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Abstract: Oku-iwa Rock is located in the transitional zone between granulite- and

amphibolite-facies metamorphic zones in the Lu¤tzow-Holm Complex (LHC), East

Antarctica. Hornblende biotite (HB) gneiss widely outcrops in the northern part of

this area. Sm-Nd and Rb-Sr mineral isochron ages obtained from pegmatitic HB

gneiss are /12�-0 Ma and .-+�+. Ma with initial isotopic ratios of *./++23,�
*.****.* and *.1*1+2�*.***-2, respectively. The former mineral isochron age is

consistent with the Rb-Sr whole rock isochron age of the HB gneiss (/2- Ma). The

latter age is close to the previously published Rb-Sr mineral isochron age of granitic

rocks (.+2 Ma) in Oku-iwa Rock, implying that these ages represent the time when the

rocks cooled down to the closure temperature of biotite. The granodioritic precursor

formed at 01. Ma was gradually cooled down and its temperature reached 1**�C at /2-
Ma based on a previous report. Temperature of the HB gneiss rose at /12 Ma by

injection of source material for the pegmatitic HB gneiss and rose again at /,3 Ma

(SHRIMP U-Pb zircon age) by regional metamorphism. At .2/ Ma, the temperature

of the gneisses rose for the third time by intrusion of granitic rocks. After the intru-

sion, the constituent rocks of Oku-iwa Rock gradually cooled by uplifting and the

temperature reached -+*�C at .-+ Ma.
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+. Introduction

Oku-iwa Rock is located /2 km northeast of Syowa Station, East Ongul Island, and

is exposed, in the transitional zone between the granulite-facies and amphibolite-facies

metamorphic zones defined by Hiroi et al. (+32-). Nishi et al. (,**,) reported Rb-Sr

and Sm-Nd whole rock isochron ages of hornblende biotite gneiss in Oku-iwa Rock, and

discussed the thermochronological sequence of the area. According to this sequence,

the precursor of hornblende biotite gneiss (abbreviated to HB gneiss hereafter) was

igneous rock with granodioritic compositions generated at 01.�,, Ma defined by the

Sm-Nd whole rock isochron method. The second stage, defined by the Rb-Sr whole

rock isochron age of /2-�/0 Ma can be interpreted in either of two ways: (+) the
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temperature of granodioritic rocks formed at ca. 01* Ma continued as the high temper-

ature until /2- Ma, or (,) re-fusion of granodioritic rocks formed at 01. Ma took place

at /2- Ma. After .2* Ma, which is the Rb-Sr whole rock isochron age of granitic rock

in this area, the constituent rocks of Oku-iwa Rock cooled by uplifting (Nishi et al.,

,**,). Nishi et al. (,**,) proposed two interpretations for the age di#erence between

the two whole rock isochron ages of the hornblende biotite gneiss, and emphasized that

further examination of the two ages is necessary in the future. In this paper, we report

the Rb-Sr and Sm-Nd mineral isochron ages for a rock sample drawn from the horn-

blende biotite gneiss described by Nishi et al. (,**,) to shed additional light on the

thermal history of Oku-iwa Rock.

,. Analyzed samples

Oku-iwa Rock on the Prince Olav Coast is located in the transitional zone in the

LHC (Hiroi et al., +32-). It is composed dominantly of leucocratic biotite gneiss, mig-

matitic biotite hornblende gneiss, hornblende biotite gneiss, pink granite, aplite and

pegmatite (Fig. +). The gneissose rocks have a foliation with general trend striking

E-W and dipping /*�2*�S (Nakai et al., +32+). The HB gneiss is the lowermost mem-

ber, which widely outcrops in the northern part of the area. The granite associated

with aplite and pegmatite intrudes into the HB gneiss as two discordant masses and

small scale dykes on the northern seashore of Oku-iwa Rock (Nishi et al., ,**,). The

pegmatite (coarse-grained granite named in Nishi et al., ,**,) is characterized by red-

dish potassium feldspar megacryst and voluminous magnetite. Some vertical pegma-

titic dykes striking NE-SW and ranging in width from /* cm to , m cut pink granite at

the seashore.

