40Ar-39Ar GEOCHRONOLOGICAL STUDIES ON SOME PALEOMAGNETIC SAMPLES
OF EAST ANTARCTICA
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Abstract: 40Ar-3%Ar geochronological studies were performed for five samples collected for paleomagnetic studies
from the Sor Rondane Mountains, Ongul Islands and Lambert Glacier area, East Antarctica. The results indicate ages
of 443-546 Ma for biotite, hornblende and whole rock of syenite. These ages are consistent with those obtained in
previous studies and imply that igneous activities at about 500-550 Ma seem to have continued for a relatively long
time until about 360 Ma. Present result suggests a possibility of young igneous activities in the investigated area,
which might affect the interpretation of the 40Ar-39Ar stair-type age spectrum for K-feldspar minerals of the Ser
Rondane Mountains and the movement of the virtual geomagnetic pole obtained for samples from East Antarctica

between 500 Ma and 400 Ma.
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Introduction

Takigami and Funaki (1991) reported 4°Ar-3°Arand K-Ar
ages for samples from the Ser Rondane Mountains. Biotite
samples separated from granite and syenite show plateau
ages of about 500 Ma. On the other hand, age spectra of K-
feldspar samples from the same granite or syenite at
Lunckeryggen, the Ser Rondane Mountains, show the stair-
type pattern. The minimum ages which appeared in lower
temperature fractions (about 700°C) are 370-400 Ma. A
slow cooling model (Harrison and McDougall, 1982;
McDougall and Harrison, 1988) or a weak thermal meta-
morphism may explain the features of these age spectra.

In order to examine whether this age spectrum appears in
a sample of another site of the Ser Rondane Mountains or
not, we performed an *°Ar-3°Ar geochronological study for
a K-feldspar sample separated from a granitic rock at
Pingvinane site, from which abouta 500 Ma biotite “° Ar->*Ar
plateau age was obtained previously (Takigami and Funaki,
1991).

For these samples from the Ser Rondane Mountains,
paleomagnetic studies were performed by Funaki and
Tokieda (1990) and Tokieda and Funaki (1991). The posi-
tions of the virtual geomagnetic pole (VGP) for these samples
are clearly different from those obtained for samples of the
other sites of about 500 Ma in East Antarctica. There are two
explanations for this difference. One is that the area of the
Ser Rondane Mountains inclined slightly to the other area of
East Antarctica after 500 Ma. Another is that the magnetic
properties of rocks had reset ata weak thermal metamorphism
about 400 Ma and the VGP had drifted between 500 Ma and
400 Ma. In order to address this problem, we need age
information and therefore *°Ar-3?Ar age determinations were
done with the same samples used for paleomagnetic studies
from the Ongul Islands and Lambert Glacier area in the East
Antarctica (Fig. 1).

0° Ongul Islands

Scullin

Sgr Rondane Monolith

Mountains

Larsemann
Hills

Lambert
Glacier

90°E

Fig. 1. Localities of the Ser Rondane Mountains, Ongul Islands,
Scullin Monolith and Larsemann Hills in Antarctica.

Samples

We used 5 samples for 0Ar-39Ar studies. Figure 1 shows
sampling sites. Each sample is briefly described below and
the constituent minerals are listed in the order from major
minerals to minor ones.

B414KF: K-feldspar (orthoclase-perthite) separated from
a granitic sample (B414) from Pingvinane, the Ser Rondane
Mountains. The °Ar-3°Ar biotite plateau age 0f498.5+ 8.8
Ma (sample B414BT) and constituent minerals have been
reported by Takigami and Funaki (1991).

EON167BT: Biotite separated from a garnet gneiss (EON
167) collected at site EON3, East Ongul Island (Funaki and
Wasilewski, 1985). Constituent minerals of EON167 are
garnet, plagioclase, hornblende (green), smectite, chlorite,
carbonate and biotite.
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Table 1. Analytical data of “OAr-39Ar ages.

