Proc. NIPR Symp. Antarct. Geosci., §, 75-83, 1991

PRELIMINARY NOTE ON PALEOINTENSITIES OF
THE GEOMAGNETIC FIELD OBTAINED
FROM ROCKS IN ANTARCTICA

Naoko UENO! and Minoru FUNAKLI®

INatural Science Laboratory, Toyo University, 11-10, Oka 2-chome, Asaka 351
2 National Institute of Polar Research, 9-10, Kaga 1-chome, ltabashi-ku, Tokyo 173

Abstract: Thellier’'s method was applied to the metamorphic and volcanic
rocks of the Napier Complex in Enderby Land, Ongul Islands, Mawson Sta-
tion, Sgr Rondane Mountains and McMurdo Sound. The samples treated have
partly ambiguous ages and sometimes show undesirable thermomagnetic prop-
erties which cause only a small linear portion in NRM-TRM diagrams and
inconsistent paleointensity values for different specimens of the same sample.

However, results from Enderby Land, Sgr Rondane and McMurdo Sound
indicate that geomagnetic field strength was 20% higher in the period of 2.5
Ga to 500 Ma, 20% lower 500 Ma ago and 30% higher 1 Ma ago than today,
respectively.

1. Introduction

Paleomagnetic intensity is important in understanding mechanism and history of
the Earth’s magnetic field. Summarized data by MEeRRILL and MCELHINNY (1983) and
HALE (1987) show there would have been a sharp increase in Earth’s magnetic field
between 3.0 and 2.5Ga ago, and a marked dip around 500Ma ago. Many rock
specimens have been collected by the Japanese Antarctic Research Expedition parties.
In this study Thellier’s method was applied to the samples of which ages were considered
to be between 2.5Ga and 500 Ma, 500 Ma and around | Ma.

2. Samples

The localities of samples are shown in Fig. I. One pyroxene granulite and six
mafic dykes were selected for our experiments from the Napier Complex, where BLACK
and JAMES (1983) reported Rb-Sr ages of 2.3 Ga to 480 Ma for dykes and suggested the
last metamorphic event of 2.5Ga. Summarization of metamorphism and chronological
data on Napier Complex was shortly reported by Funaki (1988). Seven hornblende
gneisses were collected from East Ongul Island near Syowa Station. Natural remanent
magnetization (NRM) of these samples was reported already by FUNAKI and WASILEWSKI
(1986). Gneisses of East Ongul Island were dated from 560 to 387 Ma by K-Ar method
(KANEOKA et al., 1968 ; YANAI and UEDA, 1974) and from 726 to 465 Ma by Rb-Sr method
(NICOLAYSEN et al., 1961 ; MAEGOYA et al., 1968). Three charnockites from Mawson
Station having K-Ar age of 475 Ma (SaITo, private communication) were also studied.
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Fig. 1. Map of sampling site.

From the Ser Rondane Mountains, three syenite samples and two dolerite ones were
analyzed. Of these samples, FuNAKI (1990) investigated the NRM and TAKIGAMI
obtained a “’Ar-*Ar age of 500 Ma (private communication). We studied about seven
young basaltic rocks near McMurdo Sound, ages of which range from 0.43Ma to
2.9 Ma by K-Ar method (TREVES, 1967: FORBES et «l., 1974: KYLE and TREVES, 1974;
ARMSTRONG, 1978). FuNAKI (1984) reported some magnetic properties of their NRMs,
which help us to choose samples suitable for Thellier’s method.

3. Analytical Method and Results

Thellier’'s method was used for analysis. Details of this method were given some-
where else (e.g., SAkal and Funaki, 1988). Thellier's method is based on proportionality
of partial TRM to ambient magnetic field. Samples are treated in a series of a pair of
heating-cooling cycles, repeated in zero and known field, with progressively increasing
temperature. Vector calculus on magnetization measured after every cycle give NRMs
demagnetized in zero field and TRMs acquired in known field. These data are analyzed
in the diagram which plots the NRM on the ordinate and the TRM on the abscissa.
The slope of a line, which is best fitted to the data points by the least squares method,
indicates the ratio of the paleofield to the laboratory field. In this study nitrogen gas
atmosphere was used over 200°C.

Examples of the analytical result of the Napier Complex are shown in Figs. 2 and
3. In Fig. 2, the data of granulite sample (1803) well defines a straight line in a low
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Fig. 2. NRM-TRM diagram on 1803 (Napier Complex).
(@) NRM-TRM diagram.
(b) Intensity change with temperature of NRM and TRM.
(¢) Directional change of NRM and TRM during the experiment.
(d) Zijderveld diagram of NRM.
(e) Zijderveld diagram of TRM.
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temperature interval (99 to 305°C) which suggests paleointensity of 70 xT. Figure 3 is
an example of mafic dyke. Both specimens of 1902 and 1902X, although taken from
the same sample, show quite different behaviors in TRM blocking patterns and in the
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Fig. 3. NRM-TRM diagram on 1902 (Napier Complex).
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Table 1. Experimental results.

