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Abstract: Ol,.u-1wa Rock 111 the Lutzow-Holm Comple:\ Ed::,t Antd1ct1cc1 J::, s1tudted 111 d trans1t1otldl between grdnul1te-fdc1es dnd dmph1bolite-fdc1es metdmo1-ph1c zones Two g1d111te mdsse<;, the Aka1-m1sdk1 111d'>'> dnd the N1sh1-katgdn mass dre 111truded 111to hornblende b1ot1te gneiss (HB gnet'>s) 111 this dfed Rb-Sr ctnd Sm-Nd whole 1ock 1sochron dges of the HB gne1s::, Me 583±56 Md cllld 674± 22 Mc1, 1e<;pect1vely The Rb-Sr whole rock 1soch1on c1ge of the Akc11-1111sc1k1 gt dllltc mdss ts 485 ± 50 Md Some grd111to1ds collected from the N 1sh1-Lugan g1 dlllte mdss dre plotted close to the 485 Md 1eference 1sochron with lower 1111t1c1l 
'7Sr/%S1 rdt1os then the Aka1-m1sc1k1 g1a111te 111d5S The HB gne1<;s WdS fo1med from 1gneow, 1 ocb with g1 c1nod1ont1c chemtCdl compos1t1om and/ or volCdt10geneom sed1ment<lfy 10cks with s1mtld1 chemtcc1l compos1t1ons The HB 1s characte11zed by stromdto1It1c m1gmat1t1c c1pped1 dnces Based on present dnd previously published geochronolog1cdl dc1ta, the follow111g geochronolog1cal sequence for Oku-1wa Rock 1s esttmdted Stage l (674±22 Ma) WdS g1 c1nod10-nt1c mc1gmdt1s,m Stdge 2 ( 583 ± 56 Ma) hc1s two poss, ble 111terpretat1on::, ( l) the tempe1c1ture of g1c1nod1011t1c rocb formed c1t ca 670 Md Wd::, g1c1duc1lly lowered c1nd 1edched ca 700°C at 583 Mc1, (2) refus1on of grdnod101 1t1c rocks whKh hc1<, formed dt 674 Mc1 took plc1ce c1t 583 Mc1 If the m1gmat1t1c portions (leucosorne) 111 the HB gneiss, wa<, formed c1t 674 Md Oku-1wd Rock must hc1ve 1etc1111ed high temperc1ture between ca 670 Ma dnd ca 500 Md (U-Pb z11con dge<, ca 620 Mc1, 560 Mc1-520 Ma) Stc1ge 3 (485±50 Mc1) Wd'> grc1111t1c rnc1gmdt1sm Atte1 480 Mc1 the comt1tutent rocks of Oku-1wc1 Rock cooled down p1obably camed by 
U pl! ft111g 
key words Rb-St dlld Sm-Nd geoch,onology ho, nblende b1ot1te gne1s,s, gt c1111to1d, Oku-1wc1 Rock Lutzow-Holm Complex 

The Lutzow-Holm Complex (LHC) m East Antarctica consists of amph1bohte- to 

granulite-fac1es metamorphic rocks accompa111ed by late Proterozoic to early Paleozoic 

gra111to1ds Age data from the LHC have been pubhshed by many authors smce Maegoya 

et al ( 1968) Some age data have been measured by dating methods com.1dered to have 

high closure temperatures and have been publi.;;hed since the 1980\ Rb-Sr whole rock 
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isochron ages of metamorphic rocks are scattered between 800 Ma and 680 Ma (Shibata et 
al, 1986) U-Pb z1rcon ages of metamorphic rocks are m the range between 550 Ma and 
520 Ma (Shiraishi et al, 1994) and ca 620 Ma and m the range between 560 Ma and 520 
Ma (Fraser, 1997), which have been mterpreted as the ages of metamorphism of the LHC 
(Sh1raish1 et al, 1994, Fraser, 1997) CHIME monaz1te of the metamorphic rocks has 
ages of 537 Ma and 533 Ma (Asam1 et al, 1997) K-Ar hornblende ages are scattered, 
rangmg from 600 Ma to 500 Ma, most of them cluster around ca 515 Ma (Shibata et al, 
1985, Fraser and McDougall, 1995) On the other hand, ages of gramtmds are scarce 

Hornblende m the gramto1d from East Ongul Island gives a Rb-Sr age of 482 5+9 5 Ma 
(Shibata et al, 1985) K-Ar b10t1tes of the gramtmds from the LHC give ages between 
449 Ma and 399 Ma (Yanai and Ueda, 1974, Fraser and McDougall, 1995) B10t1te, 
K-feldspar and plag10clase separated from gramto1ds of Oku-1wa Rock and Cape Omega 

give well defined Rb-Sr isochrons with ages of 417 9±2 2 Ma and 439 O+ 12 3 Ma, respec
tively (N1sh1 et al, 1999) Closure temperatures of K-Ar and Rb-Sr b10t1te ages are ca 
300°C (Wagner et al, 1977, Hamson et al, 1985, Nishimura and Nog1, 1986), whereas 
that of K-Ar hornblende 1s ca 500°C (Hamson, 1981, Nishimura and Nog1, 1986) Thus, 
these mmeral ages md1cate the coolmg stage of gramtmds and do not md1cate the act1v1ty 
stage of gramt1c magmas The ages of igneous activity are probably obtamed by dating 
methods with high closure temperature such as Rb-Sr and Sm-Nd whole rock isochrons, 
U-Pb ztrcon and so on The age data of the gramtmds measured by datmg methods with 
high closure temperature are qmte few ( e g. Shimura et al , 1998) As the gram to ids are 
one of the important constituting rocks of the LHC, thetr act1v1ty ages have s1gmficant 
meamng m analyzing the format10n process of the complex We discuss the meaning of 
measured Rb-Sr and Sm-Nd whole rock 1sochron ages of the gramto1d and gneiss m order 
to establish the thermochronological sequence of Oku-1wa Rock 

