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Late Magma Differentiation at Bingi Bingi Complex, Southeast NSW, Australia
— Based on Oscillatory Zoned Structure of Amphiboles of Granitoids —

Hyogo Prefectural Himejihigashi Senior High School, Science Club, Japan
Kazuya KAWAKATSU Kenya NAKAMURA Tensei NAKATA Tsukasa MAEKAWA Syo NAGAI

Hydrothermal Solution ‘OscillatoryZoned Structure‘

p A repeating structure of um-order bands across the growth
823!}”2’?rs)/uﬁc;?iijﬂsotnructure 0z axis of a crystal. Forms due to ion substitution and recrystallisation as hydrothermal
Subsolidus Condition solutions circulate in late-stage magma differentiation.

‘ Overview of Research Area ‘

Bingi Bingi Point is in New South Wales, Australia (36°0" 50”S, 150° 9’ 22"E, Fig. 1), located in the
Lachlan Fold Belt and a part of the Moruya Batholith. The area is largely comprised of two different
types of magma from the late Devonian. Aplite veins, four meters wide, intrude into the plutonic
rock. Basalt magma intruded 30 million years ago(Fig. 2).

Overview of Rock Types

(1) Diorite
Euhedral amphiboles and
quartz pegmatite crystallized B8
due to residual magma i
activity at interfaces (Fig. 3)

(2) Tonalite
Contains diorite xenoliths that are
cubic near the interface but elongate
further from (Fig. 4). Fine-grained
mineral deposits found near the
xenoliths indicate they were heated
by the tonalite magma.
Xenoliths show strike that is near-
parallel to the diorite-tonalite
interfaces (Fig.5).

(3) Aplite veins
Aplite veins intrude tonalite
and contain xenoliths of
both diorite and tonalite(Fig.
6).

(4) Basalt
Three parallel veins, two black and one oxide red, intrudes linearly across diorite and tonalite (Fig.7). Northern veins include aplite
xenoliths of all three and aplite shows thermal effects near interfaces.

‘ ACknOWIEdgements References (1 )Kawakatsu, K. and Yamaguchi, Y. (1987) Geochim.Cosmocim.Acta, 51,535-540.

Our thanks to Professor Tetsuo (2) Prendergast, E.I. (2007) Australia_n J.Earth Sciences, 481_5011 )
KAWAKAMI. Assistant Professor Fumiko (3) Prendergast, E.I., Offler, R. and Zwingmann, H, (2012) Australian J.Earth Sciences, 1-18.
! ) (4) Whalen, J.B. and Chappell, B.W. (1988) Amer.Mineral,73,281-296.
HIGASHINO, and MSc student Miku (5) Branagan, D.F. and Packham, G.H. (2000) Published by New South Wales Department of Mineral
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Fig.2 Rock-type Map & Sample Points

Fig. 6 Aplite - Basalt interface Fig. 7 Red and black basalt

NAKANO of Kyoto University for their Resources, Sydney, 317-319.
assistance with EPMA analyses and (6) Wiebe, R.A. and Collins, W.J. (1998) J.Struct.Geol.,vol.20, 1273-1289.
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(8) Hyogo Prefectural Himejihigashi Senior High School Earth Science Club (2023) Abstract of the 128t
Academic Conference of the Geological Society of Japan.(in Japanese)
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0ZS in Amphibole ‘ 0ZS was observed in samples where diorite interfaces with tonalite (Fig. 8). It is observed in the green actinolite
rim, formed by recrystallisation, and not the original magnesio-hornblende core. OZS appears to “fill in” the gaps. Invasion of
hydrothermal solution can be observed in the a-, b- and c-axes, but OZS only develops across the c-axis. OZS forms in a parallel
pattern in non-contiguous amphibole crystals. Later OZS cuts across earlier, inner, zones, corresponding with overlapping OZS from
other grains near the outer boundary. (Fig. 8)

TR B A

Sample 240125-6 Sample 240127-5@ Sample 240127-5@ Sample 240128-2

Fig.8 Examples OZS at diorite-tonalite interface (Upper : open-Nicol, Lower : Backscattered Electron Scanning Fig.9  0ZSin a diorite amphibole far from the tonalite interface

240125-6(1 240125-6(1 2401256 2401256 24012560

Al4
Al4

Al Ti ca h Na . Fed+

24012561 24012560 24012561 24012561 240125601

3@

Na(Ma)

Na ALs+Fe3H2Ti Natk Na Na(A)

Fig. 10 EPMA Analyses of Sample 240125-6(1)

1) Thermal convection from the tonalite magma created diorite - :

xenoliths which elongated along the interface (6)(7).

2) As the tonalite magma dehydrated and foamed, residual magma solution
circulated over the diorite (1), causing OZS to develop in the amphibole.

3) The AlV! value is less than 0.6, indicating hydrothermal solution produced
from dehydrating, saturated magmas under the subsolidus condition. Edenitic .
substitution patterns in the 0ZSs dominate the amphibole. Fe3+in the M1-M3 Identical structures found can be
sites comprises more than half < Na*, Ti*,Fe3+. The Fe2+/(Fe2++Mg) value explained by the effects of hydrothermal
is 0.18~0.50 and the Mg/(Mg+ Fe,,,) gradually decreases from core to rim. . . . .

The OZS coexists with large crystaiostaof euhedral magnetite and contains very solutions in dlfferlng areas and eras (1)(8)
low traces of Cl. Along with the presence of euhedral magnetite and sphene, This shows that OZS is a useful indicator
these further indicate secondary recrystallisation in oxidizing condition under of hydrothermal circulation.

the subsolidus conditions.

Current study 1) Comparison of the Australian “I-type” and “S-type” granitoid classifications to the Japanese “magnetite” and

“ilmenite” classifications.
2) Estimation of hydrothermal solution temperature and pressure from oxide minerals and feldspar that coexist with 0ZS amphibole.

