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Abstract. Ages of two gneisses and two dolerite dykes which were collected for a
paleomagnetic study from Mt Ruser-Larsen in the Napier Complex, East Antarctica,
were analyzed by the ®Ar-*Ar method All samples contain excess Ar  Based on
their age spectra, however, ages of about 800-1100 Ma which are similar to those of
Amundsen dykes have been estimated for the dolerite samples One gneiss indicates
an age of about 2000 Ma as the upper limit  This age might correspond to a thermal
event which has not been reported
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1. Introduction

The Napier Complex of Enderby Land, East Antarctica, 1s composed of mainly
high temperature metamorphic rocks. Very old U-Pb zircon ages such as 3.9 Ga have
been reported for it (BLack et al., 1986) Hence, this complex has a possibility to give
us very important information about the early history of the earth However, the
Napier Complex has been known to have also experienced three major thermal events of
high pressure and temperature at 3.1 Ga, 2 9 Ga and 2.5 Ga (JAMEs and Brack, 1981,
Brack and JaMEs, 1983; BLack and McCuLLocH, 1987; SHERATON et al., 1987, BLACK et
al, 1992 , OwaDaA et al., 1994, TaINOsHO et al.,1997)  Moreover, 1n this area, there are
many dykes called Amundsen dykes whose ages have been reported to be about 1190 Ma
and 2350 Ma (SHERATON and Brack, 1981; BLack and JAMEs, 1983)  Such metamor-
phic events and thermal activities of dykes seem to have affected the paleomagnetic and
age results seriously (Funaki, 1984, 1988, IsHikawa and FunNaki, 1997, 1998, UgNo,
1995) Paleomagnetic studies were performed for samples which were collected from
the Napier Complex during the 35th Japanese Antarctic Research Expedition (IsHIKAWA
and FuNakI, 1997, 1998). We have tried to determine ** Ar-* Ar ages of four samples
which we used for paleomagnetic studies.

2. Samples

Igneous and metamorphic rocks were collected at eight sites from the Mt Ruser-
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Fig 1 Sampling sites for samples S-1, S-2, S-5 and S-7 (after IsHIKAWA and Funak1, 1997)

Larsen area in Enderby Land, East Antarctica by IsHikawa for paleomagnetic studies
(Fig. 1). Foursamples (S-1, S-2, S-5 and S-7) from sites 1, 2, 5 and 7, having relatively
good paleomagnetic results (IsHikawa and Funaki, 1997, 1998), were selected for
©Ar-* Ar geochronological studies. In this study, bulk samples were used for “Ar-
¥ Ar analyses.

S-1 and S-2 are felsic gneisses consisting mainly of plagioclase, K-feldspar, quartz
and clinopyroxene. These sites are situated in a shear zone 1dentified by geological
investigation of JARE-38 (IsHizuka et al., 1998) and intense mylonitization 1s clearly
observed for these samples.

S-5 and S-7 are metadolerites composed of plagioclase, clinopyroxene. Biotite and
amphibole are recognized for S-7. These samples have preserved igneous textures.
Since mafic minerals of S-7 are less altered than those of S-5, S-7 seems to be more fresh
than S-5.

More details about sampling sites and their petrography are reported in ISHIKAWA
and FuNaki (1997, 1998).

3. Experiments

Rock samples were crushed by a stainless steal crusher. The sieved fractions from
30 mesh to 60 mesh were washed with acetone using an ultrasonic bath and dried in an



202 Y TakiGaMi, N IsHIkAwA and M FUNAKI

oven. They were wrapped 1n Al foil and sealed 1in a quartz tube of 10mm diameter
under the vacuum condition of about 10~! Pa with age standard samples (EB-1 biotite
separated from the standard granitic rock JG-1 of Geological Survey of Japan; age 1s
91.410 5Ma (Iwata, 1998)), K,SOs and CaF, K,SO, and CaF, are used to deter-
mine the correction factors to correct for interference Ar 1sotopes derived from K and
Ca during the neutron irradiation.

