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Abstract: Major and trace elements and Rb—Sr whole rock isochron ages were determined for the granitic rocks from
the Ser Rondane Mountains. These rocks and divided into Early Paleozoic granitic rocks and Late Proterozoic
tonalites. The granitic rocks (mostly 500-530 Ma) can be regarded as A-type granite. The ocean ridge granite (ORG)
normalized patterns of incompatible elements show that most of Early Paleozoic granitic rocks are similar to volcanic
arc granite or within plate granite. Late Proterozoic tonalite (950 Ma) has a distinctively high Ni, Cr, MgO, CaO and
low Rb, Ba, K,O. This tonalite can be regarded as M-type granite.
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Introduction

Granitic rocks are widely distributed in the Ser Rondane
Mountains. For the purpose of elucidation of the history of
tectonic setting and crustal development of East Antarctica,
it is important to study the granitic rock types and ages of the
emplacement. The behaviour of some mobile trace elements
combined with major elements may be useful for inferring
their granitic rock type. In this paper, major and trace
element analyses and Rb—Sr whole rock isochron age de-
terminations from the Ser Rondane Mountains were carried
out to estimate granitic rock type and to evaluate the likely
tectonic setting of this area at the time of granite formation.

Geology and Petrography of the Analyzed Granitic Bodies

The central part of the Ser Rondane Mountains consists
mainly of granulite- and amphibolite-facies metamorphic
rocks and plutonic rocks (Fig. 1) (Kojima and Shiraishi,
1986; Ishizuka and Kojima, 1987; Shiraishi and Kojima,
1987; Sakiyama et al., 1988; Shiraishi et al., 1991; Osanai
etal., 1992; Asami et al., 1992). Plutonic rocks in the Ser
Rondane Mountains can be divided into Early Paleozoic
granitic rocks and Late Proterozoic tonalites by Takahashi
et al. (1990). Early Paleozoic granitic rocks are subdivided
into two types on the basis of their field relations with the
surrounding metamorphic rocks. One type is granitic stocks
with concordant boundaries between them, and the other
with discordant boundaries. The concordant granitic stocks
and Late Proterozoic tonalites which are characterized by a
gneissose structure, emplaced before or during a period of
regional mylonite formation of Main Shear Zone (Kojima
and Shiraishi, 1986). On the other hand, discordant granitic

stocks intruded after the regional mylonitization. They are
massive or weakly foliated. Many granitic rocks emplaced
into metamorphic rocks as many separate bodies. In this
paper, the granitic rock bodies are named after the place
names of location. The modes of field occurrences and
petrographic features of these granitic rocks are presented as
follows.

Early Paleozoic granitic rocks

Mefjell Granite intrudes into the host gneiss parallel to its
gneissosity with a sharp boundary. Oriented mafic minerals
and mafic layering impart a foliation to the rock which is
medium- to coarse-grained clinopyroxene hornblende biotite
granite, and is mainly composed of K-feldspar, plagioclase,
quartz, hornblende, clinopyroxene and biotite with accessory
opaque oxides, apatite, allanite and zircon. It varies from a
granodiorite composition in the north to alkali granite in the
south of the area. It has mostly intermediate magnetic values
(20 to 100 x 10-* SIU).

Austkampane Granite is a small intrusion of about 3 km?
in area. This granite concordantly intrudes into gneiss and
has many gneissose rocks as exotic blocks. It is a coarse-
grained hornblende biotite granodiorite to granite. The granite
is composed mainly of quartz, plagioclase, K-feldspar,
hornblende and biotite with accessory opaque oxides, apa-
tite and zircon.

Vikinghegda Granite is a fine-grained gneissose biotite
granite which intrudes into hornblende biotite gneiss with an
unclear boundary parallel to gneissosity. This granite includes
many xenoliths of gneisses whose margins are often diffused.
The granite consists of quartz, plagioclase, K-feldspar,
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Fig. 1. Map showing distribution of the granitic rocks and sampling locations. Simplified from the unpublished
geologic map by National Institute of Polar Research, Tokyo. Dotted symbols represent moraine, crossed symbols
represent the granitic rocks, and the other parts bounded by solid lines show outcrop areas of metamorphic rocks. Solid
circles represent sample locality points. AG (Austkampane Granite), DG (Dufek Granite), LG (Lunckeryggen
Granite), MG (Mefjell Granite), PG (Pingvinane Granite), RG (Rogerstoppane Granite), VG (Vengen Granite), VIG

(Vikinghegda Granite).

biotite and muscovite with accessory sphene, opaque ox-
ides, apatite and zircon. It has a high magnetic value (200 x
104 SIU).

