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Overview of the solar wind ion measurement which was carried
out by means of the Japanese interplanetary spacecraft Suisei
(PLANET-A) is presented. The instrumentation and some interesting
results obtained from the initial two month observations are
described. (1) The experiment has been successful in resolving

solar wind ions into n‘ He++, and, sometimes, other minor consti-

tuents, such as O+§ Si+7, Si+8, and iron groups. 7These heavy
ions, which are considered to contain the information on the
solar corona, have been observed cle;%ly in the low-speed region.
(2) The typical corotating structure near the sunspot minimum
phase is observed during the observation period; two solar rota-
tions. (3) Velocity fluctuations which are sﬁggested to be
Alernic fluctuations are observed in high speed streams. (4)
It is also found out that the flow vector of the solar wind is
deflected largely from the sun to west in the portion of increasing
velocity. This phenomenon results from the pressure gradient
caused by stream interaction. (5) Anisotropic distributions of

protons which might be related with the local magnetic field are

also observed.
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INTERACTION BETWEEN COMETARY- AND HELIO-MAGNETOSPHERES

OBSERVED BY SAKIGAKE

Takao Saitol), Kiyohumi yumotol), Keiji

Kunio Hirao4

, Masanori KojimaS)

saito2), Koh-ichiro Oyama3)
, Tadao Takenouchi3), and Tomoko Nakagawal)

( DGeophys. Inst. Tohoku Univ., 2)HSsei Univ., 3)1sas, 4)Tokai Univ., 3)Inst. Atmos. Nagoya Univ.)

1. Introduction

(Fig. 1) and the unmagnetized case (Fig. 2} a case of cometary plasma tail).

Planetary magnetospheres are classified into the magnetized case

The pur-

pose of this paper is to study the cometary tail from a viewpoint of its interaction

with the heliosphere which is now in the Type 1 condition.

2. Analysis

heliospheric condition obtained from the Sakigake and IPS data.

3. Dec.

31 disturbances

Among the many tail disturbances, the Dec.

Plasma tail disturbances of comet Halley are compared with the

31 event is

displayed as an example in Fig. 3, where the movement of the plasmoid-like knot is

gtressed by the triangular mark.

The Niedner's and the Hone's models are examined

based on the Sakigake observation to explain the knot. It is concluded that the knot

was caused by a sudden increase of dynamic pressure of the high-speed solar wind from a

coronal hole tongue in the northern heliohemisphere.

The more tail disturbance events

near the Sakigake-Halley encounter day will be analyzed hy this meeting.
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I—18 AN INTERPLANETARY DISTURBANCE RELEVANT To THE TAIL-TURNING

oF CoMeT BraDFIELD (1979L) oNn 1980 FeBRUARY 6

T. WatanaBe, T. Kakinima, AnD M. Kouima
Res. INsT. ATMosPHERICS, NaGova UNIV.

The plasma tail axis of comet Bradfield (19791) showed a rapid turning at about
03 UT on 6 February 1980 (Fig. 1, Brandt et al., 1980). The locations o_f spacecraft
and the lines of sight of 3C48 and 3C144 on this date are shown in Fig. 2. Solar
wind parameters obtained at Helios 2 are shown in Pig. 3 after Le Borgne (1983).
Solar wind speeds obtained from IPS measurements of 3C48 are also plotted in this
figure. The solar wind speed increased from 350 km/s to 880 km/s in less than 2
hours at Helios 2 at about 1630 UT, 5 February 1980, 12 hours before the tail event.
The north-south direction of the flow vector showed a 20° turning during the rapid
increase in the solar wind velocity. Le Borgne (1983) and Niedner et al. (1983) have
attributed the tail event to the turning of the flow vector. Similar velocity
increase was observed at ISEE-3. IPS observations of 3C48 on 6 February 1980 showed
an increase in the flow speed from <300 km/s (UCSD) to 430 km/s (TYKW) on 6 February
(Fig. 3). An SSC took place at 0321 UT, 6 February 1980. Above-mentioned spacecraft
and IPS observations suggest the presence of an quasi-spherical interplanetary
disturbance near 1 AU when the tail event was observed. We construct an empirical
model of the interplanetary disturbance relevant to the tail event assuming an
extended-medium weak scattering model. The angular distribution of the flow speed
of the probable shock driver (high-density, low temperature post-shock plasma) of the
interplanetary disturbance is shown in Fig. 4a (longitudinal direction) and in Fig.
4b (latitudinal direction). It is seen that the principal portion of the disturbance
is located in the region to the east of the Sun-Earth line and to the south of the
ecliptic plane. The solar source of the disturbance is suggested to have been a 1B
§°1ar.f1_are (S15E15) which took place at about 1328 UT, 3 February 1980. Detailed
eésCription on the tail-turning event is given elsewhere (Watanabe et al., 1986).
E;aggt' J. C. et al., astrophys. J., 241, L51-L54, 1980.
Niednoo ¢! J- F., Astron. Astrophys., 123, 25-28, 1983.
Wat er, Jr., M. B. et al., in Solar Wind Five, NASA SP-2280, 737-742, 1983.
atanabe, et al., Proc. Res. Inst. Atmospherics, Nagoya Univ. 33, in press, 1986.
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Elect . . .
ectron temperature .was measured by means of planar probes which were installed in

the J ' i s Ff1 oy M
e Japan's 9th scientific polar orbiting satellite "OHZORA". The measurement which

was carried out at the
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20 degrees, electro

temperature which w

Py of electron temperature.
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tendency that the
during nighttime. Homb

L

No clear dependence of

electron temperature

1
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F and . e unisotropy upon K_ index,
r%ngcts garth longitude was found. The finding is very important in many
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olar flux
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height profile of elect:
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eld, New probe theory shou
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eat conduction from the magnetosphere.
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Effect of tailward stretching geomagnetic field on drift motion of
magnetospheric plasma particles

ﬁ%%% FB RAv BL (BT ) T. Ondoh and K. Aikyo

Drift paths of electrons or protons starting from a geocentric circle of 17 earth’s
radii (Rg) in the tail are calculated in the equatorial plane of the Mead-Falrfield
magnetoseheric model for uniform dawn-dusk electric field of 0.1 and 0.4 mV/m, in
order to investigate effects of the tallward stretching magnetic field on the particle
motion, The local time of stagnation point for zero-energy particles in 0.1 mv/m
agrees well with that of the observed plasmapause bulge.  The local time shift of
the plasmapause bulge with geomagnetic activity corresponds well to the local time
change of stagnation point for an electric field change from 0.1 mV/m to 0.4 mvV/m,
though we take no account of the lonospheric conductivity effect on the magnetospheric
electric potentials,

Eauatorial drift paths of protons with 0.05 keV/nT for 0.1 mV/m lie beyond 6 Rg and
their stagnation points 1ie at 0730 MLT since the sunward electric field drift and
anticlockwise corotation drift are stronger than the clockwise proton gradient drift
In the morning outer magnetosphere, while stagnation points of 0.05 keV/nT protons
are located at 0616 MLT for 0.4 mv/m in the same magnetospheric model.
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By one-dimensional particle simulations it is
shown that wave-particle interactions can
significantly reduce upward field-aligned cur-
rents when a potential drop exists along the
field lines and the electrons of current carriers
are sufficiently accelerated by the parallel
electric field. In our simulation model, a
potential difference across the simulation domain
is fixed and constant fluxes of electrons and
ions are provided from the plasma sheet boundary.
The ionospheric boundary provides plasmas of
ionospheric origin. The ionospheric boundary
also reflects the accelerated electrons outside
the loss-cone, which represents mirroring by the
converging geomagnetic fields. The simulation
results show that the field-aligned current
density is about 30%Z reduced from the adiabatic
field-aligned current density when the turbulent
region is assumed to be located at an altitude of
8000 km on the auroral field lines. The dominant

TJ. R. Kan.
77 AAR

mechanism for reducing the field-aligned current
is as follows: The electrons accelerated by the
potential drop lose the parallel kinetic energy
through the Landau-interaction with electrostatic
waves excited by the beam instability. Most of
the decelerated electrons will not be mirrored
back to the plasma sheet even when they are
outside the loss cone. This effect as well as
precipitation into the ionosphere would produce
an asymmetric velocity distribution of electrons
with more downward (toward the ionosphere) flux
than upward flux in the region of the current
source, i.e., in the plasma sheet. This asymmet-
ric distribution tends to relax toward the more
symmetric thermal distribution through interac-
tions with excited plasma oscillations. There-
fore, a fraction of the downward flux of plasma
sheet electrons is converted to the upward flux,
which causes a decrease in the field-aligned
current,

overcoming

the potential jump

Ft (0.06)
trapped
in the wave potential
n Fr
0.25)
Fi
(1.0)
accelerated
by the potentiat jump
Fp(0.62) Fal Fa(o.68)
procipitating (0.52)
into the ionosphero
tonospheric boundary X plasma shact boundasy

Schematic diagram showing dynamical behavior
of the plasma sheet electrons after being inject-
ed from the plasma sheet boundary. This diagram
i8 drawn based on the simulation results to show
interruption of the field-aligned currents due to
electron reflection occurring on the low-poten-
tial side of the double layer. The double layer
in this figure is formed in the middle of the
simulation domain. The arrows roughly represent
the motions of the plasma sheet electrons in the
X -v, space, where x is the field-aligned
distance and v, is the velocity component
parallel to the ambient magnetic field.