These materials 1in a quartz tube were irradiated by fast neutrons (total flux was
about 10'® neutrons/cm®) at the Japan Material Testing Reactor (JMTR)  After
cooling, the irradiated samples were transported to the Radio Isotope Centre, University
of Tokyo, where Ar gas extraction and analyses were performed

Each sample was set in a Mo crucible and Ar gas was extracted using an induction
coll. After being purified with three T1 getters and a SORB-AC getter (ULVAC
Corp.), Ar gas was analyzed on a highly sensitive mass spectrometer, VG-3600
(Micromass), which was a sector type mass spectrometer with two collectors (a Faraday
cup and a Daly multiplier) Ar 1sotopes were measured and ages were calculated by
comparison of the “ Ar*/* Arx (*Ar*, radiogenic “Ar, *Arg, K-derived ¥ Ar) with
those of age standard samples after corrections of mass fractionation and interfering
1sotopes derived from K and Ca

Table 1 Analytical data of “’Ar-**Ar studies
Sample S-1 (00979 g, J—0 00413 +0 00003 )

No of 1;_?::};2' (Z?i{)ﬁ 3"Ar/‘“’_A/}r 37Ar/‘“’_Ar 35Ar/‘“?“}r PAr/YAr ‘;"Ar*({) YArk  Age® K/Ca®

sep O gy (X107 (X107 (X107 (X107) MAr? (%) (Ma)

1 600 1 58 1 751 1 769 0 6306 0 4444 2140 06 4125 0 2504
+0 022 +0 024 £0 0053 =£0 0131 =£63 +49

2 700 120 0 6296 3 049 0 8575 1 168 842 3 12 2705 0 3823
+0 0231 +0 029 =£0 0069 =0 006 +4 5 +13

3 800 2 68 0 7018 4 708 1 261 2 014 487 3 48 1989 0 4270
+0 0129 =£0 033 =0 007 +0 007 17 +10

4 900 292 3 492 7 943 2 902 4 007 2243 104 1183 0 5037
+0 025 +0 047 =*0 016 +0 009 +0 5 +7

5 1000 2 32 1 328 16 58 3 407 5 694 169 4 11 7 1957 0 3426
+0 019 +0 11 +0 018 +0 011 +0 3 +6

6 1100 576 0 4564 10 08 1 663 2 823 350 7 14 4 1615 0 2793
+0 0088 0 06 +0 010 +0 008 10 +8

7 1200 27 2 0 1494 3 936 0 5145 0 8724 1146 21 0 3150 0 2209
+0 0033 £0 025 =0 0034 =£0 0032 +4 +12

8 1300 73 8 0 1181 3 721 0 2245 0 3630 2767 23 6 4546 0 09680
=0 0022 =+0 023 =£0 0019 =*0 0028 =22 +18

9 1500 58 1 0 1380 S5 603 0 1724 0 2452 4133 12 4 5222 0 4300
+0 0096 0 149 0 0046 L0 0090 X154 65
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Sample S-2 (0 0961 g, J=0 004220 00003)

203

No of Tr:l‘t“ulr’g (4:<Al{)" “Ar/“Ar TAr/“Ar PAr/CAr PAr/CAr YArt/ YAre Age oo
sep ) emsg) (X107 (X107) (X107 (X107) Arx (%) (Ma)

1 600 200 05972 01087 0 1431 0 04576 21500 14 8153 0 4201
+0 0064 =0 0105 +0.0022 =0 00585 =+2756 +229

2 700 512 04978 03923 03805 0 5522 1785 43 3868 1 407
+0 0040 =0 0124 0 0070 =0 0044 +14 +17

3 800 554 2027 1 194 1114 1 402 6709 119 2423 1 174
+0 015 +0012 +0012 0 004 +1 8 +10

4 900 2 48 1211 2 093 1 250 2 196 4394 83 1892 1 049
+0 012 +0 443 +0034 =+0 005 +11 +9

5 1000 277 08133 2450 0 9456 1 838 5317 78 2123 0 7493
+0 0126 =+0226 +00390 =0 005 +15 +10

6 1100 369 06359 2236 08290 1 696 57991 96 2231 0 7578
+0 0102 =+0 221 0 0411 0 006 +20 +10

7 1200 572 03945 2202 1014 2 090 4733 183 1980 0 9486
+0 0086 0 194 0037 =0 006 +13 +9

8 1300 19 7 03104 09905 03741 0 7149 1388 21 6 3473 0 7210
+0 0039 =0 0113 =0 0142 =0 0059 +12 +17

9 1500 56 6 03358 05322 01264 01941 5111 16 8 5623 0 3640
+0 0034 0 0062 =0 0092 =0 0036  =+97 +35

Sample S-5 (0 1088 g, J=0 004280 00003)