Ala

Fe2+/(Fe2++Mg) si
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Learning about Disaster Prevention in High School

— Scientific Understanding of Natural Disasters and Acquisition of Knowledge of Disaster
Prevention Behavior—
() EheB2
SM4ESH23H () ~24 H () 9:00~12:00 FRIFEFERIKFAE S ni,
(L) & Fr
ERBEERSES IR Ay ®
(F) &m&E



G o
T Ve ey M.
l'. !hf - :‘;:’: ;ﬁv‘g}hrfl
e % b &
&8 o B _Q@
€ :,';;«e
o =
-

SRR A6 FE RO BB ORISRk

EGE ¢ RN, EAENG, B (REEE 2 £L7)

FIIpsSL (8, BER

Learning about Disaster
Prevention in High School

-Scientific understanding of natural disasters

and acquisition of knowledge of disaster
prevention behavior-

K,KAWAKATSU, A,MITSUI, N.KODAMA, T.MAEDA, H,NAKANOU,
A TADA, Y.MUROMOQTO, K,KISHIGAMI, H,.GOTOU, K.MOTOWAKI,
Y.NISHINO, T.SATQU, M.SHIMURA, K,SUGAWARA, K.TAKATA,
T.TAKEUCHI, Y. TAKEUCHI, N.YAMAURA, Y.YOKOO, R.YOSHIDA

HYOGO PREFECTURAL HIMEJI-HIGASHI SENIOR HIGH SCHOOL
SHIMURA MISAKI, SUGAWARA KAEDE, KISHIGAMI KANNA

When a disaster occurred, ...

Should we just think about the time
when a disaster occurred?

we cannot think about disaster
prevention or mitigation without
knowing how disasters occur

- Himeji Higashi High School's SSH
Research and Development
2 Collaboration of research activities
and dissemination of results

For jurior high
and in the regon, soread results

i . Evolving research activity
' SSH Psitwely work on scierce obreics and lectures high school
(ein) ‘coceerats with uriversity

Do you know this disaster?

January 17, 1995

On the earthquake education

Disaster prevention/Disaster aid prep
hazard maps

earthquake insurance
earthquake-resistant building

shelter locations and evacuation route
prepare disaster prevention goods

What is needed for disaster prevention?

7 n

Inter-disciplinary Disaster

scientific prevention
understanding activities on
of natural individual and

phenomena societal scales

Not memorization,
but logical
understanding

For fostering people who a lead the world
Role model creation for international research and scientific ethics
international activities for ; ) —
female students < international E.S. activities
[ |

. Make a Support of
pr at € :
International pr on at an the science club
Girl's Expo conferences L "c‘:)en'f':::";‘:[ J
female researchers e R
and high school girls " gradesclence course "development stag ]
Resedrch at Australia field | | * Inquiry-Based Study of
Georgetqwn study Science and Mathematics,
Yniversity Science Ethics
Science Ethics * Basic Inquiry-Based Study
| of Natural Science II
= saivre * Basic Inquiry-Based Study of
+foundational cro.ss-dl_sqplme Natiral Sclansa:l
-workshop§ at universities and museums . (focus anearth science)
=start Inquiry-Based Study of Science and Mathematics « Inquiry-Based Study of Science

L

and M 5.
Hyogo Prefectural Himejihigashi Senior High School ~ SSH schematic diagram
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BY THE WAY...

Physics, chemistry, biology, and earth
science are overlapping fields.

We cannot understand nature without
learning comprehensively.

Developer is history
—>science—engineering

Program that only SSH can do.

Basic Inquiry-Based Study of Natural Science
#the simple union of basic subjects
=using ES as a base foundation

¢

To learn base in basic subjects and
link with the earth science through

experiments and observation

BASIC INQUIRY-BASED STUDY OF NATURAL
AND BASIC INQUIRY-BASED STUDY OF
SCIENCE AND MATHEMATICS I

Gain a broad perspective and basic knowledges in Basic Inquiry-Based
Study of Natural

+

[ Practice concretely in basic Inquiry-Based Study of Science and Mathematics |

]

= Logical & critical thinking (hypotheticol deductive method)
= Discussion & debate abilities

= Presentation ability to tell other people

Ability to show objectively by mathematics (statistics, probability
etc-+)
language skills to communicate with others

QUESTIONNAIRE

Awaji = Kobe training

® swongysgee ® agee @ disagros

WHY “BASED ON EARTH SCIENCE?”

We find it necessary to learn
interdisciplinary science. But:--

U

Why do we use earth science as a

base?
I

Experiencing the H-A Earthquake
gives us a unique perspective.

BASIC INQUIRY-BASED STUDY OF NATURAL
SCIENCE

Students work to gain a comprehensive
cross-discipline understanding of basic
science natural.

Earth science are representive.

Students study mainly basic physics and
basic biology earth science
comprehensively.

Students study mainly basic chemistry
comprehensively in natural science basics
of 2nd grade.

FOR TO TAKE ROOT NATURAL SCIENCE

Hokudan Earthquake Memorial Park Nojima Fault
Preservation Museum

R 4

Disaster reduction and human
renovation institution

CLASS DEVELOPMENT

Rich Earth Science

Experiments

{1 I m Basic
Basi S Inquiry-
c Basic asic
+ = Based Study
of Natural
Science

Based on Earth Science
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Disaster Prevention Education: Combining Scientific Understanding of

Disasters with Knowledge of Disaster Mitigation Strategies

Kazuya Kawakatsu, Kanna Kishigami, Misaki Shimura, Kaede Sugawara
(Hyogo Prefectural Ifimeji lligashi Senior High School, Honmachi 68-79, Himeji City, Hyogo Prefecture, Japan) htific Understanding of Disasters with Knowledge

jgation Strategics

Abstract: Himeji Higashi High School is located near the epicenter of the 1995 Southern IHyogo Earthquake.
‘The occurrence of these tragedies stresses the necessity to scientifically understand disasters and develop and
implement disaster prevention actions at both the individual and societal levels. It is our belief that we cannot
properly prepare for or mitigate disasters without understanding how and why they occur. Such knowledge is
gained through Earth science education, which synthetically interweaves all three natural sciences to facilitate a
deeper theoretical comprehension of natural disasters. Himeji Higashi’s Super Science High School program aims
to provide interdisciplinary scientific education to foster students’ comprehensive understanding of natural
phenomena and consolidate their related learning. Students learn by selecting specific subjects of disaster
prevention and mitigation to study. In addition, students understand the mechanisms of natural disasters in class
and experience disasters through museum training. A questionnairc was administered to the students upon
completion of the program. The results showed that indicates the program is promising and may have had a
positive impact on students. More than 85% of students were satisfied with our educational program, and we can
expect that they will understand nature and work for disaster prevention and mitigation themselves.