Vengen Granite is strongly mylonitized to porphyroclastic
mylonite and is in fault contact with metamorphic rocks. It
is composed mainly of plagioclase, quartz and K-feldspar
with accessory chlorite (probably secondary), sphene and
opaque oxides. It has high magnetic values (200 to 300 x
10-* SIU) corresponding to the magnetite series granitic
rocks (Ishihara, 1977).

Pingvinane Granite intrudes into the gneisses and in-
cludes xenoliths of host gneisses whose contacts of often
show migmatitic features in 10 m width near margin
(migmatitic marginal facies) and lies parallel to the
gneissosity of the gneiss. Most of the granite except the
marginal facies is a massive and equigranular, coarse-
grained biotite hornblende granite, composed of K-feldspar,
quartz, plagioclase, hornblende and biotite with accessory
opaque oxides, sphene, apatite and zircon. It has low mag-
netic values (3 to 8 x 10~* SIU).

Lunckeryggen Granite is subdivided into a stock of coarse-
grained biotite granite to hornblende biotite granite and
many dikes of fine-grained granite. Coarse-grained granite
is generally homogeneous and massive, but only along the
northern margin, it has foliation which may be the primary
flow structure. Dark inclusions are sometimes present. This
granite intruded into Nils Larsen Tonalite with a leucocratic
margin. Main constituents of the coarse-grained granite are
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quartz, K-feldspar, plagioclase and biotite with or without
hornblende. Accessories are sphene, apatite, zircon and
magnetite. It has high magnetic values (100 to 300 x 104
SIU). Fine-grained granite dykes intrude coarse-grained
granite and there are abundant xenoliths of the coarse-
grained granite and the Nils Larsen Tonalite. They show
similar mineral assemblage to the coarse-grained granite,
but hornblende is absent.

Dufek Granite is massive, medium- to fine-grained biotite
granite and includes xenoliths of tonalite in the north and
many gneisses in the south. The medium-grained variety is
composed of plagioclase, K-feldspar, quartz and biotite
withaccessory sphene, apatite, zircon, muscovite and opaque
oxides. This granite has intermediate to high magnetic
values (60 to 200 x 104 SIU). The fine-grained granite has
a similar assemblage but without muscovite. This granite
has intermediate to high magnetic values (60 to 200 x 104
SIU).

Rogerstoppane Granite is a medium-grained hornblende
biotite granodiorite. It consists mainly of plagioclase, quartz,
K-feldspar, biotite and hornblende with accessory allanite,
epidote, zircon, apatite and opaque oxide.

Late Proterozoic tonalites

Nils Larsen Tonalite was more or less mylonitized by
regional mylonitization. The mylonitization accompanied
retrogressive metamorphism such as formation of dark
green schist (Kojima and Shiraishi, 1986). The specimens



that were analyzed came from the weakly mylonitized area
and were carefully taken for chemical analysis. A very little
metamorphism proceeds along cleavage. A trace amount of
chlorite, epidote, actinolite and zoisite are locally found.
Five specimens are plotted on the isochron diagram and give
anage of 956 = 39 Ma (Takahashi e al., 1990). It seems that
the metamorphism gave little effect to Rb—Sr whole rock
system and their geochemistry investigation because this
metamorphism is weak.

It is a medium- to coarse-grained biotite hornblende
tonalite and has many lenticular basic inclusions. Principal
constituents are plagioclase, quartz, hornblende and biotite
with accessory apatite, zircon, and opaque oxides. The
tonalites have generally low magnetic values (10 to 25 x
104 SIU), but a few samples show high magnetic values (up
to 100 x 104 STU).