2. Outline of geology of Oku-iwa Rock 

Oku-iwa Rock on the Pnnce Olav Coast 1s situated m the transit10nal zone between 
granuhte-fac1es and amph1bohte-fac1es metamorphic zones (Hiro1 et al, 1983a) (Fig la) 
The metamorphic rocks m this area are divided mto three members based on the1r mode 
of occurrence, petrographical charactenst1cs, foldmg structures and degree of m1gmatiza
t10n The three members have a fohat10n with general trend md1cating E-W stnke and 
50-80°S dip (Nakai et al, 1981) 

The lowermost member 1s hornblende b10t1te gneiss, which 1s widely exposed m the 
northern area (Fig I b) The gneiss 1s subd1v1ded mto two rock types melanocrat1c 
fine-gramed rocks and leucocrat1c fine- to coarse-gramed rocks (N aka1 et al , 1981) Both 
rock types contam leucosomes which are 5 to 20 cm thick and are cross-cut by gramte dykes 
(Fig 2a, b) The middle member 1s m1gmat1t1c b10t1te hornblende gneiss which occupies 
the central part of the area (Fig 1 b) The uppermost member 1s leucocrat1c b10t1te gneiss, 
which 1s exposed m the southern part of the area 

The gramtoids intrude mto hornblende b10t1te gneiss, formmg two discordant masses 
and narrow dykes on the northern seashore of Oku-1wa Rock (Fig lb) The eastern mass 
1s exposed about O 035 km2 and the western mass crops out m an area of approximately 
0 005 km2 (Fig 1 b) The former and latter are tentatively named the "Aka1-m1saki" 
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Fzg 2 Modes of field occurrence of Akaz-mzsakz and Nzshz-kazgan granzte masses 
a Granzte dyke cross-cuts the gnezsszc fabrzc (mzddle part of photograph) Note that 
the granzte has an zrregular boundary wzth the host gnezss but the granzte zs not 
deformed b The bzotzte granzte of the A kaz-mzsakz granzte mass cross-cuts lucosomes 
c The reddzsh fine-grazned granzte develops at margzn of the Akaz-mzsakz mass d 
Mode of occurrence of the coarse-grazned granzte and granodzorzte zn the Akaz-mzsakz 
mass e The fine-grazned granzte zs cross-cut by the coarse-grazned granztozds zn the 
Nzshz-kazgan mass f The fine-grazned granzte shows weak folzatzon zn the Nzshz
kazgan mass RFG reddzsh fine-grazned granzte, CGD coarse-grazned granzte and 
granodzorzte, Ho Bz Gn hornblende bzotzte gnezss 
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gramte mass and the "N1sh1-ka1gan" gramte mass, respectively The gramte dykes denved 

from the gramte masses cross-cut gne1ssose structures subparallel to leucosomes of the 
hornblende b10t1te gneiss havmg leucosomes (Fig 2a, b) 
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3. Descriptions of arnalyzed samples 

Thirteen granito1ds were selected for isotope analysis The Aka1-m1saki granite mass 

consists of mainly coarse-gramed b1otite granite to granod10nte accompanied by reddish 

fine-grained b10t1te granite The coarse-grained granito1d has no foliation� and i� char

acterized by reddish K-feldspar megacryst up to 10 cm long (Fig 2c) The reddish 

fine-gramed granito1d develops at the margm of the mass and locally has weak foliation 

defined by alignment of b10t1te (Fig 2d) The coarse-grained and fine-grained granit01ds 

are intergradat10nal, however, the latter 1s partly intruded by the former On the other 

hand, the N 1sh1-ka1gan granite mass 1s composed of fine-gramed b1ot1te granite and 

coarse-grained b1ot1te granite to granod1onte Relat10nsh1p between these granito1ds 1� 

similar to those m the Aka1-m1sak1 granite mass (Fig 2e) The fine-grained granito1d of 

the N 1sh1-ka1gan granite mas� also has weak fohat1on (Fig 2f), whereas the coarse-grained 

granito1d shows no structure The coarse-gramed granite and granod10nte are composed 

of quartz (modal composition, 28-43%), K-feldspar (14-68%), plag1oclase ( 14-44%), b1ot1te 

(0-2%) and muscovite (0-0 5%) (Fig 3a) The fine-gramed granite 1s comparatively 

equ1granular rock and its constituents are quartz (32-38%), K-feldspar (46-52%), plag10-

Fzg 3 Photomzcrographs of granztotds and hornblende bzotzte gneiss a coarse-grazned 
granzte (sample 4, A kaz-mzsakz granzte mass), b reddzsh fine-grazned granzte (sample 9, 
Nzshz-kazgan gramte mass), c hornblende bzotzte gnezss (sample 17), d hornblende 
bzotzte gnezss (sample 21) Hbl hornblende, Bt bzotzte, Pl plagzoclase, Kf K-feldspar, 
Qz quartz 
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Table l Ma;or and mmor elements of hornblende bwtlle gneiss m Oku-nva Rock N 

Hornblende b1ot1te gneiss 
Sample No 14 15 16 17 18 19 20 21 22 23 

Sample Name K950110ml K950110m2 K950110m3 K950110m4 K950110m5 K950110m6 K950110m7 K950110m8 K950110m9 K950110m!O 

