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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 Himeji Higashi Senior High School Science Club
Kazuya KAWAKATSU, Syo NAGAI, Tensei NAKATA, Kennya NAKAMURA,
and Tsukasa MAEKAWA
Abstract
Bingi Bingi Point, located on the southeastern coast of New South Wales in Australia, is part of a
complex pluton in which two different types of magma from the late Devonian solidified without complete
mixing. The area is mainly composed of diorite, with tonalite making up the “cap” of the point. The

diorite is penetrated by many hydrothermal veins emerging from the tonalite, and block- and spindle-
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shaped xenoliths of diorite, which have been elongated by melting, are aligned along the contact surface
between the two rock bodies. Both the diorite and tonalite are further intruded by aplite veins formed
from homogeneous magma. Finally, basalt intrudes as well.

In the pale green rims of the amphibole crystals found in the diorite, which is influenced by
hydrothermal solution from the tonalite, numerous Oscillatory Zoned Structure (OZS) developed across
the c-axis of the crystals. OZS is a structure in which thin bands several u m wide repeat like waves. OZS
is characterized by the outer zone cutting the inner zone and by the parallel nature of non-continuous
amphibole crystals, which suggests that hydrothermal solutions have circulated the outside of the crystals
several times. No OZS is observed in the pale brown core. The rim has an irregular structure cause by
recrystallisation fragmenting the original magnesio-hornblende core, with gaps filled by actinolite
displaying OZS. The pale green rim, in which OZS has developed, coexists with euhedral magnetite, and
sphene is found on the outer edge of the amphibole.

The coupled Edenitic substitution patterns in the OZSs dominate the amphibole and indicate an
oxidizing environment. The AI'! value is less than 0.6. It is a characteristic of hydrothermal solutions
produced from, and dehydrating, saturated magmas. Fe3* in the M1-M3 sites comprises more than half
the total of Na, Ti, and Fe®*. The Fe?*/(Fe?*+Mg) value is 0.18~0.50 and the Mg/(Mg + Fetotal)
gradually decreases from core to rim. The OZS contains low traces of Cl. This suggests that the pale green
rim and the OZS developed due to the circulation of hydrothermal solution in an oxidizing environment.

OZSs of amphiboles are known to have been formed by circulation of hydrothermal solution, and
this result is in good agreement with the results of the outcrop survey. OZS of amphibole is an indicator

of the environment during the late-stage magma differentiation process.

keyword : magma differentiation hydrothermal solution xenolith

Oscillatory Zoned Structure (OZS) coupled substitution subsolidus

What is Oscillatory Zoned Structure (0ZS)?

Late Magma Differentiation of Bingi Bingi
i Complex, Southeast NSW, Australia

-Oscillatory Zoned Structure of Amphiboles of Granitoids-

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

Himeji Higashi Prefectural Senior High School . . . .
Science Club, Hyogo, Japan OZS is a wave-like repeating structure of um-order bands which develops across
Kazuya KAWAKATSU the growth axis (c-axis) of the crystal.
Kenya NAKAMURA Syo NAGAI It is formed by ion substitution and secondary re-equilibration due the circulation
Tensei NAKATA Tsukasa MAEKAWA of hydrothermal solution during late-stage magma differentiation.

Motive and Background The Research Area

We did an outcrop survey in NSW, Australia

!
We modelled the environment during the late-stage
magma differentiation from a mineralogical viewpoint

Bingi Bingi Point is located in

New South Wales, Australia

Co-ordinates: 036°0'50” S
15009' 22" E

Bingi Bingi Point NSW, Australia

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

The circumference of the area
is about 1.5km

At the time of our study, no detailed
mineralogical or metrological surveys had been
conducted.

§ ¢ & .
2 > oh :
Fig.2 A part of the Bingi Bingi outcrop Fig3 Point of outcrop survey (Google Earth)
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Fig.4 The Rock Type Distribution Map created in the survey with sample points marked.

thin section were
™ viewed through a
| polarized optical

tonalite and diorite
are in contact. (Fig
5)

0ZS is observed
only on the pale
green rim, which
coexists with
magnetite and
titanite.

Sample 240127-5 Sample 240127-5 Sample 240125-6

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

0OZS was discovered in amphiboles of diorite away from the boundary

i . J PRI 28 e
Fig6 Examples OZS of amphibole of diorite being off tonalite (Sample 240128-2)
0ZS developed an irregular shape away from the boundary (Fig. 6)
Again, OZS can only be seen on pale green rim, not on the original “core” material.

The sample coexists with euhedral magnetite and titanite.

TR T
~Source of hydrothermal~
~solution

Conclusions &
Discussion
Diorite solidified

Tonalite magma intrudes and engulfs
diorite, peeling it off.
Thermal convection

4 Xenoliths are aligned to the
elongates xenoliths

wall of cooled diorite.

