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FIGURE 15. Equal-area projection showing site-mean directions and 95% confidence circles (lower hemisphere) for welded tuffs of the Aso pyroclastic-
flow deposit.



GEOMAGNETIC FIELD’S CONFIGURATION AT THE TIME THE ASO-4 TEPHRA WAS DEPOSITED 81

30°W N

30°E

FIGURE 16. Equal-area projection showing unit-mean directions and circles of 95% confidence (lower hemisphere) for welded tuffs of the Aso

pyroclastic-flow deposits. The curve shows recent geomagnetic secular variation in southwest Japan. after Hirooka (1977).

were collected from water-laid beds, and those of remaining
sites in AS were from aeolian beds. Significant differences
between the mean corrected directions of the water-laid and
aeolian beds in AS were not detected. The mean corrected
directions (N, Dm, Im, ous, k) are (8, —1.8°, 45.9°, 3.4°, 264.1)
and (9, —4.3°, 47.7°, 3.8°, 188.2), respectively. Nakajima and
Fujii (1995a) also reported that a significant difference was not
recognized between the paleomagnetic directions of water-laid
and aeolian beds of AT. Both water-laid and aeolian beds of the
fine-grained ashes are thought to have acquired stable DRMs at
approximately the same time as emplacement of the proximal
pyroclastic flow.

6. GEOMAGNETIC FIELD OVER THE JAPANESE
ISLANDS AT THE TIME OF THE ASO-4A ERUPTION

Aso-4A, PM, PYL, and AS have identical VGPs (or corrected

directions), and were thought to be deposited at the same time.
The pyroclastic-flow (Aso-4A) and ash-flow (PM, PYL)
deposits are found within 160 km distance from Aso caldera,
and the co-ignimbrite ash-fall deposit (AS) is found 500 to 1,600
km from Aso caldera. Figure 20 shows the relation between
regional-mean directions and latitudes, which are calculated for
central Kyushu (4A1-11), southern Kyushu (PM1-5), Chugoku
(PYI1L-5L, 8L, 10L-12L), Chubu (AS1-4, 14, 15), Tohoku
(AS5-8, 12, 13, 16, 17), and Hokkaido (AS9-11). The obtained
regional-mean directions are almost the same as the expected
directions. This fact and the identical VGPs in the regions lead
us to believe that these remanent magnetizations were acquired
under the same geocentric dipole field coeval with the Aso-4A
eruption.

In order to clarify the configuration of the geomagnetic field
at the time of the AT eruption, Nakajima and Fujii (1995a) used
the following procedures. (1) The pole of the geomagnetic
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FIGURE 17. Equal-area projection showing site-mean directions and circles of 95% confidence (lower hemisphere) for welded tuffs of Aso-3 (A) and
Aso-4 (B). The curve shows recent geomagnetic secular variation in southwest Japan. after Hirooka (1977).
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FIGURE 18. Equal-area projection of ‘geographically corrected site-
mean directions’(corrected directions) and 95% confidence circles
(lower hemisphere) for the Aso-4 pyroclastic-flow deposit. The
corrected directions are calculated from their VGPs at a reference point
in Aso caldera (131°E, 33°N). 4A: Aso-4A, Yame clay, and PYL, 4T:
Aso0-4T and PYU, 4B: Aso-4B.

dipole field was assumed to be located at the overall-mean VGP
(104.6°W , 81.1°N, Ay = 1.3°, N = 44). (2) The direction
(declination, inclination) of the dipole field (DF) in each region
was calculated using the overall-mean VGP, and the isogonic
and isoclinic lines were drawn over the map of the Japanese
Islands. The declinations and inclinations over the Japanese
islands ranged between 8° and 10°E, and between 45° and 55°,
respectively (Figs. 1 and 2). (3) The surveyed area was divided
into 10 regions. A representative point in each region was
supposed to locate the mean longitude and latitude of the
sampling sites in each region. (4) The local geomagnetic field
(LF) direction at the representative point was calculated using
each regional-mean VGP. (5) The declination and inclination
differences between LF and DF in each region were shown by
numbers adjacent to the representative points in the isogonic and
isoclinic charts. Almost all of the differences were less than 3°
except in the Okayama-Hiroshima and Toyama regions.
Judging from the owss for their paleomagnetic results, it could
be recognized that the LF direction was anomalous when the
difference between DF and LF was 3° or more. The declination
difference between LF and DF in the Okayama-Hiroshima
region was —5.4°, and the inclination difference in the Toyama
region was 6.7°. These anomalous differences in the two
regions, exceeding the oLss of the LF directions, might be
caused by the non-dipole field in the regions.

