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K-Ar Ages and Palacomagnetic Studies on Rocks from

the East Coast of Liutzow-Holm Bay, Antarctica™
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1. Introduction

* R AKFEFLR MY BFE#E. Geophysical Institute, University of Tokyo, 11-16, Yayoi 2-

chome, Bunkyo-ku, Tokyo.

** Contribution from Division of Geomagnetism and Geoelectricity, Geophysical Institute, Univer-

sity of Tokyo, Ser. II, No.239.



No. 31. 1968) K-Ar Ages and Palaeomagnetism of Antarctic Rocks 13

In the last decade, a number of radiometric age determination and palaeo-
magnetic studies of Antarctic rocks have been undertaken (WEBB, 1962; WEBB and
WARREN, 1965). However, there are few cases in which both radiometric age
determination and palaeomagnetic studies were carried out on the same samples.
It seems also desirable in Antarctica that palaecomagnetic studies are made on the
rock samples, whose absolute age is determined by the radiometric method, for the
purpose of systematic research of the palaeomagnetic field in Antarctica and pos-
sible relative movements of the Antarctic Continent in geologic time.

Several rock samples were collected in the Syowa Station area on the east
coast of Liitzow-Holm Bay, Antarctica during the period of the 7th Japanese
Antarctic Research Expedition, 1965-1966. Prior to this research, rocks in this
region were dated by Rb-Sr method (NIcoLAYSEN e al., 1961) and U-Pb method
(Sarro et al., 1961). Palaeomagnetism was also studied (NAGATA and SHimIzU, 1959;
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Fig. 1. Map of the east coast area of Liitzow-Holm Bay.
AO and AS are the sampling localities.
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NacAaTA and Yama-a1, 1961) on different samples from the same area. In this
paper, the results of K-Ar dating and palacomagnetic studies of the same samples
from the Syowa Station area are reported and their geophysical implications are

also discussed.

2. Geology and Petrography

Samples were collected from the East Ongul Island (69°01’S, 39°35’ E) and
the Skarvs Nes district (69°29’ S, 39°33’ E) on the east coast of Liitzow-Holm Bay,
Antarctica (Fig. 1). Most parts of this area are composed of high-grade meta-
morphic rocks (Tarsumr and Kikuchi, 1959). This fact seems to be important in
interpreting the results of age determination and palacomagnetic studies as will
be discussed later. Petrographic descriptions of these samples are given in ap-

pendix.

3. Experimental Results

3.1. K-Ar age determinations

K-Ar ages were determined for samples AO2 and AS using whole rocks. For
sample AO2, K-Ar dating was made also for the separated mafic and felsic minerals.
Rocks were crushed into —80 to +100 meshes and separated by an isodynamic
separator. In mafic and felsic parts, minerals were concentrated more than 95 per
cent in purity.

Potassium determination was carried out by a flame photometer with a lithium
internal standard. Argon analysis was made by the isotope dilution method on a
15cm radius Reynolds type mass spectrometer. Details of the argon analysis were
reported elsewhere (OziMa et al., 1967). Analytical error in the final K-Ar age is
considered to be less than 5 per cent.

3.2. Palaeomagnetic measurements

The direction and intensity of NRM of four samples of AO2 were measured
.by an astatic magnetometer. From the mean value of the directions of NRM, the
virtual pole position was estimated for these samples (Table 3).

The A-C demagnetization test shows that NRM of these samples is very
stable (Figs. 2 and 3), suggesting that the NRMs are of TRM or CRM origin.
The thermomagnetic analysis shows that Curie point is 560°C, suggesting that the

magnetic mineral in these samples is almost pure magnetite.
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Fig. 2. Change in the intensity of the remanent Fig. 3. Change in the direction of the remanent

magnetization with the demagnetization magnetization with the demagnetization by
by alternating magnetic field. alternating magnetic field.
Sample: AO02 Sample: AO02

g-m.N:  Geomagnetic North
g-8.N:  Geographic North

4, Results and Discussions

The results of K-Ar age determination are listed in Table 1, and the ages
determined previously on rocks collected from the same area by the Rb-Sr and
U-Pb methods are tabulated in Table 2. As seen in the tables, the K-Ar ages in
the present study are generally younger than those determined by the Rb-Sr and
U-Pb methods. The geology of this region is very complicated (TaTsumr and Ki-
KUcHI, 1959) and it is not possible to identify whether samples dated in the present
study belong to the same geological unit as those studied previously. Therefore,
we cannot decide whether the difference in age values are really due to the dif-
ference of samples or to the argon loss during the geological period.

