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Aeromagnetic Surveys over the Yamato Mountains and
the Yamato Meteorite Ice Field, East Antarctica
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Abstract: Aeromagnetic surveys were conducted in the Yamato Mountains
and the Meteorite Ice Field region in 1975 and 1980, using Cessna A185F and
Pilatus Porter PC-6 aircrafts respectively. Distribution of geomagnetic anomaly
in this area obtained from those surveys is thought to be correlated mostly with the
subglacial topography other than types or magnetic susceptibility of bedrocks.

1. Introduction

According to SEASAT configuration of the Antarctic ice sheet in the sector
30°-80°E (Fig. 6 in SHIBUYA et al., 1986), a long ridge can be traced along 40°E
meridian line, and the Yamato Mountains are located close to the western side of
the above ridge. They consist of 7 outcrop areas which are named A to G Gun (A
to G Groups) and are extending from south to north as illustrated by solid curves in
Fig. 1. The Yamato Mountains are also situated near the eastern end of the sub-
ice Sgr Rondane Mountains extending nearly parallel to the Antarctic Sea coast. The
dam effect of the Yamato Mountains for the upstream ice sheet results in the up-
welling of the ice flow stream lines, which in turn results in the large bare ice area
characterized by the snow surface ablation and concentration of meteorites (NAGATA,
1978). The moraine fields which cover the ice surface near the mountains (dotted
curves in Fig. 1) are considered to have been brought from the bottom of the ice
sheet by upwelling.

In December 1975, the 16th Japanese Antarctic Research Expedition (JARE-16)
made an aeromagentic survey flight for the first time over the Yamato Mountains using
Cessna A185F equipped with a proton magnetometer, which is called arbitrarily Flight
YO here (GROGRAPHICAL SURVEY INSTITUTE, 1986).  Five years after the above survey,
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Fig. 1. The Yamato Mountains and the survey profiles of Flight Y0 and Flight
YI. Solid curves indicate outcrop areas and dotted curves indicate
moraine fields, respectively.

JARE-21 made another two flights (Flights Y1 and Y2) using Pilatus Porter PC-6
equipped with the M-123 (Barringer Co., Ltd.) proton precession magnetometer. Since
the short-period time variation of geomagnetic fields during Flight Y2 (400 nT change
in 4 h; see SHIBUYA, 1986) is too large for correction, the obtained total intensity data
are not used for further analysis. Superposition of survey lines of Flights YO and Y1
still gives appropriate coverage over the Yamato Mountains, and the reduced geo-
magnetic anomaly profile of each flight may be integrated with a certain allowable
contouring criterion after several correction procedures.
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2. Survey Flights and Data Analyses

2.1. Saurvey flight

Figure 1 illustrates survey profiles of Flights YO and Y1. Two sets of parallel
lines indicate flight courses C1-C20 of Flight YO in 1975 (JARE-16) and the total
intensity data with every 2-5 km distance were read to 10 nT resolution from the
display of the magnetometer. Geographical coordinates at the reading point were
estimated from the aerial photographs (GEOGRAPHICAL SURVEY INSTITUTE, 1986).

Trigonometric survey lines indicate segments of Flight Y1 in 1980 (JARE-21)
and the log is edited in Table 1 from the JARE Data Reports. The flight height was
controlled at 10000 ft above sea level and the total intensity data were digitally re-
corded on a cassette tape with every 1.2 s interval (~ 60 m distance) to 1 nT resolution
(SHIBUYA, 1986).

Geographical coordinates to each total intensity data in Flight Y1 were assigned
by the method of proportional distribution using the successive departure and arrival
times of flight for each successive control point in Table 1 and the number of data
points in each flight segment. From columns 8 and 9 of Table 1, the interval aircraft
speed against ground for each flight segment can be as illustrated as in Fig. 2 taking
the course direction as a parameter, which is consistent with almost uniform wind
speed of 30—40 kn, 80°-100° wind direction and the controlled 100 kn flight speed of
PC-6 against air during the survey.