In this study, the DF pole is assumed to coincide with the
overall-mean VGP (22.7°W, 83.8°N, Ay = 1.3°, N = 42) for
Aso-4A, PM, PYL, and AS. Declinations and inclinations over
the Japanese Islands calculated from the DF pole range between
—3.5% and —1.5°, and between 44.0° and 59.0°, respectively (Figs.
21 and 22). The surveyed area was divided into eight regions:
central Kyushu, southern Kyushu, Chugoku, Chubu-1, Chubu-2,
Tohoku-1, Tohoku-2, and Hokkaido, and the LF direction of
each region was calculated from the regional-mean VGP (Table
5). The differences in declination between DF and LF for
Chubu-1 and Tohoku-1 are 4.6° and —4.6°, respectively (Fig.
21). Since these differences in declination are not too small
compared with the directional differences by the local
geomagnetic anomalies (LAs) at the time AT erupted, the
differences might indicate LAs in the regions. Their 0Ouss,
however, are too large to conclude that the differences are
caused by LAs. Consequently, LAs exceeding the 0kss could
not be detected by comparing DF and LF in all of the eight
regions. Perhaps the reason why LAs were not found in this
study is because the data are too few. The AS samples were not
collected from the Okayama-Hiroshima and Toyama regions
where LAs were recognized at the time of the AT eruption.
Therefore, it cannot be confirmed whether LAs at the time of the
AT eruption had existed in the same regions at the time of
Aso0-4A eruption.

Hyodo et al. (1993) carried out a paleomagnetic study of
samples taken from drill cores in the Inland Sea, Lake Yogo,
and Lake Kizaki, and presented similar GSV curves for each
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FIGURE 19. Equal-area projection of group-mean (or subunit-mean) corrected directions and 95% confidence circles (lower hemisphere) for the Aso-4
tephra (A: 4A, AS, and PM; B: 4A, 4T, and 4B). The corrected directions calculated from their VGPs at a reference point in Aso caldera (131°E, 33°N).
4A, 4T, and 4B are major stratigraphic groups in the area around Aso caldera. 4A: Aso-4A, Yame clay, and PYL, 4T: Aso-4T and PYU, 4B: Aso-4B, AS:
the Aso-4 co-ignimbrite ash-fall deposit, PM: the Aso-4 distal ash-flow deposit in Miyazaki Prefecture.
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FIGURE 20. The relation between regional-mean directions (A: inclinations, B: declinations) and latitudes for paleomagnetic data correlated to the ~ Aso-
4A eruption. Bold lines show the inclinations (A) and declinations (B) expected for the overall-mean VGP (22.7°W, 83.8°N). Error bars in inclinations

and in declinations are Ols and Olys/cos (inclination), respectively.

region for the last 11,000 years. Moreover, Hayashida et al.
(1996) showed that the paleomagnetic directions for two
widespread tephras in three distant regions (central Kyushu,
Kinki, and the Boso Peninsula) are identical within each
correlative unit. These tephras occur at two different horizons
dated at about 0.9 Ma and 1.0 Ma; they are the Imaich and the
Yabakei pyroclastic-flow deposits in central Kyushu which
produced widespread co-ignimbrite ashes that were emplaced in
marine and non-marine sedimentary sequence over distances of
up to 1,000 km. Judging from the present results and from the
previous paleomagnetic reports, significant regional differences
could not be observed in the configuration of the geomagnetic
field throughout the Japanese Islands. Had LAs existed at the
time of the Aso-4A eruption, they have been in the narrower
zones than the eight regions of this study.

7. CONCLUSION

From the results of paleomagnetic measurements for the Aso
pyroclastic-flow and the Aso-4 co-ignimbrite ash-fall deposits,
following informations have been obtained.

1) The geomagnetic directions at the times of the Aso-1 and the
Aso-4 eruptions were similar to that of the present
geomagnetic field. On the other hand, the direction at the
time of the Aso-2 eruption was characterized by a very steep
inclination, and that of the Aso-3 eruption by an extremely

easterly by declination.