As shown in Table 1, the K-Ar ages for different minerals from the same rock
AO2 are different : felsic minerals (mostly feldspar and quartz) show the youngest
age, whereas the mafic (mostly hornblende and biotite) the oldest age. As it is
generally accepted that hornblende and biotite have higher argon retentivity than
feldspar (HART, 1964; ALDRICH et al., 1965), the observed pattern of the order of
the age values among different minerals may suggest that the difference in the K
—-Ar ages is essentially due to argon loss from the felsic minerals. In addition, it
is interesting to note that the whole rock gives the average ages between those of

the felsic and mafic minerals. Considering the high argon retentivity of mafic
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Table 1. K-Ar ages of rocks from the east coast of Liitzow-Holm Bay.
( Ar40 . ‘(Ar40)/(K40)‘
: s | (Art®air Age
Sample | Localit Rock type  ((x10-0 | (ATDAIr (g g (ory
P Y P moles/g) (Ar40)total( 5) ° (x10-2) (m. y.)
‘AS East Coast o:f Garnet-biotite |  3.423 14.8 o481 | 2.341 363
Litzow-Holm | gneiss {(4.90, 4.72)
Bay, Skarvs Nes (whole rock)
AO2 East Ongul Is. |Biotite-horn- 2. 351 3.3 3.08 2.511 387
o blende gneiss (3.13, 3.03)
(whole rock) \
” ” ” 2.134 11.5 | 2.54 | 2.764 421
(biotite + (2.53, 2.55) '
hornblende) ’ |
” ” ” 2.805 13.0 4.09 2.257 350
(feldspar-+ (4.07, 4.11)
quartz), ;
2¢=0. 585 10-10 yr-1
R=0.124
K40/K=1.1910~4 mole/mole
Table 2. Radiometric ages of rocks from the east coast of Liitzow-Holm Bay.
Locality Rock type Mineral | Method | ‘ Age(m.y.)‘ Author
Litzow-Holm Bay,‘| Granitic pegmatite | euxenite | Pb206/{j238 485 N. Sarro, T.TaTsumI
Skallen district | in dioritic gneiss and K. SaTo (1961)
” ” 7 Pb207 /1J235 468 ”
” ” ” Pb208/Th22| 375 ”
” ” ” Pb207/Pb205| 458 ”
Litzow-Holm Bay,! Granitic pegmatite | biotite Rb/Sr 525% NICOLAYSEN et al.
Lang Hovde in granijtic gneiss (1961)
district T o
Skallen district Granitic pegmatite ” ” 530* ”
in dioritic gnejss
Skarvs Nes ” ” ” 510% ”
West Ongul Is. Charnockite lens in ” ” 500% ”
’ ‘“granodioritic gneiss

*: 23=1.386x10-11 yr-1
minerals, the K-Ar ages of the mafic minerals may not be much different from
the time when these minerals in the rocks were recrystallized. As shown in Table
1, sample AS shows a considerably young age in comparison with the ages obtain-
ed by different dating method for different samples collected from the same area.
However, we cannot conclude only from this result whether this young age is due
to argon loss in the present sample or to the difference in the samples.

As stated above, the entire region from which the samples were obtained was

very intensely metamorphosed (TaTrsumr and Kikuchi, 1959). Therefore, the ages
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determined in this region should be regarded to represent the ages of the meta-
morphism. The same conclusion has been obtained by Ni1coLAYSEN et al. (1961).