S102 68 62 65 11 66 86 68 61 69 26 69 88 69 32 65 49 69 59 69 19 

T102 0 66 0 92 0 83 0 81 0 76 0 45 0 69 0 90 0 57 0 55 

AI20, 14 80 14 21 14 00 13 62 13 45 15 67 14 81 13 38 13 48 14 84 

Fe20,* 4 58 7 10 6 26 6 15 6 16 3 05 4 10 6 80 6 09 4 41 

MnO 0 12 0 22 0 19 0 13 0 13 0 07 0 10 0 25 0 14 0 07 

MgO 1 79 2 81 2 48 2 01 1 76 1 14 1 73 3 41 1 40 
z 

1 48 
z 

CaO 2 96 3 35 3 19 2 48 2 47 2 80 2 59 3 31 2 95 2 29 

Na20 4 50 3 98 4 06 3 93 3 96 5 09 4 43 3 54 4 06 3 97 

K20 1 78 2 00  1 86 2 02 1 83 1 70 2 02 2 35 1 53 3 14 � 
P20, 0 19 0 30 0 27 0 24 0 22 0 15 0 21 0 57 0 19 0 06 � 

10000 10000 10000 10000 
� 

Total 100 00 100 00 10000 10000 100 00 10000 ::l 

Ba 718 761 718 813 754 656 856 1038 676 1262 � 
::l 

Cr 18 24 21 15 11 18 18 125 20 46 
CL 

:r: 
Nb 5 7 6 5 4 3 5 9 4 6 � 
NI 3 4 4 6 26 4 [JQ � 
Rb 53 62 58 68 59 44 63 80 43 95 3 

Sr 297 247 251 244 247 317 284 211 346 467 

V 70 106 98 47 53 41 58 100 95 87 

y 22 61 52 23 23 11 16 55 28 6 

Zr 173 142 134 183 159 231 195 225 226 88 

DF3 1 97 0 47 0 65 0 33 -0 57 1 80 
DF4 2 33 3 25 3 02 2 23 -0 07 2 57 

Sample Nos dre �ame dS those 111 Fig le DF3 cllld DF4 Vdlues dfter ShdVv (1972) die cdkulc1ted usmg the follo\\ll1g equdt1on 
DF3= 10 44-0 21 S10rO 32Fe20i*-O 98MgO+O 55Ct0+ I 46N<lD+O 54K10, 
DF4= -39 59+0 42S102+0 30Fe201"' +O 89Mg0+ I 53CaO+O 58Nd,0+2 07K20-0 0370 +O 005V-0 027N1-0 001 S1 (* Totdl Fe <ls Fe20,) 



Rb-Sr and Sm-Nd geochronology of Oku-1wa Rock 

A 

/ 
I 

Basalt-Andes1te--, 

\ ' 
' 

- ..... ' ' 
\ 

C F 
• , hornblende b10t1te gneiss o ; argillaceous rock-ongm metamorphic rock 

53 

Fzg 5 A CF diagram after Winkler (1979) of hornblende bzotzte gnezsses m the Oku-zwa Rock 
and argzllaceous rock-orzgm metamorphzc rocks zn the LHC Data sources Thzs study, 
Banno et al (1964), Yoshzda et al (1976), Yoshzda (1978), Kamsawa et al (1979), 
Nakaz et al (1980), Hzroz et al (1983b), Motoyoshz et al (1986), Shzrazshz (unpublzshed 
data) 

clase (11-14%), b10tite (2-4%) and muscovite (0-0 5%) (Fig 3b) 
Ten samples of hornblende b1otite gneiss (abbreviated to HB gneiss hereafter) for 

isotope analysis were collected from a smgle outcrop m the lowermost member Photom1-
crographs of the gneiss are shown m Fig 3c and d For elucidat10n of the closure system 
in Rb-Sr and Sm-Nd 1sotop1c geochronology, eight samples Sp Nos 14-21 were collected 
withm about 1 m Sp Nos 22 and 23 were collected from the outcrop 5 m and 15 m away 
from Sp No 21, respectively (Fig 4) They are composed of quartz (40-54%), K-feldspar 
(4-9%), plagioclase (24-39%), b10tite (7-21%) and hornblende (0-11%) Magnetite and 
ilmemte occur as accessory minerals ( �2%) 

MaJor and mmor chemical composit10ns of the HB gneisses are given m Table 1 We 
estimate whether the protohth of the HB gneiss 1s igneous rock or sedimentary rock based 
on the method of Osana1 et al (1992) DF3 and DF4 values of the gneiss after Shaw 
(1972) are positive (Table 1) except Sp No 21, which 1s mferred to be the igneous rock for 
the protohth At this pomt, HB gneiss meets the reqmrements (Na20<6 5 wt%, K20<7 3 
wt%, 10<Ab03� 19 wt%, 50<Si02�80 wt%) for calculat10n of the DF3 and DF4 values 
In the ACF diagram of Winkler (1979), some HB gneisses are plotted m the basalt-andes1te 
field, and some others around the boundary between the greywack and basalt-andesite 
fields (Fig 5) 
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41. AllllalyticaR procedures 

Extraction procedures for Sr, Sm and Nd from rock powders have been discussed hy 

Kagam1 et al ( 1982, 1987 )  I s.otop1c analyses were performed on MA T26 I -type (mod ified 

from MA T260) and MA T262 mass spectrometers at N 1 1 gata U 11 1 vers 1ty The 87Sr/ 86Sr dnd 
14 'N d/ 1 44Nd ratios were normal ized to 86Sr/ 88Sr= 0 1194 and 146Ndj 1 44N d  = 0 7219, respec

t ively The 87S1"/'6Sr rdt1 0  of N BS987 dunng thts study was O 710172± 0 000014 ( 2cr. n = 
13) The 87Sr/86Sr ratios m Table 2 were reported relative to N BS987 = 0 710218 ( N 1 sh1 et 

al , 1999) 1 4'Nd/ 1 44Nd rdt 1os m Table 2 were reported relative to O 512115 ( JNd 1 - l , 

Geo logical Survey of Japan standard ) correspondmg to O 511858 of LaJo l la  (Tanak a et al . 