Key words: Southern Hyogo Earthquake, Natural Science, disaster prevention, disaster mitigation

1. Introduction

Himeji Higashi High School is located near the northern tip of Awaji Island, which was the epicenter of the
Southern Hyogo (e, ly the Hanshin-Awaji ). This carthquake occurred at 5:46
AM on January 17, 1995, killing 6,434 people. It caused widespread devastation, particularly in the built-up urban

arcas of Kobe city, such as Sannomiya or Motomachi (Figure 1). However, as years passed, the lessons leared

were forgotten to the point that interest in disaster p ion is waning, especially in ions that have never
experienced such disasters.

Japan’s disaster prevention and mitigation education is only briefly addressed in Earth science textbooks, and
7 z 2 T P . i . Devastation in Kobe City
only touches on advance preparation and actions to take in the event of a disaster. This kind of education, which

does not cover the mechanisms by which disasters occur, produces students who fear nature. Moreover, not all saster p ion and mitigation involves

r‘ a
students study Earth science as a mandatory subject in Japan. However, disaster victims point out that it is hechanisms at pla

in disasters (Figure 2). Based on this,
important to understand and coexist with nature to prevent and mitigate disasters. veloping, refining, implementing, and practicing disaster

| and societal levels.

Kazuya Kawakatsu, Master of Science, Principal Teacher at Hyogo Prefectural Himeji Higashi Senior High School; research areas:
science education and science ethics. E-mail: kazuya-kawakatsu@hyogo-c.cd jp.

Disaster
prevention
activities on
individual and
societal levels

orization,
nderstanding

Tigure 2 Concepls Necessary for Disaster Prevention Education
Natural disasters, including carthquakes and typhoons, occur at a high frequency in Japan, and students are
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Our School is a Super Science Highschool
(SSH) that stands within the grounds of the
World Heritage Site of Himeji Castle. The keep
is visible from almost every classroom, in fact.
We are a school of 840 students, two-thirds of
whom elect to enter one of our science courses.

School Watto

Our school motto is “Expand your individuality and your dreams will
fly!” To stay true to this ideal, we have done a few things to break the
mold.

We have adopted a credit system, which is uncommon in Japan.
This allows students more flexibility to study what they are interested
in. We also have a lot of career guidance. Various professionals and
academic come to the school to have and discuss their experiences.
Building on that, students visit or even work with various companies
and organizations. Some even experience nursing in hospitals and
clinics.

These events help students to find things or careers they are
interested in, and helps them understand how to get these.

Super Science Highschool

! Our school has many events
such as language training
programs, a field study in
&= Australia, a science training
; program at Biogen, and so on.
+ We are members of science club and we will go to an
international conference in the U.S. this December.
i' The science club leads our school's SSH activity. We
have participated in many conferences in Japan, and got
many awards.

11
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Motive and Background

We did an outcrop survey in NSW, Australia

|
We modelled the environment during the last-stage
magma differentiation from a mineralogical viewpoint

Bingi Bingi Point NSW, Australia

Bingi Bingi Point is an important area for
studying magma differentiation processes as
different magmas mixed incompletely here.

Fig.1 OZS in an amphibole in diorite (2023)

0ZS is a wave-like repeating structure of um-order bands which develops across

the growth axis (c-axis) of the crystal. At the time of our study, no detailed
It is formed by ion substitution and secondary re-equilibration due the circulation 'C"O';‘;L"C'&gd'ca' or. metiological surveys:had bigsin

of hydrothermal solution during late-stage magma differentiation.

The Research Area %

Bingi Bingi Point is located in s

New South Wales, Australia : T ) )

Co-ordinates:  036° 0’ 50" S E o r , YA
15009’ 22" E e N TR Sl

ot

The circumference of the area
is about 1.5km

N

Fig3 Point of outcrop survey

(Google Earth)

Overview of Rock Types Overview of rock

(1) Diorite

An igneous rock of medium silica content.

Euhedral amphiboles and quartz pegmatite
crystallized due to hydrothermal activity at
interfaces. (Fig. 5)

(3) Aplite vein
An igneous granite-like rock with high quartz
content. Aplite veins intrude tonalite and contain
xenoliths of both diorite and tonalite.(Fig. 8)

Fig.8 Aplite-Basalt interface

black basalt

(4) Basalt
An igneous rock with low silica content but highergeSEas
metal content. Three parallel veins, two black and ; »
one oxide red, intrude linearly across diorite, :
tonalite and aplite. (Fig.4, Fig. 9)
All veins include aplite xenoliths and aplite shows:
thermal effects near interfaces.

(2) Tonalite

An igneous rock similar to diorite but with a
higher quartz content. Includes diorite
xenoliths that are square near the interface
but elongate further from it.(Fig. 6) Fine-
grained mineral deposits found near the
xenoliths indicate they were heated by the
tonalite magma.

Xenoliths show strike that is near-parallel
to the diorite-tonalite interface.(Fig. 7) Fig. 7 Aligned strike of elongated xenoliths

Fig9 two kind of basalt

12
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0ZS was discovered in amphiboles in diorite near interfaces 0ZS was discovered in amphiboles of diorite away from the interface

@ Twelve polished 8 - k¥ 2"

thin section were
® viewed through a
polarized optical
microscope

istinct OZS is
observed where
tonalite and diorite
are in contact. (Fig|
10)

0ZS is observed
only on the pale
green rim, which
coexists with 0ZS developed an irregular shape away from the interface (Fig. 11)

magnetite and Again, OZS can only be seen on pale green rim, not on the original “core” material.
Sample 240127-5 Sample 240127-5 Sample 240125-6 SHISne The sample coexists with euhedral magnetite and sphene

Figl0 Examples OZS of amphiboles from the diorite-tonalite interface
(Upper; open Nicol, Lower: backscattered electron image)

EPMA analysis of 0ZS Conclusions &  Source of hydrotherma
5 e soluti
Discussion =

Diorite solidified =~ Tonalite magma flows across,
creating diorite xenoliths.

Thermal convection Xenoliths are attached to
elongates xenoliths the wall of cooled diorite.

]

Figll Examples OZS of amphibole of diorite being off tonalite (Sample 240128-2)

We discovered a lot of OZS created by
hydrothermal solution in amphibole
samples.(Figl3)
External OZS cuts across or deforms
internal OZS

—An effect of hydrothermal solution
from dehydrating magmas.