Fig.7: Linearly deformed xenoliths

We discovered a lot of OZS created by
hydrothermal solution in amphibole
samples.(Fig8)
External OZS cuts across or deforms
internal OZS

—An effect of hydrothermal solution
from dehydrating magmas.

Fig8 OZS in an amphibole

EPMA analysis of OZS

Electron probe micro analyzer (EPMA) analysis was performed with the
cooperation of the Faculty of Science, Kyoto University.
This was done to analyze the chemical composition of the rocks.

Figl0 EPMA analyzer JEOL JXA-8105
(Graduate School Faculty of Science, Kyoto
University)

Figd 6 thin section with carbon deposition in vacuum

The coupled Edenitic substitution patterns in the OZSs dominate the
amphibole and indicate an oxidizing condition.

The AlY value is less than 0.6.
1 a characteristic of hydrothermal solutions produced from
saturated magmas undergoing dehydration.

Fe3+in the M1-M3 sites comprises more than half the total of Na+Ti+ Fe3+.
The Fe2*/ (Fe2*+Mg) value is 0.18~0.50 and the Mg/ (Mg + Fetotal)
gradually decreases from core to rim.

The OZS contains low traces of CI.

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

All of the OZS in rocks---

Since OZS coexists with euhedral magnetite and titanite, OZS
formed in oxidizing conditions under the subsolidus condition.
We think that OZS is useful as an indicator of hydrathermal solution
circulation of as OZS can develop regardless of era and region,
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2024. Thank you for your contribution to making the largest gathering of Earth and space scientists
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Your Abstract Details:

Abstract 1D: 1534495

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

Presentation Type: Poster

Session: MR51A: Principles of Geologic Storage: Geochemical Interactions, Geomechanics,
Hydrodynamics, and Caprock Integrity 1 Poster

Date & Time: Friday, 13 December 2024, 08:30 - 12:20 EST

Location: Washington Convention Center, Hall D {Poster Hall)

*Your final paper number and poster board assignment will be provided in a separate email
in mid-November.

Please note, do not hang your poster prior to the day of your session. The poster hall changes
daily, and all posters will be removed after 18:00 each day. If you do not remove your poster
by 18:00 on the day of your session, it will be recycled.
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Format/EST (Washington, D.C.).
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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 ‘Oscillatory Zoned Structure‘

- A repeating structure of um-order bands across the growth
I z z

8zzlp|?etc?rsyub(;?ifjti?)tr:ucwre (0zS) 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
due to residual magma
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.

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

Fig.3 Diorite Xenoliths

Fig.4 Tonalite - Diorite Interface

Fig.2 Rock-type Map & Sample Points

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

Our thanks to Professor Tetsuo (2) Prendergast, E.I. (2007) Australian J.Earth Sciences, 481-501.
KAWAKAMI. Assistant Professor Fumiko (3) Prendergast, E.I., Offler, R. and Zwingmann, H, (2012) Australian J.Earth Sciences, 1-18.
’ i (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
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.
invaluable advice. (7) Smith, J.V (2004) J.Struct.Geol.,26,1317-1339.

(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)

i T T

Sample 240127-5@

Sample 240128-2
Fig.9 0ZSin a diorite amphibole far from the tonalite interface

Sample 240125-6(D) Sample 240127-5@

Fig.8 Examples OZS at diorite-tonalite interface (Upper : open-Nicol, Lower : Backscattered Electron Scanning

24012561 240125-6(1 24012561 24012561 24012560

3 T ca Na

24012561 24012561 24012561 24012560 24012561

3

Na+K. Na Na(A)

ALG+Fe3+2Ti

Fig. 10 EPMA Analyses of Sample 240125-6(D 24012561
2O actino

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 AIY! value is less than 0.6, indicating hydrothermal solution produced
from dehydrating, saturated magmas under the subsolidus condition. Edenitic .
substitution patterns in the OZSs dominate the amphibole. Fe3+in the M1-M3 Identical structures found can be
sites comprises more than half X 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. . L. .

The OZS coexists with large crystatlostac‘)f euhedral magnetite and contains very solutions in differing 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) Qomparison 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.

Magnesio ornblende

Al4

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-

K. Kawakatsu‘; A. Mitsui; N. Kodama; T. Maeda; H. Nakanou; A. Tada; Y. Muromoto;
K. Kishigami; H. Gotou; K. Motowaki; Y. Nishino; T. Satou; M. Shimura;
K. Sugawara; K. Takada; T. Takeuchi; Y. Takeuchi; N. Yamaura; Y. Yokoo; R. Yoshida
Honmachi 68-70, Himeji-city, Hyogo Prefecture, Japan
kazuya-kawakatsu@hyogo-c.ed.jp

Our school is located near the epicenter of the
Southern Hyogo Earthquake that occured on January = FIG.1 WHAT IS NEEDED FOR DISASTER PREVENTION?