In this diagram, we assume the following
fluxes of the plasma sheet electrons: Fj is the
constant electron 1influx at the plasma sheet
boundary. Fr is the outflux of the fresh plasma
pheet electrons at the plasma sheet boundary.
The fresh plasma sheet electrons are defined by
the plasma sheet electrons which have never been
mirrored below the simulation domain. Physically,
this flux comes from the reflection process of

the plasma sheet electrons by the interactions
with the plasma oscillations. Fq is for the
fresh plasma sheet electrons reaching the iono-
spheric boundary, which are accelerated by the
whole potential drop. F represents the increas-
ing rate of the electrons trapped in the poten-
tial wells of the plasma oscillations. Fa1 1is
the flux for the fresh plasma sheet electrons in
the loss cone at the ionospheric boundary. Fp is
the influx at the ionospheric boundary for the
plasma sheet electrons magnetically mirrored
outside of the simulation domain. F, is the
outflux for the mirrored electrons at the plasma
sheet boundary. Fp1 is the outflux for the
mirrored electrons in the loss cone at the iono-
spheric boundary. Fp is the total flux for the
plasma sheet electrons precipitating into the
ionosphere, i.e., Fp = Fq1 + Fp3. The magnitudes
of the flux normalized by F;j, averaged over the
time period of 800 < T £ 1000 in the simulation
run are also indicated.
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RSTHRETE — LTI EEOREHESEY = =2 L — 27 =2 =~
AH BB GTAI) mAx & Gk

AN=ZAY 4 P ADSEFE - LK U, B hizik#% P D P(Plasma Diagnostics Package) TRl 9" % Spacelab-20
RBEBOT. RAVYRAT—E—FD/ 4 XRT 5 XRABKIHEOHB BRI EN TV S, KA VvAT—RIL. WHEITLBZA
—03 - E 2O|PCH >N 3 VHEOKMERL. 75X IMEBITEO#HIIE. BFE-LDT 5 v I AOWIRZFBIEL T3S
TEDWBEIN TV BCurnett et al., 1985], ZhIZBIFEUL T. Strangeway WZERRNZBEL 2BR VAT TROBFE —
ABETFMCUT. BERRBEHHE U, £LOBEITNT. ZHETEMHE ARRBBEDN. 75 X BIHEITEIC < B
Th3Z Pz LTWB1986],

—7is RBETSAIHCU. ARBRE-L + TIRXR « YAFURAT. TISAIEMHE TR BUSBFY1Ia}b
O B OBbE M S hTW3lBernstein et al., 1978], ZOZ . MOBFE —LE T I AIPTEAU .
Strangevay OHHE CUBWI N TORVEENT I XBUOTREML I U T B AMEEDS 5 2 L RFREL TV 3.

ETT. BAlE. COEHMTHERRIEOZS TRBFE ~ LDESICE. —HATREND & 5 BHBHTEEENPL S
NIOHLFHE WS AR SHILT BRI, Strangevay DREMBRDIHHDETIL (Top Hat Model. 1) 2d&icuT=
RTOHHEBY I 2L —vayEiTok.

BFE—LOEET LI G THOIOY I 2L -V arRiTohER. £2TOBESENT. F2UTRYT & 3 RAUKRIERE
TREMINBZ D, BFC-ADFSEI T EHMPSEL 3T EPMEBEINE, Tk, BRI hEHBROPTHE — 4
OARNERT BT~ F (#0) & INFYEY MIR->THY. E—LONHTRBEELTUE S Z EWbh 2z, —75.
WREEUTIE, FLyad#HBItLY. HOERORS YIS —HHBRMETATEY. X312~ AONAITERLU TLE
BURLZENRAS PR ZhEDYI2L—Y a ViRt Spacelab-2 OREIERS KU Strangevay DEHHERE
BV —BERLTVL3,
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n—-18 FIELD-ALIGNED CURRENTS NEAR THE DAYSIDE CUSP OBSERVED BY DE 2

.4
M. Sugiura', S. Taguchi'!, R. A. Hoffman?, B. G. Ledley?, N. C. Maynard®, R. A. Heelis®,

J. L. Burchs, J. D, W:i.nningl'nam5

1 Geophysical Institute, Kyoto University, Kyoto 606, Japan

2 Goddard Space Flight Center, Greenbelt, MD 20771, U.S.A.

3 Air Force Geophysics Laboratories, Hanscom Air Force Base, MA 01731, U.S.A.

4 Center for Space Sciences, University of Texas at Dallas, Richardson, TS 75080, U.S.A.
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, Field-aligned currents in the magnetosphere play an important role in the magnetosphere- .
lonosphere coupling processes. The classification of field-aligned currents, initiated by Iijima
and Potemra (1976), in terms of region 1 and region 2 currrents has been helpful in describing
the gross features of the field-aligned currents as observed by low altitude satellites.

However, it is important to recognize that this classification, while providing a convenient
namenclature, is not necessarily suitable for associating the field-aligned currents with the
physical sms involved in their generation. The present paper discusses this point based on
the Dynamics Explarer (DE) 2 observations relative to the cusp currents. The DE observations
have shown that the field-aligned currents are generally highly structured and that the densities
of field-aligned currents estimated fram the high time-resolution data are often one order of
magnitude or more greater than the average current densities usually envisaged in the idealized
field-aligned current regions. During very quiet periods, field-aligned currents exist primarily
as fine structure without any clearly identifiable features of large scale current regions.
Distinct characteristics of region 1 and region 2 become evident in association with the
development of a Substorm. However, in the noon and midnight regions, identification of region 1
and 2 currents often becomes

ambiguous.

The DE observations have shown that the perturbation magnetic fields and electric fields
associated with field-aligned currents are generally high?; correlated especially in the sunlit
polar regions. This observational result can be interpreted as indicating that the ionospheric
closure currents of these field-aligned currents are essentially Pedersen currents and that the
field-aligned current sheets are parallel to the equipotential surfaces. Consequently, the
R Thon of the field-aligned current sheets must be similar to that of plasma convection. Thus,
at high latitudes on the dayside, any field-aligned current pattern in which the afterncon (or
morning) regicn 1 continues to the morning (or afterncon) region 2 is untenable because no such
convection pattern has been observed as a representative feature.

ve © Preliminary resul £ the field-aligned currents near the
gﬁyfidzmc“;" reg;icm, based on gemsEﬂ:gsmgun?gg l?\agnetic and electric fields and plasmas.

the directy " current" observed near the cusp electron
precipitation regicn dependsognogh:h:iggu 2% the gnytcanponent of the interplanetary magnetic field
(IMF). This result rules out the possibility that the precipitating electrons themselves always
ﬁonstitute the primary carrier of the cusp field-aligned currents. The dependence of the dayside
ield-aligned current pattern on the IMF camponents is discussed.
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Correlations between the Solar Wind Parameters and Pulsation Activities

in the Pc 3 Frequency Range at South Pole Station

*k*k
Yumoto Kiyohumi*, Toshio Terasawa ", and Allan Wolfe
*; Onagawa Magnetic Observatory, Tohoku University, **; Institute of Space &
Astronautical Science, *%*%*; New York City College, City University of New York

Main exogenic source waves of Pc 3 magnetic pulsations are generally believed to
be upstream waves excited by the well-known ion cyclotron instability of reflected ion
beams in the earth's foreshock, and surface waves excited by the Kelvin-Helmholtz type
instabilities at the magnetospheric boundary. Activities of Pc 3's at lower lati-
tudes are more correlated both with the solar wind velocity (Vgy) and the IMF cone
angle [6yp = ta“—1(BX/BIMF)]° Dominant frequencies of Pc 3's at lower latitudes are
a function of the IMF magnitude, i.e., f(mHz) v6.0 *¥ Byyp(nT). Therefore, lower-
latitude Pc 3's are believed to be associated mainly with the upstream waves in the
earth's foreshock [cf. Yumoto et al., 1985]}. However, it is not yet observationally
clarify which source waves predominantly appear at high latitudes. In order to
examine correlations between the solar wind parameters (Vgy, Oyg) and high-latitude
daytime pulsation activity, pulsation data from South Pole station (¢ = -74.99),

Antarctica, ip the interval from June 3 to September 4, 1982 are analyzed in the

bresent paper. The solar wind parameters are determined by using ISEE 3 data.

From the data analysis, we can find characteristics of daytime high-latitude
pulsations in the Pc 3 frequency range at South Pole as follows;

(1) Activities of the high-latitude pulsations in the Pc 3 range are controlled
mainly by the solar wind velocity (Vgy; correlation coefficient Y = 0.438
for n = 719), ang independent on the IMF cone angle (Ogp; Y = 0.027).

(2) There is dawn-dusk asymmetry of the pulsation activities, i.e., pulsation
POWers in the pc 3 frequency range [Log(Pc 3)] at South Pole are larger in
the MOrning than in the afternoon sector.

(3) The slope (B) of regression lines [Log(Pc 3) = A + B*Vg,) is larger in the
morning than in the afternoon sector, i.e., B{morning) = 0.004 and B(after-
noon) = 0,003 [Log(nT2)/km/s]. The high-latitude pulsation activities in
the morning sector are more sensitively controlled by the solar wind veloci-
ty than those inp the afternoon sector.

