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Abstract: The Northern Prince Charles Mountains (NPCM) are composed of upper amphibolite to granulite facies
metamorphic rocks. The most common rock type in the Porthos Range is felsic orthogneiss, which hosts lenses and
layers of ultramafic and mafic granulite, metapelitic gneiss, and calc-silicate gneiss. In the Athos Range, north of the
Porthos Range, metapelitic rocks predominate. Intrusive charnockites are common in the Porthos Range. The rocks
of the NPCM record a complex history of deformation. Evidence for the earliest events (D} and D,) is only preserved
in ultramafic granulite boudins. D3 produced the regional foliation which was folded during Dy4. A later regional event
(Ds) produced upright structures. Localised but abundant shear zones, mylonites (Dg_7), and late pseudotachylites are
believed to be related to exhumation of the terrane. Geothermobarometry indicates maximum P-7 conditions (D -
Ds) of 800 + 50°C and 7 + 1 kbar, using grt + opx + gtz + pl assemblages in the felsic granulites and charnockites,
and grt + sil + qtz + pl and grt + rt + sil + ilm assemblages in the metapelites. Coarse-grained garnets in metapelites
contain inclusions of cordierite and sillimanite, suggesting a prograde development of heating during burial. Reaction
textures in calc-silicate and mafic gneisses suggest a retrograde development initially characterised by near isobaric
cooling. The anticlockwise P-T path derived for this area contrasts with P-Tpaths for south-eastern Prydz Bay. Ifthese
areas are all part of the same late Proterozoic mobile belt, our observations indicate that different portions of the belt

have distinct tectonic histories.
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Abbreviations Used in Text:

All mineral abbreviations after Kretz (1983).

Xpme = Mg/(Mg + Fe*).

Fe* = total Fe as Fe?*.

X4 (opx) = molecular Al/2 (cations normalised to 6
oxygens).

Xca (cpx) = Ca - Cr/2 + Na/2 — Al/2 (cations normalised
to 6 oxygens) = Ca in M2 site.

EqAn (scp) = equivalent anorthite content = 100(Al-3)/3
(cations normalised to Si + Al = 12).

X,( j) = mole fraction of component i in phase j (under
discussion).

Introduction

Textural features preserved in metamorphic rocks are
vital in providing constraints on their tectonic history. Such
features as early-formed minerals preserved as inclusions
within minerals stable at the peak metamorphic conditions,
and coronas and symplectites, developed as break-down
products of the high P-T (pressure-temperature) phases,
allow qualitative to quantitative estimation of the prograde
and retrograde path that the terrane has followed during its
evolution.

In this paper we describe the geology of the Porthos and
Athos Ranges in the Northern Prince Charles Mountains
(NPCM), and give detailed petrographic data on relevant
rock types. Peak metamorphic conditions are estimated by
geothermobarometry, and textural features are used to
constrain the possible P-T path followed by the NPCM.
Field work was undertaken during the 1988-89 austral
summer in association with the Australian National Antarc-

tic Research Expeditions (ANARE), and concentrated in the
Porthos Range. Carter Peaks and Farley Massif were visited
in the Athos Range.

Geological Setting

The NPCM (Fig. 1) are located in an extensive late
Proterozoic terrane composed of upper amphibolite to
granulite facies metamorphic rocks, which extends from
south-eastern Prydz Bay to the southern PCM and north to
the Rayner Complex of Enderby Land. Previous work in the
PCM includes that of Tingey (1982), McKelvey and
Stephenson (1990), Fitzsimons and Thost (1992) and
Munksgaard et al. (1992).

The rock types of the NPCM can be divided into three
groups:

(i) Basement gneisses, which pre-date the regional D;
deformation. This group includes granulites of mafic to
felsic composition, calc-silicate gneisses, metapelitic
gneisses and ultra-mafic granulites.

(i) Deformed intrusive rocks, which postdate D3 but are
affected to varying degrees by later deformation episodes.
This group includes charnockites, leucogneisses and meta-
morphosed dykes.

(iii) Undeformed intrusive rocks, which postdate the last
deformation in the area, including pegmatites and rare
alkaline basaltic and syenitic dykes.

Outcrop is dominated by the basement gneiss lithologies
and charnockites, with the other lithologies accounting for
less than 5% of'total outcrop area. More complete lithological
descriptions are given by Fitzsimons and Thost (1992). The
lithologies and their constituent mineral assemblages are
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summarised in Table 1.

In the Porthos Range, the most common rock types are
felsic to mafic orthogneiss. In contrast, the Athos Range
contains abundant metapelite. Large intrusive bodies of
charnockite occur throughout the Porthos Range, and account
for approximately 5% of the outcrop. These rock types are
described in greater detail in the following section. Dykes,
sheets and lenses of leucogneiss are common in all the major
rock types. At least two generations of deformed and
metamorphosed mafic dykes occur in the Porthos Range,
but were not seen at Carter Peaks or Farley Massif in the
Athos Range. Their occurrence disproves earlier work stating
that metamorphosed mafic dykes were restricted to the
Archaean and lower Proterozoic rocks of the SPCM, and
were absent from the upper Proterozoic rocks of the NPCM
(Sheraton and Black, 1981; Tingey, 1982; Sheraton, 1983).