17, 1995. As the years pass by, lessons learned have

started to be forgotten. The main lesson we learned
from the disaster is 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
(Fig.1).

Japan has many natural disasters (such as
earthquakes, volcanic eruptions, tsunamis and
typhoons) and students 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.

Our school has been designated as a Super Science High school (SSH) since April 2020. The
SSH program designates high schools that focus intensively on math, science and technology
education. It implements advanced math and science education programs in high schools and
assigns additional funding to further develop the abilities of students. In addition, it also develops
teaching methods and materials which develop students’ creativity and originality.

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" (worth 4 credits in 1% grade and 2 credits in 2™ grade) to encourage comprehensive
across the four fields of science (chemistry, physics, biology, and earth science) with a focus on
earth science. Here is also "Inquiry-Based Study of Science and Mathematics" (1 credit in 1%
grade, 2 credits in 2" grade and 1 credit in 3™ grade) research based on earth science. In this
system, all students study across the four fields of natural science as well as mathematics and so
they can come to understand natural phenomena and natural disasters comprehensively. In "Basic
Inquiry-Based Study of Natural Science", students actually go out and get hands-on experience
earth sciences. In 2021, a group of 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 conducted a survey on students
who participated about these activities. The results shows that our school's efforts is significant
[1]. We would like to show the country the fruits of our labour nationwide.

Keywords: Southern Hyogo Earthquake; mechanisms; activities
References: [1] Himejihigashi Senior High School (2020) R & D implementation Report
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Learning about Disaster Do you know this disaster?
Prevention in High School

January 17, 1995

-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.MUROMOTO, 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

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
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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 Himeji Higashi Senior High School, Honmachi 68-79, Himeji City, Hyogo Prefecture, Japan)

Abstract: Himeji Higashi High School is located near the epicenter of the 1995 Southern Hyogo 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 questionnaire 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 earthquake (i.e., commonly the Hanshin-Awaji earthquake). This earthquake occurred at 5:46
AM on January 17, 1995, killing 6,434 people. It caused widespread devastation, particularly in the built-up urban
areas of Kobe city, such as Sannomiya or Motomachi (Figure 1). However, as years passed, the lessons learned
were forgotten to the point that interest in disaster prevention is waning, especially in generations that have never
experienced such disasters.

Japan’s disaster prevention and mitigation education is only briefly addressed in Earth science textbooks, and
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
students study Earth science as a mandatory subject in Japan. However, disaster victims point out that it is
important to understand and coexist with nature to prevent and mitigate disasters.

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.ed.jp.
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Images of the Devastation in Kobe City

Figure 1

Therefore, the authors believe that successful disaster prevention and mitigation involves developing a
scientific understanding of the natural world and the mechanisms at play in disasters (Figure 2). Based on this,
stakeholders can then undertake the vital process of developing, refining, implementing, and practicing disaster

prevention and mitigation strategies at both the individual and societal levels.

Inter—
disciplinary

Disaster
prevention

scientific i Soiss
. Disaster activities on
understanding | prevention | . . .
individual and
of natural :
societal levels

phenomena

Not m em orization,
but logical understanding

Figure 2 Concepts Necessary for Disaster Prevention Education

Natural disasters, including earthquakes and typhoons, occur at a high frequency in Japan, and students are
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taught how to prepare for and respond to them. This education includes practical measures, such as preparing
disaster stocks and teaching students how to understand hazard maps, evacuation routes, among others.
Meanwhile, Earth science education weaves natural sciences (i.e., chemistry, physics, and biology) to provide
students a deeper understanding of the Earth and its natural disasters. However, few students study Earth science
as it is not a widely offered subject. Furthermore, many students do not have the opportunity to study all natural
sciences (chemistry, physics, and biology). Japan students cannot freely select natural science courses because
their curricula already involves many compulsory subjects. To address the situation, Himeji Higashi High School
has implemented a new curriculum to promote a deeper, interdisciplinary understanding of the natural world. The
current report is a part of various efforts to disseminate the results of this endeavor to wider audiences.

2. Synthetical Understanding of Natural Sciences in Earth Science

Our school has been designated as a Super Science High School since April 2020 by the Science and
Technology Council of the Ministry of Education, Culture, Sports, Science and Technology (2009). The Super
Science High School program targets the development of science, technology, engineering, the arts, and
mathematics (also known as STEAM) subjects by funding and implementing advanced programs to develop the
ability, creativity, and originality of each student covered by the program. Himeji Higashi High School’s particular
focus is International Activities centered on Earth Science (Figure 3).