Figll EPMA Analysis of Sample 240125-6(D R
Figl3 OZSin an amphibole
Conclusions & 7A - P —
Di ion BBl v Si ~ Na K + A |1l Edenite type
scussio M1-M3 Tet. M1-M3__ Tet
: Mg + S — A+ Al 27 Tschermakite type
Mg + Si — Fe’ + Al 271
0ZS of amphibole in bulk diorite is 4 P M4 M1-3 M4 M1-3
irregular. (Fig.14) Ca + Mg — Na + Al 3A%!  Glaucophane type
e g.14) . 3+ i i i
—Diotite’s own hydrothermal solution _ Ca + Mg — Na = Fe 3BT Riebeckite type
circulated strongly A R A M4 A M4
x 1 T Na + Na 4% Richtecite type
M1-M3 Tet. M1-M3___Tet. -
Mg ¥ 28 — Ti + 2Al 55
) i T M4 M1-3 M4 M13
. ‘ 2Ca ¥ Mg = TNa YT 6ALU
Figld Strong Patchy Zoned Structure Ca iTAl T Na 7T 6871

Table 1: Amphibale coupled substitution patterns (leftis Edenite/ Czamanske and Wones, 1973 revision)

The coupled Edenitic substitution patterns in the 0ZSs dominate the
amphibole and indicate an oxidizing environment.

The Al value is less than 0.6.
1 a characteristic of hydrothermal solutions produced from
saturated magmas undergoing dehydration. All of the OZS in rocks:*

Fe3+in the M1-M3 sites comprises more than half the total of Na+Ti+ Fe3+. ] 5 q .
The Fe?+/ (Fe?*+Mg) value is 0.18~0.50 and the Mg/ (Mg+ Fetotal) Since OZS coexists euhedral magnetite and sphene, OZS formed in
oxidizing environment under the subsolidus condition.

gradually decreases from core to rim. ) - T )
We think that OZS is useful as an indicator of hydrothermal solution
The OZS contains low traces of Cl. circulation of as OZS development is affected by era and region.

These are the characteristics of a pluton experiencing
secondary re-equilibrium in an oxidizing environment.

Current Studies Acknowledgements

We wish to thank Professor Kawakami Tetsuo and Master of Science student

RESeamh area= ) Miku NAKANO (Graduate School Faculty of Science, Kyoto University) for their
Batholith(granitoid) T S-type (Sedimentary) : Contains ilmenite advice and assistance with EPMA analyses.

\4‘ I-type (Igneous) : Contains magnetite and ilmenite

Australia : Classify

Magnetite-bearing |-type. into “I-type” and “S-

It has higher oxygen partial pressure YPe”

than S-type one Japan : Classify into
“magnetite” and
“ilmenite”

Rock of research
area(granitoid)

A comparison of

. . classifications is
We want to find a way to estimate hydrothermal necessary.

solution temperature and pressure from iron oxide
minerals or feldspars that coexist with OZS amphiboles.
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e DO YOU KNOW THIS DISASTER?
HIMEJIHIGASHI HIGH SCHOOL .

[Assigned theme]

“Disaster Prevention” through Self-Help and Mutual Assistance

DISASTER PREVENTION
EDUCATION

COMBINING SCIENTIFIC UNDERSTANDING OF DISASTERS WITH
KNOWLEDGE OF DISASTER MITIGATION STRATEGIES

Member
RIKU OKAMOTO YUYATERADA SHOMA MIYASHITA

WHEN A DISASTER OCCURS...

(1) Should we just think without acting
when a disaster occurs?

(2) We cannot think about disaster
prevention or mitigation without
knowing how disasters occur.

WHAT IS NEEDED FOR DISASTER PREVENTION?

[

imeji Higashi High School’s SS|
XORTFE P2EZ ~ 6HRWE Research and Development
Science

Super Highschool Collaboration of research activities
\ R— /YA LANL XD~ N e st ot

Inter-disciplinary Dlsastgr
scientific Prt_%V_e_nnon
understanding activities on

individual and
social scales

of natural phenomena

\ / /N’c; memorization, /
but logical
- 8

- undersanding

WHAT IS SSH?

A CLASS DEVELOPMENT
(1) SSH is a project in which Japan’s Ministry of

e o . : " Rich Earth Science
Education identifies, designates and invests in Experiments
cutting-edge high schools in them in order to

| ] Ml
promote science and mathematics education. ’U"c b A ;}‘ % Basic inquiry-
(2) Currently, approximately 210 high schools are m:iﬁy zf;ﬁtgzge
enjoying the benefits of this program under the 8
SsH Based on Earth Science

BASIC INQUIRY-BASED STUDY OF NATURAL SCIENCE

FOR NATURAL SCIENCE TO TAKE ROOT
- Students work to gain a comprehensive cross- aq ha 4 - 5‘ "

discipline understanding of basic natural science. :
- Earth science is the summary subject.

(1)1st grade students study mainly basic physics
and basic biology to begin developing

comprehensive knowledge of Earth Science.

(2) Students study add basic chemistry knowledge Hokudan Earthquake Memorial Park
to their natural science basics in 2" grade.

Nojima Fault Preservation Museum

Disaster reduction and human
renovation institution

15
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QUESTIONNAIRE

Awaji + Kobe training

e e

High School Students Summit on
“World Tsunami Awareness Day” 2024 in Kumamoto

Thank you for your attention

THERE ARE TWO POINTS

(1) Since earth science is a fundamental
subject that covers the natural sciences,
we provide education that integrates four
fields in to earth science.

(2) For disaster prevention education, it is
necessary to have a logical understanding
of natural phenomena and education on
social disaster prevention strategies.

="

4YOGO PREFECTURAL
HIMEJIHIGASHI HIGH SCHOOL
]

ssigned t

tion” through Self-Help and Mutual Assistance

SASTER PR

EVENTION EDU
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I prefer: ORAL presentation

Disaster Prevention Education: Combining Scientific
Understanding of Disaster with Knowledge of Disaster
Mitigation Strategies

Kazuya Kawakatsu!