No of {Zﬁg’ (4:<A1€)° 36Ar/‘“’:f}r 37Ar/"°7./3\r 3"Ar/“":fl‘\r 39Ar/‘“’ﬁ./?r “:Ar*/ BAry  Age K/Ca
sep "0y emsg) (<1070 (X107) (X107 (X107)  PArc (%) (Ma)

1 600 251 1 644 1300 0 7917 0 8458 1126 04 3178 0 6498
+0 012 +0 020 =0 0056 =0 0057 =8 +15

2 700 0 887 09956 4 617 1 976 3 193 3044 06 1505 0 6909
+0 0094 +0 073 +£0014 =+0 009 +0 8 +38

3 800 315 0 4658 2 842 2 866 4 649 2123 30 1166 1 635
+0 0037 0026 0019 =0 009 +0 4 +6

4 900 665 1199 3 327 3512 5 538 1743 75 1005 1 664
+0 010 0029 =+0.024  =+0 008 +0 3 +6

5 1000 925 0 1963 4 030 2 598 4 301 2314 81 1242 1067
+0 0017 0033 +0018 =0 010 +0 5 +7

6 1100 1 65 0 1617 5 005 2 476 3936 2532 133 1324 0 7857
+0 0021 0040 =+0 017 =0 009 +0 6 +7

7 1200 27 3 0 1169 8 530 3 199 4 857 2056 271 1139 0 5687
+0 0018 0 060 =0 021 =0 010 +0 4 +6

8 1300 30 6 01310 11 51 3 451 5 061 1974 317 1105 0 4389
+0 0023 +008 0023 =0 012 +0 5 +6

9 1500 9 60 01394 1317 2 849 4 201 2379 82 1267 0 3182
+0 0028 +010 +0020 =0 010 +0 6 +7
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Sample S-7 (0 0951 g, J=0 00434 0 00003)

No of 1;_2‘;’15:' (??il(.)“ 36Ar/‘“’_ﬁ.r 37Ar/‘wf;r 38Ar/“‘)‘Ar PAr/YAr  YAr*/  PArg  Age K/Ca
step Ty ey (<107 (X107 (X107 (X107)  PArc (%) (Ma)
1 600 9 33 0 8261 2 369 0 3080 0 5149 1902 11 4014 0 2166
+0 0144 £0 045 £0 0272 X0 0107 =40 +35
2 700 2 05 0 6792 2 270 0 8618 1 286 763 1 06 2636 0 5659
+0 0066 0026 0 0052 =0 006 +3 8 +12
3 800 4 43 2 449 4 985 2 811 3 785 245 4 38 1308 0 7585
+0 016 +0 034 =0 015 +0 007 +0 5 +7
4 900 5 76 0 2517 5 119 5 146 8 160 1217 10 6 765 1 1 593
+0 0050 =0 047 =£0 036 +0 041 06 +5 4
5 1000 1 06 0 1605 4 904 5 122 7 885 126 3 18 8 788 5 1 607
+0 0027 £0 032 £0 027 +0 015 +0 2 +4 6
6 1100 12 1 0 1781 7 471 4 475 6 089 163 6 16 6 968 0 0 8143
+0 0034 10 047 0 024 +0 014 +0 4 +55
7 1200 12 1 0 3143 12 23 5 073 5 796 171 4 15 8 1003 0 4733
+0 0042 0 08 +0 028 +0 013 +0 4 +6
8 1300 30 4 1 159 7 975 3 417 3 778 256 2 25 8 1349 0 4730
+0 008 +0 050 =£0 020 +0 009 0 6 +7
9 1500 40 4 1 244 7 436 0 8908 0 7674 1265 70 3375 0 1025
+0 009 +0 053 £0 0050 =0 0041 +7 +13

X 1n values are errors of one standard deviation

3%Ar, YAr, *Ar and “°Ar values 1n this table are not corrected for interference Ar 1sotopes derived from K-

and Ca

Ages and other values have been corrected for interference Ar isotopes by using the following values,

(*Ar /¥ Ar)x = 006336 = 0 00616, (39”7 /*” Ar)c, = 0 0007328 £ 0 0000178, (** Ar/*’ Ar)c. = 00004228 =

00000821

(1) *°Ar* and ¥Arx mean the radiogenic **Ar and K-derived **Ar, respectively

(2) Ages were calculated by using the following constants A.=0 581 X 107'%y, 1,=4 962X 107 %/y, K/
K=1 167 X 10™* (STEIGER and JAGER, 1977)

(3) K/Ca ratios were calculated from *Arx/* Arc,, where *’Arc, means Ca-derived *'Ar

4. Results and Discussion

Experimental results are shown in Table 1 and Fig 2. Since the data do not lie on
straight lines 1n the 1sochron plots, the 1sochron plots are not shown for all samples.