(4) The correlation between the high-latitude activity in the Pc 3 frequency range
and theoretically inferred, reflected ion beam's velocity [cf. Watanabe and
Terasawa, 1985] is not better than that of Log(Pc 3) and Vsye
We have not yet examined the correlation between the IMF magnitude and dominant

frequencies of high-latitude pulsations, therefore, we cannot say precisely how the

upstream waves contribute to the high-latitude pulsations at South Pole station.

However, the analyzed result suggests that most of daytime high-latitude pulsations in

the Pc 3 frequency range at South Pole station are associated with HM waves excited

(or amplified) by the Kelvin-Helmholtz type instabilities near the high-latitude
magnetospheric boundary. '
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n-37 GIANT PULSATION EVIDENCE OF THE PLASMAPAUSE

Y. Tonegawal, L.J. Lanzerottiz, C.G. Maclennanz, L.V. Medfordz,

A. Wolfe3, and D.L. Carpenter4

1'1'okai Univ., 2AT&T Bell Labs, 3City Univ. of N.Y., 4Stanford Univ.

A report is given of a study of giant pulsation (Pg) observed at
Siple (SI, L~4.3) and its conjugate area; Giradvill (GV, Lx4.2),
Pittsburg (PB, L=x3.4), and Durhan (DU, L#3.0), on September 14,
1982. Dynamic power spectral and polarization analysis using
autoregresive techniques is performed on the Pg event. The sense
of polarization throughout the spectral band of the Pg reverses
near L=4, i.e. left handed polarization along the field line at
SI and GV while right handed at PB and DU. In addition an
electron density profile measured by using whisler for this day
indicates that plasma pause was located near L=4, that is of
order 150 Km equatorward of SI at its closest approach. This
result suggests the change of polarization being associated with
the plasmapause. On the other hand, Green (1985) has reported
that the Pg was observed at lower latitude stations (L%2.3-3.6)
in the United Kingdom about five hours before our observation on
the same day. In that case a reversal of sense of polarization
was shown at L=~ 2.8 with opposite sense of that of the present
observation. We will discuss a structure of field line resonance
for the Pg around plasmapause using these results.

ref. C. A. Green, Planet. Space Sci., 33, 1155-1168, 1985.
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Abstract--

The wave normal directions of plasmaspfleric ELF hiss have been
determined at the equatorial and off-equatorial regions of the plasma--.
sphere, by using the data observed by GEOS 1 satellite. Two different
methods of direction findings have been utilized; (1) the maximum en-
tropy method for estimating the wave distribution functions and (2)
the maximum likelihood method to estimate the propagation peaks.

Three equatorial events have been analyvzed, and it is found that
ju;t inside the plasmapause,the wave normal f of ELF hiss is nearly
aligned with the magnetic field, and when the*obse;vinq position is
0.3-0.5 Re(Re:earth's radius) inside from the plasmapause,there are
two different groups of wéve normal angles; one is a medium wave normal
angle ranging from 20° to 60° and the other 1s a large wave normal
in a range from 70° to 80°,slightly smaller the Gendrin angle. Then, off-
equatorial observations have been made at geomagnetic latitudes 30° to
é4° for L-—-4: 66 to 2'.90 inside the plasmasphere. The direction findings
have yielded that the waves are always composed of two plane waves; both
main and secondary peaks take very large wave normak anqlesle=3°°'35°-

The present direction finding results of equatorial ELF hiss have
been extensively compared with the previous theoretical model to discuss
the generation mechanism of plasmaspheric ELF hiss. Then,it is concluded
that some of the plasmaspheric hiss emissions are generated by the cyclo-
tron instability with §"=0°,initially proposed by Thorne et al. (1973),

but very oblique wave normals are involved in majority of ELF hiss.
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Abstract-- The determination of wave normal angles of half-gyrofrequency
VLF emissions ( szfﬂeq/Z) ( fHeq: equatorial electron gvrofrequency) has been
done at the equatorial region of the outer magnetosnhere,based on the GEOS 2
data( Havakawa et al.,J.G.R.,1984). It is found that those waves are generated
at wave normals verv close to the oblique resonance and that they are quasi-
electrostatic whistler-mode waves. Then,we have pronosed the generation mecha-
nism of those quasi-electrostatic waves in terms of an electrostatic instabilitv
in a mixture of cold and subrathermal electrons with sufficient temperature an-
isotropy and/or loss cone (Ohmi and Hayakawa,J.Plasma Phys. in press).

The information of wave normal diréctions and wave distribution functions
of those waves in the off-equatorial region of the magnetosphere will be of great
use in making further studies on their generation and propagation mechanisms.
In the present naver,we have determined the wave normal directions and wave
distribution functions of those VLF emissions in the off-equatorial region
( A~20°), on the basis of the magnetic field data from the GEOS 1 satellite
on two specific davs of 12 Oct. and 19 Sept. 1977. The direction finding results
at the off-equator are presented and interoreted,together with the previous DF

results made at the equatorial region.
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Within a few degrees of the equator there are a number of atmospheric processes in the troposphere,
stratosphere and mesosphere that are both poorly observed and pcorly understood: (1) the temporal and
spatial variability of atmospheric circulation patterns, specifically including the vertical circulation
component; (2) the generation, propagation and dissipation of equatorial waves, gravity waves, and tides;
and (3) vertical exchange processes that inject important, long-lived atmospheric components such as
ozone and water vapor into the equatorial stratosphere and mesosphere. Improved understanding of these
processes and their interrelationship is crucial to an improved understanding of such localized phencmena

as El Nino, the southern oscillation and oceanic-atmospheric energy exchange, as well as global weather
and climate dynamics in general.

A group of Japanese scientists headed by Prof. S. Kato, RASC, Kyoto University made a simple survey
on possible siteSin Indonesia in June 1985. There were two sites which had been recommended by LAPAN,
Indonesian National Institute of Aeronautics and Space. This survey has shown that Pontianak, one of
these two sites, is a promissing site, situating just at the equator and fairly free from radio noises in
VHF, especially around 46.5 MHz, the MU radar frequency. Through close contacts to LAPAN, it has
recently been informed that the Indonesian Government is interested in IEO (International Equatorial
Observatory) to be established in Pontianak and a land as large as 3 km x 3 km there can be provided if

LAPAN can be in cooperation with IEO in construction and operation.

We are now discussipg mainly technical problems relative to those facilities, which are to be con-
structed, as powerful radars, lidars etc. One possibility among radars will be a MU radar but have larger
be
antenna and simpler in operation, considering the big land available and, yet, the remoteness of the site

from Japan as well as other countries where the radar expertise is available.

Financial problemSare outstanding. But with the scientific and practical significance IEO would
contribute to development in scientific and technical education, giving a stimulus to local industries
there in south-east Asia. Tt should be worthwhile and rewarding to realize this project by international

cooperation. Considering various historical and present relations, Japan should play an important role
in this project.
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parallel go geomag. field
(Az) 2nd TRM (920‘c,10-:l’n)b¢:c -8.56" $8.59° 23.161 2nd ‘,0
(A,)cooled (A,) at 77K in -4.98°* 58.91° 20.034 0.855
zero mgnsuc ficld
10 atsNi-Fe (BO)TRH (700'(2,10-:?0) bee 15.94°¢ 57.48°* 5.725 Jo
(Bl)cnoled (b ) at 77K {n zaro 37.47* 65.77* 3.263 0.570
magnatic ?1014
(Bz)znd TRM (700'C,10-3P¢) bee 14.87* 65.75¢* 5.711 2nd "0
(B )cooled (B,) at 77K in 25.60° 68.91° 5.237 o171 .
parallel fo geomag. fiold 150t ANI-Fe
15 atsHi-Fa  (Cy)TRM (700°c, 10" pa) beo 3.10° 56.37° 9.670 I ) L]
(Cl)coolod (C ) at 77K in 3.98° $7.00* 9.369 0.969
parallel Eo geomag. fiald
(Cz)coolcd (C,) at 77K in zero 4.30° 57.75° 8.117 0.6840
magnetic !lold “c‘
(Cglznd TRM (700'C.10-3Pn) bce 4.05° 55.41° 7.652 2nd Jo . -Cy
(c‘)coolnd {C.) at 77X in zero 8.97* $3.68° 5.356 0.699

magnatic glnld

* D = declination, I = inclination, J = intansity of magnotization, "o w» original intensity




fF £

=

|
lﬂ’\;)
B
0
s
S8t
-Bi-
-n_'f:
b
b
Xt
2
5%
oE
5
wht
i
M
-

& @ A B

La K - HKE-Ma

%&dka,mn%gwuz15&8$m&mgaﬁﬁ¢-BM&iﬁﬁMﬁL

BBt SR LR F A, BRMROEHO FHRLMITLT, cnSEHHER IR

NEE1e5 A Bmmaie Y o EIEee T £ MROAT 3 - L T 3 Ry, HURARKE, K
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PERET3, .

TR LSBT 8 LB HAT DT BB RET D 2T, FMARE T — R
%Im&f,W9~W1%V3mx—¢—m?fnw,ik:m&ﬁi'%kiém
§J5R,Kﬂﬁm@m€ﬁ¢t‘ﬂﬁ@u(%“iﬁikéf,mKﬁﬁm%nh

G R, HFREROELR LI VEMREMTEFEIARAF IR LT R, 1@
3 K- T @M iw Lk (X RRAET, F-3TFABOLOTH3 ).

sznﬂﬂaﬂu,m&zatmmiaawv&,héwuﬂ&nafmeh
%, BRB LM T 50 mesh (017 wmm ) WFOHR L L, FRT, nvF - TFs b
TRALWTARE B LR 0T, J-TARE, BRP, Hex=30000 Tz,

gta‘ﬁﬂEB&tEMﬁ%?€€?