'Hyogo Prefectural Himejihigashi Senior High School, Honmachi 68-70, Himeji-City,
Hyogo Prefecture, Japan
E-mail: kazuya-kawakatsu@hyogo-c.ed.jp

Abstract

Our school is located near the epicenter of
the Southern Hyogo Earthquake that occured //
on January 17, 1995. As the years pass by,

/ +
/ Inter-disciplinary Disaster \
lessons .leamed have started to be forgo.tten. ' / sclentific ~ prevention \
The main lesson we learned from the disaster is ! | activities on
i individual and

that it is necessary to understand the natural
world scientifically and to practice disaster
prevention activities as an individual and
societal scales to protect ourselves from
disasters.

societal scales

Japan has many natural disasters and students Fig.1 What is Needed for Disaster Prevention?
are taught how to prepare for and respond to them.
Aside from those practical considerations, students learn about the underpinning scientific theories of
such disasters in earth science classes. However, students don’t study the four natural science
(chemistry, physics, biology and earth science), but only choose to study 2 or 3 subjects from them.
Therefore, students who don’t choose earth science have no opportunities at school to learn the
mechanisms behind disasters. In modern Japan, very few schools offer earth science courses so many
students are denied the opportunity to understand the theory of natural disasters.

The most important research and development theme of our school is "International Activities
centered on Earth Science". Our school has set up "Basic Inquiry-Based Study of Natural Science" to
encourage comprehensive across the four fields of science with a focus on earth science. Here is also
"Inquiry-Based Study of Science and Mathematics" research based on earth science. In this system, all
students study across the four fields of natural science and so they can come to understand natural
phenomena and natural disasters comprehensively. In "Basic Inquiry-Based Study of Natural Science",
students investigated the Nojima-Fault which was responsible for the Southern Hyogo Earthquake and
visit the Disaster-Prevention Future Center. We learned about disaster prevention and mitigation
techniques there. We would like to show the country the fruits of our labour nationwide.

Keywords: Southern Hyogo Earthquake, mechanisms, activities, disaster prevention

Biography
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Recent Photograph:

BASIC INQUIRY-BASED STUDY OF NATURAL
AND BASIC INQUIRY-BASED STUDY OF
SCIENCE AND MATHEMATICS I

Gain a broad perspective and basic knowledges in Basic Inquiry-Based
Study of Natural

+

Keynote Presentation at Earth Science Webinar 2023
Day 1/11:30-12:00. 25 September 2023

Disaster Prevention Education

Combining Scientific Understanding of Disaster
with Knowledge of Disaster Mitigation Strategies

! Practice concretely in basic Inquiry-Based Study of Science and Mathematics |

[

= Logical & critical thinking (hypotheticol deductive method)

= Discussion & debate abilities
= Presentation ability to tell other people

KAZUYA KAWAKATSU

PRINCIPAL TEACHER OF NATURAL SCIENCE

ON HYOGO PREFECTURAL HIMEJIHIGASHI SENIOR HIGH SCHOOL Ability to show objectively by mathematics (statistics, probability

etc---)
language skills to communicate with others
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Bor=12 Lz THERLLARAVETDE, K1OLICEEDDHT ENTED, ROBR  |z=01315n
52 7R 5 OB EE R FHEOTLDE  [r=0.0072e 2 x 194,01 (1—1) | r=0.0072e—0280 x 194.01 (n—1)

r = Setn X u (n — 1) EALHTIEFDIE r=0.0135e 025" x 98.837(n-1) r=0.0135e025" X 98.837(n-1)

v ¢ JFUR N B A R E T KRR 2230420
n: FEOEESEZ 0FR & Lz & X% B OB L) FLFRAERAED | r=0.0113¢02%1 x119.97(n-1) 1=0.0113e02%n x119.97(n-1)
u: BEEET 2 2 MO R 0 Za 3Kt oD = 2=-9.1911n
s BHEANS VR, B D R & X DRSO BRI RE < T HARTUEIED | r=set xu(n-1) r=set" xu(n-1)
t ;A < B OB BBV S 2D z=bn

A SH B

SROBRE | ) copeycmsiLconn koo b g oo || SUASKIR| ) e, R, SRR AREO B R %
WZOWTHRARTWE, F7z, [ Y OBk % 22 ¥AL 0 SR 2UHIED MfEL, BARK, B FHE, PRT v OREORSNIRAN R DD, (b
BDHDOME D NERRGEL T2V, LW, 61(1), 46-48(2023).

| BMEE| hmrsen o icior 5O, AR RO A EREARIC I, ARAIE RV FVE, T ISR L R R
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ZIN F o) OB IEREI“HRoi7s pH OfER
—&7F - IR ORE: pH FREEICmITT—

SRS TARES R AR
HHERES  [AFZE PAER HEELEE Rl A BrRAss

Z B

FHEE)S 40 (Zii7= 72\ = A T2 D i R LR R 2 B S U . I Lo CRITEEAE i S LT
Tl ETHEE SN TODENThH D, = A T2 U hk RIFHEERE T 272 0OIZI3EE - KR 2 i L7 idiud
7RBIRVS, FTEELWHENB DN SIUTUVRY Y, ~Z ADJRO pH=5. 81~6.90 LHENVAL, fHHA=
AF 2 UDNL AR L TNDOIE pH=5. 81~6. 24, IFEHM=/ 1 F 2 UNL AR L TNDDIE pH=5. 81~
6.00 T D, ~ZADFRH pH=6.90 LI ED & & =/ A F 2 7 IHERTE /20,

HAA B~ Z aDRIEREKE T b U 7 L& N2 T I iEIR ] 215D . ZOH T F o v DOiEE%
BT AL =~ F 2 7T pH=6. 40, TEHRRI—= 1 F = 7|3 pH=5. 40 D3R & AEFLEDE Y, pH=5. 31
~6.50 D < OIRFIZINT, REI= A F o VIHFRR= A F 2 7 L0 BAEFREOR TP L0 Th
5, B L EFDIFRR =N F o T d pH 2SIV RFNZ, WA E DD B =N F o T
pH 23 g\ K RIS LT D,

F—J— R FHR = F 2y A=A F o pHIPER AR

A. HRDBR

JEAFREI, 2 EIREREF 2O TR ONEE L D> TR, ZOREEDIROFNAFEADN TN
TH= A TFaUbEL, ARSIV TH D, =T v (CHEWR) 13, JEASRED
AR S (REE mm THIFED)S 40 17722 B AaE) . A ES A MAZ AR T 2 Al I8
DEFTE L LAY & UTEEE SUTWDA, £72ZOARITA LN ST, = F 2 DI,
PRA (1) CigEas (X2) O2FEONERDH D, IERR= T 27X, HE NFROSE~ 4 2)
DBFENTHUE L HlA ST T AIVEE TH Y . M= A F o 73, [EEOEFENTEENS L, JREEBIC
WK LI S, B B4R LU Oigh &gk L, 8 Ly ME BN TR T DIZRE T D, ~ & T DIROIGY
BN D e, TR B LA PORBNESRICEATEY 2, = F 2 7IRODIEIR &0 ) Sk
KU 7 O C— B T Th b,