Sample B414KF (0.1649g; J = 0.003242 + 0.000066)

Step  Temperature Y0ar A4 0Ar YA 0Ar I ArOAr FAr AP Ag D Age?
No. (°C) (x107% cm’/g) (x10°%) (x107% (x1072) (%) (Ma)
1 600 1.4 2.096 5.520 0.3574 1.7 262.5 1111

+0.106 +0.537 +0.0039 +3.0 +19

2 750 0.89 10.76 15.21 0.9455 29 72.11 379.0
+0.28 +1.80 +0.0091 +1.12 +8.8

3 900 1.1 0.6684 1.074 1.288 5.1 76.00 397.4
+0.0783 +0.141 +0.009 +0.55 +7.7

4 1050 23 0.4543 6.905 1.217 9.8 80.97 420.6
+0.0323 +0.509 +0.012 +0.80 +8.5

5 1200 8.7 0.2245 1.959 1.220 36.7 81.37 4224
+0.0131 +0.254 +0.012 +0.80 +8.5

6 1500 11 0.3416 3.695 1.124 43.8 87.96 452.7
+0.0145 +0.388 +0.007 +0.57 +8.5

Total 26 0.7852 3.782 1.125 100.0 86.73 447.1
+8.3

Sample EON167BT (0.09520g; J = 0.003540 + 0.000071)

Step  Temperature HO0Ar 36Ar/*Ar 3TArA%Ar FArPAr FAr HO0Ar* Arg Age
No. (°C) (x107¢ cm’/g) (x10%) (x107% (x10°2) (%) (Ma)
1 700 1.5 18.03 36.34 0.5031 0.6 93.01 513.5
+0.46 +2.11 +0.0063 +2.96 +16.8

2 800 1.3 3.570 26.01 1.050 1.0 85.17 4754
+0.304 +1.18 +0.010 +1.16 +10.2

3 900 6.7 1.809 7.324 1.151 6.0 84.06 470.0
+0.032 +0.354 +0.008 +0.59 +8.8

4 960 10 0.5100 5.861 +0.008 9.4 82.92 464.4
+0.0200 +0.208 1.190 +0.57 +8.7

5 1020 12 0.4627 5.396 +0.006 11.1 82.83 463.9
+0.0180 +0.197 1.195 +0.42 +8.5

6 1080 22 0.3440 6.978 +0.007 20.5 82.79 463.7
+0.0075 +0.217 1.193 +0.51 +8.6

7 1140 20 0.2877 10.18 +0.006 18.4 83.03 464.9
+0.0114 +0.19 1.187 +0.42 +8.5

8 1200 23 0.3126 31.59 +0.007 21.1 83.50 467.3
+0.0068 +0.52 1.181 +0.47 +8.6

9 1500 13 0.4562 22.84 +0.007 11.9 83.52 467.3
+0.0171 +0.68 +0.51 +8.7

Total 109 0.6903 14.95 1.176 100.0 83.26 466.0
+8.3

Plateau Age (800-1500°C) 99.4 465.7
+8.3

Sample WON342HB (0.1374g; J = 0.003385 + 0.000069)

Step  Temperature HOAr AT Ar STArAr IArOAr ¥Ar A3 An Age
No. (°C) (x10"7 em®/g) (x10% (x10°3) (x1073) (%) (Ma)
| 600 8.5 3.901 4.062 6.811 56 130.8 684.5
+0.207 +0.181 +0.112 23 +15.3