Since the survey methods and the data acquisition system are similar to those in
the previous analyses for the Shirase Glacier area (SHIBUYA and TANAKA, 1983) and
for the moraine field to the north of Mizuho Station (SHIBUYA, 1985), their detailed
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Fig. 2. Superposition of interval velocity vector of aircraft against ground.
Number at the arrow corresponds to each flight segment number (column
D), direction of the arrow to course direction (column 8) and the length
of the arrow to interval speed (column 9), respectively in Table 1.



Table 1.

Flight Y1 (1955-2355 LT, December 12, 1980)

Log of Flight Y1, edited from SHIBUY A (1986).

. l’::éiimate Estiméze : ;&ctﬁal 7 Course Interval
Slfgrr:ggrt Control point Degag;ure Dtsktar;oe time of time of time of direction speed
u m elapse arrival arrival (degree)* (m/s)
B12 20h13m30s
1 15.4 5m10s 2018408 20220™00s 121 39.5
Motoi Nunatak 20 20 00
2 45.6 15 30 20 35 30 20 31 00 224 69.1
Kuwagata Nunatak 20 31 00
3 43.5 14 50 20 45 50 20 47 00 16 45.3
BI12 20 47 00
4 49.4 16 50 21 03 50 21 02 00 354 54.9
G Gun 21 02 00
5 59.3 19 00 21 21 00 21 20 30 160 53.4
Motoi Nnuatak 21 20 30
6 49.6 17 00 21 37 30 21 31 00 268 78.7
Kabuto Nunatak 21 31 00
7 66.1 22 30 21 53 30 21 54 00 28 47.9
G Gun 21 54 00
8 89.5 30 30 22 24 30 22 18 00 189 62.2
Kuwagata Nunatak 22 18 00
9 34.3 11 40 22 29 40 22 28 30 331 54.4
Kabuto Nunatak 22 28 30
10 37.4 12 50 22 41 20 22 43 00 75 43.0
B12 22 43 00
11 50.0 17 00 23 00 00 23 00 00 4 49.0
N. NE F Gun 23 00 00
12 71.7 24 30 23 24 30 23 17 30 214 68.3
Kabuto Nunatak 23 17 30
13 41.7 14 10 23 31 40 23 34 00 47 42.1
C Gun 23 34 00
14 19.6 6 40 23 40 40 23 40 00 163 54.4
B12 23 40 00 (arrival)

* Measured from geographic north.
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explanation is not mentioned here.

2.2, Reduction to geomagnetic anomaly

Figure 3 shows the reduction procedure from the observed total intensity profile
Fopservea (Fig. 3a) to the geomagnetic anomaly profile F, oma,, (Fig. 3d) by subtracting
the International Geomagnetic Reference Field Fiqyr over the profile concerned (Fig.
3b) and the short-period time variation by the earth’s external field Fy 5., (Fig. 3c).
Since the direction of magnetic course of each flight segment has mostly only small
offset against the direction of the isomagnetics, the short-wavelength variation of
F pservea (10-50 km) is considered to be correlated with the local subglacial topographic
and geological structures. Fg;4.na; during the survey flight, however, is rather large
(—100 to 100 nT) with the change-period of 5 to 20 min especially corresponding to
the profile portions between Kabuto Nunatak and Motoi Nunatak, and between
Kabuto Nunatak and G Gun (Fig. 3c), which inevitably overlaps the 20-50 km
spatial change of the geological structure and may introduce artificial geomagnetic
anomaly highs and lows.

By the elapse time of 5 years between Flights YO and Y1, the decrease of the in-
tensity of the main geomagnetic field by a secular variation attained to about 700 nT
(see Fig. 4 in SHIBUYA and TANAKA, 1983). The reduced geomagnetic anomaly for
Flight YO by the similar procedure thus may have a constant offset against that of
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Fig. 3. Reduction of the observed total intensity data to the geomagnetic anoma-
ly for Flight Y1. For details, see text.
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Flight Y1 which resulted from the uncertainty in the change of the International
Geomagnetic Reference Field. In order to minimize the overall discrepancy between
the two geomagnetic anomaly values, their difference at the 70 crossover points of the
profiles were averaged to obtain the correction term to the anomaly of Flight Y1.
After subtracting the resultant 32 nT offset from the anomalies of Flight YO, the
anomaly values were adjusted to those of Flight Y1.