S

L= Fa
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FHEOIT, AREN K < 0o TORN = A T2 T DRI DU TN D T2 ORISR OBIER 23877273,
SIBEATLE S THR7ZBIERAAT O T LIS TE ol

FRDE T, = A F a2 U RIHEE « 55872 2 LN TE DIRIR AT DBV U, fF - 158
RDOBGIZANTUIN DD DIATIIFER S D V| TRRD pH SEETH 5 Z EAVRINTND Y, LnL, 72
ZOFEMIASNIC SN RN, = T2 Ui EFF> T P 2 SRRSO KER L R Y w7 A% T
RO pH 2 S E SFITELSH, JRO pH LAEFO AL & ORYREABNTT 2 Z L2 AL LTHR
ZAT T, PROBEZR pH 28BN TEIUR, BF - BRI D—H: L 722,

B. #izTA%

UUTFOFETCHZ aDBEEN L= Fa V2L, 805 pH I ROFUICAN T= A F 2T D
TEVERIEL LT, ~ & IO TS TR B AT LT WY 2 Th 5, FBRIT 25°COFBRFNTITV . R
VTRRERIE CIRAT LT, FBRIE 2024 AE 4 H~8 FIZHNTCIE LT, O~@iE—#DEETH D,

O HEMCOANTHFKEER L T, ATHFKL Y7 AoRiEk Gk s oo, Hb~7 %y
Ui FHE T A AR U T A BiliE~ 7R L FTARRET U U LADIRE) ARV, S6IZ,
JRO pH 22t S W 5723012, Ml L KM ET N U 7 2K e LT,

@ FeATHZED O HEIC LT, i bIEA L CX /X~ apB gz W I TEWT, FIZ-H b
TWBIRZEy FEHOTIRWERDY | B —D—ZB L TR LTI (23), ZORFUIZ= A F 20
ARLTEY, = (T 20 RIERYH L,

@ ~ZaADRD p & = AR a7 s pH A—4—LAQUA (5fi#RE 0. 01pH, K5FE+0. 01pH) THHIE
LTz, ~FadpRPICART D= F 27D 0. 0lnl 7= Y DEAREE S %, ~Z 2 DFRO pH & ORHRZ
Rz, EBIT, RO pH ZFFFET 572002, B U7 ROMIEZRE Uiz, JIE L7=Did~ 4 = 7 R0
FNCHAT D= F oy (H 181 EIR, iR 206 fEIA) TH D,

@ BHUUTZRD pH EARFEAFAUZ LT, B L72ROD pHEO. 5 AT, pH 72 D R ZAED T2 O DR /K
b7 b T AR DNTHKEVESTZ, pH ORI DURAAEHEAC, KR N Y U LRGSR Z A
D2 LK TRDEENIAVS D Z & ZRET D722, R 10 1 Z6F L TR R o AAD D
ANTHIK 1 OWFEL L 72D K OITHR Uiz, 7ek, = T = 7 I358HERcokig b b U 7 AiiftE 2R
ZEHLNTEY, = A F 2 VOEREFIRD IR T UL UZAW LTS Y9,

® /IR NVERNT, 274 RHZ ZRIERIZ 0. 01ml DR N DR ZAE>T,

® HEEEOKERLT N Y T AN DA THEKE, BRI UZZRHPICR 10 126 LT 1 ORI E 72D X 912z

PHFRHEIR ] 21ED . TNEATA KRBT ADEN~A 7 e~y ERWTO. 0lnL i F L, IROZSE

ZBh TN/ N—TT T AT, T ISR CHIZRT 5 & & BICRHEOFHAIZ4AD 5,

@ 0.0InL @ [pHFFER | FDO=s~A F 2 T DEA TENDVRL 725 FTOREZ 1 EAT S5t8k L7z, 3-3XCD
= A Fa TN LT BB AR T, ZNETPEE LT3 _Co [pH FEIR | TR0 IR AT 7, SERT 5
FCORAZAFHRE L A Gk L7,

KEIER L LC, ORI LT R U U LA AR~ X aDRTH REROBIER A T T,
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SR6FE  FUFEEHOTRE O

X3

C. Jonf=#ER

= FaUFROL 5T A AERZUER L TRELERET 5. B BRI O TRZE O HTY)

O =FADRD pH &= A FavDERE L DRAfRZ, £1BIOX4ITRT, & 2DpRIE pH=5. 81~
6.90 L EBEMEDSREVD, = A F 2 URZ AR L TN DIE pH=5. 81~6. 24, IFHHI= 1 F
2 NS AR L TWDHDIE pH=5.81~6.00 ThHD, ~& ADRA pH=6.60 LL EIZ725 LifHHil= 1
Fa %, F£72pH=6.90 LLEIZ/2 5 SIGFHRR = A F 2 U AHER TE a0 5T,

£1 ~FADROpH L= A F 2 OERHOBR (A PR, A i, <2 = 7 fER)

pH B pH EE%R
5.81 55 5.81 68
5.81 36 5.81 67
5.90 7 5.90 12
5.98 11 5.98 6
6.00 30 6.00 38
6.24 42 6.24 3
6.58 0 6.58 12
b LR
60 80
50 ‘ 70 .
ﬁw . ® ﬁso
X 30 . ¥ 40 .
@20 2 5
0 ! 'S 12 ¢ e
57 58 59 6 61 62 63 64 65 66 67 57 58 59 6 61 62 63 64 65 66 67
FRDpH FRDpH
(4~ 5 2ORDpH &= F o I OERBOBIS (<42 T fAfT)

@ RAD= A F2UH pH DIENI L > TEOREASFTE 200 e %780, ROz L 54

59
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1758% 5470 % pH O OFRIEDIR T 1 B RO T Uz, AR L1, HH—EM ARG LI
DT, ZOREITHEE L COBEMOEIETH S, BRI, MR L 0 HEEMHANC pH 2975 LR
DI AAFERD & < T2 DAHAD I B AL, pH=5. 31~6. 50 DZ< DIRANTISNT, = A F = T 3
HH—= A F 2 7 L0 EFREOK TP L0 ThH D, A= 1 F = 71X pH=6.40 (X]5). IFH%
= A F27iE pH=5.40 (X6) DR HEELSTVEREE Th o7, IRh—= A T2 7|2 & o TR
DB EVPH I, b < HAE L TWAIRD pH=5.81 L0 & LW EEMETH 5, A= F =27 bl
Bl F a7 b, FERRNIMHZH X5z LT,