SiteNo. ‘RocK Type Ferromag: co4t.
w2 Gramite 3.5 x\64wt.?'o
'[ 3 Biotite banded gneiss 5.8
4 Hornbrende bictite. 3.0
grahodiorite
-3
ﬁ? 5  Siliceous banded gneiss 2.¥ * 1o
6 o n “ g.r‘ X ‘65
B 3 Aplite - L
9 Siliceous banded gneiss . q x (07
. 10 Amphiboli’t.e 5.2 »
Il Aplite very few osf el
E |8 Grranodiorite " 1. m:.aag«:;nii::m) )
19 Biotite banded gneiss 5.2 x1ot o
l 21 Biotite granodiorite 3.5 x 193 .
SSE 0 - 20 «0 60°C

%1@- T,-T &
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Magnetic Remanence Coercivity of Rocks
Takesi NAGATA and B.C. FASISKA

National Institute of Polar Research

The magnetic remanence coercive force (HRC) is defined by Ip(Hpc)=0, where Ip(H)
denotes the DC demagnetization remanence acquired after saturation §n one direction and

the subsequent application of a DC field H in the opposite direction. Ratio of Hrc to
the coercive force (Hc), is theoretically given by Hgrc/Hp=1.094 for an assemblage of
random oriented single-domain uniaxial ferromagnetic part‘i‘cles.(Wohlfarth 1958, 1963).

HRc is measured as a garameter to represent magnetic coercivity of manmade
permanent magnets, but it is seldom examined for natural rocks except for lunar rocks
and meteorites (eg. Nagata et al., 1971: Nagata and Sugiura, 1976). The main reason why

Hre is always measured in evaluating the magnetic coercivity of lunar rocks and
megeorites is that, for an aggregation of a high coercivity component (2A) and a low

coercivity component (B), Hg and H of the aggregate can represent respectively
coercivity of the soft component (g? and that of hard component (A) in a rough

approximation dealing with their order of magnitude. The following is an approximate
representation of the magnetic coercivity of binary systems of ferromagnetic particles.
Assuming a linear relation between an applied magnetic field(H) and
magnetization(I(H)) around H=0 point, Hc and saturation remane Igr) o mixture of
g point, Hc and o (F™RST89{ TR} Ofa3 , mAXERY

different ferromagnetic particle groups as given by (Ig He Jeeoeo-,
with mutual conten? J{ati?s of mp:mpg:e+++++, are represented by

IR/HC=Z.§fR§.I i /Hs i)y, %w gre Zmy=1) (1)
Putting Hg/H ) , 1<¥=He(3)/Ha(Bl oo ® and X=mpIg(A)/IR in the case of a binary system
comprising (g) and (B)components, we get

S=1/{x-(1-x17} (2)
In terms of the static remanent magnetization, Ip(H), acquired after demagnetization and
the subsequent application of a DC field(H), we can express IR=I,(®0) and )

Ipn(H)=I y-2I..{H), s hat -
b 21:’;‘%(5%0’('15‘);11.?1?(09) (3) .
In the Base obCa binafy system of (A) and (B) components (Hpc(A) Hpe(B)), eq.(3) leads

to

1,(A) (HpeY Io(B) (Hro)=1- 52 (1,.(B) (Hpe) -Ig(B) (Hpe) (B) /1 (A) (H m,,]' 4

Putting, theg?yxi-'(l\)(ngg)/: (m(f(xnr(h))=R§o,*§*=ukcﬁ)/ugc¥5) WPBE TN we get
3pz1-(1-X)/%, (for X»3z-regardless of ¥").

Experimental studies on the functional form of Ip(H) of natural rocks (including

meteorites) show that
Ir(H)=IE(oo )tanh( 8H), Bs(1n3)/2HR<(- (6)

is a reasonably good approximation of IR(H) except for a small range of [H|$50 Oe.

Putting eq.(6) into eq.(4)L§q.(4) is given by )
tanh (CHRe) /Hgc(A) =D- (-7 )QtanhCH /Hgc(B))-D
where D%s‘ctanﬁs, cs(ln§/2 RCITRC '}.

E;g.‘l (a) shows the dependan?g)of HRC/HRC(M on X and 0.002

in comparison with Hg/Hg ' depe?d?nt on X and Y T T w7
(Fig. )). A comparisdn of Hgre/H Alq ram with | —eem---""8l008 /
Sera AR agran indicates thatkgg RS (HpalAT) for o.008 —
XZ0.6, whereas HC~?‘“I ) on ¥~ 0 ang X¢0.8, and
generally (Hrc/HRre ?>(HS/H A)) as far as Y& Y.
Examples of a large difference between Hre and
Hg in meteorites and lunar rocks are given in
the following table.
Rock sample Hc(Oe) Hre(Oe) Hgre/He

¥-7301 (H-chondrite) 16 1,700 106 .,

Y-74647(H-chondrite) 14 1,080 77 .

Y-74191(L-chondrite) 30 1,330 44

¥-74354(L-chondrite) 66 2,620 40

ALH-76009(L-chondrite) 92 2,700 23

Apollo15556(Basalt) 10 415 42

Apollo61156(Breccia) 7 450 64 .0 .

0.‘-/ /5.4
On the basis of the present model, the above 0.2 °% fo.a
experimental data are interpreted. 0.4/
9.9 Hac/Hee"
ih 5 F 64 6.6 6.8 1.0
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RMREEEZbZCEHRTFHEINLE. WThH
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HAES CHxB. FOMX. BN

(WAK%E. BAB%E) (A RXRFHEELR)

EEBEOA LS TRAMBAMARARVLUORKEASSSGORDOEL wA NS DEDE
BRRILAMBRLS —BTIZLERLLR, COZEUBEUw ADFEDRALH. 0k
LB TRVERRARZLE > T bhrdsE¥hhkrlE®2RULTVLS, ZOWRAR I
BEBLr2zx2o0h30T. BUvASO_XRERPOHTWMNBRFEIBEZOMBAKEEL
DERLEKRKEEHTS 5.

Latham et al. 19T HERFLAUVAHABEREVLVTLVAHE VU AOWNTOER» 3K
HEYVHUL. ZhooRBRIEEHELVRL, BHERIACHBEHELHLTEESFULL
BEaRUKkAEE>TVER, Z2OoCEDHS. O RBUnASORE>BIEN. BEU A
EHOTCECPHME. *OLHROMBAMEKIZLVIEERL., HMMHELS X
txmcesseHERUVE.

RAWVEIOFEFROBEUV xS 2O I LS. ThPEMDIAOMEBETFHESE
Mo kELLEr L VEHMCHIA Y SEMNTUORBKEEIIDIYROAUBL»ALD
FoBRFBILEANR. ‘

ZOEUwAREE25cn. HENBRATROHERELTVWE, HLRB&FROX
XXORSHBRBHERATABEAMRZ I SN 3., EOLEHONMDE N EIFWMAL
FTudkbhTVk. TFTEHAOHBOBR. 20 HUp AOHKBEMNKTERF NS 7
AOMEHR®EM (BElinch, B&4-5cn) EMEMoL. ZhZheIllKHS5I9KOM
8% Ik specimen (fgx2.5omfEE) LBV UL L.

¥ X TdOspecimend H BB+~ 3, 6, 9, 12, 15 oT ( —#R20nT) OXH B Y H OBt %
BESGE NG CHMEU 2. WRMOBILLI05~10"7 An2/Kg(emu/g) & 38 b b 32 i 8 &
CHTABHUERKRERETCS » 2o EARUKAMTORA. KA. HEOEBH A EO
FEREVEABERLS—B LR, ZThoxAMUTHOLLBLAORA. RAOZILY
AUAEHNOHOBUBADPSIOHERED. RARAOEU v ADSOHRED—H LR,
2Ot UBABUDADODRBIELNRBIIBEONMREBESORZZENEUAORREA M & -
TEHBERUBVIEERLTL 3, 20'T Declination

W (UP) 012
T

1 3 NRM
90,
| 60 y e
150¢” 120
L]

150
(Am¥ZKqg)
120 9060 10'% NRM Intensity
| 30 )
E (DOWN) NRH 1071

i 2 3 L (cm)
Distance from surface
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BAEgL OXk-®), J.E, T.Channell (Univ. Florida),
Le gl 07 &MWRH—F

ODP (Ocean Drilling Program)cd 7 EIH DA TH HLegl0?(d. thrhigodTyrrhenian SeaTH:AE12H30H DS
A4g 2H18H 3 TOWSOAMRME S Nk, Tyrrhenian SealdAfrican plate &Eurasian plateddfiiicdi /s
% ¥, back-arc basin&passive marginddPFIHDFRCE M2 MM R oarginal basinTH 5. LeglO1NH—~ND
B9 = HBAE% tectonics DRREAICH 5. [FFFICTyrrhenian Seadi Rt R HOBITR - B=ROBIAHT
L ¥ 5. CHOMBTMAILTLNAEBEFE, KERL COXBETE LML ORILDRMHIz. Tyrrheni
an SeaDiBEN L OMMEBR I = L LREZANTH S,