Fig. +. Geological map of Oku-iwa Rock (simplified from Nakai et al., +32+). +, Moraine; ,, Granite; -,

Leucocratic biotite gneiss; ., Migmatitic biotite hornblende gneiss; /, hornblende biotite gneiss.
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Nishi et al. (,**,) collected ten samples of HB gneiss from a single outcrop for

elucidation of the closure system in Rb-Sr and Sm-Nd isotopic geochronology. Eight

samples were collected within about + m, and two other samples were taken from out-

crops / m and +/ m away (Fig. ,). They consist of quartz, K-feldspar, plagioclase, bio-

tite and hornblende with magnetite and ilmenite as accessory minerals. The gneiss was

formed from igneous rocks with granodioritic chemical compositions and/or volcano-

geneous sedimentary rocks with similar chemical compositions (Nishi et al., ,**,). A

reliable Rb-Sr whole rock isochron was not defined using ten HB gneiss rocks, because

of scatter of the isotopic data. Nishi et al. (,**,) examined sampling positions and

rock facies, and excluded three pegmatitic HB gneisses (Sp. Nos. +2, ,+ and ,-) from

the age calculation. The pegmatitic HB gneisses were thought to derive from di#erent

sources from other HB gneissose rock samples, because they are too coarse-grained

rocks (Nishi et al., ,**,). Especially, specimen No. +2 shows lower K,O, Ba and Rb

contents in comparison with two other pegmatitic HB gneisses, and plots above the

Rb-Sr whole rock isochron. Thus, the authors calculated an Rb-Sr whole rock iso-

chron age of /2-�/0 Ma using seven samples (Sp. Nos. +., +/�+1, +3, ,* and ,,).

Moreover, six of them (Sp. Nos. +/�+1, +3, ,* and ,,) define an Sm-Nd whole rock

isochron with an age of 01.�,, Ma.

Fig. ,. Outcrop of hornblende biotite gneiss and analyzed samples (Nishi et al., ,**,). Nos. +. and +3,

fine-grained hornblende biotite gneiss; Nos. +/, +1, ,* and ,,, medium-grained hornblend biotite

gneiss; Nos. +0, coarse-grained hornblende biotite gneiss; Nos. +2, ,+ and ,-, pegmatitic hornblende

biotite gneiss.
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A pegmatitic HB gneiss (No. ,+), described by Nishi et al. (,**,), is selected for

Rb-Sr and Sm-Nd mineral isotopic analysis to elucidate the relation between the peg-

matitic HB gneiss and surrounding fine- to coarse-grained HB gneiss. Unfortunately,

there is not enough for mineral isotopic analysis of the other two pegmatitic HB

gneisses. The rock contains slightly more quartz, biotite and hornblende and less

potassium feldspar than other pegmatitic HB gneisses. And it shows foliations, which

are concordant with the gneissose structure of the surrounding HB gneiss. Based on

the examination method of Osanai et al. (+33,), DF- and DF. values of the pegmatitic

HB gneiss are slightly negative, implying that the protolith for the rock was sedimentary

rock (Nishi et al., ,**,). However, the rock is plotted in the basalt-andesite field in

the ACF diagram (Fig. /�1 on page ./, Winkler, +313) (Nishi et al., ,**,), and has

metaluminous chemical composition, having an aluminum saturation index of *.3-.

Therefore, the pegmatitic HB gneiss may have originated from igneous rocks and been

a#ected by metamorphism after injection.

-. Analytical procedures

Hornblende, biotite and felsic fractions were separated from a rock specimen by

hydraulic elutriation, isodynamic separation and hand picking. Isotope analyses were

performed with MAT ,0+-type (modified from MAT ,0*) and MAT ,0,-type mass

spectrometers at Niigata University. Extraction procedures for Rb, Sr, Sm and Nd

followed Kawano et al. (+333). Ratios of 21Sr/20Sr and +.-Nd/+..Nd were normalized

to 20Sr/22Sr�*.++3. and +.0Nd/+..Nd�*.1,+3, respectively. The average 21Sr/20Sr ratio

of NBS321 during this study was *.1+*,+0�*.****+. (n�+-). The 21Sr/20Sr ratios in

Table + were reported relative to NBS321�*.1+*,+2 (Nishi et al., +333). +.-Nd/+..Nd

ratios in Table + were reported relative to *./+,++/ (JNdi-+, Geological Survey of Japan

standard) corresponding to *./++2/2 of LaJolla (Tanaka et al., ,***). The blanks for

the procedures were�*.+. ng of Rb,�*.33 ng of Sr,�*.*- ng of Sm and�*.,0 ng of

Nd. The age and initial 21Sr/20Sr ratio were calculated by the computer program of

