompatible elements including LILE (K, Rb, Sr),
LREE and high field strength elements (HFSE, P, Zr,
Nb) compared with Group II dykes. Group I dykes also
have slightly lower average magnesium numbers [mg
number =100MgO/(MgO +FeO™), mol %], 43 vs 46,
when compared with the Group II rocks (Sheraton &
Black, 1981). Group II dykes are characterized by marked
negative Nb anomalies, a feature not observed for the
Group I rocks. Sheraton & Black (1981) pointed out that
the compositions of Group I rocks cannot be attributed to
more extensive crystal fractionation. Of similar age
(1161 £238 Ma, a whole-rock Rb—Sr isochron) are alkaline
basalts characterized by relatively high concentrations of
P, Ti, Ba, Sr, Nb and LREE (Suzuki et al., 2008). These
rocks are chemically distinct from the Amundsen suite as
defined by Sheraton & Black (1981) although at present
they are not temporally differentiable.

The Vestfold Hills preserve evidence for five phases of
high-Mg and/or tholeiitic mafic magmatism (Kuehner,
1987; Hoek & Seitz, 1995). The oldest event resulted in the
emplacement of east-trending high-Mg (gabbronorite—
dolerite) and high-Fe tholeiitic (dolerite) dykes that are
dated to 2424+72Ma (Rb—Sr whole-rock isochron;
Collerson & Sheraton, 1986). The second phase of magma-
tism led to the emplacement of a norite ring complex and
a coeval but relatively uncommon north-trending suite of
high-Mg tholeiitic dykes (Hoek & Seitz, 1995). U—Pb
zircon ages of 2241 £4 Ma and 2238 +7 Ma were obtained
from felsic segregations associated with this phase of mag-
matism (Lanyon et al., 1993). The third phase of mafic mag-
matism resulted in the emplacement of NW-trending
Fe-rich tholeiites (Hoek & Seitz, 1995), which are dated by
a whole-rock Rb—Sr isochron at 1791 62 Ma (Collerson
& Sheraton, 1986) and zircon sensitive high-resolution ion
microprobe (SHRIMP) studies at 1754 +16 Ma (Lanyon
et al., 1993). During the fourth phase north-trending
Fe-rich tholeiitic dykes were emplaced. These were dated
at 1380 =7 Ma (Lanyon et al., 1993). The final magmatic
episode led to the emplacement of the densest of the
observed dyke swarms. These rocks are defined by NNE-
trending Fe-rich tholeiites that were emplaced around
1245 Ma based on two zircon ages of 1248 =4 Ma (Black
etal.,1991) and 1241 £5 Ma (Lanyon et al., 1993).

The high-Mg tholeiites from suites one (c. 2425 Ma) and
two (¢. 2240 Ma) are characterized by relatively high
51045 and MgO, but low TiOs. They are enriched in some
LILE (Ba, Rb, and K) and LREE and show pronounced

MAFIC DYKES, PRINCE CHARLES MOUNTAINS

negative Nb, P and Ti anomalies (Collerson & Sheraton,
1986; Kuehner, 1989; Hoek & Seitz, 1995). Rocks of the
first suite do not show a negative Sr anomaly, whereas the
norites and north-trending dykes of the second suite do
(Hoek & Seitz, 1995). The first suite also comprises the
Fe-rich tholeiites, which, compared with the high-Mg tho-
leiites, are notably less siliceous and contain lower average
abundances of LILE.

The Fe-rich tholeiites of the third suite (¢. 1750 Ma) were
distinguished by Collerson & Sheraton (1986) as Group I
tholeiites and exhibit a wide range in incompatible trace
element abundances. Normalized trace element patterns
are, however, similar and are characterized by marked
negative Nb and Sr anomalies, as described by Collerson
& Sheraton (1986) and Hoek & Seitz (1995). Those re-
searchers suggested that these rocks were derived from an
LILE-enriched mantle source. In a study preceding the
dating of these dykes, Collerson & Sheraton (1986) recog-
nized geochemically distinct Group II and Group III tho-
leiites within the younger (c. 1380 Ma and ¢. 1245 Ma)
dyke suites. Group II tholeiites contain lower trace element
concentrations (P, Sr, Nb, La, Ce, etc) than Group I at a
given mg number (Collerson & Sheraton, 1986). Group
ITII was characterized by only a few analyses, and these
rocks were enriched in LILE. Subsequent studies have
shown that the rocks of the fourth (¢. 1380 Ma, north-
trending) and the fifth suites (¢. 1250 Ma, NNE-trending)
show similar overall trace element patterns, but the
former tends to have higher normalized trace element
abundances (Hoek & Seitz, 1995; Mikhalsky, 1995). Similar
to the two older Fe-rich tholeiite suites, these rocks show a
distinct negative Nb anomaly. Unfortunately, the full data-
sets obtained in these earlier studies were not published,
to the best of the authors’ knowledge.

GEOLOGICAL SETTING

Cropping out between 60 and 70°E and south of latitude
73°S, the sPCM represent the southernmost exposures of
rock found within the Prince Charles Mountains—Prydz
Bay region. The range was first visited by Australian ex-
peditions in 1954, with subsequent visits in the late 1950s
providing the first geological descriptions of the area
(Stinear, 1956; Crohn, 1959; McLeod, 1959). These studies
were built upon by further reconnaissance studies in the
1960s (Ruker, 1963; Trail, 1963a, 19635, 1964; McLeod,
1964) and then more focused mapping in the 1970s
(Tingey & England, 1973; England & Langworthy, 1975;
Tingey et al., 1981). Soviet geologists were also active in the
sPCM between 1971 and 1974. The results of these studies
were presented in a number of early publications from the
1970s (Soloviev, 1972; Grikurov & Soloviev, 1974) but have
been more fully described in the Antarctic Geoscience compil-
ation published in 1982 (Fedorov et al., 1982; Kameneyv,
1982; Lopatin & Semenov, 1982; Ravich, 1982; Ravich &

2491

¥20z Iudy 60 U0 1senb Aq ¥661611/.812/Z L/¥G/210Me/ABojosied/woo dno-olwepeoe//:sdpy woly pepeojumod



JOURNAL OF PETROLOGY VOLUME 54 NUMBER 12 DECEMBER 2013

Fedorov, 1982) and in a book by Ravich and others pub-
lished a few years later (Ravich et al., 1985).

On the basis of these studies and the results of more
recent work cited below, the sPCM can be broken into
two geologically distinct tectonic complexes: the Ruker
and Lambert complexes (Kamenev et al., 1993; Mikhalsky
et al., 20064a; Fig. 2). The Ruker Complex, the focus of this
study, comprises an Archaean granite—gneiss basement
defined by the Mawson Suite and Menzies Group, together
with two or more sequences of sedimentary and volcanic
cover rocks (Ravich et al., 1985, Kamenev et al., 1993;
Mikhalsky et al., 2001; Phillips et al., 2009). The Mawson
Suite consists of well-dated felsic intrusions that were
emplaced at 3390-3380 Ma and 3180-3160 Ma (Boger
et al., 2006, 2008; Mikhalsky et al., 2006a, 2010). The
Menzies Group consists of thick horizons of quartzite
intercalated with rocks of volcanic, terrigenous, and chem-
ical origin. Detrital zircons from the Menzies Group sug-
gest a maximum depositional age of ¢. 3150 Ma (Phillips
et al., 2006).

Deformation post-dating both the emplacement of the
Mawson Suite and deposition of the Menzies Group re-
sulted in both layer-parallel and upright generations of
overprinting folds (Boger et al., 2006). Metamorphic grade
varies from lower to upper amphibolite facies (Grew, 1982,
Kamenev et al., 1993; Mikhalsky et al., 2001; Phillips et al.,
2005). Metamorphism is dated at 2780 Ma from the south-
ern Mawson Escarpment (Boger et al., 2006), whereas syn-
tectonic granitic intrusions (c. 2815 Ma) are known from
Mts Stinear, Bayliss and Rymill (Mikhalsky et al., 2010).

The Ruker and Sodruzhestvo Groups, which both post-
date 2820-2780 Ma orogenesis observed in the granite—
gneiss basement, define the remaining strata of the Ruker
Complex (Mikhalsky ez al., 2001). At its type locality at
Mt Ruker, the Ruker Group is defined by a well-layered se-
quence of mainly basic volcanic rocks intercalated with
ironstones as well as terrigenous and calcareous sediment-
ary rocks (Grew, 1982; Mikhalsky et al., 2001; Phillips
et al., 2005). Minor intrusions of metamorphosed gabbro—
dolerite, mostly as sills but also locally as dykes, are found
within the lower section of the Ruker Group (Mikhalsky
et al., 2001; Phillips et al., 2005). Detrital zircons from the
upper Ruker Group give ages between 3300 and 2450 Ma
and limit the deposition of these strata to the early
Palacoproterozoic (Phillips e al., 2006).

The Sodruzhestvo Group crops out at Mounts Rubin,
Dummett, Seddon and Maguire, as well as at Cumpston
Massif and Goodspeed Nunataks (Mikhalsky et al., 2001;
Phillips et al., 2005, 2006). This group consists of quartzite,
well-layered  semi-pelitic  schist and comglomerate
(Mikhalsky et al., 2001, and references therein). These
rocks are further characterized by their lower meta-
morphic grade—they do not exceed the greenschist
facies—and the general absence of mafic dykes in most

localities. Mafic sills are, however, present in the
Sodruzhestvo Group at Cumpston Massif (Phillips et al.,
2005) and Mt Seddon (Ravich et al., 1985). The age of
these rocks 1is constrained to the Neoproterozoic
(<970 Ma) based on both microfossil and detrital zircon
data (Iltchenko, 1972; Phillips et al., 2006) and the group
may be up to 11km thick based on geophysical modeling
(McLean et al., 2008). Deformation in the Sodruzhestvo
Group resulted in the formation of a single generation of
upright to inclined NW-trending folds (Phillips et al. 2005)
that are constrained to have formed between 520 and
495 Ma (Phillips et al., 2007).

The Lambert Complex, exposed to the north of the
Ruker Complex and possibly also in the Mt Newton area
(Mikhalsky et al, 2008) (Fig. 2), consists of high-grade
para- and orthogneisses. Biotite and garnet—biotite &= horn-
blende gneiss, granite—gneiss, plagiogneiss and mafic to
ultramafic granulite or amphibolite are the most common
rock types. Ages of ¢. 3520, 2450 and 2120 Ma were ob-
tained for orthogneisses, and a wide time frame (2500—
1000 Ma) is suggested for the deposition of the intercalated
paragneisses (Boger & Wilson, 2005; Corvino & Henjes-
Kunst, 2007; Boger et al., 2008; Corvino et al., 2008). With
the exception of the Manning Orthogneiss exposed at
Harbour Bluff, the Lambert Complex does not contain
mafic dykes. This unit dates to the middle Archacan
(¢c. 3520 Ma) and may represent either basement to the
predominantly Palacoproterozoic crust that defines the
remainder of the Lambert Complex, or a tectonically
intercalated slab of unrelated rock (Boger et al., 2008).