Building role models for international research and scientific ethics
to foster world leaders

International activities
centered on
Earth science

International activities of
female students

International
presentations

International
presentations

Support of the
science club

Female students
expo
(presentations
given by girls
only)

* Inquiry-Based Study of
Science and Mathematics,
Science Ethics

+ Basic Inquiry-Based Study

of Natural Science II

All 1%t grade students -the basic stage

Australia
field work

Research at
Georgetown Univ.

= Basic scientific knowledge and skills
*Workshops at universities and museums

- Start of “Inquiry-Based Study of Science and
Mathematics”

* Basic Inquiry-Based Study of Natural
Science I (focused on Earth science)

* Inquiry-Based Study of Science and
Mathematics
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Figure 3 Super Science High School R ch and Develop t

Our school independently began conducting the “Basic Inquiry-Based Study of Natural Science” and
“Inquiry-Based Study of Science and Mathematics” courses to promote comprehensive learning across the four
fields of science (chemistry, physics, biology, and Earth science) with a particular focus on Earth science, and help
students understand natural phenomena and disasters (Figure 4).

Earth science experiments

l Basic Inquiry-

Basic m Basic Based Study
physics chemistry biology of Natural
Science

Based on Earth science

l Exercise
Inquiry-Based Study
of Science and Mathematics

Figure4 Class Development

Through these two courses, students develop logical thinking (e.g., hypothesis formation and deductive
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reasoning) and the ability to use, present, and analyze data objectively through appropriate use of statistics and
probability laws. Presentation and communication abilities in both Japanese and English are also refined, so that
students can learn both how to effectively relay their ideas to others and discuss and debate ideas.

The following example serves to illustrate the goal of this curricula: to combine the study of natural sciences
and synthesize a deeper understanding of a topic. In physics classes, students conduct experiments that help them
understand the roles of gravitational and rotational forces in forming the Earth as an oblate spheroid. In classes on
radioactivity, radioisotopes, half-lives, and decay mechanisms, students are taught the concepts of absolute and
relative ages; for example, by measuring the half-lives of radioactive isotopes contained in rocks, we can
determine how many years ago the rocks solidified. In biology classes on species evolution and the environment,
students examine fossils and conduct literature reviews to learn about prehistoric species and their various
paleoenvironments. While studying atoms and molecules in chemistry classes, students also learn about the crystal
structures of minerals, how they are created, transformed, and destroyed, and observe minerals using polarizing
microscopes to learn more about how initial conditions affect their properties, such as their crystal form and color.
They also use polarizing microscopy to observe and learn more about minerals.

In addition to natural science, students must understand mathematics for objective evaluation, possess logical
English skills, and develop their communication skills. In mathematics class, students learn statistics and vector
equations. In English classes, students read previous research in various fields and discuss findings with each
other, and in communication classes, students acquire skills for presentations. In this way, students engage with
many subjects to understand nature, and the basis of these subjects is the study of Earth science. To achieve this,
teachers from different specialties form teams to create syllabi and work on their lessons (Figure 5).

‘i

Figure 5 Interdisciplinary Team Teaching
3. Hands-On Experience to Consolidate Learning

For inexperienced students, it is important to “visit the site” and “touch the real thing” in order to develop a
connection with natural sciences. To learn about dinosaurs in a biological evolution class is a very different
experience from seeing a skeleton of one and wondering what kind of world it lived in. In the “Basic
Inquiry-Based Study of Natural Science” course, students go out and get hands-on experience of Earth sciences
and are provided with special lectures and workshops that help to consolidate in-school learning.

In 2021, students visited the Hokudan Earthquake Memorial Park Nojima Fault Preservation Museum and
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the Disaster Reduction and Human Renovation Institute to learn about disaster prevention, reduction, and
mitigation (Figure 6). The Nojima Fault Preservation Museum houses a visible section of the Nojima Fault, which
was responsible for the 1995 Southern Hyogo Earthquake and was designated a “special natural monument” by
the International Union of Geological Science. Students could not only see and touch a part of the fault line but
also observe examples and records of the devastation caused by the earthquake, as well as get a better grasp of the
mechanisms that caused the event. At the Disaster Reduction and Human Renovation Institute, students learned in
more detail the causes and consequences of the Southern Hyogo Earthquake and could view and handle artifacts
from the disaster (Figure 7). Before visiting the museum, teachers always study in advance to narrow down the
points for observation and experimentation. After the visit, students are required to submit a detailed report on
concepts learned.