1.0
0.9
0.8
0.7
t 0.6
I+ 05
i 04
0.3
0.2 \
0.1
5 | 3
EEEEEEEEEEEEEEEEEEEEEEEEEE
o v [= R Y= I S ] L= =T o ve] DhDde'D!.DNOOED
= = N M = T O WM MN00 O O - Ta}
L I B I T T I B I |
FFfEl ()
pH5.31 PHS5.40 s pH5. 50 PH5.86 s ppH5.95
pH6.05 PHE.31 s pH 6, 40 s pH6. 50
5 RO pH EfibEl= A F o T OEIFROBHR
1
0.9
0.8
0.7
tir 06
It 05
iH 04
0.3
0.2
0.1
0 A
EEEEEEEEESEEEEESEEEEEEEEEEE
L= T U B o Y e L I e R o e ] (=T V=R o 1 DLDNCO‘d‘DLDNCOgD
N = N MM s S N W WM~ 0000 O -NNNmnom [Tp]
L T B I I I B |
FfEl(9)
pH5.31 PHS5.40 s pH5. 50 PH5.86 s pH5.95
pH6.05 PHG.31 s -5, 4() s 1y H 6, 50

JROD Pl LAFHTR =~ F-22 7 DA PROBHT
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D. & &

~ X ADPRO pH=5. 81~6.90 LIEAVAVY, ZOHT, M= F 2 0L AR L TWDHOIE pH=5. 81
~6.24 THY  MEHR = F 2 T AR L TNDDIE pH=5. 81~6. 00 TH D, ~ & TDJRH pH=6. 90 LA
HZ B L WTNO = F 2 T BHER TE o722 b, = A F o UIHBMEREE 24T 2 L 0N,

HAA B~ Z aDRIEREKER T R U 7 A& N2 T I IR Z21ED . ZOH T F o v OiEE %
BT DL, W= N T2 7 F pH=6. 40, EHRH= A F = 7L pH=5. 40 D & X|Z, BRI EN >
Tro WERAI= A F oo, KOEMERE A1 e 2 030D, 72, p=5. 31~6. 50 D DFRHIZHT,
H = A F o2 D HFE = A F 2 7 0 BEFROE TP 00 Th o7, BFETIC L & DifFdil=
A F 2 713 pH 2SR R (pH=5. 81~6. 90) (T, W29k E DD HRI = F = 713 pH A3
VK H=7.7~7.9) ® [ZEIGLCWD VD, S5IC, EH= A F o, IS0 HETY S
AOROpH & T, BHEOAEZT p BREEAE- TWOD ATREMD B 5,

AR, = A F 2 DI L o T pH MR BHEREED 7 DVER Lo WD DWW T B NTT 2 51E%
B2, DI, SRIOMFEOREIIESNT = F o UOEFEZT, YYIDBRICH D L= F
= U DAREZARIS 25 72 ORI OB AT\ Y,

E # &

< H ADPRO pH=5. 81~6. 90 THH 03, M=/ F 2 7L pH=6. 40, IFEHA =1 F = 7L pH=b. 40 %
Ifte, F£7=, pH=b5. 31~6. 50 DZ< DIRFNTIBNT, fEHR = A F o 7| TFERR = A T2 7 L HEFRD
TP ERNTIH 5, BEEHIE 8 F AIERRI= ~f F 2 7% pH DHEFHNR R, 2K EED 57
W=/ ~A T = 13 pH 2SR KSR S LD,

F. # ##

ABFGEEAT DT | KIRFRFEE AR R IS O RFHAEGH L, = F 2 722N T
DI TEHR ZHOUNT T8 THRE A N7V, F - AR R0 | Rk e I, aea %
BRER NN, DI CEE R R

G. &>

D HEHME = A FaUD AT LEEEROMENL,  SSHENE R VR RIS 52 [,
70-71 (2011) .

2) HEHE BWMERE, IR, AP w5157 (2012) .

3) E. A Lapan and H. J. Morowitz, The dicyemid mesozoa as an integrated system for morphogenetic studies.
T. Description isolation and maintenance, Journal of Experimental Zoology, 193(2), 147-159 (1975) .

4) HEHRE = ATy, WIEEDBR BT 148, 51-57 (2012) .

5) EHOAT, RERINT, wWiEE, A= A T = v OFERECHN « 84100 DNA OHIE L HIRL € L
Gl M iz OBAGRH DR FAHIE, [/ BRI P HES, 40(1), 68-70 (2007) .

6) BEE, IUNIER, wEEE = T2 U ORFHINGEOFHRR, ARG TAEMTRTET 1 7T L
e 21, 343 (1998) .

7) [ENLH GEE 2 —, A7 https://ganjoho. jp (2018) .

8) E LAWY, WAWNEREKEFHESR— L= https://www. pa. cgr.mlit. go. jp/suishits/index
(2023)
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“NAF 2V DHBIEEICKE L pHDEZRA

EERMEBRRSSFZR HNEBEMRHARES

P EXE

FAFZE PHEX BELE

FaRDA A ERKER

| RRECAAFay BAEEoA(FaT pHBER

ZAAF 2y (CEBYR) 1. EEEREOBEENICKFIRET B
REE~HTFum, MEREBI0EREOZ MRS TH S, BRI LEEF
AED2ZA THHY . HRE- AL F v, BEOBENTEEN
e, REEHITEABIHLESIN, BIOBE (KFROBEYR

) #BRLTBDEMEAKL, HFLOBEIANTHEETS (K1) , EBHE
SAAFavIEERICEER SN AWK S ICER (EE) & BikmIcE
EL. 4% K0BERNTKRS (M2) , =/ A F a7 38EMEE
Y SMBEY O OENY D5 A TEEREY TH D EINTL S,

-

EHE |

100pm .
e U 100m

M1 BRE=-AAFa29 (FESBE) H2 FEE-AAFa1y (FESEY)