2000) The blan ks for the whole  procedures were 27 pg of Sm, 270 pg of Nd and 450 pg 

of Sr Concentrations of maJor and mmor el ements 1 11cl ud 1 11g Rb and Sr were determmed 

by X RF ( RI X3000, N 1 1 gata Umvers1 ty, R IX2000, Fuk uoka U 11 1vers 1 ty of Education ) 
accord mg to the procedure of Takahashi and Shuto ( 1997)  The ages and 1rnt 1al 87Sr/86Sr 

and 14 1Nd/ 1 44Nd rat ios. were calcul ated by the computer program of Kawano ( 1994) usmg 

the equation of York (1966) and the fo l lowmg decay constant 1 87Rb= I 42 x 10- 1 1r 1 
( Steiger and Jdger, 1977 )  and 1 1 47Sm = 6 54 x 10- 1 2 r 1 ( Lugma1 r and Ma1ti, 1978 )  The 

estimated rel at ive errors m the age calculat ion of 87Rb/ 86Sr and 87Sr;xc'Sr ratios are 5% ( I er) 

and O O 15% ( I er ), respectively L 1 k ew1se, the errors of 1 ·17Smj 1 44Nd and 141Ndj 1 44Nd rc1t 1os. 

are 0 2% ( l o) and 0 010% ( l o), respect i vely I 11 1 t 1a l  c Nd val ues were calculated usmg the 

fo l lowmg C H U R  parameters, 1 47Sm/ ' 44Nd (o rvt , ) = 0 1966, 1 41Ndj '44N d (o �1 , J = O 512638 Nd 

model ages were calcul ated usmg the fol lowmg depl eted -mant le  parameters. 
147Sm/ '44Nd ((Uv1 1 ) = 0 2136, 1 4 1N d/ 1 44Nd 10 Mc1 ) = 0 51315 ( c Nd = + I O) 

5. R.esuUs 

5 I Rb-Sr whole rock zsochron age of granztozds 
Sampl e  locat ions. of gramt01ds. and H B  gneisses are shown m Fig l e  The analytical 

results are l isted 111 Tabl e 2 Seven whole rock samples ( Sp No I - 7 )  from the Aka1 -

misak 1 gra11 1 te mass gi ve a Rb-Sr 1 sochron age of 506± 60 Ma with an mltlal 87Sr /86Sr rat io 

of O 70604± 0 00029 ( MSWD = 2 34) Sp No  7 was col lected from out of the Aka1-m1sak 1 
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Fzg 7 Rb-Sr whole rock zsochron dzagram of Nzshz-kazgan granzte mass Broken lzne zndz
cates zsochron of the Akaz-mzsakz granzte mass Open czrcles Akaz-mzsakz granzte 
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Age = 583 ± 56 Ma 
IR = 0. 70556 ±0.00043 
MSWD = 0.39 
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Fzg 8 Rb-Sr whole rock zsochron dzagram of hornblende bzotzte gnezss 

gramte mass (Fig l e) Six samples (all except No  7) give an age of 485 +  50 Ma with an 

m1tial 87Sr/86Sr rat10 of O 70607 ± 0  00023 (MSWD = 1 42, Fig 6) We cited 485 Ma as the 
age of the Aka1-m1sak1 gramte mass, takmg mto account the samplmg locat10n of Sp No 7 

and low MSWD value B10t1te, K-feldspar and plag10clase separated from N o  3 yield the 

age of 4 1 7  9 ± 2  2 Ma m the Rb-Sr system (N1sh1 et al , 1 999) Age mterval between 485 
Ma and 4 1 8  Ma 1s s1gmficant for analyzmg the coolmg history of the gramte mass as 

prev10usly discussed by N1sh1 et al ( 1 999) Six samples (Sp N os 8-13) were collected 

from the N1sh1-ka1gan gramte mass, which 1s situated ca 500 m west of the Aka1-m1sak1 

gramte mass (Fig 1 )  A defimte 1sochron age 1s not obtamed from this gramte mass 

because of scattenng of 1sotop1c data Four data (Sp N os 8, 9, 1 2, 13) are plotted close 
to the 485 Ma 1sochron defined by the Aka1-m1sak1 gramte and he on a slightly steeper lme 

than the 1sochron, but the lme 1s obv10usly below the 485 Ma 1sochron Therefore, we 
show a reference 1sochron m Fig 7 for the N1sh1-ka1gan gramte mass Samples N o  1 0  
and N o  11 are close to the 1sochron of the Aka1-m1sak1 gramte mass 
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Table 2 Rb, Sr, Sm and Nd concentrarzons and q S, r,s, and 1 4 'Nd / 1 +1 Nd 1sotop1c ratzos of gramtOLds and 
metamorphic rocks Sample Nos are same as tho5e m Fzg Jc 

Sp No Sample Name Rb(ppm) Sr(ppm) 87Rbt'°Sr 87Srf'6Sr Sm(ppm) Nd(ppm) 1 47SmrNd ,,'NctJl ••Nct 
1 K9501 0802 82 5 1 3  0 463 0 709273( 1 4) - - - -

2 K9501 0803 35 573 0 1 77 0 707422( 1 2) -- - - -

3 K95010804 1 24 1 888 0 1 90 0 707509( 1 5) 22 8 1 63 0 0840 0 5 1 1 928( 1 I )  

4 K950 1 0805 1 32 420 0 9 1 0  0 7 1 2 1 45( 1 2) - - - -

5 K9501 1 00 1  25 589 0 1 23 0 7067 1 8( 1 4) - - - -

6 K9501 1 002 1 25 4 1 2  0 878 0 7 1 2 1 64( 1 2) - - - -

7 K9501 1004 70 4 1 0  0 494 0 7 1  002 1 ( 1 1 ) - - - -

8 K95010902 58 9 1 2  0 1 84 0 706523( 1 4) - - - -

9 K9501 0903 99 357 0 803 0 7 1 0727( 1 2) - - - -

1 0  A9501 0902 1 09 493 0 639 0 7 1 0353( 1 2) - - - -

1 1  A950 10905 1 46 1 229 0 344 0 7082050(8) - -- - -

1 2  A950 1 0907 20 7 1 3  0 083 0 705 140( 1 4) -- - - -

1 3  OK04 1 0  47 1 0 064 0 705344( 1 3) - - - -

1 4  K9501 10m l  53 297 0 5 1 8 0 709909( 1 3) - - - -

1 5  K950 1 10m2 62 247 0 732 0 7 1 1 405( 1 3 )  7 37 26 0 0 1 7 1 4  0 5 1 2680( 1 8) 