MODE OF DYKE OCCURRENCE

Mafic dykes in the Ruker Complex are limited to the gran-
ite—gneiss basement defined by the Mawson Suite and the
Menzies Group. Mafic dykes within these rocks commonly
form networks of cross-cutting dykes, which, however, can
be only rarely observed owing to limited access. The
extent of metamorphism and deformation of the dykes
varies considerably between localities. In some outcrops
the dykes are largely undeformed, as is the case along
most of the southern Mawson Escarpment (Fig. 3a—c).
Dykes can, however, be sheared, as occurs commonly at
Mts Stinear and Rymill and southwestern Cumpston
Massif (Fig. 3d), or locally folded; for example, at northern
Cumpston Massif. Where undeformed, the dykes can
nevertheless be offset by narrow shear zones (Fig. 3a and
b), or internally foliated to form mafic schists. In the latter
case the dyke boundaries are not usually strongly displaced
(Fig. 3d). Deformation features, where developed, are
most probably related to early Palacozoic tectonism,
which is widely recorded in the southern Prince Charles
Mountains (Boger & Wilson, 2005; Boger et al., 2006;
Phillips et al., 2007, 2009; Corvino et al., 2008).
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Along the southern Mawson Escarpment mafic dykes
are between 2 and 50 m thick and trend in four predomin-
ant directions: west (275-285°), NW (300-315°), NNE (0—
30°), and ENE (60-75°). The ENE-trending dykes are the
most abundant (Fig. 4). Next most abundant is the NW-
trending suite, followed by the NNE-trending suite. West-
trending dykes are uncommon and are mostly narrow
with non-tabular curved shapes, and are chemically dis-
tinct from the other dyke suites. Most dykes are steeply dip-
ping, but dips can be variable and in McCue Bluft some
dykes have a shallow dip. Rare cross-cutting relationships
suggest that the west-trending dykes are the oldest,
whereas the NNE-trending suite is the youngest. For all
generations, dyke contacts with their country rocks are
mostly planar and sharp. Chilled margins are only rarely
developed and no phenocrysts were found within these
zones or within the dyke interiors.

In addition to the widespread dykes observed within the
Ruker Complex, the Sodruzhestvo Group contains mafic
sills up to a few tens of meters thick (Fig. 3e) and rare
thin steeply dipping dykes (Phillips et al., 2005). The intru-
sion of these rocks is interpreted to be either synchronous
with or post deposition of the Sodruzhestvo Group.

PETROGRAPHY

Given the variable degrees of metamorphic recrystalliza-
tion, we apply the terms dolerite when the magmatic tex-
ture of the rock is only slightly modified, altered dolerite
when low-grade alteration is strong, metadolerite or apo-
dolerite when the rock has experienced a metamorphic
overprint but the primary magmatic texture can be either

N

n =80
Circle = 15%

Fig. 4. Rose-diagram for mafic dykes in the southern Mawson
Escarpment.
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casily (metadolerite) or hardly (apodolerite) recognized,
amphibolite when the rock has acquired a metamorphic
granoblastic texture, and mafic schist when the rock
shows both a metamorphic mineral assemblage and a
pronounced foliation.

The oldest group of dykes (west-trending) is mostly
strongly retrogressed and sheared, and is composed of
mafic to ultramafic amphibolite, schist or occasionally
noritic metadolerite. The original magmatic textures are
only rarely preserved and such rocks have a lamprophyric
rather than an ophitic texture (i.e. pyroxene as opposed to
plagioclase is euhedral; Fig. 5a). The west-trending dykes
are melanocratic (colour index M is mostly 75-80) to
ultramafic and relatively coarse-grained (1-3 mm) when
compared with the typical dolerites and metadolerites of
the other suites. These rocks are composed predominantly
of hornblende 70-80% (vol. % here and below when
referring to mineral contents), biotite up to 20% and
plagioclase <20%. In metadolerites pyroxene is nearly
completely replaced by a very fine-grained serpentine ag-
gregate, which in turn is altered to talc, biotite and minor
amphibole (Fig. 5b). The secondary products point to pri-
mary orthopyroxene, although this mineral was never
directly observed. These rocks may thus be termed noritic
metadolerite.

The other dykes in the Ruker Complex are less melano-
cratic (mostly M =45-70). Fresh dolerites (NNE and
ENE dykes) occur at McCue Bluff in the southern
Mawson Escarpment. At this locality the dolerites are
fine-grained (<0-5 mm) massive rocks with typical doleri-
tic to subophitic textures with a few better-crystallized
samples (Fig. 5c). The rocks are composed of ¢. 50-60%
isometric or rarely elongated brownish clinopyroxene
(Cagg 34MgysFeig 04) with the remainder of the rock
defined by plagioclase laths. Clinopyroxene may be vari-
ously altered to green amphibole, biotite and Fe—Ti
oxides. Plagioclase is commonly altered to an unidentified
clay mineral. These secondary minerals are thought to rep-
resent autometamorphic products. Metadolerites (various
dyke suites), observed widely at Rimmington Bluff and
McCue Bluff, contain 40-70% amphibole, 25-55% ande-
sine to labradoritic plagioclase, up to 10% quartz, up to
4% titanite, and minor biotite, epidote, and Fe—T1 oxides.
The Fe—Ti oxides occasionally form skeletal grains of rec-
ognizable crystal shape in association with fine-grained
amphibole aggregates, or rarely form relatively coarse por-
phyroblasts. Ilmenite is partly or entirely replaced by
titanite.

In the metadolerites, the lowest grade of metamorphic
recrystallization resulted in the replacement of clino-
pyroxene by pale green actinolite. More extensive
recrystallization results in the formation of sieve-like
aggregates of green hornblende with quartz inclusions in
amphibolite or apodolerite (Fig. 5d). Under higher-grade
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Fig. 5. Photomicrographs of mafic intrusive rocks. (a, b) Noritic metadolerite, McCue Bluff (9828198); (b) is enlargement of box in (a). (c)
Dolerite, McCue Bluff (9828200). (d) Apodolerite, McCue Bluff (9828038). (e) Mafic schist, McCue Bluff (9828143). (f) Amphibolite (a sill in
the Sodruzhestvo Group, central Cumpston Massif, sSPCM5L1). View area in (a), (¢) and (f) is 75 mm x 5mm; in (b) 0-9mm x 0-6 mm; in
(¢) and (d) 3-75 mm x 2-5 mm.

conditions, granoblastic—polygonal amphibolites with higher modal quartz and lower modal plagioclase
dark green or greenish brown hornblende are formed. observed in the metadolerites and mafic schists when
In such rocks a strong foliation is commonly observed compared with fresh dolerites resulted from breakdown
and these rocks grade into mafic schists (Fig. 5¢). The of clinopyroxene and plagioclase to form hornblende and
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quartz. Secondary garnet occurs in a few metadolerites.
Where present, garnet occurs along contacts between
amphibole and plagioclase and forms a mantle surround-
ing amphibole pseudomorphs after pyroxene.

The mafic sills that crop out within the Sodruzhestvo
Group (central Cumpston Massif) are composed of mas-
sive, melanocratic (M =60-80), and characteristically
fine-grained (mainly 0-2-0:6 mm) amphibole—plagioclase
rocks that show apo-ophitic to nematoblastic textures
(Fig. 5f). The mafic minerals consist of 45-60% horn-
blende (pleochroic between khaki green and bluish
green), up to 20% biotite, which forms small randomly
oriented flakes, and abundant Fe—Ti oxides that can
constitute up to 15% of the rock and form coarser
laths up to 2mm in size. Titanite and apatite are
common accessory phases. Some rocks have a coarse-
grained nematoblastic texture that shows no preferred
orientation of hornblende. Hornblende may be altered to
chlorite.

ANALYTICAL METHODS

Major and trace element concentrations were determined
by X-ray fluorescence spectrometry (XRF) at the Bunde-
sanstalt fir Geowissenschaften und Rohstoffe (BGR,
Hannover) and at the University of Melbourne. These
new data were augmented with largely unpublished XRF
results for 19 samples collected by earlier Australian and
Russian expeditions and analysed at BMR (now
Geoscience Australia, Canberra). Details of the XRF ana-
lytical procedure have been provided by Sheraton &
Labonne (1978) and Corvino & Henjes-Kunst (2007). Ana-
lytical precision varies from 1-2% for major elements to
5-10% for trace elements. The full dataset is included in
the Electronic Appendix (available for downloading at
http://www.petrology.oxfordjournals.org) and representa-
tive analyses are given in Table 1. REE concentrations for
13 samples (Table 2) were obtained by inductively coupled
plasma mass spectrometry (ICP-MS) at VSEGEI (St
Petersburg). Sample powders were dissolved using a lith-
ium metaborate fusion technique, followed by dissolution
of the glasses in nitric acid. Analyses were carried out on
an ELAN-6100 DRC ICP-MS system and have a precision
of better than £5-10%.

Sm—Nd isotope data were acquired at BGR and the
University of Melbourne. In Hannover, 100-125 mg of
sample powder were mixed with "’Sm—"**Nd spike and
dissolved in a PicotraceI'M high-pressure sample dissol-
ution system (160°C, HF-HNOj for 24-48 h; 6 M HCl for
7-12 h), followed by extraction of Sm and Nd using cation
exchange and HDEHP columns. Blanks were negligible.
Isotopic analyses were performed on a Finnigan Triton
system. Raw Nd isotope ratios were normalized to
HONd/M**Nd = 0-7219, using the exponential law, and data
are reported relative to LaJolla Nd =0-511845. External

MAFIC DYKES, PRINCE CHARLES MOUNTAINS

precision (2SD) is 0:5% ("/Sm/"*Nd) and 0:0025%
("Nd/"*Nd); the long-term averages for USGS AGV-2
andesite are 0-1088 £1 and 0-512775 £12 [n = 31, consistent
with thermal ionization mass spectrometry (TIMS) refer-
ence values (e.g. Raczek et al., 2003; Weis et al., 2006)]. In
Melbourne, 50-100mg of powder were spiked with
"98Sm—"Nd and dissolved in Krogh-type high-pressure
vessels (160°C, HF-HNOg, 48 h; 6 M HCI, 12h). Sm and
Nd were extracted using Eichrom RE and LN resin;
blanks were <0-1ng and negligible. Isotopic analyses were
performed on a Nu Plasma MC-ICP-MS (Maas et al.,
2005). Nd isotope ratios were normalized to "*°Nd/
N =2:0719425 (equivalent to "“°Nd/**Nd =0-7219),
using the exponential law as part of an on-line iterative
spike-stripping/internal normalization procedure, and
data are reported relative to LaJolla Nd=0-511845.
External precision (2SD) is 0-2% (*’Sm/*'Nd) and
0-004% ("*Nd/"*Nd); the long-term averages for USGS
BCR-2 andesite are 01383 £3 and 0-512640 £ 20, consist-
ent with TIMS reference values (e.g. Raczek et al., 2000,
2003).