Legl07417 Site (650 - 656)D10 hole 5. Pleistocene-Tortonian M RDHEMME & U KA BDRIIC
RILA (1E) . Messinian & D HLWHEBRBICO>WTi. METRERMLOME L RKHBRREITEI 2 &
T %7, 7-7¢Lvhole core type DWEWRAIHIB2 DMIBIH > THATE Y. BEIX L THolospin pagne
tometer TIf% - 7. HEBUBE £ CcalcareousTH ) . RE{LIRDELX 10%10% ces/ec TH . 2 REHEDOBES
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THERRFHIESR

WesHeE - HHE (BH - BE)

FHRERERDE. BE/ARARILAEEALE

B/ ARB¥LE. Tho*¥ &3 VWREENT
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Bl 2gntsraHdas, BRENLIEBVR
MEBbhaEnw_ amm&ﬁa ZHIEBTIE
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ERVYviEsgn24na7,. P411 (13°06.
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Vuiﬁﬁﬁiﬁ¢.m:%unsnpn7m$
BHECELEUEHonlcHL ., BFidhotsrot
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B E &
(X - 8HF - HFE)

REREZ

(K- & - HBK)

o7 B OFBE=Z RO EHMES

PP RBASTABHCHZFFaShddy TN e NARMITTORRKIE,

gehhvTY FPROEBEFLIABACE-T(HFBS=ZRBIUVBARIIGTI>. xAROD
FW=%ik. T4 & VYNachola, Aka Aiteputh, Namurungle, Congia, Nagubarat ¥ & ¢

Tirr Tirr@ 52O RHEEHZhTW3, BRALCEORAEEAEMELEIBIEDA
&£ - Fo7AARBHEC. ARV IFTLT. TOFBE2RoBAMEL. HRAK
BIUK-ArERUZOEDORBRMBAIRBEhE. &
Nachola % K & Aka Aiteputh R KOWTOHFHMBAUERREODVWTRETS.

e, FTRAENARTLE

1) NacholaRJ@ (20Ma~15Ma) D103 4. Aka Aiteputh R (15Na~11Ha) D121 K
MH, RHABBEANBRA L TRELHENRAB AL,

2) FMEMS. LOREMEL 6D DMagneto-zonell 417, Harland et al.(1884) 0
HBAWMEOERLONLERSE.

3) ZHMHEHIMISBOIHREVGPI., HHBAMNE NS "far-sided and right-handed” @
FRICTFhELLEHBKBEPLTW S, ’

Table 1. Paleomagnetic results from the Nachola and Aka Aiteputh Pormations.

Site Rock K-Ar. age (Ma)  Strike Dip ODF

N Dc Ic k Lat Lo d d
Type (Itaya:1986) (5) — (°) (0e) = (°E) (down) (3 o C & 6
(‘ggﬁiuda et al.,;
: .

AKA AITEPUTH FORMATION

(Samburu Hills)
1) basalt 10.7, 10.8 NO3E 30W 150

2) basalt 12.0* N20E 20W 570°C

3) basalt 14.5, 14.4 N30E 30W 150
4) basalt 14.3, 14.1 NOSW 18w 350
5)sodalite trachyte N20E 20W

6) basalt 14.5, 14.5 N25E 20W 200
7) basalt N20E 20W 520-570°C
8) basalt 15.1, 14.8 N2SE 20W 300

(Nachola Area)

9) basalt 11.6,11.9,11.8* N9OW 10S 100
10)welded tuff 90

W 10S 100
11) basalt 13.0,12.6,10.1* N12Ww 13W 100
12) sandstone N-S SW
13) tuff N-8 5W 100

14) turr N-S 5W 400
NACHOLA FORMATION

(Nachola Area)
15) trachyte 14.9, 15.9 ' N42E 12N 500
(Middle Reaches of the Baragoi River)
16) trachyte "14.8, 15.1 N2SE 15W 350

9
1g;aphiric trachyte 13.5,14.C/N33E 12W 500 7 200.
1

welded tuff18.7,.18.6/N-S 154 200
19) tuff T N30E 20W 100
20) basalt . N1OW S5W 300
21) basalt~ jg.4, 18:4 N10W SW 100
22) basalt ~18.7, 19.3  NiOW 5% 100
23) basalt 19.6, 18.81  Nigw _ 5W 500
2h)porphyritic basalt' 17.7, 17.6\N30E 84

6 214.9 -16.2 5.0
3 187.0 0.2 14.2
7 180.8 - 1.6 3.7
3 196.4 -10.1 39.3
8 357.5 -17.9 9.1
6 356.3 9.6 8.7
4 2bhy.4 -u4.1 21.6
9 13.2 4.6 7.3
10 12.9 4.3 4.3
8 3. 0.0 5.1
5 10.3 -17.8 9.6
1 3.9 -44.0 5.0

7 192.4 23.3 30.7

204.8 56.4 14.3

4 52,3 17.1

10 354.0 -13.1 5.3
10 0.2 -13.0 16.2
8 315.4 -22.4 14.4
7 335.1 -15.3 11.7
7 355.1 -36.2 4.3
8 -28.9 33.4

5 188. .
100 10 356.1 -31.6 11.4

181.6 -54.6 294.6 2.7 5.2
76.7 -82.8 321.4 7.1 14.2
263.9 -88.8 355.7 1.9 3.7
10.9 -73.3 294.6 20.1. 39.8
37.8 76.8 229.3 4.9 4
24,0 85.2 346.6 4.4 g.s
18.9 -23.7 279.0 17.0 27.1
50.7 76.8 124.3 3.7 7.3
126.9 77.1 125.0 2.2 4.3
119.3  86.4 157.0 2.6 5.1
64.2 75.0 173.6 5.2 10.0
342.0 62.1 209.1 3.9 6.3

4.8 -71.4 355.6 17.4 32.7
13.9 -45.0 8.3 14.9 20.6
13.3 -50.4 9.3 16.1 23.5
84.0. 179.7 252.2 2.8 5.4
.9.,9 81.7 215.3 8.4 16.5
15.8 - 43.7 288.7 8.1 15.3
27.4 63.4 285.4 6.2 12.0
193.6 67.6 228.8 2.9 5.0

6.2 -73.8 2u8.5 20.2 36.8

8.8 70.8 228.0 7.2 12.8

1

ODF: optimum demagnetization field (

parameters, Lat and Lon: latitude an
Data of sites 2 and 7 are referred t

1 Oez 0.1 mT), N: number of samples, Dc: declination
after tilt correction, Ic: inclination after tilt correction, ass and k: Pisher's statistic
d longitude of VGP, dﬁ)and dm: error angles of VGP.

o Matsuda et al. (198
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n-52 TiA& Sgr Rondane Mountains, 1550 Nunatald g
T a MEL M 0 “h - TAFKBE
B - 2 O£ ®m - A F
(RFAE smmse) (@ I Anseen ST )

#M2 Sur Rondane Mountains s & ) KB NS 0BARLEZRNE A E & 5
/55 ¢ NMunatek & VPES %mnul;’re C delerite @ dike AP 1o v 7 Ph—
A F KB e - .

Sor Rondene Mountains &, T2°S, 24°Enfig s Y. b AL DAAAEX
INVE . THY. AREHEX dkeFCrnd> TENMERED 7 VS, 1o ARERK
. k-Arik (350 - 500 Ma ) XRb-8rik{( 460 -510 Ma ) T&pSa7v
3, ( Picciotto et ol,, 1964,166¢ ) *%EL. k=Adhn 350 Ma 1A TZ ¥k
FZo3rYRZE. 7B Y. Rb-SrBER N ERGRzsMT0I. 4T ) Hito>
5. granu\; Ye R X0 EREREDT LGS Bbat. BKE Litn AN R *Nn v
o AnILHLTZ. dolevi te 1x granuh?el:ﬁ/\ L-vw3 e, FI#EZEI NS, 1
BHECER BB T1REDH L OTRY S ERMEN o nti.

£XER!, B2 » A&e Spectrum ARV o

B/ Oaranulite 5. AB58% 41053 1-NTESEKYF > Tw3 ., T FHEMp
5Arﬁ&ﬁ'%171&t zEWMS AR LTOT, B 7. RMo BR < L73. RELHS
(/50 c) DER (89 4/ 0Ma ) NEZ s M3 N, BRTEXZ S50, Bl 703
dolevite NnEAK s 92V ZwkED. CORBBAIA BT ¢ ANy —EE 5
RT3 B3, S,7. S 550 ARXBY4/0Ma ¥ I Ev eldy vAFn,

B2 a0 dilerite @ BRI . plateaw 17> 7w 3. Fao®c A5 1bvo’CiTe
F9T3 244 0Ha 1253, ToadK 3 dolerite D EXKENXR. T 6b s dike DR
AERYwZ 3. FidoRp-SrER bt Lot PR AL 2. < ddelevite iy
B8 s3 Lo Son3,

EH. 0wk 13 2pderveld 1< 5D . FOVBABROIGANE + M T w3,
(Zyderveld, 1965 ) . 2 g a8, | 55 0 Vunatak IS D4R5 M 220 NRM g
LS. 500>y XA K=<, BAELRAOEDEOWRENBSNTF 2. < eh
BEINTO 3,

(B % L&)

Precicrto, '):-,,A.Csﬂ')ez and J, Giet, 'Exped'-h‘c'n An}ard‘.‘q'ue Belae f‘?S‘I—leJg-) Résaltuds Scrextii
gues, (), 13, 15¢&¢