Before radiometric age determination was made, this region had been consider-
ed to be of Precambrian age on the basis of field geology. At present, a number
of results of age determination of the rocks from Antarctica are available. So far,
no Precambrian ages have been detected by radiometric method for rocks obtain-
ed from the Queen Maud Land area (all radiometric ages range from 350 m. y.
to 600 m. y.). Considering these results and the radiometric ages determined on
the rocks from the east coast of Liitzow-Holm Bay, it may be concluded that
most of the rocks are not as old as Precambrian, but have the metamorphic ages
around 400 to 500 million years.

Palaeomagnetic measurements were made only for sample AO2, since magneti-
zation of sample AS is too weak (less than 106 emu/cc) to be measured. The
average values of declination and inclination of the natural remanent magnetization
are tabulated in Table 3. In the same table, palacomagnetic results obtained for
rocks from the same area collected by the Ist and the 3rd expedition parties of
JARE (Japanese Antarctic Research Expedition) are compared. As the metamor-
phism in this area was reported to be of high-temperature type (TaTsumri and
KikucHi, 1939), it is most likely that the magnetic mineral (Curie point = 560 °C)
of these samples may have acquired the remanent magnetization (TRM) during
the metamorphism. Hence, no bedding correction was made for the estimation of
the virtual pole positions. As shown in Fig. 4, the virtual pole is located around
the equator in the Western Pacific area. The average intensity of natural rema-
nent magnetization of four samples is 5.4x 10—4 emu/cc.

The palacomagnetic data of the Antarctic rocks have been summarized from
the table compiled by IrviNG (1964) and are plotted in Fig. 5 together with the

present result. The most remarkable feature is that only the virtual pole deter-

Table 3. Palacomagnetic results of rocks from the Ongul Islands.

Number of Direction of _ Virtlual gcomagne(;ic
Author Locality _ NRM | Inclination | Pole (uncorrected)
SPECIMEN | Declination Lat. Long.
N T dS o o o . o
AGA E‘lgggn HIMIZU | East Ongul Is. 18 —23 51 19°N | 163°W
NAGATA and YaMma-ar ° 0 ° °
(1961) Ongul Is. 5 —10 49 9°N 148°W
Present work East Ongul Is. 4 — 7°00 46°36" * 7°N 147°W
\

* All samples have reverse NRM.
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Fig. 4. Positions of the dipole’s north pole. Fig. 5. Palaecomagnetism in the Antarctic.
Samples from the Ongul Islands. Cross denotes the present geomagnetic pole.

mined from the Ongul Islands is situated around the equator, while other virtual
poles obtained from rock samples of other areas are located in the middle to
higher latitudes. As pointed out by Nacata and Yama-ar (1961), it seems that
the virtual pole has shifted from the equator to the present position during the
geological period between several hundred million years ago and the present time.
However, there still remains a possibility of relative displacement of the Syowa
Station area against the rest of the Antarctic Continent, because there are some
uncertainties in the absolute ages of other data which were estimated simply on
the basis of field observations. It is hoped, therefore, that more systematic research
of palaeomagnetism will be made on radiometrically dated samples collected from

many localities of different geologic ages in Antarctica.

5. Conclusions

1. The K-Ar ages of rocks from the east coast of Liitzow-Holm Bay range
from 400 to 500 million years. It seems likely that the obtained K-Ar ages indicate
the time when these rocks were subjected to thermal metamorphism.

2. It is confirmed that biotite and hornblende have higher argon retentivity
than felsic minerals. The whole rock age shows the average value between the age
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determined for mafic minerals and that for felsic minerals.
3. The virtual geomagnetic pole position determined from rocks of the east

coast of Liitzow-Holm Bay is situated near the equator.
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Appendix
AOQ2: Biotite-hornblende gneiss
Samples were collected from the highest elevation in the East Ongul Island.
They show clear gneissosity and strong weathering effect on the surface. They are
composed mainly of potassium feldspar, plagioclase, quartz, hornblende and biotite.
Perthite is observed and potassium feldspar is more abundant than plagioclase.

Small amounts of apatite and opaque minerals are observed.

AS:  Garnet-biotite gneiss

Samples were collected from the Skarvs Nes district, 1 to 2 meters above the
sea level. Gneissosity is not very clear. They are composed mainly of potassium
feldspar, plagioclase, quartz, biotite and garnet. Perthite is abundant. Opaque

minerals are few.
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