WHOLE-ROCK GEOCHEMICAL

DATA

Whole-rock data for the mafic dykes from the Ruker
Complex show that they have basic compositions with
SiOy contents ranging from 45 to 56 wt %. Most rocks
are compositionally basalts, with fewer basaltic andesites
and picrites (Fig. 6). Magnesium numbers vary from 30 to
70. With the exception of a few samples, the mafic rocks
are subalkaline. The rocks that tend to have slightly alka-
line compositions are the Neoproterozoic sills observed
within the Sodruzhestvo Group. Major elements show a
wide range of variation (Figs 7 and 8) suggestive of the oc-
currence of a number of different rock types. Secondary al-
teration should also not be discounted, in particular for
mobile components, such as NayO, KoO and LILE such
as Rb, Sr, Ba and Pb. However, we found no correlation
between rock alteration or deformation degree and chem-
ical composition in terms of major and trace elements for
the NNE- and ENE-trending dykes for which many ana-
lyses were obtained. These rocks vary from fresh dolerite
to mafic schist but nevertheless exhibit both limited vari-
ations in element concentrations and strongly correlated
variations of mg number, Ti, Zr and Th (Fig. 9). Other
elements, such as Rb and Sr, do show systematic shifts in
metamorphosed samples with Rb  depletion and Sr
enrichment.

Three major rock groups may be distinguished based on
their specific geological position, relative age and chemical
composition: (1) high-Mg metabasite; (2) subalkaline tho-
leiite; (3) high-Ti—P metabasite (Figs 6-8). The high-Mg
metabasites comprise the mostly metamorphosed and
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Table 1: Major and trace element analyses for representative mafic dykes and sills from the southern Prince Charles

Mountains

Sample ID: 33501-8 33501-13 9828198 sPCM D 9828116 sPCM 29.1 9828055 9828038

Locality: Rimmington Rimmington McCue Bluff Mt Rymill Rimmington Mt Stinear Rimmington Rimmington
Bluff south Bluff south Bluff Bluff Bluff

Suite:” E-W E-W E-W NNE NNE

Group: High-Mg High-Mg High-Mg High-Mg High-Mg High-Mg Low-LILE Low-LILE

Rock: Amphibolite Amphibolite Noritic metadolerite Apodolerite Mafic schist Mafic schist Apodolerite Apodolerite

SiO, 44-89 45-09 50-34 51-84 51-87 52-61 49-11 49-33

TiO, 223 271 0-79 0-54 0-66 0-58 127 2:23

Al,O3 7-10 9-59 7-56 11-38 10-96 11-62 15-84 13-94

Fe,03* 16-32 16-88 12-:36 10-96 14-06 10-95 11-93 15-13

MnO 0-23 017 0-19 019 0-23 0-19 0-19 0-22

MgO 15-27 12-8 17-24 10-84 851 1079 6-31 567

Ca0 770 667 821 9-04 871 9-18 11-33 992

Na O 0-41 1-46 1-38 2-:00 2:42 1-61 2-66 2:42

K20 280 2:25 0-42 1-40 141 119 0-65 0-50

P,05 0-25 0-37 0-09 0-08 0-09 0-08 0-11 0-21

LOI 410 339 0-72 1-15 1-00 072 0-52 0-28

mg no. 65 60 73 66 55 66 51 43

Cr 1283 780 3634 859 846 790 271 109

Ni 963 544 724 224 202 215 80 VAl

Co n.d. n.d. 116 53 86 49 n.d. 81

Sc 29 26 n.d. 37 n.d. 35 n.d. n.d.

\Y 279 287 239 199 186 208 284 381

Cu 259 76 60 29 55 77 78 228

Pb <05 4 1 10 4 <4 4 8

Zn n.d. n.d. 72 104 184 100 m 137

Rb 929 92 10 103 29 62 4 4

Ba 355 741 62 265 223 213 112 53

Sr 34 150 97 96 162 134 199 211

Ga 16 21 13 12 14 12 18 22

Nb 21 19 4-8 <2 37 3 4-4 82

Hf 6 6 n.d. <5 n.d. <5 n.d. n.d.

Zr 195 225 61 50 73 52 81 131

Y 24 29 12 n.d. 18 <3 23 30

Th <3 3 06 <5 11 <5 05 0-8

U 05 <05 <05 <3 <056 <3 <05 <06

Latitude —73-656 —73-651 —73:51533 —72:95383 —73-63050 —73-08283 —7357923 —73-56905

Longitude 68-424 68-419 68-30817 66-00500 68-37000 66-26933 68-34504 68-36253

Lab. 1 1 2 3 2 3 2 2

(continued)

uncommon, largely west-trending, but sometimes NE- or  of the mafic dykes (NNE-, NW-; and ENE-trending)
SE-trending, dykes encountered in the southern Mawson  observed within the Ruker Complex, whereas the high-
Escarpment and in Mts Stinear and Rymill. The rocks of = Ti—P metabasites are sills found within the Sodruzhestvo
subalkaline tholeiitic composition make up the majority ~ Group.
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Table I: Continued

MAFIC DYKES, PRINCE CHARLES MOUNTAINS

Sample ID: sPCM 71.3 9828167

sPCM 71.1 9828191 9828200 9828202 9828199 9828054 9828196

Locality: McCue Bluff Tingey Glacier McCue Bluff McCue Bluff McCue Bluff McCue Bluff McCue Bluff Rimmington Bluff McCue Bluff

Suite:" NNE NNE NNE NNE NNE NW NW NW NW
Group: Low-LILE Low-LILE Low-LILE Low-LILE Low-LILE High-LILE High-LILE High-LILE High-LILE
Rock: Dolerite Mafic schist Dolerite Metadolerite Dolerite Altered dolerite  Amphibolite  Mafic schist Altered dolerite

SiO, 49-59 49-73 49-73 50-07 50-42 46-2 46-64 49-6 53-23
TiO, 213 1-48 218 097 216 218 131 2:25 159
Al,O3 12-88 14-00 12:95 14256 13-19 14-08 15-24 12-98 1311
Fe,03* 16-13 1522 1619 11-44 15-48 16:91 1413 1563 1591
MnO 0-26 0-22 0-25 0-19 0-22 0-21 0-19 0-21 0-18
MgO 578 6-06 559 7-67 5-87 571 7-25 515 374
Ca0 10-18 10-18 10-2 10-82 10-26 889 9-97 924 7-94
Na,0 2:34 2:08 2:30 2:85 223 241 226 2:53 2:61
K0 0-36 0-34 0-36 0-70 0-39 1-09 0-63 123 152
P20s 0-19 017 0-19 0-09 0-20 0-48 0-25 0-36 0-24
LOI 0-10 0-38 0-05 0-84 0-62 1-66 197 0-61 0-27
mg no. 42 44 41 57 43 40 50 39 32
Cr 130 144 127 257 180 58 149 141 30

Ni 70 83 66 99 59 74 110 74 53
Co 54 71 45 7 70 74 75 78 62
Sc 40 n.d. 40 n.d. n.d. n.d. n.d. n.d. n.d.
\Y 368 408 370 291 347 262 215 304 343
Cu 220 86 210 22 249 64 78 187 135

Pb <4 5 <4 9 1 6 5 3 8
Zn 128 131 129 125 115 150 103 133 109
Rb 10 2 12 8 8 25 15 39 61

Ba 170 71 173 32 93 651 362 208 390

Sr 175 254 173 178 174 244 247 124 153

Ga 23 19 22 15 22 21 17 18 20
Nb 6 15 6 35 7-8 229 156 147 96
Hf <5 n.d. <5 n.d. n.d. n.d. n.d. n.d. n.d.
Zr 154 103 161 56 147 208 115 244 169

Y 24 22 26 18 35 32 20 52 39
Th <5 12 <5 0-4 13 31 13 65 6

U <3 <056 <3 <05 <056 <06 <05 09 0-6
Latitude —73:51083 —73-53600 —73-51083 —73-562550 —73-50950 —73-50950 —73-51533 —73-57923 —73-52550
Longitude 68-31433 68-31283 68-31433 68-31133 68-30433 68-30433 68-30817 68-34504 68-31133
Lab. 3 2 3 2 2 2 2 2 2

High-Mg metabasite

These rocks, which vary in texture and composition from
noritic metadolerite to mafic and ultramafic schist, have
mg numbers largely between 55 and 73. They have either
quartz—hypersthene  (silica-oversaturated) or hyper-
sthene—olivine normative CIPW compositions. Normative

(continued)

olivine is <2-2%, hypersthene is mostly between 18
and 35%. Modal anorthite content is generally low
(10-20%). These rocks have characteristically high MgO
(8-18 wt %), Cr (8003600 ppm) and Ni (200-960 ppm)
contents, low concentrations of Al,O3 (mostly <I3 wt %),
and high CaO/Al,Og3 ratios (0-7-11). They also tend to
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Table I: Continued

Sample ID: sPCM 64.3 9828214 48159-13 9828192

sPCM 73.4 9828157

sPCM 69.5 sPCM 80.1 sPCM 28.1

Locality: Tingey Glacier McCue Bluff McCue Bluff McCue Bluff McCue Bluff Tingey Glacier Rimmington Bluff Binders Nunataks Mt Stinear
Suite:” ENE ENE ENE ENE ENE ENE ENE

Group: Low-LILE Low-LILE Low-LILE High-LILE High-LILE High-LILE High-LILE Low-LILE High-LILE
Rock: Metadolerite Dolerite Dolerite Amphibolite  Amphibolite Amphibolite Metadolerite Amphibolite Metadolerite
SiO, 49-46 49-66 49-68 48-97 49-29 50-05 52-64 49-06 49-22
TiO, 125 171 2:30 2:44 1-96 1-50 0-70 2:41 097
Al,O3 14-03 13-66 13-04 13-04 11-98 13-72 13-84 12-64 14-561
Fe,03* 13-43 15-59 16-44 1591 1491 16-11 12:03 1719 12-38
MnO 0-20 021 0-23 0-21 0-22 021 019 0-25 0-24
MgO 6-55 5-89 5-42 5-06 534 612 6-13 5-45 7-43
Ca0 11-05 993 9-84 9-64 861 91 10-22 976 10-66
Na,O 2:54 2:52 231 2:05 131 073 2:47 1-96 2:49
K,0 0-28 0-39 0-42 162 4-26 0-97 0-83 0-57 111
P,0s 0-14 022 0-21 0-36 0-18 017 0-10 0-20 0-08
LOI 0-48 0-06 0-20 0-60 125 113 0-43 0-15 0-48
mg no. 49 43 40 39 41 43 50 40 54