Prcciotto, EL, S. Deutsch cud P. Pasteels 1@E  T(3), 233, |944

Z-‘dderueld, J.0.A., J. C7ec’,/:y$. Res., 73. 3713, /945

(A1) granulite (22) dolente

(Ma) Ma)
1 ] bue
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(F=0.1970e ) HHB3DHTDH 3,
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FEB, o4 XMBITFAS B[P RRS
hitwbwpw sz 22— FRLEHEHWTL WM
a A50.5Ma s coOBBBCSYIMBRABE
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BF % it Funaki(198) R X W B ME STV S,

MEBMRBMEERDIFELLTAERLE
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,1977), ThellierEo RBLAKHECH B, L
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m-54 BIfaE = > & oL B o> B ih IRE SR
ek % (IBIBF) P.J. Wesilewski (NASA.GSFC) sk R  ({GMHH)

1, ziwle

HiE BRALHOH 3 )2 vt L aiBELOBRINLETOHMBKREONAN G, K@, idK (1960)
UMl obHhaad, WInd BHEMIS L, sHtANELoMARZETIWMEZ SRS B, L
PLUBHRBRAMSK (NRM) £HBLRRLHTsA S HERYGMYW (~500 0. s )ONRMOKFEIERA
58.0° §gfy 335.7° T, VGPOMIT M 19° WL 13°HFehEsND, ol HiFENRORY
BWEZNRME2BEEBLELBEDNEZE DL LVW—RELRT., 1983 19845 SRAKHIGEHMURE (J ARE -
25) URBTRAU Va2 vt kA sifiRFe A v y—2IK»esBI1 125 WoitBRNEES
BBL:, chbORBOIBWA LY, B VA BOREBES L THMBRMAENTRLIT- 0T
ZOEBc o TBE TS,

2., WEHER
REMEERBC>LTIE, 500 0e FTHHMBBLT Y, NRMoREELZFH<, Fnr2B8Beo0T
LHRBET B AL 100 Oe THWHB 2T B®ONRME2EAEL 2,
ZOERN, XOXSHEMHEMIEL 5T,
(1) Pyroxene gneiss & Garnet gneiss ONRMUBEOMEBIB AR (-65 46%) &1 s . KhkMR
LA LETeHD, CNUPyrrhotiteSWMBRNFLLIHFETAIRLMEEZINS,
(2) Hornblende & —#B ¢ Garnet gneiss WMMBELRL, IO THKELNRMEZ -, zh sy
Izt Hematite MBH ENB,
(3) IRIR D Granite & Pegmatite WHHRMLRL . NRMIIELET Curie point % 5 magnetite MEE
T LiHtEE N B,
(4) Granite WEFEMWELRL.,. NRMUELETHS, FhZTORDHAT S Aophibolite X iE
HBEVIFHNBLRL., RADNMELLDODUNRMMBIES /NS 1,
(5) EHLHONRNDOFME ATV I X 1OMDTH S,

3. K%

4 v m»%m&umﬂ&amftm EOHH LKA 8 00 2 EHEBFHLIIIRTOUTIT AR CHR
#2250 %, T Granite OBAMNHL D Granite & Z DT EW HREL =,
ITNLDE. SHMELOLRDENDVGPONME (Table 1. No. 1-5) 1k, kME., #K (1960) oH$ Dk —~
BLU. ULt il ApRa2Bbosfionitdfitiifillot o -H¥s, TL2LEREDO? VY HDF

B2 omfMEeMMY 3. ZOZrH»56RT, 1800 RECORRRFLEMEOIMATEL LY
DrEbLNEB,

Table 1. Paleomagnetic results obtained form Liutzow-Holm Bay area.
R et e — 1-6: this study
No. Site N | demag. Ine Dec K a5 plat plat 7: Nagata & Shimizu
- R _— (1960)
| [EON3 |35 o | so.o 3451 | 19 57° i . 8'9;a22‘32‘i‘a(§961)
100 | 55.2 347.2 | 40 3.9 15.1°S  28.7°E| 10: Kaneoka et al.
2 EONS H 0 §2. 7 297. 7 H 39.8 (1968)
100 51. 2 287. 5 5 37.2 21.7 § 19.1 W
3 EON8 16 0 45. 4 316. 1 11 11. 7
100 51.6 322.2 12 11. 2 21.7 S 7.1 E
4 RON1 10 0 -67.2 321. 4 44 7.4
100 -67.5 342. 0 43 7.5 30.1S 26.3 E
5 RON2 14 0 53.3 334. 6 11 12. 3
100 69.9 324.0 ] 14. 4 20.3 S 14.2 E
6 Total 80 59. 1 336. 8 14 45 20.2 8 20.7 E
7 E-ong 18 58. 0 335. 7 25 7.1 18.2 S 19.6 F
8 Ongul H 49 350 - - 9 S 32 E
9 Lutzow 7 60 341 - - 21 N 24 E
10 E-ong 4 46. 5 7 - - 7 S 33 E
I T B} . )
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m-57 B HIBE SR D> S A 72 13 T fE 45 O PSS ZE B
1> XREFEPEOEFET E 3> L EHiExs

MUEA - LB &
(RIKXE) (BEXED)

THRRHER L >T, #RNLEROARERIE, EFiitdii0.6Ma BH#@IT

SO EEBAERHETHOVEREES>TWAZ L HIHIER > R.

[RE] KBREMRSBIESHT 3, FWF0.8~0.2Ma Wh R 3EROWRE (Bi
B ARRE. 88 - G1RXB) o 20k 6BH#» SIEMUL 2 155HDOY L}
ABRER  #.unEBE ED.

[HE] FAUBHROY YV a7RAEF—Rhi - SHRHIHKS - RARSE L
v, BFENBW SoT H%i 35~40 of, 50°C BX 2 500°~550°C F CiThk-
.

[RESAIRERT] NRM 3REELL 1.0 x10°5~1.6 x10°% kA/m, MDF & 6 ~40mT (K&
51x 10 ~200T) TH3%. HHOXHNBLABRIENT 353 0REEFL
V. 25 ~300T OXHBBICE>T, FNTORMD > FTRER-KXYEI LY
BZENTER.
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BB#ELE, BrunhesfH/RRILIABIRICHLIEEh B (B) .
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BRBROBMBOBHLIEO tipodal REHETHYVHEHAORAOTANBD >0 (B) , HEEPHLLZHO
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AD3ODTHEENEX NS,

Index map

RFF o BH - LBE01983) & e E

=] s % gel wAksd @i Wi
Te}
-4
(8]
S
g
= =% Rk |E ]
ol o AR
g'—;’mﬂ?ﬁ | 3 \ -
s Y m
2 E"” ;”“33 he
# || 5
q V:: & 3. -l
w3 whA 1l A% ::8§ 5
O W?m?f . .?t\-
EV‘a 9
oA éﬂﬁ%& %
£ eaigge:
A (6.8
22| AmLE |S eiee
) UL
AN
AL B g ]
‘#ﬁ Z | \opk |ren| |- 3y
=" |4 o Sragm $

A KBRS

—191—



mM-58 T FER S ZE S AN oo S HB &L AV DFFE

ML 8 - BIERZ
($:98 1))

BRRS S, BEMES»SHBMILRESICrI TN T2, cid. BHAKICEL AWML Tw 3 REBHER
ERERABERo—RLENTWS (F1) . 2nI3b. HBUREFICHHT S XL 2owTit. B - £
HHEEL { Fxoh (FTHNIIZH, 1983) | PR - BAZEL S HB_EDIFEWM»H-> =2 ptEb T3,
(1986) i3 . EHhDER 2= FDAIBAICHOWT. 74 v28¥ FI v 7iEc L B ECHEDER. TOMa]
BOERBAEB TV, FHOARMKIREIZS>WTIE, Rb-SHEIC L 32874V 7 a L AER({T75.822.4Ma bk
HHNT Vv 5 (Seki,1978),

EEEDIZTLIMND 2 6 AT, FHRT ~1 OBMDEF IR 2RI L 7= FIbA 3 Moittls s oRE 2o
VT, BFEAMINERE. 1 ADORBMA R W TEBELRIHBERET ok, <7 VBB ETCHAEOKEE
I L=E o2, BEAIhL > CTRET M4 T2 b b md: (b (550°C-580°C) , L UmvBlAIEEH- &k
WE{E(300°C-550°C) = S BE 3 2 I X BRFE PRI A S TH o e Lo T, BOBREFIZHoWTIE. BilREEITE - 12,

BOEHHREEE > KRB, HIFICBOH LN AIAIC DWW CId. Kirschvink(1980)iz & 2 MM ORIEE B
RLZFEICHE->T. BRADFMERD=. COER. FHREBD 2RI, HiBO - KBLIRERICHE -
TRETIRASCIBIZEREITTCHD o edtbd o7z, SHTRMILIE. BHESMC A EERBEEOBAILL > TR
Lh=ARic ks BHEBEFTILNS.