2.3. Contouring of geomagnetic anomalies
The combined geomagnetic anomaly values along the flight profile are plotted
onto a 1:200000 topographic sheet of the Yamato Meteorite Ice Field with every
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Fig. 4. Geomagnetic anomalies over the Yamato Mountains and the Yamato
Meteorite Ice Field. Sheded portion corresponds to areas of negative
value. Contouring interval is 100 nT.



Vol. 31, No. 13 Aeromagnetic surveys over the Yamato Mountains 7

0.5 km distance. The anomaly values within a rectangle of 4 by 4 km are averaged
in order to supress short-wavelength noise around the crossover points. The anomaly
values are then grouped into several ranges of 50 nT interval. There still remain
several portions of discordant anomaly trends. Try and error adjustment by eye
for the above preliminary anomaly distribution finally resulted in the geomagnetic
anomalies of 100 nT contouring interval as shown in Fig. 4.

In Fig. 4, the obtained geomagnetic anomalies range mostly from —200 to 300
nT. The shaded region is characterized by negative and lower anomalies for thicker-
shaded areas. The Yamato Mountains geomagnetic anomalies can qualitatively be
divided by a boundary at around 71°30’S. The northern part of the boundary is
characterized by a gentle pattern with a positive high covering the outcrop areas of
D, E, F and G Gun. The southern part of the boundary is on an average in the
range of —100 to 0 nT, and an east-west undulation of the south-to-north elongated
anomalies of +200nT amplitude overlaps that average filed. The valley of
—100 to —200 nT anomaly lows is situated along 35°50’E, which is accompanied by
two parallel anomaly highs of 100 to 200 nT. The predominant wavelength of the
east-west undulation is 20-25 km. The northern portion of the above elongated
pattern is shifted eastward from around 71°40’S and the anomaly becomes less pro-
nounced continuing to the gentle northern part of the boundary. It is noted that A
Gun has anomaly lows of —100 to —200 nT, though the other outcrop areas are
mainly characterized by positive anomalies.

3. Discussion

According to SHIRAISHI et al. (1982), the basement of the Yamato Mountains
consists of high grade metamorphic, syenitic and granitic rocks. From petrologic
observations, SHIRAISHI et al. (1982) subdivided metamorphic rocks into two-fold
regions: older granulite-facies rocks and younger amphibolite-facies rocks. AsaMI
and SHIRAISHI (1985) estimate that the maximum metamorphic temperature of the older
granulite-facies rocks is about 750°C and the pressure is below 6 Kb. As compared
with the P-T condition of up to 850°C and 10 Kb (MoToYOsHI et al., 1985) of the gran-
ulite-facies metamorphism of the Liitzow-Holm Complex in the Prince Olav Coast to
the Liitzow-Holmbukta region, the former Yamato-Belgica Complex of 700 Ma event
(SHIBATA et al., 1985) is considered to have been formed at a higher crustal level.
The younger amphibolite-facies metamorphism is interpreted as corresponding to the
500 Ma intrusion of granite and pegmatite (ASAMI and SHIRAISHI, 1983; SHIBATA et al.,
1985) which is widely known in East Antarctica.

In order to see the correlation between the magnetic properties of rocks and the
geomagnetic anomalies, magnetic susceptibility of the sample rocks from various
localities is measured by the Bison susceptibility meter. Table 2 summarizes the re-
sults for 22 samples, where sample number is after each geology party of JARE. The
obtained magnetic susceptibility has no systematic correlation with the areal or petro-
graphical distribution, and the value ranges from 1.0x10~" to 2.5x107° emu/g;
which is considered typical for ilmenite-enriched metamorphic rocks. For a brief
summary, the order of magnitude of the obtained susceptibility is shown in Fig. 5 by
different size of an open circle with the locality of the sample.
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Table 2. Summary of the obtained magnetic susceptibility.