Cr 269 224 107 133 131 157 32 36 271

Ni 100 75 73 65 68 153 101 64 152

Co 54 59 47 63 43 78 50 50 51

Sc 40 n.d. 38 n.d. 26 n.d. 40 46 42

\ 268 290 364 308 309 418 238 402 267

Cu 149 161 217 152 20 114 65 233 23

Pb <4 <07 <4 5 1" 2 5 <4 13

Zn 101 122 131 123 191 87 102 141 328

Rb 10 1" 8 38 89 21 16 1" 39

Ba 94 81 113 180 661 264 245 173 123

Sr 141 136 177 103 118 80 167 164 120

Ga 17 19 19 19 20 20 16 25 17

Nb 2 6 14 13-4 6 13 3 5 3

Hf <5 n.d. <5 n.d. <5 n.d. n.d. <5 5

Zr 86 104 164 247 133 107 76 148 56

Y 17 34 41 57 19 26 13 23 9

Th <5 05 <5 57 <5 26 <5 <5 <5

U <3 <05 <3 0-8 <3 <05 <3 6 <3
Latitude —73-54683 —73:50183 —73:511 —73-52540 —73-51467 —73:53767 —73:58050 —72:57300 —73:08517
Longitude 68-33167 68-31217 68-336 68-31133 68-31333 68-31750 68-34450 62-66683 66-26467
Lab. 3 2 3 2 3 2 3 3 3

have lower TiOy concentrations (0-3-0-:83wt %) than
the more common tholeiites. Mantle-normalized trace
element patterns for these rocks are spiked, characterized
by pronounced negative Nb anomalies. Two rocks add-
itionally display negative Sr anomalies (Fig. 10a). These
samples additionally have the highest concentrations of

(continued)

HFSE and also have noticeably higher Ti/Y and Zr/Y
ratios. The mg numbers of these two rocks lie within the
common range observed for this suite. A single sample
from this suite was analysed for REE (Table 2) and has
REE concentrations 811 times chondrite (Fig. 11a) with a
slightly fractionated trend between the LREE and middle
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Table I: Continued

Sample ID:  sPCM 31.1 sPCM 51.1 sPCM 45.1 sPCM 51.2 sPCM 45.2 19-12
Locality: Mt Stinear Cumpston Massif east Cumpston Massif east Cumpston Massif east Cumpston Massif east Mt Seddon
Suite:” sill sill sill sill sill
Group: Low-LILE High-Ti-P High-Ti-P High-Ti-P High-Ti-P High-Ti-P
Rock: Mafic schist  Amphibolite Amphibolite Amphibolite Amphibolite Amphibolite
SiO, 51-16 45-85 46-40 46-43 48-07 46-40
TiO, 1-02 410 4-01 452 384 4-68
Al,O3 13-656 15-05 14-74 15-01 15-77 14-62
Fe,03* 14-05 15-41 15-38 15-60 13-72 15-19
MnO 0-22 0-23 0-25 0-23 0-20 0-22
MgO 677 551 5-49 4-80 4-43 47
Ca0 9-43 9-01 8:36 841 807 7-69
Na,0 2:54 2:84 313 2:92 366 312
K50 0-33 0-44 0-21 0-19 0-84 119
P,0s 0-08 102 1-03 1-10 0-96 1-30
LOI 0-31 0-04 0-49 0-30 0-06 1-60
mg no. 49 41 41 38 39 40

Cr 135 Al 77 72 62 n.d.
Ni 105 45 42 28 31 n.d.
Co 58 50 50 41 48 n.d.
Sc 46 27 29 31 28 n.d.
\Y 286 123 108 119 94 n.d.
Cu 58 <10 12 22 12 n.d.
Pb <4 10 26 29 " n.d.
Zn 97 174 175 186 163 n.d.
Rb 9 14 7 7 18 n.d.
Ba 59 281 188 186 537 n.d.
Sr 167 269 302 340 342 n.d.
Ga 16 25 24 26 26 n.d.
Nb 6 15 18 16 15 n.d.
Hf <5 5 8 12 7 n.d.
Zr 56 343 338 366 320 n.d.
Y 13 42 44 43 39 n.d.
Th <5 <5 <5 <5 <5 n.d.
U <3 <3 6 <3 <3 n.d.
Latitude —73-09600 —73-60400 —73:57550 —73-60400 —73:57550 —73-118
Longitude 66-23867 66-97350 66-96350 66-97350 66-96350 64-930
Lab. 3 3 3 3 3 -2

"When specified.

2From Ravich et al. (1985), by wet chemistry.

*Total Fe as Fe,0s.

Major components in wt %, trace elements in ppm. LOI, loss on ignition; n.d., no data; Lab., laboratory [1, BMR
(Canberra); 2, University of Melbourne; 3, BGR (Hannover)]. Sill indicates sills within the Neoproterozoic Sodruzhestvo
Group. mg number =100Mg0/(MgO + Fe0™"), mol %.
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Table 2: REE concentrations ( ppm) in mafic intrusive rocks from the southern Prince Charles Mountains

Sample Locality Geochemical Dyke La Ce Pr Nd Sm Eu Gd Tb Dy Ho  Er Tm Yb Lu (La/Yb)y
group suite
or sill
sPCM 29.1 Mt Rymill High-Mg E-W 633 135 176 73¢ 191 063 191 037 204 046 138 020 130 020 350
sPCM 30.7 Mt Stinear Low-LILE NNE 843 212 312 151 438 133 436 076 436 08 236 03 201 031 300
sPCM 49.1 Cumpston M. Low-LILE NNE 418 977 140 655 191 074 226 043 271 060 169 025 164 026 180
9828200 McCue Bluff Low-LILE NNE 112 259 374 178 580 167 529 106 584 122 361 046 300 043 270
9828191 McCue Bluff Low-LILE NNE 393 100 146 744 220 084 253 050 297 057 187 024 158 024 180
9828054 Rimmington Bluff  High-LILE NW 444 863 884 329 841 178 839 152 896 174 58 079 512 083 620
9828202 McCue Bluff High-LILE NW 462 890 101 371 742 209 675 107 566 116 338 046 291 042 114
9828214 McCue Bluff Low-LILE ENE 821 203 29 139 412 143 476 093 568 120 374 051 352 051 170
9828192 McCue Bluff High-LILE ENE 134 355 528 244 731 18 765 142 879 196 597 084 574 08 170
sPCM 51.1  Cumpston M. High-Ti-P sill 283 578 832 386 958 260 922 154 930 181 528 068 455 075 450
sPCM 52.5 Cumpston M. High-Ti-P sill 290 646 886 414 937 275 100 162 909 170 530 071 451 062 460
sPCM 44.2 Cumpston M. High-Ti-P sill 242 578 786 358 949 240 103 171 920 183 519 069 411 069 420
sPCM 45.1  Cumpston M. High-Ti-P sill 276 605 813 404 978 28 935 149 884 171 521 063 449 070 440

REE (MREE; La—Gd) and a flat distribution for the
heavy REE (HREE; Dy-Lu). The chondrite-normalized
ratios of Lan/Ybx and Gdy/Yby are 3-49 and 122
respectively.

Subalkaline tholeiite

Two chemically distinct subalkaline tholeiitic rock groups
can be distinguished: a low-LILE group and high-LILE
group. Dykes of the NNE-trending suite compositionally
lie within the low-LILE group, whereas those of the
NW-trending suite (with one exception) lie within the
high-LILE group. The ENE-trending suite is more hetero-
geneous and contains examples that fall within both
geochemical groups.

NNE-trending dykes (low-LILE)

The NNE-trending dykes in the southern Mawson
Escarpment define a coherent cluster with minor vari-
ations in terms of major and trace element abundances.
Major element concentrations are SiOy=49-50-5wt %,
TiOy =10-2-2wt %, MgO =5-0-7-7wt %, NayO =2-1—
28wt %, KyO=040-070wt % and PyO;=010—
0-20 wt %. Mg number varies between 40 and 57. Mean
concentrations of some trace elements are as follows
(ppm): Rb 7, Ba 72, Nb 8-8, Sr 201, Zr 114, and Y 27.
These dykes display relatively flat to slightly humped
trace element patterns with no significant Nb or Sr anom-
aly. Most trace element concentrations are between five
and 20 times mantle values, although normalized Pb con-
centrations are somewhat higher (Fig. 10b). The chon-
drite-normalized REE patterns are mostly flat, although
a slight LREE enrichment in the more evolved samples is

evident (Lax/Ybx=27 and 3-0; Iig. 1lb). These rocks
show some systematic differences when compared with
dykes of the other suites. They tend to have somewhat
lower concentrations of K, Rb, Ba, Th, La and Ce, and
higher Cr. Less evident is their relative depletion in
HFSE: P, Nb, and Zr.

NW-trending dykes (high-LILE)

Major element concentrations for the NW-trending
suite are SiOy,=46-56 wt %, TiOy=0-6-2-3wt %,
MgO =24-7-3wt %, NayO =2-1-2-5, KoO =0-6-2-2 wt
% and PyO5;=0-10-0-60 (Table 1. Mg number varies
between 24 and 53. Mean trace element concentrations
are as follows: Rb 39 ppm, Ba 295 ppm, Nb 112 ppm,
Sr 140 ppm, Zr 188 ppm, and Y 34 ppm. These rocks
show mostly overlapping major element concentrations
with the NNE suite (Figs 6-8). The exceptions are KO,
which is higher in most samples, and SiOs, which varies
more widely. More pronounced differences are observed
in the element Apart from
prominent LILE enrichment—Rby and Bay are in the
range 20—150 (Fig. 10c)—these rocks have, with few excep-

trace concentrations.

tions, prominent negative Nb and Sr anomalies and ele-
vated LREE abundances (Fig. llc). Lax/Ybx is between
6-2 and 11+4.

ENE-trending dykes

The ENE-trending dykes tend to be more heterogeneous
and contain rocks with characteristics akin to both the
low-LILE group and the high-LILE group rocks. This is
best expressed in the normalized trace element patterns
shown in Fig. 10d. The studied ENE-trending dykes are all
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Fig. 6. A SiO,—total alkalis classification diagram (Le Maitre, 1989) for mafic intrusions from the southern Prince Charles Mountains. Grey

line divides alkaline and sub-alkaline rocks.

strongly evolved (mg number =30-44) and most trace
element ratios, especially those including the HFSE (e.g.
Zr/Y, Ti/Zr, Ti/P, K/Nb, Rb/Sr; Table 3), for low-LILE
rocks from the ENE suite are nearly identical to the NNE
dyke rocks. On the other hand, K/Rb and La/Nb ratios in
the low-LILE ENE-trending dyke rocks are lower, al-
though the REE patterns (Fig. 11d) for these rocks are
very similar to those of the NNE-trending dykes. The
high-LILE rocks from the ENE-trending dykes have
mostly very similar trace element ratios to the NW-trend-
ing dykes (e.g. Ba/Nb, Ti/Zr, Zr/Y, Th/Nb, Ti/P, and Rb/
Sr; Table 3). Other trace element ratios are somewhat dif-
ferent (e.g. P/Zr, Th/U and Ce/Y are lower, and K/Nb, K/
Zr and Zr/Nb are higher), suggesting derivation from
somewhat different sources.