HINBEROIER, 26D I b, 1 8B4 (M1 214K, FYME LK) »5PdpuibsE BT LorP&
7zo BHAD 1 2HHRFTRTEFETHD . PMIOAX LIRS 2 hRicB WTERBFHNRV ek,

#HE_HoFEHollz. AESHIGEAFLOEIZED W (K12) . WIHEELEALS R | SlL&»s
DEREEHLC. BA=77.9°, RM=61,1°, ®35=6.5" & \» 5 S HMEESA S T 0t13 & dv 7=, (LP&IBFF HB0~92M a DK
BEB O & IEBAT — 7 (Otofuji & Matsuda,1983) S HENAVGP LT H L. WHEDMIZHERLERE
Litizv, 2oz iz, RAAERLIFE. WKLY & PIREEE S TIROMIC N2 Tidt e hr o & & ERT.
—F. BEHALDOFZRIC OV T OHIBBICENTIRLI 6 . BHHAIAXBOIKIZw—kER>T. 1 5Ma
Bic$95 O BEERETE ) EfE 2R Lz LA ST T w5 (Otofuji et al.,1985), LIk T &% 3 T
FHRHE. BHEREOHMAG L. ARRLRORA»rHOEBIIE. 1 5Map BAilindikiciE S ERA
EDBEEICE NRWTHZEMTED, cLEBWAINE. 15Malc—kEdoTHEL -BEHHEDI B, &
I &S LB b BIESEEE A E TR0k 7o v ik, BREIATNISIZ— L > CT O T ABRY
BICUBLTWAESENBIHLNZ LICE S,

&
- ~7 l-}] 2 Equal-area projection of site-meo d
2 and 95% confideace limitg of primary mn‘c‘;:le:f:::iz:?

\3) 1 Dpistribution of the Koto Rhyolite
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EE £ B J< BSL AR XH oD iy b Rk S (& o> 1D

BHBA - RERZ
(RS - @)
EHHABXOHBZRCR. FRESHTIAXREH. DbAHBOEERXBEMEEFAROBFA XL

HEHmbTwd (F1) . Thix, 100a~1THapBR S AL, ABETCARBFUNEZ > 2 BRT
HIEFRENTWD (FH - M. 19792 8) . ZOHPAXKWLESI>WTR. EBETHE2 HBEN
TR E ¥ (Torii,1983% ¥) | kKDL A HBBAFUIZ. AxBoH KK & 51508 OBHH A XD
s Ef[E D E4EAL (Otofuji ot al.,1985 ) NEERHEMREB o T3, —F. AFOERRKREMDORE
OE BRI, REFREAM (FE. 1982) . GEXAAE (BE. 1985) 50, wFhdHE
Ledilastisfisshtwd. BeAfoostkss b EBBAFE»RD S L NIE. BXRBOHAX
EVS3WHEBROKHMEYE OB ZHOKKRIE D E 22 s LaMFsND,

REBENEOAHORTE . AMEB BN (BENREL L) . FHET 8BK (BHAKES) . RE
T A (ERIMRE) . BB 6k (REBLERY) . HBT LA (ERRRE) . FNBT M
A O(IERPRE) . FLTRIEST S (Fhvwi. NES. BHEERZY) 5. SHAVIETHRR
L, Bt EIciR, ALF—HBAHf. BESFHIHERA . iR 1~ FEosfvy PY>Thizown
TEFREHMRNERR., ZREBMERET 2w, REMboREHEERITL ~.

HEEROER. BE2CIEAMEDD HEA. HHlAD SHA. ZEF0 BROREILDARETR
St FmE R weTo LT r (H2) . shonlibmEmMBTdE. XMESH - BHGNbDIRE
WHHOER (BWHRTHE) TEHMmMEsh. BERBOLORRAFL (R, REVTEHET 3 MM
Hro ralmond, BHE RBHEUAORBOIBLEALROVWTR. BETHETBIRHLE 2> X,
Fhiz. MIHBRRICBWT. 300°C~ 400°CTRLMMH»BML . TALUETCRREBETA1RHLAY
HLMEN BT IZ oMM RLNARDTH S, COBRR, vus{ PoRABEOEL X ¥ )T -
ERX O TVIRDITREI>ARARTHIEFALN L, vusl ik, ERGOREHERVWT. AFOER
RKBEHC—MOICAINTWI T EHEE LR TE D (Ishihara,1977 2 ¥) | KB, LR & I 2RHE
WAEOBWERL AR RRMARATOCLO S 4 FaBEEr, 4B, BHAXAFORRERARE
MOEMBAENTR - TD1LELT. T HHBRERS YORBRCowTHETS.

M1 AHEERARHEBE
BMFAXWLERD T

OHSUMI ASHIZUR]

M2 HHMADOTHEILH




IM-60 A H RIBRBH 0S5 IR
\]\ EE‘
(HIK 38)

BBET LD P> B 33 XIFAEF
PRBEENBHALB M E L LRGBS
BB ETTR. B FREaP RRH
e B, P RE NG TR ST 3Y
BEHragdfio £ET £t BIPE K
L wY, REAOMoAH A AT
W, WANMEETLHRE RZ RS vFL
I P EBERTED 513,

TwraAgHirz. F{Loskitizbprd
B} 17eMrsRR L. B Bmet REL
ShBMBE p0ineds RACSY -[EAIH AW
i oz EH03t AR LE.
ta3 6. SeMaT - 7 GrRicH4iEa 1374
728X 2w B s (k<o) ¥%p 2 3 = b
bL, 7k o /27PfoFyie B4 E TR
ARG, 3R AWM ETR L WHE N2 AL
A4 T, AR T ). (B)-FF.

A@a5F o5, BLAL o (9P (52 14)
TR T . AN D R IBAR T % 2 LHH
7h3 koW, MM EE Fa LD
FEAB G5 1108 n Bs5hBuwt a9,
HRME e LB R, /9885) . B 4@
BAPRBEH S 1§shr B s oL
HEIBI3ItatERSA3e X5 1-, = h
3 rEAhE T nT o 3 (el R A (Campanean)
rofRA3 L. £BE - F 1 n R ERH
13, Amnmaﬂl mumber 33 L 3¢ a th o GBI TFH

Site N I D Ic De x  agg
1 s -10.4 215.8 -39.3 251.2 15.8 19.8
3 6 -18.0 227.7 -30.1 263.8  22.5 14.4
4 7 -42.3 217.3 -54.9 242.6 49.0 8.7
5 8 -29.6 159.2 -45.2 238.4  83.7 6.1
6 5 -17.3 193.9 -36.7 227.5  42.9 11.8
7 7 -59.4 242.9 -45.8 300.6  46.2 9.0
8 9 -51.6 228.2 -48.3 304.7 138.8 4.4
9 9 -10.0 332.0 -17.4 331.3  23.9 10.8

12 8 -62.4 306.3 . -63.0 243.6  22.3 12.0
13 5 -31.4 205.4 -48.1 194.6 21.4 16.9
14 5 36.6 76.4 50.2 44.2  13.8 21.4
15 7 -47.4 232.3 -1.9  218.9 29.5 11.3

N; number of specimens. I,D; in-situ inclination and declination,
I.,Dai inclination and declination after correction for bedding
tilt. k, ogg; Fisher's precision parameter and semi-angle of 95%

confidence cone.

- A

I RBITRES 53, - F,
Br BB RGBT 2 b v a ML apf
T, RPN LE L B h3 $5 0
#HUic AL o F{e 0 BS h 3oy R.

TREARLE

(8)
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-6l B LS 2o X REH - RSB A

FhER, HKLE, &»ED
(&iRxna) (®4%)
DRaAABE niFth e A g1 T, HAzBr AN L ERRAEAIEL LT
D 3. =M3ERBEHo K- AFRe-on T gL aHE?HI T, Af#1BL 2 M %
f LT V3 ( Miller et al., 1962;3;1g§ . A5 @, 1964 , 1944 ; shibata and Nozawa, 1967 ; W,
1978) ., - %5, =39 %o0 CALRRuM:EF < Sx = M3t 3, RFNW
Mot G GRAZHL topnrsn. V7L, EE-KRAZR» Ph o &
;pepztzg\)a;ao ~fgegrded Lt a3, HAHTHY, &ﬁ\’\&ﬁﬁwi*‘% TR Tl
5w~ %23 MTv 3 (Ishihara, 1979 ; ¥ @ - R My, 1979; N~ 4R, 1180; H =,
1983). M EE(1923) = & 3¢, ZRWRREBASY > rR@ETH Y, BIMERS 3 A
o SHHEAS AT,
1 ff : Gabbro and dolerite
I #f : Syenite, quartz syenite and alkali granite
I # : Coarse-grained syenitic rock and rapakiri granite
VA : Coarse-grained biotite granite
v 88 : Alkali dolerite and syenite porphry
iy, oHa KAK e PREH S s &3 RSN 4R 5 A f 7 Pyrrhotite Th Y, (.E
Mrs35ABAITRYL @AY A0, L L, Nomal NR4 ¢ Reversed NEM STk
Gl vanHre b3, LEWRREE REREREE RS TR B T
5 M, RIS pyrrhotite - A ¢{ Titanomagnetite & 3., A stage 2 £ % 1= Normal X
Reverse o NRM 43 » 3 m, 4L (,‘gmmgﬁ o A B L T 3, Normal NRM gInclination
vy AITH A o * M rY v ™, Reversed NRM 9 Inclination B lAX 8 r K v . = A5 KE
R RER EEY YA AR ER » 3 LIMFXREFR 2 2R Af =0 V) tEFE LRV