B L B
EELIIEFEEFTCANAFaTOBBICOWTOMREZIT> TWLED
VD OBRIDLETCINATFAVPERETRRATLE S 2D, =/ A
FavEREDSEDILENE LT,

HE - HBEICEAL IV DL DRTHELH YD OD | BEOpHAE
BThHDHIEMNRENTWED, LAaL, FEZOFEMITBESMICSH
TWARWD, ZNAF a7 A MMEERF> TWBO D IEBPKEL T
U LERWTROpHAERA ICE(L S B, [ROpH & EFRRME & DR
EHOMNCTHIEEBENE L TERE T2 =AM F a7 O#EYR
ROpHEHALNMCTENIE, EELSORBEELET DA F 27D
F T, B - BERIEAOBBO—FH L5,

KEBRAE
FEI25°CORBERNTITL, RIZABBETRE LT, YXIEAK
EROTBTRIAFLPT VWL IATH D,
UTORECIEIADBEN S NAF 27 %KL, BERZpHICHEE
L7z [pHBAER] ORICANT NS FaI70THEBERLT-,

(DRDpHE=ZNAF Y DEBH DR

OV X ADBEEANY I TYY, PICLE>TVWDIRERRA b TR
VWERY (B3) . pHA—Z—%ZBWTpHEBIET 5,

OB LEREBREN.0IMLOFR—ILR T4 FH T RICES LTHN—
Ao 2%ED, BHEEAAVWTR—LANOFERE, BRIZhZThD
EAE % RIE L 7=

SNAF2TRBOLST (A AEREEYRLCEELRHET S, B: BEREMLTRERVET)

(QRDPHE= N F 29 DEFEDE R

Q) DEDpHE0.50 [pHIEIR] %12 7-0Ic, EEECKERLF F Y
LAY DANTEKEF STz, ROBEANENT DI EERITEH0
12, R10IC3H L CHEBROKEBRIL S R U T AAY DATEAIE A3 &
SICpHZETE L 7=,

OBBHBAN DATEAR, KBRILF ~Y T LAY DATEK, @b
METORWATEKO WFNAZRICIZ 2o ATHEKENZ /B
R S BRI 5B LBA s 72,

BBEEHNOIMLOF—ILRS A RHFRICES LTAN—HT RED
. $CICEMBTERELE, 0.0ImLo [pHFAER] fo=/A
F1URTATHA R A D ETCOREELEET SRHE L. T~
TOZNAF 2 TDRALCBREEZ Iz, INEREL-TT
O [pHIRER] THRYELIT>7, JBHRE TORREIFERE & HR
TR LT,

(1) X2 DRIFpH=5.81~6.90 L EBELAE LA, HRE=-NAF2U7%<&E
BLTWLW3DIEpH=5.81~6.24, IRBRB - NA F2UHEEBLTLSEDIEpH
=5.81~6.00CTH 3%, YHXADRAPH=6.60UEICHD LFHRE =N F2 7
P, EFpH=6.90 LIk 2 LIERBI NS Fa v xR TELRL (K4) .

ERE

k)

s
s

. 10 3 .
. .

o

57 58 59 6 66 67

.
61 62 63 64 65 66 67 61 62 63 64 65

FopH #opH

4 YZAQFRpHE=NAF 2 DEBHOMBIR (w4 27f@EH)

(2)pH=5.31~6.500% < DRBIZHNT, FHEE =N F 27 [FEHF =/ A
Fav kY LEEED DETIECHTHZ, HRE=/AF 2 7(pH=6.40
(B5) . RN F2703pH=5.40 (M6) N"EHLEELPTVEET
Hote, HRE=ZNAF2UbBRE- NS F275, LAFICIEAEHE L
SICEERL 72,

P AT

Bs ROpHEFRE =N F 27 OEFEOER 6 ROpHEFERR =N A F 29 OEGEROBEF

DO X ADRDpH=5.81~6.90TH 2 H, HRE=/NAF 27 IpH=
6.40, #EHRB =/ A F 27 I3pH=5.40%1FE,

@< X ADERNPpH=6.90ULICHZ EVWTNDOZNAFavHHEFLA
WZ B, INAF a7 EBEREZFO LMD N D,

BT AEXREEHIZHEBRE AL TF 27 EpHALLERN S WiEKS
(pH=7.7~7.9) © (. BERICL EE£2ERA -/ / F 27 ZpHALE
WHMEWRE (pH=5.81~6.90) IS L TWLW 3,

BRI =N Fa7d, ASHDOHETCYEIDROpHETIF, BF
DEZLTVpHREZE-> TLWBATHENN S 5,

BREZNAF 2728 > TpHMEVWBREREOANEB LT LD, -,

DL BRANZXLTHEBREASE VpH, BHREAMEVPHISEL TWLWEDAD W
THoMCTIHEEEZZL,

Z LT, SEIOMBEORBICEDIVT NS F 2 7DOEEETL, HPOBEMIC
BDENCEZNATF 2T DEREZRBT 570 ICREBOBHRICERATZ L,

T HIS, SEIEPHICEB LA, BEVCRORD R EDMDERICO VT HIRIE
LT &WZNAFavIileé> TRBERREZRB LU,

FRAREITIICHIZY | KRAFAZREFMREROERFHRAIRIC, =M Fa
TIZDOWTOERNBERICOVWTIHEE W2 W e, EARRZEHEEMO
JIBRMBESLEIC T, RBBRLEHEL VW, JZICELTHRERT,

S= Xk

1) HEBE, —NAF 17 OHFEYF CEBEROM, REFEIEANE L RFIR
FREL2EEERESE, 70-71 (2011) .

2) HEFE, BT, IR BALBREBLEMF AR 51-57 (2012) .

3) BREEE, SRBYOBEOEBTBICL S =/ A F 27 OBIBFEDE, 1t
A4, 61(11), 569-571 (2023) .

4) FHOAF, BeBRATF, &S, REBM=/ 1 F 2V OFEBISHE 1 BREROD
DNAD IR & B, % L THEfa bt o RIEESI 0 R EREIR, REBYFHEE,
40(1), 68-70 (2007) .

5) BEERATF, WOER, =BEE, =/ A F a7 0RKNMBEOERS, BALTED
FRERT AT LHBREEE, 21,343 (1998) .

6) E.A.Lapan and H.J.Morowitz, The dicyemid mesozoa as an integrated system
for morphogenetic studies. I.Description isolation and maintenance, Journal of
Experimental Zoology, 193(2),147-159 (1975) .

7 HEFE, A AF 27, IRENLZ 28YEAE £1%5, 51-57 (2012) .
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