1 6  K950 1 10m3 58 25 1 0 666 0 7 1 0968( 1 4) 6 48 22 9 0 1 7 1 0  0 5 1 2679(20) 

1 7  K950 1 1 0m4 68 244 0 8 1 3  0 7 1 2583( 1 2) 4 23 1 8  4 0 1 388 0 5 1 2533( 1 4) 

1 8  K950 1 1 0m5 59 247 0 530 0 7 I 0694( 1 3 )  -- - - -

1 9  K950 1 1 0m6 44 3 1 7 0 40 1  0 709047( 1 3) 3 94 23 0 0 1 039 0 5 1 2378(64) 

20 K950 l 1 0m7 63 284 0 642 0 7 10 822( 1 4) 5 1 9  29 3 0 1 072 0 5 1 2400( 1 6) 

2 1  K950 1 1 0m8 80 2 1 1 I 09 0 7 1 3675( 1 3 ) 8 79 33 3 0 1 597 0 5 1 2482(24) 

22 K950 1 10m9 43 346 0 359 0 708449( I O) 4 33 1 8  1 0 1 447 0 5 1 2553(35) 

23 K950 1 1 0m l 0  95 467 0 587 0 709035( 1 1 ) 1 50 9 39 0 0967 0 5 1 2263(24) 
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Table 3 1000/Sr and JOO/Nd values, and 87Sr/86Sr and 1 43 Nd / '44 Nd ratws at 540 Ma, 

Sample 
No 

14 
1 5  
1 6  
1 7  
1 9  
20 
22 

medn 

583 Ma and 674 Ma of hornblende bzotzte gneiss 

Sample !000/Sr s1sr/86Sr 
Name (540 Ma) 

K950 1 1 0m l  3 37 0 705922 
K950 1 1 0m2 4 05 0 705770 
K950 1 1 0m3 3 98 0 70584 1 
K950 1 1 0m4 4 I O  0 706325 
K950 1 1 0m6 3 1 5  0 705960 
K9501  !0m7 3 52 0 705880 
K950 1 l 0m9 2 89 0 705686 

87Sr/86Sr 87Sr /86Sr 
(583 Ma) (674 Ma) 

0 705602 0 704928 
0 705320 0 704366 
0 705432 0 704563 
0 705825 0 704765 
0 7057 1 4  0 705 1 9 1  
0 705485 0 704648 
0 705465 0 704997 

0 705549* 0 704780 

143Nd/ 144Nd I OO/Nd (540 Ma) 

3 85 0 5 1 2074 
4 37 0 5 1 2074 
5 43 0 5 1 2042 
4 35 0 5 1 20 1  
3 4 1  0 5 1 202 1 
5 52 0 5 1 204 1 

i41Nd/ 144Nd 141Nd/ 144Nd 
(583 Ma) (674 M<l) 

0 5 1 2025 0 5 1 1 923 
0 5 1 2026 0 5 1 1 924 
0 5 1 2003 0 5 1 1 920 
0 5 1 1 98 1  0 5 1 1 9 1 9  
0 5 1 1 990 0 5 1 1 926 
0 5 1 2000 0 5 1 1 9 1 4  

0 5 1 1 92 1  
* Mean value 1s shghtly different from rn1t1al 87Sr/ 86Sr of O 70556 which was calculated by an 

age determmat1on p1 ogram (Fig 8) 

5.2. Rb-Sr and Sm-Nd whole rock isochron ages of hornblende bwtzte gneiss 
Ten HB gneiss samples were collected from a single outcrop A reliable Rb-Sr whole 

rock 1sochron is not defined because of scattering flock of the 1sotop1c data We examined 
the sampling pos1t10ns and rock fac1es Sample No 23 collected from a site far from the 
other nine samples (Nos 14-22) 1s a pegmat1t1c rock Samples No 18 and No 2 1  are also 
pegmat1tic rocks as shown in Fig 4 The Rb and Sr isotopic data for these samples (Nos 
1 8, 21, 23) do probably not indicate whole rock data of each sample because of too 
coarse-grained rocks Alternatively, they were denved from different sources from the 
other seven samples The seven samples (No 14, 15-17, 19, 20, 22) give an 1sochron age of 
583 ± 56 Ma with an m1tial 87Sr/86Sr rat10 of O 70556+ 0 00043 (MSWD = 0 39, Fig 8) 
We analyzed Sm and Nd isotopic data of eight HB gneisses (Table 2) Six samples (Nos 
15-17, 19, 20, 22) give a reliable straight lme with an age of 674+ 22 Ma (initial 
1 43Nd/ 144Nd= 0 5 1 1921 + 0 000021, MSWD= 0 01, Fig 9), whereas two samples (Nos 2 1 ,  
23) are off of this lme as well as out of the Rb-Sr system 

We examme the poss1b1hty of pseudo-1sochron (m1xmg line) for the line with an 
mclmat10ns mdicatmg the age of 583 Ma The simple mean of the metamorphic ages for 
the LHC (550 Ma-520 Ma, Sh1rmshi et al , 1994, 560 Ma-520 Ma, Fraser, 1 997) 1s 540 Ma 
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Ftg JO Ages of metamorphic rock and granzto1ds occurring zn the Lutzow-Holm Comple.\ 
Age data were mea.1,ured by dat111g systerns with f11gh clom,e tempewtwe * Iwtop1c 
data are partzally scattered Open syrnbols a, e metamorphic rock and closed s; mboles 
are igneous rock * � D Dyke of ultrapotasszc ma.fie igneous rock Data sources 
Thzs study, Shzbata et al, 1985, 1986, Nakapma et al , 1988, Sh1razsh1 et al , 1992, 
1994, 1995, A runa and S/11razsh1, /993, Frase, and McDougall, 1995, Asam1 et al, 
199 7, Fraser, 199 7, Shimura et al , 1998 