Paleomagnetic data of Tertiary igneous rocks from Ashizuri-misaki

site Rock Kind N | H |Intensity]| C.P. D 1 K 0gs| Lat. Long. | dp | dm
(10-6) (°c) ) °) )
1 | Gabbro 12 {100 5.30 546 212.3 -26.0]115.3 4.3| 55.0°s 111.8°W| 2.5 4.6
2 | Granite 9 [200f 21.70 552 27.5 40.8] 99.5] 5.6 64.1°N 123.0°W| 4.1 | 6.8
3 | Gabbro 10 | 300 1.67 542 - - - - - - - =
4 Syenite 9 | 200 4.61 554 206.4 -23.8) 68.5 6.31 58.5°5 103.1°W| 3.6 6.7
5 | Q. Syenite 6 | 300 0.76 555 235.2 -35.9| 7.9]25.5 39.4°S 43.5°E{17.1 | 29.5
6 | Q. syenite 4 | 150 2.47 - 230.2 -25.2| 15.2]24.4 40.4°S 53.9°E{14.1 | 26.2
7 Q. Syenite 16 | 400 1.07 577 208.8 -28.0| 27.2| 8.1] 58.3°8 109.6°W| 4.9 8.9
8 | Q. Syenite 7 | 200 8.36 575 354.0 42.6| 14.9120.5| B0.4°N 12.3°W|15.6 | 26.3
9 | Q. Syenite 10 {100| 1218.00 554 359.1 47.1{131.1] 5.9| 85.6°N 36.8°w| 4.9 7.6
10 | Q. syenite 7 |100| 10.90 552 347.3 33.6] 32.6{10.7] 71.7°N 5.3°W| 7.0 | 12.2
11 | Q. Syenite 13 | 400 0.93 574 - - - - - - - -
12 Syenite 14 | 150 7.43 533 27.5 28.3| 30.2| 8.4 66.2°N 136.0°W| 7.3 11.1
713 | B. Granite 5 100 0.12 546 333.9 38.8] 19.5[17.7] 67.5°N 42.5°E(15.4 | 23.4
14 B. Granite 15 | 100 0.19 553 6.8 72.8| 47.0] 6.4 64.5°N 141.4°s]10.1 | 11.4
15 | Dolerite Dyke|l5 | 300 3.42 549 195.6 -11.8| 34.0 9.6| 59.6°s 78.9°w| 5.0 | 9.8
16 polerite Dykell1l5 | 200 0.62 - 1.1 43.0| 20.4{ 9.8 | 82.3°N 54.3°W}| 7.6 | 12.2
17 polerite Dyke| 6 |300 0.89 550 331.3 50.2] 11.2|21.0] 85.6°N 46.7°El18.8 | 28.1

1 -3 : Stage I

4 - 11 : Stage 1I
12 : Stage III
13 - 14 : Stage IV
15 ~ 16 : Stage V
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B %

A48 - hAER

- EEARE

wa X - FKF

AMEeFaffesdrwBio briian

FroomiTr, @ BruoB iy TAMRCRIY I RAFEAY -
AHBAGHREMPE> < LT TR, HEHL ) PR AMRT afre N AWE
HOBwmRP 95— 78, PREARAATRE LTI 93, 04, 1986,

SB, AHBFHrEs), HOREUAFRAR LA R ULER> uz a#E

BELWRET 2,

Y1 AR, BHBL RN T —FoWMMET LT L,

Rig's v, B LCIYIMICE T VEZRBIITE W T zijdeyveld-draqrame 3 1z v ¢ o
o J-THR#MIBER7ur tdX3, 3 &, MABEAR L) 25n BTN
fi0 vaPofEt (Yaskawa , 915) ¢ Auwtlle KB FIt e vV ap ol

L& &3 W

Tl UWHERpeK LUBROBeIRE R T — 7

Fifre
1 XKE-R5081; FORMK,

- TRRREY
L ¥ Y 3
g ANBIRARUR

Bin~ e

SN

assfrey; ¥EARENEH

ey,

= 787 ; AARAPUR

10 =& -

11 kE%fer; #fauB

12 Fa% B Sun kel

13 2 } L]

1 E&er; @aguid

15 tF-A2nL; ARERERY
¥

16 JRETE,; Byt

17 %1 amlsTal

18 xEt8 RNEfauty

O O N O W

B AREEA Ry (200

(200 Oe)
(150)
(150)
(300)

(150)
(150-300)
(100)
(100-300)
(200)
(150-200)
(300)
(300)
(150)
(200)

(200)
(200-300)
(50-150)

11

19

13

Cleaned Remanent Magnetization v G P
D(E) I(D) K agsq  ILlemu/g) VTCORPN G
152° -76° 20 15° 3.3x107% -54° -70°

-1 41 1 14 2.6 80 -43
142 -59 7 16 4.3 -62  -110
-166 -59 27 9 5.7 -76 6
-17 52 2 14 .9 76 42
-13 40 3 26 0 75 3
-11 24 3 18 18 68 -21

-5 43 66 7 2.3 81 -21

22 -5 2 19 2.9 46 -92

29 55 53 5 14 66  ~153
-176 =59 16 7 2.5 -79 -3

22 18 31 0.7 58 -96
-159 77 20 1.3 -55 -35
-176  -46 21 7 6.4 -84 87
-130 -68 11 13 1.3 -50 0
~41 23 13 13 6.9’ 47 21
-104 -75 4 16 7.5 -32 -25
-165 -87 2 26 0.02 -39 -47
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Im—63 H Hh fE SR 2 & B 7= HR B it D5 oD B 58 5 W)

GHEA - BERZ OIXH)

AR F R EHEARE  RLEAAE PE—AERAL VIS H20BBOLAREBFLEL T 3. t
BB FOMERRE. COUREBUSABOT 7 L=/ ARXWEN I LFLbN L. HHBAYOFEE
AWTIOBENLAENT I b=y 2EMboizL LI LT 3WA. 15 Na KRS o BFRBHEKXIH
EEME ERUAOMBEN L EART I LxpElr R 3, Bb. 15 Na 2RUS OFREETHBEN
F s EBTFRETLEV. RELBCORAEHATASE. FHRBFCAHTIRMAELERRAL
HBO—RATHIAMBHAL. FNEESILBROVBSRENRIHEBBAY L TY VT ETE 0.

BAREAE LA (1971) L3 BRFEDOMR. k%ﬁﬁ#’iﬂﬁiﬁﬁﬁzO%b:.&#lﬂatw\:anf
B D . FDEMIE Rb-Srik - fission-track &% Yic &k > C75~65 Ma V)ﬁﬁt*&)&ﬂv’(‘wb (FAE. 19
75 G, 1984 WHE. 1985) . £ H K MKFLRS o REFHBES LU BRREEXTERD
B ERE->TOT VT EMBRENTRIZLII)RERTRE. LEHST. BREMEOHIBRAK L2 5 F
HEFOOERUROBMEIVWEMD = Lt T3,

EBEDARIBHIZ AT T SHB Rz o -cid BN (1985) % LI & 2 REMTRIER. s EN
HF -5 KHERT - FHELNTEY . Ry s NI TOMMEBREART LD TY
. TRCOMRADALOHBEZRIBAREMAZREALH>TWDI, LAN2T. g oRBOYYTY
vrEIFETSIELIRE) BREMBOFHMNERIE T Y 7&:9»\1*%1&1&%0)&&%%#@&:@6:
LT E B,

BLEo 2 onEEED . AH2Y A b ORENEFR 6N RETRERS EBE. TN HOHBBRT
—#i. T - F =S Late Crotaceous - early Hiocene - middle-late Niocene 3 AT - oA
snd (B1E) . BR—-4E7a v 2551860 Late Crotaceous b early Niocene NEBBAT LK
s K@BEREY. BHAEORMROEE»LBLhTWET -7 LHMEL(RRLTVS. FHROF
WAL FEERRT B Lt s oT, BR-LHEERESCT 0 Y 2 215~12 ke ORRTEHEFT S Y 7k
LT, HAEI4 ORBHE)BAEETE > hZ EHLDRT 2%

N N

NH OS5 -
Dm=17.0° \ N'i”"

Im=49.8° NH 06—.%©

= ° |
Qg5 6.1 NH 04

-+

{6 -HK 04
{G1—HK 39

o fa—HK 05

Hk 37- K9
“HK 33

NHO3__
NH 02 —% ‘9"@)\\NH 0

\ NNH1
NHO! NH13

Late Cretaceous early Miocene middle-late Miocene
(23 -15Ma) (12-7 Ma)

Bs1E BECH site-mean direction (@ = THRK#E : O= LEREFWY)
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BARFBZLL AR OHULT, BEOBIHKY, COURBEOVTHEINTOEF 2 b =5 2 EBHIL:
ZORBMLYF I | =) ROBBEY - TSR & EANRD 0 ~ 0.5 Ha HLBAD BABA~DE Y kb
RO ENTETVS. CORLWEHOBTISSAD, 0~ 2Ma ¥R+ 57—~ HFEWBOWEA
HHRORHIFB BB ERLLTETL S, 0~ 5Ha FHR - FRIROHRR & 3

AWM CI, WRENSEHCEICERRIEF I b= 0~THa 7495 EvB7L— |t OUBAS
7 ARV & MBS E b & B AN BAFHB=L O & 0.5~ 3 Ma BY - WRo#HR: L 3RILHAORTE
DEINBFI b= AEHELCERNMEI Y -y —7F 3~ MHa THUMOHECLIEH - WROKR
57499 ALk o> THIE LR ESER & B R e & OB 14~ 15 Ma HAH - TRHE2ONX, BHE40
WEL~3, MEBZA~ O h LAY

20~ 25 Ma MEEBZ DX

14.09 M5
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