- Magnetic
Sample L . Density oYy
ocality Rock name susceptibility
number (g/cm?) (emu/g)
73120606 F Gun K-feldsper-porphyrite, 2.54 2.87 x10°¢
clinopyroxene biotite
75120703 E Gun Clinopyroxene biotite gneiss 2.36 1.31 x10-¢
75120701 E Gun Clinopyroxene gneiss 2.60 8.9 x10°7
75121902 D Gun Two-pyroxene biotite 2.65 2.16 x107°
gneiss
73120712 D Gun K-feldspathic biotite 3.00 3.9 x1077
granitic gneiss
75120501 N.W.C. K-feldspathic biotite 2.38 2.09 x10°°®
Gun granitic gneiss
75121001 C Gun Clinopyroxene syenite 2.54 1.308 <103
75121006 C Gun Clinopyroxene syenite 2.48 2.95 x10~°¢
Y80B26 B Gun Feldspathic biotite 2.32 2.504 <103
granitic gneiss
Y80B501 B Gun Biotite amphibolite with 2.02 1.123x107°
K-feldspathic granite
75122702 A Gun Clinopyroxene syenite 2.56 1.0 %1077
gneiss
75122707 A Gun Clinopyroxene biotite 3.00 2.0 x10°7
granite
75122802 A Gun Two-pyroxene biotite 2.45 1.2 %1077
granitic gneiss
73121402 Kabuto Hornblende biotite gneiss 2.61 1.4 x1077
Nunatak
73121407 Kabuto Melano-hornblende biotite 2.65 4.7 x10°"
Nunatak gneiss with aplite
73121606 Kurakake K-feldspathic biotite 2.42 2.49 x10-°®
Nanatak granitic gneiss
73121607 Kurakake Biotite granitic gneiss 2.60 1.323 %1073
Nunatak
73121608 Kurakake Melano biotite gneiss 2.53 1.68 x10~¢
Nunatak
73121609 Kurakake Quartz feldspathic gneiss 2.49 9.39 x10°¢
Nunatak
73121709 Kuwagata Biotite gneiss with aplite 2.68 1.648 <1073
Nunatak
73121704 Kuwagata Amphibolite with aplite 2.60 5.45 x10°¢
Nunatak
73A002 Touchaku K-feldsper porphyrite, 2.46 1.034x107°
Rock biotite granitic gneiss

The variation of short-wavelength intensity of the regional crust is believed to be
mostly related with the distribution of magnetite-enriched rocks. The retrograde
metamorphism of the Yamato Mountains (AsaMi and SHIRAISHI, 1985) is not as-
sociated with the condensation of magnetite-enriched rocks considering the ground
data in Table 2 or Fig. 5. The geomagnetic anomaly pattern in Fig. 4 then would be
related mainly with the subglacial geomorphological structure of the region con-
cerned.

According to YOSHIDA (1983), the Yamato Mountains had been completely
covered by the ice sheet at its maximum expansion. There are three stagnant stages
during the lowering of the ice sheet surface, named Yamato, Fukushima and Mete-
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Fig. 5. Locality of the sample rocks for magnetic susceptibility measurements.
Sample name corresponds to that in Table 1. The order of magnitude
of the obtained susceptibility is indicated by different size of an open
circle.

orite Glacial Stages. YosHIDA (1985) indicates that the last ice retreat took place
before 30 Ka age based on the degree of weathering. As for the past flow direction
of the ice sheet, YOKOYAMA (1976) examined glacial striae at Kurakake and Kuwagata
Nunataks (see Fig. 1) and indicates N30°W-N55°W direction. If the east-west un-
dulation of the geomagnetic anomaly highs and a low in Fig. 4 would correspond to
ridges and a valley of the bedrock topography, it is noted that the direction of the
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above glacial striae has about 45° counterclockwise offset against the above south-
to-north elongation (0°) of the geomagnetic anomalies.

The airborne radio echo sounding over the region concerned is progressing in the
1986-1987 summer season by JARE-27. Interpretation of the geomagnetic anomalies
together with the ice thickness distribution and gravity anomaly data would elucidate
detailed subglacial and geophysical structure of the Yamato Meteorite Ice Field.
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