Figure 7 At the Disaster Reduction and Human Renovation Institute

Students also visited the National Museum of Nature and Science and the National Museum of Emerging
Science and Innovation (Miraikan) to broaden their knowledge in various fields of science. The National Museum
of Nature and Science is one of the largest science museums in Japan, containing a vast collection of tangible
examples of natural science, history, and science technology (Figure 8). Meanwhile, Miraikan is one of the largest
engineering museums in Japan, with extensive exhibitions primarily concerning the relationship between science
and society, and aspects of scientific ethics (Figure 9).
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Figure 8 At the National Museum of Nature and Science

Figure 9 Training at the National Museum of Emerging Science and lnnovatioﬁ (Miraikan)

The in-person education is not limited to receiving special lectures and workshops to improve theoretical
understanding, but also includes practical field work. As an example, students visit and conduct geological
surveys at the San’in Geopark World Heritage site, known for its outcrops where geological structures and rock
consolidation can be clearly observed (Figure 10).

Figure 10 At the Genbudo Cave in San’in Geopark

4. Evaluation of Progress to Date and Future Tasks
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Considering that the program is still too novel to produce statistically meaningful effects in students’
achievement grades, to evaluate students’ response to these curricula and field trips, surveys were conducted
(Figure 11).

N sy ke @ ik ® Idontninkan O 1ot vk o w0

Q1 Wereyou shle to be active?

G2 Did you study enoigh in sdvance?

Q3 Are yousetshed wilh the field Wips wd vaning?

G HIve you dsioped By
G5 Waethere sy content thel You mey use in fulure studes?
a6 ¥ op:

Figure 11 Aggregate Results of Student Responses to the Questionnaire on the “Basic Inquiry-Based Study of
Natural Science”

The following are some of the comments submitied by students (Himeji Higashi Senior High School 2020):

*  “In addition to acquiring knowledge in individual fields, I was able to understand the importance and

difficulty of understanding nature as a whole.”

*  “Ithink it is important to have a broad understanding of nature in order to question the ‘why’ and ‘what’

about all things, and to thoroughly investigate these questions.”

¢ “I comprehended well the intention of understanding nature based on Earth science.”

*  “If my research is based on one specialized field, I will lose my awareness of the relationship between

the natural sciences and society.”

These comments and the results presented in Figure 11 show an overall favorable attitude toward the course
and field trips. Many students commented that they were able to see the deep connections between different fields
of science. Figure 12 summarizes the results of a student questionnaire regarding the museum trips. More than
85% of students acknowledged the trips’ effectiveness and commented that they wished they had spent more time

at the sites,
 veegybiam @ Hhinise & ldatihink o idmtsnksoatal
Q1 weuniyouw able 1o sthe?
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8
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Figure 12 The results of a student questionnaire regarding the museum trips

The following are some of the students’ impressions of the trips:

*»  “I was able to rediscover things that 1 didn’t know deeply until now, such as the mechanism of

earthquakes.”

*  “Looking at the fault that runs through the site of the house, I felt the unstoppable threat of nature, and

at the same time, I learned that disaster mitigation is possible with appropriate measures.”

¢ “One thing that left an impression on me in the stories of the victims was the words, ‘It is important to

be more in tune with nature’.”

*  “For me, who thought that disaster prevention was about how to conquer nature, it was shocking to hear

that harmoniously coexisting with nature would lead to disaster prevention.”

The results show that our school’s efforts may have had a significant effect on student learning. For teachers
to be able to integrate four fields of science (i.e., chemistry, physics, biology, and Earth science) and understand
nature comprehensively, varied, cross-disciplinary knowledge is needed. Many teachers in Japan study at
universities to specialize in specific subjects, such as chemistry or physics, and are hired to teach specific subjects.
Therefore, it is difficult for many teachers to understand and teach the natural sciences from a broad perspective.
The authors will continue their efforts to overcome various issues in nature education that remain, and endeavor to
disseminate the results of our school’s efforts to the whole of Japan. The results introduced here will be reported to
the Ministry of Education, Culture, Sports, Science and Technology and may have a significant impact on Japan’s
future education policies.
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Hyoge Prefectural Himejinigashi Senior High School

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
i+, international conference in the U.S. this December.
% The science club leads our school's SSH activity. We
have participated in many conferences in Japan, and got
many awards.
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Late Magma Differentiation of Bingi Bingi complex ,Southeast NSW, Australia
-Based on Oscillatory Zoned Structure of Amphiboles of Granitoids-

Himeji Higashi Prefectural Senior High School Science Club, Hyogo Prefecture, Japan
Risa MATSUDA Haruka INAMOTO Chise NAGANO Momoko YOKOYAMA

Hydrothermal solution Oscillatory Zoned Structure (OZS)

Coupled substitution Subsolidus

Motive and background of research ‘

We conducted an initial study of Bingi Bingi Point,an important area
for studying differentiation processes in incompletely mixed magmas.