Unspecified dykes from other localities

Dyke rocks geochemically corresponding to either the low-
LILE or high-LILE group have been found at other local-
ities in the sSPCM. The low-LILE dyke rocks are abundant
in Mt Stinear. These dykes are variously fractionated (mg
number =40-54), as are the NNE-trending dykes in the
southern Mawson escarpment. The low-LILE rocks from
Mt Stinear show some trace elements ratios (e.g. La/Nb,
Ti/P, P/Zx, Ti/Zr, La/Nb, Rb/Sr; Table 3) similar to those
of the NNE-trending dykes, but many other ratios are
very different (e.g. K/Rb and K/Nb are lower, and Zr/
Nb, Ba/Nb and Zr/Y are higher). This indicates essential
differences in the composition of their mantle sources
and/or influences of different processes during magma
ascent and within the upper crust during crystallization.
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Fig. 7. SiO, vs major oxide components plots for mafic intrusions from the southern Prince Charles Mountains. Symbols as in Fig. 6.

The high-LILE group rocks, which occur elsewhere in
the sPCM, have major element concentrations in the fol-
lowing ranges: SiOy =46-53 wt %, TiO9=0-7-3-1wt %,
MgO =32-81wt %, NayO=07-31, KoO=0-6-2-1wt
% and PyO5;=010-0-50wt %. These compositional
ranges closely correspond to the high-LILE group dykes
from the Mawson Escarpment. Scatter in trace element
contents is also limited, with mean concentrations of Rb

4 ppm, Ba 410ppm, Nb 163 ppm, Sr 182ppm, Zr
206 ppm, and Y 40ppm for the high-LILE group else-
where in the study area, which is similar to the trace elem-
ents concentrations in the NW-trending suite in the
Mawson Escarpment. The high-LILE rocks from Mt
Stinear have nearly identical trace element ratios com-
pared with the high-LILE ENE dykes in the Mawson
Escarpment (Table 3).
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High-Ti-P metabasite

High-Ti—P mafic compositions are restricted to sills in the
Neoproterozoic metasediments of the Sodruzhestvo
Group at Cumpston Massif (Phillips et al., 2005) and
Mt Seddon (Ravich et al., 1985). These rocks have a
relatively narrow range of concentrations for most major
and trace elements. They have typically high TiO,
(3-8-4-5wt %) and PyO5 (0-:96-1-10 wt %) and relatively
low SiOy (4648wt %), Na,O (2:8-3-5wt %), Cr

(60-85 ppm), Ni (30-50 ppm), V (90120 ppm) and Cu
(<20 ppm). MgO concentrations (4-4-5-5wt %) are
slightly lower than observed in the high-Mg and tholeiitic
dykes. The abundances of K,O, Pb, Rb, and Ba vary
widely. These rocks are highly evolved (mg number = 37—
41) and are silica-oversaturated, as indicated by normative
quartz (4-8%) and hypersthene (11-14%) despite their
low SiOgy contents. They also tend to have higher Sr
(mostly 300-340 ppm), Ga (2226 ppm), Nb (15-18 ppm),
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Fig. 9. Selected major and trace element variation diagrams for variously metamorphosed rocks.

and Zr (320-360 ppm) than either the tholeiitic or high-
Mg dykes.

When normalized to primitive mantle (Fig. 10e), the
high-Ti—P rocks show very consistent and relatively
smooth trace element patterns (except K and Pb). They
show prominent enrichment in the least incompatible
HFSE elements, which results in a steep negative slope
from P to Y. LILE are moderately enriched, but display
considerable variations (particularly KoO and Pb) that
are probably due to alteration. Nb either shows no anom-
aly or defines a small negative anomaly. A prominent

negative Sr anomaly is also present. Four samples were
analysed for REE and these show consistent, slightly frac-
tionated REE patterns (Lan/Ybn=4-2-4:6; Fig. 1la). A
small negative Eu anomaly [Eu* =0-74-0-89, where
Eu* = 2Eun/(Smx 4+ Gdy) ] is also observed.

Sm—-Nd ISOTOPE SYSTEMATICS
Twenty-six samples were analyzed for their Sm—Nd iso-
tope compositions (Table 4). They show considerable
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scatter in isotopic ratios and calculated parameters enxg
and depleted mantle model age T%’R{Nd (Tpoam below). For
all analyzed rocks, exq(0) varies between —0-5 and —23
with Tpyr model ages of between 1660 and 3850 Ma.
There are, however, systematic variations when the data
are considered separately for the five suites of mafic
intrusions.

Two samples of the high-Mg suite were analysed, and
these reveal large negative exq(0) values of —156 and
—14-7, f*™NY of —0:18 and —0-23 (see Table 4 for explan-
ation), and Tpy model ages of 3-1 and 3-6 Ga. Taking
2370 Ma as the possible age of this suite [a TIMS date
reported by Mikhalsky et al. (1992) and similar ages for
high-Mg dykes in the Vestfold Hills reported by Collerson
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Table 3: Selected average incompatible element ratios of subalkaline tholetitic basites in the southern Prince Charles

Mountains
Ratio Mawson Escarpment Mt Stinear Mt Ruker*

NNE ENE ENE NW low-LILE high-LILE Mafic Mafic Metagabbro-

low-LILE low-LILE high-LILE high-LILE dykes schists dolerites
Ti/P 14-5 13-3 10-6 73 14-4 10-4 119 112 97
P/Zr 6-3 69 6-1 75 6-4 6-4 55 5-4 56
K/Rb 777 401 369 275 592 273 113 251 226
K/Nb 650 585 1387 910 492 1156 815 1780 1490
K/zZr 41 36 81 62 26 62 65 124 136
Ce/Y 09 07 (1-2) 19 16 0-9 14 13 0-4
Ba/Nb 12-8 10-8 378 30-2 19 171 n.d. 48 45
La/Nb 13 (0-9) (1-4) 21 16 13 13 23 05
Ti/Zr 20 90 65 54 92 66 60 59 56
Ti/Y 380 387 350 279 518 376 300 256 233
Zr/Nb 15-7 133 180 13-9 21-3 18-8 111 14-2 111
Zr/Y 43 43 53 51 57 57 51 4-4 4-4
Th/U (3:0) (4-7) (4-2) 71 n.d. n.d. n.d. n.d. n.d.
Th/La (0-1) (0-2) (0-4) 0-3 n.d. n.d. n.d. n.d. n.d.
Th/Nb (0-15) (0-15) (0-5) 0-4 n.d. (0-4) n.d. 1 11
Rb/Sr 0-04 0-06 0-35 0-26 0-03 0-50 06 07 0-3
n 10 5 5 7 6 6 6 15 6

(6) (2-4) (3) (2) (3)

*Mikhalsky et al. (2001); E. V. Mikhalsky, unpublished data.

n.d., no data.

& Sheraton (1986) and Lanyon et al. (1993)] gives initial
€na(2-37) values of —2 and —4 (Fig. 12a). These data indi-
cate an enriched mantle source for these rocks.

Twenty-two analyses were made of the subalkaline tho-
leiites and for each suite distinctive isotopic characteristics
were observed. NNE-trending dykes (low-LILE group
rocks; seven samples) have exq(0) values between zero
and —3, /"™ of —0-08 to —0°15, and Ty of 19-2:5 Ga.
One outlying sample has exq(0) =—8-4 and Ty =17 Ga.
The slope in time—&xq space for this rock is thus markedly
steeper than for the other samples from this suite owing to
significantly lower *™N1=-0-34 (Fig. 12b). Assuming a
post-13 Ga and probably pre-10 Ga age for these dykes
(see below) initial exq(10-13) between zero and +2-5
may be calculated.

NW-trending dykes (high-LILE group rocks; four sam-
ples) yielded negative exg(0) values between —12 and —23
and Tpyr model ages between 2:3-2:9 Ga. The slope in
time—€xq(0) space for these rocks is steep owing to low
SN =030 to —0-45 (Fig. 12¢). The isotopic characteris-
tics from this dyke suite are thus distinct from those of the

NNE-trending dykes described above, and from those of
the ENE-trending dykes described below.

ENE-trending dykes (seven samples) yield low &xq(0)
between —2:8 and —20 and Tpy model ages of
2:3-3-85 Ga, although most values are between 2-9—
3-85 Ga. /"N is between —0-10 and —0-22 and the slope
in time—€xq(0) space is thus relatively flat (Fig 12d).
Unlike the NW- or NNE-trending dykes that geochemi-
cally fall into either the high-LILE group (NW dykes) or
the low-LILE group (NNE dykes), the ENE-trending
dykes are compositionally mixed and composed of rocks
with both low-LILE and high-LILE compositions.
Although our dataset is small, the ENE-trending dykes
with low-LILE group chemistry tend to have both the
younger model ages between 2-3 and 3-4 Ga and higher
exa(0) between —2-8 and —7-8. For the high-LILE group
rocks within this suite Tpy varies between 27 and
3-85Ga and &ng(0) between —5-5 and —20-0. Only one
sample (48159-13) of the low-LILE group of this suite has
been tentatively dated at ¢ 1350—1300 Ma (Mikhalsky
et al., 2007). This sample gives initial exq(1-35) =417 The
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Fig. 12. Sm~—Nd isotope evolution diagrams after DePaolo (1988). (a) High-Mg and high-Ti—P suites. (b—¢) Subalkaline tholeiite suites: (b)
NNE-trending dykes, low-LILE; (c) NW-trending dykes, high-LILE; (d) ENE-trending dykes; (e¢) unassigned direction dykes, low-LILE. (f)
Other data for mafic rocks from the Ruker Complex: lines indicate various metabasites (Mikhalsky et al., 2010); fine long-dash lines, meta-
gabbro—dolerites in Ruker Group (E. V. Mikhalsky, unpublished data); bold short-dash line, NNE-trending mafic dykes in the southern
Mawson Escarpment (Mikhalsky et al., 1993). Initial Nd isotopic composition is indicated with a dot or ellipse, black when dated and white
when assumed. Ages of ENE suite from Mikhalsky ez al. (2007), metagabbro in Mawson Escarpment from Mikhalsky et al. (2010).

relatively large spread of Ty model ages observed in this
suite may be caused by rather high Sm/Nd ratios coupled
with isotopic source heterogeneity and/or some crustal
contamination.

Nd isotopic data were obtained for four dykes with un-
specified strike but belonging to the low-LILE group
rocks: one from McCue Bluff, two from Mt Stinear and
one from Binders Nunataks (Fig. 12¢). Three of the samples
have &xq(0) values between —15 and —6:0 and Tpy
values between 2-3 and 29 Ga. These data overlap with
the range of exg(0) and Tpy values obtained from the
NNE-trending dykes and may indicate that these dykes
belong to this suite. The remaining sample (from Mt
Stinear) yielded a similar exq(0) of —2, although the Ty
model age was considerably older (3-5Ga). These results
are more consistent with the data obtained from the
low-LILE group rocks assigned to the ENE suite.