Site

79

Sample NRM T n Paleointensity
(age) No. 10-5 Am3/kg °C uT
Napier Complex 1803 65 136-305 6 70
(2.5 Ga-500 Ma) 1902 127 216-305 5 50
1902 X 4?25 255-450 5 44
1806 126 60-336 9 80
1907A 33 137-278 5 36
1907AX 24 304-402 3 86
1907B 32 99-336 8 86
2005 42 300-435 6 80
20057 19 450-562 S 22
2102A 56 99-278 6 85
2102AU 4.2 159-452 6 25
2102B 295 177-336 6 85
2102BU 1008 0-502 8 70
East Ongul Island E170 0.73 150-325 5 78
(480 Ma)
Mawson (475 Ma) Addd-2 0.70 500-600 3 2
Ad64-2 0. 38 500-600 3 1.2
A462-2 0.46 400-600 5 0.8
Sor Rondane L 738X 1.3 0-550 11 29
Mountains (500 Ma) L795X 2.8 0-304 5 46
L799U 3.0 0-350 6 22
L 801X 5.5 110-255 4 44
T: Temperature of experiment used for calculation.
n: Number of points of experiment used for calculation.
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Fig. 4. NRM-TRM diagram on E170 (East Ongul Island).
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Fig. 5.

NRM-TRM diagram on A444-2 (Mawson Station).
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Fig. 6. NRM-TRM diagram on L738X (Sor Rondane Mountains).
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NRM-TRM diagram. Duplicate experiments for other dyke samples also show similar
irreproducibility. Paleointensities estimated from the linear part of diagrams are shown
in Table 1.

Figure 4 is the best example of hornblende gneiss from East Ongul Island, which
shows a well defined linear part in a fairly wide temperature interval. From other
samples, we could not get a linear part in diagrams.

Typical example of Mawson charnockite is in Fig. 5. Generally we used 40 or
50 uT for laboratory field, but exceptionally 44T was used in these experiments on
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Fig. 7. NRM-TRM diagram on M 1911 (McMurdo Sound).
Table 2. Experimental results on McMurdo Sound.
o ‘—éit; - o gar;pﬁh o NRMV o T n Paleointensity
(age Ma) No. 10-5Am?2/kg °C uT
Black Knob (0.43) M2216Y v 3.2 94-215 h] ' 8.5
Cape Royds (0.68) M0946 Y 390 94-402 10 99
M0905Y 97 0-503 9 35
Half Moon Crater M2206Y 253 501-562 4 25
(1.0) M2206Z 243 502-562 4 26
Castle Rock dyke MI911Y 784 0-352 9 50
(1.1 MI1911U 737 0-353 6 40
Observation Hills M2306Y 105 402-542 4 9
(1.18) M2306Z 118 451-542 4 14
Taylor Valley (2.9) MO0409Z 64 6

451-592
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Mawson charnockite, because they had gotten very large TRM in 50 T field even at
low temperature. It is noted that NRM started to decrease at high temperature. In
Fig. 6, the result of syenite (L738) is shown as an example of Sgr Rondane rocks.
Results on other syenites are listed in Table 1. We could not get linear part from
dolerite.

Figure 7 is the best example on McMurdo basalt (M1911), and results of other
rocks are in Table 2.

4. Discussion and Conclusion

As shown in Table 1, the samples of the Napier Complex in Enderby Land have
widely spread ages and show inconsistent paleointensity values with the same sample.
In spite of these difficulties, the obtained paleointensities seem to hold a stable level
varying in a limited range of 22 to 85,T. It is significant to calculate their mean value
to recognize an apparent tendency of the past geomagnetic field, because available data
are scarce on Archean paleointensities in Antarctica. The mean paleointensity is
calculated to be 61 £23 4T. This is 20% higher than the observed value in 1975. No
radiometric ages are available for the samples treated in this study, but their ages are
considered to be 2.5Ga to 500Ma according to the previous studies on the Napier
Complex by BLAack and JAMES (1983).

We could hardly get significant results on gneisses from East Ongul Island.

As to Mawson charnockites, paleointensities are derived from the data in high
temperatures (400 to 500°C), so they are less reliable because some oxidation occurred
to alter original magnetic properties of the samples.

The mean paleointensity on Sgr Rondane rocks is 35+ 12uT. This is 20% lower
than the observed value in 1975.

We can find some undesirable factors for the results from McMurdo Sound in
Table 2: Marked inconsistency is recognized in the data of two samples (M0946, M0905)
from the same site (Cape Royds): The obtained paleointensities from Half Moon
Crater and Observation Hills may represent false values because of their dependence on
the high temperature data which were possiblv spoilt by oxidation.

On the other hand, good reproducibility of the data is revealed in duplicate experi-
ments of the same samples from Half Moon Crater, Castle Rock and Observation Hills;
Also these samples have ages very close to 1 Ma. From these data, therefore, we
calculated 27+ 15 4T of the mean paleointensity at | Ma. This is 30% lower than the
present value.