Kawano (+33.) using the equation of York (+300) with the following decay constants:

l 21Rb�+..,�+*�++/y (Steiger and Jäger, +311) and l +.1Sm�0./.�+*�+,/y (Lugmair

and Marti, +312). Estimated precisions in the age calculation of 21Rb/20Sr and 21Sr/20Sr

ratios are +� and *.*+/�, respectively. Likewise, those of +.1Sm/+..Nd and +.-Nd/+..Nd

ratios are *.+� and *.*+/�, respectively.

Table +. Rb, Sr, Sm and Nd concentrations and 21Sr/ 20Sr and +.-Nd/ +..Nd isotopic ratios of

pegmatitic HB gneiss.
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.. Results and discussion

..+. Rb-Sr and Sm-Nd mineral isochron ages of pegmatitic HB gneiss

The analytical results are listed in Table +. The mineral isochron plots for pegma-

titic HB gneiss are shown in Figs. - and .. In the Rb-Sr system, biotite, hornblende,

felsic fraction and whole rock points define an isochron age of .-+�+. Ma with an

initial Sr isotopic ratio of *.1*1+2�*.***-2 (Fig. -). The mineral isochron age is con-

trolled by the 21Sr/20Sr and 21Rb/20Sr ratios of biotite, whose closure temperature is -+*
�.*�C (Nishimura and Mogi, +320). The age is close to previously published Rb-Sr

mineral isochron age of granitic rocks in Oku-iwa Rock (.+2�, Ma; Nishi et al., +333),

implying that these ages represent when the rocks cooled down to the closure tempera-

ture of biotite. The obtained initial Sr isotopic ratio is higher than that of the whole

rock isochron (*.1*//0; Nishi et al., ,**,) for HB gneiss, suggesting that the source

material for the pegmatitic HB gneisses is di#erent from that for surrounding HB gneiss.

Sm-Nd isotopic ratios of biotite, hornblende, felsic fraction and whole rock define

Fig. .. Sm-Nd mineral isochron diagram of pegmatitic HB gneiss. Wr, whole rock;

Hbl, hornblende; Bt, biotite; FF, felsic fraction; IR; initial +.-Nd/ +..Nd ratio.

Fig. -. Rb-Sr mineral isochron diagram of pegmatitic HB gneiss. Wr, whole rock;

Hbl, hornblende; Bt, biotite; FF, felsic fraction; IR; initial 21Sr/ 20Sr ratio.
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an isochron age of /12�-0 Ma with an initial Nd isotopic ratio of *./++23,�*.****.*.

This age is consistent with the Rb-Sr whole rock isochron age of /2-�/0 Ma (Nishi et

al., ,**,). Closure temperature of Sm-Nd age using hornblende is estimated to be 1-2
�0*�C (Burton and O’Nions, +33*). Furthermore, Goldberg and Dallmeyer (+331)

pointed out that the Sm-Nd age using hornblende for mylonitic amphibolite indicates the

time of crystallization before mylonitic deformation. Additionally, Kamei et al. (,***)

also concluded that the Sm-Nd internal isochron, using hornblende, felsic fraction and

whole rock, may be close to the crystallization age of plutonic rocks. Accordingly, the

Sm-Nd internal isochron age in this study is thought to express the crystallization age of

the pegmatitic HB gneiss. The obtained initial Nd isotopic ratio is slightly lower than

that of the whole rock isochron (*./++3,+; Nishi et al., ,**,). Moreover, the initial Sr

isotopic ratio corrected by the crystallization age of /12 Ma for the pegmatitic HB gneiss

(SrI/12Ma�*.1*.03) is di#erent from those of the HB gneiss (SrI/12Ma�*.1*/.,�*.1*/3-).

Based on combined initial Sr and Nd isotopic ratios, the pegmatitic HB gneiss may have

originated from a di#erent source of the HB gneiss. As mentioned above, Nishi et al.

(,**,) have already pointed out that the pegmatitic HB gneiss has a di#erent origin

from the HB gneiss based on the grain size of rocks and whole rock isotopic ratios. The

result from this study supports discussion of Nishi et al. (,**,).