The 87Sr/ 81'Sr( I ) vs I /Sr [and 1 41Nd/ 1 44Nd( J ) vs I /Nd] relat ion I S  important to Judge 
whether the straight lme obtamed m the Rb-Sr (Sm-Nd) 1�ochron diagram 1s a m1xmg ! me 
or not I f  the stra ight ! me 1s obtamed m the 87Sr /86Src 1 > vs 1 /Sr diagram, the straight !me 
m the 1sochron diagram 1s  mterpreted as a m1xmg ! me ( e g  Fdure, 1 977, 200 1 ,  D1ckm, 
1 995) Any defir nte relat 1onsh 1p  between 87Sr /86Sr ( 540 Ma) and 1 000/Sr 1 s  not recogrnzed 
m the numerical values m Table 3 Thi s fact excludes the poss1bd 1ty of a m1xmg !me 
On the other hand, the Sm-Nd whole rock 1 sochron showmg 674 Ma 1 s  wel l defined by the 
H B  gne1s� ( F ig 9) No defir n te tendency for the relat 1onsh 1 p  between 1 4'Ndj ' 44Nd ( 583 
Ma, 540 Md) and 1 00/Nd for th i s  gneiss 1 s  recogrnzed (Tab le 3) Tll l S  suggests that the 
!me md1catmg 674 Ma 1s not a m1xmg !me 

Several Rb-Sr whole rock 1 sochron ages of ca 700 Ma are shown m Fig 1 0  
However, 1t 1 -;  necessary to reexamine m detai l whether they are real age'.-. or not because 
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they have a straight relat10n m the 87Sr /86Sr(s4o Mc1J vs 1 /Sr diagrams which are not shown 
m this paper 

6. Discussion 

6. 1. Age da ta of the Littzow-Holm Complex 
Figure I O  shows the age results of this study as well as prev10usly published data for 

LHC which are considered to have high closure temperature The age data measured by 
datmg methods with low closure temperature are not shown m the figure though they range 
from ca 450 Ma to ca 400 Ma The following ages and events can be read out of this 
figure, that 1s, ( 1) mhented z1rcons late Archean to middle Proterozoic events, (2) some 
igneous and metamorphic rocks ca 1000 Ma (Grenville event), (3) 1gneous-ongm meta
morphic rocks ca 670 Ma & ca 620 Ma (Pan-Afncan event), (4) some other metamor
phic rocks and granitoids ca 590Ma-ca 480 Ma (Pan-Afncan event), ( 5) ultrapotass1c 
igneous dyke ca 430 Ma 

6 2. Intrusive age of granitoids 
The Rb-Sr whole rock 1sochron age of 485+ 50 Ma (Fig 6) for the Aka1-m1sak1 

granite mass 1s older than the b10tite mmeral 1sochron age of 4 17 9+ 2 2 Ma (N 1sh1 et al , 
1999) and younger than the U-Pb z1rcon and CHIME monaz1te ages (550 Ma-520 Ma) of 
the LHC Granite dykes denved from the Akai-m1saki and Nishi-kaigan granite masses 
cross-cut the gne1ssose structure of the HB gneiss (Fig 2a, b) Considering this field 
evidence, the Rb-Sr whole rock isochron of the Akai-misakt granite mass 1s close to the 
mtrus1ve age of granitic magma after metamorphism On the other hand, a reliable age 1s 
not obtamed from the Nishi-kaigan granite mass because of heterogeneous mit1al Sr 
isotopic composit10ns Some samples are close to the isochron of 485 Ma defined by the 
Akai-m1sakt granite mass, whereas some other samples are close to another 485 Ma lme 
with different mitial 87Sr/86Sr rat10 (Fig 7) These data suggest that the act1V1ty age of the 
Nish1-kaigan granite mass is similar to that of the Akai-misaki gramte mass, but 1t was 
denved from a different source Furthermore, we measured the Nd isotopic compos1t10n 
of one sample (No 3) (Table 2) The gramte masses have no genetical relat10n to the HB 
gneiss, because the mitial 143Nd/ '44Nd rat10 (0 51166) calculated usmg an age of 485 Ma for 

the sample 1s quite different from that (mean value of Sp No 15-17, 19-23, 0 51206+ 

0 00007 ( 1 o)) of the gneiss 
Rb-Sr b10tite ages of gramt01ds from Oku-iwa Rock and Cape Omega are ca 420 Ma

ca 440 Ma, which overlap with ca 450 Ma-ca 400 Ma of K-Ar b10tite ages for the 
gramt01ds and metamorphic rocks of the LHC These Rb-Sr and K-Ar age data md1cate 
that the cooling rate of the LHC between ca 450 Ma and ca 400 Ma was around 6°C/Ma 

6 3. Interpreta tions of Rb-Sr and Sm-Nd whole rock isochron ages of hornblende 
biotzte gneiss 

The HB gneiss havmg 65-70 Si02 wt% (Table I )  gives a Rb-Sr whole rock age of 

583 ± 56 Ma (Fig 8), which seems to be slightly older than the SHRIMP 21rcon and 
CHIME U-Pb monazite ages (550 Ma-520 Ma, Sh1ra1sh1 et al, 1994, Asami et al , 1997) 
from the LHC The mean age of 583 Ma is close to the Rb-Sr whole rock age of a smgle 



Table 4 Dijfe,ence of whole rock isochron ages bet1veen Sm-Nd and Rb-Sr system'i for mzddle Proterozoic to earl)! Paleozoic igneous 
rock-orzgtn meta mo, phic 1 0ck'i from Gond1vana super-contznent 