Our conclusion follows:

(1) Geomagnetic field strength was 20% higher in the period from 2.5Ga to
500 Ma than today. This was derived from the samples of the Napier Complex in
Enderby Land.

(2) Geomagnetic field strength was 20% lower 500 Ma ago than today. This
was obtained from the samples of the Sgr Rondane Mountains.

(3) Geomagnetic field strength was 309% lower | Ma ago than today. This was
derived from the samples of McMurdo Sound.



Paleointensities from Rocks in Antarctica 83

Acknowledgments

The authors wish to thank Dr. H. MakiMoTO of Geological Survey of Japan and
Dr. Y. MotovyosHi of National Institute of Polar Research for the samples from the
Napier Complex. Part of the experiment was done at Tokyo Institute of Technology,
and analysis was done using the program made by the paleomagnetic research group of
Tokyo Institute of Technology. We are grateful for the support in various aspects
from the group, notably Prof. M. KoNo and Dr. H. TANAKA.

References

ARMSTRONG, R. L. (1978): K-Ar dating: Late Cenozoic McMurdo volcanic group and Dry Valley
glacial history, Victoria Land, Antarctica. N.Z.J. Geol. Geophys., 21, 685-698.

BrLack, L.P. and James, P.R. (1983): Geological history of the Archean Napier Complex of Enderby
Land. Antarctic Earth Sciences, ed. by R.L. OLIVER er al. Canberra, Aust. Acad. Sci., 11-15.

ForBEes, R.B., TURNER, D.E. and CARDEN, J.R. (1974): Age of trachyte from Ross Island, Antarctica.
Geology, 2, 297-298.

FuNaki, M. (1984): Paleomagnetic investigation of McMurdo Sound region, Southern Victoria Land,
Antarctica. Mem. Natl Inst. Polar Res., Ser. C (Earth Sci.), 16, 1-81.

Funakr, M. (1988): Paleomagnctic studies of the archean rocks collected from the Napier Complex
in Enderby Land, East Antarctica. Nankyoku Shiryd (Antarct. Rec.), 32, 1-16.

FuNnaki1, M. (1990): Natural remanent magnetizations of granite and syenite from Pingvinane and
Lunckeryggen in the Ser Rondane Mountains, East Antarctica. Proc. NIPR Symp. Antarct.
Geosci., 4, 67-79.

Funaki, M. and WasiLEwski, P. (1986): Preliminary studies of natural remanent magnetization of
the rocks collected from Ongul Islands, East Antarctica. Mem. Natl Inst. Polar Res., Spec.
Issue, 43, 37-47.

HaLE, C.J. (1987): Palaeomagnetic data suggest link between the Archaean-Proterozoic boundary
and inner-core nucleation. Nature, 329, 233-237.

KANEOKA, 1., OziMA, M., OziMA, M., Avyukawa, M. and NacaTta, T. (1968): K-Ar age and paleo-
magnetic studies on rocks from the east coast of Liitzow-Holm Bay, Antarctica. Nankyoku
Shiry6 (Antarct. Rec.), 31, 12-20.

KYLE, P.R. and TRrEVEs, S.B. (1974): Geology of Hut Point Peninsula, Ross Island. Antarct. J.
U. S., 9(5), 232-234.

MAEGOYA, T., NoOHDA, S. and HavaAsE, I. (1968): Rb-Sr dating of the gneissic rocks from the east coast
of Liitzow-Holm Bay, Antarctica. Mem. Fac. Sci., Kyoto Univ., Ser. Geol. Mineral., 35,
131-138.

MERRILL, R.T. and McELHINNY, M. W, (1983): The Earth’s Magnetic Field. London, Academic
Press, 401 p.

NicoLAYSEN, L.O., BURGER, A.J., TaTtsumi, T. and ARRENS, L. H. (1961): Age measurements on
pegmatites and a basic charnockite lens occurring near Liitzow-Holm Bay, Antarctica. Geochim.
Cosmochim. Acta, 22, 94-98.

Sakal, H. and Funaki, M. (1988): Paleomagnetic study of the Beacon Supergroup in Antarctica:
Remagnetization in the Jurassic time. Proc. NIPR Symp. Antarct. Geosci., 2, 46-54.

TREVES, S. B. (1967): Volcanic rocks from the Ross Island, Marguerite Bay and Mt. Weaver areas,
Antarctica. JARE Sci. Rep., Spec. Issue, 1, 136-149.

YaNal, K. and Ueba, Y. (1974): Syowa Kiti fukin san ganseki no zettai nendai to sono kosatsu
(Absolute ages and geological investigations on the rocks in the area of around Syowa Station,
East Antarctica). Nankyoku Shiryo (Antarct. Rec.), 48, 70-81.

(Received February 27, 1991, Revised manuscript received May 2, 1991)