2 700 6.6 26.47 3.366 2.938 1.9 74.40 422.6
+0.99 +0.157 +0.076 +9.17 +52.0

3 800 4.4 20.58 7.620 5.487 2.4 71.80 409.4
+1.02 +0.819 +0.164 +6.35 +33.2

4 880 25 4.359 15.88 7.966 1.9 110.1 594.7
+0.576 +0.91 +0.207 +3.6 +19.4

5 960 3.5 8.490 16.21 8.081 2.8 93.34 516.0
+0.573 +1.25 +0.182 +2.98 +16.9

6 1040 19 2.135 24.03 8.817 16.5 107.2 581.6
+0.122 +0.48 +0.087 +1.1 +11.3

7 1120 37 3.337 42.16 8.408 30.0 109.1 590.1
+0.148 +0.56 +0.052 +0.9 +10.9

8 1200 33 5.190 19.18 9.974 322 85.46 477.8
+0.156 +0.28 +0.062 +0.71 +9.2

9 1500 12 14.41 11.27 5.889 6.7 98.14 539.0
+0.61 +0.38 +0.075 +3.33 +18.4

Total 126 6.670 23.50 8.137 100.0 99.66 546.2
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Table 1 (continued).

Sample A58 (0.5650g; J = 0.05625 + 0.00062)

Step  Temperature YOAr 36Ar/4Ar 3T Ar/Ar O Ar/PAr FAr YOAr* /3 Ang Age
No. °C) (x107¢ cm?/g) (x107% (x1072) (x10°h (%) (Ma)
1 600 2.7 7.626 9.066 0.5311 1.1 14.64 1084

+0.088 +0.526 +0.0018 +0.34 +25

2 700 1.1 6.894 nd.® 1.620 1.4 4.698 423.0
+0.093 +0.006 +0.024 14.6

3 800 1.9 2.887 5.659 1.693 2.6 5.232 465.5
+0.042 +0.450 +0.006 +0.068 +8.5

4 900 3.5 3.663 36.27 1.706 4.7 5314 471.8
+0.397 +0.29 +0.007 +0.376 +30.9

5 1000 2.4 3.981 8.057 1.748 3.3 4.894 438.7
+0.064 +0.063 +0.009 +0.092 £10.0

6 1100 4.4 3.483 2.825 1.783 6.2 4.836 434.1
+0.037 +0.022 +0.008 10.044 6.4

7 1200 7.0 4.666 3.909 1.726 9.6 4.810 432.1
£0.062 +0.030 +0.006 +0.052 +7.1

8 1300 28 3.842 1.004 1.692 373 5.030 4495
10.044 +0.008 +0.005 +0.026 +5.3

9 1400 16 3.176 2.014 1.690 21.1 5.159 459.8
+0.034 +0.011 +0.005 +0.032 £6.0

10 1500 10 3.141 3.107 1.570 12.7 5.587 493.1
£0.035 +0.226 +0.005 10.048 +7.2

Total 77 3.817 4.077 1.644 100.0 5214 464.0
+7.4

Plateau Age (800-1400°C) 84.8 450.3
+5.1

Sample A316 (0.5924g; J = 0.05562 + 0.00056)

Step  Temperature YOAr 36 Ar/40Ar STAr*Ar IAr*0Ar MAr OAr* /P Arg Age

No. 0 (x107% cm®/g) (x107%) (x107%) (x107") (%) (Ma)
1 600 0.96 5.792 32.03 1.043 0.7 8.198 677.3
+0.097 +1.94 +0.005 +0.511 +38.2

2 700 29 1.823 0.4853 1.953 4.0 4.629 413.3
+0.024 +0.0945 +0.009 +0.025 +4.4

3 800 29 0.2714 7.874 1.941 4.0 4.952 4389
+0.0074 +0.659 +0.007 +0.076 +8.7

4 900 2.1 1.069 n.d. 1.874 2.8 4.951 438.8
+0.020 +0.006 +0.016 4.1

5 1000 2.0 0.8103 1.292 1.874 27 5.001 442.8
+0.0123 +0.047 +0.006 +0.027 +4.9

6 1100 6.1 0.8224 3.575 1.900 83 4.944 438.3
+0.0120 +0.028 +0.007 +0.045 +6.3
7 1200 16 0.6103 1.188 1.924 224 4.894 434.4
+0.0078 +0.006 +0.005 +0.022 +4.7