The high-Ti—P suite from Cumpston Massif (two sam-
ples analyzed) have relatively low /™~ of —0-28, gxq(0)
values of —5-3, and Ty of ¢. 16 Ga. Assuming the age of
this suite to be <970 Ma (Phillips et al., 2006) gives initial

values of exq(0:9-0-5 Ga) of between zero and —3. These
features confirm the distinctive geochemical signature of
these rocks when compared with the dyke suites that
intrude the older basement of the Ruker Complex.

PETROGENETIC CONSTRAINTS

High-Mg metabasites

The high-Mg metabasite dykes from the Ruker Complex
have high concentrations of MgO, Cr and Ni, and low
TiO,, AlyO3, NayO, P, Zr and Nb, features that are char-
acteristic of siliceous high-Mg basalts (e.g. Crawford et al.,
1989). High MgO, Cr and Ni, along with high mg numbers
(up to 73), suggest that these rocks formed by a large
degree of partial melting of their mantle source.
Compositional variations in the mantle source, fractional
crystallization and/or assimilation processes may be re-
sponsible for the observed chemical heterogeneity. In add-
ition, the poor correlation between Zr and mg number
(Fig. 13a) suggests that the compositional variations may
also be due to varying degrees of partial melting: a lower
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Fig. 13. Sclected major and trace elements plots for mafic intrusions from the southern Prince Charles Mountains. Symbols as in Fig. 6.

degree of partial melting results in higher Zr, and also Nb,
P Y, K and REE contents. The flat distribution of the
HREE in a low-Zr rock (sPCM29.1) confirms a large
degree of partial melting. The elevated LREE abundances
in this rock are indicative of derivation from an enriched
mantle source region. The rocks with lower concentrations
of Zr also contain higher concentrations of SiO,, AlyOg
and CaO, which suggests that clinopyroxene in addition
to orthopyroxene and olivine was a constituent of the
mantle source. The high CaO/Al,Og ratio is identical to
the chondritic CaO/Al,O5 (Sun & Nesbitt, 1978) and is
consistent with a non-refractory nature for the mantle
source. Olivine control can be implied from the good posi-
tive correlation between MgO and Ni (Fig. 8e). However,
the rocks within the group that have higher Zr and lower
Si0, contents (lower degrees of partial melting) also have
higher Ti/Y and Zr/Y ratios. This implies that Y may have
been retained in a restitic phase such as garnet or amphi-
bole, whereas the flat distribution of the heavy REE
argues against garnet being present in the restite. A strik-
ing feature of this group is the positive correlation between
the HFSE abundances and the size of the negative Sr

anomaly (Fig. 10a). This may have resulted from either
plagioclase fractionation or involvement of plagioclase in
progressive partial melting. The more or less constant
negative Nb anomalies suggest the magma source was
enriched in LREE and LILE, rather than Nb having
been retained in a restitic phase. The Sm—Nd isotopic com-
position also argues for an enriched mantle source. At the
same time, the ratio Lan/Ybyn is not high (3:5) and
mantle enrichment is thus likely to be only moderate.
Alternatively, the La/Nb ratio (15-4'4 in all samples)
could argue for a considerable role for crustal contam-
ination, but that would cause prominent elevation of
Sry, which is apparently not the case. Thus a relatively
shallow (plagioclase—amphibole-bearing) metasomatically
enriched mantle probably served as the source region.

Subalkaline tholevite

Subalkaline tholeiite dykes include a wide range of com-
positions suggestive of a complex petrogenesis of more
than one coherent magma batch. Dykes of the three spatial
suites are similar to each other in terms of major and also
some trace elements, which implies that they could share
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similar petrogenetic histories. Most of the dykes are highly
evolved (generally mg number <50) and crystal fraction-
ation of clinopyroxene and plagioclase may account for
most of the systematic trends observed in binary major
and major vs trace element diagrams (Figs 7, 8 and 13).
This includes, for example, the negative correlation of
5105 and MgO, MgO and TiOy, mg number and Zr, and
the positive correlation of MgO and CaO, TiOy and Zr.
Olivine fractionation is evidenced by positive correlation
of MgO and Ni (Fig. 8e), but other element plots (e.g.
MgO vs CaO; Fig. 8c) suggest that olivine fractionation
was not so important. Strong negative correlations be-
tween SiOy and TiO,, and, less evident, between SiO,
and P,Oj; imply involvement of magnetite and apatite as
fractionating phases. Some rocks are enriched in Fe,O3*
(up to 20%) and contain skeletal opaque minerals. This
does not preclude magnetite fractionation from a similar
melt in crustal magma chambers to produce the low-Fe
compositions. The lack of phenocryst assemblages—none
were found in any of the dyke rocks during this study—
may reflect the highly evolved nature of the melts.

A good correlation between incompatible elements
(e.g. TiOy vs Zr; Fig. 13¢) observed for all dyke suites may
be explained by either varying degrees of partial melting
or crystal fractionation. Fractionation is a more likely pro-
cess provided that a negative correlation between mg
number and incompatible elements (Ti, Zr) is observed.
It is worth noting that in some binary plots (e.g. TiOy vs
MgO, TiOg vs Zr, Y vs Zr, Zr vs mg number; Fig. 13)
more than one differentiation trend may be observed,
these are defined by predominantly either the low-LILE
or the high-LILE rocks, reflecting derivation of these
groups from somewhat different sources.

The two groups (high-LILE and low-LILE) neverthe-
less have some similar trace element ratios (Zr/Nb, P/Zr;
Table 3), which indicate that they originated from broadly
similar mantle source region(s). However, there are many
trace element ratios that are different (Ti/Zr, Ti/P, T1/Y,
La/Nb, Ba/Nb, K/Nb, Ce/Y), with the high-LILE group
rocks on average showing not only higher LILE/HFSE
ratios, but also varying HFSE/HFSE ratios.

Both groups show extensive differentiation trends, and
both groups include less fractionated samples (mg number
50-55), although in the high-LILE group such rocks are
rare. Extensive within-crust evolution implies that crustal
contamination may have modified the magma compos-
itions. However, the low La/Nb ratios (mostly 1-15)
argue against significant contamination by the local coun-
try-rocks. The above-mentioned characteristics of these
dykes may be better explained in terms of variable degrees
of metasomatic enrichment of their mantle source(s). The
less fractionated (higher mg number) high-LILE group
rocks show much stronger enrichment in the LILE and
LREE, whereas the HFSE are similar to the low-LILE

MAFIC DYKES, PRINCE CHARLES MOUNTAINS

group. Thus it may be suggested that the high-LILE
group originated from a much more strongly LILE-en-
riched mantle source than the low-LILE group rocks, and
that the HFSE/HFSE ratios imply considerable differences
in the composition of the mantle sources of the two
groups. The low-LILE group rocks show only minor to
negligible LREE enrichment and their REE distribution
patterns are similar to those of enriched mid-ocean ridge
(E-MORB)-like basalts. Thus, the bulk composition of
the dyke suite may be accounted for by two major mantle
source end-members: (1) E-MORB-like pertaining to
the NNE suite and the low-LILE group generally; (2)
LILE- and LREE-enriched subcontinental mantle, which
served as a source for the NW suite and partly for the
ENE suite.

Indeed, the high-LILE group rocks have much more en-
riched compositions in terms of Sm/Nd isotopic ratios
with €xq(0) values between —12 and —24 for the NW suite
and between —55 and —20 for (the high-LILE group)
rocks of the ENE suite (Fig. 12). In contrast, the low-LILE
group rocks have exq(0) values between —0-5 and —8 for
the NNE-trending suite and —15 and —6 for geometric-
ally unassigned rocks of this group (/™ mostly between
—0-:09 and —016). These data confirm a suggestion that
the two broad geochemical groupings probably reflect dif-
ferent mantle sources, and the consistent younging in Ty
model ages would suggest that the low-LILE group rocks
were emplaced after the high-LILE group rocks.

There is no strict correspondence of these trends to any
particular dyke suite in terms of its strike. However, the
NNE-trending dyke rocks have somewhat different trace
element ratios (Table 3): K/Rb and Ti/Zr are higher than
for the other dyke suites whereas Rb/Sr, Ba/Nb, Th/Nb
and Th/U are lower. On the other hand, the NW-trending
dykes have lower Ti/Zr, Ti/P and K/Rb, and higher K/Nb,
Zr/Nb, Ce/Y and Th/U, indicating derivation from differ-
ent mantle source(s). Most of the NW-trending dyke rocks
have higher Zr, Nb and Y concentrations and lower mg
number, pointing to stronger fractionation of these
magmas. The ENE suite on the basis of its heterogeneous
trace element chemistry may comprise two sub-suites
within which the high-LILE group component was poten-
tially older than the low-LILE group.

In terms of the observed dyke suites we would thus con-
clude that the high-Mg suite is the oldest (notably
Tpm>3 Ga), followed by three or perhaps four gener-
ations of sub-alkaline tholeiites. Of these the NW-trending
(£ part of ENE-trending suite) are interpreted to be the
oldest. These were followed by the rest of ENE-trending
dykes, whereas those trending NNE are considered the
youngest.

High-Ti—P metabasite
The high-Ti-P metabasite sills are composed of highly
evolved (mg number <41) rocks with low SiO,. In most
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binary major and trace element plots these rocks form a
coherent cluster. In a few plots, for example, SiOy vs
FeoOs, SiOy vs NayO (Fig. 7b and d), Zr vs mg number
and Zr vs'TiOy (Fig. 13a and c), linear trends are indicative
of crystal fractionation processes. Positive correlation of
MgO and Ni indicates olivine control, and other trends
such as MgO vs Al,O3 and MgO vs CaO (Fig. 8b and c),
and negative Sr and Eu anomalies may be accounted for
by small degrees of fractionation of clinopyroxene and
plagioclase. It is not likely that the overall HFSE and
REE enrichment observed in these rocks (Figs 10, 11 and
13) is solely due to crystal fractionation, as this is not con-
firmed by an inverse relationship between SiO, and
MgO. It is more likely that the high-Ti—P rocks inherited
these geochemical characteristics from their mantle
source, and elevated concentrations of most incompatible
elements may be due to low degrees of partial melting.
Most incompatible trace element ratios have consistent
values despite a strong metamorphic overprint, a fact re-
flected in the linear trends of Zr vs other trace elements
(Fig. 13). This implies these rocks are cogenetic and derived
from the same or similar mantle sources. However, these
rocks have trace element ratios (Table 3) that are distinct
from primitive mantle values (Sun & McDonough, 1989):
Ti/P and Ti/Zx, for example, have much lower values than
primitive mantle, whereas Ce/Y, Zr/Y, Ti/Y and Zr/Nb
have higher values. These ratios may reflect a significant
role for accessory phases in the mantle source, assuming
the partial melting degree was low. The distribution of the
REE shows considerable enrichment across the REE spec-
trum (Fig. 11a). The HREE show nearly flat patterns sug-
gestive of derivation from a garnet-free mantle source.
The isotopic Sm—Nd compositions of these rocks indicate
their derivation from an enriched (in terms of the LREE)
mantle source with eNd(i) <0.