Major and Trace Element Compositions
Chemical analyses of the granitic rocks were made on X-

ray fluorescence, atomic absorption spectrometry and in-
ductive couple plasma-atomic emission spectrometry by the
Chemex Labs Ltd. in Canada (Table 1). Variation in CaO,
K,0/Na,0 and K,O + Na,O from each granitic rocks are
showninFig. 2 and selected trace element variation diagrams
for granite rocks are shown in Fig. 3. Geochemical patterns
for granitic rocks normalized by oceanic ridge granite are
shown in Fig. 4. The factor chosen is a hypothetical ocean
ridge granite (ORG) after Pearce et al. (1984), calculated as
the product of fractional crystallization of average N-type
mid ocean ridge basalt by application of the Rayleigh
fractionation law. In the ocean ridge granite normalized
pattern, mobile large ion lithophile element is arranged at
the left hand side of the diagram, whereas less incompatible
and less mobile Nb, Zr, and Y are arranged in the right hand
side (Fig. 4). Brief chemical character of the analyzed rocks
and the features of their ocean ridge granite normalized
patterns are as follows.

Table 1. Chemical compositions of the granitic rocks from the Ser Rondane Mountains.

Locality Nils- Aust- Ping- Viking- Lunck Dufek Rogers- Mefjell Vengen
Larsen kampane vinane hogda eryggen toppane
(P121) (P104) (P112) (P116) (P119) (P127) (P133) (P138) (P118)
No. B900 B900 B900 B900 8900 B900 8900 B900 B900
11902B 11201C 113050 11702 11902A 12305A 12310C 12502 117048
Si0, 59.33 73.46 68.23 79.38 71.63 71.93 73.31 57.63 75.33
Ti0 0.53 0.10 0.58 0.09 0.44 0.23 0.09 0.82 0.09
A1,04 18.04 13.39 14,24 11.18 14.04 14.98 13.87 18.24 13.98
Fe,03 5.99 2.19 5.14 1.33 2.63 1.93 1.85 6.99 0.86
Fe 3.03 1.43 1.43 0.52 1.37 0.78 0.99 4.61 0.49
MnO 0.10 0.04 0.05 0.01 0.03 0.02 0.03 0.12 0.02
MgO 2.99 0.01 0.28 0.15 0.92 0.38 0.18 0.41 0.08
Ca0 6.97 1.15 1.88 0.73 2.20 1.82 1.13 3.51 1.03
Na,0 4.70 3.42 3.41 3.60 4.05 4.78 4.68 4.71 4.10
Ky 1.23 5.53 5.91 3.21 3.85 4.01 3.59 5.69 4.59
P,0g 0.21 0.01 0.12 <0.01 0.31 0.12 0.01 0.23 0.03
L.01I 1.32 1.04 1.04 0.49 0.73 0.39 1.44 1.09 0.39
Total 101.39 100.35 100.65 100.20 100.90 100.70 100.60 99.80 100.50
ppm
Ag <0.5 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Ba 190 50 2100 260 820 1210 410 3210 450
Be <0.5 2.0 <0.5 1.0 7.0 3.0 2.5 <0.5 1.0
Bi <2 <2 <2 <2 <2 <2 <2 <2 <2
Cd <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Co 20 <1 1 21 11 13 15 1 1
Cr 27 4 5 3 14 2 3 3 1
Cu 14 3 3 12 1 1 1 6 1
Mo <1 <1 2 <1 <1 <1 <1 <1 <1
Ni 20 <1 <1 <1 8 1 <1 <1 <1
Pb 18 80 32 16 36 32 14 4 38
Sr 973 33 273 49 640 1020 44 289 169
v 88 <1 2 <1 20 10 <1 <1 <1
W 160 <10 <10 260 130 150 180 <10 <10
Zn 78 88 150 26 56 30 98 74 38
F 1490 5000 890 160 1900 410 900 250 280
Rb 34 500 120 101 150 97 86 44 145
Ga 18 27 24 18 19 19 25 20 18
Hf 10 8 4 6 10 4 10 8 <2
Nb 10 38 24 15 13 12 52 1M 10
Y 14 165 55 68 21 13 110 13 26
Ir 100 200 540 110 265 125 125 395 68
NHy 10 80 81 12 41 66 76 45 -

Data for NH, in biotite from the granitic rocks are from Tainosho et a/. (1991). L.O.I: ignition loss. B90011902B: gneissose biotite
hornblende tonalite, B90011201C: coarse-grained hornblende biotite granodiorite, B90011305D: coarse-grained biotite horn-
blende granite, B90011702: gneissose fine-grained biotite granite, B90011902A: coarse-grained biotite granite, B90012305A:

medium-grained biotite granite, B90012310C: medium-grained

hornblende biotite granodiorite, B90012502: medium-grained

clinopyroxene biotite hornblende granodiorite, B90011704B: medium-grained biotite granite.
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