Oscillatory Zoned Structure ‘ A repeating structure of um-order

bands across the growth axis of a crystal. Forms due to ion
substitution and recrystallisation as hydrothermal 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.

Fig. 1 Bingi Bingi Point (source: Google Earth)

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

‘ 0ZS of 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)

« b -4
Sample 240127-5D Sample240127-5(2)

Fig.8 Examples OZS at diorite-tonalite interface
Upper : open-Nicol, 200 times, 10um scale, Lower : backscattered electron scanning

(Sample 240125-6 D)

24012561

Sample240128-2

Sample 240125-6(1)

Fig. 9 0ZS in a diorite amphibole
far from the tonalite interface

EPMA Analysis of OZS

20012561

2001256

T @

2401256

(1) Diorite
Euhedral amphiboles and quartz
pegmatite crystallized due to
hydrothermal activity at interfaces
(Fig. 4)

(2) Tonalite
Includes diorite xenoliths that are
square near the interface but
elongate further from it.(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
interface.(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,
intrude linearly across diorite, tonalite and aplite.
(Fig.7) i
All veins include aplite xenoliths and aplite shows
thermal effects near interfaces.

Fig /7 Two kinds of basalt
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Conclusions

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, hydrothermal fluid

washed 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. Edenitic substitution
patterns in the OZSs dominate the amphibole. Fe3+in the M1-M3
sites comprises more than half ¥ Na+, Ti+,Fe3+. The Fe2+/ (Fe2+
+Mg) value is 0.18~0.50 and the Mg/ (Mg+Fe,,,) gradually
decreases from core to rim. The OZS coexists with euhedral
magnetite and contains traces of Cl. Along with the presence of
sphene, these further indicate secondary recrystallisation in an
oxidizing environment.

Identical structures found can be explained by the effects of
hydrothermal solutions in differing areas and eras (1) (8). This
shows that OZS is a useful indicator of hydrothermal circulation.

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 iron
oxide minerals or feldspar that coexist with OZS amphibole.

FKETRA X —
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Complex, Southeast NSW, Australia

-Oscillatory Zoned Structure of Amphiboles of Granitoids-

Himeji Higashi Prefectural Senior High School
Science Club, Hyogo, Japan
Haruka INAMOTO Chise NAGANO
Risa MATSUDA Momoko YOKOYAMA

Keywords

Fragments of other rock contained in igneous rock.
They often have elongated shapes and can be
found in many areas where research is conducted.

Xenoliths---

Hydrothermal A high temperature, low concentration aqueous
solution:+- solution of minerals.

0ZS in an amphibole in diorite (2023)

Fig.1
0ZS is a wave-like repeating structure of um-order bands which develops across
the growth axis (c-axis) of the crystal.

It is formed by ion substitution and secondary re-equilibration due the circulation
of hydrothermal solution during late-stage magma differentiation.

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.

At the time of our study, no detailed
mineralogical or metrological surveys had been
conducted.

The Research Area

Bingi Bingi Point is located in
New South Wales, Australia

Co-ordinates:  036°0' 50" S
150°9' 22" E

The circumference of the area
is about 1.5km

o
Fig3 Point of outcrop survey (Google Earth)

24

x x % x w rw

X% o
X%

Fig.4 The Rock Type Distribution Map created in the survey with sample points marked.

Overview of Rock Types
(1) Diorite

An igneous rock of medium silica content.

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

(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

Overview of rock

(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 higherfgiSEas
metal content. Three parallel veins, two black and n
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.

Fig9

two kind of basalt

m WD11mm
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0ZS was discovered in amphiboles in diorite near interfaces

@ Twelve polished
thin section were

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

OZS is observed
only on the pale
green rim, which
coexists with

x magnetite and
Sample 240127-5 Sample 240127-5 Sample 240125-6 sphene
Figl0 Examples OZS of amphiboles from the diorite-tonalite interface

(Upper; open Nicol, Lower: backscattered electron image)

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

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

0ZS developed an irregular shape away from the interface (Fig. 11)

Again, OZS can only be seen on pale green rim, not on the original “core” material.
The sample coexists with euhedral magnetite and sphene

EPMA analysis of 0ZS

Figll EPMA Analysis of Sample 240125-6(D

Conclusions &
Discussion

Tonalite magma flows across,
creating diorite xenoliths.

Thermal convection
elongates xenoliths

Source of hydrotherma

Diorite solidified

Xenoliths are attached to
the wall of cooled diorite.

Fig.12: Linearly deformed xenoliths

We discovered a lot of OZS created by
hydrothermal solution in amphibole
samples.(Figl3)

External OZS cuts across or deforms
internal 0ZS

—An effect of hydrothermal solution|
from dehydrating magmas.