DISCUSSION

High-Mg dykes of early Palacoproterozoic age are wide-
spread in Enderby Land and the Vestfold Hills. In
Enderby Land these intrusions have been dated at
2350 Ma (Sheraton & Black, 1981), whereas in the Vestfold
Hills two magmatic pulses are recorded, one at 2425 Ma
associated with a comagmatic suite of high-Fe tholeiitic
dykes and a second at 2240 Ma (Collerson & Sheraton,
1986; Lanyon et al., 1993). In most major and trace element
binary plots the fields of the high-Mg rocks from these
two areas nearly completely coincide, although some of
the Vestfold Hills rocks have lower SiO, contents and the
Enderby Land rocks span a wider range for some elements
(Fig. 14). The high-Mg rocks from the sPCM are poorly
constrained in age; although similar to those from
Enderby Land and the Vestfold Hills, they are likely to
be the oldest of the observed intrusive suites on the basis
of both cross-cutting relationships and Tpyy model ages

(31-3:6 Ga). They are constrained to post-date 2820—
2780 Ma orogenesis (Boger et al., 2006; Mikhalsky et al.,
2010), which is consistent with a single zircon evaporation
age of ¢. 2370 Ma reported for this suite (Mikhalsky et al.,
1992).

When compared with the Enderby Land and Vestfold
Hills dykes (Sheraton & Black 1981; Kuehner, 1989), the
high-Mg dykes from the Ruker Complex have basically
similar compositions, but tend to contain less SiOo,
Al,Os, KyO and NayO, have higher CaO/Al,Os, and are
more magnesian. With respect to trace elements, many of
the incompatible element ratios (e.g. Ti/P, Zr/Nb, Ce/Y)
are also basically similar, although important differences
are evident (Table 5). For example, the high-Mg dykes
from the sPCM generally have higher ratios of Rb/Sr and
Ti/Zr. These features may be explained assuming clinopyr-
oxene and plagioclase played an important role during
the course of partial melting and subsequent crystal frac-
tionation and precluding a refractory nature of the mantle
source. In a mantle-normalized trace element diagram
the high-Mg dykes from all three Antarctic areas show a
remarkable overlap (Fig. 15a), although the high-Mg
dykes from the Ruker Complex are distinguished by lower
Th, U, and Pb. These features may at least partly be attrib-
uted to the source composition.

In many respects the high-Mg dykes from Enderby
Land, the Vestfold Hills, and the sPCM form a continuum
of compositions with the Vestfold Hills rocks forming a
transitional composition between the sSPCM (lower SiOy,
lower KyO, higher MgO) and the Enderby Land (higher
Si0,, higher Ky,O, lower MgO) end-members. On the
other hand, Palaecoproterozoic siliceous high-Mg mafic
rocks are a common feature of many early Precambrian
terranes (Sharkov & Bogina, 2006), and indicate a global
mantle evolution feature rather than necessarily indicating
a single shared magmatic event.

Dykes of subalkaline tholeiitic composition are also pre-
sent in all three terranes. Those from the Ruker Complex
have chemical characteristics similar to those of typical
continental tholeiites in the terms of the ratios of ZrTi:Y
or Zr:NbY (Fig. 16a and b). In Nb/Yb vs Th/Yb and
TiOy/Yb vs Nb/Yb diagrams (Fig. 16¢ and d) the subalka-
line tholeiites display variable magma-—crust interaction
and seem to reflect derivation from a slightly enriched
(E-MORB-like) mantle source. When compared with tho-
leiitic dykes in Enderby Land and the Vestfold Hills, the
sPCM tholeiites have very similar Ti/P and Zr/Nb ratios,
although other trace elements ratios differ (Table 5).
Wider similarities emerge when comparing the low-LILE
rocks from the sPCM with geochemical Group II of
Enderby Land and Group II of the Vestfold Hills. For
these rocks nearly identical Ti/Zr, Ce/Y and Rb/Sr ratios
are observed (Table 5). However, there are also some no-
ticeable differences; for example, higher K/Rb and K/Nb
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ratios are observed for the low-LILE dykes from the sPCM
when compared with elsewhere. Kuehner (1986) deduced
a primitive mantle source (not having experienced a
major melting or enrichment event) for the ¢. 1386-125 Ga
dykes in the Vestfold Hills. On the contrary, our data sug-
gest that the roughly coeval dykes in the sPCM were
derived from a somewhat enriched mantle source.

Our data also indicate that the Group I rocks from
both Enderby Land (¢. 12Ga) and the Vestfold Hills
(c. 175 Ga) are compositionally most similar to the high-
LILE group rocks observed in the Ruker Complex. These
broad compositional similarities probably reflect similar
mantle processes during the formation of the spatially

separated dyke suites, rather than necessarily suggesting a
common heritage.

This becomes clear when one considers the numbers and
timing of the dyke suites from the different regions. In
Enderby Land both Group I (high-LILE) and Group II
(low-LILE) tholeiites are comagmatic and belong to
either the ¢. 12Ga Ma Amundsen suite (Sheraton &
Black, 1981) or the more recently recognized ¢. 2:0-19 Ga
suite (Suzuki ez al., 2008). In the Vestfold Hills three suites
of tholeiitic dykes post-date the high-Mg intrusions and
these are dated to 1755 Ma, 1380 Ma and 1245 Ma respect-
ively (Black et al., 1991; Lanyon et al., 1993). The 1380 Ma
and 1245 Ma suites collectively define the geochemical
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Table 5: Selected average incompatible element average ratios for dyke suites from East Antarctic

Ratio  Southern Prince Charles Mountains' Vestfold Hills®

Enderby Land®®

High-Mg  Low-LILE  High-LILE High-Ti-P  High-Mg Group | Group Il Group Il High-Mg  Group | Group I
(2:4-2:24 Ga) (175 Ga) (1-38-1-25 Ga) (1-38-1-26 Ga) (2-:35 Ga) (12 Ga) (1-2 Ga)
Ti/P 10-656 166 10-4 55 10-2 71 141 117 97 12 152
K/Rb 250 495 279 320 234 388 314 238 250 308 327
K/Nb 1746 752 1472 330 1842 624 681 461 2011 435 1025
K/Zr 103 37 79 15 87 50 32 35 99 39 35
Ti/Zr 65 95 65 72 57 70 108 82 46 85 97
Zr/Nb 17 21 19 22 20 12 21 13 21 " 29
Ce/Y 16 1-0% 17+ 15 18 17 05 09 18 19 0-7
Rb/Sr 0-70 0-06 0-38 0-05 0-39 0-09 0-08 0-19 0-36 0-06 0-10
P/zr 62 65 64 13-2 6-4 10-2 77 72 4-8 77 6-4
Zr/Y 50 48 60 84 4-8 54 31 36 54 63 31
n 10 38 32 8 14 7 20 6 10 19 22

Data sources: 'this study; 2J. W. Sheraton (unpublished data); 3Sheraton & Black (1981).

*n=26.
th=22.

Groups II and IIT (Collerson & Sheraton, 1986). It also
must be noted that the Vestfold Hills Group I (¢. 175 Ga)
rocks represent NW-trending dykes probably derived from
an LILE-enriched mantle source (Collerson & Sheraton,
1986; Hoek & Seitz, 1995). A comparison of these rocks
with NW-trending dykes (high-LILE group) in the Ruker
Complex, however, shows considerable differences in
terms of LILE enrichment, especially taking into account
the differentiation index mg numbers. Thus, at a given
mg number (50-55) N'W-trending dykes from the Ruker
Complex and the Vestfold Hills contain KO 0-3-12%
and 0-2-0-4%, Rb 15-35ppm and 4-7ppm, Ba 100—
50-100 ppm, Sr 165250 ppm and
~100 ppm, and La 10-20 ppm and 3—4 ppm, respectively.
These data indicate that, despite the apparent similarity
of the trace element patterns (Fig. 15b), the Vestfold Hills
NW-trending dykes were derived from a much less en-
riched mantle source (Fig. 10g) and/or formed by higher
degree of melting than the NW-trending dykes from the
Ruker Complex. At the same time, ¢. 1380-1250 Ma Group
IIT tholeiites (Collerson & Sheraton, 1986) demonstrate ap-
parent similarities to the probably Palacoproterozoic NW-
trending suite in the Ruker Complex, rather than with the
probably coeval NNE suite intrusions (Fig. 15f).

In the Ruker Complex three to potentially four suites of
subalkaline tholeiite post-date the high-Mg suite. The age
constraints on these rocks are limited. Each suite post-
dates 2-82-2:78 Ga orogenesis observed in the Mawson—
Menzies granite—gneiss basement (Boger et al., 2006). This
observational constraint, together with the Sm—Nd model

360 ppm  and

ages obtained from these rocks, suggests emplacement
ages of <278 Ga for the high-LILE component of the
ENE suite (Tpy=27-3-8 Ga) and <2-:3 Ga for the low-
LILE component of the ENE suite (Tpy=2-3-3-4Ga)
and the NW suite (Tpy=22-2:9Ga). The age of the
ENE-trending suite (low-LILE component) is potentially
considerably younger than the depleted mantle model
ages given the age of ¢. 1350—1300 Ma reported for this
suite (Mikhalsky et al., 2007; Fig. 3b). The NNE suite
(Tpm=17-2-5Ga) is observed to cut the ENE suite,
which implies that these rocks must be also <13 Ga based
on the constraints inferred from the zircon age of
Mikhalsky et al. (2007).

Elsewhere in the southern Prince Charles Mountains
intrusive mafic rocks are mostly absent from the cover se-
quences to the Mawson—Menzies basement. Mafic intru-
sions in the form of sills are present within the
Sodruzhestvo Group, although these rocks are high-Ti—P
and compositionally distinct. Mafic metavolcanic and
metamorphosed intrusive rocks of tholeiitic composition
are, however, common in the basal sections of the Ruker
Group. These rocks have highly variable compositions
with Zr/Nb close to chondrite (Mikhalsky et al., 2001). In
contrast, consistently higher than chondritic Ba/Zr and
K/Zx, albeit with much scatter, suggest melting of LILE-
enriched lithospheric mantle and/or involvement of an
LILE-rich fluid. Most rocks display marked negative Nb
anomalies consistent with the involvement of an LILE-
enriched source. The Ruker mafic metavolcanic rocks add-
itionally show smooth REE patterns (Fig. 1le) with only
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Fig. 15. Primitive mantle normalized trace element patterns for various mafic dyke suites from Enderby Land, the Vestfold Hills with southern
Prince Charles Mountains dykes shown for comparison as shaded fields. (a) High-Mg rocks. (b) Group I (¢. 1750 Ma) high-LILE rocks from
the Vestfold Hills. (¢) Group I (c. 1200 Ma) high-LILE rocks from Enderby Land. (d) Group II (c. 1200 Ma) mostly low-LILE rocks
from Enderby Land. (e) Group II (c. 1380 Ma and ¢. 1250 Ma) mostly low-LILE rocks from the Vestfold Hills. (f) Group III high-LILE
rocks from theVestfold Hills. The data for Enderby Land and the Vestfold Hills are largely unpublished data by J. W. Sheraton and also from
Sheraton & Black (1981) and Collerson & Sheraton (1986). Normalization factors from Sun & McDonough (1989).

small Eu anomalies and prominent LREE enrichment Intrusive mafic rocks (dyke metadolerite and sill
reflected by (La/Sm)x between 15 and 39, whereas gabbro—dolerite) from the lowermost Ruker Group show
(Sm/Yb)x is between 12 and 2:0. Such REE patterns are  significant compositional similarities to the mafic schists
consistent with partial melting of an enriched mantle (metavolcanic rocks)—for example, nearly identical or
source. similar Ti/P, Zr/Y, P/Zr, Ti/Zr and some other ratios
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Fig. 16. Trace element discrimination diagrams. (a) Zr—"Ti/100-3Y (Pearce & Cann,1973). (b) Zr/4-2Nb-Y (Meschede, 1986). (c) Nb/Yb vs Th/
Yb (Pearce, 2008). (d) Nb/Yb vs TiOy/Yb (Pearce, 2008). Symbols as in Fig. 6. WPB, within-plate basalts; OFB, ocean floor basalts; LKT, low-
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ridge basalts; E-MORB, enriched mid-ocean ridge basalts; N-MORB, normal mid-ocean ridge basalts; VAB, volcanic arc basalts; OIB, ocean

island basalts; Th, tholeiites; Alk, alkaline rocks.