8 1300 40 0.3961 1.683 1.873 53.7 5.071 448.3
+0.0047 +0.013 +0.007 +0.032 +52

9 1400 1.2 3.148 14.76 1.305 1.1 6.897 585.8
+0.053 +0.39 +0.006 +0.199 *17.5

10 1500 0.58 4.054 6.556 0.7150 0.3 12.24 936.6
+0.070 +0.456 +0.0031 +0.20 +16.7

4472
Total 75 0.7007 2.513 1.863 100.0 5.058 £5.6
Plateau Age (800-1300°C) 93.9 4433
+3.3

+ in values are errors of one standard deviation.
The uncertainties in ages and “*Ar*/3% Ary ratio do notinclude those of correction factors for K- and Ca- derived
interference isotopes except for samples A58 and A316.
(1) “OAr* and ®Aryg mean the radiogenic **Ar and the K-derived 3°Ar, respectively.
(2) “°Ar-¥Ar ages were calculated by using following constants. Ze = 0.581 x 1010y,
Ap=4.962 x 10710 y!, “OK/K = 1.167 x 10~* (Steiger and Jager, 1977).
(3) n.d. represents “not determined” owing to the small amount of 3TAr.

WON342HB: Hornblende separated from a quartz syen-  quartz, plagioclase, hornblende (dark brown - light green),
ite of site WON 1, West Ongul Island (Funakiand Wasilewski,  magnetite, zircon, garnetand apatite. Paleomagnetic studies
1985). Phenocrysts of WON342 are K-feldspar (perthite), —of EON167 and WON342 were performed by Funaki and
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Wasilewski (1985).

AS58: A whole rock sample of syenite granulite collected
at Scullin Monolith to the west of the Lambert Glacier.
Constituent minerals are K-feldspar (microperthite), white
mica altered from plagioclase, quartz, biotite, gahnite-
hercynite (deep green), titanite, zircon, ilmenite, rutile and
apatite.

A316: A whole rock sample of quartz syenite porphyry of
Larsemann Hills to the east of the Lambert Glacier. Con-
stituent minerals are K-feldspar (perthite), garnet, quartz,
plagioclase and magnetite. Funaki and Saito (1991) report
paleomagnetic studies of A58 and A316.

Experimental Procedures

Experimental procedures are almost the same as those
described in Takigami and Funaki (1991).

Samples A58 and A316 were irradiated with fast neutrons
of a total neutron flux of about 1.2 x 10'° n/cm? though other
samples received a neutron flux of about 5.1 x 10!7 n/cm?.

Correction factors for K- and Ca-derived interference Ar
isotopes at 40Ar, 39Ar and 36Ar are as follows;

For B414KF,

(*9Ar/*Ar)k = 0.09299 + 0.01298

(3°Ar/A7Ar)c, = 0.002833 + 0.000066

(A3 7Ar)c, = 0.0006358 + 0.0002860
For EON167BT and WON342HB,

(**Ar/¥Ar)g = 0.07881 + 0.01084

(A7 Ar)c, = 0.001776 + 0.000051

(3°Ar/?7Ar)c, = 0.0006486 + 0.0003506
For A58 and A316,

(*°Ar/*Ar)g = 0.2180 + 0.0001

(3?ArA7Ar)c, = 0.001861 + 0.001861

(3®Ar/7Ar)c, = 0.0004450 + 0.0004450

Since the amount of 37Ar in samples for A58 and A316
could not be determined accurately due to the decay of 37Ar
associated with too much cooling time after the neutron
irradiation, we assigned large errors to the correction factors
for Ca-derived interference Ar isotopes used for these
samples.
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Fig. 2. The “Ar-Ar age spectrum for B414KF. Vertical and
horizontal axes indicate the apparent age and the released **Ar (%).
The bands in the age represent errors of one standard deviation.

The numerical figure at each column indicates the step number in
Table 1.
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Fig. 3a. The *°Ar-3%Ar age spectrum for EON167BT.
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Fig. 3b. The 40Ar-39Ar age spectrum for WON342HB.
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Fig. 4a. The “°Ar-39Ar age spectrum for A5S.
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Fig. 4b. The *°Ar-39Ar age spectrum for A316.