Figl3 OZSin an amphibale

Conclusions &
Discussion

0ZS of amphibole in bulk diorite is
irr

—Diorite's own hydrothermal solution
circulated strongly

Figl4 Strong Patchy Zoned Structure

A Tet. A Tet.
FUUSTTTE N KV TTAL T Edenite type

M1-M3 Tet, M1-M3_ Tet

Mg + Si i Al + Al 2A. Tschermakite type
Mg + Si — Fe’ + Al 281
M4 M1-3 M4 M1-3
Ca + Mg — Na + Al 3A7  Glaucophane type
Ca + Mg — Na + Fe®~" 3B7! Riebeckite type
A M4 A M4

+ Ca — Na + Na 47! Richtecite type

MI-M3__ Tet. MI-M3___ Tet, B
Mg 28 — Ti t2Al 5%
M4 M1-3 M4 M1-3
2Ca + Mg — 2Na + Ti 6AT
Ca + Al — Na + Ti 6B

Table 1: Amphibole 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 AlY' value is less than 0.6.
T a characteristic of hydrothermal solutions produced from
saturated magmas undergoing dehydration.

Fe3+in the M1-M3 sites comprises more than half the total of Na+Ti+ Fe3+.
The Fe2+/ (Fe2++Mg) value is 0.18~0.50 and the Mg/ (Mg + Fetotal)

gradually decreases from core to rim.

The OZS contains low traces of Cl.

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

All of the OZS in rocks:--

Since OZS coexists euhedral magnetite and sphene, OZS formed in
oxidizing environment under the subsolidus condition.

We think that OZS is useful as an indicator of hydrothermal solution
circulation of as OZS development is affected by era and region.

Current Studies

Research area— \f\—type (lgneous) : Contains magnetite and ilmenite

Batholith(granitoid) W S-type (Sedimentary) : Contains iimenite

Australia : Classify
into “I-type” and “S-
type”

Japan : Classify into
“magnetite” and
“ilmenite”

Magnetite-bearing I-type.
It has higher oxygen partial pressure
than S-type one

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.

Acknowledgements

We wish to thank Professor Kawakami Tetsuo and Master of Science student
Miku NAKANO (Graduate School Faculty of Science, Kyoto University) for their
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Presentation Overview

School Name Hyogo Prefectural Himejihigashi Senior High School

Riku Okamoto

Japan Yuya TERADA

Shoma MIYASHITA

. I. “Disaster prevention” through self-help and mutual assistance
Assigned theme

(1)

II. “Disaster risk reduction” in harmony with nature

. “Creative reconstruction” based on lessons learned from major disaster

Learning about disaster prevention and mitigation in high school

Title —Scientific understanding of natural disasters and acquisition of
knowledge of disaster prevention behavior—

1. Current Situation and Issues

Our school is located near the epicenter of the Southern Hyogo Earthquake that occured on January
17, 1995. But, as the years pass by, lessons learned have started to be forgotten. The main lesson we
learned from the disaster is 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. Japan has many natural disasters (such as earthquakes, volcanic eruptions, tsunamis and
typhoons) and students 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.

2. Suggestions for improvement

Our school has been designated as a Super Science High school (SSH) . The most important research
and development theme of our school is “International Activities centered on Earth Science”. Our school

1%t grade and 2 credits in

has set up “Basic Inquiry-Based Study of Natural Science” (worth 4 credits in
2" grade) to encourage comprehensive across the four fields of science (chemistry, physics, biology, and
earth science) with a focus on earth science. In this system, all students study across the four fields of
natural science as well as mathematics and so they can come to understand natural phenomena and
natural disasters comprehensively. In “Basic Inquiry—Based Study of Natural Science”, students actually
go out and get hands—on experience earth sciences. 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.

3. Action Plan

We conducted a survey on students who participated about these activities. The results shows that our

school's efforts is significant. We would like to show the world the fruits of our labour nationwide.

JEHEE
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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
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QUESTIONNAIRE
s i 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

Thank you for your attention mi

| ,i’

HEAFER XY —FK A Vv F

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

SEORFESHEICES ) ke T L TIEE S & R
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CERTIFICATE OF PARTICIPATION

This certificate is presented Lo

OKAMOTO Riku

(Himejihigashi High School)

For their hard worl
“Warld Tsunami

ol Students Summit on
Outther 23 and 24,

KIMURA Takashi
Ch

Octaber 24, 2024

Tor their hard work and sctive purticipation ir

KIMURA Tukashi

2 the 1igh Schaal Student
“World ‘Isunanu ;Awareness Day” 2024 in Kumamoto on October 23 and 24.