..,. Cooling history of Oku-iwa Rock

Amphibolite- to granulite-facies metamorphic rocks in the LHC indicate U-Pb zir-

con and CHIME monazite ages of /,*�/0* Ma (Shiraishi et al., +33., ,**-; Asami et

al., +331). These ages have been interpreted as the times of peak metamorphism in the

Complex. On one side, igneous and metamorphic rocks in the LHC having older Rb-Sr

whole rock isochron ages than the U-Pb zircon ages have been reported by many authors

(Shibata et al., +320; Shimura et al., +332; Nishi et al., ,**,; Kawano et al., ,**/).

Dickin (+33/) and Kagami et al. (,**-) noted that it seems to be di$cult to attain re-

gional Sr homogenization without activity of magma or fluid, even under metamorphism

at a lower crustal level. This suggests that the Rb-Sr whole rock isochron age for

metamorphosed rocks should be interpreted as the time of geological events before the

metamorphism. The Rb-Sr whole rock isochron age of the HB gneiss (/2-�/0 Ma)

coincides with the Sm-Nd mineral isochron age of the pegmatitic HB gneiss (/12�-0
Ma) within error ranges. However, /12 million years before, the Sr isotopic ratio for

the HB gneiss (SrI/12Ma�*.1*/.,�*.1*/3-) was di#erent from that of the pegmatitic HB

gneiss (SrI/12Ma�*.1*.03). Therefore, the Rb-Sr isotopic system for the HB gneiss

could not have attained isotopic homogenization by injection of original melt of the

pegmatitic HB gneisses. As mentioned above, the pegmatitic HB gneisses have under-

gone regional metamorphism based on their gneissose structure (Nishi et al., ,**,).

This fact suggests that metamorphism in the transitional zone took place after /12 Ma.

Unfortunately, no U-Pb zircon or CHIME monazite ages are obtained from Oku-iwa

Rock, however, the U-Pb zircon age (/,3�+1 Ma) for the garnet biotite gneiss at Akarui

point, in the vicinity region of Oku-iwa Rock, published by Shiraishi et al. (,**-). The

U-Pb zircon age is adopted as metamorphism age in the following discussion.

Based on present and previously published geochronological data, the cooling his-

tory of Oku-iwa Rock is illustrated in Fig. /. The granodioritic precursor for the HB
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gneiss initially formed at 01. Ma (Nishi et al., ,**,). The temperature of the grano-

dioritic rocks was gradually lowered, and reached the closure temperature of the Rb-Sr

whole rock system (ca. 1**�C; Harrison et al., +313) at /2- Ma (Nishi et al., ,**,).

At /12 Ma, the original melt of pegmatitic HB gneisses injected to the HB gneiss, and

the temperature rose again. The temperature of both the HB gneiss and the pegmatitic

HB gneisses fell once and rose again at /,3 Ma (Shiraishi et al., ,**-) by regional meta-

morphism of the transitional zone. In this time, the constituent rocks of the Oku-iwa

Rock region may have been heated to over 1**�C by the metamorphism. However, their

isotopic composition would not have been homogenized totally, because it seems to be dif-

ficult to attain regional homogenization without activity of magma or fluid, even under

metamorphism at a lower crustal level (Dickin, +33/; Kagami et al., ,**-; Kawano et

al., ,**/). After regional metamorphism at /,3 Ma, the rocks in the Oku-iwa Rock

region cooled to below 1**�C, because granitic rocks intruded at .2/ Ma have fine-grained

rocks at the margin of the mass (Nishi et al., ,**,). At .2/ Ma, temperature of the gneisses

and pegmatitic HB gneisses rose for the third time by intrusion of unmetamorphosed

granitic rocks. After the intrusion, the constituent rocks of Oku-iwa Rock gradually

cooled by uplifting and the temperature reached -+*�C at .-+ Ma. As a result, at least

three thermal events took place in Oku-iwa Rock. There is possibility that successive

thermal events happened in other areas in the LHC, and thermochronological study is

extremely important for examining the formation of the Complex.

Fig. /. Temperature versus isochron ages for Oku-iwa Rock. Data sources: This study, Nishi et al. (+333,

,**,), Shiraishi et al. (,**-). The closure temperature for Sm-Nd whole rock isochron method is

not yet clarified. Furthermore, the HB gneiss formation temperature is also uncertain. Therefore,

the granodioritic precursor can not be illustrated in this figure.
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