For metamorphic rocks, S-1 and S-2, the typical excess Ar pattern (U-shape) 1s
observed 1n the age spectra (Fig 2) (McDoucaLL and Harrison, 1988). Old ages 1n
lower and higher temperature fractions exceed the age of the earth  Although the last
intense metamorphism at about 2.5 Ga has been reported to have high temperature of
650°C (BrLack and McCuLLocH, 1987), there are no indications of age of about 2.5 Ga
for present samples The mimimum ages of about 1000 Ma are observed 1n the 1000°C
fraction for S-1 and about 2000 Ma 1n the 900-1200°C fractions for S-2, which means
that the last metamorphic events might have occurred at a time younger than the
minimum ages
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Fig 2 “Ar-**Ar age spectra and K/Ca plots for samples S-1, S-2, S-5 and S-7
The upper part i1s a K/Ca plot and the lower part i1s an age spectrum for each sample
K/Ca ratio varies reflecting Ar gas degassing from different minerals or sites in the
sample Errors are included in age bands in the age spectrum and not illustrated 1n
the K/Ca plot Numerical figures in the age spectrum indicate the Ar degassing

temperatures in Celsius degrees (°C) identified as the temperature at the top of Mo
crucible
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S-2 shows the age of about 2000 Ma 1n the 900-1200°C fractions Since these
fractions account for 44% of the released * Ar, this age may have some geological
significance 1n spite of the mmimum age However, no previous Rb-Sr, U-Pb and
Nd-Sm works have shown the age of 2000 Ma (JaMEs and Brack, 1981, Brack and
McCuLLocH, 1987; SHERATON et al., 1987, BrLack et al., 1992, OwaDaA et al-, 1994,
TaINOsHO et al, 1997) Recently, Suzuki reported a CHIME age of 2046 Ma for a
monazait sample from Mt Ruser-Larsen (AsaMmi et al., 1998). This also suggests a
possibility that there might have been a thermal event around 2000 Ma in the Mt
Ruser-Larsen area

For dolerite samples, S-5 and S-7, features indicating the occurrence of excess Ar
are observed 1n the age spectra though they are not so clear as those of S-1 and S-2
Relatively uniform ages of about 1000-1100 Ma are recognized for S-5 in the 800, 900,
1200 and 1300°C fractions (69.3% released * Ar ) and those of about 800-1000 Ma for
S-7 1n the 900-1200°C fractions (61 8% released *° Ar), respectively (Fig 2). Total
fusion ages are 11831 6Ma and 14327 Ma for S-5 and S-7, respectively, which are
consistent with previous K-Ar results (1170250 Ma and 140050 Ma) for another
basalt from Mt Ruser-Larsen (UeNo, 1995)

In Enderby Land, there are many dykes called Amundsen dykes which have two
different ages, 11901200 Ma and 2350+48 Ma, determined by the Rb-Sr method
(SHERATON and BLack, 1981, BLack and JaMEs, 1983) Moreover, an age of 1087 Ma
for pegmatite (SHERATON et al., 1987) and of 1073 Ma for monazite (BLack and JAMEs,
1983) have been reported 1n the Napier Complex. Those 1gneous activities are consid-
ered to have been correlated with the activity of the Rayner Complex, situated to the
south of the Napier Complex, since the age of the Rayner Complex has been inferred to
be about 1100 Ma (Brack and JaMes, 1983). Thus the studied dolerites may be part of
the Amundsen dykes.

If we adopt these ages for dolerite samples, the positions of the virtual geomagnetic
pole (VGP) 1nvestigated from paleomagnetic studies for the same samples are not
consistent with the results expected from other places iIn Gondwana Land. Detailed
discussions about paleomagnetic studies were performed in IsHikAwa and Funaki,
(1997, 1998).

5. Summary

Although the occurrence of excess Ar has been observed in samples from the
Napier Complex, an age of about 2000 Ma for a gneiss and ages of about 800-1100 Ma
for dolerites have been conjectured These results are preliminary ones and we need
more * Ar-*° Ar geochronological studies to establish a more accurate relationship with
paleomagnetic and geological studies
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