Structure
To varying degrees, most rock types have been affected

by a number of deformation events. These are summarised
schematically in Fig. 2. D, is expressed as a moderate to
strong foliation, only preserved in the ultra-mafic and mafic
gneiss pods and boudinaged layers. D, is recognised as a
series of low amplitude, disharmonic folds (F,), with
wavelengths generally less than 50 cm, again preserved only
within ultra-mafic and mafic gneiss bodies. D3 has produced
the dominant gneissic foliation in the region (S5) in both the
felsic and pelitic gneisses, and rare intrafolial F; folds. D;
(this work; Fitzsimons and Thost, 1992) is equivalent to D,
of other workers in the region (McKelvey and Stephenson,
1990; G. T. Nichols, 1. Scrimgeour: personal communica-
tion, 1991). D;—D; may represent a deformational progres-
sion during a single tectonic event. However, the fabrics
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Fig. 1. Location map and simplified geology of the Porthos and Athos Ranges, NPCM. Location of samples discussed
inthe text are also shown. “Dovers Base” is only occupied during the summer season, and was established by ANARE
during 1988.
Table I. Lithologies and mineral assemblages in the Porthos Range.
Percentage
Rock type of Mineral assemblage
outcrop
Granulites
Felsic orthogneiss 70 qtz+pl+Kfstbtthbltopx+grt
Intermediate gneiss 15 qtz+pl+hbl+btropxtcpx+Kfs
Mafic gneiss 5 opx+cpxthblipltbt
Calc-silicates 1 wo+qtz+scp+Kfs+di+cal+spn
fo+di+spl+phl+cal
Metapelites <1* grt+siltcrd+qtz+Kfs+pl+bt
Deformed intrusive rocks
Charnockites 5 qtz+Kfs+pl+opxthbltbttgrt
Leucogneiss 2 qtz+Kfs+pl+grt+bt
Dykes <1 hbl+opx+cpx+pltbttqtz
Undeformed intrusive rocks
Pegmatites <1 qtz+Kfs+pltgrttbttmag
Dykes <1
* Dominant rock type in the Athos Range. Abbreviations after Kretz (1983).
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Fig. 2. Block diagram illustrating some ofthe lithological relationships and structural features observed in the NPCM.
Note the variability of the scale. Rock types: UMG ultra-mafic gneiss occurring as boudins and preserving S, and F;
MG mafic gneiss; LCG leucogneiss; CSG calcsilicate gneiss layer displaying F, folds; CHK intrusive charnockite;
MTD metamorphosed and deformed dyke; BD undeformed, unmetamorphosed basaltic dyke; PEG planar pegmatite
vein. S, is the dominant gneissic foliation in the area. See text for explanation of structural features.

preserved in the ultra-mafic and mafic gneiss bodies must
have formed during the earliest stages of that event, cer-
tainly pre-boudinage and rotation. D, folds S5 but does not
produce a penetrative foliation, and results in steep easterly
plunging fold hinges. F, folds are tight to isoclinal, with
wavelengths generally less than 5 m. During Dy, calc-sili-
cates were mobilized, and in places cross-cut S;, generally
axial planar to F4 folds. Charnockite and later mafic dyke
intrusion post-dates Dy. Ds is a heterogeneous deformation,
which appears to be co-axial with D,. In zones of high strain,
it is manifest as a strong sub-vertical foliation (Ss) and/or
easterly plunging lineation (Ls). The high strain zones may
be hundreds of metres wide. Separating these high strain
zones are areas of large scale F;5 folds, which refold S; and
F, folds, with wavelengths of up to 1-2 km. The high strain
zones anastomose between outcrops, resulting in the tight-
ening of Fs hinge zones or transposition of limbs. D;—Djs
occurred under granulite facies conditions, as evidenced by
the widespread occurrence of orthopyroxene in the felsic
gneisses, charnockites and mafic dykes. In D5 high strain
zones orthopyroxene remains stable.

D¢ produced small scale gently dipping shear zones and
minor flexures. The shears are locally intruded by planar
pegmatite dykes. A series of mylonites (which locally offset
the pegmatites) and pseudotachylites are assigned to D. The
interval Dg—D5 reflects a decrease in grade, with late planar
quartz and epidote-bearing veins being associated with a
greenschist facies overprint.

Lithologic and Petrographic Descriptions

In this section we describe the principal lithologies exposed
in the Porthos and Athos Ranges, and give petrographic
descriptions of specific samples which are subsequently
used to constrain the P-7 path. Probe analyses were per-
formed on the ETEC electron microprobe at Macquarie

University, operating with an accelerating voltage of 15 kV
and a beam width of approximately 10 um.

Granulites

This group encompasses a broad range of gneissic rocks,
from felsic to mafic in composition. They are grouped
together because they are interlayered, with gradational to
well defined contacts, and thicknesses ranging from
centimetres to several metres.

The granulites are predominantly of felsic composition
(70% of outcrop) consisting of qtz + pl + Kfs with minor
orthopyroxene, hornblende and biotite, and rare garnet.
Their fabric varies from massive granular to well foliated
and/or lineated in zones of high strain, with quartz ribbons
and preferred orientation of ferromagnesian minerals.

Variation to intermediate and mafic gneisses occurs
through an increase in the amount of ferromagnesian min-
erals, the appearance of clinopyroxene and ilmenite, and the
disappearance of K-feldspar. Mafic and intermediate gneisses
do not contain garnet as a part of the peak metamorphic
assemblage.

The origin of the felsic to mafic granulites is not clear.
They are host to other lithologies with which they are locally
intimately interleaved, suggesting a sedimentary or volca-
nic protolith. Other more massive felsic lithologies show
little compositional variation, and perhaps reflect an origi-
naligneous origin, with any enclaves representing intrusives
or entrained xenoliths (Fitzsimons and Thost, 1992). Geo-
chemistry suggests derivation from original igneous precur-
sors, possibly generated in a subduction zone environment
(Munksgaard et al., 1992).

A typical example is DT058 which is a medium-grained
grt + opx + bt felsic gneiss from Crohn Massif, with a well
developed S; foliation defined by trails of xenoblastic gar-
net 2-3 mm in diameter, xenoblastic orthopyroxene grains
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