CERTIFICATE OF PARTICIPATION
“This certificate is presented fo

TERADA Yuya

(Iimcjihigashi Tigh Schaol}

October 24, 2024

CERTIFICATE OF PARTICIPATION
This certificale is presenied (o
MIYASHITA Shoma
(Ilimejihigashi Iligh School)

For their hard work and active participation in the High School Sudents Sumenit an
~World Tsunami Awareness Day™ 2024 in Kumamoto on October 23 and 24.

KIMURA Takashi
af the High Sch

October 24, 2024
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Earth Science Scholars Conferences

() &XxT—<

Disaster Prevention Education —Combining

Scientific Understanding of Disaster with

Knowledge of Disaster Mitigation Strategies
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International Webinar on Earth Science and Cl imate

TEIERE

AHHEH

INTERNATIONAL WEBINAR ON

EARTH SCIENCE AND CLIMATE CHANGE

o
E

September 20, 2023

To
Kazuya Kawakats
Hyogo Prrfedunl Hlmcjihlp\h( Senior High School, Japan

Scholars Conferences cordially invites you to “International Webinar on Earth Science
and Climate Change” duled during 25-26 2023. We welcome you to
join us and share your knowledge and view on the theme “Exploring the Novel Advances in
Earth Science and Climate Change”.

In n-;@nl to your 1lnlr.nl mhmu.x n, we are h..pp\ I » announce that your abstract entitled
C ific U
§ if
I)multr wnh Knowledge of Disaster Mitigation Strategies™ has been approved by
the scientific committee for the Oral presentation at Earth Science 2023,

We look forward to secing you in Earth Science 2023.

For more details about Earth Science 2023, NW:
https://carthscience-climatechange.scholarsconferences,.com/webinar

Regards

Gracy Jacob

with Thanks,

Operating Committee | Earth Science 2023
Scholars Conferences
carthscience@frontiersevents.com
+447426060443

SCHOLARS CONFERENCES LIMITED
21 Clifton Road, Newcastle Upon Tyne, England | United Kingdom, NEA4 6XH|
+447426060443
nfo@scholarsconferences.com
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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 / I, . \
on January 17, 1995. As the years pass by, / 2

/ Interdisciplinary Disaster _
lessons 'leamed have started to be forgotten. atlentific ~ prevention \
The main lesson we learned from the disaster is | understanding . activities on |
that it is necessary to understand the natural \ of natural individual and |

X societal scales |

world scientifically and to practice disaster
prevention activities as an individual and

societal scales to protect ourselves from ;
disasters. e ok

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
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Master of Science, Shimane University Graduate School of Science.
Principal Teacher of Natural Science Education of High School.

Received the Noyori Science Encouragement Award in 2011 and 2014, the Physics Education
Achievement Award of the Japan Society of Physics in 2012, the Outstanding Faculty and Staff
Award from the Minister of Education, Culture, Sports, Science and Technology in 2013, the
Kanagawa University Excellent Instructor Award for 15 consecutive years, the Tokyo University of
Science Outstanding Instructor Award in 2017, and the Research Awards from the Takeda Science
Foundation in 2018 and 2022.

Wrote textbooks and problem collections on the basics of earth science, earth science,
and the basics of science and mathematics.

Delegate of the Geological Society of Japan (2022~) and of the Union of Japan Earth Sciences
(2020~), member of the Subcommittee on International Education Response, the American
Geoscience Union, and the Society of Japan Geoscience Education.

Presenting Author Details and Photo

Full Name: Kazuya Kawakatsu
Email ID: kazuya-kawakatsu@hyogo-c.ed.jp
Phone No: 81-079-285-1166

LinkedIn: none e P, EE
Twitter: none S/ scHELARS
Recent Photograph: Certificate of Appreciation

SCHOLARS CONFERENCES AND ORGANIZING COMMITTEE
A WISH TO THANK

This certificate is proudly awarded to

prof/or/Mr/Ms. Kazuya Kawakatsu
Hyogo Prefectural Himeji Higashi Senior High School, Japan

for his phenomenal and worthy Speaker presentation on
“Disaster Prevention i iontil
Disaster with of Disaster
at the “International Webinar on Earth Science and Climate Change” held
Virtually on 25-26 Sep 2023.

Wanto, Do-HaTatinsl,

MARTA BIK-MALODZINSKA
~ UNIVERSITY OF LIFE SCIENCES IN LUBLIN,
POLAND y
/

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 l

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

Il

= 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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54



T4 EEE~ 6 ERE ERRAY R BRIE TR B D Rl ER & R
—HFUPNE A TH 281 B K—

T UL 37 b B B 1 S AP
T670-0012  JuJds BARES AT 68 #ih 70
ek (079) 285-1166 (f%)
FAX (079) 285-1167
URL http://www.hyogo-c.ed.jp/~himehigashi-hs/



http://www.hyogo-c.ed.jp/~himehigashi-hs/