Place Rock type Sm-Nd Wr. Iso 
Age (Ma) 

E Antarctica (Lutzow-Holm Complex) 
Cape Hmode Meta-trondhJem1te 1 0 1 6  ± 62**  
Oku-iwa Rock Hornblende biotite gneiss 674 ± 22 
E Antarctica (S¢r Rondane) 

Enderbitic gneiss 978 ± 52 

India (Eastern Ghats) 
Opx granuhte 1 023 ± 93 
Leptymte 1 464 ± 63 

S Afnca (Namaqualand) 
Gran itic gneiss 1 1 1 8 ± 1 48 

Rb-Sr Wr.Iso 
Age (Ma) 

974 ± 78** 
583 ± 56 

96 1 ± 1 0 1  
950 ± 6***  

958  ± 1 6  
1 366 ± 75 

1 1 3 1  ± 62 

Time interval * 
Age (Ma} 

42 
9 1  

1 7  
28 

65 
98 

- 1 5  

References 

Shira1sh1 et al ( 1 995) 
This study 

Shira1sh1 & Kagami ( 1 992) 

Shaw et al ( 1 997) 
Shaw et al ( 1 997) 

Yuhara et al (200 1 )  

* T1 1ne I nte1 vc1l = ( Sm-Nd whole 1 ock 1 soch1 on c1ge)- (Rb-Sr whole 1 0ck 1 sochron c1ge) Th1 ') cc1 lcu lc1t 1on does not tdke account  of e1 ror of 
dge * *  recd lculdted except sdmple "740 1 0 1 1 3  ( S11 1 1 d 1 sh 1  et al , 1 995 )'', * * *  recd lcu ldted us1 11g  t h , ee fels1c rocks ( 1 503 0, 1 6020, 2502A 
Sh 1 1  d 1 :,h 1  and K c1gc1m1 ,  1 992) from d s i ngle outcrop D<ltd sources Slrn c1 1 sh 1  <lnd Kc1gc1m 1  ( 1 992), Sl1 1 1  a1sh1 et al ( 1 995) ,  Shaw et al ( 1 997) 
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outcrop of East Ongul Island (574± 128 Ma, Shibata et al , 1986) and Bre1dvagmpa 
(576+ 39 Ma, Shimura et al , 1998) although they have large uncertamt1es The Sm-Nd 
whole rock 1sochron age of 674+ 22 Ma of the HB gneiss 1s defimtely older than the Rb-Sr 
whole rock 1sochron age 

Though we had tned to obtam metamorphism ages usmg the Rb-Sr whole rock 
system, we have no reliable ages md1catmg that metamorphism occurred, even for the 
samples collected from a smgle outcrop D1ckm ( 1995) and Shimura et al ( 1998) also 
emphasized that 1sotop1c eqmhbnum m the Rb-Sr whole rock system was not attamed 
under metamorphism even dunng a high-temperature cond1t10n However, metamor
phism accompamed by partial meltmg 1s not that case (Owada et al , 199 1, 1997, Kagam1 
et al , 1995, Shimura et al , 1998) 

Two mterpretat10ns of the two ages of 583 ± 56 Ma and 674 + 22 Ma are considered on 
the basis of the chemical behav10r of Sm-Nd and Rb-Sr Case (1) Difference of closure 
temperature between Sm-Nd and Rb-Sr whole rock systems Case (2) Granod10nt1c 
precursor was m1tially formed at ca 670 Ma and granod10nt1c magmat1sm took place by 
refus10n of the precursor at ca 580 Ma 

Case (1) Sm-Nd and Rb-Sr whole rock ages for the same rock samples are not 
always identical because of the difference of chemical behav10rs of the two systems There 
are not many reports definmg reliable Rb-Sr and Sm-Nd 1sochrons even for the un
metamorphosed igneous rocks The Sm-Nd and Rb-Sr whole rock ages usmg identical 
rock samples from middle Proteroz01c to early Paleoz01c 1gneous-ongm metamorphic 
rocks occurrmg m the Gondwana super-contment are summanzed m Table 4 The 
Sm-Nd ages are generally 100 Ma-20 Ma older than the Rb-Sr ages The mean Sm-Nd 
age of the HB gneiss from Oku-1wa Rock 1s 9 1  Ma older than the mean Rb-Sr age 
Though this time mterval has not been stnctly discussed by the authors, one of the 
poss1 b1ht1es 1s the difference of closure temperatures between both systems If this 1s the 

case, the Sm-Nd age of 674 Ma md1cates granod10nt1c magmat1sm (950+ l00°C) and the 
age of 583 Ma md1cates the closure temperature ( ca 700°C, Hamson et al , 1979) of the 
Rb-Sr whole rock system However the closure temperatures of both systems, especially 
Sm-Nd, have not been clanfied yet Even 1f the rocks had been affected by later 
metamorphism with temperature of > ca 700°C thereafter, the Rb-Sr whole rock system 
would not have been greatly disturbed ( e.g , Kagam1 et al , 1995) Though 1sotop1c 
analysis of the leucosome m the HB gneiss has not been earned out, 1f the rock plots on 
both 1sochrons of Sm-Nd and Rb-Sr systems, mterpretat1on ( 1) will probably be accepted 