(Table 3)—suggestive of their cogenetic origin (Mikhalsky
et al., 2001). Two mafic intrusive rocks from the Ruker
Group also yield Sm—Nd Tpy; ages of ¢. 2:9-3-0 Ga and
ena(0) of —17 to =18 (E. V. Mikhalsky, unpublished data).

Considering the dyke groups adopted in this study, some
striking similarities exist between the Ruker Group mafic
rocks and the NW-trending suite observed in the Mawson
Escarpment. The Ruker metavolcanic and intrusive rocks
(especially dykes) and the NW dyke suite are all high-
LILE bearing rocks and have similar Zr/Y, Ti/Zr, La/Nb,
Zr/Nb and Ti/Y ratios (Table 3), albeit the NW-trending
dykes are more strongly fractionated (mg number 24-55,
compared with 35-60 in the Ruker Group rocks;
Mikhalsky et al., 2001). Other trace element ratios are
somewhat different (K/Nb, Ce/Y and K/Zr), although the
NW-trending dykes (Fig. 10c¢) and mafic rocks from Ruker
Group (Fig. 10f) nevertheless display very similar trace
element patterns. The Nd isotope compositions of both

the mafic intrusive rocks at Mt Ruker and the NW dyke
suite also overlap. For the Mt Ruker metagabbro—dolerites
Tpy ages are 2:9-3:0 Ga and &xq(0) of —17 to —18, com-
pared with 2:3-2-9 Ga and —12 to —24 for the NW dyke
suite. NW- to WNW-trending mafic dykes are also present
in a Mawson suite granitic pluton exposed in the NE of
Mt Ruker and these, albeit from a limited dataset (E. V.
Mikhalsky, unpublished data), appear to resemble the
NW dyke suite. Assuming the high-LILE characteristics
and similar Nd isotopic systematics observed for the NW
dyke suite and the lowermost Ruker Group mafic rocks do
reflect a cogenetic origin, we suggest that the data
obtained for these rocks imply that the Ruker Group was
deposited after 2:3 Ga, somewhat younger that the max-
imum depositional ages obtained for detrital zircons from
these rocks (Phillips et al., 2006).

It should be noted that secular mantle evolution from a
reservoir that is more enriched in highly incompatible
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elements in the Palacoproterozoic to one that is less en-
riched or primitive has been proposed by Sheraton &
Black (1981), Collerson & Sheraton (1986), Hoek & Seitz
(1995) and Suzuki ez al. (2008), based on petrological stu-
dies in Enderby Land and the Vestfold Hills. Those re-
searchers basically argued for a largely convergent plate
boundary setting or a gravitationally unstable crustal
regime in these areas during the Palacoproterozoic and
for upwelling asthenosphere (as a linear sheet) during the
mid-Mesoproterozoic. The asthenospheric component is
best exemplified by the alkaline dykes: alkali basalts in
Enderby Land (Suzuki et al., 2008) and calc-alkaline to
ultramafic lamprophyres in the Vestfold Hills (Mikhalsky
et al., 1992). Our investigation failed to discover any
Precambrian mafic alkaline dykes in the sPCM, which
may be due to insufficient lithosphere thickness and rigid-
ity. Otherwise our data are in accord with the proposed
secular mantle evolution, which is reflected in decreasing
LILE/HFSE ratios (e.g. K/Zr, Ce/Y, Tables 3 and 5).

At Cumpston Massif low-grade metasediments of the
Sodruzhestvo Group contain mafic sills and dykes that
were ecarlier attributed to the same presumed mid-
Mesoproterozoic intrusive event that led to the emplace-
ment of the dyke suites in the Mawson—Menzies basement
rocks (Tingey, 1962). These rocks, however, have distinct
high-Ti—P compositions and thus do not correlate with the
other dyke groups observed elsewhere in the sPCM, or for
that matter with the dyke suites observed in other areas of
East Antarctica. A mafic sill in Mt Seddon, where the
Sodruzhestvo Group also crops out, has an identical high-
Ti—P composition (Table 1). In tectonic discrimination dia-
grams (Fig. 16), these rocks compositionally correspond to
within-plate magmas probably derived from an ocean
Mafic sills and dykes at
Cumpston Massif are thus interpreted to be plume related

island basalt-type source.

and probably originated during an advanced stage of
extension in the course of formation of the Sodruzhestvo
basin.

CONCLUSIONS

(1)  High-Mg rocks from the Ruker Complex have Tpy
model ages of 3:6-3-1 Ga and are constrained on geo-
logical grounds to have been emplaced sometime
after 2780 Ma. These rocks are in general strongly
recrystallized and sheared. Pseudomorphs indicate
orthopyroxene as a primary magmatic phase. These
rocks were probably derived by varying degrees of
partial melting of a metasomatically enriched and
radiogenic mantle source at relatively shallow mantle
levels. These rocks have many features in common
with the early Palacoproterozoic (2-40-2:25 Ga)
high-Mg dykes from Enderby Land and the Vestfold

Hills, although they remain chemically distinct
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(lower SiOg, lower KO, higher MgO) and cannot
be directly correlated.

Abundant subalkaline tholeiitic mafic dykes in the
Mawson Escarpment strike generally NNE, NW or
ENE. Two geochemically distinct rock groups may
be distinguished: a low-LILE group and a high-
LILE group. In terms of age, the sequence of
emplacement is taken to be NW, ENE, then NNE.
The high-LILE group rocks are represented by the
NW-trending dykes and a component of the ENE
suite. These rocks are characterized by higher LILE/
HFSE ratios, implying that they were derived from
an REE-enriched but inhomogeneous subcontinental
mantle source. The model ages for these rocks are
mostly older than those obtained from the low-LILE
group rocks. For the NW-trending suite Ty model
ages are 2:30—290 Ga, whereas for the ENE-trend-
ing dykes of this composition Ty model ages are
2:70-3-85 Ga.

The low-LILE group rocks include all the NNE-
trending suite of dykes as well as a component of the
ENE-trending suite. These rocks probably originated
from an E-MORB-like mantle source region. The
model ages for these rocks are mostly between 17
and 2-5 Ga for the NNE suite and 2-3 and 3-4 Ga for
the ENE suite. The low-LILE component of the ENE
suite is inferred to have been emplaced in the
Mesoproterozoic (¢. 1350—1300 Ma; Mikhalsky et al.,
2007), which, on the basis of field constraints, suggests
that the NNE-trending suite was emplaced somewhat
after this time.

Similarities between the NW-trending subalkaline
tholeiitic dykes and the extrusive volcanic or subvol-
canic rocks in the Palacoproterozoic Ruker Group
suggest a common or very similar LILE-enriched
mantle source. This points to a possible cogenetic
and roughly coeval origin for these rocks. Thus the
dykes may represent within-basement counterparts
of the volcanic fill of the Mt Ruker aulocogene.

Our data confirm observations made by Sheraton &
Black (1981) and Collerson & Sheraton (1986) on secu-
lar mantle evolution between the Palacoproterozoic
and late Mesoproterozoic. Those workers concluded
that the Palacoproterozoic dyke sources in both
Enderby Land and Vestfold Hills were more enriched
in highly incompatible elements than those of the
younger tholeiites.

High-Ti—P matfic sills and minor dykes occur within
the Sodruzhestvo Group exposed at Cumpston
Massif and Mt Seddon. These rocks have very dis-
tinctive transitional to alkaline compositions and
may not be correlated with any other dyke suite in
the sPCM or elsewhere in East Antarctica (to the
authors’ knowledge). These rocks are within-plate
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plume-related magmatic manifestations of Neoproter-
ozoic extension, crustal subsidence and sediment
accumulation, probably reflecting the break-up of the
Rodinia supercontinent.

(6) As observed by earlier researchers, the subalkaline
tholeiitic dykes in the Ruker Complex have many
compositional features in common with mafic dykes
from the Napier Complex of Enderby Land and from
the Vestfold Hills. Most striking similarities are
found between the low-LILE group rocks (NNE and
partly ENE suites) from the Ruker Complex and the
¢. 1250 Ma dykes (Group II rocks) from the Vestfold
Hills. Nevertheless, notable compositional differences
exist between the mafic intrusive rocks from these
three regions. For example, the high-LILE group
rocks from the sPCM (NW suite) differ considerably
from the Group I (high-LILE) dykes in the Vestfold
Hills (¢. 1750 Ma). Similarly, some of the alkaline and
compositionally intermediate rocks observed in the
Napier Complex (Suzuki ef al., 2008) have no direct
comparatives in the Ruker Complex; similarly, there
are no direct correlatives for the high-Ti—P rocks
observed within the Sodruzhestvo Group within
either the Napier Complex or the Vestfold Hills.
These features do not provide convincing evidence
for a direct correlation of dyke suites in the Ruker
Complex, Enderby Land, and the Vestfold Hills. It is
thus more likely that these terranes did not experience
a common geological history, at least not before the
mid-Mesoproterozoic (Mikhalsky & Sheraton, 2011)
but arguably not before the Cambrian (Boger et al.,
200L; Boger, 2011). This is consistent with recently pub-
lished feldspar Pb-isotope data that highlight the
strikingly different Pb compositions of the Napier
and Vestfold complexes when compared with the
Ruker Complex (Flowerdew et al., 2013). Whereas the
coastal Napier and Vestfold complexes have Pb iso-
topic compositions that plot well above the Pb isotope
growth curve and correlate with parts of cratonic
India, the Pb isotopic compositions of the Ruker
Complex are unradiogenic and, consistent with the
different magmatic history described here, imply
these rocks were derived from different protoliths
that have protracted, but unrelated, histories.
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