2) Magnetic minerals in the samples are chiefly magnetites or
titanomagnetites, based on experimental results of stepwise
ThD, IRM acquisition, and ThD of a three-component IRM.

3) The sampled subunits of the Aso-4 pyroclastic-flow deposit
in the area around the source caldera are divided into three
stratigraphic groups: 4A, 4T, and 4B in ascending order. The
group-mean inclination of 4A is 6.7° steeper than that of 4B,
and is 3.8° steeper than that of 4T. These inclination
differences, in which the lower one is steeper than the upper,
originated from the stratigraphic time gaps rather than from
local geomagnetic anomalies. Assuming the directional
differences were caused by GSV, the time interval between
4A and 4B can be estimated to be about 50 years or more
based on the standard GSV curve for southwest Japan over the
past 2,000 years.

4) The geomagnetic field at the time of the Aso-4A eruption is
inferred to have been dominated by the same DF components
in all regions of the Japanese Islands; the DF pole is assumed
to coincide with the overall-mean VGP (22.7°W, 83.8°N).
Had LAs existed at the time of the Aso-4A eruption, they
have been in the narrower zones than the eight regions of this
study.

Finally, the present and previous paleomagnetic studies
regarding widespread tephras (Nakajima and Fujii, 1995a; Fujii
and Nakajima, 1998) yielded the exact geomagnetic fields at the
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142°

FIGURE 21. Isogonic chart at the time of the Aso-4A eruption. Isogonic lines are calculated from the overall-mean VGP. The surveyed area was divided
into eight regions. Solid circles show representative points in the individual regions. Numbers adjacent to the solid circles show the values of D;-D, in
Table 5.
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142°

FIGURE 22. Isoclinic chart at the time of the Aso-4A eruption. Isoclinic lines are calculated from the overall-mean VGP. The surveyed area was divided
into eight regions. Solid circles show representative points in the individual regions. Numbers adjacent to the solid circles show the values of I;-L, in
Table 5.
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TABLE 5. Comparison of the local geomagnetic field (LF) with the inferred geomagnetic dipole field (DF). The DF pole is assumed to be located at the
overall-mean VGP position (Lon. = 22.7°W, Lat. = 83.8°N, Ays = 1.3°, N = 42). The LF direction of individual regions was calculated from the regional-
mean VGP (upper table). D, and I;: declination and inclination of LF, D, and L: declination and inclination of DF.

Regional mean VGP
Representative point VGP
Region Lon. Lat. Lon. Lat. Ags N Site
¢ B N ¢ B ¢ N ¢)
Central Kyushu 131.3 33.0 347.1 82.1 1.8 11 4A1-11
Southern Kyushu 131.4 321 316.0 84.4 43 5 PM1-5
Chugoku 131.3 34.1 325.8 83.9 2.7 9 PYL1-12
Chubu-1 137.0 35.1 298.9 84.2 7.2 3 AS4, 14,15
Chubu-2 137.8 36.1 316.7 85.6 6.7 3 AS1-3
Tohoku-1 139.5 372 18.0 83.4 7.2 5 ASS-7, 16, 17
Tohoku-2 140.2 39.6 339.6 81.1 7.0 3 ASS8, 12,13
Hokkaido 144.3 43.9 334.4 84.7 6.2 3 AS9-11
Directions of the local and dipole field at the representative point
LF DF
Region D, I, D, I, D,-D, I;-1,
¢ B ¢ ¢ B) ¢) ¢) ¢)

Central Kyushu -5.2 44.9 -3.0 46.0 22 -11
Southern Kyushu -0.5 449 -3.0 449 2.5 0
Chugoku -1.7 47.0 -3.1 473 14 -0.3
Chubu-1 2.1 48.6 -2.5 48.3 4.6 0.3
Chubu-2 0.1 51.0 -24 494 2.5 1.6
Tohoku-1 -6.8 53.0 22 50.5 -4.6 2.5
Tohoku-2 -34 50.4 22 53.1 -1.2 2.7
Hokkaido -1.2 58.0 -1.8 572 0.6 0.8

times the tephras were deposited, based on the paleomagnetic
results from multiple sites for individual tephras. It can be
expected that GSV in the Quaternary would be completely
elucidated by accumulating those data with high accuracy.
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Geomagnetic field’s configuration at the time the Aso-4 tephra was deposited