Case (2) Imt1al 143Nd/ 144Nd rat10 of the HB gneiss 1s 0 5 1 1921+0 00002 1, which 
corresponds to + 2  96+0 41(674 Md) m terms of c -notat10n Nd model ages usmg depleted
mantle (ToMs) were calculated for the samples (Sp No 19, 20) with 147Sm/ 144Nd < 0 13, 
which are ca 1100 Ma (Table 2) Sample No 23 also has similar T oM ( 1 160 Ma, Table 
2) The mean T oM of six samples except samples Nos 15 and 16 with extremely high 
147Sm/ 144Nd ratios 1s ca 1200 Ma These T oMs are younger than other areas of the LHC 
(ca 2850 Ma, ca 2400 Ma, 1450 Ma- 1300 Ma, Yoshida et al , 1999) Based on generally 
accepted mterpretation as to the T oMs, mitial format10n of the granod10nt1c precursor took 
place at ca 1100 Ma, and fus10n of the precursor occurred at ca 580 Ma because resettmg 
of the Rb-Sr whole rock system was caused by meltmg In this mterpretat10n, a special 
meanmg for the age of 674 Ma 1s not found On the contrary, 1 f  the granod1ont1c 
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precursor was denved from an enri ched source, the Trnvis are meanmgless, and the followmg 
111terpretat1on 1s possible (first stage-ca 670 Ma) 1mt1al magmat1sm of granod1ont1c 
precursor, ( second stage-ca 580 Ma) refus1on of the precursor ( ow111g to formation of 
granod1ont1c magma) with formation of leucosome 111 the H B  gneiss Agam, 1 -;otopic 
data for the leucosome are useful to decide the poss1 bility of the second 1 11 terpretat1011 In  
this rnterpretat1on, the rock must be plotted not on the Sm-Nd 1 sochron but on the Rb-Sr 
1sochron with an age of 583 Ma 

Thus. the possible rnterpretat1011 as to the ages of 674 Ma and 583 Ma 1s either ( I ) or 
(2) We prefer 111terpretat1011 ( I ) because the follow111g systematic relations between 
Sm-Nd and Rb-Sr whole rock systems (Table 3) are generally recogmzed (a) the time 
mterval between the two whole-rock systems 1s restricted w1th111 a certa111 time range ( I 00 
Ma-20 Ma) ,  (b) the Sm-Nd ages are always older than the Rb-Sr ages Furthermore, 
accordmg to 1 11 terpretat 1011 (2), resett111g or disturbance for the Sm-Nd system of the HB 
gneiss did not take place at all at 583 Ma Even so, the second mterpretat1011 1 s  still 

poss1 ble because the Rb-Sr age of 583 Ma 1-;  close to the age of 576± 39 Ma of m1gmatite 
from the Bre1dvag111pa (Sh1murd et al , 1998) The leucosome 1 11 the HB gneiss holds the 
key to the mean111g of the two ages (674 Ma. 583 Ma) discussed above Thus, the 
r nterpretation of the two ages 1s still an open question 

6 4 Age relatzons between Sm-Nd, Rb-Sr whole tSochrons and U-Pb zzrcon 
The U-Pb age data (with high-closure temperature) for the metamorphic rocks from 

the LHC are restricted 111 the range of 560 Ma-520 Ma and ca 620 Ma (SHRI MP zircon 
ages, 550 Ma-520 Ma, Sh1ra1 shi et al , 1994, ca 620 Ma, 560 Ma-520 Ma, Fraser, 1997, 
CHI ME monazite age, 537 Ma, 533 Ma. Asam1 et al , 1997) Our result shows that the 

m1gmat1 te of Oku-iwa Rock was formed at 674 ± 22 Ma or 583+ 56 Ma The former age 
1 s  older than ca 620 Ma and defimtely older than 560 Ma-520 Ma defined by U-Pb ages 
on zircons The U-Pb zircon system 1s reset under granuhte-grade metamorphism or 
partial meltmg ( Lee et al , 1997) Loss of rad1oge111c Pb m zircon 1s caused by contm uous 
diffusion or through the rnfluence of metamorphism (Attendorn and Bowen, 1997) 
Followmg these considerat10ns, 1f the m1gmat1te was formed at 674 Ma, the Oku-1wa Rock 
area was contmuously kept at high temperature from ca 670 Ma to ca 500 Ma This 
speculation is consistent with the conclus10n by Fraser (1997) on the granuhte-fac1es 
metamorphic zone of the L HC, that 1 s, high-metamorphic cond1t 1ons persisted for J OO Ma 
from ca 620 Ma to 520 Ma On the other hand, if the m1gmatite was formed at 583 Ma, 
the age difference between 583 Ma and U-Pb zircon ages, especially 560 Ma-520 Ma, 1s not 
clear because the former seems to comcide with the latter w1thrn an error I n  order to 
strictly discuss the m1gmatizat10n (and metamorphic) age for this area, more precise data 
by datmg systems such as U-Pb zircon, Sm-Nd and Rb-Sr hornblende of the leucosome and 
H B gneiss are needed 

7. Summary 

Rb-Sr and Sm-Nd whole rock 1sochrons for the gra111t01ds and HB gneiss distributed 
m the Oku-1wa Rock area, Lutzow-Holm Complex, East Antarctica were obtamed for 

thermochronolog1cal history The results are as follows 674± 22 Ma (Sm-Nd whole rock 
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1sochron age of the HB gneiss), 583 ± 56 Ma (Rb-Sr whole rock 1sochron age of the H B  
gneiss), 485± 50 M a  (Rb-Sr whole rock 1sochron age of the Aka1-m1saki gramte mass) 
U -Pb zircon ages of ca 620 Ma and 560 Ma-520 Ma have been reported from the 
Llitzow-Holm Complex, they are mterpreted as times of peak metamorphism The 485±  
50 Ma of the gramte mass 1s mterpreted as an mtrus1 ve age J udgmg from field o bservat1 ons 
Regardmg the two ages for HB gn (674+ 22 Ma, 583 + 56 Ma), the followmg two mterpreta
t10ns are possible ( I )  Difference of closure temperature between Sm-Nd and Rb-Sr whole 
rock systems (2) Granod10nt1c precursor of the HB gneiss was m1t1ally formed at ca 670 
Ma and m1gmat1zat10n accompamed with format10n of the leucosome took place by 
refus10n of the precursor at ca 580 Ma Vanous age determmat10ns usmg U-Pb for 
zircon, and Sm-Nd and Rb-Sr for hornblende as to the leucosome and HB  gneiss, holds 
the key to the solut10n of these two ages 
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